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Introduccién

CRONOLOGIA DE LA PANDEMIA

El 31 de diciembre de 2019 las autoridades chinas informaron a la Organizacién
Mundial de la Salud (OMS) de un elevado nimero de casos de neumonia de causa

desconocida en la ciudad de Wuhan, provincia de Hubei, China.

El 5 de enero de 2020 la OMS emitid su primer informe sobre el brote epidémico

causado por un nuevo tipo de coronavirus.

El 12 de enero se publicd la secuencia genética del virus, inicialmente denominado

nuevo coronavirus 2019 (2019-nCoV).
El 13 de enero se confirmé el primer caso fuera de China, en Tailandia.
El 22 de enero se confirmd la transmision de la infeccién de persona a persona.

El 30 de enero la OMS declard el brote por el nuevo coronavirus “Emergencia de
III

Salud Publica de Importancia Internaciona

El 31 de enero se confirmd el primer caso en Espafa y comenzd la primera ola o fase

epidémica.

El 11 de febrero el Comité Internacional de Taxonomia de los Virus nombré al nuevo
virus, “Coronavirus de tipo 2 causante del sindrome respiratorio agudo severo”
(SARS-CoV-2, en inglés), por sus similitudes con el coronavirus causante de la
epidemia de Sindrome Respiratorio Agudo Grave (SARS) de 2003. Y la OMS nombré
la nueva enfermedad “COVID-19”.

El 25 de febrero se confirmd el primer caso en Cataluiia.

El 11 de marzo la OMS determind que la COVID-19 se podia considerar una pandemia

por su extensa propagacién geografica.
El 14 de marzo se decretd en Espafia el estado de alarma.

El 16 de marzo ingresd la primera gestante con neumonia por SARS-CoV-2 en el

Hospital Vall D"Hebron.
El 3 de abril se registraron mas de 1.000.000 de infectados en todo el mundo.

El 21 de junio de 2020 expird el estado de alarma en Espafia y finalizé la primera ola.

17
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En octubre y noviembre de 2020 tuvo lugar la segunda ola epidémica.

e El 27 de diciembre de 2020 comenzd la vacunacion frente al SARS-CoV-2.

Inicialmente las gestantes no se consideraron grupo prioritario para la vacunacién.
e Enenerode 2021 se inicid la tercera ola.
e Enabril de 2021 se inicid la cuarta ola.

e Enjuniode 2021 comenzd la vacunacion de la poblacidn con edad inferior a 49 afios.
A pesar de que la gestacidn no era contraindicacién, los estudios de seguridad eran
limitados y el porcentaje de vacunacién en este grupo fue mas bajo que en el resto

de la poblacién.

e Enjulioy agosto de 2021 se produjo la quinta ola. La proporcién de gestantes con
necesidad de ingreso fue la mas alta de toda la pandemia. Desde las sociedades de
obstetricia y ginecologia se hizo un llamamiento a profesionales sanitarios y

gestantes para incentivar la vacunacién.

e El 1 de septiembre de 2021 se alcanzé la vacunacion completa del 70% de la

poblacién adulta en Espaiia.

e Entre diciembre del 2021 y febrero del 2022 se desarrollé la sexta ola.

180k —
160k —
140k —
120k
100k +
80k
60k —
40k
20k

Ok T -
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
020 2021 2022

Estado de alarma

Nuevos casos diarios

Figura 1 Casos diarios confirmados de COVID-19 en Espafia desde enero 2020 a marzo 2022. Fuente: Web del
Ministerio de Sanidad.
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Introduccion

DESCRIPCION DEL VIRUS SARS-CoV-2.

Estructura viral
El SARS-CoV-2 pertenece a la familia Coronaviridae, que recibe su nombre por su

morfologia en forma de corona al ser observados con microscopia electrdnica.

Estructuralmente es un virus esférico de 80-120 nm de didmetro, constituido por
una bicapa lipidica que contiene una cadena simple de acido ribonucleico (ARN) de
polaridad positiva (ssRNA) de 26-32 kilobases de longitud. Su genoma consta de 14
marcos de lectura abierta (open reading frames, ORF) que codifican 16 proteinas no
estructurales (nsp 1-16) que forman el complejo de replicacidn, 9 proteinas accesorias
(ORF) y 4 proteinas estructurales: proteina de espicula (S), proteina de envoltura (E),

proteina de membrana (M) y proteina de nucleocdpside (N)!

RNA gendémico

Espicula (S) Glicoproteina de

envoltura (E)

Fosfoproteina de la
Nucleocépside (N)

Gllcoprotelna de

Membrana (M)
I 1 Membrana

lipidica

Figura 2 representacion esquemdtica de las proteinas estructurales que conforman el SARS-CoV-22
Ciclo de replicacién

El dominio de unién al receptor celular (RBD) de la proteina S se une a la enzima
convertidora de angiotensina 2 (ECA-2) de la célula huésped, para permitir la entrada

del virus a la célula por endocitosis.

Completada esta fusion, el ARN viral queda libre en el citoplasma de la célula
huésped, donde los ribosomas comienzan la traduccién del ARN en las proteinas no
estructurales del virus. Estas forman el complejo replicasa transcriptasa (RTC), que se
encarga de la replicacién del virus y este nuevo ARN se traduce en las proteinas
estructurales. Como resultado de la replicacién y traduccion del virus se producen

nuevos viriones?.
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S
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Figura 3 Ciclo de replicacién del SARS-CoV-2
Tropismo tisular

La afinidad del virus SARS-CoV-2 por ciertos tejidos estd determinada por la
proteina S. La proteina S consta de 2 subunidades que permiten el reconocimiento y la
union a la célula huésped y su invasién. La subunidad S1 contiene el RBD. La subunidad
S2 permite la internalizacion del virus en la célula huésped mediante endocitosis,
mediado por la proteasa transmembrana serina tipo 2 (TMPRSS-2). El gen que codifica
la proteina S tiene una gran variabilidad y comparte menos del 75% de su secuencia con
el SARS CoV. El SARS-CoV-2 tiene 10-20 veces mayor afinidad al ECA-2 que el SARS-CoV,

lo que puede determinar su mayor contagiosidad?.

El SARS-CoV-2 actua sobre tejidos que expresan el ECA-2. El ECA-2 forma parte
del sistema renina-angiotensina-aldosterona (RAAS). EI RAAS es un sistema que regula
la presion arterial, el volumen extracelular y el balance hidroelectrolitico. Ejerce sus
funciones a tres niveles: 1) endocrino, a distancia a través de la circulacidn sanguinea;
2) paracrino, en el medio tisular mds cercano; y 3) intracrino, regulando procesos

intracelulares.
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El tropismo tisular del SARS-CoV-2 estd determinado por la expresion en las
células huésped de ECA-2 y TMPRSS-2. El ECA-2 estd presente en una proporcién elevada

(>1%) en tracto respiratorio inferior, pulmon, corazon, ileo, eséfago, rifién y vejiga.

ECA-2 y TMPRSS-2 se expresan también en placenta y decidua y su
representacion se incrementa a lo largo de la gestacion. En tejidos fetales se han
detectado en corazén, higado y pulmén y también su cantidad se modifica segln

progresan las semanas y en el periodo neonatal®.
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FISIOPATOLOGIA
El SARS-CoV-2 produce enfermedad sistémica a través de diferentes

mecanismos”.

1. Toxicidad viral directa.

El SARS-CoV-2 entra en el huésped a través del tracto respiratorio superior
mediante el receptor ECA-2, que se expresa en gran cantidad en endotelio vascular,
epitelio respiratorio, monocitos alveolares y macréfagos. Si la enfermedad progresa, el

virus continua su replicacion en el tracto respiratorio inferior.

En estudios histopatoldgicos se ha confirmado el tropismo del SARS-CoV-2 por
tracto respiratorio, tracto gastrointestinal, rindn, miocardio y sistema nervioso. Estos
hallazgos indican que la afectacién multiorgdnica en parte es debida a lesidn tisular

directa.

2. Lesidn e inflamacion endotelial

En pacientes con COVID-19 se ha identificado lesidon endotelial mediada por
infeccidn (caracterizada por niveles elevados del factor Von Willebrand) e inflamacién
endotelial (caracterizada por la presencia de neutrofilos y macréfagos activados) en los
lechos vasculares de pulmén, rifidn, corazén, intestino delgado e higado. En
consecuencia, se activa la produccién de trombina, se inhibe la fibrinolisis y se activa la
cascada del complemento, favoreciendo el depdsito de microtrombos y la disfuncién
endotelial. Altas concentraciones en sangre de dimero D y productos de la degradacién

de la fibrina se asocian a formas graves de la enfermedad®.

3. Desregulacion del sistema inmune

El SARS-CoV-2 infecta las células dendriticas induciendo una activacion
defectuosa de los linfocitos T y su apoptosis. La linfopenia es signo de mal prondstico de

la enfermedad.

Ademas, la infeccién de monocitos, macréfagos y células dendriticas resulta en
la activacién y secrecién exagerada de interleuquina 6 (IL-6) y otras citoquinas
inflamatorias desencadenando el sindrome de liberacién de citoquinas o “tormenta de
citoquinas”. La IL-6 estimula la liberacién de factor de crecimiento endotelial vascular
(VEGF) y reduce la expresion de E-caderina, provocando dafio endotelial y

permeabilidad vascular, mecanismos fisiopatoldogicos del sindrome de distrés
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Introduccion

respiratorio agudo’. La elevacion de marcadores inflamatorios como proteina C reactiva,
ferritina, velocidad de sedimentacidon globular, dimero D, fibrindgeno y lactato
deshidrogenasa, es predictora de enfermedad grave. Niveles altos de IL-6 en sangre

también se asocian a peor prondstico.

4. Desregulacion de sistema renina-angiotensina-aldosterona
El RAAS es una compleja cascada enzimdtica que regula el balance

hidroelectrolitico, la presidn arterial, la permeabilidad vascular y el crecimiento tisular.

La disminucién de la concentracion de sodio en la nefrona estimula la liberacion
de renina, que convierte el angiotensinégeno en angiotensina | (Ang I) en el higado. El
enzima convertidor de angiotensina (ECA) convierte Ang | en Ang Il. La Ang Il se une al
receptor tipo 1 (AT1) y produce vasoconstriccion y secrecion de aldosterona en la
glandula suprarrenal, reabsorbiendo sodio y agua a nivel renal y aumentando la presion
arterial. Ademas, la accion de Ang Il sobre el receptor AT1 produce estrés oxidativo,
inflamacidn, fibrosis y apoptosis celular. Esta via estd regulada por el ECA-2, que escinde
la Ang | en Ang (1-9) y la Ang Il en Ang (1-7), provocando efectos opuestos:

vasodilatacidn, actividad antiinflamatoria, antifibrética y anti-apoptosis.

La proteina S del SARS-CoV-2 compite con la Ang |y la Ang Il por el receptor ECA-
2, provocando un desequilibrio en el RAAS. Se incrementa la activacién del eje Ang
[I/AT1, favoreciendo vasoconstriccion, estrés oxidativo, inflamacion, fibrosis y
apoptosis>.

Renin-Angiotensin-Aldosterone system (RAAS)

Angiotensinogen

| Genin)
Angiotensin (1-9) ~ «——(ACE2>——  Angiotensin |
| | CACED H—Aci
Angiotensin (1-7) ‘—CAEEZ)— Angiotensin Il

il

Figura 4 Mecanismos fisiopatoldgicos del sistema renina-angiotensina-aldosterona.3
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Introduccion

TRANSMISION

La forma mas frecuente de transmisidn del SARS-CoV-2 de persona a persona es
por contacto directo a través de gotas respiratorias (>5 micrones de didmetro); o
aerosoles (<5 micrones de diametro). Menos habitual por contacto indirecto a través de

fémites o superficies contaminados®?®.

Una persona infectada, al toser, estornudar hablar o exhalar, expulsa gotas
respiratorias que pueden ser expelidas hasta un metro de distancia. Estas gotas se
pueden posar sobre la conjuntiva o mucosas de una persona muy cercana (menos de un
metro) trasmitiendo la infeccién. Algunas de estas secreciones respiratorias se
fragmentan en particulas mas pequefias, aerosoles, que permanecen suspendidos y
pueden ser transportadas por el aire distancias variables, segun condiciones de
temperatura, humedad y flujo de aire, propagando la infeccidn por mas tiempo y a mas
distancia. Las gotas respiratorias mdas pesadas se depositan rapidamente en las
superficies mas proximas contaminandolas, estos fémites actian como vectores pasivos

del virus®®.
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ENFERMEDAD POR SARS-COV-2

Los sintomas mas frecuentes de la infeccidn son fiebre, astenia, tos seca, mialgia

y disnea. Menos habituales son cefalea, ageusia y anosmia, dolor abdominal, nauseas,

vomitos y diarrea'’. Las manifestaciones clinicas han ido variando segun las diferentes

cepas del SARS-CoV-2 y también segln la inmunidad poblacional.

Durante la primera ola, la mayoria de las personas con infeccidn por SARS-CoV-

2 desarrollaron enfermedad leve, el 14% requirieron ingreso hospitalario y soporte de

oxigeno y el 5% ingreso en unidad de cuidados intensivos (UCI)*2.
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La OMS definid las siguientes manifestaciones clinicas de la enfermedad:

Infeccion leve. Infeccidn no complicada de vias respiratorias altas. Se caracteriza
por sintomatologia inespecifica como fiebre, tos con o sin expectoracion,
mialgias, congestidon nasal, cefalea, odinofagia, anosmia y ageusia. En menor
proporcién de casos puede asociar sintomatologia digestiva, con nauseas,

vomitos y diarrea.

Neumonia. Signos clinicos y/o radioldgicos de neumonia, pero sin necesidad de

suplementacién de oxigeno.

Neumonia grave. Frecuencia respiratoria mayor de 30 respiraciones por minuto;

distrés respiratorio; o saturacién 02 (FiO, 0.21) <93.

Sindrome de distrés respiratorio agudo (SDRA). Radiografia o TC pulmonar que
muestre opacidades pulmonares bilaterales e insuficiencia respiratoria no

secundaria a fallo cardiaco o sobrecarga de liquidos.

a. Leve.Pa02/Fi02: 200 mmHg — 300 mmHg (con PEEP o CPAP > 5 cmH20,

o sin ventilacion)

b. Moderado. Pa02/Fi02: 100 mmHg — 200 mmHg (con PEEP > 5 cmH20, o

sin ventilacion)

c. Grave. Pa02/Fi02: <100 mmHg (con PEEP > 5 cmH20, o sin ventilacion).
En ausencia de Pa02, Sp0O2/FiO2 < 315 es sugestivo de SDRA.

5. Sepsis. Disfuncidn organica que amenaza la vida causada por una respuesta

desregulada a la infeccién
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6. Shock séptico. Necesidad de vasopresores para mantener la tension arterial
media =65 mmHg y concentracidn de lactato en suero >2 mmol/L en ausencia

de hipovolemia.®

Entre la aparicién de los primeros sintomas y la disnea suele transcurrir una
mediana de 5 dias (IQR 1 — 10), al ingreso hospitalario 7 dias (IQR 4 — 8) y al desarrollo

del sindrome de distrés respiratorio 8 dias (IQR 6 — 12)*%.

Ademads de las manifestaciones respiratorias, se han descrito manifestaciones

sistémicas.

e Hematoldgicas: linfopenia, trombopenia, sindrome de liberacion de citoquinas,

coagulacion intravascular diseminada.

e Cardiovasculares: fendmenos trombdticos arteriales y venosos, miocarditis,

isquemia miocardica, miocardiopatia de Takotsubo.
e Renales: hematuria, proteinuria, insuficiencia renal.
e Gastrointestinales: diarrea, nduseas, vomitos, dolor abdominal, anorexia.

e Hepatobiliares: Elevacién de transaminasas y elevacion de bilirrubina hasta tres

veces por encima de los limites normales.
e Endocrinoldgicas: hiperglicemia, cetoacidosis.

e Neuroldgicas: cefalea, ageusia, anosmia, encefalopatia, accidente cerebro vascular,

Guillain-Barré.
e Oftalmoldgicas: conjuntivitis.

e Dermatoldgicas: petequias, rash eritematoso, livedo reticularis, lesiones tipo

perniosis®.

La existencia de ciertas comorbilidades se asocia a mayor riesgo de infeccion.
Hipertensidn, diabetes mellitus, obesidad, enfermedad cardiovascular, enfermedad
renal crénica, enfermedad pulmonar obstructiva crénica y consumo de tabaco son

factores de riesgo de desarrollar formas mas graves de la enfermedad y muerte!®.
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TRATAMIENTO

Las estrategias terapéuticas tienen como objetivo el tratamiento sintomatico y
de soporte sistémico, la prevencién de la progresion del virus y el control de la respuesta

inmune exagerada.

1. Soporte respiratorio

Se requiere soporte respiratorio en caso de hipoxia [SatO2 (FiO2 0.21) <93%] o
sintomas evidentes de distrés respiratorio. La oxigenoterapia se puede administrar, de
menos a mas invasivo, mediante gafas nasales, mascarillas de alto flujo, ventilacién

mecanica no invasiva o intubacion orotraqueal y ventilacién mecdnica.

2. Profilaxis y tratamiento antitrombdtico

Se ha descrito un estado de hipercoagulabilidad asociado a la COVID-19. Los
pacientes que requieren ingreso en UCI presentan mayor riesgo de eventos trombdticos
venosos!?; y entre los fallecidos por neumonia se ha detectado coagulacién intravascular
diseminada en el 71,4%, en comparacién con el 0,6% entre los supervivientes'®. El
tratamiento con heparina de bajo peso molecular disminuye el riesgo de eventos
trombdticos y se asocia a menor tasa de mortalidad en subgrupos de pacientes con

neumonia grave y SDRA®,

3. Tratamiento antivirico

Lopinavir / Ritonavir. Lopinavir es un inhibidor de la proteasa y combinado con
Ritonavir prolonga su vida media. Se ha utilizado en el tratamiento del VIH y parece que
puede inhibir la replicacion del SARS-CoV-2 in vitro. Sin embargo, su uso no ha
demostrado mejoria en la evolucidon de la enfermedad ni en la persistencia del ARN

viral'8.

Remdesivir. Pertenece al grupo de analogos de los nucleétidos. Administrado en
los primeros 9 dias desde el inicio de la sintomatologia disminuye el tiempo de

recuperacion®®.

Hidroxicloroquina y Azitromicina. La Hidroxicloroquina tiene actividad antiviral
e inmunomoduladora y en asociacién con la Azitromicina se potencia el efecto
antiinflamatorio. Sin embargo, no ha demostrado disminuir la mortalidad y su uso se

asocia a alto riesgo de efectos adversos cardiacos®.
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4. Tratamiento inmunomodulador
Tocilizumab. Es un anticuerpo monoclonal antagonista de la IL-6. Su utilizacion
en pacientes graves parece disminuir la mortalidad a corto plazo. El efecto

inmunosupresor del Tocilizumab conlleva un riesgo significativo de sobreinfecciones?.

5. Tratamiento antiinflamatorio
Corticoides. La respuesta inmunitaria exagerada participa en la fisiopatologia del
dafio pulmonar agudo y del SDRA. ElI tratamiento con Dexametasona vy
Metilprednisolona se asocia a menor necesidad de ventilacidn mecdnica e ingreso en

UCI en pacientes con requerimientos de oxigenoterapia®?23.
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INFECCION EMERGENTE EN GESTACION
Las infecciones emergentes son aquéllas cuya incidencia ha aumentado en los
Ultimos diez afios o presentan la amenaza de hacerlo en un futuro préximo. Pueden

tener las siguientes caracteristicas:

e Infecciones completamente nuevas, como el sindrome respiratorio de Oriente

Medio (MERS).
e Infecciones nuevas en un area geografica, como la enfermedad de Chagas en Europa.
e Infecciones que reaparecen en un area geografica, como el dengue en Florida.

e Infecciones causadas por bacterias que han adquirido resistencia a determinados

antibidticos, como el Staphylococcus aureus resistente a meticilina?*.

Las infecciones emergentes son de especial relevancia durante el embarazo
debido a que 1) las gestantes pueden tener mayor susceptibilidad a la infecciény / o
presentar manifestaciones clinicas mas graves; 2) pueden tener repercusiones negativas
en el feto o neonato; 3) la profilaxis o el tratamiento recomendado en la poblacién

general puede estar contraindicado en las gestantes®.

Algunos ejemplos de infecciones emergentes con repercusiéon especifica en la
gestacion son la infeccién por el virus Influenza A (HIN1) o el virus del Zika. Las gestantes
con gripe A, en comparaciéon con mujeres de edad similar no gestantes, tienen mayor
riesgo de hospitalizacién, de ingresar en UCI y muerte?®. Y la infeccidn por virus Zika se
puede transmitir de madre a feto provocando el sindrome congénito por el virus Zika,

que se caracteriza por microcefalia y otras alteraciones neuroldgicas?’.

La mayoria de las infecciones por coronavirus en humanos tienen escasa
repercusion clinica, sin embargo, las epidemias de SARS-CoV y MERS-CoV en los ultimos
15 afios han afectado de forma mds grave a las gestantes, con hasta un tercio de

mortalidad?s.
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Ante la aparicidon de la infeccidon por SARS-CoV-2, en Obstetricia se plantean tres

preguntas fundamentales:

1. ¢Como afecta la gestacidn al desarrollo de la infeccion por SARS-CoV-27?

2. ¢Cébmo afecta la infeccidn por SARS-CoV-2 a la gestacion?

3. ¢éQué consecuencias tiene la infeccién por SARS-CoV-2 en el feto y en el neonato?

Para intentar dar respuesta a estas preguntas en febrero de 2020 se constituyd
el Grupo Colaborativo Gestacovid. Este grupo esta formado por nueve hospitales de
tercer nivel referentes en Obstetricia: Hospital Universitari Vall d’'Hebron (centro
coordinador), Hospital Universitario La Paz (Madrid), Hospital Virgen de la Arrixaca
(Murcia), Hospital Universitario Cruces (Bizkaia), Hospital Clinico Universitario Lozano
Blesa (Zaragoza), Hospital de Torrején (Madrid), Hospital Universitario San Cecilio
(Granada), Hospital Universitario La Fe (Valencia) y Hospital Universitario Principe de

Asturias (Madrid).

Los objetivos principales de este grupo de trabajo se definen en el articulo

“Gestation and COVID-19: clinical and microbiological observational study (Gesta-

CoviD19)”.
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INFECCION SARS-CoV-2 EN GESTANTES
Prevalencia

La prevalencia de la infeccién es dificil de estimar, porque la evolucidn de las
fases epidémicas es diferente segln areas geograficas; y porque las estrategias de

cribado utilizadas varian entre los distintos paises y a lo largo de la pandemia.

Allotey y col?. describieron la prevalencia de la enfermedad durante la primera
ola (entre diciembre y junio de 2020): 7% (4-10%) si se realizaba cribado universal; 18%
(10-28%) si se realizaba en base a sintomatologia. Aproximadamente tres cuartas partes

(74%, 51%-93% de las gestantes eran asintomaticas).

Un estudio de seroprevalencia realizado en Barcelona aplicando estrategia de
cribado universal a todas las gestantes que acudian a la ecografia de primer trimestre o
ingresaban de parto, entre abril y mayo de 2020, determind una prevalencia de infeccién
del 14%. El 60% de las gestantes eran asintomaticas, variando entre un 70% en primer

trimestre de gestacion y un 52% en tercer trimestre°.

Algunos estudios sugieren mayor susceptibilidad para adquirir la infeccién
durante la gestacién. En un estudio en el que se compararon los resultados del cribado
universal en pacientes que ingresaban de forma programada para cirugia y gestantes en
trabajo de parto, los casos de infeccidn asintomatica eran quince veces superiores en

las pacientes obstétricas, incluso ajustando en base a edad, raza y sexo3!.

Manifestaciones clinicas de la infeccidn

Hasta la quinta ola epidémica, que finaliza en septiembre de 2021, el
comportamiento clinico de la infecciéon por SARS-CoV-2 se ajusta a las descripciones

iniciales de la enfermedad.

La incidencia de infeccién por COVID-19 es similar a lo largo de toda la
gestacion3C. Sin embargo, los casos sintomaticos y con necesidad de ingreso hospitalario
se concentran en el tercer trimestre de gestacién, en torno a las 34 semanas (IQR: 29-

38)30’32.
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La sintomatologia de la enfermedad es similar a la poblacidon general. Los
sintomas mas frecuentes son: fiebre (40%), tos (39%), mialgias (10%), anosmia y ageusia
(15%) y diarrea (7%). En comparacién con poblacién similar no gestante, las

embarazadas presentan menos fiebre y mialgias?®.

La evidencia existente sobre otras infecciones como el virus influenza A H1N1, el
sindrome respiratorio agudo grave o el sindrome respiratorio de Oriente Medio, sugiere
gue las gestantes tienen mas riesgo de desarrollar formas mas graves de la enfermedad

que la poblacién general?®33:34,

Las primeras series de casos de gestantes con COVID-19 (marzo 2020) reportan
manifestaciones clinicas similares a la poblacion general: 86% infeccion leve, 9,3%
neumonia grave y 4,7% sindrome de distrés respiratorio agudo®®. En mayo de 2020, el
grupo United Kingdom Obstetrics Surveillance System (UKOSS) publicé una cohorte
nacional prospectiva de gestantes que ingresaron con la COVID-19, detectando un
porcentaje de enfermedad grave, con necesidad de ingreso en UClI y muerte,

comparables a las de poblacién general femenina en edad reproductiva?.

Sin embargo, en agosto de 2020, con un mayor conocimiento de la enfermedad
y de su abordaje terapéutico, la revisién sistematica de Allotey y col?®. demostraron que
las gestantes con COVID-19 presentaban mayor riesgo de ingreso en UCI (OR 2,13, 1C95%
1,53 — 2,95), necesidad de ventilacion mecanica invasiva (VMI) (OR 2,59, IC95% 2,28 —
2,94) y necesidad de oxigenacidn por membrana extracorpérea (ECMO) (OR 2,02, IC95%
1,22 - 3,34), respecto a mujeres de edad similar no gestantes. Y comparando con
gestantes sin COVID-19, se incrementé el riesgo de muerte materna (OR 2,85, 1C95%

1,08 — 7,52) y de necesidad de ingreso en UCI (OR 18,58, IC95% 7,53 — 45,82).

Los factores de riesgo asociados a manifestaciones mds graves de la enfermedad
y muerte son los mismos en embarazadas que en poblacidn general. La edad avanzada
(> 35 afios), la obesidad (IMC >30 kg/m?), la hipertensién arterial, la diabetes mellitus,
la enfermedad pulmonar crdnica, la enfermedad cardiovascular, la enfermedad renal

crénica y el consumo de tabaco se asocian a peores resultados maternos33’.
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Complicaciones obstétricas de la infeccion
1. Parto pretérmino

El parto pretérmino es el que se produce antes de las 37 semanas de gestacion.
Es la principal causa de morbilidad y mortalidad perinatal y afecta a un 5-13% de las
gestaciones3®. El 30-35% de los partos pretérmino son iatrogénicos, ya sea por induccién
de parto o cesdrea electiva, y sus principales causas son la enfermedad hipertensiva del
embarazo y el retraso de crecimiento fetal®®. Las causas de parto pretérmino
espontaneo son multiples y entre sus principales mecanismos patogénicos destacan la

infeccidn, la inflamacidn, las alteraciones vasculares y los factores anatémicos*°.

Entre las gestantes con infeccidon por SARS-CoV-2 se ha detectado una mayor
tasa de parto prematuro respecto a lo esperado en la poblacién general (OR 1,82, IC95%
1,38 — 2,39). Ademas, esta diferencia se incrementa con la gravedad de la infeccién:
comparando pacientes sintomaticas respecto a asintomaticas (OR 2,29, IC 95% 1,49 —
3,53); y enfermedad grave respecto a enfermedad leve (OR 4,29, IC 95% 2,41 — 7,63)*.
Este aumento de la prematuridad es sobre todo de causa iatrogénica (83%, RR 1,97,
IC95% 1,56 — 2,51) y las principales indicaciones de finalizacidn de la gestacién de forma
prematura son: afectacién materna por COVID-19, enfermedad hipertensiva del

embarazo, feto pequefio para la edad gestacional y distrés fetal*?.

2. Preeclampsia

La preeclampsia se define por la aparicion de hipertensién arterial (tensiéon
arterial sistdlica 2140 mmHg y/o diastélica m>90 mmHg, medida en dos ocasiones
separadas al menos por 4 horas) después de las 20 semanas de gestacién en una mujer
previamente normotensa asociado a proteinuria; o en ausencia de proteinuria, la
hipertensidon asociada a plaquetopenia, insuficiencia renal, alteracién de la funcién

hepética, edema pulmonar y/o sintomatologia neuroldgica®.

La preeclampsia afecta al 2-8% de las gestaciones y es una de las principales

causas de morbilidad y mortalidad materna, y la primera de prematuridad iatrogénica**.

El origen de la preeclampsia es placentario. En la formaciéon de la placenta se
produce una invasién trofoblastica alterada que induce disfuncién endotelial, estrés

oxidativo y un estado antiangiogénico. Las consecuencias de esta alteracion son hipoxia
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placentaria y afectacion multiorganica, que se manifiesta clinicamente con hipertensién

arterial y proteinuria, afectacién hepdtica, insuficiencia renal y trombopenia®.

Entre las manifestaciones extrapulmonares del COVID-19 destacan signos y
sintomas comunes a la preeclampsia: proteinuria y elevacion de creatinina*®; elevacion

de aspartato (AST) y alanina (ALT) aminotransferasas?’; y plaquetopenia®®.

En la primera serie de casos de gestantes con infeccién por SARS-CoV-2
procedente de Wuhan en enero 2020, destaca que, de nueve gestantes ingresadas por

neumonia, tres presentan elevacion de transaminasas y una, preeclampsia®.

En una revisién sistematica de marzo 2020, se observé que el porcentaje de
casos de preeclampsia entre las pacientes con COVID-19 era mds elevado que lo

esperado en la poblacién general (proporciéon acumulada 14,6%, IC 95% 0,94 — 40,34)°°,

El estudio “Preeclampsia-like sindrome induced by severe COVID-19: a

prospective observational study”, se disefid con el objetivo de analizar la prevalencia

de las manifestaciones clinicas, marcadores ecograficos y bioquimicos de preeclampsia

en las gestantes con infeccién por SARS-CoV-2 y analizar su posible asociacién.

3. Obito fetal

Se define ébito fetal como la ausencia de signos de vitalidad fetal a partir de las
20 semanas de gestacién o ante un feto de mas de 350 gramos si se desconoce la edad
gestacional. En los paises desarrollados los factores de riesgo asociados a dbito fetal son:
factores socio demograficos, edad materna avanzada (> 40 afos), obesidad (IMC > 30
kg/m?), diabetes pregestacional, hipertension crénica, consumo de tabaco y gestacidn
multiple®?.

En enero de 2021, el registro del Reino Unido “UK and Global Pregnancy and
Neonatal Outcomes in COVID-19” (PAN-COVID) y el de la Sociedad Americana de
Pediatria “National Perinatal COVID-19 Registry”, reportaron una proporcion de ébito

fetal de 1 de cada 200 gestantes con infeccidn por SARS-CoV-2. Estas cifras son

comparables a registros de estos mismos grupos en 2016 y 2014 respectivamente??.

Una revisién sistematica posterior, de abril 2021, si objetivd la asociacidn entre
la infeccion por SARS-CoV-2 y un mayor riesgo de ébito fetal (OR 2,11, IC 95% 1,14 —

3,90), sin relacionarse con la gravedad de la enfermedad materna®!.
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Khalil y col®3. en Reino Unido, compararon la incidencia de ébito fetal en los
meses previos a la pandemia, de octubre de 2019 a enero de 2020, y los primeros meses
de ésta, de febrero a junio de 2020. Detectaron una mayor incidencia de dbito fetal en
el segundo periodo, 9,31 frente a 2,38 por cada 1000 partos (diferencia 6,93 [IC 95%
1,83 —12,0] por cada 1000 partos; p=0,01, sin relacién con infeccién activa o pasada por

SARS-CoV-2.

La posible asociacidn entre ébito fetal y COVID-19 puede ser efecto directo de la
infeccion, o secundario al estado de pandemia y los cambios en la asistencia médica en

este periodo.

El estudio “Diffuse trophoblast damage is the hallmark of SARS-CoV-2 associated
fetal demise”>* describe las caracteristicas anatomopatolégicas de las placentas con
infeccion por SARS-CoV-2 y buscar una asociacidn con los resultados de pérdidas

gestacionales.

4. Cesdrea

La via del parto en las mujeres con infeccion por SARS-CoV-2 no se asocia a
peores resultados maternos ni neonatales®.Desde el comienzo de la pandemia, las
principales sociedades de ginecologia y obstetricia han recomendado el parto vaginal y
la realizacién de cesdrea Unicamente por indicacion obstétrica, independientemente del

estatus del SARS-CoV-2°6>7,

A pesar de esto, la tasa de cesareas se ha visto influenciada por la infeccién por

SARS-CoV-2.

Una revision sistematica que incluyd 6 estudios realizados en China en el mes de
marzo de 2020 describié un porcentaje de cesdreas en gestantes con infeccidn de hasta

el 91% (IC 95% 81,0 — 97,6)°.

Una revision posterior que recogié estudios realizados hasta mayo de 2020, la
mitad en China y la otra mitad en Europa y Estados Unidos, mantiene esta tendencia.
Observd un porcentaje de cesarea del 85% (IC 95% 72-94%), sin asociacion con la

gravedad de la enfermedad materna ni compromiso fetal®®.
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Segln evoluciona la pandemia estas cifras se han ido normalizando. En una
revision de enero de 2021, no se identificé mayor riesgo de cesdrea en gestantes con
infeccién (OR 1,00, IC 95% 0,82 — 1,23). Si se observa esta diferencia en gestantes con
infeccidn sintomatica en comparacién con asintomaticas (OR 1,57, IC 95% 1,32 — 1,85);
y mas llamativo, en gestantes con enfermedad grave respecto a enfermedad leve (OR

2,58, 1C 95% 1,64 — 4,06)*L.

5. Otros

Otras complicaciones obstétricas no han demostrado asociacién significativa con

la infeccion por SARS-CoV-2.

El porcentaje de aborto en gestantes con COVID-19 es del 15,3% (IC 95% 10,95 —

20,59)°9, similar a lo esperable en poblacién general (10-26%)°°.

Las gestantes con diagndstico de diabetes gestacional con necesidad de insulina
presentan mayor riesgo de infeccidn, independientemente de su indice de masa
corporal®l. Sin embargo, la infecciéon no se relaciona con mayor riesgo de diabetes

gestacional (OR 1,03, IC 95% 0,76 -1,39)**.

La infeccion por SARS-CoV-2 tampoco se asocia con retraso de crecimiento fetal
intrauterino (OR 2,32 1C 95% 0,26 — 21,07). Solamente en gestantes con infeccion grave
respecto a gestantes con infeccién leve, se detecté mayor riesgo de neonatos con bajo
peso al nacimiento (OR 1,89 IC 95% 1,14 — 3,12), en relacién con prematuridad
iatrogénica*.

Manifestaciones fetales o neonatales
Transmision vertical del SARS-CoV2

La transmisién vertical es la transmisién de una infeccién de madre a hijo. Esta

puede ser: antenatal, periparto o postparto.

Para confirmar la posibilidad de transmisidn vertical de la infeccidn por SARS-
CoV-2 son necesarios: una prueba diagndstica fiable que confirme la infeccidon en madre

y feto o neonato; y la exclusién de riesgo de contaminacidn de las muestras bioldgicas®?.
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Basandose en las definiciones de Lebech y col®. para la infeccién congénita por
Toxoplasma sp, Shah y col®. desarrollaron un sistema de clasificacién segun la
probabilidad de infeccién. De acuerdo con ello se establecen cinco categorias

mutuamente excluyentes:
e Caso confirmado. Diagnodstico de certeza.

e Caso probable. Implica evidencia importante de infeccion, pero falta de diagndstico

de certeza.
e Caso posible. Es sugestivo de infeccidn, pero con pruebas diagndsticas incompletas.

e Caso improbable. Escasa evidencia diagnodstica, pero sin poder excluir infeccién

totalmente.
e No infectado. Diagndstico de certeza.

Esta clasificacion es dindmica, un caso puede ser incluido inicialmente en una

categoria y después pasar a otra segun se disponga de mas informacién.
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TABLE 1 Classification System for Maternal-Fetal-Neonatal SARS-CoV-2 Infections

Patient Category
Maternal infection during pregnancy
Symptomatic mother Cofpfirmed
Possible
Unlikely®
Not infected®
Asymptomatic mother who has Confirmed
positive contact history Unlikely?

Not infected

Congenital infection with intrauterine fetal death/stillbirth

Fetal tissues or autopsy material Confirmed

Possible

Unlikely

Not infected

Congenital infection in live born neonate

Clinical features of infection Confirmed
in newborn and mother with
SARS-CoV-2 infection
Probable
Possible?
Unlikely

Not infected

No clinical features of infection Confirmed
in newborn and mother with
SARS-CoV-2 infection Probable
Possible
Unlikely

Not infected

Case Definition

Detection of the virus by PCR in a respiratory sample (nasopharyngeal/ nasal/
broncho-alveolar lavage)

No testing done

No detection of the virus by PCR in a respiratory sample and no other cause identified
No detection of the virus by PCR in a respiratory sample and other cause identified
Detection of the virus by PCR in a respiratory sample

No detection of the virus by PCR in a single respiratory sample

No detection of the virus by PCR in two respiratory samples taken at different time
points

Detection of the virus by PCR from fetal or placental tissue or electron microscopic
detection of viral particle in tissue or viral growth in culture from fetal or placental
tissue

Detection of the virus by PCR in surface swab from fetus or placental swab on fetal
side

Detection of the virus by PCR in surface swab from maternal side of placenta only and
no testing done or no detection of the virus by PCR from fetal or placental tissue

No detection of the virus by PCR or by electron microscopy in fetal tissue(s) on
autopsy

Detection of the virus by PCR in umbilical cord blood® or neonatal blood collected
within first 12 hours of birth or amniotic fluid collected prior to rupture of
membrane®

Detection of the virus by PCR in nasopharyngeal swab at birth (collected after
cleaning baby) AND placental swab from fetal side of placenta in a neonate born via
cesarean section before rupture of membrane or placental tissue

No detection of the virus by PCR in nasopharyngeal swab at birth (collected after
cleaning baby) BUT presence of anti-SARS-CoV-2 IgM antibodies in umbilical cord
blood or neonatal blood collected within first 12 hours of birth or placental tissue

No detection of the virus by PCR in nasopharyngeal swab at birth (collected after
cleaning baby) or umbilical cord blood, or neonatal blood collected within first 12
hours of birth or amniotic fluid AND antibody testing not done

No detection of the virus by PCR in nasopharyngeal swab at birth (collected after
cleaning baby) or umbilical cord blood, or neonatal blood collected within first 12
hours of birth or amniotic fluid AND no anti-SARS-CoV-2 IgM in umbilical cord blood
or neonatal blood collected within first 12 hours of birth

Detection of the virus by PCRin cord blood® or neonatal blood collected within first
12 hours of birth

Detection of the virus by PCR in amniotic fluid collected prior to rupture of membrane
but no detection in umbilical cord blood or neonatal blood collected within first 12
hours of birth

Presence of anti-SARS-CoV-2 IgM in umbilical cord blood or detection of the virus by
PCR in placental tissue but no detection of the virus by PCR in umbilical cord blood
or neonatal blood collected within first 12 hours of birth or amniotic fluid

No detection of the virus by PCR in cord blood or neonatal blood collected within
first 12 hours of birth or amniotic fluid collected prior to rupture of membrane® AND
serology not done

No detection of the virus by PCR in cord blood or neonatal blood collected within first
12 hours of birth or amniotic fluid collected prior to rupture of membrane® AND no
anti-SARS-CoV-2 IgM in cord blood
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TABLE 1 (Continued)

Patient Category Case Definition

Neonatal infection acquired intrapartum

Clinical features of infection Confirmed Detection of the virus by PCR in nasopharyngeal swab at birth (collected after
in newborn and mother with cleaning the baby) AND at 24-48 hours of age AND alternate explanation for clinical
SARS-CoV-2 infection features excluded
Probable Detection of the virus by PCR in nasopharyngeal swab at birth (collected after

cleaning baby) but not at 24-48 hours of age AND alternate explanation for clinical
features excluded

Possible No detection of the virus by PCR in nasopharyngeal swab at birth AND detection of
the virus by PCR in any of maternal vaginal/placental/cord/skin swab at birth AND
alternate explanation for clinical features excluded

Unlikely No detection of the virus by PCR in nasopharyngeal swab at birth (collected
after cleaning baby) OR in any of maternal vaginal/placental/cord/neonatal
nasopharyngeal/skin swab at birth AND alternate explanation for clinical features
not identified

Not infected No detection of the virus by PCR in nasopharyngeal swab at birth (collected
after cleaning baby) OR in any of maternal vaginal/placental/cord/neonatal
nasopharyngeal/skin swab at birth AND alternate explanation for clinical features
identified
No clinical features of infection Confirmed Detection of the virus by PCR in nasopharyngeal swab at birth (collected after
in newborn and mother with cleaning the baby) AND at 24-48 hours of age

SARS.CoVe2linfection Possible Detection of the virus by PCR in nasopharyngeal swab at birth (collected after

cleaning the baby) AND not at 24-48 hours

Not infected No detection of the virus by PCR in nasopharyngeal swab at birth AND no detection
of the virus by PCR in any of vaginal swab in mother/placental swab/skin/cord swab
at birth

Neonatal infection acquired postpartum

Clinical features of infection Confirmed Detection of the virus by PCR in nasopharyngeal/rectal swab at 248 hours of birth in
in newborn at 248 hours age aneonate whose respiratory sample tested negative by PCR at birth
(parent or caregiver may or Probable Detection of the virus by PCR in nasopharyngeal/rectal swab at 248 hours of birth in

may not have SARS-CoV-2
infection or were not tested)

a neonate who was not tested at birth

Not infected® No detection of the virus by PCR in nasopharyngeal/rectal swab at 248 hours of birth
and other cause identified

Figura 6 sistema de clasificacion de infeccion materno fetal neonatal por SARS-CoV-2%4,

A finales de marzo de 2020, Zeng y col®. describieron los primeros casos de
posible infeccidon neonatal por SARS-CoV-2. En una serie de 33 gestantes con COVID-19
en el momento del parto, tres neonatos resultaron positivos para SARS-CoV-2 en la
prueba de reaccién en cadena de la polimerasa mediante transcriptasa inversa (RT-PCR)

en exudado nasofaringeo y anal a los 2 y 4 dias de vida y negativizaron a partir del dia 6.

Posteriormente se describieron 5 casos de posible infeccién congénita: Baud®®,
Penfield®” y Algarroba®. En todos ellos se detectd RT-PCR SARS-CoV-2 positiva en
muestras de placenta de mujeres con infeccién activa. Sin embargo, las muestras

neonatales resultaron negativas.

En mayo de 2020, Patané y col®®. demostraron por primera vez infeccion
congénita confirmada. En una serie de 22 gestantes con infeccién activa en el momento
del parto, describieron el caso de una gestacién a término con RT-PCR SARS-CoV-2
positiva en placenta y en exudado nasofaringeo del neonato al nacimiento, a las 24 horas

y a los 7 dias de vida. El neonato no presentd ninguna sintomatologia.
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En julio de 2020, Vivantiy col’®. publicaron un nuevo caso de infeccidn congénita
confirmada. Se trataba de una gestante de 35 semanas y 2 dias que ingresd por
neumonia COVID-19 sin signos de gravedad y a los tres dias se finalizd la gestacién
mediante cesarea por monitorizacién fetal con signos de sufrimiento agudo. Se confirmé
la presencia de virus mediante RT-PCR en muestras de liquido amnidtico (obtenido
inmediatamente antes de la cesdrea) y placenta, y en el neonato en exudado
nasofaringeo al nacimiento, a los 3 y 18 dias de vida, en lavado broncoalveolar, sangre y
exudado anal. El neonato no presentd sintomatologia compatible con infeccién

respiratoria y la ecografia pulmonar no mostré signos de neumonia.

Uno de los principales objetivos del grupo Gesta-COVID19 es determinar el
riesgo de transmisidn vertical de la infeccién. En el protocolo se define un seguimiento
ecografico fetal exhaustivo durante la infeccién materna, la toma de muestras maternas

y neonatales en el momento del parto y el seguimiento posterior del neonato.

El estudio “Congenital infection of SARS-CoV-2 in live-born neonates: a

population-based descriptive study” esta disefiado para valorar el riesgo de transmisién

vertical de la infeccion.

Y el estudio “Fetal transient skin edema in two pregnant women with

Coronavirus Disease 2019 (COVID-19)” describe los hallazgos ecogréficos fetales en

relacion con infeccion por SARS-CoV-2 materna.

Tratamiento

Los objetivos del tratamiento en la gestante son los mismos que en la poblaciéon
general: tratamiento sintomatico y de soporte sistémico, evitar la progresidn del virus y
frenar la respuesta inmune exagerada. Teniendo en cuenta que toda medida terapéutica

va destinada a dos pacientes: madre y feto.

1. Soporte respiratorio

Durante la gestacién se recomienda mantener los niveles de oxigenacion
materna mas altos que en poblacidén general, para garantizar la perfusién placentaria y
prevenir la hipoxemia y la acidosis fetal. El objetivo terapéutico es saturacidn de oxigeno

>95%; 0 Pa02 >70 mmHg en caso de ventilacion mecanica’’.
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2. Profilaxis y tratamiento antitrombdtico

Varias sociedades cientificas recomiendan profilaxis de enfermedad
tromboembodlica con heparina de bajo peso molecular en gestantes con infecciéon por
SARS-CoV-2, incluso en pacientes asintomaticas’?~’®. Sin embargo, no se ha detectado
mayor porcentaje de complicaciones trombdticas en gestantes con COVID-19 frente a

no gestantes, a pesar de que la gestacion supone un estado de hipercoagulabilidad??.

3. Tratamiento antivirico

Remdesivir. Es el primer medicamento aprobado por la Food and Drug
Administration (FDA) para el tratamiento de COVID-19 en nifios y adultos hospitalizados.
En gestantes no parece que se asocie a toxicidad fetal, pero debido a la escasa evidencia

disponible en gestantes, sélo se recomienda como uso compasivo’’.

4. Tratamiento inmunomodulador
Tocilizumab. No parece producir efectos adversos directamente en el feto, pero
por su acciéon inmunosupresora se asocia a riesgo de infecciones secundarias en la

madre, y por lo tanto, riesgo de infeccién congénita en el neonato’?.

5. Tratamiento antiinflamatorio

Corticoides. Se recomienda el tratamiento con corticoides en gestantes que
requieren suplementacién de oxigeno, por su beneficio para disminuir mortalidad
materna’?.En gestantes es preferible Metilprednisolona a Dexametasona para

minimizar el paso a través de la barrera placentaria’.

6. Finalizacion de la gestacion

La finalizacién de la gestacidn puede ser parte de la estrategia terapéutica, al
disminuir las demandas fisiolégicas propias del embarazo. El momento éptimo de
finalizacion de la gestacién dependera del balance riesgo / beneficio para madre y feto.
A partir de las 32 semanas, la hipoxemia refractaria se puede considerar motivo de

finalizacion’.
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INFECCION POR SARS-CoV-2 EN GESTANTES EN EL HOSPITAL UNIVERSITARI VALL
D'"HEBRON

En abril de 2020 el Hospital Universitari Vall D’"Hebron se convierte en centro de
referencia de toda Cataluia para gestantes que requieren ingreso por COVID-19. Se
trata del Unico hospital de tercer nivel con UCI de adultos, UCI neonatal y Maternidad
en el mismo centro, y capacidad para dar respuesta al creciente nimero de casos en
gestantes. Esta medida permite concentrar la casuistica y por lo tanto la experiencia, el

conocimiento y la investigacion.

Entre el 16 de marzo de 2020 y el 1 de enero de 2022, ingresaron 220 gestantes

por COVID-19.

Figura 7 Distribucion de los casos ingresados por COVID-19 en el Hospital Universitari Vall D’Hebron entre marzo de
2020 y enero 2022. Azul: casos totales; verde: ingreso en UCI.

43



Repercusion de la Infeccidn por SARS-CoV-2 en la Gestacion

Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr
2020 2021 2022

Figura 8 Distribucion de los casos de gestantes que requieren ingreso por COVID-19 en el Hospital Universitari Vall

D’Hebron entre marzo de 2020 y enero 2022. Verde: casos totales; rojo: ingreso en UCI.

Caracteristicas

N =220

Edad materna (afos), mediana (rango)

33(17-51)

indice de masa corporal (kg/m?), mediana (rango)

27,9 (14,8 - 44,3)

IMC 230, n (%) 71/206 (34,5%)
IMC >30 <35, n (%) 50/206 (24,3%)
IMC >35 <40, n (%) 12/206 (5,8%)
IMC >40, n (%) 9/206 (4,4%)

Origen, n (%)

Europa

68/193 (35,2%)

Latinoamérica

63/193 (32,6%)

Sahara

40/193 (20,7%)

Asia Meridional

17/193 (8,8%)

Africa Subsahariana

5/193 (2,6%)

Tipo de gestacion, n (%)

Unica 214 (97,3%)

Gemelar bicorial biamnidtica 6(2,7%)
Consumo de tabaco, n (%) 5(2,3%)
Patologia de base, n (%)

Psiquidtrica: trastorno ansioso depresivo 10/220 (4,5%)
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intercuartil)

Hipertension arterial 6/220 (2,7%)

Diabetes mellitus 5/220 (2,3%)

Infeccidn cronica: 4/220 (1,8%)

VHB 2

TBC 1

Chagas 1

Enfermedad respiratoria: asma 3/220 (1,4%)

Cardiopatia congénita 3/220 (1,4%)

Hipertrigliceridemia 2/220 (0,9%)
Manifestaciones clinicas

Enfermedad leve 20/220 (9,1%)

Neumonia 77/220 (35,0%)

Neumonia grave (UCI) 80/220 (36,4%)

SDRA 43/220 (19,5%)
Edad gestacional al diagnéstico (semanas), mediana (rango

32 (25 - 35)

Tabla 1 Caracteristicas demogrdficas y clinicas de la cohorte de 220 mujeres con infeccion por SARS-CoV-2
hospitalizadas en el Hospital Universitari Vall d’Hebron entre marzo de 2020 y enero de 2022

Abreviaturas: VHB, virus hepatitis B; TBC, tuberculosis; SDRA, sindrome de distrés

respiratorio agudo.
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Complicaciones obstétricas 53/211
Aborto <14 semanas 0
Aborto 14-22 semanas 2
Obito fetal 1
Amenaza de parto prematuro 6
Rotura prematura de membranas <37 semanas 10
Preeclampsia 11
Diabetes gestacional 15
CIR 7
Malformacion fetal: edema fetal transitorio 2
Edad gestacional al parto (semanas), mediana (rango) 39 (27 -41)
Inicio de parto
Espontaneo 98/210 (46,7%)
Indicado 112/210 (53,3%)
- Por COVID-19 53 (47,3%)

- Otras indicaciones

59 (52,7%)

Parto prematuro <37 semanas 51/210
- Por COVID-19 37
- Otros 14

Tipo de parto

Vaginal

122/210 (58,1%)

Cesarea

88/210 (41,9%)

Tabla 2 Resultados gestacionales de las mujeres con infeccion por SARS-CoV-2 hospitalizadas en el Hospital

Universitari Vall d’Hebron entre marzo de 2020 y enero de 2022.

Abreviaturas: CIR, crecimiento intrauterino restringido.
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Hipotesis

Las gestantes son un grupo especialmente vulnerable a las infecciones
emergentes. Presentan mayor riesgo de adquirir la infeccion por SARS-CoV-2 y de
presentar manifestaciones clinicas diferentes a la poblacidn general, complicaciones

obstétricas especificas y repercusiones negativas en el neonato.

La infeccidn por SARS-CoV-2 supone riesgo de complicaciones maternas y fetales

especificas y existe riesgo de transmisidén congénita.
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Objetivos

Elaborar un protocolo de diagndstico y seguimiento de gestantes infectadas por

SARS-CoV-2 y sus recién nacidos.

Evaluar la prevalencia de manifestaciones clinicas, marcadores ecograficos y

bioquimicos de preeclampsia en las gestantes con COVID-19.

Valorar qué marcadores clinicos, ecograficos o bioquimicos de preeclampsia son
utiles para el diagnéstico diferencial entre preeclampsia e infeccién por SARS-CoV-

2.
Evaluar la posibilidad de transmision materno-fetal de la infeccion por SARS-CoV-2.

Evaluar si existe afectacion fetal durante la infeccion aguda por SARS-CoV-2.
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Abstract

Background: The Coronavirus Disease 2019 (COVID-19}) is a novel disease which has been having a worldwide
affect since December 2019. Evidence regarding the effects of SARS-CoV-2 during pregnancy is conflicting. The
presence of SARS-CoV-2 has been demonstrated in biological samples during pregnancy (placenta, umbilical cord
or amniotic fluid); however, matemal and fetal effects of the virus are not well known.

Methods: Descriptive, multicentre, longitudinal, observational study in eight tertiary care hospitals throughout
Spain, that are referral centres for pregnant women with COVID-19. All pregnant women with positive SARS-CoV-2
real-time reverse transcriptase polymerase chain reaction during their pregnancy or 14 days preconception and
newborns born to mothers infected with SARS-CoV-2 will be included. They will continue to be followed up until 4
weeks after delivery. The aim of the study is to investigate both the effect of COVID-19 on the pregnancy, and the
effect of the pregnancy status with the evolution of the SARS-CoV-2 disease. Other samples (faeces, urine, serum,
amniotic fluid, cord and peripheral blood, placenta and breastmilk) will be collected in order to analyse whether or
not there is a risk of vertical transmission and to describe the behaviour of the virus in other fluids. Neonates will
be followed until 6 months after delivery to establish the rate of neonatal transmission. We aim to include 150
pregnant women and their babies. Ethics approval will be obtained from all the participating centres.

Discussion: There is little information known about COVID-19 and its unknown effects on pregnancy. This study
will collect a large number of samples in pregnant women which will allow us to demonstrate the behaviour of the
virus in pregnancy and postpartum in a representative cohort of the Spanish population.
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Background

Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-Cov-2) was first reported in the city of Wuhan,
China, in December 2019, with a rapid spread to the rest
of the planet within a few weeks. Spain reported its first
case of the Coronavirus Disease 2019 (COVID-19) in
February, 2020 and as of December 29th 2020, almost 2
million cases have been reported [1].

Evidence regarding the effects of SARS-CoV-2 during
pregnancy is conflicting: A study on pregnant women in
the United States of America reported that percentages
of mild, moderate and severe disease for pregnant
women are similar to that of the general population (80,
15 and 5%, respectively) [2] whilst others suggest higher
rates of Intensive Care Unit (ICU) admission and oxygen
supplementation in pregnant women above 20 weeks’
gestation compared to non-pregnant population with
COVID-19 [3]. Many publications regarding the maternal-
fetal effects of the virus have raised: a preeclampsia-like
syndrome in women affected by COVID-19 has been
described [4] and transplacental transmission and possible
fetal effects of the virus have been demonstrated [5-7]. The
presence of the virus in amniotic fluid and breast milk has
also been reported [6, 8]. However, evidence on the effects
of the SARS-CoV-2 infection during the first trimester of
pregnancy is scarce, with only few publications reporting
low rates of miscarriage in the first trimester [9] In our
centre we have identified patients with these characteristics,
the obstetric and neonatal results of which will be of utmost
importance for the correct care and treatment of this
disease in pregnant women. Given the little evidence
published so far regarding the effects that COVID-19 can
have on pregnancy and vice versa, it is essential to gather as
much information as possible.

We designed an observational study in 8 tertiary care
hospitals in Spain, that are referral centres for pregnant
women with COVID-19 during the pandemic. The study
intends to investigate both the effect of COVID-19 on
pregnancy, and the effect of pregnancy status with the
evolution of SARS-CoV-2 disease.

Methods/design

Design and setting of the study

This is a descriptive, multicentre, longitudinal, observa-
tional study in eight tertiary care hospitals throughout
Spain, that are referral centres for pregnant women with
COVID-19: Vall d'Hebron University Hospital (HUVH),
Barcelona (coordinating centre); La Paz University
Hospital (HULP), Madrid; Hospital Virgen de la Arrixaca
(HUVA), Murcia; Hospital Universitario Cruces (HUC),
Bizkaia; Hospital Clinico Universitario Lozano Blesa
(HCULB), Zaragoza; Hospital de Torrején, Madrid;
Hospital Universitario San Cecilio, Granada; and Hospital
Universitario La Fe, Valencia.
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Given that COVID-19 is an emerging disease and our
knowledge of it evolves from day to day, authors will be
encouraged to add other variables to the protocol as
new clinical evidence comes forward, with the commit-
ment to notify any changes in protocol to the Ethics

Committee.

Objective

To investigate both the effect of COVID-19 on pregnancy
and the effect of pregnancy status with the evolution of

SARS-CoV-2 disease.

Qutcomes (Table 1)
Primary outcome:

¢ Rate of perinatal morbidity in pregnant women with
COVID-19 (preterm delivery, preeclampsia,
hospitalization during pregnancy, and admission to

the ICU)

Secondary outcomes:

¢ Description of COVID-19 maternal symptoms
¢ Rate of maternal mortality

Table 1 Definition of primary and secondary outcomes

Primary outcome

Preeclampsia, preterm delivery,
need of hospitalization, ICU
admittance

Secondary outcomes

Description of COVID-19
maternal symptoms

Maternal mortality

Rate of fetal morbidity
and mortality

Description of behaviour of
the virus in biological fluids
(urine, faeces, blood cord,
placenta and breastmilk)

Neonatal infection at 24, 48 h
and 7 days

Neonatal mortality

Neonatal morbidity
{pneumonia, NICU
admission, sepsis,...)

Frequency of each complication /
total number of pregnant women

Frequency of each symptom /
Total number of pregnant women

Number of maternal deaths due to
COVID-19 or any other complication
during the pregnancy / Total
number of pregnant women

Number of miscarriage, stillbirth,
fetal malformation, intrauterine
growth restriction / Total number
of foetuses

Number of positive tests / Number
of tests performed (per each fluid
or tissue)

Number of newboms with positive
RT-PCR in pharyngeal aspirate at
24,48 h and at 7 days / Total
number of newborns

Number of neonatal deaths within
the first 7 {early) and 28days of life
/ Total number of foetuses/
newborns

Number of each complication /
Total number of neonates

ICU Intensive Care Unit, MICU Neonatal Intensive Care Unit
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¢ Rate of fetal mortality

o Rate of fetal morbidity (miscarriage, stillbirth, fetal
malformation, and intrauterine growth restriction)

o Description of the behaviour of the virus in
biological fluids (peripheral blood, urine, faeces,
blood cord, placenta, and breastmilk) and serological
response

¢ Rate of neonatal infection at 24, 48 h and 7 days
after birth

¢ Rate of neonatal mortality

o Rate of neonatal morbidity (infection, pneumonia,
and admission to the ICU)

Participants and processes

All consecutive pregnant women with a confirmed
COVID-19 diagnosis by real-time reverse transcriptase
polymerase chain reaction (RT-PCR) will be included.

Women attended in a labour ward or outpatient clinic
with SARS-CoV-2 symptoms (fever, cough, dyspnoea,
anosmia, ageusia, diarrhoea, fatigue, myalgias) [10] or
those in close contact with a COVID-19 confirmed case,
will undergo a SARS-CoV-2 RT-PCR in nasopharyngeal
and oropharyngeal smears.

They will be managed according the presence of mild
(fever, cough, anosmia, diarrhoea), moderate (tachyp-
noea >30xmin, hypoxia (saturation < 93% in room air at
sea level or PAO2/FiO2 < 300 mmHg) or abnormal chest
imaging (> 50% affected lung) or severe symptoms
(respiratory failure, shock) [10, 11] Women with mild
symptoms will be managed as outpatients and called
in daily for a symptoms’ evaluation until a SARS-CoV-2
RT-PCR negativization. Women requiring hospitalization
(with moderate or severe symptoms) will be managed ac-
cording to gestational age and symptoms until discharged
from the hospital.

All women with a previous history of COVID-19 and
negative RT-PCR SARS-CoV-2 will be followed monthly
in the outpatient clinic until delivery and at 4 weeks
postpartum.

Delivery of positive SARS-CoV-2 women will be per-
formed according the Spanish Guidelines for COVID-19
pregnancy and delivery [12, 13]. Neonates will not be
separated from their mothers but women will be instructed
regarding measures to prevent contagion of their sons.

Inclusion and exclusion criteria:

o Inclusion criteria: women with SARS-CoV-2 RT-
PCR during pregnancy or 14 days preconception
and newborns born to mothers infected with
SARS-CoV-2.

¢ Exclusion criteria: refusal to participate in the study,
pregnant women under 18 years of age, and
difficulty to understand informed consent.
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Samples to be collected (Fig. 1):

¢ DPregnant women: SARS-CoV-2 RT-PCR in
nasopharyngeal and oropharyngeal swab at first
visit, weeldy until SARS-CoV-2 RT-PCR negativization,
delivery and postpartum; SARS-CoV-2 RT-PCR in
amniotic fluid, urine, faeces, peripheral blood and
serum for serologic tests, according to clinical criteria;
SARS-CoV-2 RT-PCR in amniotic fluid, placenta, cord
blood, and breast milk at delivery and postpartum.
Serologic tests within 4—6 weeks after negative SARS-
CoV-2 RT-PCR results.

e Newborns born to COVID-19 women: SARS-CoV-2
RT-PCR in nasopharyngeal aspirate, urine, and
faeces after delivery. Serologic tests at delivery and
after 30 days and 6 months postpartum.

¢ Newborns born to COVID-19 women requiring
admission to the Neonatal Unit: SARS-CoV-2 RT-
PCR in nasopharyngeal aspirate and tracheal aspirate
(if intubated) after delivery, 24 h, 5 days, and 14 days
after birth. SARS-CoV-2 RT-PCR in urine, faeces
and serologic tests after delivery. Serologic tests after
30 days and 6 months postpartum.

The detection of SARS-CoV-2 RNA for any sample
type will be performed by means of a commercial RT-
PCR-based assay Allplex™ 2019-nCoV (Seegene, Korea).
The serological study consists in the determination of
specific IgG antibodies for pregnant women and specific
IgG and IgM antibodies in newborns. These tests will be
determined from serum samples using Liaison SARS-
CoV-2851/82 IgG (DiaSorin, Italy) and Liaison SARS-
CoV-2 51-RBD IgM. Both of them will be performed on
the LIAISON® XL Analyzer (DiaSorin, Italy).

Data will be collected and encoded on an electronic
data collection sheet (REDCap®). Each patient will have
an identification number for the study. The correlation
between the medical record number and the study iden-
tification number will be collected in a separate and
anonymized database.

Statistics

A descriptive analysis for the primary and secondary
outcomes will be carried out, calculating absolute and
relative frequencies. For the maternal characteristics’
description, median and interquartile range will be used
for continuous variables and absolute and relative
frequencies for categorical variables.

Logistic regression analysis will be used to explore the
association of adverse maternal, fetal and neonatal out-
comes with each specific drug used to treat COVID-19.

All analysis will be carried out with R software. Statis-
tical significance will be set at p < 0.05.
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Fig. 1 Gesta-COVID19 Study protocol. Pregnant women timeline (SPIRIT figure)

Sample size

Given the short evolution of this infection, this study aims
to be exploratory and to make a quick characterization of
the described ocutcomes. To this end, it has been estimated
that within a period of 4 to 6 months (peak of the epi-
demic and subsequent months), we will be able to achieve
a sample size of 150 pregnancies.

Ethics

This study was approved by the Ethics Committee of the
coordinating centre (PR(AMI)181/2020) and by that of
all the participating centres.

Patients will be informed about the study. Given the
current situation of the pandemic and public health
concerns (in order to reduce the risk of contagion), the
Ethics Committee accepted to obtain oral consent from
the patient and to record it in the medical history.

Discussion

The mother-foetus binomial is unique in medicine,
morbidity and mortality can therefore affect both. This
prospective longitudinal study aims to collect all con-
secutive cases of COVID-19 in pregnant women in eight
referral centres throughout Spain, with the objective of
defining whether the pregnancy implies a change in the
prognosis of the infection, and vice versa, whether the
infection impacts the pregnancy. Furthermore, we intend
to assess vertical transmission.

The electronic data collection sheet, accessible via the
website from eight of the main reference hospitals in
Spain, will allow us to obtain a representative sample of
the pregnant Spanish population.

The major strength of this study is that weekly con-
secutive samples of the naso / oropharyngeal smears will
be obtained, allowing to infer virus clearance. Collecting
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other samples apart from the naso / oropharyngeal
smears (peripheral and cord blood, serum, faeces, urine,
amniotic fluid, placenta, breast milk and serologic
follow-up), will grant more information on the behav-
iour of the virus in other biological fluids and investigate
whether or not there is risk of perinatal transmission.

Due to the limited information on COVID-19 in preg-
nancy to date, the limitation in the management and
treatment of pregnant women, and the possibility of a
new outbreak when confinement measures will relax, it
is necessary to collect all possible evidence to establish
management protocols and working dynamics to effi-
ciently react when it happens. It is the clinicians’ respon-
sibility to be updated on COVID-19 in order to be able
to offer the best care to their patients.
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Objectives To investigate the incidence of clinical,
ultrasonographic and biochemical findings related to pre-
eclampsia (PE) in pregnancies with COVID-19, and to assess their
accaracy to differentiate between PE and the PE-like featares
associated with COVID-19.

Design A prospective, observational stady.
Setting Tertiary referral hospital.
Participants Singleton pregnancies with COVID-19 at »20*° weeks.

Methods Forty-two consecutive pregnancies were recraited and
classified into two groups: severe and non-severe COVID-18,
according to the occurrence of severe pneamonia. Uterine artery
pulsatility index (UtAPI) and angiogenic factors {soluble fins-like
tyrosine kinase-1/placental growth factor [sElt-1/PLGF]) were
assessed in women with saspected PE.

Main outcome measures Incidence of signs and symptoms related
to PE, such as hypertension, proteinuria, thrombocytopenia,
elevated Liver enzymes, abnormal URAPI and increased sElt-1/
PIGE.

Results Thirty-four cases were classified as non-severe and § as
severe COVID-19. Five (11.9%) women presented signs and

symptoms of PE, all five being among the severe COVID-19 cases
{62.5%). However, abnormal sElt-1/PIGE and THAPI could only
be demonstrated in one case. One case remained pregnant after
recovery from severe pneamonia and had a spontaneoas
resolution of the PE-like syndrome.

Conclusions Preghant women with severe COVID-19 can develop
a PE-like syndrome that might be distingaished from actaal PE by
sElt-1/PIGF, LDH and UtAPI assessment. Healthcare providers
should be aware of its existence and monitor pregnancies with
suspected pre-eclampsia with caution.

Keywords Angiogenic factors, COVID-18, PIGFE, pre-eclampsia,
pre-eclampsia-like sypndrome, pregnancy, SARS, SARS-CoV-2,
sElt-1.

Tweetable abstract This stady shows that a pre-eclampsia-like
syndrome could be present in some pregnancies with severe
COVID-19.

Linked article This article is commented on by DL Rolnik,
p. 1381 in this issue. To view this mini commentary wisit
htpsi//doi.org/l(L1111/1471-0528 16369
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Introduction

On 11 March 2020, the World Health Organization
{WHQ) declared the severe acute respiratory syndrome
coronavirus 2 {SARS-CoV-2) outbreak a pandemic disease,
given its increasing number of cases worldwide.! Studies
have shown that the disease caused by SARS-CoV-2, named
as COVID-19 {coronavirus disease 2019} typically presents

with fever, dry cough and fatigue; nevertheless, up to 14%
of the cases can evolve to severe pneumonia and 5% to
severe acute respiratory syndrome {SARS), both requiring
admission to intensive care for intensive respiratory sup-
port.? Whereas COVID-19 is primarily a respiratory infec-
tion, it has important effects including
hypertension, kidney disease, thrombocytopenia and liver
injury.”™ As SARS-CoV-2 is believed to invade the host

systemic
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through the cell entry receptor angiotensin-converting
enzyme 2 (ACE2), these signs and symptoms in SARS-
CoV-2 infection are thought to be due to the vasoconstric-
tion resulting from the dysfunction of the renin-an-
giotensin system.”® By contrast, clinical features of pre-
eclampsia (PE) are mainly a consequence of the endothelial
damage originated by placental oxidative stress and antian-
giogenic status, which leads to the appearance of hyperten-
sion and proteinuria, elevated liver enzymes, renal failure
or thrombocytopenia, among others.”'® An increased inci-
dence of PE has been reported among mothers infected
with SARS-CoV-2 compared with the general population.''
Misdiagnosis, however, might have occurred in some of
these cases, as COVID-19 and PE have overlapping clinical
features. Therefore, differential diagnosis might be challeng-
ing in COVID-19 pregnant women presenting with hyper-
tension and proteinuria, thrombocytopenia or elevated liver
enzymes.'® Thus, the aim of this study was to investigate
the prevalence of clinical, ultrasonographic and biochemical
findings related to PE in women with SARS-CoV-2 infec-
tion and to assess their accuracy in differentiating between
actual PE and PE-like features associated with COVID-19.

Methods

We carried out a prospective cohort study of all consecu-
tive pregnant women at >20 weeks of gestation who pre-
sented to the emergency department of our tertiary care
center for suspicion of COVID-19 (dry cough and fever)
and had laboratory-confirmed SARS-CoV-2 infection,
between 13 March and 10 April 2020. Patients were not
actively involved in the research.

Patients were classified in two groups: severe and non-sev-
ere COVID-19, according to the occurrence of severe pneu-
monia. The laboratory and clinical data were prospectively
recorded in a database. The recorded data included the fol-
lowing: platelet count (per microlitre), D-dimer (microg/),
lactate dehydrogenase (U/1), aspartate aminotransferase (U/1),
alanine amninotransferase (U/1), urine protein to creatinine
ratio (mg/g), systolic blood pressure (mmHg), diastolic blood
pressure (mmHg), mean arterial pressure (mmHg), crea-
tinine (mg/dl) and gestational age (GA) in weeks. GA to
describe particular cases was expressed in weeks ™
arterial pressure was calculated as: 1/3 x (systolic blood pres-
sure) + 2/3 x (diastolic blood pressure). Maternal baseline
characteristics were compared between groups. In severe
cases, data were analysed at three different time points during
COVID-19: before, during and after intensive care unit (ICU)
admission for severe pneumonia.

According to the WHO guidance, laboratory confirma-
tion for SARS-CoV-2 was defined as a positive result of
real-time reverse transcriptase-polymerase chain reaction
(RTPCR) assay of nasal and pharyngeal swabs.">

. Mean

Pre-eclampsia-like syndrome in COVID-19

PE was defined as new onset of high blood pressure (sys-
tolic blood pressure >140 mmHg and/or diastolic blood
pressure >90 mmHg) or worsening of previous high blood
pressure in addition to new-onset proteinuria (protein to
creatinine ratio >300) or worsening of previous protein-
uria, or to at least one of the following signs and symptoms
of severe PE: cerebral or visual symptoms, elevation of liver
enzymes to twice normal concentration, platelet count
<100 000/ul, serum creatinine concentrations >1.1 mg/dl
or pulmonary oedema.'® The HELLP syndrome is fre-
quently considered a variant of PE. Diagnostic criteria for
HELLP syndrome are haemolysis with increased LDH
(>600 U/l) and AST (>70 U/), and platelets <100 000/ul."

In women with new-onset hypertension, the uterine
artery pulsatility index (UtAPI) was assessed by transab-
dominal Doppler ultrasound and maternal serum levels of
placental growth factor (PIGF) and soluble fms-like tyro-
sine kinase-1 (sFlt-1) in pg/ml were determined by means
of the fully automated Elecsys assays for sFlt-1 and PIGF
on an electrochemiluminescence immunoassay platform
{cobas e analyzers; Roche® Diagnostics, Rotkreuz, Switzer-
land).**'® The sFlit-1/PIGF was then calculated. UtAPI
above the 95th centile for gestational age, and sFlt-1/PIGF
values >85 (at <34 weeks) or >110 (at >34 weeks) were
considered highly suggestive of underlying placental dis-

ease.'®

Statistical analysis

The open-source satistical software R Commander(R pack-
age version 2.3-1), which is freely available on CRAN
(https://cran.r-project.org), was used for statistical analysis.
Categorical data were reported as frequency and percent-
age, and comparisons between severity groups were esti-
mated by Chi-square or Fisher tests, as appropriate.
Continuous variables were described as median and
interquartile (IQR) range and Mann-Whitney U test was
used to assess differences between severity groups. The sta-
tistical significance level was set at P < 0.05.

Results

During the study period (31 days), 42 cases of SARS-CoV-
2-infected women were identified at a median GA of 32.0
(IQR 26.0-37.5) weeks of gestation. Among them, eight
(19.0%) cases developed severe pneumonia and required
admission to the ICU. Median maternal age of cases with
severe COVID-19 was significantly greater than in the non-
severe cases (39.4 [34.2-44.5] versus 30.9 [25.0-41.8],
P = 0.006). No other pregnancy baseline characteristics dif-
fered between severity groups. Among the eight severe
cases, five (62.5%) developed PE features (new-onset
hypertension and proteinuria and/or thrombocytopenia
and/or elevated liver enzymes), requiring antihypertensive

©® 2020 Royal College of Obstetricians and Gynaecologists
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drugs in all of them. No cases with diagnostic criteria for
PE were found among the 34 non-severe COVID-19
women (Table 1).

Evolution of clinical and laboratory findings in the
severe cases of COVID-19

Before severe pneumonia, all eight women were normoten-
sive, had normal platelet count, liver enzymes, LDH and pro-
teinuria, and only one case with UtAPI above the 95th
centile was identified. During severe pneumonia, the most
frequent findings were: elevated liver enzymes to twice nor-
mal concentrations (87.5%), proteinuria >300 mg/g (75.0%)
and hypertension (62.5%) (Figure 1). No cases with crea-
tinine >1.1 mg/dl or platelet count <100 000/ul were found;
nevertheless, one case presented mild thrombocytopenia
(platelet count <150 000/ul). sFlt-1/PIGF >85/110 and UtAPI
>95th centile were present in only one woman. Only one case
with LDH >600 IU/l was identified. Based on these findings,
five women (62.5%) had diagnostic criteria of PE and/or
HELLP syndrome. Caesarean delivery was performed during
ICU stay in four cases. HELLP syndrome was the indication
for delivery in case 1 (at a GA of 30™") and worsening of
SARS in cases 3, 4 and 7 (at a GA of 37" 36™ and 287,
respectively). After recovery from severe pneumonia, hyper-
tensive therapy was no longer required in all cases and only
the woman who had presented with sFlt-1/PIGF >110,
LDH >600 and UtAPI above the 95th centile, still met PE
diagnostic criteria (more details on clinical and laboratory
findings and their evolution in severe cases can be seen in
Table 2 and Figure 1).

Table 1. Maternal characteristics in pregnant women with COVID-19

Discussion

Main findings

This study shows that 11.9% of COVID-19 pregnant
women develop PE features; however, they only appeared
in COVID-19 cases complicated by severe pneumonia. In
this situation, PE/HELLP diagnostic criteria were found in
five (62.5%) of the cases; nevertheless, abnormal angiogenic
status, increased LDH and placental underperfusion could
only be confirmed in one of them, which indicates that this
case was probably an actual PE. These findings suggest that
the signs and symptoms compatible with PE/HELLP pre-
sent in four of these five cases, could be derived from the
complex polypharmacy administrated or from the renal
and cardiovascular dysfunction for severe SARS-CoV-2
infection. In our cohort, only one of these five cases
remained pregnant after severe pneumonia recovery, and
then all PE/HELLP features recovered spontaneously. PE
and HELLP syndrome do not resolve spontaneously and
delivery is the only definitive cure. For these reasons, we
believe that the four women with PE/HELLP signs and
symptoms, and normal sFlt-1/PIGF, UtAPI and LDH <600,
had developed a PE-like syndrome.

Strengths and limitations

To our knowledge, this is the first study to describe the
incidence of signs and symptoms of PE in a relatively large
cohort of pregnancies with COVID-19 and to show that a
PE-like syndrome could be induced by severe COVID-19.
Furthermore, our findings are of great value to improve

All patients (n = 42)

Nonsevere patients (n = 34) Severe patients (n = 8) P

32.0(26.0 37.5)
26.2 (23.5 29.3)
31.6 (25.9 36.1)

Matemal age (years)
Pre-pregnancy BMI (kg/m?)
Gestational age (weeks)

Ethnicity

White 22 (52.4%)
Latin American 17 (40.5%)
Others 3(7.1%)
ART 4(9.5%)
Smoking 2 (4.8%)
Nuliparous 20 (47.6%)
History of PE 0
Pre-pregnancy HTN 0
Pre-pregnancy diabetes 1(2.4%)
Chronic kidney disease 0

PE diagnostic criteria during COVID-19 5(11.9%)

30.9 (25.0 41.8) 39.4 (34.2 44.5) 0.006
26.1 (22.8 29.3) 27.9 (25.4 30.6) 0.378
32.8 (26.7 36.1) 2856 (22.3 32.4) 0.211
19 (55.9%) 3 (37.5%) 0.304
12 (35.3%) 5 (62.5%)
3 (8.8%) 0
2 (5.9%) 2 (25.0%) 0.158
1(2.9%) 1(12.5%) 0.348
16 (47.1%) 4 (50.0%) 1.0
0 0 10
0 0 10
1(2.4%) 0 1.0
0 0 10
0 5 (62.5%) <0.001

ART, assisted reproductive technology; BMI, body mass index; HTN, hypertension; PE, pre-eclampsia.
Continuous data are given as median and interquartile range. Categorical data as frequency and percentage. P-values denoted the comparison

between non-severe and severe subgroups.
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Figure 1. Evolution of ALT, AST, proteinuria and mean arterial blood pressure in pregnant women with COVID-19 before (A), during (B) and after
(C) severe pneumonia. The bottom and top edges of each box represent the first and third quartiles, respectively, the band within the box represents
the median value and the whiskers represent values that are 1.5 times the interquartile range. Median values and interquartile range of each variable

are displayed.

maternal care of pregnancies with severe pneumonia due to
COVID-19.

This study has several limitations. First, this is a small
series and the results should be considered with caution.
Further research is needed to better understand the sys-
temic consequences of COVID-19 in pregnant women. Sec-
ond, only four women with PE-like syndrome are reported,
which could mean that our findings are not applicable to
all pregnancies with severe pneumonia due to COVID-19.
Third, only one of the four women who developed a PE-
like syndrome remained pregnant after severe pneumonia
and despite the PE-like syndrome recovering sponta-
neously, we cannot affirm that the three other cases did
not improve due to delivery. Nevertheless, we believe that
the PE-like syndrome alone may not be an obstetric indica-
tion for delivery, as it seems that it might not be a

placental complication itself, but one of the clinical mani-
festations of severe COVID-19. Finally, although UtAPI
and sFlt-1/PIGF ratio have a high negative predictive value
to predict the short-term absence of PE, they are not diag-
nostic criteria of PE;?%*! thus, we cannot categorically state
that the case with PE features and elevated UtAPI and sFlt-
1/PIGF was an actual PE and not a PE-like syndrome.

Interpretation

Several disorders have previously proved to imitate PE
because they share some of the clinical and laboratory find-
ings of patients with PE. The pathophysiologic causes of
these conditions include vasospasm, platelet activation or
destruction, microvascular thrombosis, endothelial cell dys-
function and reduced tissue perfusion. Some of these disor-
ders include gestational hypertension, chronic kidney

®© 2020 Royal College of Obstetricians and Gynaecologists
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Table 2. Clinical and biochemical pre-eclampsia-related findings in pregnant women with COVID-19 before, during and after severe pneumonia

Variables Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
Before severe GA (weeks) 3070 2276 37° 36" 52 20%3 27+ 20™
pheumaonia SBP (mmHg} 130 120 123 117 104 135 107 116
DBP (mmHg) 74 72 74 67 71 76 67 63
MAP (mmHg) 92.7 88.0 90.3 83.7 82.0 95.7 80.3 80.7
Prot/creat (mg/g) 37 180
AST (U/l) 17 19 15 20 26 19 23 14
ALT (U/D 16 30 13 26 20 12 14 22
Platelets/ul 158 000 242 000 402 000 210 000 275 000 234 000 319 000 242 000
LDH (U
D-dimer {mg/ml)
Creatinine (mg/dl) 0.63 0.49 0.79 0.74 0.36 0.45 0.66
UtAPI >95th centile No No Yes No No No No No
PE/HELLP diagnostic No No No No No No No No
criteria
During severe GA (weeks) 30" 24+ 37%¢ 36%° 32+ 20% 28" 20™
pheumaonia SBP (mmHg} 145 168 156 155 116 115 140 108
DBP (mmHg) 90 116 98 108 70 68 105 69
MAP (mmHg) 108.3 133.3 117.3 123.7 85.3 83.7 116.7 82.0
Prot/creat (mg/g) 855 622 378 514 396 49 948 130
AST (U/l) 153 122 104 62 38 52 138 113
ALT (U/ly 170 136 52 39 38 14 65 230
Platelets/ul 324 000 160 000 279 000 231 000 336 000 243 000 108 000 505 000
LDH (U 482 370 672 555 517 176 463 312
D-dimer (mg/ml) 457 2129 5065 1800 326 119 514 376
Creatinine (mg/dl) 0.34 0.42 0.85 0.88 0.42 0.20 0.39 0.26
Hidralazine Yes Yes Yes Yes No No No No
Labetalol Yes Yes Yes Yes No No Yes No
sFlt-1/PIGF 9.40 20.24 378.90 49.36 24.78 4.60 7.60 5.19
UtAPI =95th centile No No Yes No No No No No
PE/HELLP diagnostic Yes Yes Yes Yes No No Yes No
criteria
After severe GA at delivery tweeks) 30" Not 376 36 Not Not 28" Not
pheumaonia delivered delivered delivered delivered
Reason for delivery HELLP SARS SARS SARS
GA (weeks) 25.5 33.2 21.5 21.3
SBP (mmHg) 123 132 142 115 116 108 109 110
DBP (mmHg) 83 75 93 68 79 62 75 64
MAP (mmHg) 96.3 94.0 109.3 83.7 91.3 77.3 86.3 79.3
Prot/creat (mg/g) 210 183 426 83 115 83 189 128
AST (U/l) 39 32 56 43 58 23 61
ALT (U 45 132 41 29 55 29 172
Platelets/ul 312 000 218 000 232 000 258 000 292 000 169 000 364 000 762 000
LDH (Ul 222 277 692 325 211 353 192
D-dimer (mg/ml) 617 1745 3258 454 347 470
Creatinine (mg/dl) 0.25 0.3 0.58 0.41 0.42 0.65
UtAPI =95th centile No No No No
PE/HELLP diagnostic No No Yes No No No No No
criteria

ALT, alanine amninotransferase; AST, aspartate aminotransferase; DBP, diastolic blood pressure; GA, gestational age; LDH, lactate dehydrogenase;
MAP, mean arterial pressure; PE, pre-eclampsia; PIGF, placental growth factor; prot/creat; urine protein to creatinine ratio; SARS, severe acute
respiratory syndrome; sFlt-1, soluble fms-like tyrosine kinase-1; UtAPI, uterine artery pulsatility index.
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disease, acute fatty liver of pregnancy, thrombotic throm-
bocytopenic purpura, haemolytic uremic syndrome, acute
exacerbation of systemic lupus erythematosus, severe
hypothyroidism and sepsis.'”*>?* Differential diagnosis
may be a challenge to caregivers due to the overlap of diag-
nostic criteria among them. Additionally, some of them are
potentially life-threatening for both the mother and the
fetus; thus, accurate diagnosis is important, as the manage-
ment and prognosis of these conditions differ widely.
Recent studies have shown that angiogenic factors support
the differential diagnosis between PE and some of its imita-
tors."”***® PIGF and sFlt-1 are placenta-related angiogenic
factors that are highly specific to placental insufficiency.”®
In PE, the placenta fails properly to invade and remodel
maternal uterine spiral arteries, leading to impaired perfu-
sion and placental oxidative stress.””*® This condition leads
to increased UtAPI and to an antiangiogenic status with
increased s-Flt-1/PIGF ratio due to up-regulation of sFlt-1
and down-regulation of PIGE.>*° The identification of an
sFlt-1/PIGF imbalance is detectable in the maternal circula-
tion at least 5 weeks before the onset of clinical PE.*® Thus,
COVID-19 patients with normal early phase of placental
implantation should have normal values of sFlt-1/PIGF and
UtAPI in spite of proteinuria, thrombocytopenia, elevated
liver enzymes or hypertension. This hypothesis, however,
had not been previously investigated due to the very recent
outbreak of the SARS-CoV-2 infection.

This study has important clinical implications, as we
show that sFlt-1/PIGF, UtAPI and LDH allow PE to be dif-
ferentiated from the PE-like syndrome present in some of
the pregnant women with severe COVID-19. This knowl-
edge could improve management and reduce misdiagnosis
in pregnancies with severe COVID-19. In our cohort, case
1 was probably misdiagnosed as HELLP syndrome; this, in
addition to the concurrence of SARS, influenced the indi-
cation of delivery. The fact that the sFlt-1/PIGF results were
not available at the time of worsening of the maternal con-
dition, and the scarce evidence available at that time of the
consequences of COVID-19 during pregnancy, prompted
the delivery indication at 30™" weeks. After the experience
with this first case, a more conservative management was
adopted in the following cases that developed PE-like syn-
drome. Fortunately, they completely recovered after severe
pneumonia and became normotensive again without any
antihypertensive drugs and without being delivered.

Conclusion

Pregnant women with severe COVID-19 could develop a
PE-like syndrome, which might be distinguished from
actual PE by sFlt-1/PIGF, LDH and UtAPI assessment.
Therefore, healthcare providers should be aware of its exis-
tence and monitor pregnancies with suspected PE with

Pre-eclampsia-like syndrome in COVID-19

caution. PE-like syndrome might not be an indication for
earlier delivery in itself, as it might not be a placental com-
plication and could resolve spontaneously after recovery
from severe pneumonia.
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Objective: To evaluate the evidence of mother-to-child transmission of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2).
Methods: This is a descriptive, multicentre, observational study in nine tertiary care hospitals throughout
Spain. The study population was women with coronavirus disease 2019 during pregnancy. Mother-to-
child transmission was defined as positive real-time RT-PCR of SARS-CoV-2 in amniotic fluid, cord
blood, placenta or neonatal nasopharyngeal swabs taken immediately after birth.
Results: We included 43 women with singleton pregnancies and one with a twin pregnancy, as a result
we obtained 45 samples of placenta, amniotic fluid and umbilical cord blood. The median gestational age
at diagnosis was 34.7 weeks (range 14—41.3 weeks). The median interval between positive RT-PCR and
delivery was 21.5 days (range 0—141 days). Fourteen women (31.8%, 95% CI 18.6%—47.6%) were positive at
the time of delivery. There was one singleton pregnancy with SARS-CoV-2 RT-PCR positive in the
placenta, amniotic fluid and umbilical cord blood (2.2%, 95% CI 0.1%—11.8%). Nasopharyngeal aspiration
was performed on 38 neonates at birth, all of which were negative (0%, 95% CI 0%—9.3%). In 11 neonates
the nasopharyngeal aspiration was repeated at 24—48 hours, and one returned positive (9.1%, 95% CI 0.2%
—41.3%).
Conclusions: The presence of SARS-CoV-2 in placenta, amniotic fluid and cord blood shows that mother-
to-child transmission is possible but uncommon. Itziar Garcia-Ruiz, Clin Microbiol Infect
2021;27:1521.e1-1521.e5
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Introduction

Physiological changes in pregnancy increase the susceptibility to
infections and their severity. Moreover, maternal infections may
have consequences for the offspring, as obstetric complications or
congenital infections.

Clinical presentation of coronavirus disease 2019 (COVID-19) in
pregnancy is similar to the general population [1], but with a
significantly higher risk of Intensive Care Unit admission and
invasive ventilation than in non-pregnant adults [2,3].

The likelihood of mother-to-child transmission of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2} is still unknown.
Several studies have suggested this possibility [4—6], but most of
them did not have enough evidence to demonstrate both maternal
and fetal or neonatal infection.

The aim of this study was to evaluate the possibility of mother-
to-child transmission of SARS-CoV-2 in a cohort of pregnant
women with COVID-19.

Materials and methods

Approval for the study was obtained from the Vall d’'Hebron
University Hospital Ethics Committee (PR{(AMI}181/2020) on 27
March 2020, and subsequently validated in the other hospitals.
Informed consent was obtained from pregnant women for the
collection of data and biological samples from the mother and
newborn.

Study population

This sub-study of the Gesta-Covid Collaborative Group (see
Supplementary material, Appendix S1) included only pregnant
women with COVID-19 infection for whom amniotic fluid, umbili-
cal cord blood and placenta samples were collected at birth.
Exclusion criteria were age under 18 years, difficulty understanding
informed consent and refusal to participate.

Table 1
Baseline demographic and clinical characteristics

I Garcia-Ruiz et al. / Clinical Microbiology and Infection 27 (2021) 1521.e1-1521.¢5

A COVID-19 confirmed case was defined as laboratory confir-
mation of real-time RT-PCR for SARS-CoV-2 assay of the nasal and
pharyngeal swab. In probable cases (negative RT-PCR), if the
symptoms had started in the last 7 days then the RT-PCR was
repeated after 24 hours, otherwise a serology test was performed.

Study outcomes

The primary outcome was evidence of mother-to-child trans-
mission, defined as positive RT-PCR of SARS-CoV-2 in amniotic
fluid, cord blood, placenta or neonatal nasopharyngeal swabs taken
immediately after birth [7].

Clinical data

Medical and obstetric history, exposure history and COVID-19
symptoms in the previous 14 days, physical examination, and lab-
oratory and radiological findings were collected. COVID-19 severity
was classified into three groups: mild (not requiring hospital
admission), severe (pneumonia} and critical (Intensive Care Unit
admission).

Data on pregnancy, gestational age at delivery, mode of delivery,
indication for cesarean delivery, maternal complications and
neonatal outcomes were also recorded.

Newborns were examined by a paediatrician specialized in
congenital infections.

Microbiological samples collection

Nasal and pharyngeal swabs were taken from the mothers on a
weekly basis until negativity.

All non-respiratory samples were collected at the time of de-
livery with strict aseptic techniques to avoid contamination by
maternal blood or by respiratory droplets from the mother or birth
attendants. The procedure is described in detail in the Supple-
mentary material (Appendix S2).

Maternal age (years), median (range)
Body mass index (kg/m?), median (range)
Ethnic group, n (%)

Caucasian

Latin American

Asian

Black-African
Type of pregnancy, n (%)

Single

Dichorionic diamniotic twins
Cigarette smoker, n (%)
Medical condition, n (%)

Autoimmune disease

Asthma

Diabetes

Thrombophilia

Acquired heart disease
Clinical presentation, n (%)

Mild disease

Pneumonia

Severe pneumonia — ICU admission
Diagnosis, n (%)

RT-PCR

Serology

Gestational age at diagnosis (weeks), median (range)
Interval RT-PCR diagnosis and delivery (days), median (range)

RT-PCR positive at delivery, n (%)

33.5 (18—46)
26.6 (16.7—47.0)

29 (65.9%)
12 (27.3%)
2 (45%)
1(23%)

43 (97.7%)
1(2.3%)
1(2.3%)

8 (18.2%)

b

29 (65.9%)
12 (27.3%)
3(6.8%)

33 (75%)

11 (25%)

347 (14—413)
215 (0-141)
14 (31.8%)

Abbreviations: ICU, intensive care unit.
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Results

Forty-four pregnancies with samples of placenta, amniotic fluid
and umbilical cord blood collected were included in the study.
There was one monochorionic twin pregnancy, in which the sam-
ples were taken from both fetuses. As a result, we obtained 45
samples. Table 1 depicts baseline demographic and clinical char-
acteristics of the studied population and Table 2 shows pregnancy
outcome.

The median gestational age at COVID-19 diagnosis was
34.7 weeks (range 14—41.3 weeks). The median interval between
positive RT-PCR and delivery was 21.5 days (range 0—141 days).
Fourteen women (31.8%, 95% CI 18.6%—47.6%) were still positive at
the time of delivery.

Table 2
Pregnancy outcome
Gestational age at birth (weeks), median (range) 39(28.4-414)
Labour onset, n (%)
Spontaneous 16 (36.4%)
Elective 28 (63.6%)
For COVID-19 2°
Other indication 26
Preterm birth <37 weeks, n (%) 2 (45%)
For COVID-19 2°
Other 0
Mode of delivery, n (%)
Vaginal delivery 29 (65.9%)
Caesarean section 15 (34.1%)
Pregnancy outcome, n (%)
Live births 44°
Stillbirth 1°

Birthweight (g), median (range) 3440 (1000—4425)

# Two cases of preterm birth at 28 weeks and 3 days, and 36 weeks and 5 days,
respectively, due to COVID-19 infection. In both cases, a caesarean section was
performed because of the worsening maternal condition.

b One was a twin pregnancy.

¢ The stillbirth occurred in an asymptomatic woman who tested positive for
COVID-19 at 20 weeks. The fetus was diagnosed with a macrocephaly, intracranial
cyst and polyhydramnios at 30 weeks, and resulted in a stillbirth at 34 weeks. The
genetic study did not show any abnormal finding, and the post-mortem exami-
nation showed central nervous system anomalies (ventriculomegaly, sub-
ependymal cysts).

PREGNANCY /

40+4 w Admission on labor

DELIVERY

39+5 w: mild symptoms

RT-PCR Placenta : positive

Birth
Female 3950 g, Apgar 9/10

v

RT-PCR Nasopharyngeal : positive

RT-PCR Amniotic fluid : positive

RT-PCR Nasopharyngeal : negative

1521.e3

One singleton pregnancy was SARS-CoV-2 RT-PCR-positive in
the placenta, amniotic fluid and umbilical cord blood (2.2%, 95% CI
0.1%—11.8%) Fig. 1

Nasopharyngeal aspiration was performed on 38 neonates at
birth, all of which were negative (0%, 95% CI 0%—9.3%). In 11 neo-
nates the nasopharyngeal aspiration was repeated at 24—48 hours,
and one was positive (9.1%, 95% CI 0.2%—41.3%).

Discussion

Of the 45 neonates analysed, one was SARS-CoV-2 RT-PCR-
positive in the placenta, amniotic fluid and umbilical cord blood,
but negative in nasopharyngeal aspirate.

To accept the possibility of mother-to-child transmission of
SARS-CoV-2, there are two requirements: a confident diagnostic
test to confirm maternal and fetal or neonatal infection and an
adequate exclusion of contamination of the samples. In our case,
both conditions were met. The mother had COVID-19 confirmed
by RT-PCR with clinical symptoms at delivery, and neonatal
infection was proven by the detection of SARS-CoV-2 in placenta,
amniotic fluid and umbilical cord blood. Strict aseptic measures
were taken to collect the samples. Contamination of the placenta
can be excluded by the cytoplasmic positivity of trophoblastic
cells observed with antibody against SARS-CoV-2 Figs. 2 and 3.
Amniotic fluid and cord blood samples are not easily susceptible
to contamination by vaginal fluid or by respiratory droplets from
the mother or attendants if strict sterile collection measures are
taken. Moreover, the possibility of contamination of both, taken at
different times, is extremely unlikely.

Several studies reported SARS-CoV-2 RT-PCR-positive results in
neonatal samples within the first hours after birth [4—6], but they
did not report placenta, amniotic fluid or umbilical cord blood
positive samples. The link between mother and neonate infections
is during labour or postnatal, but there is no evidence of longer
exposition for the fetus during pregnancy. Only six studies [8—13]
and ours support the possibility of intrauterine exposure and
transmission to the child.

According to Shah et al. [14] classification system, only the
studies by Vivanti et al. [12], Fenizia et al. [13] and us are confirmed
cases of congenital infection in a live-born neonate. Other studies
[4—6,8—11] may only consider possible or even unlikely congenital

\

NEONATAL PERIOD

D+9. RT-PCR Nasopharyngeal swab : positive

D+17. RT-PCR Nasopharyngeal : negative

|

D+2. 1gG,IgA (ELISA) negative D+19.1gG and IgA (ELISA) positive
IgM (CLIA) negative IgM (CLIA) negative

y 9 4

Fig. 1. Summary of the case.
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Fig. 2. Detection of SARS-CoV-2 by immunohistochemistry.

Fig. 3. Detection of SARS-CoV-2 by in situ hybridisation.

infection because there are not enough specimens from the mother
or the newborn and contamination during labour or caesarean
cannot be ruled out.

Our newborn nasopharyngeal RT-PCR was negative. In Vivanti
et al, neonatal respiratory sample was obtained from non-
bronchoscopic bronchoalveolar lavage before extubation, which is
more sensitive. Testing RT-PCR in other tissues may improve the
detection of the virus in neonates [15].

Neonatal antibodies were negative at birth and became positive
49 days later. It could be the response of the newborn’s immune
system to SARS-CoV-2 infection. However, maternal origin post-
natally or cross-reactivity with non-specific antibodies can never
be excluded entirely.

The sample size is small. As a result of the epidemiological time
when the patients were recruited, personal protective equipment
was lacking, and ethical approval was substantially delayed, making
sample collection challenging. Besides, in some cases, amniocentesis
was not possible because of premature rupture of membranes.

The findings of this study support the possibility of mother-to-
child transmission, even it seems to be rare. A larger cohort
would be necessary to accurately evaluate the rate of congenital
transmission and assess the newborn’s potential consequences.
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BACKGROUND: The risk of vertical transmission of
severe acute respiratory syndrome coronavirus 2
(SARS-CaoV-2) infection remains unknown. Positive
reverse-transcription polymerase chain reaction (RT-
PCR) test results for SARS-CoV-2 infection in neonates
and placental tissue have been reported, and immuno-
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Teaching Point

1. Maternal coronavirus disease 2019 (COVID-19)
might have an effect on the fetus during pregnancy.

globulin M antibodies have been detected in neonates
born to mothers with infection.

CASES: The first case is a woman at 22 3/7 weeks of
gestation with coronavirus disease 2019 (COVID-19)
who was admitted to the intensive care unit. In the
second case, the patient remained at home with mild
symptoms, starting at 20 weeks of gestation. In both
cases, fetal skin edema was observed on ultrasound
examination while maternal SARS-COV-2 RT-PCR test
results were positive and resolved when maternal
SARS-COV-2 RT-PCR test results became negative.
The RT-PCR test result for SARS-CoV-2 in amniotic fluid
was negative in both cases. The two pregnancies are
ongoing and uneventful.

CONCLUSION: Transient fetal skin edema noted in
these two patients with COVID-19 in the second tri-
mester may represent results of fetal infection or altered
fetal physiology due to maternal disease or may be
unrelated to the maternal illness.

(Obstet Cynecol 2020;136:1016-20)

DOI: 10.1097/A0C.0000000000004059

C oronavirus disease 2019 (COVID-19} is a highly
infectious disease caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2). Spain
reported its first case on January 31, 2020, and more
than 241,000 confirmed cases and 27,100 deaths have
been reported.!

Some maternal infections during pregnancy are
associated with poor perinatal outcomes and fetal
anomalies. In infections such as cytomegalovirus or
Zika virus, gestational age at the time of maternal
infection plays a role in the risk of both intrauterine
infection and severe sequelae.?? In SARS-CoV-2 infec-
tion, there is a paucity of reports of pregnancy out-
comes with infection before the third trimester.

The risk of maternal-fetal transmission of SARS-
CoV-2 infection remains controversial. Severe acute
respiratory syndrome coronavirus 2 has been de-
tected in placental swabs or biopsies in five cases,
but not in amniotic fluid.*~7 However, it is unknown
whether the virus, the immune response it causes, or
the gestational age at which the infection occurs may
have consequences for the fetus.®

OBSTETRICS & GYNECOLOGY



Herein, we present two cases of unexplained fetal
skin edema in two pregnant women diagnosed with
COVID-19 during the second trimester of pregnancy.

CASE 1

A 50-year-old primigravid woman at 22 6/7 weeks of
gestation presented to the emergency department at Vall
d’Hebron University Hospital (Barcelona, Spain) with a 7-
day history of dry cough and fever. She was living with her
mother, who had tested positive for SARS-CoV-2 infection
on reverse-transcription polymerase chain reaction (RT-
PCR) testing. The patient was a former smoker, had no
relevant medical history, and was receiving 150 mg of
acetylsalicylic acid owing to a high risk of early-onset
preeclampsia. Her gestation was conceived by in vitro
fertilization with egg donation and had had an uneventful
course. No genetic tests had been performed during the
pregnancy. Physical examination revealed a body mass
index (BMI, calculated as weight in kilograms divided
by height in meters squared) of 25.4, blood pressure
125/64 mm Hg, temperature 37°C, and respiratory rate
of 30 breaths per minute, with a hemoglobin saturation
by pulse oximetry of 93% on room air. Blood tests per-
formed at admission showed lymphopenia and
interleukin-6 (IL-6) and D-dimer levels above the normal
range (Table 1).

A chest radiograph showed conspicuous bilateral
ground glass opacities, and the patient tested positive for
SARS-CoV-2 infection on RT-PCR testing of oropharyngeal
and nasopharyngeal swabs (Allplex 2019-nCoV assay). A
COVID-19 bilateral pneumonia was diagnosed, and the
patient was admitted and put on azithromycin, lopinavir-
ritonavir, and hydroxychloroquine medications (day 0).
Obstetric ultrasound examination at admission showed no

amount of amniotic fluid. The day after admission (day 1),
the patient’s condition worsened and she was transferred to
the intensive care unit (ICU), where she underwent intuba-
tion for mechanical ventilation on day 2 {23 1/7 weeks of
gestation). Fetal prognosis was estimated to be poor owing
to gestational age. After discussion with the mother, expec-
tant management of the pregnancy was decided on by
a multidisciplinary team (obstetricians and critical care
and infectious disease specialists). Elective delivery was
accorded with the patient before intubation if deterioration
persisted. Blood tests were performed daily, and pro-
inflammatory markers related to COVID-19 severity (IL-6
and D-dimer) were also monitored (Fig. 1).? The result of
the SARS-CoV-2 RT-PCR test in peripheral blood was
negative.

Fetal well-being scans (Siemens Acuson NX2) were
conducted daily by the ICU team to check fetal heart rate
and weekly by a fetal medicine specialist to assess fetal
growth, Doppler parameters, and the amount of amniotic
fluid and to detect any potential abnormalities. Fetal heart
rate was always within the normal range, without episodes
of tachycardia or bradycardia.

On day 6 (23 5/7 weeks of gestation), fetal skin edema
was observed with no ascites, hydrothorax, thickened
placenta, or other signs of hydrops fetalis. Edema was
generalized, but it was more evident in the scalp and
trunk. A detailed survey for anomalies and fetal echocar-
diography were performed, showing no abnormal results.
The same findings persisted on day 10 (24 2/7 weeks), and
no structural anomalies were found (Fig. 2). Doppler ex-
aminations of the umbilical artery, middle cerebral artery,
ductus venosus, and uterine arteries were also within nor-
mal [imits. Maternal indirect antiglobulin and serologic
tests were obtained, being negative for cytomegalovirus,
varicella zoster virus, parvovirus B19, Toxoplasma gondii,

fetal anomalies, normal Doppler parameters, and a normal ~ herpes virus, and rubella. An amniocentesis was
Table 1. Patients’ Relevant Clinical Findings

Clinical Characteristics Patient 1 Patient 2
Age {y) 50 30
Ethnicity White Latin American
Nuchal translucency in 1st trimester {mm) 1.28 2.3
Gestational age at COVID-19 diagnosis {wk) 22.6 20.1
Time from symptom onset to fetal edema (d) 13 10
Maternal serum IL-6* level at COVID-19 diagnosis (pg/mL} 76.47 16.22
Maternal serum D-dimer* level at COVID-19 diagnosis (ng/mL) 576 953
Gestational age at fetal edema diagnosis {(wk) 23.5 21.2
Maternal serum IL-6 level at fetal edema diagnosis {pg/mL) 409.5 3.59
Maternal serum D-dimer level at fetal edema diagnosis {ng/mL) 2,190 373
Time RT-PCR remained positive for SARS-CoV-2 infection {d) 17 22

Fetal edema duration {d} 11 14
RT-PCR test result for SARS-CoV-2 in maternal serum Negative Negative
IL-6 level in amniotic fluid* (pg/mL) 345.18 109.4

COVID-19, coronavirus disease 2019; IL-6, interleukin-6; RT-PCR, reverse-transcription polymerase chain reaction; SARS-CoV-2, severe

acute respiratory syndrome coronavirus 2.

* Reference ranges: serum IL-6: 0—4.3 pg/mL; D-dimer: 0-243 ng/mL; IL-6 in amnioctic fluid: median values ranging from 150.5 to 339 pg/

mL_H]

VOL. 136, NO. 5, NOVEMBER 2020 Garcia-Manau et al

Fetal Skin Edema in Pregnant Women With COVID-19 1017



r 10,000

ICU admission Amniocentesis
=0 D-dimer
=o= Interleukin-6
5,000 -
5
o o
g 11,000 37
[Z] =
o =
(o] 3
= 5
E =z
g % Fig. 1. Proinflammatory marker
& % evolution during admission in case
5 100 @ 1. Fetal skin edema was observed
o % between days 6 and 17 and is de-
limited by a grey area. Intensive
care unit (ICU) admission and
amniocentesis were on days 2 and
i 12, respectively.
500 10 Garcia-Manau. Fetal Skin Edema in
012345678 910111213 141516 1718 19 2021 22 2324 25 Pregnant Women With COVID-19.

Days from admission

performed on day 12. The results of the genetic test
(Quantitative Genomic Hybridization Array, 8 60K Agilent
G4827A CGH (ISCA v2 array) were normal. The RT-PCR
test result for SARS-CoV-2 in amniotic fluid was negative,
and the IL-6 level in amniotic fluid was within the normal
range.'0 Tests in amniotic fluid were negative for cytomeg-
alovirus, varicella zoster virus, parvovirus B19, T gondii,
and sexually transmitted infectious agents (Chlamydia tra-
chomatis, Neisseria gonorrhoeae, Mycoplasma hominis,
Ureaplasma parvum, Mycoplasma genitalium, Ureaplas-
ma urealyticum, and Trichomonas vaginalis).

One week later (day 17, 25 2/7 weeks of gestation), the
maternal condition improved: PaO, progressively increased,
and oxygen supplementation requirements lowered. Pro-
inflammatory markers decreased, and the result of the
SARS-CoV-2 RT-PCR test on oropharyngeal and nasopharyn-
geal swabs was negative. Simultaneously, the fetal edema
had almost disappeared on ultrasound examination (Fig. 2).

Obstet Gynecol 2020.

CASE 2

A 30-year-old primigravid woman at 20 1/7 weeks of gestation
with no relevant medical history presented to the emergency
department (day 0) with cough and fever in the previous 48
hours. She was living with her husband and her parents, and
all three had tested positive for SARS-CoV-2 infection. Her
gestation had had an uneventful course. Physical examination
revealed a BMI of 32, blood pressure 130/71 mm Hg,
temperature of 37.5°C, respiratory rate 16 breaths
per minute, and a hemoglobin saturation of 99% on room
air. The results of blood tests performed at admission are
shown in Table 1. Chest radiography showed no anomalies,
and the patient tested positive for SARS-CoV-2 infection on
RT-PCR of oropharyngeal and nasopharyngeal swabs. She was
diagnosed with mild COVID-19, and she was discharged with
no medication to home isolation. Maternal well-being was
assessed daily by phone calls, and no deterioration requiring

Fig. 2. Fetal skin edemas. Fetal
ultrasound examinations. Case 1:
skin edema in transcerebellar (A)
and transthoracic (B) planes and its
resolution (C). Case 2: skin edema
in transthoracic (D) and midsagittal
face (E) planes and its resolution
(F).

Garcia-Manau. Fetal Skin Edema in
Pregnant Women With COVID-19.
Obstet Gynecol 2020.
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hospital admission was observed. On day 8 (21 2/7 weeks of
gestation), an ultrasound examination was performed, detect-
ing an isolated mild fetal skin edema with no other abnormal-
ities (Fig. 2). Fetal echocardiography and Doppler parameters
were also within normal limits. Fetal heart rate was within the
normal range, and no episodes of tachycardia or bradycardia
were recorded. Middle cerebral artery velocity was within the
normal range. Maternal indirect antiglobulin and serologic
tests were obtained, with negative results. Nasopharyngeal
RT-PCR test results remained positive, and RT-PCR test results
in peripheral blood were negative. The [L-6 level in maternal
serum was within the normal range, and D-dimer levels were
slightly elevated (Table 1). An amniocentesis was performed,
and the RT-PCR assay of the amniotic fluid was negative for
SARS-CoV-2 infection. Result s of genetic tests (Quantitative
Genomic Hybridization Array) and tests for congenital infec-
tions (cytomegalovirus, varicella zoster virus, parvovirus B19,
T gondii, Chlamydia trachomatis, N gonorrhoeae, M hominis,
U parvum, M genitalium, U urealyticum, and T vaginalis) in
amniotic fluid were negative. The IL-6 level in amniotic fluid
was normal.’® On day 22 (23 2/7 weeks of gestation), fetal
edema had disappeared after the SARS-CoV-2 RT-PCR test
result was negative.

At the time of submission, both women are still
pregnant. Their gestations are being closely followed-up,
with a complete resolution of the fetal edema, and no other
fetal anomalies have been reported.

DISCUSSION

Two cases of fetal transient skin edema in pregnant
women with COVID-19 in their second trimester of
pregnancy are described. In case 1, the patient was
admitted to the ICU and fetal edema followed a time
course parallel to the maternal respiratory condition
and the pro-inflammatory markers; the edema dis-
appeared with maternal recovery. Patient 2 remained
at home with mild symptoms and did not require
hospital admission. Pro-inflammatory markers were
lower, and the edema was milder and it also dis-
appeared with maternal improvement. In both cases,
viremia and amniotic fluid RT-PCR test results were
negative for SARS-CoV-2 infection.

There is still inconclusive evidence of transpla-
centally acquired fetal infection reported in the
literature. A study investigated the expression of
SARS-CoV-2 receptors, identified as angiotensin-
converting enzyme 2, in human maternal-fetal inter-
face and the main fetal organs. The authors conclude
that angiotensin-converting enzyme 2 is widely pres-
ent in the human placenta and in the main fetal or-
gans.!! Another article describes a second-trimester
miscarriage in a woman diagnosed with COVID-19
in which placental and amniotic membranes tested
positive for SARS-CoV-2 infection.® In another study,
three cases of detection of SARS-CoV-2 RNA in pla-
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cental or membrane samples are also described;
although none of the neonates tested positive.
Recently, the first two cases of positive RT-PCR test
results for SARS-CoV-2 infection in mother, neonate,
and placental tissues have been reported.> However,
none of these studies demonstrate fetal abnormalities
or the presence of the virus in amniotic fluid or in
cord blood.

Current protocols recommend, for safety reasons,
delaying ultrasound scans while pregnant women are
positive for SARS-CoV-2 infection, which may result
in lack of observation of transient fetal abnormali-
ties.1>1® However, at our center we are scanning preg-
nant women weekly in the framework of an
Institutional Review Board-approved observational
study (PR{AMI}181/2020), which includes microbio-
logical sampling and ultrasound examinations in
pregnant women with COVID-19. During the pan-
demic, we performed 31 ultrasound examinations
on pregnant women with COVID-19, and fetal skin
edema was seen in two cases {(6.5%; 95% CI 1.8-
20.7%).

Some patients with COVID-19 develop a rapid
deterioration related to a cytokine storm syndrome
due to a massive, virally driven hyperinflamma-
tion.'%15 It has been demonstrated that maternal cy-
tokines during pregnancy can lead to a failure in
multiple fetal organ systems.!® The fetal edema
described in case 1 appeared when the highest mater-
nal serum IL-6 concentrations were noted and while
D-dimer was rapidly increasing. By contrast, its res-
olution was preceded by a progressive decrease in
both serum IL-6 and D-dimer values; the lowest con-
centrations were noted when the edema had disap-
peared on day 17, coinciding with a negative SARS-
CoV-2 RT-PCR test result (Fig. 1). In case 2, edema
was observed with a low pro-inflammatory status, as
IL-6 levels were within the normal range. The IL-6
levels in amniotic fluid were normal in both cases.
For this reason, we believe that SARS-CoV-2 might
have an effect on the fetus, regardless of the pro-
inflammatory maternal profile.

Despite the overwhelming amount of data gener-
ated since the beginning of the COVID-19 outbreak,
many questions about the virus-host interactions
remain unanswered. Pregnant women represent
a small subgroup of patients with COVID-19, and
there is a dearth of data about the potential effects
of the virus on the fetus.

This report has several limitations. Firstly, two
cases are insufficient to draw out significant conclu-
sions. Fetal edema is a nonspecific finding and often
idiopathic. Considering other congenital infections, the
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time interval from infection to fetal edema was shorter
than expected, and fetal edema is not a common
finding in cases of intraammiotic inflammation or
choricamnionitis. We, therefore, cannot state that fetal
skin edema was caused by SARS-CoV-2 infection,
despite the correlation between the disappearance of
the edema and the negative test results for the virus.
Secondly, the interpretation of a negative result on RT-
PCR test for detection of SARS-CoV-2 infection in
amniotic fluid is unknown, and the possibility of the
virus testing negative in utero cannot be excluded,
because this has been demonstrated for other
viruses.”»17

To conclude, we report a fetal complication
potentially related to COVID-19 in pregnant women.
Given these findings and the lack of reports of
COVID-19 in the first and second trimesters, a close
follow-up of these pregnancies may help to under-
stand the effect on the fetus.
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Resultados

La presente tesis estd elaborada por compendio de publicaciones y estd
constituida por cuatro articulos.

Articulo 1. Gesta-COVID19 Collaboration Group. Gestation and COVID-19: clinical
and microbiological observational study (Gesta-COVID19)

Suy A, Garcia-Ruiz I, Carbonell M, Garcia-Manau P, Rodo C, Maiz N, Sulleiro E,

Anton A, Esperalba J, Fernandez-Hidalgo N, Frick MA, Camba F, Pumarola T, Carreras

E; Gesta-COVID19 Collaboration Group. Gestation and COVID-19: clinical and

microbiological observational study (Gesta-COVID19). BMC Pregnancy Childbirth.

2021 Jan 22;21(1):78. doi: 10.1186/s12884-021-03572-4. PMID: 33482757; PMCID:

PMC7820822. (Anexo 1)

El grupo de trabajo multicéntrico Gestacovid elaboré un protocolo de
diagndstico y seguimiento de gestantes infectadas por SARS-CoV-2 y sus recién nacidos,
con el objetivo de investigar los efectos del virus en la gestacidn, y la repercusién de la

misma sobre la infeccidn.

Se definieron los criterios de inclusidon y exclusidon de las participantes. Se
incluyeron todas las gestantes con diagndstico de COVID-19 confirmado por RT-PCR; y
se excluyeron las pacientes que denegaron consentimiento, las de edad inferior a 18

anos y aquellas con incapacidad para comprender el consentimiento informado.

Se describio el seguimiento clinico asi como las muestras bioldgicas a tomar en

gestantes y neonatos.

Se especificd el andlisis estadistico a realizar posteriormente con los datos
obtenidos. Al tratarse de un estudio exploratorio, al inicio de la pandemia se estimé que

en 4-6 meses se obtendria una muestra de 150 gestantes.

El protocolo fue aprobado por el comité de ética del Hospital Vall D’"Hebron,

centro coordinador del estudio (PR(AMI1)181/2020).
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Articulo 2. Pre-eclampsia-like syndrome induced by severe COVID-19: a
prospective observational study

Mendoza M, Garcia-Ruiz I, Maiz N, Rodo C, Garcia-Manau P, Serrano B, Lopez-

Martinez RM, Balcells J, Fernandez-Hidalgo N, Carreras E, Suy A. Pre-eclampsia-like

syndrome induced by severe COVID-19: a prospective observational study. BJOG. 2020

Oct;127(11):1374-1380. doi: 10.1111/1471-0528.16339. Epub 2020 Jun 21. PMID:

32479682; PMCID: PMC7300912. (Anexo 2)

Entre el 13 de marzo y 10 de abril de 2020, 42 gestantes ingresaron por infeccion
por SARS-CoV-2 en el Hospital Universitari Vall D"Hebron. Ocho desarrollaron neumonia
grave y requirieron ingreso en UCI. De éstas, cinco presentaron signos y sintomas
compatibles con preeclampsia. Previo a la neumonia por SARS-CoV-2, ninguna de ellas
presentaba manifestaciones clinicas, ecograficas o analiticas asociadas a preeclampsia;

salvo una con Doppler de arterias uterinas >p95

Los marcadores de preeclampsia mas frecuentes entre las gestantes ingresadas
en UCI por neumonia COVID-19 fueron: elevacidn de enzimas hepaticas (87,5%),
proteinuria >300 mg/g (75,0%) e hipertensidon con necesidad de tratamiento médico
(62,5%). Una paciente presenté LDH de 672 UI/L. No se identificd ningin caso con
creatinina >1,1 mg/dL o trombopenia <100.000 /uL. Solamente gestante con alteracion
del Doppler de arterias uterinas presentd ratio sFlt-1/PIGF > 110. En base a estos
hallazgos, cinco pacientes (62,5%) cumplian criterios diagndsticos de preeclampsia o

sindrome de HELLP.

Tras la recuperacién de la neumonia, todas las pacientes normalizaron la tension
arterial sin necesidad de medicacién antihipertensiva y las enzimas hepdticas
descendieron. Solamente la paciente que presentaba ratio sFlt-1/PIGF > 110 mantuvo
criterios de preeclampsia: tensién arterial >140/90 mmHg, proteinuria de 426 mg/gy

LDH de 692 Ul/I, que se normalizaron a los pocos dias de finalizar la gestacion.
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Articulo 3. GESTACOVID Collaborative Group. Congenital infection of SARS-CoV-2
in live-born neonates: a population-based descriptive study

Garcia-Ruiz |, Sulleiro E, Serrano B, Fernandez-Buhigas |, Rodriguez-Gomez L,

Sanchez-Nieves Fernandez D, Anton-Pagarolas A, Esperalba-Esquerra J, Frick MA,

Camba F, Navarro-Jimenez A, Fernandez-Hidalgo N, Maiz N, Carreras E, Suy A;

GESTACOVID Collaborative Group. Congenital infection of SARS-CoV-2 in live-born

neonates: a population-based descriptive study. Clin Microbiol Infect. 2021

Oct;27(10):1521.e1-1521.e5. doi: 10.1016/j.cmi.2021.06.016. Epub 2021 Jun 19. PMID:

34153457; PMCID: PMC8213522. (Anexo 3)

Se incluyeron 43 gestaciones Unicas y una gemelar con infeccion por SARS-CoV-
2, en el Hospital Universitari Vall D'Hebron. La mediana de la edad gestacional al
diagnodstico es 34,7 semanas (rango 14 — 41,3 semanas). Veintinueve pacientes (65.9%)
presentaron infeccion leve, 12 (27,3%) neumoniay 3 (6,8%) neumonia grave con ingreso
en UCI. En el momento del parto 14 pacientes (31.8%) persistian con RT-PCR SARS-CoV-

2 positiva.

Se identificd un caso con RT-PCR SARS-CoV-2 positiva en las muestras de
placenta, liquido amnidtico y sangre de cordén umbilical (2,2% IC 95% 0,1% - 11,8%). En

el resto de las pacientes todas las muestras fueron negativas.

En 38 neonatos se realiz6 RT-PCR de exudado nasofaringeo tomado al

nacimiento y ninguno resultd positivo.
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Articulo 4. Fetal Transient Skin Edema in Two Pregnant Women With Coronavirus
Disease 2019 (COVID-19)

Garcia-Manau P, Garcia-Ruiz I, Rodo C, Sulleiro E, Maiz N, Catalan M,

Fernandez-Hidalgo N, Balcells J, Anton A, Carreras E, Suy A. Fetal Transient Skin Edema

in Two Pregnant Women With Coronavirus Disease 2019 (COVID-19). Obstet Gynecol.

2020 Nov;136(5):1016-1020. doi: 10.1097/A0G.0000000000004059. PMID: 32649505;

PMCID: PMC7575012. (Anexo 4)

Se describieron dos casos de edema cutaneo fetal transitorio en gestantes con

infeccion activa por SARS-CoV-2.

El primer caso se tratdé de una gestante que requirid ingreso por neumonia grave
por SARS-CoV-2 a las 22+6 semanas de gestacion. A las 24 horas de ingreso, ante
empeoramiento clinico, requirié ingreso en UCl y VMI. En este momento, la valoracién

ecografica fetal fue de normalidad.

Durante el ingreso en UCI se practicd ecografia fetal diaria. Al sexto dia, se
observé edema cutaneo generalizado, mas evidente en cuero cabelludo y tronco, sin
asociar ascitis, hidrotérax ni engrosamiento de la placenta. Se practicd una
amniocentesis para estudio genético mediante arrays de hibridacién gendmica
comparada (aCGH) (Quantitative Genomic Hybridization Array, 8 60K Agilent G4827A
CGH) estudio microbioldgico convencional, de infecciones de espectro TORCH vy la RT-

PCR SARS-CoV-2, resultando todos los estudios negativos

El edema cutaneo fetal se resolvié espontaneamente coincidiendo con la mejoria

del estado materno.

El segundo caso se tratd de una gestante de 20+1 semanas con infeccidon leve
por SARS-CoV-2, sin necesidad de ingreso hospitalario. Al octavo dia desde el diagndstico
se detectd en el feto edema cutdneo generalizado sin otras alteraciones. Se realizd
amniocentesis con estudio genético, microbioldgico convencional, infecciones TORCH y
RT-PCR SARS-CoV-2, que fueron negativos. En este caso también el edema fetal se

resolvié espontaneamente, de forma simultanea a la recuperacién materna.
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Ante la rapida expansion de la infeccidn, las principales sociedades cientificas,
International Society of Ultrasound in Obstetrics and Gynecology (ISUOG)’3, American
College of Obstetricians and Gynecologists (ACOG)®°, Centers for Disease Control and
Prevention (CDC)® y Society for Maternal-Fetal Medicine (SMFM)82, comenzaron a
publicar las primeras guias clinicas sobre SARS-CoV-2 y gestacidn en marzo de 2020. La
SMFM aconsejo que sobre estas recomendaciones se crearan guias locales, adaptadas a
las necesidades y recursos particulares y también advirtieron de la necesidad de

actualizacion constante®3.

El grupo de trabajo Gesta-COVID19 disefié un estudio observacional longitudinal
prospectivo, para registrar los casos consecutivos de gestacién y COVID-19, con el
objetivo investigar los efectos de la infecciéon en la gestacidn. El protocolo de este

estudio se publico en el articulo “Gestation and COVID-19: clinical and microbiological

observational study (Gesta-COVID19)”, y sirvié como documento de referencia para la

elaboracién del documento técnico “Manejo de la mujer embarazada y el recién nacido con
COVID-19” del Ministerio de Sanidad de Espafia®*. y la guia clinica “Guia d’actuacio
enfront de casos d’infeccié pel nou coronavirus SARS-CoV-2 en dones embarassades i

nadons” del Servei Catala de la Salut (CatSalut)®.

Narang y col.®%, en mayo de 2020, realizaron una revision de las principales guias

clinicas publicadas, entre las que se encuentra la del CatSalut.

Todas estas guias proporcionaron recomendaciones sobre el control gestacional,
la asistencia al parto y el seguimiento post parto de la poblacién general durante la
pandemia. El protocolo del CatSalut destacd por establecer recomendaciones

especificas para el manejo de las gestantes con infeccidn activa.

El hecho de disponer de un protocolo especifico y actualizado en todo momento
garantiza una asistencia de calidad a las pacientes, minimizando la variabilidad en la
practica clinica, un uso mas racional de los recursos humanos y materiales y la

homogeneidad en la evaluacidn de los resultados clinicos.

Esta ventaja supuso que el Hospital Universitari Vall d’Hebron se conviertiera en
centro de referencia de gestantes con la COVID-19 de todo Catalufia®®. De esta manera

la mayor parte de las gestantes que requierian ingreso por infeccidon por SARS-CoV-2 se
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concentraron en nuestro hospital. La elevada casuistica y la calidad de los datos
recogidos, permitid la participacion en los grandes registros internacionales, como el
INTERCOVID, que han generado la evidencia mas robusta sobre el efecto de la infeccién

en la gestacidn, y de ésta sobre la propia enfermedad?>61.87.88

Las primeras versiones del protocolo propusieron un seguimiento muy
exhaustivo, de la madre durante la infeccidn activa y toda la gestacidén, y del feto y recién
nacido hasta los 6 meses de vida. Ante el desconocimiento de los posibles efectos de la
enfermedad, se optd por la maxima prudencia para detectar cualquier complicacién.
Esto supuso la identificacion de complicaciones especificas como el sindrome

preeclampsia-like, el edema fetal transitorio o el riesgo de transmisién congénita.

Una de las primeras observaciones del estudio Gesta-COVID19, fue una mayor
frecuencia de signos propios de preeclampsia en las gestantes con enfermedad grave

por SARS-CoV-2.

En el estudio “Preeclampsia-like sindrome induced by severe COVID-19: a

prospective observational study”, en una cohorte de 42 gestantes con infeccion por

SARS-CoV-2, 8 sufren neumonia grave con necesidad de ingreso en UCI, y de éstas, 5

presentan criterios clinicos y analiticos diagndsticos de preeclampsia.

Otros estudios y revisiones sistematicas posteriores describieron mayor riesgo
de preeclampsia entre las gestantes con infeccidn por SARS-CoV-2 [RR 1,95 (IC 95% 1,38
— 2,75)]. Esta asociacidon se mantuvo al ajustar por factores de riesgo conocidos de
preeclampsia como obesidad, diabetes, enfermedad cardiaca, hipertensiéon vy
enfermedad renal®’. Ademds, el riesgo se incrementaba con la severidad de la infeccion

(OR 4,16, 1C95% 1,55 — 11,15)%*.

Sin embargo, en nuestro estudio, se cuestiona esta asociacién. Se plantea la
hipotesis de que la COVID-19 en la gestacidn puede provocar un sindrome tipo
preeclampsia, en vez de una verdadera preeclampsia. Los motivos que apoyan este

argumento son los siguientes.

1. Los signos clinicos y analiticos tipicos preeclampsia en las gestantes con infeccién

por SARS-CoV-2, se han observado como manifestaciones extrapulmonares de la
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infeccién en poblacidn general: proteinuria y elevacion de creatinina®; elevacion de

aspartato (AST) y alanina (ALT) transaminasas®’; y plaquetopenia®®.

2. De las 5 gestantes descritas en el estudio con COVID-19 y diagndstico de
preeclampsia, sélo en una se confirmé elevacion de la ratio sFlt-1/PIGF y signos

ecograficos de insuficiencia placentaria.

3. La Unica mujer que no se finalizé la gestacién durante la infeccidon, tras la
recuperacién de la neumonia, presentd resolucidn espontanea de los signos y

sintomas de preeclampsia.

Estos hallazgos sugieren que la infeccién grave por SARS-CoV-2 en gestantes
puede inducir un sindrome tipo preeclampsia, que seria una manifestacién
extrapulmonar mas de la infeccidn. El diagndstico diferencial entre la COVID-19 y una
preeclampsia superpuesta es fundamental, ya que el manejo y el prondstico maternoy

fetal son muy diferentes.

Existen otras patologias que comparten caracteristicas clinicas y analiticas con la
preeclampsia y se han considerado imitadores de ésta: higado graso del embarazo,
purpura trombdtica trombocitopénica, sindrome hemolitico urémico, exacerbacién del
lupus eritematoso sistémico, sindrome antifosfolipido catastroéfico, sepsis secundaria a
herpes simple y sindrome de respuesta inflamatoria sistémica y shock séptico. Estas
entidades presentan mecanismos fisiopatolégicos similares: vasoespasmo, activacion o
destruccion plaguetaria, trombosis microvascular, disfuncién endotelial y disminucién
de perfusidn tisular®. Estas alteraciones también se han descrito en la fisiopatologia de
la infeccibn por SARS-CoV-2 como responsables de sus manifestaciones

extrapulmonares®.

El origen de la preeclampsia es placentario. En la preeclampsia se produce una
alteracion en la invasidon trofoblastica y remodelacién de las arterias espirales uterinas,
provocando disfuncidon endotelial, estrés oxidativo y mala perfusion placentaria. Esta
situacion se caracteriza por una vasoconstriccion de las arterias uterinas, valorable
ecograficamente por un aumento de su indice de pulsatilidad y un estado

antiangiogénico con un incremento del ratio sFlt-1/PIGF?9°1,
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SFIt-1 y PIGF son factores angiogénicos muy especificos de insuficiencia
placentaria. El aumento de SFlt-1 y la disminucién de PIGF son predictores de
preeclampsia y este disbalance se puede detectar en la circulacién materna hasta cinco

semanas antes de la aparicién clinica de la enfermedad®.

En el estudio “Preeclampsia-like sindrome induced by severe COVID-19: a

prospective observational study”, se hipotetiza que el ratio de factores angiogénicos y

el Doppler de las arterias uterinas, marcadores especificos de insuficiencia placentaria,
pueden ser utiles para el diagndstico diferencial entre la preeclampsia y las

manifestaciones extrapulmonares de la propia infeccidn por SARS-CoV-2.

En gestantes con diagnéstico de preeclampsia con signos de gravedad: tension
arterial >160/110, trombopenia, elevacién enzimas hepaticos, insuficiencia renal,
edema pulmonar o sintomatologia neuroldgica, estd indicada la finalizacion de la
gestacion a partir de las 34 semanas, o independientemente de las semanas de

gestacion en caso de inestabilidad materna o fetal*3.

En gestantes con infeccidn por SARS-CoV-2 y que presenten estos criterios
diagnésticos, si se descarta la preeclampsia sobreanadida, se puede realizar un manejo
expectante de la gestacidn, condicionando la finalizacion del embarazo sélo a la
evolucidn de la infeccién. Con la resolucién de la COVID-19, los signos y sintomas de
preeclampsia también se normalizan, sin comprometer el estado materno ni aumentar

la prematuridad fetal®>°3,

Se requieren mas estudios para comprender la relaciéon entre el sindrome
preeclampsia-like y la COVID-19. El estudio de las placentas de estas gestantes puede

ser util para esclarecer su fisiopatologia.

En el estudio “Diffuse trophoblast damage is the hallmark of SARS-CoV-2
associated fetal demise”>* se describen las caracteristicas anatomopatoldgicas de las

placentas de gestantes con infeccién por SARS-CoV-2.

Las primeras series de casos en las que se estudiaron las placentas muestran
hallazgos anatomopatoldgicos inespecificos y sin relacion con los resultados
neonatales®*°, Estos casos estaban seleccionados por la positividad materna a SARS-

CoV-2, pero no se valoré la afectacion placentaria.
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En nuestro estudio® se describid una lesién trofobldstica especifica,
caracterizada por la necrosis del trofoblasto velloso y el colapso del espacio
intervellositario. Estos hallazgos solo estaban presentes en placentas en las que se
confirmé la positividad a SARS-CoV-2 mediante técnicas de inmunohistoquimica,

hibridacidn in situ y RT-PCR.

El tipo de lesion placentaria puede guardar relacion con el riesgo de transmision
vertical. En mujeres con COVID-19 y placenta negativa para SARS-CoV-2, la descripcion
anatomopatoldgica de estas placentas era muy heterogénea: signos de malperfusiéon
vascular materna o fetal, lesiones inflamatorias como corioamnionitis o Vvillitis o
ausencia de alteraciones. Sin embargo, en los casos de infeccidon placentaria confirmada
por inmunohistoquimica, hibridacion in situ o RT-PCR, es en los que se detectd lesién

trofoblastica especifica®’.

La extensién de la afectacién placentaria puede estar relacionada con los
resultados perinatales. En nuestro estudio®*, los cinco casos que presentaban necrosis
difusa mas extensa se asociaron a 6bito fetal y en dos de ellos se confirmé RT-PCR
positiva en tejido fetal. Otros estudios también asociaron lesion trofoblastica a pérdida

gestacional®’.

Estos hallazgos proporcionan una primera aproximaciéon para comprender el
riesgo de transmision vertical de la infeccién por SARS-CoV-2 y sus mecanismos

patogénicos.

En el estudio “Congenital infection of SARS-CoV-2 in live-born neonates: a

population-based descriptive study”, se confirma la posibilidad de transmisidn vertical

de la infeccidn.

Zeng y col®. son los primeros autores en describir la infeccién neonatal precoz,
abriendo la posibilidad de la transmision vertical de la infeccidn. Presentaron el caso de
tres neonatos con RT-PCR SARS-CoV-2 positiva en exudado nasofaringeoy analalos 2y
4 dias de vida y negativizacién a partir del dia 6. Siguiendo los criterios de Shah y col. no
se pudo confirmar infeccidon congénita, porque no habia muestra del neonato al

nacimiento (nasofaringea, sangre de corddn, liquido amniético o placenta). Unicamente
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con las muestras nasofaringeas y anales positivas a los dos dias de vida, no se puede

excluir la posibilidad transmision horizontal postnatal.

Otros estudios describieron muestras neonatales positivas para SARS-CoV-2 en
las primeras horas del nacimiento3?9%°°, Pero tampoco presentan resultados de
placenta, liquido amnidtico o sangre de cordén umbilical, por lo que la transmisién pudo
ser intraparto o postparto pero no hay evidencia suficiente para confirmar transmisién

durante la gestacién.

En comparacion con los casos previos, en nuestro estudio se confirmo el caso de
una mujer con sintomatologia compatible y RT-PCR nasofaringea positiva en el
momento del parto y el neonato RT-PCR positiva en liquido amnidtico, sangre de cordén
umbilical y placenta. Segun la clasificacion de Shah y col®. nuestro caso cumple criterios

de infeccion congénita confirmada.

La toma de las muestras maternas y neonatales se realizd con estrictas medidas
de asepsia. La muestra de liquido amniédtico se obtuvo por amniocentesis en el momento
del parto, previo a la amniorrexis, y la sangre de corddn umbilical tras el nacimiento del
neonato. Con los equipos de proteccion individual utilizados por todo el personal
sanitario involucrado en el parto y las medidas de asepsia generales, es muy dificil la
contaminacién de las muestras por fluidos vaginales o aerosoles. Incluso, aunque esto
fuera factible, la posibilidad de contaminacion de ambas muestras, tomadas en

momentos distintos, es extremadamente improbable.

Nuestros hallazgos son compatibles con los de otros estudios’®'®, El caso
descrito por Vivanti y col’®. presenta todavia evidencia mas robusta de transmision
vertical, porque detecté RT-PCR positiva en muestra nasofaringea neonatal, en
comparacion con el nuestro, que resulta negativo. En nuestro caso esta muestra se tomé
exudado nasofaringeo en el momento del nacimiento, sin embargo, en el estudio de
Vivanti la muestra procede de lavado broncoalveolar, que resulta mas sensible. La toma

de muestras de diferentes tejidos puede mejorar la tasa de deteccidn de la infeccion©?,

Los hallazgos de este estudio demuestran la posibilidad de transmisién madre —
feto de la infeccion por SARS-CoV-2. Son necesarias series de casos mds grandes para

evaluar la tasa de transmisién y los posibles efectos en feto y neonato.
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En nuestra experiencia no hemos hallado repercusiones fetales o neonatales de
la infeccidn, salvo dos casos de edema fetal transitorio, que se describen en el estudio

“Fetal transient skin edema in two pregnant women with Coronavirus Disease 2019

(CoVID-19)".

Martinez-Varea y col!??, describieron un caso de edema fetal transitorio en una
gestante con infeccion leve en tercer trimestre. Aunque no disponian de estudio de
liquido amnidtico ni de la placenta para descartar otras causas. Rodrigues y col'3, y
Popescu y col'®®, describieron dos casos de hydrops fetal a las 25 y 34 semanas
respectivamente que finalizaron en ébito fetal. En ninguno de los dos se realizé estudio
de liquido amnidtico para descartar infeccion TORCH o alteraciones genéticas, pero en

ambos se confirmé RT-PCR SARS-CoV-2 positiva en placenta.

Es posible que no existan series mas largas de edema fetal transitorio debido a
que la mayoria de las guias clinicas®®’3#2, durante las primeras olas de la pandemia,
recomendaban posponer hasta 14 dias los controles ecograficos en las pacientes con

infeccion, por lo que es probable que los casos se hayan infradiagnosticado.

Siguiendo el protocolo descrito previamente!®

, en el Hospital Universitari Vall
d'Hebron se credé una consulta especifica de COVID-19 y gestacién para visitar
semanalmente a todas las gestantes con infeccién activa hasta la negativizacién de la
RT-PCR nasofaringea. En todas las visitas se realizd ecografia fetal completa. Este
seguimiento tan exhaustivo permitid detectar los dos casos descritos y dos mas

posteriores no recogidos en este articulo.

En la literatura no se han descrito otras manifestaciones ecograficas fetales en

relaciéon con la infeccion por SARS-CoV-2 en la gestacion.

Ante este hallazgo, la primera hipdtesis es que el edema fetal sea un signo de
infeccion congénita. Sin embargo, el estudio de liquido amnidtico para SARS-CoV-2
resultd negativo, y aunque no estaba disponible en el momento de la publicacién del
articulo, posteriormente se confirmé que el estudio de placenta fue también negativo.
El resultado de ambas gestaciones han sido dos neonatos sanos con RT-PCR

nasofaringea al nacimiento negativa.
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Otra hipdtesis es que sea una repercusién de la tormenta inflamatoria de
citoquinas materna, propia de la COVID-191%, ya que esta demostrado que la respuesta
inmune inducida por patégenos puede derivar en complicaciones fetales'’. En el primer
caso, la elevacién de IL-6 en sangre materna coincidié con la aparicion del edema fetal,
y su descenso con la resolucidn. Sin embargo, en el segundo caso los niveles de IL-6 se

mantuvieron en rango de normalidad en todo momento.

Son necesarios mas estudios para esclarecer si existen repercusiones fetales por

la infeccién materna.

98



LINEAS DE INVESTIGACION







Lineas de Investigacion

Tras mas de dos afios desde el inicio de la pandemia, con un conocimiento cada
vez mayor de la enfermedad y sobre todo con la aparicion de las vacunas, la situacion
en nuestro medio se ha estabilizado. Sigue habiendo casos de COVID-19 en gestantes,
pero la mayoria son cuadros leves. Se ha normalizado la atencion de estas pacientes en
todos los centros sanitarios, salvo los casos graves que requieren ingreso, que siguen

beneficiAndose de la atencidon en centros de referencia.

A pesar de esta normalizacién de la enfermedad, sigue habiendo muchos

interrogantes sobre la afectacién del SARS-CoV-2 en la gestacion.

Nuestro grupo de trabajo ha seguido investigando sobre el sindrome tipo

preeclampsia asociado a la infeccidn por SARS-CoV-2.

Una de las posibles hipdtesis sobre esta asociacidn es que la preeclampsia y la
COVID-19 comparten factores de riesgo asociados a dafio endotelial, como obesidad,

hipertension arterial, diabetes o edad materna. El estudio “Shared risk factors for

COVID-19 and preeclampsia in the first trimester: An observational study”!% compara

los factores de riesgo maternos valorados en el despistaje de preeclampsia en primer

trimestre en gestantes con COVID-19 y una cohorte de gestantes sanas.

Se ha realizado un estudio sobre el impacto de la COVID-19 en las caracteristicas

patolégicas de las placentas, con resultados pendientes de publicacion.

Y se acaba de publicar el articulo “Confirmation of preeclampsia-like syndrome

induced by severe COVID-19: an observational study”'%, confirmando el

planteamiento del “Preeclampsia-like syndrome induced by severe COVID-19: a

prospective observational study”!'°, en una cohorte mayor de pacientes.

Estos trabajos forman parte de otra tesis doctoral por compendio de articulos.

Otra linea de investigacidn y tesis doctoral trata sobre los efectos de la infeccién
por SARS-CoV-2 durante la gestacién en el crecimiento fetal y en el desarrollo

neuroldgico fetal y neonatal.
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También se han desarrollado trabajos sobre el impacto psicoldgico del SARS-

CoV-2 en la gestacion, “Psychological impact and social support in pregnant women

during lockdown due to SARS-CoV2 pandemic: A cohort study”'!!; y en el propio

personal sanitario “Impact of simulation-based teamwork training on COVID-19

distress in healthcare professionals”'2.
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Conclusiones

La elaboracidon de un protocolo especifico para el manejo de la gestante con
infeccion por SARS-CoV-2 permite una asistencia de calidad a las pacientes,
minimizar la variabilidad en la practica clinica, un uso racional de los recursos y

evaluar de manera homogénea los resultados clinicos.

El 62.5% de las gestantes con COVID-19 grave tratadas en el Hospital Universitari Vall
d’Hebron entre marzo y abril de 2020 presentaron signos y sintomas propios de
preeclampsia. Los hallazgos mas frecuentes fueron elevacién de enzimas hepaticas

(87.5%), proteinuria (75%) e hipertensién arterial (62.5%).

La ratio de factores angiogénicos sFlt-1/PIGf y el Doppler de las arterias uterinas son
marcadores Utiles para el diagndstico diferencial entre preeclampsia y sindrome

preeclampsia-like secundario a COVID-19.

La transmisién materno-fetal de la infeccién por SARS-CoV-2 es posible, aunque muy

poco frecuente.

La infeccion por SARS-CoV-2 en la gestacién puede producir edema fetal transitorio,

sin repercusion posterior en los recién nacidos.
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