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\_j- Abogados
SENOR
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Ciudad

Demandantes: Tomas Cabra Franco, Dennys Alexandra Franco
Salgado, Saimonth Arial Cabra Mancipe, Maritza Mancipe Ortiz.
Demandados: Fundacion Santa Fe De Bogota Y Clinica Marly S.A.
Radicacion: 11001310301520190067100

Asunto: Memorial aportando dictamen pericial - Fundacion Santa Fé
De Bogota

ADRIANA GARCIA GAMA, mayor de edad, vecina de Bogotd, identificada con cédula de
ciudadania No. 52.867.487 de Bogot4, abogada en ejercicio, portadora de la Tarjeta Profesional
No. 144.727 del Consejo Superior de la Judicatura en mi calidad de apoderada judicial de
FUNDACION SANTA FE DE BOGOTA por medio del presente escrito y dentro del término
concedido el 9 de octubre de 2024, me permito aportar el DICTAMEN PERICIAL rendido
por el Doctor CARLOS EDUARDO OLMOS OLMOS, médico especialista en inmunologia
pediatrica.

De acuerdo con lo establecido en el articulo 226 del C.G.P., adjunto los documentos que
acreditan la idoneidad del perito y sus datos personales.

Del sefior Juez, respetuosamente,

ey,
ADRIANA GARCIA GAMA

C.C. No. 52.867.487 de Bogota
T.P. No. 144.727 del C. S. de la ].

adriana@garciagama.com Calle 93 # 13 - 42 Oficina 204 +57 316 690 0166 - +57 320 338 1562




Bogota, 18 de julio de 2020

Sefores
JUZGADO QUINCE (15) CIVIL DEL CIRCUITO DE BOGOTA
E. S. D

Ref: Proceso verhal de responsabilidad civil médica.
Demandantes: Tomas Cabra Franco y otros
Demandadas: Fundacién Santa Fe de Bogota y otros.
Expediente No, 11001310301520190067100

Asunto: Dictamen pericial.

I. Identificacion del Perito

CARLOS EDUARDO OLMOS OLMOS, mayor de edad, natural y residente en la ciudad de
Bogota, médico especialista en inmunoclogia pediatrica egresado de Universidad de
Universidad Javeriana en el afioc de 1882, especialista en Pediatria de la Facultad de
Medicina de la Universidad del Rosario en el afio de 1987 y subespecialista en Alergologla
e Inmunologia Clinica de Tulane School of Medicine en el afic 2000, con mas de 20 anos
de experiencia profesional y habiéndome desempefado coma:

e (Cargos mas importantes: _ _
o Jefe, Alergologia e Inmunologia Clinica, Fundacién Cardio infantil 2004-
2012
& Director, Unidad de Alergia e Inmunclogia Clinica, CAYRE IPS & Fundacion
2008-fecha

+ Docencia _ _
o Universidad del Rosario, Residencia de Pediatria desde 2004-fecha
o Universidad El Bosque, Subespecializaciones de Reumatologia 2012-2018
e Infectologia Pediatrica 2013-fecha
o Docente, Universidad Militar de Colombia, Residencia de ORL en CAYRE,
2015-2018

« Miembro sociedades cientificas nacionales y/o internacionales
o Asociacion Colombiana de Alergia, Asma e Inmunologia (ACAAI) 2004-
fecha
o Asociacion Colombiana de Pediatria 1987-fecha
o American Academy of Allergy, Asthma, & Immunology (AAAI) 1997-fecha
o European Academy of Allergy & Clinical Immunology (EAAC1) 2010-fecha
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Sociedad Latinoamericana de Inmunodeficiencias Primarias (LASID) 2015-

fecha
Grupo de Inmunodeficiencias Primarias de la Universidad de Antioguia-
Nodo CAYRE, Bogota 2009-Fecha

e Publicaciones mas relevantes de los dltimos 10 afios

e}

Alvarez M|, Olmos CE, Luengas M. Infeccidn recurrente y sospecha de
inmunodeficiencias primarias. In: Pediatria al dia. Sociedad Colombiana de
Pediatria SCP. Panamericana Formas e Impresos SA. 2017.

Olivares MM; Alvarez-Olmos MI, Olmos CE et al. Guias Colombiana dde
Préactica Ciinica para uso de inmunoglobulinas en tratamiento de reposicién
e inmunomodulacién. Revista Alergia de México. 2017 Vol 64 Suppl.2: s5-
555.

Olmos CE.Gomez C. Enfoque holistico del paciente con alergia. : ;qué
hay de nuevo?. Revista Programa de Educacion continuada en Pediatria:
Precop (2015, Volumen 14 Numero 2, Ago). Sociedad Colombiana de
Pediatria

QOlmos CE, Suarez MA, Gdmez C. Reconociendo Inmunodeficiencias
Primarias Mas Alla De Las Sefales De Alarma Tradicionales. Revista
Programa de Educacion continuada en Pediatria: Precop (2015 Volumen 14
Numero 2: 14-31 ). Sociedad Colombiana de Pediatria

Olmos CE. Actualizacion en alergia al huevo 'y vacunas. Mitos y
realidades Revista Programa de Educacién continuada en Pediatria:
Precop (2015, Volumen 14 Namero 2, Ago). Sociedad Colombiana de
Pediatria

Olmos CE. Actualizacidon en Vacunas y Alergia. Revista Programa de
Educacion continuada en Pediatria: Precop (2015, Volumen 14 Nidmero 2,
Ago). Sociedad Colombiana de Pediatria

Olmos CE. Vacunas y Autoinmunidad. Revista Programa de Educacién
continuada en Pediatria: Precop (2015, Volumen 14 Numero 2, Ago).
Sociedad Colombiana de Pediatria

e Premios o distinciones’

O

o]
O
O

Profesor Titular Clinico Universidad del Rosario

Docente Universidad El Bosque, Divisién de postgrados

Diplomate of The American Board of Allergy and Immunology 2010-Fecha
Diplomate of The American Board of Pediatrics 2003

Actualmente hago parte de la Unidad de alergia e inmunologia clinica de CAYRE IPS &
Fundacién, soy miembro activo de las sociedades cientificas arriba anotadas y me
desempefio como alergdlogo e inmundlogo clinico en la practica privada en el Centro
Médico de la Sahana en Bogota.

L Favor diligenciar datos completos de farmacian profesional
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Tal como consta en la hoja de vida y demas anexos que acompafan este dictamen, me
permito rendir el siguiente dictamen pericial solicitado por la Fundacién Santa Fe de Bogota
con el fin de ser presentado como prueba en el proceso de la referencia que se adelanta
-en ese Despacho.

H. Normatividad y Declaraciones

En concordancia con los articulos 226 a 235 - Capitulo V1 Titulo Unico del Cédigo General
del Proceso:

Manifiesto que tengo Ia experiencia, formacidn y conocimientios especializados para rendir
el dictamen que me ha solicitado la Fundacion Santa Fe y que estoy a disposicion, si el
Juzgado lo considera pertinente, para exponerlo personalmente y absolver los interrogantes
y hacer las aclaraciones que se requieran,

Mis datos de contacto san: Direccién: CRA 7 #119-14 Consultorio 418 Centro Médico de
La Sabana. Bogota, DC
Teléfono: 2155619-6121075-6120804-2150120
Celular: 3157734000
Correo electrénico: colmos.8600@gmail.com

Declaro bajo juramento que la informacién aqui contenida es independiente, profesional y
verdadera por quien lo firma. Igualmente, en virtud del numeral 6 del articulo 226 del CGP,
manifiesto gue no he sido designado en procesos anteriores o en curso por la misma parte
o por el mismo apoderado de la parte y que no me encuentro incurse en ninguna causal de
inhabilidad de las que trata el articulo 50 del CGP?, ni tengo conflicto de interés alguno para
asumir el presente encargo.

? Articulo 50: Fxclusion de la lista. El Consejo Superior de la Judicatura excluird de las listas de auxiliares de la justicia:

1. A quienes por sentencia ejecutoriedo hayan sido condenados por la comisién de delitos contra la administracion de
justicio o la Administracién Publica o sancionados por la Sala Jurisdiccional Disciplinario del Consejo Superior de la
Judicatura o sus Seccionales,

2. A quienes se les haya suspendido a cancelado la matricula o licencia.

3. A quienes hayan entrado a efercer un cargo aficial.

4, A quienes hoyan fallecido o se incapdciten fisica o mentalmente,

5. A quienes se ausenten definitivamente del respectivo distrito judicial,

6. A las personas juridicas que se disuelvan.

7. A quienes como secuestres, liquidadores o administradores de bienes, no hayan rendido oportunamente cuenta de su
gestidn, o depositado los dineros habidos a drdenes del despacho judicial, o cubierto el saldo a su cargo, o reintegrado los
bienes que se le confiaron, o los hayan utilizade en provecho propio o de tercercs, o se les halle responsables de
administracion negligente.

.8. A quienes no hayan realizade o cabalidad la actividad encomendado o no hayan cumplido con el encargo en el término

atorgado.

8. A quienes sin causa justificada rehusaren la aceptacion del cargo o no usistieren a la diligencia para la que fueron
designados.

10. A guienes hayan convenido, solicitado o recibido indebidamente retribucion de alguna de los partes.

11. A los secuestres cuya garantia de cumplimiento hubiere vencido y no la hubieren renovado oportunamente.
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Igualmente declaro: queé no me he desempeiiado como perito en el pasado.

Por tltimo, en virtud de los numerales 8 y 9 del articulo 226 del CGP, manifiesto que el
método utilizado para realizar la experticia encomendada consistié en revision de la
informacién de la historia clinica, lectura de documentos adicionales, asi como respuesta a
las preguntas enviadas y declaro que la metodologia implementada no varié respecto de la
solicitada en las instrucciones enviadas.

Ili. Antecedentes Médicos

Para efectos de rendir el presente dictamen he recibido la demanda instaurada por los
padres y abuela del paciente Tomas Cabra Franco, la respuesta a la demanda presentada
por los apoderados Judiciales de [a Fundacidn Santa Fe, |a totalidad de la historia clinica
correspondiente al caso en cuestion (3 folios en pdfs: #1 HC eventos 1-11, #2 HC eventos
12-33, #3 Imagenes y laboratorios) y un folio con el dictamen pericial aportado por el parte
demandante rendido por la médica general Dra. Diana Paola Alvarez Archila.

Brevemente y antes de proceder con la respuesta al cuestionario que me ha sido planteado,
pracedo a hacer un hreve resumen del cuadro clinico del menor Tomas Cabra Franco:

Se frata de escolar masculino de 9 afios con historia de cuadro convulsivo iniciado como
sindrome convulsivo facilitado por fiebre desde los 6 meses de edad, sin antecedentes
perinatales significativos excepto cesarea por frabajo de parto estacionario, episodic de
trauma craneo-encefalico [TCE] al parecer leves a los 2 afios sin evidencia de fracturas ni
requerimiento de admision hospitalaria derivada de los mismos; retraso en desarrollo del
lenguaje descrito desde los 2 anos y retraso global del neurodesarrollo descrito después de
los 3 afios, inmunizaciones al dia y multiples consultas a servicios de urgencias (FSB
mayoria y algunas en Clinica Universitaria Colombia, EPS Sanitas, Clinica El Country, EMI)
por episodios convulsivos febriles asociados a cuadros infecciosos de predominio
respiratorio alto de etiologia presumiblemente viral, un episodio de laringitis, 3 episodios de
OMA en diferentes edades con uno supurativo a los 8 afos, faringoamigdalitis
estreptocdcica a los § afos, dos episodios de neumonia en diferentes anos de manejo
ambulatoric uno y otro a los 3 afios atribuido a etiologia por adenovirus + VRS con sospecha
de coinfeccidn bacteriana y dos episodio de gastroenteritis presumiblemente de efiologia
viral. Terapia antibidtica oral con betalactamicos orales (Amoxicilina-A.Clavulanico
principalmente) por episodios de OMA vy otras infecciones respiratorias altas, Penicilina
Benzatinica para un episodio de amigdalitis estreptocdcica y, se menciona en una ocasion
[V (Ampicilina-Sulbactam) a los 3 afios (2014) durante admisién a UCIP. Indicacién dé

{..} PARAGRAFO 30. No podrd ser designada como perito la persona que.haya incurrido en alguna de las causales de
exciusidn previstas en este grticulo,
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broncodilatadores en algunas consultas. Historia de una admisidn hospitalaria para estudio
de sindrome convulsivo en el 2014 en FSB por neuropediatria y otra en el Instifuto
Roosevelt el mismo afio, este Ultimo asociado a depresion/falla respiratoria atribuida a
posible efecto de benzodiacepinas para control de status convulsivo gue requirio UCIP con
descripcién de neumonia viral por adenovirus-VSR + coinfeccién bacteriana (no hay datos
de cultives positivos) complicado con cuadro de “delirium hiperactivo”™ con manejo
multidisciplinario institucional (cuidado intensivo pediatrico, neurologia pediatrica, genética,
reumatologia pediatrica, endocrinologia pediatrica, terapia fisica vy del lenguaje, ) e
indicacion de seguimiento ambulatorio por las mismas. Se encuentra registro con
descripciones limitadas de evaluaciones ambulatorias por consulta externa de pediatria
(FSB), neurologia pediatrica (FSB, Compensar), reumatologia pediatrica (después de
egreso), medicina homeopatica (registros no claros).

Historia de asistencia al jardin infantit en consulta al afo (2012) y en otra a los 7 afos
descrita en consulta en FSB; se menciona contacto en casa con mascotas (perro y dos
gatos). No exposicion aparente a cigarrillo. No registro de reacciones adversas a vacunas
ni de historia de fransfusiones sanguineas.

Historia familiar de malignidad hematoldgica del lado paterno descrita como leucemia
mieloide en la mayoria de los registros, abuelo paterno con leucemia (no se especifica tipo)
& historia de diabetes mellitus en abuelo materno. No hay descripcion de consanguinidad,
muertes tempranas en familiares cercanos por infecciones severas o de autoinmunidad
tales como LES, AR, etc.

Desde el punto de vista paraclinico no se -evidencian alteraciones hematoldgicas tipo
citopenias (linfopenia, anemia o trombocitopenia) ni alteraciones persistentes elevadas
(leucocitosis) excepto coincidiendo con algunos episodios infecciosos; transaminasas
normales, niveles de &cido valproico en varias ocasiones dentro de limites normales
excepto en una ocasion (aumento de dosis ambulatorio). Cuenta con algunos estudios
radioldgicos de térax sin alteraciones crénicas aparentes, se describen hallazgos de

procesos bronguiales/neuménicos. de algunos episodios clinicamente evaluados en su

momento. TAC cerebral con hallazgo incidental de "quiste arachoideo temporo-parietal
derecho”. TAC de oidos-mastoides sin evidencia de mastoiditis (2014).
Electroencefalogramas descritos como normales. RNM cerebral sin reporte oficial de
estancia en Instituto Roosevelt.

V. Concepto del Perito Médico

Con base en esta informacién procedo a responder el cuestionario que me ha sido
planteado:
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1. Qué es una inmunodeficiencia primaria?

Respuesta: Las inmunodeficiencias primarias [IDP], denominados recientemente como
errores innatos de la inmunidad, comprende un grupo complejo, diverso y heterogéneo de
defectos o errores innatos del sistema inmune tanto en su desarrollo como en su funcidn,
comprometiendo células y/fo componentes del sistema inmune innato o adaptativo que
pueden manifestarse con infecciones recurrentes anormales, autoinmunidad,
autoinflamacién y linfoproliferacion principalmente. Aunque han sido consideradas poco
frecuentes con frecuencias estimadas de 1;10.000 a 1: 50.000 nacidos vivos, estudios
recientes han empezadoc a mostrar que son mas comunes que lo previamente estimado
calculandose que pueden llegar al menos a 1:1.000 a 1:5.000 con un impacto importante
en la calidad de vida de ios afectados. Los avances moleculares recientes han permitido el
reconocimiento e identificacion de mas de 400 defectos en la actualidad con diferentes
fenotipos clinicos y compromiso de diferentes sistemas. |.a mayoria de estas condiciones
son enfermedades monogénicas siguiendo una herencia mendeliana simple que se
caracterizan por una variabilidad fenotipica debido a diferencias en la penetrancia en la
expresion € interaccion genética con el ambiente. Sin embargo, los avances en estudios de
secuenciacion gendmica abren un harizonte a nuevos mecanismos, moléculas y genes que
estdn siendo identificados.

Referencias

1. Ballow M. Approach to the patient with recurrent infection. In: Middleton's Allergy:
Principles and Practices. ELSEVIER Inc. Vol 2. 9" edition. 2020; pp: 1111-1122.

2. Alvarez Ml, Olmos CE, Luengas M. Infeccién recurrente y sospecha de
inmunodeficiencias primarias. In: Pediatria al dia. Sociedad Colombiana de
Pediatria SCP. Panamericana Formas e Impresos SA. 2017; Vol 2.

2. Qué relacion causal hay entre padre con leucemia mieloide y diagnostico de
inmunodeficiencia primaria?

Respuesta: Se ha descrito aumento de susceptibilidad a malignidad, especialmente
aquellas anormalidades asociadas a disfuncién de las células T ¢ defectos en la reparacion
del DNA en relacién con IDP, tales como canceres linfoides como linfomas, leucemias
linfoides, leucemias T cutaneas y, menos frecuentemente, canceres gastrico y carcinoma
de células escamosas. A la luz del conocimiento actual no es posible establecer una
relacion causal entre el padre con leucemia mieloide € IDP. Sin embargo, siempre debe
investigarse la historia familiar de malignidad hemaiolégica T principaimente vy
consanguinidad en primera linea.
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El desarrollo de neoplasias hematoldgicas, linfomas y tumores sdlidos es el resultado de
interacciones de multiples factores tales como el sistema inmune (Inmunodeficiencias,
inflamacién, autoinmunidad), noxas enddgenas y exdgenas (Quimicos y radiaciones),
microbiota (Microbioma, infecciones) y el factor genético del individuo (Mutaciones,
variantes comunes, modificadores).

Referencias

1. Mayor PC, et al. Cancer in primary immunodeficiency diseases: cancer in¢idence in
the US Immune Deficiency Network Registry. JACI 2018; 141: 1028-35

2. Haas O, Primary immunocdeficiency and cancer predisposition revisited: Embedding
two closely related concepts into a integrative conceptual framework. Frontiers in
Immunol 2019; 2018: 9: 31-36.

3. Indique si las infecciones que se documentaron en algunos de los ingresos del
paciente como otitis y vias respiratorias altas son las esperadas en edad preescolar
y escolar? En caso afirmativo, cual es su prevalencia en esa poblacién?

Respuesta: Las enfermedades infecciosas constituyen una de las principales causas de
consultas en [a poblacién general, siendo mucho mas frecuentes en la poblacion pediatrica,
en donde el nimero de episodios es inversamente proporcional a la edad. Los nifios pueden
tener muchos episodios infecciosoes de tipo repetitivo y autolimitado con respuesta rapida al
manejo sintomatico y, sin evidencia de secuelas. Estos conocidos como “infeccion
recurrente normal” son debidas-a inmadurez del sistema inmune o a la falta de exposicion
previa. Un nifio con adecuado funcionamiento del sistema inmune puede presentar entre 4
a 8 infecciones respiratorias altas al afio, siendo mayor la frecuencia en nifios que asisten
al jardin o que tienen familiares en edad preescolar o escolar o aquellos expuestos al humo
del cigarrillo [hasfa 10-12 por afo]. Esta ultima causa ademas puede contribuir-al aumento
de los sintomas en pacientes alérgicos o asmaticos. Se calcula que el 50% de los nifios con.
infecciones recurrentes se van a encontrar en esta categoria. En general en este grupo, el
tipo de infecciones son principalmente respiratorias y de etiologia viral, considerandose un
episodio de neumonia no severa o hasta dos 0-mas de OMA no complicada en los primeros
3 afios de vida. Sitenemos un paciente que presenta 10 episodios en un afio, esto implicaria
que estaria sintomatico casi la mitad el afio y continuaria siendo “normal”. El desarrolio
fisico y mental al igual que el examen y los paraclinicos sueien ser normales y responden
rapidamente al tratamiento permaneciendo asintomaticos entre un episodio infeccioso y
otro o cuando estan en vacaciones, por fuera del jardin.
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Referencias

1. Alvarez MI, Olmos CE, Luengas M. Infeccidon recurrente y sospecha de
inmunodeficiencias primarias. In: Pediatria al dia. Sociedad Colombiana de
Pediatria SCP. Panamericana Formas e Impresos SA. 2017; vol 2.

2. Annamalay A, Le Souéf P. Viral-bacterial interactions in childhood respiratory tract
infections. IN: Viral infections in children. Vol 1. R.D. Green (ed.). Springer
international Publishing AG 2017.

4. Es posible establecer algin tipo de relacion causal entre el antecedente de
leucemia del padre con Ias convulsiones febriles o las infecciones
predominantemente virales

Respuesta: No es posible establecer ningun tipo de relacidn causal, pero se sabe que la
fiebre originada por causas infecciosas, virales o no, pueden facilitar convulsiones:febriles.

5. Episodios de infecciones virales en nifios en edad escolar o preescolar son
sinénimos o senal de alerta de una posible inmunodeficiencia primaria?

Respuesta; No son sindnimos excepto si se comportan como infécciones diseminadas,
complicadas con neumonitis (cuadro severo de compromiso intersticial difuso),
meningoencefalitis viral necrotizante 0 con coinfeccidn bacteriana severa (neumonia con
empiema) asi como también si son prolongadas o refractarias al tratamiento convencional
o antiviral especifico.

Referencias:

1. Alvarez MI, Olmos CE, Luengas M. Infeccidn recurrente y sospecha de.
inmunodeficiencias primarias. En: Pediatria al dia. Sociedad Colombiana de
Pediatria SCP. Panamericana Formas e Impresos SA. 2017; pp.

2. Olmos CE, Suarez MA, Gomez C. Reconociendo inmunodeficiencias primarias: Mas
alla de las sefiales tradicionales. PRECOP 2015; 14: 20-31.

3. Tabares-Costa-Tavares V, eif al. Aftending to warning signs of primary
immunodeficiency diseases across the range of clinical practice. J Clin Immunol
2014; 34: 10-22.

4. Olmos CE, Lozano M, Quijano C. Infecciones recurrentes y sospecha de
inmunodeficiencias primarias. PRECOP 2012; 11: 5-15.
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6. Cuales fueron los motivos de consulta del menor entre los afos 2102 al 2014?

Respuesta: Los motivos de consulia de acerdo con la informacién aportada fueron
multiples episodios de convulsiones facilitados por fiebre, en su mayor parie asociados a
infecciones respiratorias altas de posible etiologia viral, otitis media x 3 tratados con terapia
antibidtica oral, uno de ellos asociado a neumonia siendo tratado con terapia antibiética IV
con corta estancia hospitalaria, neumonia por adencvirus-VSR con sospecha de infeccion
bacteriana sin aislamiento especifico + compromiso. neurglégico post estatus convulsivo y
depresion respiratoria atribuida a efecto de benzodiacepinas para su control. En una de las
consultas iniciales en el 2012 se describe trauma facial por caida de 1 metro de altura sin
fractura.

7. ¢ Qué diferencias existen desde la clinica, parametros de laboratorio e iméagenes
para sospechar inmunodeficiencias primarias cuando se presentan infecciones
bacterianas o virales?

Respuesta: La sospecha de IDP debe combinar presentacion clinica, laboratorio, imagenes
y antecedentes familiares basados en sefiales de alerta mas alla de las tradicionales, las

cuales se ha demostrado tener baja sensibilidad y especificidad.

Desde el punto de vista clinico, la frecuencia y tipo de infecciones varia de.acuerdo con la
edad, presencia o no de manifestaciones alérgicas, historia exposicional o ambiental siendo
mas frecuentes y severas en los pacientes con IDP gue en los nifios sin estas condiciones.
Asi, las infecciones virales, bacterianas, micobacterianas o fngicas que requieren admision
hospitalaria, estancia en UCIP, uso frecuente de terapia antibidtica oral o endovenosa,
complicaciones tales como empiemas, infeccion sistémica (sepsis, meningitis, osteomielitis,

abscesos en diferentes dérganos, entre oiros), necesidad de drenajes guirdrgicos, cuadros
de mononucleosis severa, dependencia de oxigeno, alteraciones del crecimiento o del

neurodesarrollc deben alertar a inmunodeficiencia tanto primaria o secundaria (VIH,
desnutricion severa, malignidad, etc.). Otras sefiales importantes para considerar incluyen
diarrea cronica, lesiones cutaneas extensas o recurrentes como moluscos extensos,
papilomas cutaneos o piodermitis recurrentes, reacciones adversas a vacunas vivas, caida
retardada del mufién umbilical, entre otros.

Desde el punto de vista de laboratorio, existen signos importantes que pueden ser
evidenciados en el hemograma como la presencia de citopenias incluyendo leucopenia,
neutropenia, linfopenia, anemia, trombocitopenia o combinaciones. Algunas IDP de los
fagocitos pueden revelar leucocitosis persistentes con neutrofilia y elevacidn de reactantes
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de fase aguda. En el periodo neonatal en presencia de cardiopatias congénitas con
alteraciones morfoldgicas, la hipocalcemia es un hallazgo importante.

Desde el punto de vista de imagenes, evidencia de varios episodios de neumonia (2 al afio)
o neumonia severa y complicada con empiemas (minimo una al afic), demostracion de
bronquiectasias, presencia de mastoiditis cronica, colecciones o abscesos en tdrax,
abdomen, SNC o del sistema musculoesquelético, ausencia de timo en el periodo neonatal,
ausencia de bazo, etc.

Referencias

1. Alvarez M|, Olmos CE, Luengas M. Infeccidn recurrenie y sospecha de
inmunodeficiencias primarias. En: Pediatria al dia. Sociedad Colombiana de
Pediatria SCP. Panamericana Formas e Impresos SA. 2017; pp.

2. Olmos CE, Suérez MA, Gémez C. Reconociendo inmunodeficiencias primarias: Mas
alla de las sefales tradicionales. PRECOP 2015; 14: 20-31.

3. Tabares-Costa-Tavares V, et al. Attending to warning signs of primary
immunodeficiency diseases across the range of clinical practice. J Clin Immunol
2014; 34: 10-22.

4. Olmos CE, lozano M, Quijano C. Infecciones recurrentes y sospecha de
inmunodeficiencias primarias. PRECOP 2012; 11: 5-15

8. ;Los examenes, valoraciones e imagenes tomadas al paciente en cada
oportunidad que fue visto en la FSB fueron indicadas, pertinentes y coherentes en
cada motivo de consulta?

Respuesta: De acuerdo con las descripciones de las historias clinicas de urgencias de la
FSB, los estudios de laboratorios € imagenes fueron pertinentes para las consuitas
especificas.

9. ¢Las indicaciones de egreso, prescripciones y ordenes de seguimientos por
consulta externa con las diferentes especialidades fueron consistentes con diversos
motivos de consulta y evolucion de su estado clinico?

Respuesta: Las indicaciones de egreso, prescripciones y ordenes de seguimiento por

consulita externa fueron consistentes en su mayoria con el motivo especifico de consulta
especialmente el seguimiento a pediatria, neuropediatria, ORL.
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10. s Verificados los diferentes hemo-leucogramas realizados al paciente en la FSB
encuentra hallazgos de alteracién inmunoldgica en las diferentes lineas celulares?

Respuesta: No encuentro alteracion ien los hemogramas disponibles que sugieran IDP.

11. ¢ De conformidad con Ila literatura, enuncie cuales son las sefiales de alerta para
sospechar cuadro de IDP en un infante?

Senales: Por muchos afios, desde los afios 1990°s, se utilizaron las 10 sefales de alarma
clésicas de la Jeffrey Modell Foundation. Sin embargo, en la actualidad son de baja
sensibilidad (63%) y especificidad (23%), lo cual indica que el 30% de los pacientes con
IDP confirmadas no tenian ninguna sefal de alarma tradicional para su diagnéstico. Solo si
se combinan las siguientes sefiales: (1) necesidad de uso frecuente de antibidticos
endovenosos, {2) historia familiar positiva para IDP especifica vy (3) faila de medro
combinadas identificarian el 36% de IDP de neutrdfilos y de complemento, 86% de 1DP por
déficit de linfocitos T y menos del 60% de IDP por déficit de anticuerpos que son las [DP
mads frecuentes, lo cual indica la baja sensibilidad de estas sefiales. Esto es debido en gran
parte al aumento del conocimiento y la gran variedad de la expresion clinica de estas
enfermedades. Lo ideal es contar con sefiales mas alla de las tradicionales, personalizadas
y de acuerdo con la expresion clinica principal.

Referencias

1. Alvarez MI, Olmos CE, lLuengas M. Infeccidn recurrente y sospecha de
inmunodeficiencias primarias. En: Pediairia al dia. Sociedad Colombiana de
Pediatria SCP. Panamericana Formas e Impresos SA. 2017; pp.

2. Olmos CE, Sudrez MA, Gémez C. Reconociendo inmunodeficiencias primarias: Mas
alla de las senales tradicionales. PRECOP 2015; 14: 20-31.

3. Tabares-Costa-Tavares V, et al. Attending to warning signs of primary
immunodeficiency diseases across the range of clinical practice. J Clin Immunol
2014; 34: 10-22,

12. ¢ Indique si durante la atencién brindada en la FSB, el paciente presentaba dos o
mas sefales de alerta que hicieran sospechar un cuadro de inmunodeficiencia
primaria?

Respuesta: La frecuencia de las infecciones respiratorias altas y algunas bajas con uso de
terapia antibiética oral para episodios de OMA y éndovenosa en algunos de los episodios
por neumonia pudieron alertar a la evaluacion inicial ambulatoria con un tamizaje hasal y
consideracion de valoracion por inmunologia clinica o infectologia pediatrica, siendo
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importante que se indicara y realizara por parte del pediatra 6 médico de base desde su
servicio. de salud basico en la consulta externa ambulatoria cuando realizaron los
seguimientos de las evaluaciones después de las atenciones en urgencias. También se
podrian haber sugerido dichas valoraciones desde los servicios de urgencias y hospitalarios
y desde cualquiera de las diferentes especialidades o subespecialidades que lo evaluaron
para realizacién ambulatoriamente,

Es importante anotar que la asistencia temprana al jardin debe ser considerado-.coma factor
contribuyente para aumento de infecciones respiratorias virales en nifios con o sin IDP,
pudiendo explicar inicialmente la frecuencia de éstas en el paciente y su interpretacion por
quienes lo atendieron en urgencias.

13. Revisada la historia clinica de la FSB en consonancia con los laboratorios clinicos
practicados y los antecedentes familiares registrados, indiquenos si existe algtn
soporte clinico o paraclinico, ¢signo o sinftoma que hiciera sospechar in cuadro de
IDP?

Respuesta: Como se anotdé en la pregunta anterior, la frecuencia de los episodios
respiratorios y uso de terapia antibiética pueden ser considerados como sefiales de alarma,
aungue la asistencia a jardin infantil podria haberlas favorecido inicialmente. En cuanto a
los paraclinicos, los hemogramas disponibles no muestran alteraciones que sugieran IDP
dada la no evidencia de citopenias de ninguna de las lineas ni reacciones leucemoides y
los estudios de mastoides tampoco mostraron alteraciones gue sugirieran en su momento
compromiso crénico o extensién de las OMA. Los antecedentes familiares de leucemia
mieloide no alertan para estudio de IDP per se;

Lo que mas frecuentemente alerta a IDP en relacion con los antecedentes familiares
incluyen, entre otros, consanguinidad de primer en los padres, historia de 1DP especifica
[Enfermedad granulomatosa Cronica, Agamaglobulinemia de Bruton] en miembros de la

familia, historia de muertes tempranas en familiares cercanos de la familia especiaimente
en el lado materno si son varones, historia de infecciones severas o abscesos que hayan

requerido cirugias o, historia de eczema y sangrado aseciado en familiares cercanos,
historia de malignidad principalmente de linea T como linfomas, leucemias linfoides, cancer
gastrico e historia de enfermedades autoinmunes endocrinologicas 0 hematoldgicas o
reumatolégicas en miembros cercanos de la familia.

Referencias
1. Alvarez Mi, Olmos CE, Luengas M. Infeccidn recurrente y sospecha de

inmunodeficiencias primarias. En: Pediatria al dia. Sociedad Colombiana de
Pediatria SCP. Panamericana Formas e Impresos SA. 2017, vol 2.
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2. Buttle M, Stiehm ER. Approach to the child with recurrent infections. UpToDate Mar
17, 2020

14. Las convulsiones febriles relacionadas con infecciones respiratorias son
indicativas de un cuadro de IDP?

Respuesta: No son consideradas signos de alarma ni indicativas de PID. Si tendria
relevancia si presenta convulsiones secundarias a cuadro de compromiso neurclogico de
etiologia infecciosa directa como meningoencefalitis 0 abcesos cerebrales.

15. ¢Indique si las infecciones virales a repeticion que se resuelven sin dificultad y el
antecedente del papa de leucemia mieloide, indicaban estudiar un cuadro de IDP del
infante?

Respuesta: En el escenario que se presenta de infecciones virales a repeticién que se
resuelven sin dificultad y €l antecedente de leucemia mieloide del papa no son indicativas
de evaluar para IDP. Véanse respuestas anteriores en relacidn con historia familiar de
malignidad.

16. Un cuadro de convulsiones febriles a repeticién hace sospechar en IDP?
Respuesta: No.

17. Qué son, ;cuales son, ;cuando y quién practica las pruebas para establecer un
diagndstico de IDP?

Respuesta: Los estudios o pruebas para establecer un diagnéstico de IDP dependen de la
expresion clinica, sefiales de acuerdo con la edad de inicio (antes o después.de los 6 meses
de edad), el tipo, frecuencia, localizacion, severidad y etiologia de procesos infecciosos,
manifestaciones en diferentes sistemas (gastrointestinales, respiratorios, cutaneos, etc.),
presencia de autoinmunidad, sefiales al examen fisico y sefiales de laboratorio a nivel
hematologico siendo el hemograma (citopenias o leucocitosis persistentes) y el frotis de

sangre periférica esenciales.

Las inmunoglobulinas séricas y el estudio para descartar VIH deben estar en la primera
linea y pueden ser ordenados por el pediatra u otro especialista que conozca regularmente
el paciente con remisién al inmundlogo clinico o en su defecto, al infectdlogo pediatra.
Estudios de imagenes radioldgicas pueden ayudar a evaluar el impacto a nivel respiratorio
alto o bajo o evaluar a nivel abdominal ausencia de bazo 0 aumento de 6rganos linfoides
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(higado, bazo o adenopatias intraabdominales). En algunas situaciones se requiere
estudios para descartar otras condiciones diferentes a IPD como por ejemplo fibrosis
quistica.

Los estudios mas especializados de funcion de anticuerpos, citometria de flujo para
linfocitos T, B, NK con-subpoblaciones o para defectos de fagocitos, complemento sérico
deben ser orientados por especialistas en inmunologia clinica o infectologia pediatrica y
dependeran de las manifestaciones clinicas y paraclinicas. Los estudios genéticos se
orientan de acuerdo con el diagnéstico por estos especialistas y puede requerir el concurso
de genetistas, oncochematologia, neumologia o reumatologia pediatricas, entre otros.

Referencias:

1. Alvarez M|, Olmos CE, luengas M. Infeccién recurrente y sospecha de
inmunodeficiencias primarias. En; Pediatria al dia. Sociedad Colombiana de
Pediatria SCP. Panamericana Formas e Impresos SA. 2017; pp.

2. Buttle M, Stiehm ER. Approach to the child with recurrent infections. UpToDate Mar
17, 2020

19. ;En qué fecha de atencién se registra por primera vez que el paciente hubiese
sufrido una encefalopatia hipéxica?

Respuesta: De acuerdo con el documento disponible parece ser después del evento
atendido el 21/11/2014 en la Clinica Marly con descripcion de estatus convulsivo que
requirié trasladado a la UCIP del Instituio Roosevelt, en donde permanecid hasta el
26/1272014. Sin embargo, es importante tener en cuenta que el paciente tenia estudios
previos de TAC cerebral y al parecer se le realizé RNM cerebral constrastada en el Insituto
Rooselvet cuyo reporie definitivo no se encuentra claramente descrito en la informacién
disponible para inferior conclusiones.

20. ; Cuales fueron las circunstancias y razones registradas con relacion a ese tema?

Respuesta Es muy dificil emitir un juicio de manera retrospectiva, pero de acuerdo con la
descripcion de los eventos en el folio del demandante, el paciente presentd a los 3 afios de
edad depresion respiratoria con necesidad de intubacion y asistencia ventilatoria que
coincidid con infeccion respiratoria viral por adenovirus + VSR y sospecha de coinfeccion
bacteriana. Tampoco se puede afirmar con certeza que los efectos fueran debidos terapia
benzodiazepinica utilizada para lograr el control del estatus convulsivo en un paciente con
crisis febriles complejas frecuentes. Adicionalmente con fa informacion disponible; no es
posible descartar compromiso viral a nivel cerebral que fuese responsable de la condicion
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neuroldgica complicada si el paciente tuviese una IDP no sospechada en ese momento.
Considero que este concepto debe ser evaluado con el neurdlogo pediatra.

21. ¢ Ocurrié durante una atencion brindada en la FSB?

Respuesta: No se encuentra referencia descrita de encefalopatia hipdxica en ninguna de
las atenciones por urgencias en FSB.

22. Se afirma en la demanda que “la FSB incurrié en una omisién al no haber
profundizado en una sospecha clinica de una IDP en el menor debido al antecedente
de una enfermedad neoplasica de su padre”?

Respuesta: Esta afirmacién no es correcta en relacion con el tipo de leucemia del padre
exclusivamente. El soporte ya esta explicado anteriormente en la pregunta relacionada con
la historia familiar de malignidad.

Referencias
1. Mayor PC, et al. Cancer in primary immunodeficiency diseases: cancer incidence in
the US Immune Deficiency Network Registry. JACI 2018; 141: 1028-35
2. Haas O. Primary immunaodeficiency and cancer predisposition revisited: Embedding
two closely related concepts into & integrative conceptual framework. Frontiers in
Immunol 2019; 2018: 9: 31-36,

23. ;Qué opinidn le merece esta deduccién?

Respuesta: Considero que es una deduccion que no es razonable ni fundamentada desde
el punto de vista del conocimiento cientifico actual de [as IDP cuando se hace referencia
exclusivamente al antecedente de la neoplasia del padre. uando las leucemias tienen fondo
heredofamiliar, deben ser los oncélogos quienes ecomienden consejeria genética y aporten
las recomendaciones necesarias al paciente afectado.

24. ;Qué soporte y nivel de confianza segtin la evidencia cientifica existente en el
momento de los hechos, se puede atribuir al examen pericial presentado por la parte
demandante?

Respuesta: Los argumentos que pueden apoyar el diagnostico de IDP no se soportan
cientificamente basandose en las crisis convulsivas febriles ni en la historia de leucemia
mieloide del padre.

Es importante aclarar que ell papel de los médicos de urgencias es resolver la situacién y
recomendar seguimientos. Es ademas muy importante recalcar el papel del pediatra o
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médico habitual del paciente en la consulta externa, quien debe integrar la. informacion
clinica del paciente y definir la necesidad de evaluaciones adicionales. L.os estudios para
IDP,. con excepcion del hemograma que se realizé y no evidencié signos de alarma, no se
realizan en situaciones de emergencia aunque se puede sugerir para realizacion
ambulatoria.

En mi concepto, no se presenta un soporte robusto y definitivo desde el punto de vista del
conacimiento actual de las 1DP.

25. ; Existe evidencia que soporte las afirmaciones y conclusiones de la pericia?

Respuesta: En relaciéon a mi pericia, soy profesional médico con mas de 15 afios de
experiencia como inmundlogo clinico 'y alergdlogo; realicé desde entrenamiento en la
Universidad de Tulane en los Estados Unidos, soy certificado por el Comité Americano de
Alergia e Inmunoclogia (American Board of Allergy and Immunology), soy docente de la
residencia de Pediatria de la Universidad del Rosario, de residentes de segunda
especialidad de la Universidad El Bosque y fui docente de los residentes de ORL del
Hospital Militar hasta el 2019. Me he dedicado al campo de las IDP en la practica clinica
desde el 2004 en Colombia. He sido organizador y conferencista en eventos o simposios
en IDP en mi pais y en congresos internacionales, soy parte del Nodo de IDP CAYRE-
Fundacién Cardio Infantil, conferencista en el area de IDP y formo parte del comité
organizador de las reuniones mensuales en IDP que se realizan en la FCI desde hace mas
de 10 afios. He escrito con varios colaboradores articulos en IDP en el PRECOP, la
publicacion de educacién médica continua de la Sociedad Colombiana de Pediatria, coautor
del capitulo de Infeccidén recurrente y sospecha de inmunodeficiencias primarias en el libro
Pediatria al dia de la Sociedad Colombiana de Pediatria SCP y Panamericana Formas e
Impresos SA del 2017 y hice parte del grupo de la guia colombiana del uso de
inmunoglobulina endovenosa en el 2017

V. Fundamento del Estudio
Sustentan las respuestas a este cuestionario las siguientes referencias bibliograficas:

1) Ballow M. Approach to the patient with recurrent infection. In: Middieton’s Allergy:
Principles and Practices. ELSEVIER Inc. Vol 2. 9" edition. 2020; pp: 1111-1122.

2) Alvarez M|, Olmos CE, Luengas M. Infeccién recurrente y sospecha de
inmunocdeficiencias primarias. In: Pediatria al dia. Sociedad Colombiana de Pediatria
SCP. Panamericana Formas e Impresos SA. 2017; pp.
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Mayor PC, et al. Cancer in primary immunodeficiency diseases: cancer incidence in the
US immune Deficiency Network Registry. JACI 2018; 141: 1028-35

Haas O. Primary immunodeficiency and cancer predisposition revisited: Embedding two
closely related concepts into a integrative conceptual framework. Frontiers in Immunol
2019; 2018: 9: 31-36.

Annamalay A, Le Souéf P. Viral-bacterial interactions in childhood respiratory tract
infections. IN: Viral infections in children. Vol 1. R.D. Green (ed.). Springer International
Publishing AG 2017.

Olmos CE, Suarez MA, Gémez C. Reconociendo inmunodeficiencias primarias: Mas
alla de las sefales tradicionales. PECOP 2015; 14: 20-31.

Tabares-Costa-Tavares V, et al. Atftending to warning signs of primary
immunodeficiency diseases across the range of clinical practice. J Clin Immunol 2014;
34: 10-22.

Clmos CE, Lozano M, Quijanc C. Infecciones recurrentes y sospecha de
inmunodeficiencias primarias. PRECOP 2012; 11: 5-15

VI. Anexos

De conformidad con el numeral 3 del Articulo 226 del CGP, acompario al informe pericial
los siguientes anexos que certifican la respectiva formacidn académica y técnica para rendir
la experticia:

El anterior informe fue elaborado por

3

DO AW

Curriculum de CARLOS EDUARDO OLMOS O. (1 folio)

Copia de la cedula de ciudadania de CARLOS EDUARDO OLMOS Q. (1 folio)
Copia de la Tarjeta Médica (2 folios) '

Copia de acta de grado N° _23S  Titulo Médico Cirujano (1 folio) _
Copia de acta de grado N° 20059~ A Titulo Especialista en PEDIATRIA 1 folio)
Copia de acta de grado N° 3493  Titulo subespecialista en ALERGIA E
INMUNOLOGIA CLINICA (1 folio) Convalidacién Titulo

Copia de bibliografia

~

Cédula de Ciudadania:

09251 de Carozal, Sucre

Nombre completo; CAR[\%‘OS EDUARDQOLMOS OLMOS
3

Registro médico:

* Ef dictamen debe ir firmado con firma autdgrafa por quien lo emite
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Clinica. Tulane University Health Sciences Center, New Orleans, LA, USA
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LICENCIAS PROFESSIONALES & CERTIFICACIONES

2010-Fecha

2004-Fecha

2003
2001-2005
2004- Fecha
2003- Fecha.
1997- Fecha
1985- Fecha

« Certificacion en Inmunologia Clinica v Alergia, AAAAI [Comiié, Academia

Americana de Asma, Alergia e Inmunologia- AAP Academia Americana de
Pediatria] : Diplomado _
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Ministerio de Educacion Nacional de Colombia

Certificacion en Pediatria American Board of Pediatrics AAP; dDplomado
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9309251: Secretaria Distrital de Salud de'Bogota

FAAP [Fellow, Academia Americana de Pediatria}: Certificacion en Pediatria
0-370-300-6: ECFMG [Certificado de validez indefinida)

9024: Ministerio de Salud de Colombia- Licencia Permanente

AREAS DE INTERES

Educacion médica, MBE, profesionalizacion del alergdlogo colombiano
Salud ambiental, asma y condiciones alérgicas en adultos 'y nifios
Inmunodeficiencias primarias

(astroenteropatia eosinofilica y alergia alimentaria

Autoinmunidad.

Terapias biologicas

Dermatitis atdpica severa refractaria

Dermatitis de contacto y Pruebas de parche

EXPERIENCIA EN INVESTIGACION

Feb..2009-2016

En 2009-2016

Feb. 20092014

Jul- Nov 2003

Co-investigador, Universidad del Norte, Universidad Nacional de Colombia.
Area/ Temdtica: Polimorfismos genéticos de nefritis liipica en Colombia.

Proyecto Colciencias 2014,

Co-investigador, Asociacion Colombiana de Reumatologia Pedidtrica.
Area de Investigacion Clinica: Prevalencia de lag Enfermedades Reumdticas en
nifios en Colombia

(}‘o—investigador, Universidad del Norte, Universidad Nacional de Colombia,
Areca/ Tematica: genética dc la artritis juvenil en Colombia, Colciencias 2014

Instructor en Investigacidn Clinica, Tulage University Health Sciences
Center, New Orleans, LA, USA
Area: Programa educacional en salud ambiental en Pediatria
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En 1997~ 1998
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Co-investigador, Tulanc University Health Sciences Center, Seccion de
Alergia e Tnmunologia Clinica, New Orleans, LA, USA

Area: Estudios clinicos en alergia e inmunologia: “Effccts of fragrances
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sinusitis”, *“Corn allergy”

Coordinador Clinico, “Margo Morgan Research Center”, New Orleans, LA
Area: Estudios Clinicos en Diabetes e Hiperténsién

Research Fellow, Tulane University Health Sciences Center, Section of

Allergy and Clinical Immunolagy..

Mentores: Héctor Ortega, MD, PhD, Manuel Lopez, MD
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Alergia, Inmunologia Adultes & Niiios, Reumatologia Pediitrica, Jefe de
Area. Fundacion Cardio-Infantil IC. Bogot, D.C. Colombia.

Residente 1, 2, 3. Departamento de Pediatria, Tulane University Health
Sciences Center. New Orleans, LA, USA

Fellow, Alergia e Imunologia Clinica, Reumatologia Pediftrica. Tulanc
University Health Sciences Center, New Orleans, LA., USA

Pediatra Genéral - Instiructor.

Colegio Mayor Nuestra Sefiora def Rosario-Facultad de Medicina
Hospital Universitatio de “San José”. Departamento de Pediatria
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Docente, Residencia de ORL Universidad Militar

Doceate. Departamento de Postgrades. Programa de Especializacion de
Infectologia Pedidtrica. Universidad El Bosque
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Dacente, Departamento de Pediatria. Colegio Mayor de Nuestra Sefiora del
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Docente, Departamento de Pediatria. Colegio Mayor de Nuestra Sefiora del
Rosario & FCI IC. Experiencia docente en Alergia, Inmunologia &
Reumatologia Pediitrica a estudiantes, internos & residentes: de Pediatria
(rotacion oficial),

Docente, Departamento de Pediatria, Pontificia Universidad Javeriana & FCI
IC.  Experiencia docente en pediatria general, Alergia, Inmunologia &
Reumatologia Pediatrica a estudiantes, intermos & residentes de Pediatria
(rotacion oficial)

Residencia de Pediatria (USA). Tulane & Ochsner Residency Progran, New
Otleans, LA, USA. Experiencia docente en pediatria general, alergia,
inmunologia y reumatologia con estudiantes de- 1-4o afio, residentes y docentes
del programa durante las rotaciones clinicas y actividades académicas,

Research & Clinical Fellowship en Alergia, Inmunologia, Reumatologia.
Tulane University HSC, New Orleans, LA, USA. Docencia cn los aspeclos
clinicos de la alergia, inmunologia y reumatologia a estudiantes de 3-4o afio y a
residentes de pediatria 'y medicina interna  durante practicas clinicas
ambulatorias y. hospitalarias y actividades académicas semanales (club de
revistas, discusién de casos especiales, interconsultas, etc.),

Pediatria General- Instructor, Colegio Mayor Nuestra Sefiora del Rosario.

Facultad de Medicina. Hospital Universitario de “San José™, departamento de
Pediatria, Bogotd, DC. Colombia
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HONORES Y RECONOCIMENTOS

2010-Fecha Certificacion en Inmunologia Clinica y Alergia, AAAAI [Comité, Academia
Americana de Asma, Alergia e Inmunologia- AAP Academia Americana de
Pediatria} : Diplomate

2013 Certificacion en Pediatria [Comité, AAP Academia Americana de Pediatria) ;
Diplomate

2009 Mejor trabaje en presentacion de poster. Congreso Colombiano de
Reumatologia Pediatrica. Bogoti, DC. Agosto 16, 2009

2003 2003 “Outstanding Trainee Award”: En reconocimiento al trabajo meritorio a
joven investigador Médico. American Federation for Medical Research
Southern Section. New Orleans, LA. Feb 2003,

2001 Reconocimiento de la Prensa durante la conferencia anual de la Academia
Americana de Alergia ¢ Inmunologia (AAAAI) Trabajo: “New Orleans
Vignette anaphylaxis™.

1989 Reconecimiento 'y Diploma como profesor. Facultad de Medicina del Colegio
Mayor N. Sefiora del Rosario. Bogotd, DC. Colombia

SOCIEDADES PROFESIONALES

2004-Fecha Sociedad Colombiana de Alergia e Inmunologia, Micmbro activo

2004-Fecha Sociedad Colombiana de Reumatelogia, Miembro activo

2004-Fecha Sociedad Colombiana de Pediatria, Miembro activo

2002-.2010 AAP Environmental Health Nexus, Miembro-Fellow

2000-2010 Academia Americana de Pediatria, Miembro

1999-2010 Southern Research Medical Society, Miembro

1998-2010 Louisiana State Medical Saciety, Miembro 124156

1997-2010 Hispano American Medical Association of Louisiana (HAMAL), Miembro

1997-Fccha Colegio Americano de Alergia, Asma e Inmunologia (ACAAI, Miembro

EXPERIENCIA EN SERVICIOS Y COMITES

2009 (Sept.)- Fecha
2009 (Feb)-2011
2004 (Jul)- 2010
2004 -2005

2004 (Junio-Agosto)
2005 (Enero)- Fecha
2005-03-05

2005

Grupo de Inmunodeficiencias Primarias. Nodo Bogota FCI/ CAYRE
Sociedad Colombiana de Pediatria, Capitulo Central, Vocal

Comité de Farmacia & Farmacovigilancia, Fundacién Cardioinfantil 1C,
Comité organizador Congreso Colombiano de Pediatria 2005, Secciones
Pediatria ambiental, alergia e Inmunologia pediatrica

Agesor Comité de Vacunas Secretaria Salud de Bogota, D.C.

Comité organizador Congreso Colombiano de Reumatologia Pediatrica 2005
Asesor Grupo de Padres con nifios autistas

Comité desarrolio.de Guias Reumatologia Pediatrica; Uso de anti-TNF en
Pediatria
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CAPITULOS DE LIBROS

10.

Alvarez-Olmos Mi, Olmos Qlmos CE, Luengas M, Infeccion recurrentc en Pediatria y sospecha
de inmunodeficiencias primarias. En: Libro de la Sociedad Colombiana de Pediatria. Editorial
Médica Panamericana [2017]. Vol. 2.

Olmos CE. Enfoque de Ias enfermedades reumatolégicas en pediatria. Publicado libro Pediatra

Eficiente (2012)

Olmos CE. Inmunoglobulina E e inflamacién alérgica. En edicion: Libro de Alergia, Editores:
Cardona-Serrano (2010)

Olmos CE. Estrategias Nutricionales en la prevencién de alergias. En edicién: Libro de Alergia,
Editores: Cardona-Serrano {2010}

Alvarez-Olimios M1, Olmos CE. Resfriado comiin, resfriado comiin vy asma. INFECTION Y
ALERGIA RESPIRATORIA EN El NINO. Reyes, Leal y Aristizabal (Eds). 5a Edicion, 2006;
Capitalo 24., p.p. 153.

Olmos C. La marcha atépica. En: Texio de dermatologia: 25 afios Sociedad de Cimmgia de Bogota
Hospital de San José. Editor: Edgar Olmos Olmos. Primera Edicién. Fundacién Cultural Javeriana
de Artes Graficas. Paginas 213-16; 2006.

Alvarez-Olmos MI, Olmos CE. Resfriade comiin, resfriado comin y asma. EN: INFECCION Y
ALERGIA RESPIRATORIA EN EL NINO. Reyes, Leal y Aristizabal (Eds). 5* Edicion, 2006
p.p.153.

Lopec M, Olmos CE. Asma ocupacional. En: ASMA BRONQUIAL. De Zubiria. 1* Edicion, 2003
Lépez M, QOlmos CE: Neumonitis por hipersensibilidad. En: INFECCION Y ALERGIA
RESPIRATORIA EN Ei NINO. Reyes, Leal y Aristizabal (Eds.); 4th Edicion 2001, pp.432-439
Lépez M, Olmos CE: Neumonitis por hipersensibilidad. En: INFECCION Y ALERGIA
RESPIRATORIA EN E1 NINO. Reyes, Leal y Aristizabal (Eds.). 3% Edici6n, 1998, pp. 401-8

PUBLICACIONES/ JOURNALS

Olivares MM; Alvarez-Olmos MI, Qlmos CE et al. Guias Colombiana de Practica Clinica para
uso de inmuneoglobulinas en tratamiente de reposicién e inmunomodulacion. Revisia Alergia de
Meéxico. 2017 Val 64 Suppl.2: 55-553.

Oimos CE..Gomez C. Enfoque holistico del paciente con alergia. : ;qué hay de nuevo?. Revisia
Programa de Educacion comtinuada en Pediatria: Precop (2015, Volumen 14 Niunero 2, Ago).
Sociedad Colombiana de Pediatria

Olmos CE. Reconociendo Inmunodeficiencias Primarias Mas Alld De Las Seiiales De Alarma
Tradicionales. Revista Programa de Educacion continuada en Pediatria: Precop (2015 Volumen 14
Nitmero 2, Ago Ago). Sociedad Colombiana de Pediatria

Olmos CE. Actualizacién en alergia al huevo y vacunas. Mitos y realidades Revista Programa de
Educacion continuada en Pediatria: Precop (2015, Volumen [4 Numero 2, Ago). Sociedad
Colombiana de Pediatria
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Olmos CE. Actualizacién en Vacunas y Alergia. Revista Programa de Educacion continuada en
Pediatria: Precop (2015, Volumen 14 Numero 2, Ago). Sociedad Colombiana de Pediatria

Olmos CE. Vacunas y Autoinmunidad. Revista Programa de Educacion continuada en Pediatria:
Precop (2015, Volumen 14 Numero 2, Ago). Sociedad Colombiana de Pediatria

Olmos CE. Fiebre periédica. Revista Programa de Educacion continuada en Pediatria: Precop
(2011, Nov). ASCOFAME, Sociedad Colombiana de Pediatria

Olmos CE. Lactancia Materna y Desarrollo de alergias. Revista Programa de Educacion
continuada en Pediatria: Precop (2008, Nov). ASCOFAME, Sociedad Colombiana de Pediatria
Olmos CE., Duran MJ. Dieta Complementaria y Desarrollo de Alergias. Revista Programa de
Educacion continuada en Pediatria: Precop (2008, Nov). ASCOFAME, Sociedad Colombiana de
Pediatria

. Olmos CE. Alergia al huevo y a vacunas. Revista Programa de Educacion continuada en

Pediatria: Precop (2008, Nov). ASCOFAME., Sociedad Colombiana de Pediatria

. Olmos CE, Quevedo X, Esquivel G. Esofagitis Eosinofilica. Revista Programa de Educacion

continuada en Pediatria: Precop (2008, Abril). ASCOFAME, Sociedad Colombiana de Pediatria
Olmos CE, Caballero M. Enfermedades autoinmunes en Pediatria. Revista Programa de
Educacion continuada en Pediatria: Precop (2008, Abril). ASCOFAME, Sociedad Colombiana de
Pediatria

Olmos CE. Marcha atépica. Revista Programa de Educacion continuada en Pediatria: Precop
(Mayo-Junio, 2007). ASCOFAME, Sociedad Colombiana de Pediatria

Olmos CE. Asma Pedidtrica: Qué hay de Nuevo?. Revista Programa de Educacion continuada
en Pediatria: Precop (Mayo-Junio, 2007). ASCOFAME, Sociedad Colombiana de Pediatria

Olmos CE. Alergia a la Proteina a la leche de vaca. Revista Programa de Educacion continuada
en Pediatria: Precop (Mayo-Junio, 2007). ASCOFAME, Sociedad Colombiana de Pediatria
Alvarez-Olmos MI, Olmos CE. Probidticos. Revista Programa de Educacion continuada en
Pediatria: Precop (Mayo-Junio, 2007). ASCOFAME, Sociedad Colombiana de Pediatria.
Alvarez-Olmos MI, Olmos CE. La ontogenia del sistema inmune y su importancia para el
pediatra. Revista Programa de Educacion continuada en Pediatria: Precop (Mayo-Junio, 2007).
ASCOFAME, Sociedad Colombiana de Pediatria.

Olmos CE, Alvarez-Olmos MI. Enfermedad alérgica e infeccién recurrente. Revista Programa
de Educacion continuada en Pediatria: Precop (Mayo-Junio, 2007). ASCOFAME, Sociedad
Colombiana de Pediatria.

Olmos CE. Alvarez-Olmos MI. Inmunonutrientes e infeccion recurrente, Revista Programa de
Educacion continuada en Pediatria: Precop (Mayo-Junio, 2007). ASCOFAME, Socicdad
Colombiana de Pediatria.

Lopez M, Olmos CE. Indoor air pollution and Asthma (Spanish). Inter-American College of
Physicians & Surgeons 1998; 17 (4): 183-7.

Alvarez M1, Olmos CE. Vacuna de Varicela ¢ Inmunodeficiencias Primarias. Boletin- LAGID:
Latin-American Group of Inmunodeficiencies 1998; 2™ issue (www.lagid.com).

Alvarez MI, Olmos CE. Peste Bubénica:”Un enigma filogenético™. Pediatria: Revista de la
Sociedad Colombiana de Pediatria 1995; 3: 138-44.
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ABSTRACTS/ POSTERS

10.

Ii.

12,

i3.

Alvarez-Olmos M, Medina D, Olmos CE. et al. Gemelos idénticos con FEnfermedad
Granulomatosa Créniea ligada a X debutando con celitis de comienzo temprane simulando
calitis alérgica. Dia de la Investigacion 2018 [Nov]. Fundacion Cardio Infantil [Pester 102]
Hernandez Zapata LI, Veldzquez Méndez M, Eraso Garnica R, Alvarez-Olmos M, Guarnizo Zucardi
P, Olmos CE, Rivera C, Bautista A and Franco JI. [Oct 13, 2015], Autoinflammatory Diseases In
Five Colombian Patients: Clinical Spectrum and Diagnestic Challenge. Front. Immunol.
Conference Abstract: IMMUNOCOLOMBIA 2015 - 1lth Congress of the Latin American
Association of Immunology - 100. Congreso de la Asociacion Colombiana de Alergia, Asma e
Inmunologia. doi: 10.3389/conf. fimmu.2015.05.00034 [Published On-line Sepi 2015]

Qlmos Carlos E'; Gémez Catalina. Quality of life impairment in 20 patients with Hereditary
Angicedema in Cayre IPS, Bogota,Colombia. [Poster P0125]. TLASID 2015. Argeniina,
Noviembre 18-21, 2015

Olmos Carlos E'; Gomez Catalina. Cemmon Variable Immunedeficiency and autoimmunity in
two teenagers brothers in Cayre TPS, Bogota,Colembia. [Poster P070]. LASID 20135. Argentina,
Noviembre 18-21, 2015

Olivares Margarita; Farfan Rosa; QOlmos Carlos E!; Gémez Catalina. Report of Colombian registry
for Hereditary Angiocedema[Poster P0120}. LASID 2015. Argentina, Noviembre 18-21, 2015
Beltran Juliana; Qlmos Carles E'; Gomez Catalina. Recidivant Acute generalized exanthematous
pustulosis (AGEP) induced by macirolide in a pediatric patient. Case report. [Poster].
Iinmunocolombia. Medellin Octubre 13-17, 2013

Beltran Juliana; Olmos_Carlos E'; Gomez Catalina. Refractery urticaria, bradycardia and
contact eczema in patient with nickel hypersensitivity. after atrial septal defect occluder
implantation. A case report, {Pester]. Inmunccolonibia. Medellin Octubre 13-17, 2015

Olmos Carlos E'; Gémez Catalina; Quality of life impairment in 7 patients with Hereditary
Angioedema in Cayre IPS, Bogota, Colombia. [Poster]. Inmunocolombia. Medellin Octubre 13-
17, 2015

Olmos Carlos E'; Gémez Catalina. Common Variablée Immunodeficiency and autoimmunity in
two teenagers brothers in Cayre IPS, Bogota, Colombia. [Poster P070]. Inmunocolombia,
Medellin Octubre 13-17, 2015

Olmos Carlos E!; Patifio Jaime”; Garcés Sandra®; Alvarez-Olmos Marttha 1. Agamaglobulinemia
de Bruton: Experiencia en institucion de Cuarto Nivel en Colombia. {Pester]. Plenum Pedidtrico
Capitulo Central, Bogota, DC. Noviembre 19, 2011

Olmos Carlos E'; Patifio Jaime®; Garcés Sandra’; Alvarez-Olmos Martha . Agamaglebulinemia
de Brutén; Experiencia en instifucién de Cuarto Nivel en Colombia. [Poster 51]. 9° Dia de ia
Investigacién FUNDACION CARDIONFANTIL IC. Bogotd, DC. Noviembre 11, 2011

Olmos CO, Olmos-Alvarez MI. Auteimmune Lymphoproliferative Syndrome associated to
combined immunodeficiency, recurrent macrophage activation syndrome and T-cell skin and
lung lymphoma: A pediatric case. [Poster, Abstract]. First Meeting of the Latin American Society
of Primary Immunodeficiencies. Cartagena, Colombia; October 15-19, 2009

Alvarez-Olmos MI, Olmos CE. Chronic Granulematous Discases: Two cases. [Poster, Abstract].
First Meeting of the Latin Amecrican Society of Primary Immunodeficiencies. Cartagena, Colombia;
Ociober 15-19, 2009
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Olmos CE, Lopez S, Malagon C. ARTRITIS IDIOPATICA JUVENIL REFRACTARIA [AlLJ]:
EXPERIENCIA CON RITUXIMAB, Congreso Colombiano de Reurnatologia Pediatrica; Bogota;
Agosto 13-16; 2009 (Poster)

Olmos CE. Gutiérrez 1, Camargo E, Gasiclbondo R, Gonzilez L., Malagén C. NEFRITIS LUPICA
JUVENIL REFRACTARIA TRATADA CON RITUXIMAB. Congreso Colombiano de
Reumatologia Pedidtrica; Bogota; Agosto 13-16; 2009 (Poster- Ganador 2009)

Olmos Q. C; Gonzalez CL; Garcés S; Munier J; Salazar AM; Alvarez-Olmos MI. Sindrome
Linfoproliferativo Auteinmune JSLPAI] Asociado a Inmunodeficiencia Mixta, Sindrome de

Activacién Macrofigica Recurrente, Linfoma T Cutineo y Pulmonar: A Propésite de un Caso
Pediatrico. Congreso Colombiano de Reumatologia Pedidtrica; Bogotd; Agosto 13-16; 2009
Alvarez-Guevara A; Olings Olmos CE; Alvarcz-Lariafiaga M1, Tuberculosis pleuro-pulmonar
en adolescente con Enfermedad de Takayasu en terapia biolégica con inhibidor de
Factor de Necrosis Tumoral alfa. Congreso de la Sociedad Latinoamericano de
Infectologia Pediatrica (SLIPE). Guayaquil, Ecuador; Agosto 12-15, 2009

Qlmos O CE; P. Durdn; AM Salazar. Peliauteinmunidad en Pediatria, 111 Congreso Colombiano
de Reumatologia Pediatrica, Medellin, Agosto 2007 (Poster)

Olmos O CE, Pérez JM, Bernal I. Arteritis de Takayasu en Pediatria: A praposite de un caso. [Tl
Congreso Colombiano de Reumatologia Pediatrica. Medellin, Agosto 2007 (Poster).

Alvarez-Olmos MI, Ospina N¥, Gastelbondo R, Stapper C, Olmos CE. Fiebre prolongada,
pseudo-sindrome nefrético y -aneurismas coronarios en lactante menor con enfermedad de
Kawasaki incompleta. [Abstracto & Postér]. 24° Congreso Colombiano de Pediatria. Sociedad
Colombiana de Pediatria. Cartagena, Junio 2005.

Oilmos_CE, Lagarde DD, Haque S. Characterization of Eosinophilic Esophagitis in South
Louisiana. ABSTRACT & POSTER presentation, ACAAI, Nov 2003, New Orleans, LA.

Olmos CE, Lagarde DD, Haque S. Eosinephilic Esophagitis in children in Southeast Louisiana.
ABSTRACT & POSTER presentation, ACAAL Nov 2003. New Orleans, LA.

Tanaka L, Olmos C, et al. Com allergy: The first double-blind placebo-controlled food challenge
(DBPC). ABSTRACT & POSTER presentation, AAAAIL New Orleans. Mar 2001. Abstract in: J All
Clin Immunol 2001; 107(2): 8189 [#630].

Olmos CE, El-Dahr J, et al. New Orleans beignet anaphylaxis ABSTRACT & POSTER
presentation, AAAATI Meeting. New Orleans, Mar 2001, Abstract in: J 4l Clin Immunol 2001;
107(2): S268 [#878).

M. Arcecery, C,_Olmos, L. Wild. Sulfasalazin¢ hypersensitivity syndrome presenting as pseudo
lymphoma. ACAAI Annual Meeting. Scattle, Nov 3-8, 2000. ABSTRACT & POSTER P40.
Abstract in: dnn Allergy, Asthma Inmunol 2000;

C.E. Olmos, M. Silio, M.1. Alvarez-Olmos, J.El-Dahr. HIV-1 Negative child with MAC infection,
Interferom-y Defect and Specific Antibedy Deficiency. ABSTRACT & POSTER Presentation. P-
124, 2000 ACAAI Annual Meeting, Seattle, Nov 3-8, 2000.

Alvarez-Olmos MI, Olmos_CE, El-Dahr J, Silio M. Child with Interferon Gamra Defect and
Specific Antibody deficiency. ABSTRACT & POSTER Presentation, 38" IDSA Meeting 2000,
Sept 8-9. New Orleans, LA, USA.
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Olmos CE, Homer WE, Lopez M. Ajrberne fungal spore count in South Louisiana. ABSTRACT
& POSTER, Southern Rescarch Medical Socicty, New Orleans, LA, Feb 2000. Abstract in: Allergy
Proc. 2000;

Olmos CE, Lopez M, et al. Mite allergen is not limited to the bedroom. ABSTRACT & POSTER
presentation. ACAAIL San Diego, CA, Nov 1999. Abstract in: Aun Allergy, Asthma Inmmunol 2000,
Olmos CE, Lépez M, ¢t al. Cockroach allergen load in warm humid climate. ABSTRACT &
POSTER presentation, ACAAI, Washington, DC. Abstract in: Ann Allergy, Asthma Immunol 1999;
82(1) 16

EDUCACION MEDICA CONTINUADA (CME/USA)

10.
11.
“12.
13.
14,
15.

Amcman College of Allergy, Asthma, Immunology ACAAL . Annual Mceting.2000. Seattle, Nov 3-
8, 2000.

American Academy of Allergy, Asthma and Immunology AAAAL 57" Annual Mceting. New.
Orleans, LA 2001.

American Academy of Allergy, Asthma and Immunology AAAAI 58" Annual Meeting. New York.
Mar 1-6, 2002.

American College of Allergy, Asthma and Immunology, Annual Meeting, San Antonio, TX, Nov
2002,

American Academy of Pediatrics. Annual Meeting. New Orledns, LA, USA. Nov 1-5, 2003.
American College of Allergy, Asthma and Immunology, Annual Meeting 2003, New Orleans, LA,
Nov 6-11, 2003.

American Academy of Allergy, Asthma and Immunology AAAAI 60" Annual Meeting. San
Antonio, Mar 2-8, 2005.

240 Congreso Colombiano de Pediatria, Cartagena, Junio 2005.

Primer Congreso Colombia de Reumatologia Pediatria. Bogota, DC. Agosto 2005

Congreso Colombiano de Alergia, Asma e Inmunologia, Bogota, D.C.. Agosto 2005

Congreso Internacional de Infectologia e inmunizaciones. Miami, Florida. Octubre 2005

American College of Reumatology. San Diego, california, USA. Noviembre 2005,

American College of Allergy, Asthma and Immunology, Annual Meeting 2006

American College of Allergy, Asthma and Immunelogy, Annual Meeting 2007

Amcrican Academy of Allergy, Asthma and Immunology AAAAI 90™ Annual Meeting.
Philadelphia, VA, USA, Mar 14-17, 2008.

. European Meeting of Pediatric Rhcumatology, London, UK, September 2008.

. European Mceting of Rheumatology, Copenhagen, Denmark, July 2009

. American College of Allergy, Asthma and Immunology, Annual Meeting 2010

. EULAR: European League against Rheumatism. Roma, Italia; Junio 16-19, 2010

. American College of Rheumatology, USA. Noviembre 2010

. American Academy of Allergy, Asthma and Immunology AAAAIL 67" Annual Meeting; San

Francisco, CA; Mar 18-22, 2011,

. Latin American society of Primary Immunodeficiencies Meeting. Sept 201 1; México.
: American Academy of Allergy, Asthma and Immunology AAAAT 68‘h Annual Meeting; San

Francisco, CA; Mar 18-22, 2012,
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EULAR Meeting. Jun 2012. Berlin
Congceso Latinoamericano de Alergia, Asma ¢ Inmunoclogia, Octubie 2012. Cartagena.

Patch Test Workshop. U Louisville. Nov 2012 y 2013; Phoenix, Arizona

Latin Ametican society of Primary Immunodeficiencies Meeting. Oct 2013; Chile.

American Academy of Allergy, Asthma and Immunology AAAAI 69™ Annual Meeting; Orlando,
FL, 2013.

American Academy of Allergy, Asthma and Immunology AAAAI 70" Annual Meeting, 2014.
American Academy of Allergy, Asthma and Immunology AAAAT 68" Annual Meeting; San
Francisco, CA; 2015.

Congreso Europeo deAlergia, Asma, Inmunologia. Junio 2015, Barcelona.

X Congreso Asociacién Colombiana de Alergia, Asma e Inmunologia. Medellin, Sept 2015

Latin American socicty of Primary Immunedeficiencics Mceeting. Nov 201 5; Buenos Airces, 2015,
American Academy of Allergy, Asthma and Imimunology AAAAI 71w Annual Meeting; Los
Angeles, CA; 2016.

Congreso Europeo de Alergia, Asma, Inmunologia. Junio 2016. Viena, Austria

European society of Primary Immunodeficiencies Meeting. Sept 2016; Barcelona

Congreso Europeo de Alergia, Asma, Inmunologia. Junio 2017. Helsinki, Finlandia

Latin American Society of Primary Immunodeficiencies Meeting. Oct 2017; Sao Paulo

XI Congreso Asociacion Colombiana de Alergia, Asma e Inmunologia ACAAL Simpesio de World
Allergy Organization WAQ. Cartagena, Sept. 2017

American Academy of Allergy, Asthma and Immunology AAAAI 72 Annual Meeting y WAO
meeting; Ortando, Florida; Mar 2-5, 2018

Congreso Europeo de Alergia, Asma, Inmunologia, Mayo 2018. Munich

American Academy of Allergy, Asthma and Immunology AAAAI 73 Annual Meeting y WAO
meeting; San Francisco; Feb 22-23, 2019
XII Congreso Asociacion Colombiana de Alergia, Asma e Inmunologia. Cali, Sept 12-14, 2019

CONFERENCIAS RECIENTES 2018-2020

WEBINAR. Reunion de Inmunodeficiencias Primarias. FCL 13/07/2020, 19:00-20:30
o Modelo holistico del Sistema Inmune en COVID-19: Implicaciones preventivas y
terapéuticas
WEBINAR. Sociedad Colombiana de Pediatria. 29/04/2020
» Estrategias potenciales en la prevencion de infecciones respiratorias agudas
V Simposio de Residentes de Pediatria Universidad del Rosario
e Inmunodeficiencias Primarias: Un reto para el pediatra
Simposio Interriacional de Alergologia, zona cafetera. Asociacion Colombiana de Asma, Alergia e
Imnunologia. Maye 17, 2019
e Omalizumab: Prevencién de exacerbacidnes de asma y rol en infecciones
o Asma severa: Qué dicen los algoritmos?
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CAYRE. SIMPOSIO ANUAL. Bogota, Marzo 28, 2019
e Inmunoglobulina Subcutdnea: Experiencia en centro de atencion
e Bioldgicos en asma severa
o Modelo de atencion integral de dermatitis atopica

Asociacion Colombiana de Probidticos y Prebidticos AcoPyP. Bogota, Mayo 2018
e Microbioma, Inmunidad y alergia

2004-2017: A peticién

REFERENCIAS

5

YEZID MUNOZ, MD. Medico director CAYRE [Centro de Artritis & Rehabilitacion]. Tel:
5922991 Ext. 402.

JAIME AURELIO CESPEDES LONDONO, MD. Director, Departamento de Pediatria.
Hospital Pediatrico. Fundacion Cardio Infantil IC & Colegio Mavor de Nuestra Sefiora del Rosario.
Bogoté, D.C. Colombia. Tel: 57-1-667 27 27 Ext. 2110. E-mail: jcespedes@cardioinfantil.org
RODOLFO DENNIS, MD, PhD. Director Médico. Fundacion Cardio Infantil IC & Colegio
Mayvor de Nuestra Seiiora del Rosario. Bogota, D.C. Colombia. Tel: 57-1-667 27 27. E-mail:
rdennis@cardioinfantil.org

ELIZABETH GARCIA, MD. Alergologa y Pediatra, Departamento de Pediatria, Fundacion
Santafe de Bogota. Tel: 2152300.

MARTHA CIRO. Directora Eduacion Médica. CAYRE [Centro de Artritis & Rehabilitacion]. Tel:
5922991.

JAIME MORENO. Director. Centro Médico de lLa Sabana. CRA. 7 #119-14. Tel: 2155619-
6121075.
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Abstract

Purpose Patients with primary immunodeficiency diseases
(PIDD) may present with recurrent infections affecting different
organs, organ-specific inflammation/autoimmunity, and also in-
creased cancer risk, particularly hematopoietic malignancies. The
diversity of PIDD and the wide age range over which these
clinical occurrences become apparent often make the identifica-
tion of patients difficult for physicians other than immunologists.
The aim of this report is to develop a tool for educative programs
targeted to specialists and applied by clinical immunologists.
Methods Considering the data from national surveys and
clinical reports of experiences with specific PIDD patients,
an evidence-based list of symptoms, signs, and corresponding
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laboratory tests were elaborated to help physicians other than
immunologists look for PIDD.

Results Tables including main clinical manifestations, re-
stricted immunological evaluation, and possible related diag-
nosis were organized for general practitioners and 5 special-
ties. Tables include information on specific warning signs of
PIDD for pulmonologists, gastroenterologists, dermatologists,
hematologists, and infectious disease specialists.
Conclusions This report provides clinical immunologists with
an instrument they can use to introduce specialists in other
areas of medicine to the warning signs of PIDD and increase
carly diagnosis. Educational programs should be developed
attending the needs of each specialty.
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Abbreviations

ALPS Autoimmune lymphoproliferative syndrome

ANA Antinuclear antibodies

AP50 Alternative pathway of complement system

APECED  Autoimmune polyendocrinopathy-
candidiasis-ectodermal dystrophy

CI1INH C1 esterase inhibitor

CBC Complete blood count

CD40L CD40 ligand (L) deficiency

CGD Chronic granulomatous disease

CSR Class switch recombination

CVID Common variable immunodeficiency

DHR Dihydrorhodamine

EBNA Epstein-Barr nuclear antigen

FHL Familial hemophagocytic lymphohistiocytosis

HAE Hereditary angioedema

HIES Hyper-IgE syndrome

HLH Hemophagocytic lymphohistiocytosis

IPEX Immunodysregulation, polyendocrinopathy
and enteropathy, X-linked

OPV Oral poliovirus vaccine

RCP Reactive C protein

SCID Severe combined immunodeficiency

SLE Systemic lupus erythematosus

TSH Thyroid-stimulating hormone

WAS Wiskott-Aldrich syndrome

WHIM Warts, hypogammaglobulinemia, infections,
and myelokathexis syndrome

XLA X-linked agammaglobulinemia

XLP X-linked lymphoproliferative syndrome

Introduction

Primary immunodeficiency diseases (PIDD) are a heteroge-
neous group of more than 150 disorders that result from many
different congenital, or even acquired, genetic defects affect-
ing the innate and adaptive immune systems [1, 2]. Despite
major advances over the last 20 years in the clinical and
molecular characterization of PIDD, many patients remain
undiagnosed or have a substantially delayed diagnosis with
adverse results on morbidity and mortality.

The diagnosis of PIDD is most often suggested by recur-
rent or unusual infections and inflammatory or autoimmune
conditions. Several lists of warning signs for children or adults
are based on these main clinical presentations and, in some
cases, family history [3—6]. Arkwright and Gennery

concluded that the 10 warning signs promoted by the Jeffrey
Modell Foundation have a sensitivity of 56 % and a specificity
of 16 % [7]. Subbarayan et al. evaluated 563 children and
concluded that the strongest identifier of PIDD is family
history. Of secondary relevance were the use of intravenous
antibiotics for sepsis, and failure to thrive in children with T
lymphocyte primary immunodeficiency disease [8]. Mehra
et al. observed that 20 % of hospitalized patients with
suspected immune defects would not be included for immu-
nologic investigation according to the 10 warning signs [9].

All currently available lists of warning signs are based on
family history and descriptions of infections suggestive of an
immunodeficiency. These are general signs that should be
known by all physicians. However, there are many specific
warning signs that certain specialists need to be aware of.
Because of the diversity of immune defects, their respective
clinical presentations, and the difficulties in reaching many
non-immunology subspecialists with these general warning
signs, many signs that should raise suspicion of PIDD are
missed by physicians and a large proportion of patients are not
properly diagnosed [10—12].

Here, we provide lists of specific warning signs in tables
that can be used to familiarize subspecialists with signs and
symptoms of PIDD that they are likely to see in patients
referred to their practices. The tables will provide quick sum-
maries of the many warning signs and diagnoses encountered
by different specialists, with suggestions for appropriate
screenings, immunological evaluations, and proper referrals
to clinical immunologists.

Methods

The information offered in this article is based on a review of
the pertinent literature and the clinical experience of all au-
thors. Tables I and II list the tests that are recommended for
screening of the main immunologic functions, along with
histories and infections that all physicians and health care
workers need to recognize as warning signs of a possible
immunodeficiency. Subsequent tables list special clinical pre-
sentations that should alert specific groups of specialists.
When presenting information about PIDD from this article,
it is important to always include Tables I and II, and the
pertinent tables prepared for various specialties.

General Screening and Evaluation

Table I lists the tests that should be performed according to the
main clinical presentations specified in the subsequent tables.
In some situations the relevant evaluation is not part of gen-
erally available screening tests, and it is preferable to refer the
patient directly to an immunologist so that routine and spe-
cialized tests can be performed simultaneously. The tables for
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specialists will provide data for further laboratory
investigation.

Recurrent, Severe, or Unusual Infections

Our recommendations are similar to those in published lists of
warning signs that consider the frequency of various types of
infections. However, it is also important to consider the infec-
tion type, the circumstances under which infections occur, and
which organs and tissues they affect. In our experience, this is
amore effective way to identify PIDD than emphasizing exact
numbers of different infections or special definitions of sever-
ity. When severity is considered, it is important to consider the
pathogenicity of an infectious agent; infections with any path-
ogen of low pathogenicity, such as atypical mycobacteria or
toxoplasma, are suggestive of an immune defect even if the
infection is not severe. Epidemiological data about infectious
agents should be considered as well. For example,
paracoccidioidomycosis should be more commonly identified
in tropical countries than in European or North American
countries (Table II). A general condition that should make
any infection suspicious is the concomitant presence of non-
infectious complications commonly associated with PIDD,
including severe allergy, autoimmunity, unregulated inflam-
mation, or malignancies.

A positive family history definitely suggests a PIDD. How-
ever, it is also important to consider certain negative family
histories—for example, a family in which only one of 4 siblings
has recurrent infections. The fact that the other 3 siblings and
parents are healthy rules out environmental factors as the factors
predisposing an individual to recurrent infections; it also high-
lights the immunopathogenic effects of genetic alterations that
may have occurred in a single family member.

Recurrent infections are often attributed to the presence of
non-immune abnormalities, such as Down syndrome, muscu-
lar dystrophy, or various congenital heart defects. Such pa-
tients may also have an immunodeficiency, and appropriate
recognition and treatment may significantly improve their
quality of life.

Infectious Diseases

Many PIDDs have unique susceptibilities to some pathogens
and/or sites of infections that are listed in Table III. Antibody-
mediated immunity needs to be evaluated in all severe or
unusual infections, in addition to other possible concurring
immunological defects. A practical point is to screen for
combined immunodeficiencies.

Infectious disease is the hallmark of PIDD, and infectious
disease specialists are the physicians most likely to encounter
patients with PIDD in their daily practice. The burden of
infectious disease is immense even in children with healthy
immune systems. Recurrent otitis media is considered to be

@ Springer

more than 4 episodes of acute otitis media during the past
12 months with complete resolution of the disease between
episodes [13-15].

Any patient with severe or recurrent infections or infection
by opportunistic or uncommon microorganisms must be in-
vestigated for PIDD after discarding the possibility of infec-
tion with human immunodeficiency virus (HIV).

Pyogenic encapsulated bacteria (Streptococcus
pneumoniae, Haemophilus influenzae) are frequently associ-
ated with infections in patients with antibody or complement
deficiencies. Patients with complement deficiencies may also
present with meningitis and sepsis associated with pathogens
such as Neisseria [16].

Agammaglobulinemic patients and, to a lesser extent, pa-
tients with common variable immunodeficiency (CVID) have
an increased risk of developing bloodstream bacterial infec-
tions [17]. A study of 201 patients with X-linked agamma-
globulinemia (XLA) indicated that 11 % had at least one
episode of meningitis or encephalitis, 10 % had at least one
episode of sepsis, and 8 % had at least one episode of septic
arthritis [18]. Patients with XLA or CVID are at an increased
risk for severe and often fatal infections with enteroviruses,

Table I Screening laboratory tests for the non-immunology specialist in
order to detect patients with possible PIDD

Possible PIDD Screening Tests
Antibody mediated » CBC and differential
immunity (AMI) « Serum IgG, IgA, IgM

* Antibody titers to protein and
polysaccharide vaccines

Cellular mediated immunity < CBC and differential

(CMI) » Lymphocytes: CD3, CD4, and CDS;
CD19; CD16/56
* Chest x-ray
Complement (C) * C4 (if angioedema without urticaria)
* CH50
Phagocytosis (P) * Neutrophil counts
Neutropenia * Oxidative burst by DHR test

Neutrophil function

Autoimmunity * ANA, RCP

Innate immunity (II) * Specialized tests (consult an

immunologist)

The screening lab tests should be part of any initial immune evaluation.
Only the abbreviations in parentheses will be listed as suggested screen-
ing tests in all subsequent tables. HIV testing should be a routine test to
exclude AIDS

Abbreviations: ANA antinuclear antibodies, CBC complete blood count,
DHR dihydrorhodamine, RCP reactive C protein
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Table II Infections that are general warning signs of PIDD for all
clinicians

Otitis media *
* Early onset <3-4 months of age
* Recurrence after antibiotic treatment
» Complications: mastoiditis
* Association with invasive infections
* Recurrence after ear tubes
 Change to sinusitis after ear tubes
* Repeated ear tube placement

* The number of ofitis episodes that suggest PIDD varies with age:
> 3 episodes/year under 5 years; > 2 episodes/year >5 years

Chronic recurrent rhinosinusitis
* Association with persistent asthma
* Requirement for sinus surgery due to fungal infections

Pneumonia
Evaluate after a single pneumonia if the patient has:

* A personal history of recurrent upper respiratory infections
(UR) including recurrent otitis media

* A personal history of other immune problems (autoimmunity,
chronic diarrhea, periodic fevers, persistent skin rash, etc.)

* Pneumonia that requires hospitalization (any: ICU or regular service)
* Persistent pneumonia after adequate therapy with antibiotics

* Pneumonia requiring IV antibiotics

» Bilateral pneumonias

* Necrotizing pneumonia

* Interstitial pneumonitis

Evaluate patients with 2 or more pneumonias:

* All patients (preferred option)

Or evaluate only if:

» X-ray proven pneumonias in different lung sites

* Positive family history for early death or primary
immunodeficiency (PIDD)

» Pneumonia that is complicated by pneumatocele or
bronchiectasis

Uncommon infections or uncommon presentations
in HIV-negative patients *
Atypical mycobacteriosis
Tuberculosis resistant infection
Histoplasmosis
Neurocryptococcosis
Aspergilosis
Leishmaniasis
Blastomycosis

* More relevant signs in developed countries or non-endemic
countries for these diseases

Chronic diarrhea or colitis
Evaluate if the patient has:
Rotavirus
Enteroviruses

Table II (continued)

Campylobacter
Cryptosporidium
Persistent Salmonella
Clostridium difficile
Recurrent giardiasis

Chronic dermatitis
Recurrent staphylococcal infections
Recurrent or persistent candidiasis or fungal infections

Abscesses (liver; lungs, cutaneous)
Staphylococcus aureus

Infections of central nervous system (CNS)
Meningococcal meningitis
Herpes encephalitis
Fungal infections

Complications due to live attenuated vaccines
Disseminated BCG (Mycobacterium bovis Bacillus Calmette-Guérin)
Poliomyelitis due to poliovirus vaccine
Diarrhea due to rotavirus vaccine

See text under “Recurrent, Severe, or Unusual Infections”

For all the common infections listed in this table, evaluation starts with a
complete blood count to rule out neutropenia and assessment of antibody
mediated immunity

including echoviruses, polioviruses, and coxsackie viruses
[17]. The central nervous system is nearly always involved
in these infections, and evidence of systemic involvement of
muscle, liver, and/or joints is present in about 40 % of patients.
These infections are associated with high mortality and mor-
bidity [19].

Other organisms, including Staphylococcus aureus,
Pseudomonas spp, Mycoplasma spp, Enterobacteria-
ceae, Campylobacter spp, Giardia, and enteroviruses,
may be isolated from patients with specific types of PIDD
[17]. Infections caused by Serratia marcessens, Nocardia
spp, Chrombacterium violaceum , Granulobacter bethesdensis ,
Burholderia cepacia, and gladioli are strongly suggestive
of chronic granulomatous disease (CGD). Evaluation of
259 patients with the X-linked recessive form of CGD
indicated that 21 % had a history of either bacteremia or
fungemia [20].

Infections caused by mycobacteria, Salmonella,, Leishman-
ia, and Cryptococcus suggest defects in the interferon-y/
interleukin-12 axis included in innate immunity (Table III)
[21]. As previously mentioned, the incidence of certain in-
fectious agents must be considered according to their ende-
micity in particular geographical regions. Side effects of
Bacillus Calmette-Guérin (BCG) occur in more than 50 %
of the severe combined immunodeficiency (SCID) patients in
Brazil and more than 17 % of CGD patients in Latin America;
this is a relevant warning sign for PIDD [22]. Adverse reac-
tions to other live attenuated viral vaccines such as poliovirus
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Table III Warning signs of PIDD for infectious disease specialists

Clinical occurrences PIDD Lab screening tests
Infections from extracellular bacteria Antibody deficiencies AMI
Complement deficiencies C, ANA
Neutropenias P
IRAK-4, MyD88 II, RCP
Infections due to Neisseria meningitidis Complement deficiency of terminal C+ AP50
components (Membrane attack complex)
Infection from S aureus, and gram-negative Chronic granulomatous disease (CGD) P

bacterias: Serratia marcescens, Burkholderia
cepacia and gladioli ,Nocardia spp,
Chromobacterium violaceum , Granulobacter
bethesdensis .

Infection from fungi: Pneumocystis jiroveci;
Aspergillus and Candida albicans .

Infection from Candida albicans

Infection by atypical Mycobacteria/Salmonella
and/or Bacillus Calmette-Guérin side effects;
Paracoccidioides sp, Leishmania, Cryptococcus

Infections from Herpes

Fulminant or chronic infection by Epstein-Barr virus

Recurrent or persistent Cryptosporidium, Isospora

Giardiasis

Complications due to BCG, rotavirus or Varicella
vaccines

Complications due to oral polio vaccine

Persistent fever of unknown origin

Hyper IgE syndrome (HIES)

Features: pneumonia from S aureus,
eczema, fungal infection, joint hypermobility,
coarse facial features

T cell defects
CDA40 ligand (L) deficiency
HIES

CGD
Chronic mucocutaneous candidiasis
T cell deficiencies

Severe combined immunodeficiency (SCID)
Mendelian susceptibility to mycobacterial diseases

T and NK cell deficiencies
Familial hemophagocytic lymphohistiocytosis
(FHL) syndrome

X-linked lymphoproliferative (XLP) syndromes,
types 1 or 2

CDA40L deficiency

Common variable immunodeficiency (CVID)
Antibody deficiencies

SCID, CGD

Antibody deficiencies

Autoinflammatory diseases

Serum IgE, eosinophilia
Specific Score®

CMI

AMI

Serum IgE, eosinophilia
Specific Score®

P

CMI + T lymphocyte proliferation
induced by Candida

CMI
AMI + CMI
P and/or I

CMI

CBC, triglycerides, ferritin,
serology EBNA

AMI
AMI

AMI

CMI and/or II and/or P

AMI

ANA, RCP, blood smear

Abbreviations: AMI antibody mediated immunity, ANA antinuclear antibodies, CBC complete blood count, CMI cellular mediated immunity, EBNA
Epstein-Barr nuclear antigen, // innate immunity, P phagocytosis, RCP reactive C protein

#Score for classical hyper IgE diagnosis [26]

and rotavirus should be carefully observed as well [23]. Sev-
eral developing countries maintain campaigns with Sabin
immunization with the possibility to cause vaccine-derived

disease [24].
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Although the respiratory and gastrointestinal tracts are the
most common systems for presenting illness, the authors ob-
served lymphadenopathy as the most common manifestation

in the group of combined T and B cell immunodeficiencies,
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and superficial abscesses and lymphadenopathy in the group
of congenital defects of phagocyte number and/or function
[22, 25, 26] (Table III).

Otorhinolaryngology and Pulmonology

High percentages of pediatric and adult patients with
PIDD have upper and/or lower respiratory tract bacterial
infections; thus, they may be referred to otorhinolaryn-
gologists or pulmonologists. Rezaei reported on 930
patients with PIDD, 353 cases of which were identified
in the last 5 years. The most common presenting feature
of PIDD was pneumonia, which was seen in 20.1 % of
patients, followed by diarrhea (13.7 %), sinusitis
(10.3 %), and otitis media (9.6 %) [27]. It is important
to rule out the existence of cofactors that might be
associated with upper respiratory infections (e.g.,
smoking, day care attendance, gastroesophageal reflux,
allergy) before performing extensive immunological
evaluation. The most common of these infections are
recurrent otitis media, chronic sinusitis, and pneumonia.
Recurrent sinus infections have been reported as a pre-
senting occurrence in 19 % to 98 % of patients with
PIDD (wide range reflects the variety of PIDD) [28,
29]. An assessment of 103 pediatric and adult patients
with a history of recurrent or chronic ear, nose, or
throat infections indicated that 16.5 % had defects in
antibody-mediated immunity: CVID (n=2), IgA defi-
ciency (n=4), 1gG subclass deficiency (n=3), and spe-
cific antibody deficiency against polysaccharide antigens
(n=8) [30]. Warning signs for patients with recurrent
otitis include progressive infections leading to mastoiditis;
associated abscesses or systemic infections; lack of respon-
siveness to adequate antibiotic treatment; or occurrence of
unusual, severe, or frequently relapsing infections in other
sites [31] (Table II).

Pneumonia is a common infectious manifestation of
PIDD; one study of patients with CVID indicated that at
least two-thirds had one or more pneumonia diagnoses
prior to diagnosis of PIDD [32]. According to some
registries [33, 34], approximately 50 % of patients with
humoral immunodeficiency suffered from upper respira-
tory tract infections, and 40 % of XLA and CVID
patients suffered from recurring pneumonia [27, 35].
Pathogens frequently associated with pneumonia in pa-
tients with antibody deficiencies include S pneumoniae,
H influenzae type b, Haemophilus parainfluenzae,
Mycoplasma spp, Pseudomonas spp, and Staphylococ-
cus spp [17]. Patients with cellular deficiencies such
as CD40 Ligand (CD40L) deficiency present with
pneumonia that is a result of opportunistic pathogens
such as Pneumocystis, fungal, or viral infections [36]
(Table 1V).

Several observational studies have indicated that compli-
cations and sequelae of infectious diseases such as bronchiec-
tasis (76 %), recurrent chest infections (21 %), and granulo-
matous lung disease (5 %) should also raise suspicion of PIDD
[37]. A systematic review of the literature conducted by Wood
et al. included results from 7 surveys showing that respiratory/
chest infections were presenting symptoms for 37 % to 90 %
of patients with PIDD [29]. Touw et al. reviewed 26 studies
that included 587 patients with CVID and found that up to
73 % developed chronic structural pulmonary complica-
tions—most often bronchiectasis and bronchial wall thicken-
ing [38]. In another study, pulmonary imaging by chest com-
puted tomography in 30 patients with PIDD revealed abnor-
malities in 53 %; among these were bronchiectasis (75 %),
peribronchial thickening (19 %), air trapping (31 %), lung
volume reduction (25 %), atelectasis (12 %), follicular bron-
chiolitis (12 %), ground-glass abnormality (12 %), and paren-
chyma nodules (6 %). In this study, pulmonary function
testing also indicated abnormalities in 18 patients; these in-
cluded an obstructive (38.8 %), restrictive (44.4 %), or mixed
(16.7 %) pattern of lung function abnormalities [39].

Results from other studies have indicated that Staph-
ylococcus -associated pneumonia and bronchial aspergillosis
[40] are seen in CGD; lung abscesses represent usual charac-
teristics in hyper IgE syndrome (HIES); and interstitial pneu-
monia may be observed in patients with SCID [41] (Table IV).

Gastroenterology

Frequent gastrointestinal manifestations are malabsorption,
diarrhea, hepatomegaly, and inflammatory bowel disease
(IBD) and all of these are commonly associated with increased
morbidity [42—44]. In a systematic review, Wood et al. indi-
cated that GI infections were a presenting symptom in 6 % to
19 % of patients with PIDD [29]. Severe diarrhea can start
early in life in patients with SCID or immunodysregulation,
polyendocrinopathy, and enteropathy, X-linked (IPEX); both
of these PIDD are considered pediatric emergencies [45—47].
Rezei et al., in their study of 930 patients with PIDD, indicated
that infectious diarrhea occurred in 40.4 % of patients [27].
Recurrent or chronic giardiasis is suggestive of an underlying
antibody deficiency [17]. Other pathogens in patients
with infectious colitis include rotavirus, Campylobacter,
enteroviruses, Cryptosporidium parvum, Salmonella
spp, and Clostridium difficile [18]. Liver abscesses
caused mainly by S aureus may also be seen in patients
with CGD and HIES (Table V).

Results from a study focusing mainly on pediatric patients
with PIDD indicated clinical evidence of liver disease, includ-
ing hepatomegaly, in 35.5 %; 8 patients (13 %) had clinical
and/or laboratory evidence of chronic liver disease.
Hepatobiliary infection, sclerosing cholangitis, nodular
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Table IV Wamning signs of PIDD for pulmonologists

Clinical occurrences PIDD Laboratory tests
Pneumonias due to extracellular Antibody deficiencies AMI
bacteria + otitis and sinusitis Complement deficiencies C, ANA

Pulmonary abscess
Pneumatocele

Hyper IgE syndrome (HIES)

Features: pneumonia by S aureus, eczema,

Serum IgE, eosinophilia
Specific Score®

fungal infection, joint hypermobility, coarse

facial features

Pneumonias due to Staphylococcus
or fungi

Chronic granulomatous disease (CGD): susceptibility P
to infections by catalase positive microorganisms. Other

infections: adenitis, liver abscess, osteomyelitis

Glucose-6-phosphate dehydrogenase (G6PD) deficiency
Myeloperoxidase deficiency (common in diabetes)

HIES

Pneumonia due to P jiroveci

CDA40 ligand (L) deficiency

Wiskott-Aldrich syndrome (WAS), eczema +

T cell deficiencies/CD4" lymphopenia

GO6PD activity
Peroxidase level

Serum IgE, eosinophilia
Specific Score®

CMI, AMI
Lymphoproliferation assay

AMI, CMI

CBC including platelet number and size

thrombocytopenia (small sized platelets); CMI, AMI
Pneumonia due to Mycobacteria T cell deficiencies/CD40L deficiency CMIL AMI
tuberculosis or atypical mycobacteria  \fendelian susceptibility to mycobacterial diseases I

Abbreviations : AMI antibody mediated immunity, ANA antinuclear antibodies, CBC complete blood count, CMI cellular mediated immunity, /7 innate

immunity, P phagocytosis
#Score for classical Hyper IgE diagnosis [26]

regenerative hyperplasia, and portal hypertension are frequent
conditions in CD40L deficiency [48, 49].

Rheumatology

The risk for autoimmune diseases is elevated in patients with
PIDD and is sometimes the only clinical manifestation of their
causative condition. Results from a larger study of 248 pa-
tients with CVID indicated that 69 (27.8 %) had autoimmune
disease. The most common conditions were thrombocytope-
nia in 18 patients, hemolytic anemia in 12, rheumatoid arthri-
tis in 5, and juvenile rheumatoid arthritis in 4 [50, 51]. Results
from another study of 189 patients with systemic lupus ery-
thematosus (SLE) indicated that 6 % had IgA deficiency [52].

Other PIDD are the result of genetic defects that lead to
immune dysregulation associated with autoimmune occur-
rences. Patients with autoimmune lymphoproliferative syn-
drome (ALPS) develop generalized lymphadenopathy,
hepatosplenomegaly, hypergammaglobulinemia, B cell lym-
phocytosis, and autoimmune manifestations that commonly
include hemolytic anemia, glomerulonephritis, and idio-
pathic thrombocytopenic purpura [53]. Autoimmune
polyendocrinopathy, candidiasis, and ectodermal
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dystrophy (APECED) are also associated with symp-
toms of autoimmune disease [54]. Patients with IPEX
have mutations in the FOXP3 gene in regulatory T
cells, which leads to severe autoimmunity with a high
mortality rate [55]. First components of complement
deficiency have also been shown to be associated with
conditions such as SLE and are likely to prompt referral
to a rheumatologist [56]. An important “red flag” for
SLE and complement defects is negative serology to
double-stranded DNA [57].

Bone and joint abnormalities can occur in patients with
PIDD. The most common of these is arthritis, which may be
associated with antibody deficiencies, and, less often, with
CGD and Wiskott-Aldrich syndrome (WAS) [58, 59]. Impor-
tantly, infections with Ureaplasma urealyticum , and Mycoplas-
ma ssp may lead to erosive arthritis in patients with severe
antibody deficiencies. These infections most often result in
large-joint monoarthritis involving the knee, shoulder, elbow,
or hip joints, and less often in symmetrical polyarthritis [17].

Patients with certain PIDD, such as autoinflammatory syn-
dromes, will present with generalized serositis that might be
confused with infectious arthritis. This is often accompanied
by a myriad of symptoms, including elevation of acute phase



J Clin Immunol (2014) 34:10-22

Table V. Warning signs of PIDD for gastroenterologists

Clinical occurrences PIDD Laboratory tests
Chronic diarrhea Antibody deficiencies AMI
Inflammatory bowel disease Combined immunodeficiencies (infants) CMI, AMI

Chronic giardiasis

Autoimmune enteropathy + severe intractable
diarrhea. Other diagnoses associated:
hypothyroidism, eczema, thrombocytopenia,
autoimmune hemolytic anemia, neonatal diabetes

Persistent candidiasis

Severe abdominal pain emulating an acute abdomen

Liver abscess mainly due to S aureus

Hepatobiliary infection due to C parvum

Inflammatory bowel disease in infants

Immunodysregulation, polyendocrinopathy
and enteropathy, X-linked (IPEX)

Combined immunodeficiencies

Chronic mucocutaneous candidiasis

Autoimmune polyendocrinopathy-
candidiasis-ectodermal dystrophy
(APECED)

Hereditary angioedema

Chronic granulomatous disease (CGD)
Hyper IgE syndrome (HIES)

CD40 ligand (L) deficiency

CGD

Interleukin-10 (IL-10) or interleukin
10 receptor (IL-10R) deficiencies

CMI, Coombs, glycemia, and TSH
ANA

CMI
T cell Lymphoproliferative assay
Lymphoproliferation to Candida

Candidin test
ANA and endocrine evaluation

Dosage and/or functional activity
assay of C1INH, C4, Clq

P
Serum IgE, eosinophilia
Specific Score?

AMI

P
1I

Abbreviations: AMI antibody mediated immunity, ANA antinuclear antibodies, C/INH C1 esterase inhibitor, CMI cellular mediated immunity,
CBCcomplete blood count, // innate immunity, P phagocytosis, 7SH thyroid stimulating hormone

#Score for classical Hyper IgE diagnosis [26]

reactants, rash, deafness, joint deformity, and multifocal oste-
omyelitis [60].

Dermatology

Patients with PIDD may have skin conditions including fun-
gal, bacterial, or viral infections; eczematous dermatitis;
erythroderma; skin symptoms of autoimmune diseases such
as SLE or scleroderma; vasculitis; granuloma formation; and/
or problems characteristic of specific immunodeficiency syn-
dromes (e.g., telangiectasia, gray hair, and depigmentation)
[61]. An immunological assessment of 382,383 pediatric pa-
tients admitted to an outpatient dermatology group indicated
that 130 had PIDD. Of these, 69 % had skin infections, 29 %
had eczema-dermatitis, and 44 % had other associated cuta-
neous conditions. In 79 % of this cohort, cutaneous abnormal-
ities preceded and were the basis for the clinical immunologic
diagnosis [62], demonstrating the relevance and high frequen-
cy of dermatologic manifestations in PIDD patients.

Results from a cross-sectional study of 210 pediatric pa-
tients with PIDD (68 with antibody deficiencies, 22 with T cell
and combined deficiencies, 57 with phagocytic defects, and
63 with other PIDD) indicated that 67 of the patients (31.9 %)
had cutaneous abnormalities preceding the diagnosis of PIDD.
Overall, 99 patients had infections and 27 had eczematous
dermatitis [63].

Candida infections that may be among the first signs of PIDD
include mucocutaneous candidiasis, Candida paronychia, gran-
uloma formation, and erythroderma [64]. Patients with phago-
cytic, cellular, combined, and other PIDD exhibit immune def-
icits that confer increased susceptibility to fungal infections.
Infections associated with Candida , Aspergillus , Cryptococcus,
Histoplasma, Paecilomyces, Scedosporium, Trichosporon,
Penicillium, and other fungal organisms have been observed
in patients with CGD, SCID, HIES, defects in the interferon-y/
interleukin-12 axis, DiGeorge syndrome/22q deletion syn-
drome, CD40L deficiency, WAS, and CVID [64]. Patients with
Chediak-Higashi or Griscelli syndromes present partial albinism
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and gray hair; dermatologists are frequently the first consulted
specialists [65]. Prompt diagnosis is established by demonstra-
tion of giant intracellular granules in eosinophils, basophils, and
monocytes, and are pathognomonic of this disease [66].

Eczema and high serum IgE levels in the first months of life
frequently lead to referral to allergists due to suspicion of cow
milk protein allergy. However, these occurrences are also
present in patients with hypomorphic SCID, IPEX, WAS,
DOCKS, and HIES [67]; it has been shown that differential
diagnosis is crucial for prognosis [68]. Zhang et al. described
DOCKS8 mutations in patients with a variant of combined
immunodeficiency characterized by unusual susceptibility to
cutaneous viral infections and cancers. In addition, DOCKS8
deficiency was found in a subgroup of patients who were
previously thought to have autosomal recessive HIES with
severe allergic manifestations [69]. These syndromes exem-
plify the need for improved knowledge of PIDD for derma-
tologists (Table VI). In addition, angioedema without urticaria
is often referred to both allergists and dermatologists. Family
histories are helpful for such cases, and C4 levels could be a
useful screening test [70].

Table VI Waming signs of PIDD for dermatologists

Hematology/Oncology

Autoimmune hemolytic anemia, thrombocytopenia, and/or
neutropenia are also seen in patients with selective IgA defi-
ciency, CVID, and class switch recombination (CSR) defects
[50, 71]. In some patients, hematologic abnormalities reflect
the underlying pathology responsible for the immunodeficien-
cy. Wiskott-Aldrich syndrome is associated with defects in
both B-lymphocyte and T-lymphocyte function, and these
patients also have intrinsic platelet abnormalities and signifi-
cant thrombocytopenia with small platelets [71]. In addition
to congenital neutropenia, neutropenia is also associated
with XLA, CD40L deficiency, CVID, SCID, and
Shwachman-Diamond syndrome [72, 73]. Hemophagocytic
lymphohistiocytosis (HLH) is characterized by multisystem
inflammation, a reactive process resulting from hyperactiva-
tion of macrophages, histiocytes and CD8" T cells, and ab-
normalities in the function of natural killer cells (NK cells).
The most frequent clinical and laboratorial findings include
fever, splenomegaly, cytopenias, hypertriglyceridemia, and
elevated ferritin [74]. Both Chediak-Higashi and Griscelli

Clinical occurrences PIDD

Laboratory test

Eczema

Hyper IgE syndrome (HIES)

Immunodysregulation, polyendocrinopathy
and enteropathy, X-linked (IPEX)

Wiskott-Aldrich syndrome (WAS)

CBC including platelet number and size
(small sized platelets); CMI, AMI

Serum IgE, eosinophilia
Specific Score®

CMI, ANA, RCP

Coombs, glycemia, and TSH

Severe combined immunodeficiency (SCID), CMI
erythroderma
Cutaneous lesions by Mycobacteria Combined immunodeficiencies CMI
Hyper-IgM syndromes AMI
Mendelian susceptibility to mycobacterial diseases I
Chronic granulomatous diseases (CGD) P

Partial albinism, gray hair
Griscelli syndrome
Telangiectasias Ataxia-telangiectasia

Disseminated warts and molluscum
Cutaneous herpes infections

Chediak-Higashi syndrome

Warts, hypogammaglobulinemia, infections, and
myelokathexis (WHIM) syndrome

Enlarged cytoplasm granules in blood smear

AMI; serum alfa-feto protein

AMI, CMI lymphoproliferation assay

Dedicator of cytokinesis 8 (DOCKS) deficiency

Idiopathic CD4 lymphopenia

Fragile hair, conic teeth Ectodermal dysplasia

I

Abbreviations : AMI antibody mediated immunity, ANA antinuclear antibodies, CBC complete blood count, CMI cellular mediated immunity, /7 innate
immunity, P phagocytosis, RCP reactive C protein, 7SH thyroid stimulating hormone

#Score for classical Hyper IgE diagnosis [26]
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Table VII Warning signs of PIDD for hematologists

Clinical occurrences PIDD

Laboratory tests

Thrombocytopenia with small-sized platelets

Wiskott-Aldrich syndrome (WAS)
Other symptoms: eczema and recurrent infections

CBC including platelet number and size
(small sized platelets); CMI, AMI

X-linked thrombocytopenia

Autoimmune cytopenias (autoimmune anemia,
thrombocytopenia and neutropenia)

Fever, splenomegaly without evidence of
malignancy, cytopenias

Lymphadenopathy + Splenomegaly

Excluding neoplasias and infections Apoptosis defects

Quantitative and qualitative defects of
neutrophils (neutropenia and neutrophilia)

Neutropenias

Leukocyte adhesion deficiency
Partial albinism, Chediak-Higashi or Griscelli syndrome

Common variable immunodeficiency
Other features: recurrent infections

Hemophagocytic lymphohistiocytosis (HLH)

Autoimmune lymphoproliferative disease

AMI, ANA

CBC, triglycerides, ferritin, EBNA

Increased number of alpha beta double-
negative T cells (CD3 + CD4-CDS-),
ANA, RCP

P

Chronic granulomatous disease (CGD)

Leukocytosis, CD18" cells
Enlarged cytoplasm granules

Abbreviations: AMI antibody mediated immunity, ANA antinuclear antibodies, CBC complete blood count, CMI cellular mediated immunity, EBNA

Epstein-Barr nuclear antigen, P phagocytosis, RCP reactive C protein

syndromes present as hemophagocytic, with an accelerated
phase affecting all patients by late childhood. This accelerated
phase is characterized by the infiltration of nonmalignant
lymphoid and histiocytoid cells into the viscera, usually in-
duced by Epstein-Barr virus. Clinical findings include
hepatosplenomegaly, lymphadenopathy, and pancytopenia
[75]. Impaired humoral and cellular immune responses, in-
cluding disturbances in B, T, NK, and dendritic cells, along
with chronic inflammatory autoimmune diseases, recurrent
bacterial infections, and persistent antigenic stimulation, are
speculated to favor carcinogenesis in CVID patients. Lym-
phoma and gastric cancer are the most frequent neoplasms
related to this immunologic defect [76, 77]. The risk of cancer
in PIDD patients mainly takes the form of T cell malignancies
(70-fold and 250-fold increased risks of leukemia and lym-
phoma, respectively), and B cell malignancies are high when
compared with the general population [78]. The Spanish
registry identified that 1.3 % of the 1,069 patients developed
cancer; however, the survey was developed within reference
hospitals [34].

Non-Hodgkin lymphoma and Hodgkin lymphoma are
2 of the most common PIDD-associated malignancies
[79]. A recent large-scale assessment of 1,132 patients
in the PIDD registry of the Australasian Society of
Clinical Immunology and Allergy indicated that this
group had a 1.6-fold excess relative risk of cancer
[80]. The relative risk was significantly increased for
non-Hodgkin lymphoma, leukemia, and stomach cancer
(Table VII).

Conclusions

During recent years, new PIDD have been identified, including
some with susceptibility to specific infectious agents and some
diagnosed only in adulthood. Training specialists to recognize
PIDD is important in order to identify the diverse PIDD pheno-
types. The majority of patients initially present to hospital doc-
tors; therefore, a focus on hospital specialists has been suggested.

Clinical immunologists have an important educational role.
Introducing other specialists and health care workers to the
relevant warning signs will facilitate the early diagnosis of PIDD
in patients, leading to better treatments with less sequelae, or
possible cures.

In this review we have addressed the presentations of PIDD
that are seen by different medical subspecialists. These warn-
ing signs are further influenced by the socioeconomic,
climate-related, and living conditions found in different
regions of the world. A review of warning signs that are
specific to different areas of the world should eventually be
undertaken by a worldwide PIDD community of which
LASID plays an important part.
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Background—We evaluated the overall and site-specific incidence of cancer in subjects with
primary immunodeficiency diseases (PIDD) enrolled in the United States Immune Deficiency
Network (USIDNET) registry compared with age-adjusted cancer incidence in the Surveillance,
Epidemiology and End Results Program (SEER) database. We hypothesized that subjects with
PIDD would have an increased incidence of cancer due to impaired immune function.

Methods—Overall and site-specific cancer incidence rates were evaluated in subjects with PIDD
(n = 3,658) enrolled in the USIDNET registry from 2003-2015, and compared with age-adjusted
incidence rates in the SEER database.

Results—We observed a 1.42-fold excess relative risk of cancer in subjects with PIDD compared
to the age-adjusted SEER population (p<0.001). Men with PIDD had a 1.91-fold excess relative
risk of cancer compared to the age-adjusted male population (p<0.001), while women with PIDD
had similar overall cancer rates compared to the age-adjusted female population. Of the four most
common malignancies in men and women in SEER (lung, colon, breast, and prostate cancers), we
found no significant increase in these diagnoses in subjects with PIDD. Significant increases in
lymphoma in both men (10-fold increase, p<0.001) and women (8.34-fold increase, p<0.001) with
PIDD were observed.

Conclusions—Excess incidence of cancer occurred in subjects with PIDD. An excess of
lymphoma in specific PIDD populations principally drove this increased incidence, while no
increased risk of the most common solid tumor malignancies was observed. These data point to a
restricted role of the immune system in protecting from specific cancers.

Keywords
primary immunodeficiency disease; cancer; leukemia; lymphoma; CVID; USIDNET

Introduction

Cancer immunosurveillance is the concept that the immune system has the ability to
recognize and eliminate developing tumors in the absence of external therapy [1]. The most
compelling epidemiological evidence for immunosurveillance against tumors is the
increased risk of cancers among specific immunocompromised patients, including persons
with Acquired Immune Deficiency Syndrome [2-5], hematopoietic stem cell transplant
recipients [6, 7], and solid organ transplant recipients [8]. In these secondary
immunodeficiencies, multiple factors can influence the risk of cancer including acquired or
iatrogenic damage to the immune system or genotoxicity from pharmacotherapy [9].

Primary immunodeficiency diseases (PIDD) are a group of more than 300 single gene
defects affecting the immune system [10]. PIDD subjects provide the opportunity to dissect
the role of immune protection at the level of specific genes and pathways, allowing us to test
the concept of cancer immunosurveillance in subjects with compromised immune systems.
An association of PIDD and cancers has been noted for many years [7, 11-20] and has been
confirmed by single center studies [17], and from data collected in established registries [12,
14-16, 18-20]. The majority of studies were performed decades ago and involved small
sample sizes with limited follow up and no comparison groups [12, 15-19]. In an analysis of
the Australasian PIDD data registry involving 1132 subjects, Vajdic et al. [20] observed that
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only subjects with common variable immunodeficiency (CVID) and ataxia telangiectasia
had an increased risk of cancer and that the spectrum of cancers was narrower than expected.
The relative risk in relation to an age-matched general population was increased for non-
Hodgkin’s lymphoma, leukemia, and gastric cancer. In this analysis, 78% of PIDD subjects
had antibody deficiencies, while there was comparatively less representation of PIDDs that
do not principally involve an antibody deficiency.

The purpose of our study was to evaluate the overall cancer incidence and site-specific
cancer incidence in subjects with PIDD in the United States Immune Deficiency Network
(USIDNET) database and compare those incidence rates with age-adjusted data from the
general U.S. population. The USIDNET is a research program of the Immune Deficiency
Foundation (IDF) formed in 2003 to provide support to investigate important questions in
PIDD. One of the main tasks of the USIDNET has been the formation of a longitudinal
registry of subject data, so that specific questions regarding the natural history and outcomes
of these diseases can be collected over time [11]. To our knowledge, this is the largest
population of PIDD subjects analyzed for incidence of cancers.

USIDNET Registry

The USIDNET registry collects a number of variables on subjects with PIDD including
clinical, laboratory, and outcome data, which together provide a health survey of this rare
group of subjects. The registry data are based on entries from physicians or their designees
from 39 academic institutions in the United States who have Institutional Review Board
(IRB)-approved protocols and 5 medical offices that use the USIDNET IRB consent
protocol. In addition, patients may enroll themselves, also using the USIDNET IRB consent;
the data entered is abstracted from submitted released medical records. Physicians are
encouraged to offer enrollment to all patients with a confirmed PIDD diagnosis and to not
restrict enrollment to patients with a specific PIDD... We surveyed the registry to evaluate
cancer incidence among PIDD subjects. Data were extracted using Boolean queries for
specific data concerning the demographics and PIDD categories of all subjects with
malignancy.

Surveillance, Epidemiology and End Results Program Estimated Cancer Incidence

The Surveillance, Epidemiology and End Results Program (SEER) of the National Cancer
Institute is a coordinated system of population-based cancer registries that collects cancer
incidence and survival data from 18 geographic areas throughout the United States that
together represent approximately 26% of the U.S. population and includes various diverse
ethnic groups [21]. We used SEER data to create an age-adjusted cancer incidence for the
general population in 5-year increments. We applied SEER incidence data and adjusted for
age to estimate the expected incidence of cancer.

Statistical Analysis

Demographics of the PIDD database were summarized with descriptive statistics. Statistical
analysis was performed using frequency distributions. The [chi]? test was used for
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categorical variables and the t-test was used for continuous variables. We generated age-
adjusted cancer incidence using the SEER database and compared to the incidence rates in
the USIDNET registry using chi square tests.

Cancer Incidence in Subjects with PIDD

As of July 1, 2015, 3,844 subjects with a PIDD diagnosis were included in the USIDNET
registry. To be considered for analysis, subjects needed their PIDD diagnosis and age of last
follow up to be entered into the database by July 1, 2015. Because subjects in the database
did not have the age of cancer diagnosis listed, age at last follow up was used as a surrogate
for age of cancer diagnosis. We excluded 186 subjects who did not have the age at last
follow up, which left 3,658 subjects in the study. The mean age of subjects in the registry
was 47 years, and Caucasian was the most common ethnicity (66.6%) (Table 1). CVID was
the most common PIDD diagnosis, with 1,285 (35%) entered subjects (Table 2). Subjects
with other immune defects included 483 (13%) with chronic granulomatous disease (CGD),
430 (12%) with DiGeorge syndrome, 248 (7%) with severe combined immunodeficiency
(SCID), 227 (7%) with Wiskott-Aldrich syndrome (WAS), 141 (4%) with Hyper IgM
syndrome, and 844 (23%) with other diagnosis (Table 2). The registry consisted of 40.6%
female vs. 59.4% male subjects (the male predominance reflects the presence of X-linked
PIDD). The range of age at last follow up of our cohort was <1 year to 89 years of age.

There were 171 separate cancers reported in the cohort of 3,658 PIDD subjects (4.7%).
Ninety-one cancers were diagnosed in women and 80 cancers in men. Of the total cancers
diagnosed, 82 (48%) were lymphoma, 25 (15%) were skin cancers, 14 (8%) were
genitourinary, 14 (8%) were gastrointestinal cancers, 10 (6%) were breast cancers, 9 (5%)
were endocrine cancers, 6 (4%) were cancers of the head and neck, 5 (3%) were lung
cancers, 2 (1%) were bone cancers, and 4 (2%) were cancers with unspecified origins (Table
3).

Cancers were noted in only some of the PIDD categories (Table 4). As the most numerous of
these, there were 119 (70%) cancers in subjects with CVID. Thirteen (9%) cancers were
observed in subjects with hypogammaglobulinema and agammaglobulinemia and 8 (4.6%)
cancers were observed in subjects with WAS. Despite the relatively high number of CGD
patients in the registry (483), none were diagnosed with cancer. The remaining cancers were
diagnosed in subjects with various other PIDD diagnoses (Table 4).

Comparison to Age-adjusted Cancer Incidence

Figure 1 summarizes the number of expected cancers versus actual cancers found in the
PIDD subjects based on gender and their reported age at last follow up. We observed a 1.42-
fold excess relative risk of cancer in subjects with PIDD compared to the age-adjusted SEER
population (p<0.001; Table 5). Men with PIDD were diagnosed with any cancer at a 1.91-
fold higher rate than the expected age-adjusted incidence of cancer in men based on SEER
data (n=80 versus n=41.8; p<0.001). In contrast, women in the USIDNET registry were
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diagnosed with cancer at a similar rate compared to the age-adjusted population (n=91
versus n=78.8; p=0.169).

The most common cancer diagnoses in the SEER database were: breast (women only),
prostate (men only), lung, and colorectal cancers. We found no significant increase in the
incidence of these cancers in subjects with PIDD versus the SEER database (Table 5). No
male subjects in the USIDNET registry was diagnosed with prostate cancer compared to the
expected rate of cancer diagnosis in the age-adjusted population of 7.8 (p=0.005). Ten
female subjects in the USIDENT registry were diagnosed with breast cancer compared to
the expected rate of breast cancer diagnosis of 24.6 (p=0.003). There was no significant
difference in the rates of lung cancer and colon cancer among PIDD patients versus the age-
adjusted population.

Cancers with the highest incidence rates among subjects in the registry were lymphoma,
skin cancer and leukemia. There was a significantly higher incidence of lymphoma (n=32
men and n =31 women in the registry) compared to the expected lymphoma incidence of 3.2
in men (p<0.001) and 3.7 in women (p<0.001) in the general population (Table 5). There
was also a significantly higher incidence of skin cancer (10 men and 15 women in the
USIDNET registry) versus the expected rate of skin cancer of n=2.2 in men, (p<0.001) and
n=4.5 in women (p<.001). A limitation in comparing skin cancer rates is that in the
USIDNET database, skin cancer was a global category, while in the SEER database,
melanoma was the only skin cancer that has reportable population-based data on incidence
and death. There was a similar incidence of leukemia in subjects in the registry versus the
age-adjusted population. The rate of stomach cancer in the USIDNET subjects was similar
to the age adjusted population for men (n=2 in the USIDNET registry vs. n=0.6; p=0.075),
and slightly increased in women (n=3 in the USIDNET registry vs n=0.8; p=0.014). Finally,
an increase in thyroid cancer occurred in men (4.44-fold increase; p=0.001) but not in
women with PIDD compared to the respective age-matched population.

Cancer Incidence in CVID

While patients with CVID constituted 35% of the total number of PIDD patients in the
registry, 70% of the cancer diagnoses occurred in CVID patients. Of the 1285 subjects with
CVID, 119 (9.3%) were diagnosed with a cancer (Table 6). Men in the CVID subgroup were
diagnosed with a significantly higher rate of cancer than the age-adjusted male population
(n=48 versus n=27.5; p<0.001), while women with CVID were diagnosed with cancer at a
similar rate as the age-adjusted female population (n=71 versus n=64.3, p=NS). Thirty-seven
lymphomas were diagnosed in subjects with CVID, making this the most common cancer
diagnosis. Skin cancer (n=23 cases) and breast cancer (n=8 cases) were the next most
common cancer diagnoses in the CVID population.

Of the four most common malignancies in men and women in SEER (lung, colon, breast,
and prostate cancers), there was no significant increase of these cancers in CVID patients
versus the age-adjusted population. No patient with CVID had a diagnosis of prostate cancer
compared to the expected rate of prostate cancer diagnosis of n=6.3 (p=0.012). Eight women
with CVID had a diagnosis of breast cancer versus the expected incidence rate of 21
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(p=0.004). Similar rates of lung and colon cancer were observed in both men and women
with CVID versus the expected age-adjusted rates.

The cancers with the highest incidence rates in the subjects with CVID were lymphoma and
skin cancer (Table 6). There was a significantly higher incidence of lymphoma (n=16 in men
and n=21 in women with CVID) compared to the expected lymphoma incidence of 1.9 in
men (p<0.001) and 3 in women (p<.001). There was also a significantly higher incidence of
skin cancer (n=9 men and n=14 women with CVID) versus the expected rate of skin cancer
(n=1.6 men and n=3.8 women) in the SEER database (p<0.001). Gastric cancer was also
more common than expected in the subjects with CVID (n=2 in men and n=3 in women with
CVID vs. expected rates of n=0.4 in men (p=0.011) and n=0.7 in women (p=.005)). The
incidence of thyroid cancer was higher in men (6.67-fold; p<0.001) but not in women with
CVID compared to the age-matched population.

Discussion

The USIDNET registry is supported by the NIH to enhance the understanding and care of
subjects with PIDD. For many years, attempts have been made to evaluate the excess
number of malignancy in these subjects. As the USIDNET registry is populated with data on
these rare diseases, we undertook an examination of the current registry to gain an up-to-
date survey of cancers in PIDD. We observed a 1.42-fold excess relative risk of cancer in
subjects with PIDD compared to the age-adjusted population (p<0.001). The greatest
increase in cancer incidence in PIDD was observed in lymphoma both in men (10-fold
excess relative risk p<0.001) and women (8-fold excess relative risk p<0.001). This
excessive lymphoma risk was largely driven by subjects with CVID, the most common
PIDD in the registry. In males with PIDD, an increase in skin cancer and thyroid cancer was
observed relative to age-matched males in the SEER database, while in females with PIDD,
an increase in skin cancer and stomach cancer was observed. Of the most common cancers
in the general population (lung, colon, prostate, and breast), no increased incidence was
observed in PIDD subjects. These data point to a restricted role of the immune system in
protecting from specific cancers.

Non-Hodgkin’s lymphoma is the predominant malignancy in a number of PIDD, including
CVID, ataxia-telangiectasia, WAS and severe combined immunodeficiency [16]. Since 70%
of subjects in the PIDD registry with a cancer diagnosis had CVID, we performed a sub-
group analysis of these subjects. Consistent with other studies [14, 18, 22—-25], we observed
an increased risk of non-Hodgkin lymphoma, gastric cancer, and skin cancer in CVID
subjects. In a study of 473 patients with CVID followed over 40 years, lymphoma was
diagnosed in 8.2% and other cancers in 7.0% of patients; lymphoma was one of the causes
for increased mortality in CVID compared to age- and sex-matched population controls [26].
In an analysis of the Australasian Society of Clinical Immunology and Allergy PIDD
Registry of 1132 subjects from 79 centers in Australia, Vajdic et al. [20] reported that only
subjects with CVID and ataxia telangiectasia had an increased risk of cancer. A 1.6-fold
excess relative risk of cancer was observed for all PIDD combined, and the relative risk in
relation to an age-matched general population increased for non-Hodgkin lymphoma,
leukemia, and gastric cancer [20]. The increased incidence of gastric cancer in CVID has
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been attributed to increased achlorhydria [27] and to Helicobacter pyloriinfection [28].
However, more recently gastric cancer appears rarer in CVID, possibly due to the more
common use of antibiotics that would eliminate H pylori. (26)

Data from national surveys suggest a US population prevalence of PIDD of 1 in 1200
persons [29]. National surveys of patients with PIDD diagnoses have been performed by the
Immune Deficiency Foundation in 1993, 2002 and 2007 to determine the diagnoses rates for
different subclasses of PIDD. CVID was the most common PIDD in all three surveys, and
made up 63.1% of the PIDD registry in the most recent report [30]. The 2007 survey
included 13 possible PIDD diagnoses while the USIDNET registry includes a much broader
range of PIDD. Also our cohort reflects a predominantly Caucasian population and
minorities such as African Americans, Asians and Hispanics are underrepresented; this
observation may reflect underdiagnoses of PIDD among these minorities [31].

PIDD caused by defects in DNA repair are generally associated with other features, such as
increased cellular sensitivity to radiation, developmental disorders, and cancers. Ataxia
telangiectasia, Fanconi’s anemia, Bloom’s syndrome, and Nijmegen breakage syndrome
have DNA repair defects associated with increased radiation sensitivity [32]. The cancer risk
varies among these PIDDs, but, in general, they are at increased risk for lymphoma,
leukemia and other cancers [32] because of accumulated DNA damage. In CVID, the
increased risk for lymphoma is likely multifactorial, including impaired control of Epstein-
Barr virus (EBV)-driven lymphoproliferation and genetic instability of lymphocytes due to
sustained activation and proliferation during chronic infections [33-35].

Even with a database as large as USIDNET, some rare PIDD were insufficiently represented
or not included. For example, only 3 patients in the registry had GATAZ2 deficiency, a
disorder characterized by immunodeficiency (monocytopenia, B cell, NK cell and CD4* T
cell lymphopenia), neurologic manifestations, pulmonary disease, and susceptibility to
myelodysplastic syndrome, acute myeloid leukemia, and solid tumor malignancies
principally related to human papilloma virus (HPV)-associated dysplasias and squamous cell
cancers [36].

The major strengths of the USIDNET database are its large size, data collection from
multiple institutions, prospective reporting, and the broad range of represented PIDD. This
study was the largest of its kind to evaluate tumor site-specific cancer incidence in subjects
with PIDD and compare those incidences to age-adjusted populations from the SEER
database. While registry databases allow collection of rare diseases, there are limitations in
that reporting of cases is voluntary, and the diagnoses reported were not independently
verified. In addition, the bias of missing data and under-reporting in registries can be
substantial. As an example, in the PIDD registry there were no men with the diagnosis of
prostate cancer and significantly less women with breast and colon cancer than the expected
incidence. This unexpected finding is likely the result of under-reporting of malignancies
within the registry. However, if underreporting applied to the entire analysis, the finding of
an increased incidence of lymphoma, skin, and gastric cancers may be larger than reported.
In addition, the lack of a detailed description of cancer types in the USIDNET database may
have led to incorrect classification of cancers and incorrect comparison with age-adjusted
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populations from the SEER database. When the age of diagnosis of cancer was not included
in the registry, we used age at last follow up as a surrogate for the year of cancer diagnosis,
which can falsely increase the age of cancer diagnosis. Finally, our analysis was restricted to
incident cancer and was not designed to address the separate question regarding how
immunodeficiencies affect cancer prognosis.

Epidemiologic studies in subjects with various immunodeficiencies point to a restricted role
of our immune system in protecting against tumors. For example, acquired immune
deficiency syndrome (AIDS)-associated malignancies such as Kaposi’s sarcoma (caused by
human herpesvirus-8), lymphomas (induced by EBV), and cervical and anal cancers (caused
by HPV) largely represent defective viral immunosurveillance that predisposes to these
cancers. The current study, as well as data from earlier registries, point to two major factors
driving increased cancer risk among specific subjects with PIDD: defective DNA repair and
failure to provide immune surveillance against chronic viral infections (e.g., EBV and HPV)
that cause cancer. However, we did not observe an increased incidence in PIDD patients of
the most common solid tumor malignancies seen in the general population (lung, breast,
colon, and prostate), an observation that supports a restricted role for immunosurveillance in
preventing specific cancers while being less important for others.
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Key Messages

These results point to a restricted role of the immune system in protecting from specific
cancers and underscore the need for evidence-based approaches for early detection of
these cancers in high-risk patients with primary immunodeficiency diseases.
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Figure 1. Actual versus expected cancers diagnosed in men and women in the USIDNET registry
Cancer incidence in both men and women in the USIDNET registry as well as age adjusted

cancer incidence obtained from the SEER database in men and women. We used SEER data
to create an age-adjusted cancer incidence for the general population in 5-year increments.
We applied SEER incidence data and adjusted for age to estimate the expected incidence of

cancer.

*values that appear above the bars represent values rounded to the closest whole number
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Demographics of USIDNET subjects

Page 13

Demographics of the subjects in the USIDNET registry including, age, race, ethnicity, geographic location,
and cancer rates among the different reported races.

Demographic No of (%) of USIDNET (%) of US Population as
Patients | Cohort awhole®
Average age: 47, Median Age: 29, Age Median age of the US population : 37.8
range : <1to 89 years
Gender
Male 2174 59.4% 49.2%
Female 1484 40.6% 50.8%
Race
Caucasian 2435 66.6% 77.1%
African American 212 5.8% 13.3%
Native American 34 0.9% 1.2%
Asian 62 1.7% 5.6%
Multi-racial 26 0.7% 2.6%
None Selected 889 24.3% N/A
Do you lIdentify as Hispanic/Latino?
Yes 280 7.7% 17.6%
No 1309 35.8% N/A
Not selected 2069 56.6% N/A
Cancer and Race (%) of Cancer Diagnoses in the (%) of Cancer Diagnoses in the US
USIDNET database (SEER) ™™
Caucasian 140 81.9% 23.4%
African American 7 4.1% 24.0%
Asian 1 0.6% 16.0%
None Selected / Other 23 13.5% 36.5%
Ta7]
T
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Table 2
Distribution of primary immunodeficiency in the USIDNET registry

Incidence rates of the different primary immunodeficiency diseases reported in the USIDNET registry. The
diagnoses categories represent the classification system published in “Primary immunodeficiency diseases: an
update on the classification from the International Union of Immunological Societies Expert Committee for
Primary Immunodeficiency” [10].

PIDD type or subtype Men | Women | Totals
Common variable immunodeficiency disorders with unknown genetic basis 556 729 1285
Severe combined immunodeficiency
Common gamma-chain deficiencies 29 1 30
JAK3 4 0 4
IL7R alpha deficiency 4 4
CD45 deficiency 1 0 1
CD36 1 1 2
RAG 1 deficiency 1 4 5
RAG 2 deficiency 2 0 2
DCLREI1C (Artemis) deficiency 1 0 1
Reticular dysgenesis, AK2 deficiency 1 0 1
Adenosine deaminase (ADA) deficiency 29 24 53
SCID unknown type 88 53 141
Other combined immunodeficiencies
CD8 deficiency 1 0 1
ZAP70 deficiency 0 1 1
MHC class Il deficiency 0 1 1
Activated PI3K-& 0 1 1
Omenn Syndrome 4 4 8
Wiskott-Aldrich Syndrome (WAS) 225 2 227
Ataxia telangiectasia 14 7 21
Immunodeficiency with centromeric instability and facial anomalies (ICF) 0 1 1
DiGeorge anomaly 85 345 430
CHARGE syndrome 0 1 1
Cartilage hair hypoplasia 2 4 6
Hyper IgE syndrome AD STAT3 25 28 53
DOCK 8 3 3 6
Comel- Netherton Syndrome 1 1 2
IKAROS deficiency 1 0 1
Combined immune deficiency of unknown or unlisted genetic cause 11 19 30
Predominantly antibody deficiencies
Agammaglobulinemia of unknown cause or unlisted gene defect 9 5 14
Hypogammaglobulinemia of unknown cause or unlisted gene defect 44 57 101
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PIDD type or subtype Men | Women | Totals
BTK deficiency 378 1 379
Iga deficiency 6 6 12
P13 kinase deficiency 1 0 1
Myelodysplasia with hypogammaglobulinemia 0 1 1
Thymoma with immunodeficiency 1 0 1
TACI deficiency 2 3 5
Warts, hypogammaglobulinemia, infections, myelokathexis (WHIM) syndrome 0 1 1
Hyper IgM due to uncertain or unlisted cause 104 12 116
CD40L deficiency 21 21
CDA40 deficiency 1 0 1
AID deficiency 3 0 3
Isolated 1gG subclass deficiency 3 6 9
Selective 1gA deficiency 14 14 28
Specific antibody deficiency with normal Ig concentrations and normal numbers of B cells 13 28 41
Transient hypogammaglobulinemia of infancy with normal numbers of B cells 4 4 8
Diseases of immune dysregulation
UNC13D/Munc13-4 deficiency (FHL3) 1 0 1
XIAP deficiency (XLP2) 1 0 1
IPEX, immune dysregulation, polyendocrinopathy, enteropathy X-linked 4 0 4
APECED (APS-1), autoimmune polyendocrinopathy with candidiasis and ectodermal dystrophy | 6 6 12
ALPS with unknown or unlisted genetic cause 3 0 3
ALPS-FAS 2 0 2
ALPS- caspase 8a 0 1 1
Congenital defects of phagocyte number function or both
Neutropenia, due to uncertain or unlisted cause 1 0 1
Leukocyte adhesion deficiency with unknown genetic cause 0 1 1
Leukocyte adhesion deficiency type 1 (LAD1) 3 5
CGD, uncertain genetic cause 87 70 157
X-linked chronic granulomatous disease (CGD) 323 3 326
Autosomal recessive CGD — p22 phox deficiency 3 0 3
Autosomal recessive CGD — p47 phox deficiency 1 1 2
Autosomal recessive CGD — p67 phox deficiency 1 0 1
IFN-y receptor 1 deficiency 3 0 3
STAT1 deficiency (AD form) 0 1 1
GATAZ2 deficiency (Mono MAC syndrome) 1 2 3
Defects in innate immunity
Other defects in innate immunity 3 4 7
Anhidrotic ectodermal dysplasia with immunodeficiency (EDA-ID) 3 0 3
EDA-ID, X-linked (NEMO deficiency) 10 1 11

J Allergy Clin Immunol. Author manuscript; available in PMC 2019 March 01.

Page 15



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Mayor et al.

PIDD type or subtype Men | Women | Totals
EDA-ID, autosomal dominant 2 0 2
IRAK-4 deficiency 1 1
Chronic mucocutaneous candidiasis of uncertain or unlisted cause 0 1 1
STAT1 gain-of-function 0 1 1
CD16 deficiency 1 1 2
Autoinflammatory disorders
Autoinflammatory syndrome due to uncertain or unlisted cause 2 0 2
Mevalonate kinase deficiency (hyper IgD syndrome) 0 1 1
TNF receptor-associated periodic syndrome (TRAPS) 0 1 1
Complement deficiencies
C2 deficiency 8 4 12
C3 deficiency 1 0 1
C1 inhibitor deficiency 0 3 3
Complement deficiency due to uncertain or unlisted cause 5 1 6
Immunodeficiency of unknown or unlisted cause
Immunodeficiency of unknown cause 4 6 10
Immune dysregulation with autoimmunity due to uncertain cause 1 1 2
Totals 2174 | 1484 3658
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Cancer Diagnosis in the USIDNET registry

Incidence rates of cancer site-specific diagnoses made in the USIDNET registry

Cancers Type Men | Women | Totals
Lymphoid cancer 41 41 82
Lymphoma 32 31 63
Hematologic tumor NOS * 3 6 9
Leukemia 5 3 8
Thymus cancer 1 1
Malignant Histiocytosis 1 0
Genitourinary cancer 7 7 14
Bladder cancer 3 0 3
Testicular cancer 3 N/A 3
Cervical cancer N/A 2 2
Renal cancer 1 0 1
Uterine cancer N/A 2 2
Ovarian cancer N/A 3 3
Gastrointestinal cancer 9 5 14
Stomach / duodenal cancer 2 3 5
Colon cancer 3 1 4
Liver cancer 3 0 3
Appendiceal cancer 0 1 1
Pancreatic cancer 1 0 1
Endocrine cancer 4 5 9
Thyroid cancer 4 3 7
Endocrine cancer 0 2 2
ENT cancer 5 1 6
Laryngeal cancer 2 1 3
Mouth cancer 1 0 1
Eye cancer 2 0 2
Skin (NOS") 10 15 25
Lung (NOS*) 2 3 5
Bone Cancer (NOS*) 1 1 2
Breast Cancer (NOS*) 0 10 10
Unspecified Primary 1 3 4
Totals 80 91 171
*
Not Otherwise Specified

J Allergy Clin Immunol. Author manuscript; available in PMC 2019 March 01.

Table 3

Page 17



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Mayor et al.

Table 4

Immune Defects and Cancer in the USIDNET registry

Incidence rates of the cancer diagnoses by PIDD type and subtype. NOS represents “Not otherwise specified

Page 18

PIDD Type or Subtype Cancer in | Cancerin | Total Number of cancers
Men Women
CVID 48 71 119
Severe combined immunodeficiency
Common gamma chain deficiency 2 0 2
SCID unknown type 1 0 1
Adenosine deaminase Deficiency 1 0
Other combined immunodeficiencies
Wiskott-Aldrich Syndrome (WAS) 8 0 8
Ataxia telangiectasia 2 1 3
Hyper IgE AD STAT3 1 2 3
Cartilage hair hypoplasia 0 2 2
DOCK8 0 1 1
Activated PI3K-6 0 1 1
Combined immune deficiency with unknown or unlisted genetic cause 0 1 1
Predominantly antibody deficiencies
BTK deficiency 4 0 4
Hypogammaglobulinemia 4 5 9
Splelzcific antibody deficiency with normal Ig concentrations and normal number of B 0 3 3
cells
Isolated 1gG subclass deficiency 0 2 2
CD40 deficiency 1 0 1
CDA40L deficiency 1 0 1
Hyper IgM due to uncertain or unlisted cause 4 1 5
Selective 1gA deficiency 0 1 1
Immunodeficiency of unknown cause 3 0 3
Total cancers 80 91 171
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Common understanding suggests that the normal function of a “healthy” immune
system safe-guards and protects against the development of malignancies, whereas
a genetically impaired one might increase the likelihood of their manifestation. This
view is primarily based on and apparently supported by an increased incidence of
such diseases in patients with specific forms of immunodeficiencies that are caused
by high penetrant gene defects. As | will review and discuss herein, such constellations
merely represent the tip of an iceberg. The overall situation is by far more varied and
complex, especially if one takes into account the growing difficulties to define what
actually constitutes an immunodeficiency and what defines a cancer predisposition.
The enormous advances in genome sequencing, in bioinformatic analyses and in the
functional in vitro and in vivo assessment of novel findings together with the availability
of large databases provide us with a wealth of information that steadily increases the
number of sequence variants that concur with clinically more or less recognizable
immunological problems and their consequences. Since many of the newly identified
hard-core defects are exceedingly rare, their tumor predisposing effect is difficult to
ascertain. The analyses of large data sets, on the other hand, continuously supply us with
low penetrant variants that, at least in statistical terms, are clearly tumor predisposing,
although their specific relevance for the respective carriers still needs to be carefully
assessed on an individual basis. Finally, defects and variants that affect the same gene
families and pathways in both a constitutional and somatic setting underscore the fact
that immunodeficiencies and cancer predisposition can be viewed as two closely related
errors of development. Depending on the particular genetic and/or environmental context
as well as the respective stage of development, the same changes can have either a
neutral, predisposing and, in some instances, even a protective effect. To understand
the interaction between the immune system, be it “normal” or “deficient” and tumor
predisposition and development on a systemic level, one therefore needs to focus on
the structure and dynamic functional organization of the entire immune system rather
than on its isolated individual components alone.

Keywords: primary immunodeficiency, cancer predisposition, down syndrome, childhood leukemia, immune
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INTRODUCTION

The neoplastic transformation of cells and their subsequent
successful clonal expansion and progression into clinically
apparent hematologic malignancies and solid tumors is a
complex multifactorial process. On the one hand, this process
requires changes in the respective cells’ genetic program that
modify their metabolism and performance and consequently
alter their normal differentiation, replicative, and survival
capacity. On the other hand, these cells have to learn to adapt
themselves and to exploit external deterministic physiological
stimuli as well as to flexibly react to a plethora of stochastic
environmental challenges (1, 2). This, in turn, defines their
capability to achieve successful interactions with and survival
strategies within their normal surrounding tissue. With its
interactive network of cells, humoral factors, and cytokines, the
immune system plays a fundamental role in the recognition
of and protection against any internal or external threads, be
it abnormal cells, foreign tissues or infections agents. Inborn
genetic defects or dysfunctions of the one or the other immune
system components may thus unsettle the intricate physiological
balance and maintenance of a body’s functional homeostasis and
thereby diminish its preventive capability or even promote the
formation of neoplastic diseases in a proactive manner.

The recent methodological advances in deciphering the
composition and structure of the human genome allow us
now to identify virtually any DNA sequence alterations in a
hitherto unimaginable fast and detailed manner. Various such
technologies have in the meantime become invaluable diagnostic
mutation screening tools that help to identify clear-cut disease-
associated genetic defects in inborn errors of the immune
system but also more elusive variants that may participate in
the predisposition to malignant diseases in children. These
developments are addressed in a large number of original
publications as well as in many excellent reviews of these subjects
(3-16). Rather than reiterating what has already extensively
been written about, I intend to provide a more conceptional
framework of this subject and focus my attention on often
neglected and less well-appreciated fundamental facts and
phenomena, which I consider particular relevant for an in-
depth appreciation and understanding of this topic and which
I will supplement with some specific examples that illustrate the
developments and progress in this field.

To begin with, we first need to (re)define the current view and
understanding of “primary immunodeficiency” as well “genetic
predisposition and susceptibility.”

PRIMARY IMMUNODEFICIENCY
SYNDROMES (PID)

The immune system is composed of highly specialized cells,
tissues, organs and soluble factors that interact in a complex
way to ensure an organism’s immune defense. According to
the current definition, PID are thus a group of diseases, which
are caused by heritable DNA sequence alterations that impair
the quantitative or qualitative function of cellular or humoral

components of the adaptive or innate immune system (17). The
spectrum of their clinical, often intimately interrelated symptoms
includes developmental disorders, autoinflammation, chronic
inflammation, autoimmunity, neoplasms as well as serious,
recurrent, or unusual infections (18, 19). Initially, the diagnosis
of these conditions was based on abnormal laboratory parameters
and clinical problems, in particular recurrent, severe or unusual
infections that in certain groups of patients occasionally
concurred with familial clustering, syndromic features, radiation
sensitivity and also a certain propensity to develop particular
types of malignancies. With the advent of in vitro testing
and immunophenotyping technologies, it became possible to
better define and differentiate certain categories as well as
to characterize even subtle cellular and humoral functional
deviances already to a certain extent. In the early days of the
molecular genetic era, the respective responsible genes were then
identified in cases with highly penetrant genetic traits, which
instigated a first, albeit restricted diagnostic mutation screening.
With the introduction of more sophisticated sequencing
technologies, the discovery of causative genetic defects increased
steadily in parallel with the refined dissection, delineation, and
definition of such immunodeficiency syndromes. The recent
2017 update of the “Primary Immunodeficiency Committee”
of the “International Union of Immunological Societies” thus
recognizes 344 genetic defects that define 354 distinct disorders of
immunity in nine categories (20, 21). Some of these monogenetic
disorders are extremely rare and were so far identified in single
families only.

This compilation together with the commonly unconsidered
use of the term PID leaves the impression that one indeed
knows what the term PID stands for. It is therefore intriguing
to note and especially important to point out that there is
actually no clear consensus about its definition (22). The reason
for this now newly flaring-up debate is the recognition that
the perception of immunodeficiency has so far clearly focused
only on the most obvious and clinically striking disorders in
both adaptive and innate immunity that affect the lympho- and
hematopoietic system. With the increasing appreciation that also
non-hematopoietic cells and tissues participate in a significant
manner in the immune defense this view is currently changing
and necessitates an expansion of this concept. For instance,
keratinocytes, endothelial cells, and fibroblast secrete as much
and as many cytokines as hematopoietic cells do and can thus
use their intrinsic pathways for protection against infectious
agents also in a similar fashion. Another example are neurons
and oligodendrocytes, which are similar essential and sufficient
guardians against herpes simplex virus I and probably also other
infection agents (22).

Another development that one has to consider in this context
are the results that derive from the increasingly sophisticated
diagnostic work-up of suspicious cases with technologies that
enable nowadays the recognition of even clinically not readily
apparent quantitative and qualitative deviations of particular
cellular and humoral immune system components. As can
be appreciated already in a normal setting, such differences
are commonly due to and thus correlate with variations
on the sequence level, either in form of single nucleotide
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polymorphisms/(SNP) alone or in form of definable haplotypes,
which can make it more and more difficult to define a
physiological norm and, under particular settings, a clear disease-
relevant pathological state (23-32). One of the best documented
and therefore most instructive example is the context-dependent
implications of the highly variable serum levels of the mannan-
binding lectin (MBL), the apparently most common deficiency
of a humoral component of the innate immune system (33).
The respective gene contains 87 different polymorphic sites with
a multitude of possible combinations, of which seven common
haplotypes stand out. These haplotypes determine the serum
levels as well as the configuration and function of the encoded
proteins in a predictable manner, although the possible effects
are co-determined by the sex and age of the respective carrier,
hormonal changes and immune system activation. Moreover,
the frequency of the diverse haplotypes varies world-wide in
an ethnicity specific manner. Thus, although the magnitude
of particular MBL protein levels are clearly recognizable and
determined by genetic factors, the ensuing effects, whether a low
or high level becomes detrimental or beneficial or whether it
remains irrelevant, are strictly context-dependent and therefore
difficult to predict or interpret in a given individual.

Based on an estimate that ~5% of all genes participate in one
or the other way in host defense and immune tolerance, it was
predicted that with the new sequencing technologies up to 3,000
PIDs will be identified by the year 2021. Even if one considers
only a still monogenic scenario with only two types of alleles
per locus (i.e., heterozygous vs. homozygous, loss-of function vs.
gain-of-function, hypomorphic vs. amorphic as well as various
other variations), it is hardly imaginable that one will be able
to functionally evaluate and analyze the magnitude of all the
possible outcomes in a reasonable manner to make some sense
of the ensuing (patho)physiological effects even in an perhaps
otherwise well-defined setting (22, 34).

In the end, these reflections leave us with the question how one
actually will define primary immunodeficiencies in the future.
When, to which extent and in which form do they need to
manifest themselves clinically? Will it be sufficient to just view
them as pure monogenic disorders or does one eventually also
need to consider the contribution of modifying gene, signaling
pathway, and cellular networks in a much stronger way?

GENETIC PREDISPOSITION AND
SUSCEPTIBILITY

The concept of genetic predisposition and susceptibility,
which so far was also based primarily on the clinical
perception of disease and inheritance patterns, experiences
nowadays a similar reinterpretation and paradigm shift as
the one of immunodeficiency. The emergence and continuous
improvement of fine-scale and cost-efficient targeted, whole
exome and whole genome, methylation as well as RNA
sequencing approaches, increase the possibilities to investigate
the genetic background of heritable and acquired diseases in
a previously unprecedented manner (6, 10). Not only has
it become much easier to screen all the eligible genes of

already well-recognized conditions for causative mutations, it
has also become much simpler to identify novel sequence
abnormalities in rare, unusual, or merely suspected cases of
immunodeficiencies and cancer predisposition. Thus, the special
choice of the appropriate mode to search for and ascertain such
genetic factors remains nowadays a matter of intention, clinical
opportunities and individual demands that, in particular, is based
on patient/family-relevant, gene-related, disease-associated, or
population-based aspects (30). In a clinical setting, the direct
patient-orientated approach is definitely the most important one.
The ascertainment of an inborn genetic cause of a particular
disease requires not only its appropriate work-up with the best-
fitted mutation screening method but also the careful justification
of its significance through the assessment of medical records
and family history as well as the clinical and laboratory data
of an affected patient (7, 13, 14, 34-47). Especially in those
cases in which a cancer-prone condition is recognized already
before the onset of a malignant disease, securing the specific
genetic cause is essential to guide the necessary clinical measures,
such as an appropriate treatment and surveillance program
together with a suitable genetic counseling (7, 13, 14, 34-47).
However, in many instances a potential predisposing germ-line
alteration may only be suspected and searched for at the time
a malignant disease is diagnosed. Especially if one screens the
neoplastic tissue for disease-specific diagnostic alterations, one
cannot avoid coming across inborn genetic errors, not only
those in already known genes but occasionally also in novel
ones. Distinguishing somatic from inherited defects in tumor
tissue alone may turn out quite difficult because both types often
affect the same genes, a fact that necessitates the verification of
the inborn nature of any such changes by analyzing germ line
material in addition. Based on such experiences, it is therefore
becoming practice to screen for underlying germ-line defects in
a more systematic fashion in form of so called “trio analyses,”
which in addition to a patient’s tumor and germ line DNA also
requires the parental ones for comparison (4, 13, 34, 35). An
increasing number of publications confirm that this approach
is particular rewarding, not only for the sake of the patient and
her family but also for scientific reasons. In case a particular
gene defect is not already clearly indicative of a specific type of
predisposing condition, it may be difficult or virtually impossible
to decide whether concomitant immune system derangements
at diagnosis are actually the cause or the effect of the respective
disease. As I will point out later, more subtle predisposing gene
alterations that merely modify the function of a gene, such as
single nucleotid polymorphisms (SNPs), may not even exert
any easily recognizable effects prior to onset of the malignant
disease. Predisposing SNPs were originally discovered by large-
scale genome wide association studies (GWAS) in regions of
the genome, which are linked with particular disease traits. The
biological relevance and functional consequences of some of
these variants has in the meantime already been established
and confirmed with appropriate experiments and test systems
(23, 26, 48, 49).

Our current knowledge of the genetic basis of
immunodeficiency and tumor predisposition is primarily
based on monogenic disorders. We learned to appreciate the
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genetic heterogeneity of these conditions, meaning that single
or similar phenotypes can be generated by different genetic
mechanisms. Polygenic diseases, on the other hand, are caused
by the joint contribution of several independent acting or
interacting genes, whose individual contribution might be small
or even unnoticeable. GWAS together with WGS studies have
now allowed us to extend such analyses to the entire genome
in a kind of omnigenic approach, which means that we will
need to learn to cope with the combinatorial effects of a large
number of genetic variants, whose individual contribution is not
readily apparent (50). In contrast to Mendelian diseases, which
are primarily caused by mutations in the protein-coding part
of the genome, complex traits are mainly driven by non-coding
variants that presumably affect regulatory elements of genes,
such as promoters and enhancers. For instance, risk variants
for autoimmune diseases show particular enrichment in active
chromatin regions of immune cells (51-53).

The “ommnigenic” model still accepts that only a modest
number of “core genes” or pathways are etiologically important
for a specific disease and their dysfunction will still have the
strongest impact on the disease process (54). However, in this
situation the particular risk will be driven by an accumulation of
weak and heterogeneous effects of many modifying gene variants,
whose specific configuration might even only become relevant
in certain cell types and tissues, whereas in others they might
remain completely inconsequential (51). The ultimate and most
provocative conclusion and interpretation of this “omnigenic”
model is of course that virtually any variant with regulatory
effects in a given tissue is likely to have some (weak) effects on
all diseases that are modulated through this particular tissue (51).

Whereas the identification of risk factors in monogenic
diseases requires sequencing of specific genes and the careful
functional assessment of any unusual sequence variant that pops
up, polygenic risk scores of common diseases are statistically
determined likelihoods that are calculated from genome-wide
SNP patterns. Given the countless possibilities how defective
and normal but functionally dissimilar allele variants of one
or multiple genes can be combined and co-inherited, it is
therefore astonishing that, as reported recently by Khera et al.,
the risk scores of such common diseases may under particular
circumstances nevertheless reach at least the same magnitude
as the ones achieved in monogenic diseases (55). Together
with the cell- and tissue-specific utilization of the ensuing gene
products, these findings provide a ready explanation for the
highly variable penetrance of genuine gene defects and, even
more so, for functionally modifying variants and, not least, why
it is so difficult to foresee their biological consequences even in
monogenic disorders (34). In addition, one has of course also to
keep in mind that even in instances with a strong predisposing
genetic component, the development of malignancies is always
a multifactorial process that not only requires a liable genetic
architecture but also some probabilistic elements as well as the
participation and interaction of a multitude of other intrinsic
and extrinsic factors and mechanisms. In case of hematologic
malignancies, such cell-intrinsic defects and abnormalities
consist of those that affect (I) (lympho- and hematopoietic stem)
cell development, differentiation and apoptosis; (II) lymphocyte
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FIGURE 1 | Schematic synopsis of the various genetic, immunological,
microbial, and environmental constituents that contribute to and participate in
the development of hematologic neoplasms, lymphomas and solid tumors.

signaling, cytoskeleton, cytotoxicity and metabolism and (III)
chromosome stability as well as DNA repair (3). Cell-extrinsic
factors, on the other hand, comprise chronic inflammation;
autoimmune- and autoinflammatory diseases, chronic (viral)
infections and an impaired tumor surveillance (Figure 1).

SOMATIC MUTATION (SMT) VS. TISSUE
ORGANIZATION FIELD (TOFT) THEORY

SMT and TOFT are two apparently competing theories of
cancer development. The SMT postulates that cancer is a
molecular, gene-based disease that derives from single cells
whose autonomous and unrestrained proliferation is driven
by the progressive accumulation of accidental and essentially
unrelated events (2, 56-58). The TOFT, on the other hand, posits
that cancer develops as an adaptive, emergent phenomenon
whose fundamental determinants act at the level of tissue
and organ homeostasis. In this scenario, inherent genetic
constituents as well as a variety of physical, chemical and
biological agents, such as cytokines, viruses, chemicals and/or
radiation, perturb the functional interaction of diverse cellular
modules and subsequently also the organizational state of tissues
themselves (58). To a certain extent this process resembles
morphogenesis and as such also replicates a tumor’s capability
to continuously balance novelty with stability and to combine
plasticity with robustness (57, 59). The reductionist, bottom-up
approach of SMT and the emergentist, top-down approach of
TOFT are often considered incompatible because they view the
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problem from two different levels of biological complexity. The
probably smallest and already generally agreed-upon common
centerpiece where these two opinions meet is the tissue
micro-environment (57).

Compared to the possibilities of compact tissues, the various
closely interconnected humoral and cellular components of the
immune system are in a unique situation, because they can exert
their action not only in a local microenvironment, but they can
also act over and cover the macroenvironment of tissues, organs
and even an entire organism in a systemic fashion. Moreover,
within a particular context and a respective cellular milieu,
components of the immune system can either foster or suppress
tumor development. It is thus not surprising that the highly
flexible and adaptable immune system, be it normal, impaired,
or defective, is one of the major players in the game of tumor
predisposition and development (60-64).

The three prevalent and often closely connected complications
of PIDs are thus infections, autoimmunity, and malignancies.
Nevertheless, it is intriguing to note that except for a few
distinct disorders, such as Nijmegen breakage syndrome (NBS),
Ataxia telangectasia (AT), and autoimmune lymphoproliferative
syndrome (ALPS)-related autoimmune diseases, PIDs do not
cluster with malignancies in the human diseaseome network
(60, 65). Most of the available information regarding cancer
risk derives from specific subtypes that result from defects
in genes that regulate DNA repair, cell cycle, apoptosis, bone
marrow maturation as well as those that help to protect against
virus infections (17, 60). As might be expected, the most
common overall hitherto documented forms of malignancies in
all these conditions are lymphomas, whereas other neoplasms
occur predominantly in a more disorder-typical and -constrained
manner (7, 14, 17, 38, 60, 66-72).

“ENVIRONMENT”

Multicellular organisms are organized in a modular fashion
with distinct functional units and compartments. Based on the
particular level of organization one can thus distinguish various
internal as well as external forms of environment. From the
perspective of cells, for instance, such environmental shells may
constitute specific niches, tissues, organs and the entire organism.
The environment of a developing fetus, on the other hand, is
provided by the mother. Following birth, the organism becomes
embedded in a milieu of beneficial as well as latent pathogenic
microorganism and is then openly exposed to the potentially
damaging biological, physical, and chemical agents of the outer
world, with which it has then to interact in various ways.

Fetal-Maternal Immune System

Interactions

With regard to immunology, pregnancy is a particular interesting
condition because it requires the constructive co-existence of
two genetically and immunological distinct individuals within
a single body (73, 74). To succeed, this endeavor requires the
beneficial cooperation of a fully developed, but during this period
dampened, immune system with a just evolving one that still

has to mature and achieve its independence. This interaction
requires the temporary reorganization and adaptation of the
maternal immune system as well as the acceptance of assistance
and cooperation of the fetal one. Maternal immune cells therefore
help to “teach” those of the fetus to balance the need of self-
defense against that of immune tolerance: too much restraint
would lead to lethal infections, whereas too little would lead to
autoimmunity (75-77). During this especially vulnerable phase
this intricate balance can easily be disturbed, in particular by both
cell intrinsic (genetic) as well as cell extrinsic biological factors.

Although a fetus expresses genetically foreign paternal
antigens, it coexists in harmony inside the mother because
it resides in an immune-privileged cocoon (78). Nevertheless,
maternal and fetal cells still traffic through the placenta
during the entire gestation period. After birth, surviving cells
become then the source of a lifelong micro-chimerism in
the corresponding opposite bodies, a phenomenon that under
particular circumstances may significantly impact the future life
of the mother as well as the child in various positive or negative
ways (78, 79). Changes in the number, phenotype or distribution
of microchimeric cells, for instance, can have an effect on
immune surveillance, tissue repair, autoimmune diseases and
tumorigenesis. It has thus been suggested that microchimeric
cells may modulate health and disease in a similar way as
commensal microorganisms control the susceptibility to various
immunological and non-immunological disorders (78, 80).

One of the striking pathological consequences of the
bidirectional cell trafficking are particular forms of SCID,
in which the accumulation of a significant number of
maternal T cells can cause a kind of graft-versus-host disease
(GVHD) in the immune incompetent child (81, 82). However,
even asymptomatic infiltrations of maternal cells are still an
independent predictor for the development of GVHD later
in life in case of transplantations (82). Conversely, maternal
micro-chimerism in cord blood can mediate a graft-versus-
leukemia effect in cord blood transplantation (83). Finally,
there are also rare instances of maternal-fetal transmissions of
malignancies, such as has been reported for lymphoma, leukemia
and melanoma (84).

Within the setting of such pre- and postnatal fetal/maternal
immune system interactions, the human leukocyte antigen
(HLA) system and, in particular, its paternal component plays
a particular important role (78). Exposure to inherited paternal
antigens as well as non-inherited maternal antigens during
pregnancy can lead to either immunization or tolerization,
the sequelae of which can have even consequences decades
later, not least in form of an alloimmune response in case of
transplantation (85).

HLA System

The HLA system is part of the human major histocompatibility
complex (MHC), a region on the short arm of chromosome
6 with some 260 genes that are involved in the immune
response. Unsurprisingly, this is also the region of the genome
that is associated with the greatest number of diseases with an
immune system component, including those “bare lymphocyte”
SCID disorders that are caused by deleterious mutations in
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certain MHC genes (86-88). As one of the main players in
immune system interactions, the HLA system orchestrates the
induction, regulation and fine-tuning of immune reactions and,
in particular, the selection of the T cell repertoire (89). It is
highly polymorphic and comprises more than 15,000 allelic
variants (86).

Although specific HLA genotypes do not per se predispose
to any particular disease in the strict direct sense, they are still
highly enriched in and closely associated with distinct forms of
inflammatory, autoimmune, and malignant disorders, a fact that
not only underlines the central position of this regulatory system
in their pathogenesis but also somehow links these otherwise
disparate diseases.

HLA genotype patterns are not only associated with distinct
sub-types of leukemias and lymphomas, but they can even
correlate to some extent with the prognosis and survival of
the respective diseases (90, 91). This evidence derived originally
from the atypical HLA segregation patterns in leukemic families.
They revealed an increase in HLA-identical non-affected sibs,
HLA homozygosity, and identical disease-related maternal class
I DRB1 haplotypes (90). Together this data is also taken as an
indication that ALL is a problem that results from a population
level response of HLA to infectious disease. In other words,
overrepresented HLA haplotypes can provide some valuable
insights into gene environment interactions as well as why
and how particular clones are selected that will eventually
produce the leukemic cell mass (88, 92-94). According to
Greaves, B cell precursor (BCP) ALL evolves in two discrete
steps, the in utero formation of a preleukemic clone, which
is then triggered by a delayed abnormal immune response to
common infections, followed by its postnatal conversion to overt
leukemia (95-97). In the absence of any direct evidence for a
specific causative infectious agent, the respective HLA pattern
can thus be used as an indirect proxy measures for a genetically
directed immune response and can thereby deliver valuable
clues for the involved mechanisms. Based on such investigations,
Taylor et al. concluded that BCP ALL is an indirect outcome
of a transient auto-immune induced inflammatory molecular
mimicry reaction that in turn may also explain why this subtype
appears to be associated with delayed infection (88, 92, 93).
Other factors that can help tumor cells to escape immune
surveillance include somatic mutations that result in structural
and functional changes in HLA system components, loss of
expression of tumor antigens, lack of co-stimulatory molecules,
and production of immunosuppressive cytokines (86). However,
even more intriguing is the recent discovery that the HLA class
I genotype is also participating in sculpting the entire oncogenic
mutation landscape of a neoplasm (98). This is achieved through
the continuous elimination of tumor cells with mutations that
primarily produce strong antigens, which leads to a selection of
cells with mutations that avoid producing such neoantigens (98).

Since the first hit that initiates the formation of the majority of
pediatric cancers and leukemias occurs already very early in fetal
life, the largest part of their further development still takes place
in utero (95-97). It is therefore conceivable that fetal/maternal
interactions and, in particular, the maternal immune system can
influence and modify also the course of the disease in the one or

the other way. Because one cannot study these processes directly,
one has to rely on the above discussed traces and patterns that
remain imprinted especially in the child’s immune system after
birth and which at least can provide some indirect clues about
what had happened prenatally. The essential role of the in utero
environment is further underlined by the fact that in individuals
with a preexistent germline predisposition, secondary leukemia-
promoting mutations can only evolve in special niches during
distinct stages of organ development. In Down syndrome, for
instance, GATAI mutations, which emerge exclusively during
fetal liver hematopoiesis, cause an accumulation of immature
erythro-megakaryocytic precursor cells (99-102). After birth, this
pseudo- or preleukemic cell population is usually uncapable
to maintain itself any longer and usually collapses within a
short period. Although such spontaneous postnatal regressions
of embryonic malignancies are quite common, it is not yet clear,
whether at all or to which extent this phenomenon can also be
attributed, in the strictest or in a broader sense, to the loss of
the fetal/maternal interaction or altered activity of the newborns
immune system (68, 103).

Disorders of the DNA Repair System
Embryonic malignancies as well as those associated with PIDs
are similar unfortunate byproducts of the complex processes
that control normal development (102, 104-106). Environmental
triggers such as carcinogenic pollutants and radiation play in
general only a subordinate pathogenetic role in the development
of childhood malignancies (105, 106). Such factors become
primarily relevant only in those PID forms that are due to some
types of DNA repair deficiencies (60, 71, 107-112). One of the
physiological tasks of this system is to orchestrate processes, such
as V(D)J recombination, class switch recombination, and somatic
hypermutation, which together generate those lymphocyte-
specific reorganizations that provide the basis for the adaptive
immune system’s genetic diversity (71, 108). Therefore, immune
deficient patients with a dysfunctional DNA repair, such as those
with an AT, NBS, and Bloom syndrome, are prone to develop
lymphomas, whereas those with a dysfunctional DNA repair but
without immune deficiency, such as xeroderma pigmentosum,
Fanconi anemia, Werner syndrome, and Rothmund-Thomson
syndrome, will primarily develop other forms of cancers (71).
These occur especially in organs with rapidly dividing cells
and/or an increased metabolic activity, including the brain, skin,
breast, and the gastrointestinal tract. Since particular DNA repair
defects produce characteristic mutation patterns and predispose
to specific tumor forms in PID patients, it is in turn even possible
to infer already from such indicators which DNA recombination
processes are impaired (71).

Patients with constitutional mismatch repair deficiency
(CMMRD) are prone to develop gastrointestinal, genitourinary
and brain tumors, lymphomas, and leukemias (38, 39, 46, 47,
109, 113-116). They may also develop antibody deficiencies
of variable severity, although they are neither a constant
nor obligatory feature and usually also have no clinical
correlate (107).

Genetic defects that disrupt the normal function of the DNA
nucleotide excision repair (NER) complex cause at least eight
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overlapping phenotypes, such as xeroderma pigmentosum (XP),
Cockayne syndrome (CS), and trichothiodystrophy (TTD) (117,
118). NER is responsible for fixing UV-induced lesions, bulky
chemical adducts and some forms of oxidative damage (118). The
respective complex comprises at least 30 proteins, three of which
(XPB, XPD, and TTDA) are also part of the basal transcription
factor TFIIH. The most interesting and intriguing of these
proteins is XPD, because, as Lehman pointed out so suitably, it
is one gene with two functions (DNA repair and transcription)
and three diseases (XP, CS, and TTD) (117). Some of the clinical
features of these syndromes are quite similar but some are also
markedly different (119). Although all three syndromes have an
exceptionally sun-sensitive skin, cancers develop only in patients
with XP but not in those with CS and TTD (118). CS and TTD, on
the other hand, have neurodevelopmental abnormalities and the
latter also ichthyosis and brittle hair. To explain this conflicting
and somehow mysterious genotype-phenotype discrepancies,
Bootsma and Hoeijmakers proposed already quite some time ago
that XP would result, if the defect would concern the DNA repair
but not the transcriptional function of the complex, whereas, vice
versa, the developmental TTD-associated problems would arise,
if only the transcriptional part would be affected (120).

DNA repair defects may also impair the formation and
production of antibodies, which is the defining feature of
CVID (19, 121-127). Patients with such a dysfunctional
humoral immunity have an increased probability to develop
extra-nodal non-Hodgkin B cell and mucosa-associated
lymphomas as well as epithelial tumors of the stomach,
breast, bladder, and cervix (70, 128-130). In contrast to
most PIDs, CVID-associated lymphomas are more common
in older people and usually EBV-negative (70, 128-130).
Selective IgA deficiency, in particular, goes along with a 7-
to 10-fold increase in gastric adenocarcinomas. This risk
is most likely related to an inability to clear Helicobacter
pylori infections and appears to decrease when these bacteria
are eradicated (70, 129, 130).

Immunoediting

The immune system is in many, apparently paradoxical ways
involved in the manifestation and evolution of malignancies.
It can facilitate cellular transformation as well as prevent,
promote, control and thus shape their development, phenomena
that eventually were summarized under the term “cancer
immunoediting” (62, 131-137). The concept of immunoediting
evolved from the older and more controversial “cancer immune
surveillance” one, which was based on the notion that, analogous
to the “non-self” of pathogens, our immune system is also able
to discriminate between the “malignant self” of pre-cancerous
and cancerous cells and the “self” of normal cells (61, 62, 68). To
discriminate cancer cells from normal cells, the immune system
pursues two main strategies: T and B cells, which belong to the
adaptive immune system, recognize altered self-proteins, whereas
natural killer (NK) cells, gamma/delta T cells and macrophages,
which are part of the innate immune system, take care of
stress-induced self-molecules on transformed cells (61). Still, the
necessity to establish an effective antitumor response, goes always

hand in hand with the formidable challenge to circumvent the
destruction of normal cells and to avoid autoimmunity.

Given the tight interaction between the immune system and
neoplastic tissues, one naturally expects, and as Corthay put
forward in eight arguments, that individuals with PIDs are more
prone to develop tumors than the general population (61). At
first sight this notion is well-supported by both animal models
and clinical observations (61, 68). The best evidence that this is
indeed the case derives from experiments with mice that lack key
components of the immune system. They have not only an overall
higher tumor incidence, but they are also more susceptible to
transplanted or chemical carcinogen-induced tumors (64, 138).
At second sight, however, all hitherto available data argues against
the long-hold notion that potentially dysfunctional immune
surveillance mechanisms indeed increase the general tumor risk
in all PID patients. If at all, such processes can only play a
subordinate and ancillary role.

Reliable information regarding the general and specific tumor
risk of individuals with PIDs derives primarily from three
large epidemiological studies from the USA, Australia, and the
Netherlands (67, 128, 139). Together these studies comprise more
than 5,000 patients with around 300 different forms of PIDs.
Compared to the general population and previous estimates,
these analyses revealed a surprisingly low, only 2-fold increased,
overall tumor risk. However, since the respective risk is primarily
confined to and therefore significantly higher in the nine most
frequent high-penetrant PIDs, it is conversely also much lower
or even absent in most of the other PIDs. Distinct genetic
PID defects predispose to and concur with special and often
unique types of malignancies, the most common of which are
non-Hodgkin lymphomas, leukemias, digestive tract as well as
virus-induced cancers (67, 68, 70, 128, 129, 139). This particular
distribution patterns can already provide some important clues
about the underlying defective, disrupted or impaired immune
processes that trigger such disease developments. The two major
driving forces that are responsible for the 8- to 10-fold excess
lymphoma risk in subjects with PIDs, for instance, are a deficient
DNA repair and an inadequate response to viral infections (61,
67, 68, 70). The intriguing part of this story is, however, that the
incidence of the most frequent cancers, such as breast, lung, and
colon, is in the remaining group of PIDs much lower than that in
the general population.

Inadequate Activation and Response of the

Immune System

Chronic inflammation, autoinflammation, autoimmunity, and
infection-associated overstimulation are closely intertwined
derangements of a deficient or compromised immune
system (140).

Chronic Inflammation

Inflammation is a physiological response to tissue stressors
such as tissue damage and infectious as well as non-infectious
agents that ensures the maintenance of tissue homeostasis
(141). Under normal circumstances it mitigates infections,
clears damaged cells, and initiates tissue repair (142). If this
process is not properly terminated, it can cause substantial
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collateral damage and contribute to tumor development (143-
145). Chronic inflammation plays not only a pivotal role in
different stages of tumorigenesis, but it may also impede the
response to therapy (63, 145). Along the route to tumorigenesis,
intrinsic genetic factors interact with extrinsic immune system
and stromal humoral and cellular components to generate a
mixed microenvironment that is composed of tumor-promoting
and tumor-suppressive factors, including innate NK and adaptive
T cells (62, 63, 145, 146). The fact that, despite their dissimilar
etiology and physiology, autoimmune and infectious diseases
take advantage of the same immunosuppressive pathways and
logistics underlines the global relevance and central position of
these particular activities (146).

Infection-provoked  chronic  inflammatory  conditions
predispose especially but not exclusively to the development of
Hodgkin’s, Burkitt’s, and mucosa-associated lymphoid tissue
(MALT) lymphomas (147-149). The best-known associations
are those between Helicobacter pylori and gastric lymhomas,
Chlamydophila psittaci and ocular adnexal lymphomas as
well as Borrelia burgdorferi and cutaneous MALT lymphomas,
while chronic infections with Epstein-Barr virus (EBV) usually
predispose to Burkitt- & Hodgkin lymphomas, those with
Hepatitis C virus (HCV) to marginal zone lymphomas and
those with Hepatitis B virus (HBV) to hepatocellular carcinoma
(147, 148). The pathogenetic role of chronic inflammation
remains less clear in case of human papillomavirus-,
herpes simplex virus 2-, and cytomegalovirus-triggered
malignancies (150).

Inflammatory bowel diseases, such as Crohn’s disease
and ulcerative colitis, provoke especially the development of
colorectal cancer (151, 152). Crohn’s disease, in particular, is a
multifactorial disease whose genetic underpinning encompasses
71 so far recognized susceptibility loci (31). Amongst these
are the first recognized monogenic causes of such diseases,
namely interleukin-10 (IL-10) and IL-10 receptor (IL-10R) loss
of function mutations that are the specific cause of a severe,
very early onset type of inflammatory bowel disease (153-
156). Affected children have an extremely high probability to
develop a unique form of monoclonal EBV-negative diffuse
large B cell lymphoma, which is characterized by a constitutive
activation of the NF-kappaB pathway and a defective local T
cell immune response (153). These findings prompted Neven
et al. to postulate that not gut inflammation itself but that the
defective IL-10 pathway alone was the responsible pathogenetic
trigger. Referring to the fact that all these children received
azathioprine, which is a well-known lymphoma risk-increasing
factor in adults with inflammatory bowel diseases, they suggested
that this immunosuppressive treatment was also the final spark
that ignited lymphoma development in these children (153).

Autoimmunity

Autoimmunity is a prominent element in many PIDs, especially
in CVIDs, and not least in those, which predispose to
malignancies (19, 125, 157-159). Despite their close clinical and
genetic interrelationship, autoimmunity, and PIDs were up to
now interpreted as two mutually exclusive conditions rather
than as two sides of the same coin (157). In consideration

of the fact that autoimmunity is the leading symptom in a
variety of monogenic disorders that affect T cell development,
tolerance, and interferon signaling, complement pathways
as well as the resolution of inflammation, this view is
changing nowadays (157). The two prototypic examples to
illustrate their close interrelationship are the autoimmune
lymphoproliferative syndrome (ALPS) and the IPEX syndrome
(immune dysregulation, polyendocrinopathy, enteropathy, X-
linked). In case of ALPS, the respective lymphoproliferation
and propensity to develop lymphomas results from apoptosis-
impairing germline as well as somatic mutations in the
FAS, FASL, and caspase 10 genes (160-162). Still, mutation
carriers have only a <60% chance for disease manifestation
(161). The IPEX syndrome, on the other hand, is caused
by activating mutations in the FOXP3 gene (163-165). The
encoded transcription factor controls the function of regulatory
T cells that are essential for maintaining self-tolerance and
immune homeostasis by suppressing aberrant responses such
as autoimmunity and allergy (166). Deficiency of cytotoxic T
lymphocyte antigen 4 (CTLA-4), which is a crucial inhibitor
of T cell response that is also present on regulatory T cells,
can therefore generate autoinflammation and autoimmunity
in a corresponding fashion (166-169). Moreover, CTLA-4-
deficient individuals are at risk to primarily develop EBV-
related malignancies (170). Another recently recognized albeit
rare cause of autoimmunity are leukemia-predisposing germline
mutations in the IKZFI gene, which encodes the hematopoietic
transcription factor Ikaros (171-175). Finally, one should not
forget that autoimmune diseases are also a common problem
in one of the most remarkable forms of leukemia-predisposing
immunodeficiencies, the Down syndrome (176-178).

Hyperactivation

The inability of cytotoxic lymphocytes to fend off and
kill virus-infected or transformed cells leads to an often
uncontrollable hyperactivation of the immune system in form
of hemophagocytic lymphohistiocytosis (HLH) (179-181). This
distinctive clinical feature is the common denominator of a
related group of perforin-deficient hyperinflammatory disorders,
so called “perforinopathies;,” that may either be due to rare
congenital gene-disrupting mono- or biallelic mutations or, in
less severe form, due to functionally impairing hypomorphic
alleles (182-186). Familial hemophagocytic lymphohistiocytosis
type 2 (FHL2) is caused by biallelic mutations of the perforin gene
(PRFI) (179). It shares some of its clinical characteristics with
those of anaplastic large cell lymphoma (ALCL), which accounts
for ~10 to 15% of all pediatric non-Hodgkin lymphomas (187-
190). About a quarter of these lymphoma patients carry only
monoallelic PRFI mutations but, remarkably, virtually none in
SH2DIA or UNCI3D, genes that are implicated in two other
forms of FHL (181, 187, 191-193). Moreover, an otherwise
common activity-diminishing PRFI gene variant (SNP A91V;
rs35947132), is also postulated to predispose to the nasal form
of NK/T cell lymphoma in adults, which is the most frequent
EBV-related NK/T cell malignancy (188).
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Microbiome

Human beings are holobiontic meta-organisms (194-197). They
are composed of host as well as trillions of viral, fungal, bacterial,
and eukaryotic microbes that are collectively referred to as
the microbiota or microbiome (194-197). This microbiome is
acquired and shaped during the first 2 years of life. It co-
evolves with its respective host genome and, under physiological
conditions, becomes part of a stable, life-long synergistic
homoeostasis (194, 195, 197-200). Because of its tight functional
link with and profound effects on the host’s immune system in
health and disease, the microbiome is therefore already regarded
as a complex, polygenic trait (200-202). Environmental, and
host-related perturbations of this microbial ecosystem reduce
almost invariably its diversity. This is a common finding in many
multifactorial inflammatory, autoimmune, metabolic, neoplastic,
and neurodegenerative diseases, although it is rarely known
whether such a dysbiosis is indeed the cause or the effect
of the underlying ailment (197, 203). Nevertheless, the hosts
immune system is certainly the most important force that shapes
the configuration of the normal and dysbiotic microbiome,
which, in turn, may of course be a significant cofounding
factor in immune-mediated and immune-associated diseases
(197). A healthy or dysbiotic microbiota can influence the host
innate immune system and it is therefore no surprise that
microorganisms are also implicated in the pathogenesis of at
least 20% of all human malignancies (204). In a dysbiotic state,
alterations in the signature of microbial molecules that are
sensed by the host can lead to a different activation state of
the immune system. These changes may alter the balance of
host cell proliferation and death, guide immune system function
and influence metabolism of host-produced factors, ingested
food and pharmaceuticals (205). Moreover, they may also drive
transformation by affecting genomic stability, resistance to cell
death and proliferative signaling (205). Both chronic high-
grade as well as lower-grade smoldering inflammatory disorders
drive a tumor-permissive milieu, a problem that was extensively
studied and confirmed in mice that were deficient in various
immunologically relevant genes (199, 205, 206). It is worth
noting that such a cancer susceptibility can even be transferred
to healthy mice by cohousing, fostering or fecal transplants
(195, 199, 207). Since polymorphisms in immunologically
relevant genes affect human microbiota composition and cancer
predisposition, this observation is therefore also highly relevant
for such human diseases (201, 202, 208, 209).

Based on these results, Dzutsev et al. therefore suggested
that malignancies can be viewed as systemic diseases that alter
the physiological homeostatic interaction of the entire meta-
organism (143, 195). Mostly because of its effects on metabolism,
cellular proliferation, inflammation, and immunity, the
microbiome would interact with their development at virtually
every level, including predisposing conditions, initiation, genetic
instability, susceptibility to host immune response, progression,
comorbidity and, not least, response to therapy (143, 195, 205).
In support of this notion, Yamamoto et al reported, for instance,
that variation in intestinal microbes between different animal
facilities or as a consequence of experimental perturbations
profoundly affected the incidence of lymphoma and survival

of Atm (ataxia telangiectasia mutated)-deficient mice (210).
Another very intriguing and instructive example of how we will
one day perhaps be able to exploit particular constituents of the
microbiome for medical and therapeutic purposes was recently
provided by Bromberg et al. (211). They showed that with the
delivery of stool samples from pregnant mice or gavage with
isolated B. pseudolongum species to those with cardiac allografts
they were able to improve their long-term survival as well as to
prevent inflammation and fibrosis in this respective organ (211).

Bona Fide Infections

The IARC classifies 10 microbial agents (7 viruses, 2 parasites,
and 1 bacterium) as group 1 human carcinogens (195, 204).
Over 90% of all infection-attributed cancers are attributed to
Helicobacter pylori, HBV and HCV, and human papillomaviruses
(HPV) (204). Except for HCV, all human oncogenic viruses
encode at least one oncogene and may therefore directly
induce neoplastic transformation, although, as alluded to above,
infection-associated inflammation and dysbiosis most likely
play a likewise significant role in this context. Thus, Plottel
et al. distinguish three classes of microbe-induced human
malignancies, the first is defined as involving immunologic
tissues, the second requires direct microbial interactions with
parenchymal cells and the third involves distant effects from local
interactions (212).

The likelihood to be either protected or to become infected
as well as the infection outcome depends primarily on the
diverse conditions that guide the interactions between the
respective pathogen and its potential host. These include their
specific genetic set-up and functional fitness to invade or defend
themselves, as well as on a variety of other factors, such
as concomitant infections as well as the age and microbial
constitution of the respective host (213-220). To invade host
cells, pathogens exploit and hijack particular cell surface proteins.
Amongst the docking receptors that were identified so far in
case of the Malaria parasite plasmodium falciparum, for instance,
are CD55 and structural variants of the GYPA and GYPB genes
(220-224). CD55-null erythrocytes, in particular, are refractory
to invasion by all isolates of plasmodium falciparum (222). The
second example is CCR5, which encodes a coreceptor for HIV
entry. Consequently, carriers of an otherwise phenotypically
and functionally completely inconsequential homozygous 32-
bp deletion are resistant to HIV infection (225). Although HIV
infections are indisputably the cause of the “acquired” immune
deficiency, one can still argue that all these infection-related
problems are nevertheless due to a genetically primed primary
albeit clinically inapparent susceptibility. The point I want to
stress here is that what one currently perceives as a “normal”
wild-type or a “defective” susceptible gene variant is merely a
matter of choice, frequency, common habit, and/or subjective
interpretation. Since the functional consequences of any such
variant will always remain context-dependent, one therefore
needs to keep in mind that the distinction between “protective”
and “defective” can never be an absolute dogma, but always lies
in the eyes of the beholder.

Epstein-Barr virus (EBV) is a ubiquitous virus that
infects virtually all humans and obligatory leads to a usually
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asymptomatic symbiotic lifelong latent persistence (214, 226).
Although this EBV latency may provide an evolutionary
mutualistic benefit to its hosts as an immune adjuvant that
apparently protects against lethal Listeria monocytogenes and
Yersinia pestis infections (227, 228), the many EBV-associated
problems have nowadays become clinically far more relevant
and interesting. At present, the literature distinguishes more
than 25 EBV-related disease entities, including those that are
associated with various forms of immunodeficiencies and
those that concur with a high propensity to develop diverse
hematopoietic, epithelial, and mesenchymal malignancies
(66, 226, 229-234). These disease forms can be roughly divided
into reactive EBV-associated lymphoid and histiocytic/dendritic
proliferations (including reactive lesions with or without diverse
malignant potential), B cell proliferations (including Hodgkin
lymphoma and plasma cell neoplasms), T/NK cell proliferations,
immunodeficiency-related ~ lymphoid  proliferations  and
histiocytic/dendritic proliferations (66, 226, 229, 231-236).
Taken together, EBV contributes to about 1.5% of all cases of
human cancer worldwide (229, 237).

The type and incidence of EBV associated diseases varies
significantly in different parts of the world, an observation
that can be attributed to the different distribution of genetic
susceptibility factors, including individual-, HLA-, and ethnicity-
specific ones, to environmental- and geographic-specific co-
founding influences but also to the existence of particular EBV
strains that may produce different disease patterns (27, 66, 153,
213,214,217, 218, 229, 230, 232-234, 236, 238-240).

In contrast to the above-mentioned HIV infection, which
significantly increases the risk for malignant diseases and
especially lymphomas, such a risk is, if at all, by far not
as pronounced in case of Malaria (241-243). The only
notable exception concerns the concomitant early and sustained
infection of Plasmodium falciparum and EBV, which together
are the essential pathogenetic ingredients in the endemic
form of Burkitt lymphoma in Africa (217-219, 236, 238,
244-246). In this particular combination, the Plasmodium
infection destabilizes the genome of rapidly dividing EBV-
infested germinal center B cells by eliciting the protracted
expression of the activation-induced cytidine deaminase, a
mutation-aggravating enzyme (238, 245).

At one point in their life, virtually all humans become
infected with EBV, most of them without any acute, severe
or lasting health problems. However, in those who do, one
can often identify an underlying disease-associated, more or
less pronounced genetic susceptibility, which begs for the
question whether EBV-associated disease processes indeed
afflict also “immunocompetent” individuals, or put the other
way around, what in the end will define such an “immune
(in)competence” (235).

PREDISPOSITION TO HEMATOLOGIC
NEOPLASMS IN CHILDREN

The role of predisposing germline mutations and sequence
variants in children and adults with various types of hematologic

malignancies was hitherto largely underappreciated, because not
all of them concur with nor create any easily recognizable clinical
stigmata or suspicious family history. Especially if one screens
neoplastic tissues for disease- and/or therapy relevant somatic
mutations, it becomes of critical importance to distinguish those
from germline ones, because the latter may also have a profound
clinical impact as regards choice of therapy, donor selection in
case of transplantations, evaluation of comorbidities as well as
surveillance strategies (8, 173).

A recent paper by Duan et al. provides an excellent
and very comprehensive overview about all the primary
immunodeficiencies that in particular predispose to the
development of various types of lymphomas and hematologic
malignancies (3). The authors compiled more than 60 conditions,
which comprised all subgroups of syndromic and non-syndromic
cellular and humoral PID as well as defects in phagocytes and
innate immunity.

To pack some of the underlying principles and problems into
a practical and newsworthy perspective, I will now briefly turn to
recent findings in three categories of childhood leukemia.

Constitutional Trisomy 21

Trisomy 21 is not only the most common chromosome
abnormality in liveborns but in many aspects also one of the
most outstanding and fascinating examples of an immune system
disorder, although for a long time the precise nature of the
respective immunological derangements remained elusive (178).
Since it is not a monogenic ailment, it is also hardly ever viewed
as a primary immunodeficiency, although it clearly concurs
with multiple distinct immunological and developmental defects
that affect the myeloid but also the early and committed B-
lymphoid progenitor compartments in second trimester fetal
liver (247). I chose this most intriguing and highly instructive
example to explain in which way the predisposing risk score of
a kind of “polygenic” disposition can easily reach at least the
same magnitude as the one that is otherwise only achievable
in a monogenic setting (55).The ensuing variable and clinically
often inapparent immunological alterations in Down individuals
comprise a mild to moderate decrease in T and B cells, impaired
mitogen-induced T cell proliferation, reduced specific antibody
responses to immunizations as well as defects of neutrophil
chemotaxis (248). Affected individuals suffer from various types
of autoimmune and autoinflammation diseases, whereas it is still
a matter of debate whether they are also more prone to experience
more or severer infections than non-Down individuals (176, 178,
248, 249). The first clues that helped to resolve the functional
consequences of this immunological conundrum derived from
recent transcriptome and proteome analyses. They revealed
that the presence of an extra chromosome 21 leads, amongst
others, to an overexpression of the four chromosome 21-
encoded interferon receptors and, therefore, place this syndrome
into the class of interferonopathies. Interferons are normally
produced by cells in response to viral or bacterial infections,
regulate genes in neighboring cells and shut down the production
of proteins, which activate the immune system and thereby
prevent the spread of the infection (250, 251). In line with
interferonopathies and autoinflammatory conditions, individuals
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with Down syndrome display higher levels of many pro-
inflammatory cytokines (including IL-6, IL-22, TNF-a, and
MCP-1) as well as complement consumption, a state that
indicates that the immune system is constantly fighting viral
infections that are in fact not there (250). Whether and to
which extent such a faulty overreaction may also participate in
promoting the development of hematologic neoplasms perhaps
in a similar fashion as in genuine virus infection-triggered
malignancies, remains to be elucidated.

Individuals with an inborn trisomy 21 have also an
extraordinary risk to acquire special forms of hematologic
neoplasms in early life, whereas they are otherwise exquisitely
protected against the development of any other malignancies
(252, 253). Compared to normal age-matched children, the self-
limiting transient myeloproliferative disorder (TMD) together
with the acute megakaryoblastic leukemia (AML-M7), is ~150
times and the B cell precursor ALL ~33 times more common
(99, 101, 102, 253, 254). Of particular note are also the absence
of infant ALL, the rarity of T-ALL and, compared to normal
children, the different distribution pattern of genetic B-ALL
subtypes (255).

The occurrence of specific mutations in the receptive
precursor cells determine which form of leukemia will eventually
develop. In case of TMD, the perturbation of megakaryocyte-
erythroid precursor cell differentiation fosters the appearance
of a highly specific truncating mutation in exon 2 of the
hematopoietic transcription factor GATA1. This in turn provides
the receptive cellular and molecular environment for the
occurrence of further mutations, primarily in the JAK and
RAS signaling pathways as well as in epigenetic regulators
and multiple cohesion components, which then facilitate
the further progression into AML (99, 101, 104, 254). A
reduced lymphoid gene expression in fetal liver hematopoietic
precursor cells impairs B-lymphoid development in a similar
fashion. The ensuing maturation arrest leads to an ~10-fold
reduction in B cells. The concomitant accumulation of pro-B
progenitors (247), on the other hand, increases the likelihood
for illegitimate V(D)J recombination-mediated chromosomal
rearrangements, in particular CRLF2 gene fusions, that can
be found in approximately half of all Down syndrome BCP
ALL cases (99, 104). To explore the potential contribution of
chromosome 21-encoded and overexpressed genes, a set of 31
triplicated orthologous human genes were tested in germline
mouse models (256). Their presence induced progenitor B
cell self-renewal in vitro, maturation defects in vivo and the
development of especially CRLF2-rearranged and JAK2 pathway-
activated BCP ALL. Out of these 31 genes, the nucleosome-
remodeling protein high mobility group nucleosome-binding
domain- containing protein 1 (HMGNI), whose protein product
suppresses H3K27me3, turned out to be the most relevant
candidate. Together with secondary alterations in the CRLF2,
JAK2, NRAS, or KRAS genes, it promotes both B cell proliferation
in vitro and the development of B ALL in mice in vivo (256).

Given the extraordinary susceptibility and the high incidence
of leukemias, one would intuitively expect that both myeloid
and lymphoid forms should occasionally occur together by pure
chance alone. However, such a coincidence has so far never been

reported. On the one hand, this lack of co-occurrence might
indicate that the development of a specific type of leukemia
requires and is subject to very individual-specific predisposing
conditions. On the other hand, it is also in keeping with the
fact that these patients virtually never suffer from secondary
neoplasms and that they are in a unique and matchless way
also protected against the development of any other types of
neoplasms (252, 253).

This protective effect also has been put down to a copy
number-dependent gene dosage but also context-dependent
effect of specific chromosome 21-encoded genes. The presence
of three ETS2 copies, for instance, act as tumor repressor in the
ApcMin intestinal cancer mouse model, whereas in the PyMT
breast cancer mouse model it functions as tumor promoter, albeit
within the non-cancerous stromal cells, where it regulates the
expression of genes that produce the extracellular matrix, an
essential component for tumor growth and metastasis (257-260).
Two other relevant genes are the Down’s syndrome candidate
region-1 (DSCRI), which encodes a suppressor of the vascular
endothelial growth factor (VEGF)-mediated angiogenic signaling
by the calcineurin pathway, and DYRKIA, which encodes a
regulator of cell proliferation (261). In mice, the presence of
a single extra copy of Dscrl is sufficient to diminish tumor
growth by suppressing the calcineurin pathway and therefore
also angiogenesis, an effect that is significantly enhanced by an
extra copy of Dyrkla. For the sake of completeness, one needs to
take at least also note of several other trisomic chromosome21-
encoded genes whose presence in the stromal compartment helps
to reduce tumor angiogenesis, namely the angiogenic inhibitor
ADAMTSI, the transcription regulator ERG and, finally, the
endothelial cell-specific genes JAMB and PTTGIIP (257).

Bone Marrow Failure (BMF),
Myelodysplastic Syndromes (MDS), and

Myeloid Leukemias

Table 1 provides a comprehensive summary of the various
disease entities together with their causative genetic background.
For a more in-depth overview I refer the interested reader to
recent publications that deal with these individual subjects in
detail (8, 60, 158, 264, 265, 268, 269, 272, 275, 283, 299, 300).
Herein, I merely select a few instructive examples to highlight
some of the intriguing phenomena that are particularly pertinent
for the topic discussed herein.

Fanconi Anemia (FA) is not only the most common inherited
BMF disorder but, with a 500- to 700-fold higher incidence
of head and neck squamous cell carcinomas in older patients,
also a highly penetrant cancer susceptibility syndrome (301).
Except for the X-linked FANCB gene, it is due to bi-allelic
mutations that can affect one of 21 genes, which encode
various components of the evolutionarily conserved FA/BRCA
repair complex. Five of these (BRCA2, PALB2, RAD51C, SLX4,
and BACHI) specifically predispose also to breast cancer. The
encoded proteins participate in biochemical pathways that
safeguard not only against the effects of alkylating agents
and radiation but, probably even more relevant, also against
those of endogenous aldehydes, oxidative stress, inflammation,
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TABLE 1 | Immunodeficiency syndromes that predispose to the development of bone marrow failure, myelodysplasia and myeloid leukemias.

Disease/Syndrome

Defective genes

Malignancy risk

Remarks

References

Fanconi Anemia (FA)

RIBOSOMOPATHIES

Diamond_Blackfan anemia
(DBA)

Dyskeratosis Congenita
(0O)

Shwachman-Diamond-
Bodian Syndrome
(SDBS),

Cartilage hair hypoplasia
(CHH)

Aplastic anemia/
pancytopenia

PLATELET DISORDERS
Amegakaryocytic
thrombocytopenia

Thrombocytopenia absent
radius (TAR) syndrome

Familial thrombocytopenia

Congenital neutropenia

GATA2 deficiency
(Emberger & Monomac
syndrome)

Mirage &
ataxia-pancytopenia
syndrome

Rasopathies

FANCA, FANCB, FANCC,
FANCD1/BRCA2, FAND2,
FANCE, FANCF,
FANCG/XRCC9,
FANCI/KIAAT794,
FANCJ/BRIP1/BACH1,
FANCL, FANCM,
FANCN/PALB2,
FANCO/RADS1C,
FANCP/SLX4,
FANCQ/ERCCA4,
FANCR/RAD51,
FANCS/BRCAT,
FANCT/UBEZ2T,
FANCU/XRCC2,
FANCV/REV7/MAD2L2

RPL3, RPL5, RPL10,
RPLT0A, RPL11, RPL15,
RPL18, RPL19, RPL26,
RPL27, RPL31, RPL34,
RPL35, RPL35A, RPS7,
RPS10, RPS11, RPS15A
RPS17, RPS19, RPS24,
RPS26, RPS27, RPS28,
RPS29, RPLPO, TSR2,
GATA1, CECR1

ACD, CTC1, DKC1, NAF1,
NHP2, NOP10, PARN,
POT1, RTEL1, TERC, TERT,
TINF2, WRAP53,
STN1/OBFC1

SBDS, DNAJC21/HSP40,
EFL1

RMPR

MECOM, ERCC6L2

Mostly MPL (thrombopoietin
receptor), RUNXT,
ANKRD26, MYH9, PTPN1

del(1921.1) & RBMSA SNP

ETV6, RUNX1, DDX41,
ANKRD26

CSF3R, ELANE, G6PC3,
GFI1, HAX1, JAGN1,
VPS45, WAS

GATA2

SAMD9, SAMDIL

NF1, PTPN11, CBL, NRAS,
KRAS

MDS, AML, T-ALL, squamous
cell carcinomas (head & neck,
genitourinary tract), breast
cancer

25% life-long overall risk of 5.4
odds ratio

MDS, AML, colon cancer,
osteogenic sarcoma, and genital
cancer

MDS, AML, squamous cell
cancers of the head, neck &
anogenital region

5% leukemia risk (AML, CML,
ALL)

Non-Hodgkin lymphoma, basal
cell carcinoma

MDS

Pancytopenia, leukemia

Leukemia (rare)

MDS, leukemias

G-CSF treatment,

dose-dependent MDS/AML risk

MDS, AML (monosomy 7)

MDS, AML (monosomy 7)

JMML, ALL

Currently 21 known genes that
encode members of the
FA/BRCA repair complex

26 ribosomal genes, 6%
phenocopies in non-ribosomal
genes, 22% unidentified

Telomere-associated
ribonucleoprotein (RNP) and
shelterin complexes

Defective processing of rRNA
into ribosome assembly, majority
unidentified

RNA component of RNAse MPR,
one single Finnish founder
mutation

(8, 262-265)

(265-269)

(265, 269-272)

(265, 269, 273)

(265, 269, 274)

(©75)

(265, 276)

(265, 277)

©

(264, 278, 279)

(275, 280-286)

(273, 287-294)

(295-298)

Apart of being present in the germ line, somatic mutations of most of these genes can be commonly encountered in sporadic forms of analogous malignancies.
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mitophagy, and virophagy (263, 265, 302, 303). All these factors
damage DNA in form of distinct inter-strand DNA crosslinks.
The inability to repair these damages is the primary driver of
the various biological and clinical problems that define this
disease category.

Small aldehydes, such as acetaldehyde and formaldehyde,
are not only ubiquitously present in the environment, but also
potentially toxic byproducts of the normal cellular metabolism
and especially de-methylation reactions (304-306). Given that
they provide already a rich source for endogenous inter-
strand DNA and protein cross links, one can envisage that the
pathogenic manifestations and consequences of FA mutations
may also be strongly influenced and modified by the functional
capability of aldehyde detoxifying enzymes, such as aldehyde
dehydrogenase 2 (ALDH?2) and alcohol dehydrogenase 5 (ADH5)
(306, 307). In line with this notion, Japanese FA children that
carried a functionally deficient ALDH2E504K allele were shown
to progress more rapidly to aplastic anemia but not to MDS
or AML (307-309). Moreover, malformations were only more
severe in two of three homozygous carriers, which indicates that
a deficient maternal genetic background might contribute to
this outcome (310). Maternal-produced aldehydes diffuse indeed
across the placenta and can thus damage the developing embryo’s
DNA, whereas embryo-derived ones can in turn be detoxified
by the maternal organism. An inappropriate in utero exposure,
such as an excessive maternal ethanol consumption during
gestation, would therefore aggravate not only the formation of
congenital abnormalities in FA but it provides also an intriguing
etiological link to analogous phenotypic changes that define
the alcohol embryopathy (308). Whether a disturbed aldehyde
detoxifying system might also be causatively involved in the
in utero initiation of childhood leukemias remains currently a
matter of speculation (307).

In addition to stalling and destabilizing DNA replication
forks directly, formaldehyde also selectively depletes BRCA2
via proteasomal degradation, a circumstance that poses a
special risk for heterozygous BRCA2 mutation carriers. In these,
formaldehyde-induced degradation can decrease the respective
protein levels below the otherwise protective one of normal
wild-type individuals and thereby potentiate their mutagenic
vulnerability (311).

Taken together, these observations have significant
implications for risk awareness and avoidance as well as
the clinical management of FA patients. On the positive side,
they offer new treatment opportunities, for instance in form of
ALDH?2 agonists and the widely used diabetes drug metformin,
which acts as aldehyde scavenger. At least in mouse models, both
of them are able to delay the onset of BMF and malignancies as
well as improve hematopoiesis (263, 312, 313).

One remarkable feature of many heritable diseases is that
somatic mutations can occasionally autocorrect the particular
inherited gene defect in the respective cells (314). Such
reverting mutations transform a homozygous or combined
heterozygous state again back into a heterozygous functionally
compensated state, either through somatic recombination, gene
conversion or a compensatory mutation (314, 315). Although this
phenomenon is well-known in immunodeficiencies, its effects

are most probably still underappreciated. In BMF syndromes
such an autocorrection can spontaneously improve or even
resolve the specific underlying hematopoietic problem. Amongst
others, such spontaneous remissions have repeatedly been
documented in FA, dyskeratosis congenita, Diamond-Blackfan
anemia, Shwachman-Diamond syndrome and, more recently,
in the SAMDY- and SAMD9YL-associated Mirage and ataxia-
pancytopenia syndromes, respectively (273, 287-293, 301, 316).
Heterozygous SAMDIL gain-of-function mutations decrease cell
proliferation. The loss of the mutation-carrying chromosome
7 in bone marrow cells therefore leads to the development of
MDS and acute myeloid leukemias, whereas a compensating
duplication of the normal allele in form of an uniparental disomy
(UPD) 7 or 7q is able to resolve the cytopenias (287-293).

The somatic appearance of a complete or partial UPD always
draws attention to regions that are usually highly relevant
for specific disease processes (317, 318). Such UPDs may
either contain duplicated gain of function mutations or, as
alluded to in the example above, eliminate them (317, 318). A
similar important consequence is the mere transformation of
a heterozygous to a homozygous state. In case of the HLA-
containing region on the short arm of chromosome 6, for
instance, it is clearly exerted through a selective pressure, since
the loss of one HLA haplotype is an important immune-
escape mechanism. It protects neoplastic cells from the immune
surveillance machinery and therefore also plays a crucial role for
disease recurrence after haploidentical stem cell transplantations
(319, 320). Contrariwise, such a haplotype loss is able to shield
hematopoietic cells from the destructive effects of autoimmunity,
as has been demonstrated in case of aplastic anemia (321).
The practical problems that arise from such a hematopoietic
revertant mosaicism is that it may lead to an ascertainment bias
and cause difficulties in identifying underlying disease-relevant
mutations (322).

The formation of such well-adapted clones might suggest
that such compensatory mechanisms are rare events. However,
there is ample evidence that this is definitely not the case.
Rather than being a life-long stable system the genome is a
highly dynamic one that is continuously modified and shaped
by ongoing mutational processes, which eventually promote the
appearance of cell clones and populations with an increased
survival fitness. The formation of somatic mosaicism is therefore
the rule rather than the exception, as exemplified by Davis et al.,
who observed a remarkable clonal heterogeneity and diversity
of lymphocytes in a patient with a Wiskott-Aldrich syndrome
(323). The continuous generation of such cellular variants and
the selective pressures they are exposed to is thus not only a
characteristic of the exceptional dynamics of neoplastic but also
of normal cells populations (324).

B-Cell Precursor Acute Lymphoblastic

Leukemia (BCP ALL)

Germline lesions that predispose to BCP ALL in children
comprise not only those which cause various cancer prone and
chromosomal syndromes but also other genuine gene disrupting
defects as well as high and low risk variants. The majority of these

Frontiers in Immunology | www.frontiersin.org

13

February 2019 | Volume 9 | Article 3136


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

Haas

Immunodeficiency and Cancer Predisposition

TABLE 2 | Chromosomal locations of GWAS-verified SNPs or genuine germline gene defects that predispose to the development of particular types of childhood ALL.

Chromosome region Candidate genes Type Function All subset References
2(022.3) Not specified SNP - ETV6-RUNX1 (24)
3(g28) TP63 SNP P53 family of transcription factors ETV6-RUNX1 (325)
7(p12.2) IKZF1 SNP, gene defects lkaros family of Zinc finger Not specified (32, 172, 326, 327)
transcription factors
8(024.1) MYC? SNP Proto-oncogene, BHLH Not specified (24, 25)
transcription factor
9(p12) PAX5 Gene defects Paired box transcription factor Not specified (48, 328)
9(p21.3) CDKN2A & CDKN2B SNP Cyclin-dependent kinase Inhibitors Not specified (329-331)
9(p24.1) JAK2 SNP Tyrosine kinase BCR-ABL1-like (49)
10(p12.2) PIP4K2A SNP Kinase Not specified (829, 332)
10(p14) GATA3 SNP GATA family of transcription factors BCR-ABL1-like (332, 333)
10(g21.2) ARID5B SNP Transcription coactivator Hyperdiploid (26, 32, 326, 327)
10(g26.13) LHPP SNP Phosphatase Not specified (28)
11(p11.2) PTPRJ SNP Family of protein tyrosine ETV6-RUNX1T (325)
phosphatases
12(p13.2) ETV6 Gene defects Proto-oncogene, ETS domain Hyperdiploid (334-338)
family of transcription factor
12(g23.1) ELK3 SNP ETS domain family of transcription Not specified (28)
factor
12(g24.1) PTPN11 Gene defects* Family of protein tyrosine Hyperdiploid (297)
phosphatases
14(q11.2) CEBPE SNP bZIP transcription factor Hyperdiploid (23, 25, 32, 327)
16(p13.3) CREBBP Gene defects*™* Histone acetyltransferase Hyperdiploid Haas, unpublished
observation
17(p13.1) TP53 Gene defects™™ Tumor-suppressor, transcription Hypodiploid (339-341)
factor
17(912) IKZF3 SNP lkaros family of Zinc finger Not specified (25)
transcription factors
17(921.2) STAT3 SNP Signal transducer and transcription BCR-ABL1-like (49)

activator

For a more general overview about ALL predisposition syndromes and ALL predisposing RASopathies see Kratz et al. and Cave et al., respectively (62, 243). "Noonan syndromes,

Rasopathy, ~Rubinstein-Taybi syndrome, " Li-Fraumeni syndrome.

affect genes that encode B-cell development and transcription
factors as well as components of various signal transduction
pathways (Table 2) (42, 297, 342).

The development of B lymphocytes, in particular, is
coordinated by specific regulatory transcription networks that
activate the respective B-lymphoid program and at the same
time oppress alternate cell fates (343). Somatic mutations in
several of these key regulators, such as IKZF1, TCF3, EBFI, and
PAXS5, induce leukemic transformation by blocking normal B cell
differentiation, which then leads to the accumulation of leukemic
B-cell precursors. Although their role in leukemogenesis has been
known and explored already for quite some time, the awareness
that otherwise apparently inconsequential germline variants may
also exert a predisposing effect is quite new. The biological
relevance and functional consequences of some of these variants
has been confirmed in the meantime with appropriate in vitro
and in vivo experiments and test systems (23-26, 28, 332, 333).

Take for instance PAX5, a member of the “paired box” family
of transcription factors, which encodes the B cell lineage specific
activator protein that is expressed at early but not late stages

of B-cell differentiation (195). Out of the three up to now
reported families with highly penetrant germline variants, 13
carriers developed ALL (48, 328). In the two families, in which
the respective information was provided, all unaffected carriers
as well as those with ALL had normal immunoglobulin levels
and no evidence of an impaired B cell function at diagnosis
(328). Moreover, in line with Greaves two step model, leukemia
developed in mice only after exposure to common pathogens and
the acquisition of second hits in the IL7R/JAK3/STATS5 signaling
axis (344).

Another revealing example is IKZF1, which encodes IKAROS,
a member of a hematopoietic zinc-finger transcription factor
family (345-347). The mutational spectrum of human IKZF1-
associated diseases ranges from somatic to germline and
from haploinsufficient to dominant negative forms (171).
Somatic mutations occur in overall 15% of BCP-ALL and
especially in prognostic adverse genetic subtypes (348, 349).
Heterozygous germline mutations cause two different forms of
immunodeficiency. The haploinsufficient, autosomal dominant
late onset form of common variable immunodeficiency (CVID)
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has an incomplete penetrance, is clinically mild and concurs
with a marked decrease in B-cell numbers and immunoglobulin
levels as well as autoimmunity (175, 350, 351). The early-onset
dominant negative CVID, on the other hand, is characterized
by innate and adaptive immune defects of the B, T and
myeloid cell lineage (171). Notably, 2/29 of patients with the
late onset form developed B-ALL and 1/7 patients as well as
another independently reported one with the early onset form
developed T-ALL (171, 346, 351). Based on these observations,
Churchman and colleagues screened remission samples from
4,963 childhood ALL cases, identified a total of 28 unique IKZF1
variants in 43 and succeeded to prove a functional consequence
in 22 of them (172, 173). Evans et al. even attempted to
elucidate the influence of a parental environmental exposure
on such leukemia-predisposing risk alleles (352). They found
some preliminary albeit hitherto unexplainable evidence that
the IKZFI risk genotype might have a stronger effect if the
mother took folic acid or if the father did not smoke prior to
pregnancy (352).

Finally, Auer et al reported a first intriguing example of a
“double-hit one-pathway” scenario, in which the biparental
inherited combination of two rare germline variants, JAK2
(G571S) and STAT3 (K370R), whose products synergistically
interact in the same disease-relevant JAK/STAT signal
transduction pathway, is obviously sufficient to induce a
Ph-like BCP-ALL (49).

CONCLUDING REMARKS

During their entire development and ongoing existence, both
the immune system as well as malignant diseases need to
adapt themselves to highly variable and continuously fluctuating
environmental conditions, which requires a high flexibility that is
largely driven by a combination of interacting antagonistic as well
as synergistic deterministic events and regulatory probabilities.
“Immunodeficiency” and “tumor susceptibility” are thus two
closely intertwined concepts, whose original understanding was
based on easily explicable clinical symptoms as well as certain
genetic norms. As long as these were based on such more
or less simple phenotypic and genotypic features, one did not
require any further explanatory definitions. However, the switch
from phenotypic to genetic ascertainment programs include
now much less obvious disease categories, healthy carriers as
well as only vaguely defined potentially predisposed individuals.
Although this approach enables of course unprecedented insights
into the fine-scale structural and regulatory organization of
biological system, the boundaries of classification standards get
increasingly blurred, which goes hand in hand with the awareness
that it becomes increasingly difficult and virtually impossible to
define either of these terms in an unambiguous manner anymore.
The more closely one looks, the harder it gets to find genes that
are not in one or the other way part of this game.
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Objetivo principal

Actualizar las sefales de reconocimiento y
diagnaostico de inmunodeficiencias primarias.

Obijetivos especificos

*  Describir las nuevas estrategias para la identifica-
cién temprana de inmunodehciencias primarias
mis alli de las senales de alerta convencionales
conocidas.

*  Redelinir y desarrollar nuevas sefiales de alarma
para diagnosticar estas enfermedades temprana-
mente.

= Ampliar el espectro clinico de las inmunodefi-

Resumen

Enresumen, las IDP son un grupo complejo,
diverso y heterogéneo de enfermedades que
se presentan no solo a través de infecciones
inusuales y recurrentes, sino también con
manifestaciones autoinmunes y oncologicas. Fl
objetivo primordial de establecer nuevas seniales
de alerta es tener una mejor oportunidad en la
sospecha precoz de las IDP que nos permita
llegar a su diagnastico prontamente, ofrecer
un manejo temprano v asi reducir el impacto
de estas patologias sobre los organos blanco,
disminuyendo su morbimortalidad.
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100 inmunodeficiencias diagnosticadas hasta
ese entonces; estas, a la luz de las mas de
200 patologias existentes hoy en dia, estarian
obsoletas, presentando una baja sensibilidad y
especificidad, en donde mas o menos | de cada
4 pacientes con inmunodeficiencias no tendria
ninguna de estas senales

Se requicre entonces la incorporacion de
nuevos signos clinicos/senales que sean mas
personalizadas y especificas de acuerdo con los
diferentes compromisos del paciente, teniendo
cn cuenta los muchos escenarios de trabajo y
el diverso personal médico que puede captar a
estos ninos, con el objetvo primordial de hacer
un reconocimiento y una sospecha temprana
de los pacientes con TDP, disminuyendo asi sus
comorbilidades y mejorando su calidad de vida,

Introduccion

Las inmunodeliciencias primarias (IDP) son
enfermedades raras pero de gran impactoen la
calidad de vida de los pacientes que las pade-
cen, por lo que se requiere de un alto sentido
de sospecha para su reconocimiento temprano
y para mejorar asi su prondstico. En Colombia,
st estima una lrecuencia de 1:300.000, segun
reportes para 2006.

Las IDP han sido identificadas ya hace mas
de 60 anos; a [inales de 2000, se habian descrito
100 tipos, sin embargo, en los altimos 20 anos
los avances moleculares han permitido que el
nimero de estas se hayan duplicado a mas de
200 y crezca rapidamente ano tras afo.

A principios de los 90, se publicaron las 10
senales de alarma para identificar Jas, que hoy,
20 anos después, son insuficientes y menos
efectivas para su diagnostico, debido al aumento
del espectro y la gran variedad clinica de estas
enfermedades, incluyendo compromiso neuro-
légico, respiratorio, cutaneo, gastrointestinal,
autoinmune, neoplasico, entre otros por lo que
se requiere evolucian de estos signos a unos mas
personalizados, incluyentes y especificos, que

ayuden a reconocer mas pacientes durante la
practica clinica,

Ladea es desarrollar sefales que vayan mas
alla de las tradicionalesde acuerdo con el grupo
de especialidad, para mejorar ¢l diagnostico
temprano y ofrecer tratamiento que modilique
el curso de la enfermedad. A continuacion, se
detallaran nuevos signos que pueden ser de
utilidad para el pediatra moderno colombiano
y los subespecialistas pediatricos

Inmunodeficiencias actuales
y las senales convencionales,
la necesidad de redefinir y
desarrollar nuevos signos

[n un estudio reciente realizado en Ingla-
terra en 141 ninos hospitalizados para estudiar
inmunodeliciencias, el 23% lue finalmente
diagnosticado con ellas y, de estos, 105 tenian al
menos una senal tradicional. En estos pacientes,
Ia especificidad de las senales convencionales ne
sobrepaso el 23% y la sensibilidad, el 63%. F1
30% de los pacientes con IDP no tenfa ninguna
senal de alarma tradicional.

[n otro estudio inglés, compararon a 430
ninos con inmunodeficiencia primaria versus
133 ninos que presentaban infecciones recu-
rrentes no usuales pero sininmunodeficiencias;
se encontrd que el predictor mas importante
y fuerte fue la historia familiar positiva para
inmunedeficiencia (18 veces mas comun cn
pacientes con inmunodeficiencias), seguido del
uso de antibioticos o necesidad de antibloticos
endovenosos y, por tltimo, la falla de medro.

Lacombinacién de estas tres sefales (historia
familiar de IDP, uso de antibioticos y falla de
medro) identifica el 96% de pacientes con inmu-
nodeficiencias de neutrofilos y complemento,
el 86% de mmunodeficiencias por déficit de
linfocitos T y menos del 60% de los déficits de
anticuerpos, que son las inmunodeficiencias
mas frecuentes. Esto indica la baja sensibilidad
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de las senales de alarma tradicionales para
diagnosticar estas enfermedades hoy en dia.

Se deben considerar unas senales mas per-
sonalizadas, donde se defina el propésito y la
audiencia blanco, su grupo etario, el escenario
de trabajo de los médicos (consulta externa,
urgencias, hospitalizacion general o cuidado
intensivo) y su especialidad.

También es necesario clasificar las guias de
alerta segun hallazgos clinicos (neurologicos,
respiratorios, cutancos, gastrointestinales,
autoinmunes, neoplasicos) y paraclinicos, como
hemograma e inmunoglobulinas.

$Cémo se clasifican
las inmunodeficiencias
actualmente?

Tas IDP se clasifican segan el defecto del siste-
ma inmune (SI) subyacente o por combinaciones
de ellos, ya sea por alteracion en la cantidad o
calidad de sus componentes. Fl funcionamiento
del S ya fue revisado en un Precop anterior (vol.
L1, N® L, pp. 5-61), por lo que invitamos a los
lectores a consultar este texto.

Existen cinco categorias principales (figura 1):

1. Deficit predominantemente de anticuerpas (SAD),
que es la mas frecuente 60-65%.

2. Déheit de infocitos T y B (inmunodehcienctas
combinadas).

3. Déficit del sistema inmune innato (fagocitos,
complemento)

4. Deéhait de sindromes de inmunodeficiencias en
sindromes bien definidos.

5. Déficits producides por la alteracion en el 51
regulatorto o enfermedades autoinflamatorias

Teniendo en cucnta estas categorias, s¢
describiran sefales especificas considerando
las diferentes edades en la etapa pediatrica, el
sistema involucrado, signos infecciosos, auto-
inmunes, hematologicos, oncologices, historia
familiar, hallazgos al examen fisico, etc.

1. Senales segtin grupo etario

Neonatales

Varias inmunodeficiencias primarias sc
presentan en esta etapa y de su reconocimiento
temprano depende el pronostico de ellas. Las
caracteristicas principales:

* Candidiasis oral

Figura 1. Dictrbucion de inmunodeficiencias primanas

9%

10%

® Desorden predominantemante de Ac
» Deficit de infeotos Ty B

® Defat de complemento

3% 1%

# Sindromas bien definidos con IDP
« Desorden o2 la fagocitoss

u de )

Fuente: hitp:/esid.org Working-Partes/ Registyy ESID-Database-Staustics

22 ® Pracop SCP



Preccp 142ind> 23

Carlos Cimos Olmes, Catalina Comez Parada, Maria Alejandra Sudrez fuentss W

* Diarrea cronica.

*  Neumonitis que no desaparece,

*  Lesiones extensas de piel.

*  Frtrodermia.

*  Falla de medro en los primeros meses de vida,

o Caida tardia del cordon umbilical (mas de 30 dias)

* lepatoesplenomegalia y linfadenopatias.

* Ausencia de umo por radiografia.

*  Infecciones recurrentes por bacteris oponunistas.

* [Infermedad cardiaca congénita (delectos cono
truncales)

*  Hipocalcemia.

* Hipogammaglobulinemia {IgM menor de 20,
IgA menor de %),

* Linfopenia (menor de 2.000 linfocitas totales,
linfopenia T menor de 2.500).

»  Historia familiar de inmunodeficiencias o muene
de familiares en la infancia por causa desconocida

Como el medio intrauterino es estéril, las
inmunodeliciencias no son fatales embriologi-
camente; después del nacimiento, el neonato es
expuesto a un sinnumero de organismos y este
solo cuenta con un sistema inmune innato pri-
mitivo y un sistema inmune adaptativo primario
que depende en gran medida de la proteccion
transplacentaria, la cual es predominantemente
humoral, pasiva y temporal.

A mayor severidad mas temprana es la pre-
sentacion de las inmunodeficiencias; los ninos
con ausencia de linfocitos T y B sulren de infec-
ClONEs Severas con organismos triviales, como
rotavirus y virus sincitial respiratorio (VSR). Hay
que sospechar en estos casos inmunodeficiencia
severa combinada (SCID) y sindromes como el
de DiGeorge.

La separacion tardia del cordon (15 a 30 dias)
essugestiva de deficiencia de adhesion leucocitaria
y la eritrodermia neonatal con rash intenso nos
puede guiar hacia un sindrome de hiper-IgkE.

Entre 6 meses y 5 anos

Esta etapa es conocida como ¢l nadir de
proteccion, ya que los anticuerpos maternos

desaparecen en su mayorfa a los seis meses. 5i
hay ausencia de linfocitos B 0 anormalidades
en los anticuerpos, como en la agammaglobu-
linemia de Bruton, un 50% de los pacientes
inician con neumonias en esta edad o con otitis
tempranas antes del ano, y ¢l 88% antes de tres
anos*, También aparccen enlermedades como
las granulomatosas cronicas, manifestadas por
infecciones cutdneas o abscesos,

Mayores de 5 anos

Enestaedad, el sistema inmune ha madurado
constderablemente y ya no depende tanto del
sistema inmune innato; si persisten infecciones
recurrentes inusuales en esa época, como las res-
piratorias, hay sospecha de déficit de anticuerpos,
como ¢l sindrome variable coman (CVID, por
su sigla en inglés) y el déficit de complemento.

2. Senales por sistemas

Senales dermatoldgicas

Un 30% de las inmunodeficiencias se
caracteriza por lesiones en piel, como molusco
contagiose, Verrugas y eczemas extensos o
eritrodermia*®, Si estas lesiones son suficien-
temente extensas, siempre se debe sospechar
inmunodeficiencia combinada, sindrome de
hiper-IgE o defectos DOCHS.

Cuando existe eczema petequial o sangrado,
hay que sospechar sindrome de Wiskott-Aldrich,
que se asocia ademas con trombocitopenia,

Recordar que el sindrome de hiper-Igk se
caracteriza por eczema, moluscos extensos
(figura 2), papilomas virales cutaneos, alergia
a alimentos, infecciones piodermiticas por
estafilococo y/o Candida.

Senales gastroenterolégicas

La diarrea crénica con o sin malabsorcién sin
una causa aparente debe hacer sospechar SAD y
amerita estudio con inmunoglobulinas séricas.

CCAP = Volumen 13 NGmero 2 @ 23
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Figura 2. Molusco contagioso extenso

Fuente: The Pzediatric Immaunology Unit, Great North
Children’s Hospital, Newcastle vpon Tyne,

Ninos con clinica de enlermedad inflamatoria
intestinal de aparicion temprana antes de los
cinco anos pueden tener la manifestacion inicial
de una enfermedad granulomatosa crénica,
sobre todo st se relacionan con neumonias,
ahscesos perineales o cutaneos, linfadenopatias y
diarrea, que puede ser con o sin sangre asociada
a perdida de peso.

Cuando se encuentra en estos pacientes
Cryptosporidium, giardias, enterovirus, rota
virus o norovirus persistentemente, obliga a
descartar IDP.

Nines con transaminasas elevadas y colan-
ginis esclerosante sugieren sindrome de hiper-
IgM, debido a una deficiencia de CD40 ligando
estos pacientes se infectan especificamente con
Cryptosporidimum parvum, Los abscesos hepaticos
multiples recurrentes son caracteristicos de la
enfermedad granulomatosa cronica y un agente
causal frecuente es el Staphilococcus aureus.

Senales respiratorias

El nino sano tiene usualmente infecciones
respiralorias que aumentan en frecuencia depen-
diendo de ciertos factores, como exposicién a
cigarrillo, asistencia al jardin o enfermedad
alergica, de dificil diferenciacion con las causadas
por IDP, en espectal el grupo de los preescolares.

24 ® pracop SCP

Existen senales respiratorias que incluyen,
ademas de los signos de alerta tradicionales (tabla
1), enfermedades o condiciones comunes con
curso no comin, por ejemplo, infecciones por
VSR que no mejoran después de 7 a 10 dias o
ninas con hmnquluhlis persistentes

* Infecciones a repeticién, incluyendo otitis.
* Historia de fiebres, diarreas, brotes.
* Hospitalizacséa por nevmonta,
» Complicack Va sean
necrosantes, intersticiaks.
* Necesidad de antibioticos para tratamiento.
* Historia farvbar de inmunodeficentias.
R SR

! Waciocise rovect Aerl
micobacterias.

bilaterales,

Sranhil

Fuente: elaborada por los autores.

la pr('scncm de alecciones ms;umlunus
imusuales, como neumatoceles (figura 3), debe
hacer sospechar sindrome de hiper-Igk y mds
si estd asociada a eczema y cosinofilia, Las
bronquiectasias son otro hallazgo caracteris-
tico y, aungue la patologla mas relacionada es
la fibrosis quistica, siempre debe sospecharse
inmunodeliciencia primaria

Figura 3. Neumatoceles en radiografia de torax

Fuente: The Paediatric Immunology Unit, Creat North
Children’s Hospital, Newcastle upon Tyne,
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En infecciones recurrentes de un solo sitio,
ademas de alteraciones anatomicas, se debe
descartar siempre inmunodeficiencia. Estas se
presentan principalmente en la agammaglobu-
linemia de Bruton, SAD o CVID.

Se debe sospechar enfermedad granuloma-
tosa Cronica en paciente con neumonias por

Aspergillus.

En un estudio reciente de 103 pacientes,
entre ninos y adultos, con inmunodeficiencia,
se encontro historia de infeccion recurrente en
oidos, nariz, garganta y senos paranasales en un
16,5%, asoctandose a defectos en la inmunidad
humoral principalmentelQ. En la tabla 2, se
pucden observar las situaciones relacionadas
con olitis media aguda, que nos deben hacer
sospechar inmunodeficiencias.

* Antas de |os seis meses.

* Refractanedad 2 manejo antibiético.

* bxtension a otomastoiditis.

* Infeceion invasiva asocada,

* Recurrencia después de tmpanostomia,
* Colocacén de tubos a repeticion.

* Mds de tres por afio antes de Jos cinco ados, mds de
dos después de los cinco arios.

Fuente: elaborada por los autores,

EI50% de los pacientes con inmunodeficien-
cia humoral por SAD tiene historia de neumo-
nias a repeticion por patdgenos comunes, como
Streptococcus pneumoniae, Haemophilus ifluenzae
tipo b, Mycoplasma y Staphilococcus. Sin embar-
£0, €N NERIMONnIas por gérmencs oportunistas,
como Preumocystis, hongos y virus, se debe
sospechar sindrome de hiper-IgE, enfermedad
granulomatosa crénica o SCID.

Otros estudios han demostrado que los
pacientes con CVID desarrollan ademas bron-
quiectasias, granulomas, nadulos y enfermedad
pulmonar intersticial.

Senales infecciosas

Las inmunodeficiencias s¢ reconocen princi-
palmente por el aumento en la susceptibilidad a
infecciones, sobre todo infeccienes por microbios

POCO comunes,

Hongos: la presencia de infeccién invasiva
por hongos es poco usual en ninos inmuno-
competentes, el Preumocystis jirovect es el agente
infeceioso mas [recuente en infecciones en SCID
y son manifestaciones muy tempranas en la vida,
¢, incluso, con neumonias severas que llevan a
falla respiratoria.

Los pacientes con enfermedad granulomatosa
cronica tienen defectos en el mecanismo de
muerte intracelular y son susceptibles a infec-
ciones por hongos, muchas veces son infecciones
indolentes y recurrentes, principalmente por
Aspergillus. 1a Candida hace parte de la flora
normal y en ninos normales no causa mayores
problemas, sin embargo, en inmunodeficientes
esta produce enfermedades significativas, como
candidiasis mucocutanea e infecclones invasivas.

Bacterias: el neumococo, por su capsula,
es de dificil procesamicnto, requicre, por lo
tanto, para su opsonificacion, de un sistema
de anticuerpos bien conformados y, si esto
no existe, se presentan neumonias invasivas,
como en el caso de la asplenia, Fn la infec-
cion por meningococo, se requiere del ST del
complemento, el cual debe estar integro; estas
inmunodeficiencias, aunque raras en nuestro
medio, hay que pensarlas cuando la infeccion
POT MeNINgococo es recurrente, 0 Por clertos
serotipos, o en historia familiar de meningitis
o immunodeliciencias.

[l Staphilococcus aureus es frecuente como
colonizador en dermatitis atdpica, pero es
cuando se asocia a infeccion que es muy usual
en pacientes con enfermedad granulomatosa
crénica, sobre todo cuando hace parte de
adenitis supurativa, abscesos periamigdalinos
o hepaticos.
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Micobacterias: efectos secundarios a la
vacuna BCG pueden oricntar hacia una
inmunedeficiencia; hay que tener en cuenta
gque una reaccion local o el compromiso de un
solo ganglio (BCGitis) puede ser normal, pero
mﬂ]li[lll-.r.ﬂdr'nnpul ias o diseminacion (RO Gosis)
es una manilestacion de SCIDY, enlermedad
granulomatosa o defectos del eje interferén
gammaglebulina,

Virus: [allas en la respuesta adecuada a los
virus son una sehal de inmunodeficiencia. EL
grupa del herpes virus humano, como el virus
de lavaricela, generalmente produce enfermedad
leve que solo requiere manejo sintomatico, sin
embargo, la aparicion de complicaciones serias,
COMTI 11t~.u||1n|1ianﬁr]1-:i.r., r!'xlu'u'.r{'. esiudios [rra
delectos de linlocitos T,

Elvirus de Epstein-Barr (VEB) afecta a todos
]('IH ninos iIIll]lJI'IlJ['LJI]'Ipl'.lt'I'Ilf'_‘il’_].l‘. IMaAnera asin-
tomatica o pueden desarrollar mononucleosis
infecciosa autolimitada. Cuando estas infecciones
son severas, pueden producir enfermedades
linfoproliferativas, linfomas, hipogammaglobu-
limenia o anemia aplisica, y es imprescindible
descartar inmunedeficiencia,

Senales oncoldgicas

Las neoplasias son la manifestacion mis
[recuente de las inmunedeliciencias primarias
despues de las infecciones y la autoinmunidad,
Los pacientes con 1DP tienen un mayor riesgoe de
linforma, siendo esta la segunda causa de muerte
luege de las infecciones; en los mas jivenes, pre-
dominan los linfomas de linfocitos B, los cuales
son miés difuses, con compromiso extranodal,
implirﬂndn al SNC, |1u1m['1n y sislema gastroin-
testinal; generalmente se asocian con presencia
crénica de VEB y virus del herpes; todas estas
manifestaciones son més usuales en la CVID.

El cdncer ghstrico es otra neoplasia frecuente
en inmunodeficiencia, sobre todo en la CVID,
cuando s asocia con H. pylori, anemia perni-
ciosa y aclorhidria.

26 ™ Pracop SCP

El prondstico de los pacientes con cdn-
cer asociado a [DP es peor comparado con
inmunocompetentes,

Las inmunedeficiencias mas relacionadas
con I1['GT]T];I!ii)|H son del lipo délicit de linlacitos
T o combinadas,

Senales autoinmunes

Laantoinmunidad, después de infeceiones,
£s la manifestacion mds comun de las inmuno-
deficiencias, Bl riege de enfermedades autoin-
munes £5 elevado en estos pacientes y algunas
veces £ la tnica manifestacion clinica. Une
de cada 4 pacientes con CVID tiene aseciado
Il'l!rlllNK'.iI(llK‘.l’l'ia_ anemia hemolitica o artritis
idiﬂ]’xilit:ljuvrni]. Fl 6% de los pacientes con
LES diseminado tiene déficit de lga.

Inmunodeliciencias por deficit de los
mecanismios de H[]l]l]l{l‘il.‘i‘ coma el sindrome
linfoproliferativo auteinmune, compueste por
hepatoesplenomegalia, linfoadenopatias, hiper-
gammaglobulinemia y linfocitosis, se reconocen
por las manifestaciones autoinmunes, como
anemia hemolitica, parpura trombocitopenia
immunologica y glomerulonelritis.

Enfermedades autoinmunes asociadas a
patologias endocrinas, infecciones por Candida
y distrolia ectodermica deben hacer pensar en
inmunodeliciencias relacionadas con endocrino-
patias (Apeced, por su sigla en inglés); en varones
s [lama IPEX. Todas tienen caracteristicas de
inmunoedeficiencias de tipe autoinmune por
alteraciones en el sistema inmune regulatorio.

TLos delectos del t'.lll'lll1|l‘l1'|l‘.r1|l! lambicn sc
manifiestan de manera autoinmune, en especial
cuando hay defectos de las primeras porciones
del complemento, muches de ellos tienen LES
clinico PEFO seronegalivo,

Poliartritis severas, como se ve en Al], que
na responden ficilmente al tratamiento deben
hacer sospechar SAD, sobre todo cuando
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son producidas por Ureaplasma urealyticum y
Mycoplasma.

3. Senales de la historia
familiar

TLa historia familiar de inmunodeliciencias
es considerada una de las tres senales de alerta
tradicionales con mayor potencial diagnostico
para inmunedeficiencias. Fl problema es que
con {recuencia no se sabe 0 no se entiende la
importancia de esto.

Se recomienda hacer las sigutentes preguntas
en formas puntuales y en diferentes ocastones:
1) Preguntar por consanguinidad (si los padres son
primaos en primer grado o lejanos)

2) listoria de muerte temprana o no explicada en
la tamilia, mas st son varones.

3) Historia de infecciones severas o recurrentes en
otros miembros de la tamilia

4) Historia de abscesos tinicos o recurrentes que
sobre todo hayan requendo cirugia.

5) Historia de cancer, principalmente linfomas o
cancer gastrico en la familia

6) listoria de enfermedades autoinmunes, como
lupus entematoso sistémico (LES).

7) Infermedades hematoldgicas autolnmunes

8) Histona de eczema y sangrado asociados.

La positividad en alguno de estos aspectos
deberia hacer sospechar una inmunodeliciencia,
espectalmente de SCID, enfermedad granulo-
matosa crénica o agammaglobulinemia.

4. Senales al examen fisico

Facies: pacientes con nariz en botén, fil
trum no desarrollado, orejas pequenas, pala-
dar ojival o hendido deben orientar hacia la
sospecha de sindrome de DiGeorge (figura 4),
que se caracteriza por una inmunodeficiencia
T principalmente. Aquellos con cara asimétrica,
frente prominente, orejas bajas, hipertelorismo,
paladar ojival, eczema, infecciones cutineas por
S. aureus y neumenias deben hacer sospechar
sindrome de hiper-IgE.

Figura 4. Sindrome de DiCeorge

T~ Da 2 3/
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Fuentes: primaryimmune.org v Expert Consult.

*  Denticion: en paclentes con refardo o ausencia
en la aparicion de dientes de leche o retardo
en la caida con persistencia de Ta denticion pri-
maria y coincidencia de doble linea de dien
tes, se debe sospechar la presencia de sindro
me de hiper-IgE (hgura 5). Incisivos conicos
y ausencia de dientes orientan hacia defectos
de inmunodeficiencia primaria mixtos, co
mo el tipo NEMO (NI-&H essential modulator
deficiency). Gingivoestomalitis y aftas recurrentes
severas se ven frecuentemente en paclentes con
enfermedad granulomatosa cronica, sindrome
de Wiskott-Aldrich, inmunodeficiencia de
Chediak-Higashi y neutropenias, ademas de
sindrome de hiper-IgM e hiper-Igl’.

figura 5. Doble linea de dientes tipicos en sindrome
de hiper-IgE

Fuente: The Paediatric immunology Undt, Great North
Children’s Hospital, Newcastle upon Tyne,
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= Picl: el albinismo oculocutaneo paraal se ve ex- de esto serian los sindromes de Nijmegen® y de
clusivamente en inmunodeficiencia tpo Che- Bloom
diak-11igashi.

, 5. Senales hematolégicas
Figura 6. Cabello color plata de sindrome de Chédiak:

Higishi 1.as IDP usualmente no requicren investiga-
ciones complicadas, el cuadro hematico completo
debe ser entonces evaluado con detalle.

e Lenccitos. 2 conteos diferentes de linfocitos ab-
solutos tatales por debajo de 3. 000 en menores
de tres meses deben hacer sospechar SCID. Fn
ninos mayores de un ano, estas cilras ya son
diferentes y valores debajo del anotado pueden
ser normales; se sospecha inmunodeficiencia
en aquellos ninos que tengan menos de 1.500
linfocitos absolutos, como en el adulto, en am-
bas situaciones, los leucocitas totales pueden ser
normales

* Neutrsfilos: una cuenta absoluta de neutrofilos
por debajo de [500mm3 debe hacer sospe-
char neutropenia ciclica o inmunodeficiencia
por defecto del CD40 ligando o también llamado
sindrome de hiper-1IgM.

A

Fuente: Sahana M, Sacchidanand 5, Hremagalore R, Asha

G. Sitvery grey hair: clue to diagnose immunodeficiency. Int

| Trichology 2012;4121:83-5. = Entrocitos: la presencia de eritrofagocitosis en el
frotis perilénico o anemta aplasica predominan

T

+ Talla: estatura baja desproporcionada, con dis

plasia esquelética ¢ inlecciones debe haces sospe-
char defectos de linfocitos T; también se ven aso-
ciados a sindrome nefrdtico y retardo mental, por
ejemplo, hipoplasia de cabello y cartilago (dis-
plasia ssea), espondilocondrodisplasia
e inmunodeficiencia. F'statura cona relacionada
con microcefalia, sensibilidad al sol dada portelan

gicclasias y manchas café con leche se observan
en inmunodeficiencias de linfocitos 1, ejemplos

28 ® Precop SCP

en el sindrome linfoproltlerattvo ligado al sexo.

Plaquetas: trombocitopenia menor de 100.000
con tamano y volumen disminutdos estan pre-
sentes en el sindrome de Wiskott-Aldnich

Es importante tener en cuenta las tablas de

relerencia de cada laboratorio y compararlas
con tablas estandarizadas, como, por ejemplo,
las de Harriet Lane, para no generar un sobre-
diagnostico o subdiagndstico.
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Viral-Bacterial Interactions in Childhood
Respiratory Tract Infections

Alicia Annamalay and Peter Le Souéf

Abstract

Acute respiratory infection (ARI) is an important cause of childhood morbidity
and mortality worldwide. ARIs are caused primarily by viruses and bacteria that
are often co-detected in respiratory specimens. Although viral-bacterial co-
infections are frequently reported in children with ARI, their clinical significance
and the mechanisms leading to ARI are not well understood. The respiratory
tract is a reservoir of a diverse community of microorganisms, including both
commensals and potential pathogens and there is growing evidence that the
interactions between viruses and bacteria play a key role in the development of
ARI. A better understanding of the interactions between viruses and bacteria in
the respiratory tract may enhance insight into the pathogenesis of ARI, and
potentially reveal new prevention and treatment strategies. This chapter summa-
rizes the current knowledge on viruses, bacteria and viral-bacterial interactions
in childhood ARI and the possible mechanisms by which these interactions may
lead to disease.

8.1 Introduction

Acute respiratory infection (ARI), both upper and lower, is a significant cause of
childhood morbidity and mortality worldwide. Lower respiratory infection (LRI),
including pneumonia, is among the leading causes of childhood mortality world-
wide, accounting for close to a million deaths in children under 5 years of age in
2013 [1]. Viruses and bacteria can be detected in most children with ARI. However,
both are also frequently detected in asymptomatic children, and hence, the clinical
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significance of their detection has long been debated. Furthermore, a wide range of
prevalence rates are reported for the detection of viruses and bacteria, most likely
due to differences in case definitions, diagnostic tools and methodologies used
between studies and hence, the epidemiology and etiology of ARI are still not clear.
Viruses and bacteria are often co-detected in respiratory samples from children with
ARI and their interaction is likely to play a key role in the development of disease.
However, the clinical significance of viral-bacterial co-infections and the mecha-
nisms leading to ARI are not well understood.

Viruses are identified more frequently than bacteria in children with ARI [2].
Respiratory syncytial virus (RSV) has long been believed to be the most important
viral cause of childhood ARI, particularly bronchiolitis, accounting for at least three
million hospitalizations and up to 200,000 deaths each year [3]. Human rhinovirus
(RV) is the leading cause of upper respiratory infections (URI), but is also an impor-
tant cause of LRI including pneumonia and bronchiolitis, and accounts for the
majority of asthma attacks in children [4, 5]. Advances in molecular methods such
as polymerase chain reaction (PCR) in recent years have led to the identification of
new viruses and viral species, and the importance of other viruses is now widely
acknowledged. Adenovirus, influenza virus, parainfluenza virus, human metapnue-
movirus, coronavirus and bocavirus are among other commonly identified respira-
tory viruses known to contribute to the burden of childhood ARI.

Although less frequently detected than viruses, bacteria were traditionally
believed to be the cause of more severe ARI-associated morbidity and mortality,
particularly in developing countries [6, 7]. However, traditional diagnostic meth-
ods such as blood culture, which are still considered the gold standard in most
settings, lack sensitivity and hence, the disease burden attributable to specific
bacteria is not well understood. The recent advent of sequencing technologies
such as 16S rRNA gene sequencing have led to the discovery of far more diverse
respiratory microbial communities than previously recognized [8]. However,
advanced diagnostics are largely limited to countries with the most resources and
studies detecting a comprehensive range of pathogens remain scarce or non-exis-
tent. Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis
and Staphylococcus aureus are acknowledged as the most common and important
bacterial pathogens in childhood ARI, although more recent studies have reported
substantial reductions of ARIs due to pneumococcus and Haemophilus influenzae
type B (Hib), most likely owing to the widespread introduction of conjugate
vaccines [9].

The respiratory tract is a reservoir of a diverse community of microorganisms,
both commensals and potential pathogens [10]. There is growing evidence that syn-
ergistic and antagonistic interactions between viruses and bacteria play a key role in
the development of ARI. A better understanding of the interactions between viruses
and bacteria in the respiratory tract may provide improved insight into the patho-
genesis of ARI, and potentially reveal new prevention and treatment strategies. This
chapter summarizes the current knowledge on viruses, bacteria and viral-bacterial
interactions in childhood ARI and the possible mechanisms by which these interac-
tions may lead to disease.
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8.2  Respiratory Viruses

Respiratory viruses are an important cause of both upper and lower ARI. The bur-
den of viral respiratory infections is greatest in children, with infants and pre-
school children experiencing an estimated 6—10 viral infections annually [11]. The
role of viruses in URI is well established, with 90% of URI caused by viruses
compared with only 10% caused by bacteria [12]. Respiratory viruses are also
commonly identified in children with LRI, and although their role in LRI is
acknowledged, evidence for the clinical significance of respiratory viruses in LRI
is still debated. Lung aspiration is considered the gold—standard for sampling since
it is obtained directly from the site of infection and would indicate etiological sig-
nificance for LRI, but is limited due to its invasive nature and rate of complications
[11]. Upper respiratory tract samples such as nasopharyngeal aspirates are easily
obtained and hence, more frequently used in etiological studies. However, it is
argued that viruses identified in the nasopharynx represent only colonization and
are not indicative of LRI. Nonetheless, viruses of the upper respiratory tract are
more commonly identified in children with LRI than in asymptomatic, healthy
children. A 2015 systematic review and meta—analysis of case-control studies of
children with and without LRI found evidence for causal attribution of RSV, influ-
enza, parainfluenza virus, human metapnuemovirus and RV in children presenting
with LRI compared to asymptomatic or healthy children [13]. However, there was
no significant difference in the detection of adenovirus, bocavirus or coronavirus
between cases and controls.

While RSV and RV are widely acknowledge to be the most common and impor-
tant viral causes of ARI in children, recent advances in molecular methods have
highlighted the significance of other respiratory viruses.

8.2.1 Common Respiratory Viruses

8.2.1.1 Respiratory Syncytial Virus

RSV has been considered the most important viral cause of ARI in children,
although its contribution is variable [14, 15]. RSV is a seasonal virus that peaks in
the cold season in temperate climates and in the rainy season in tropical climates
[15]. It affects about 90% of infants and young children by the age of 2 years, with
peak rates occurring in infants 6 weeks to 6 months of age [15]. There are two sub-
types of RSV, A and B, which circulate concurrently, although some studies have
suggested that RSV-A may be more virulent than RSV-B [16-18]. In 2005, there
were an estimated 33.8 million new episodes of RSV-associated ARI worldwide in
children less than 5 years of age, with at least 3.4 million RS V-associated ARI hos-
pitalizations, and an estimated 66,000—199,000 deaths, 99% of which occurred in
developing countries [3]. Hence, RSV is justifiably seen to be the most important
cause of childhood ARI and a major cause of ARI-associated hospital admission
[3]. Although RSV has been associated with higher rates of hospitalization than
other respiratory viruses in several studies, estimates of RSV-associated ARI
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incidence and hospitalization are highly variable between and within regions, likely
due to methodological differences [15].

8.2.1.2 Human Rhinovirus

RV is the most commonly identified respiratory virus in both adults and children
and was found to be responsible for approximately two-thirds of cases of the com-
mon cold [19]. Hence, it is frequently referred to as the “common cold” virus.
However, there is now abundant evidence from experimental and observational
studies to support the role of RV as a lower respiratory tract pathogen. Early experi-
ment studies with RV suggested that viral replication was optimal at 33 °C (91.4 °F)
and was reduced at 37 °C (98.6 °F) and 39 °C (102.2 °F) [20, 21]. However, more
recent studies have shown minimal differences in replication capacities at 33 °C
(91.4 °F) and 37 °C (98.6 °F) for eight different RV strains, including when viruses
were cultured and titrated at the same temperature [22]. Hence, RV is now recog-
nised as an important cause of LRI including pneumonia and bronchiolitis and
importantly, accounts for the majority of asthma attacks in children [4, 5]. Several
studies worldwide have reported RV as the most common virus identified in chil-
dren with LRI, with identification rates of up to 63% in some populations [23].

RV was first isolated and associated with respiratory clinical disease in human in
1956 [24] and by the 1980s, one hundred and one RV-A and RV-B serotypes, known
as the reference or prototype had been preserved and distributed by the American
Type Culture Collection (ATCC). The retrospective discovery of the third RV spe-
cies, RV-C, reported in 2006 [25, 26], led to several new investigations of the preva-
lence of RV. The majority of these studies in children hospitalized with ARI found
that RV-C was the most prevalent RV species and was often associated with more
severe illness [5, 25-31].

8.2.1.3 Adenovirus

Adenovirus is another common viral cause of ARI. Adenoviruses are classified into
seven species, A to G, and different serotypes have been implicated in different
clinical syndromes [32]. While the majority of adenovirus infections present as a
mild URI, adenovirus is also known to cause LRI including pneumonia, bronchiol-
itis and bronchitis [32, 33]. Adenoviruses can also cause gastrointestinal, ophthal-
mologic, genitourinary and neurological infections. Adenovirus infections are most
common during infancy and early childhood and is prevalent in up to 17% of chil-
dren hospitalized with ARI [32]. Adenovirus is often associated episodes of recur-
rent wheezing, fever, hypoxia and lengthy hospitalizations [32].

8.2.1.4 Influenza Virus

Influenza virus is an important cause of ARI morbidity and mortality, with the high-
est burden among children less than 5 years of age and adults over 65 years of age
[34, 35]. The two main subtypes of influenza virus, A and B, routinely circulate and
are responsible for seasonal flu epidemics each year. In the first study to estimate the
global incidence of influenza-associated ALRI in children less than 5 years of age,
there were an estimated 90 million new cases of influenza episodes, 20 million cases
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of influenza-associated ARI and one million cases of influenza-associated severe
ARI causing 28,000-111,500 deaths worldwide in 2008 [36]. In a more recent sys-
tematic analysis of the burden of influenza in paediatric respiratory hospitalizations
between 1982 and 2012, influenza was associated with an estimated 870,000 hospi-
talizations in children less than 5 years of age annually [37].

8.2.1.5 Human Parainfluenza Virus

Human parainfluenza virus (HPIV), first discovered in the late 1950s, is an impor-
tant cause of ARI in children, accounting for 2—17% of hospitalized cases [38—40].
There are four types of HPIV, HPIV 1-4. HPIV-1 to HPIV-3 are common causes of
ARI in infants and young children, while HPIV-4 is less commonly associated with
respiratory illness [41]. Serologic studies have demonstrated that almost all children
between 6 and 10 years of age have evidence of past infection, suggesting mild or
asymptomatic primary infections [42].

8.2.1.6 Human Metapnuemovirus

Human metapneumovirus (hMPV) was first isolated from young children with respi-
ratory tract disease the Netherlands in 2001 [43]. Although hMPV was only recently
discovered, phylogenetic analysis showed that hMPV has been circulating in humans
for at least 50 years [44]. Clinical symptoms of hMPYV are similar to those caused by
RSV, ranging from URI to severe bronchiolitis and pneumonia [43, 45]. In a study
evaluating the burden of hMPV infections in children in the USA, hMPV was
detected in 6% of children hospitalized with ARI, 7% of children in outpatient clinics
and 7% of children examined in emergency departments, with the greatest burden in
children less than 1 year of age [46]. Other studies of hMPV in children hospitalized
with ARI have reported prevalences as high as11-25% [47-50].

8.2.1.7 Human Coronavirus

Human coronavirus is often associated in respiratory illness. Four human coronavi-
ruses (HCoV-229E, HCoV-OC43, HCoV-NL63 and HCoV-HKU1) are endemic in
most populations and are associated with mild, self-limiting respiratory illnesses.
Another two human coronaviruses, SARS-CoV and MERS-CoV cause severe
respiratory syndromes and present a significant threat with their high fatality rates.
The four non-severe human coronaviruses are implicated in both URI and LRI, with
reported prevalence of approximately 10% in children hospitalized with ARI [51].

8.2.1.8 Human Bocavirus

Human bocavirus 1 (hBoV1) was first discovered in 2005 from patients with LRI in
Sweden and was the first virus to be discovered by molecular virus screening [52].
Since then, three additional species of HboV, hBoV2, hBoV3 and hBoV4 have been
discovered, [53-55] although these species are found in the gastrointestinal tract
and have been associated with gastroenteritis [53—55]. In contrast, HboV 1 is associ-
ated with respiratory illness, and more specifically childhood ARI, with reported
prevalence ranging from 1.5 to 19% [56]. As with other respiratory viruses, diagno-
sis of hBoV1 infection is not possible by clinical presentation and for URI common
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symptoms include common cold-like symptoms and wheezing and for LRI clinical
scenarios include pneumonia and bronchiolitis [57].

8.2.2 Viral Co-infections

The advent of improved molecular methods in recent years has increased the sensi-
tivity in identifying viruses in children with ARI [58]. As a result, identification of
multiple viruses in respiratory specimens from children with ARI is frequently
reported [59, 60], with co-infection rates as high as 40-50% [23, 61]. However, the
relationship between viral co-infections and severity of ARI in children is not con-
clusive. Some studies have reported increased risk of ARI hospitalization, increased
length of hospital stay and worse clinical outcomes in children with viral co-
infections [60, 62-65]. In contrast, recent systematic reviews and meta-analysis
evaluating the relationships between respiratory viral co-infections in children have
concluded that viral-coinfections were not associated with ARI severity [66—69].

To date, experimental studies of respiratory co-infections are scarce. An in-vitro
study examining interactions between RSV and influenza virus demonstrated that
growth of RSV was blocked by competitive infection with influenza A virus [70]. In
the study by Shinjoh et al., RSV infection produced a higher peak viral load in sin-
gle infections than in co-infections with influenza virus, if the infections were initi-
ated at the same time [70]. However, if the influenza co-infection was initiated after
the RSV infection, influenza growth was suppressed by RSV [70]. The study also
demonstrated suppression of the growth of RSV by influenza A infection at the level
of viral protein synthesis [70]. Indirect immunofluorescence revealed that a large
proportion of infected cells synthesized both RSV and influenza A virus antigens,
while scanning electron microscopy demonstrated that influenza A and RSV virions
possessing surface antigens specific for each virus were selectively released from
dually-infected cells [70].

In a mathematical model study investigating the dynamics of respiratory viral
co-infections, Pinky et al. found that during co-infections, one virus could block
another virus by being the first to infect the available host cells and that viral
interference through immune response interaction was unlikely [71]. Interestingly,
the study found that viral growth rate determines which virus will dominate a
simultaneous infection [71]. For example, RV, the fastest-growing virus, reduced
replication of the remaining viruses during a co-infection, while parainfluenza
virus, the slowest-growing virus is suppressed in the presence of other viruses
[71]. The authors of the study suggest that the blocking of one virus infection by
the presence of another could be explained through resource competition and this
finding has been supported by clinical studies of children with ARI [72, 73].
Canducci et al. found that co-infection of RSV and metapneumovirus in infants
with ARI was a protective factor for length of hospital stay and hypoxia, when
compared with RSV infection alone [72]. Marguet et al. also found shorter length
of hospitalization in infants with RSV and RV co-infection comparing with single
RSV infection [73].
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Several other explanations for why identification of multiple viruses do not
increase ARI severity have been suggested. One suggestion is that identification of
a virus in a respiratory specimen using molecular methods may represent early
detection of an infection, asymptomatic carriage, low-virulent infection or pro-
longed shedding [65]. Therefore, some cases of co-infection may simply be a sub-
ject of co-detection. It is also possible that the clinical outcome of viral co-infections
is dependent on specific viral combinations, and this may explain the lack of con-
sensus in the literature regarding whether viral co-infections is associated with an
increased ARI severity. Many viral co-infection combinations have been reported,
as reviewed by Scotta et al., with RSV and RV being the most frequently detected
co-infection, although many studies do not even specify the viruses involved in viral
co-infections [66].

8.3  Respiratory Bacteria

Although less frequently detected than viruses, bacteria are also acknowledged to
be an important cause of ARI-associated morbidity and mortality. Traditional diag-
nostic methods such as blood culture, which are still considered the gold standard in
most settings, lack sensitivity, and hence the disease burden attributable to specific
bacteria is not well understood. Given the absence of a reference standard for the
detection of bacterial pathogens, the prevalence of bacteria in ARI is likely to
be higher than often reported. S. pneumoniae, H. influenzae, M. catarrhalis and
S. aureus are acknowledged as the most common and important bacterial pathogens
in childhood ARI, although more recent studies have reported substantial reductions
of pneumococcal and Hib disease, most likely owing to the widespread introduction
of conjugate vaccines [9]. Culture-independent techniques have also demonstrated
that the human microbiome is far greater in extent than previously recognised [74]
and that only 1% of all bacteria can be cultured using standard diagnostic methods
[8]. However, advanced diagnostics are still rare in most clinical settings and studies
detecting a comprehensive range of pathogens remain scarce or non-existent.

The lower respiratory tract and lungs were traditionally believed to be sterile and
free from bacteria. However, it is now widely accepted that the lungs are constantly
exposed to diverse communities of bacteria from the upper respiratory tract and this
has been confirmed with the use of culture-independent techniques such as the 16S
rRNA gene sequencing. In one of the first studies in the field, Hilty et al. challenged
the dogma that the lower respiratory tract is sterile by showing that bronchial tree
contains a characteristic microbial flora that differs between health and disease [75].

The human respiratory tract is home to a diverse community of both commensal
and potential pathogenic bacteria that cause respiratory disease. The term “micro-
biome” was first proposed in 2001 by Joshua Lederberg and is used to describe this
“ecological community of commensal, symbiotic and pathogenic microorganisms
that literally share our body space.” [76] In a balanced state, the respiratory micro-
biome is believed to play a beneficial role for the human host [77]. However,
imbalances in the respiratory microbiome can contribute to the acquisition of new
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pathogens, carriage of multiple pathogens or interactions among pathogens that
lead to respiratory disease. In order to cause respiratory disease, bacterial patho-
gens must first colonize the nasopharynx. Since the nasopharynx lies between the
nose, sinuses, ears, larynx, and the lower respiratory tract, pathogens of the naso-
pharynx can be the source for both upper and lower respiratory tract infections and
hence, plays an important role in both the development of disease and the spread
of pathogens [78]. Colonization is believed to be a dynamic and complex microbial
process involving acquisition and elimination of species, interactions among
microbes and between microbes and the host, and interference by environmental
factors [10]. Given these bacteria often co-exist in the same ecological niche; it is
likely that highly evolved relationships exist between these bacteria and their inter-
actions with each other play a critical role in the pathogenesis of disease [79].
Furthermore, it is also likely that these species interact with one another even
during healthy states [10].

8.3.1 Common Respiratory Bacteria

8.3.1.1 Streptococcus pneumoniae

Streptococcus pneumoniae, or pneumococcus, is a Gram-positive, alpha-hemolytic
(under aerobic conditions) or beta-hemolytic (under anaerobic conditions), faculta-
tive anaerobic member of the Streptococcaceae family [80]. It is responsible for a
range of illnesses including pneumonia, meningitis, bacteremia, otitis media and
sinusitis [81] and is the most commonly isolated organism in patients with
community-acquired pneumonia [82]. S. pneumoniae colonizes the upper respira-
tory tract and is part of the normal flora of healthy individuals, particularly children.
Although there are over 90 different serotypes, most cases of disease are caused by
relatively few serotypes, with the ten most common serotypes accounting for 62%
of invasive pneumococcal disease [83]. Since its isolation in 1881, there have been
great efforts to treat and prevent S. pneumoniae. Antibiotic treatment for invasive
pneumococcal infections typically includes broad-spectrum antibiotics until results
of antibiotic sensitivity testing are available. However, emerging antibiotic resis-
tance is a growing concern because of its potential negative impact on the outcome
of patients who receive standard antibiotic therapy. Pneumococcal vaccines such as
the pneumococcal conjugate vaccine or pneumococcal polysaccharide vaccine are
now commonly administered to children globally.

8.3.1.2 Haemophilus influenzae

Haemophilus Influenzae is a Gram-negative, coccobacillary, facultative anaerobic
pathogenic bacterium belonging to the Pasteurellaceae family [84]. It was first
described in 1892 during an influenza pandemic and was mistakenly considered to
be the cause of influenza until 1933 when the viral cause of influenza was known
[85]. H. influenzae is commonly found in the upper and lower respiratory tract as a
commensal but also causes a variety of both invasive infections, such as bacteremia,
facial cellulitis, septic arthritis, and meningitis primarily in non-immune children
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under age 4 years of age, and respiratory tract infections such as pneumonia, acute
otitis media, bronchitis, epiglottitis and sinusitis in children and adults [86]. There
are six different H. influenzae capsular serotypes, a through f, in addition to nonen-
capsulated or nontypeable strains. The two most important human pathogens are the
capsular serotype b strains and the nontypeable strains which are nonencapsulated.
Non-typeable H. influenzae (NTHi) live exclusively in the pharynges of humans and
are increasingly recognized as pathogens that cause both localized infections of the
respiratory tract (middle ear spaces, sinuses, and bronchi) and systemic infections
such as bacteremia and pneumonia [86].

8.3.1.3 Moraxella catarrhalis

Moraxella catarrhalis is a Gram-negative, aerobic, oxidase-positive diplococcus
belonging to the Moracellaceae family that was first described in 1896 [87]. For
most of the past century, M. catarrhalis was regarded as an upper respiratory tract
commensal organism. However since the late 1970s, M. catarrhalis has been recog-
nized as an important and common human respiratory tract pathogen [88].
Nasopharyngeal colonization is more prevalent among infants compared with
adults, with colonization rates varying between 33 and 100% in infants from differ-
ent parts of the world [89-91]. M. catarrhalis is also a common cause of otitis
media in infants and children, causing 15-20% of acute otitis media episodes [88].

8.3.1.4 Staphylococcus aureus

Staphylococcus aureus, a Gram-positive coccal bacterium belonging to the
Staphylococcaceae family, frequently colonizes the nasopharynx, respiratory tract
and skin [92]. It is both a commensal bacterium and a human pathogen, with colo-
nization rates of approximately 30% in the general population, although higher
rates are observed in young children and the elderly [92, 93]. S. aureus is also a
leading cause of bacteremia and infective endocarditis as well as osteoarticular, skin
and soft tissue, pleuropulmonary, and device-related infections [93].

8.3.2 Bacterial Interactions

Several studies have investigated interactions between bacteria, although mostly in
experimental and mathematical model studies. In an in-vivo study where H. influ-
enzae was introduced into the nasopharynx of neonatal rats that had or had not
been pre-colonized by S. pneumoniae, Margolis et al. reported that H. influenzae
density increased when S. pneumoniae was present, suggesting synergism between
these bacterial species [94]. However, when these two species were inoculated in
the reverse order, inhibition was observed, indicating competition between both
species [94]. Another in-vivo study by Lysenko et al. found that both S. pneu-
moniae and H. influenzae successfully colonized mice when each bacteria species
was injected separately [95]. However, when S. pneumoniae was co-colonized with
an H. influenzae strain, the density of S. pneumoniae was lower than when inocu-
lated alone, and this was later proved to be fully dependent on complement- and
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neutrophil-mediated killing of pneumococci [96]. These findings were supported
by a large epidemiological study of the 9-valent pneumococcal conjugate vaccine
and prevalence of bacterial colonization in HIV-uninfected and HIV-infected chil-
dren in South Africa that reported inverse associations between S. pneumoniae and
S. aureus and between S. aureus and H. influenzae in HIV-uninfected children but
not HIV-infected children [97].

Mathematical models investigating bacterial interactions have produced conflict-
ing results. Using a multivariate random effects model for longitudinal data, Jacoby
et al. found a positive association between S. pneumoniae and H. influenzae coloni-
zation among Aboriginal and non-Aboriginal children in Australia [98]. In contrast,
Pettigrew et al. modeled bacterial colonization in children and reported S. pneu-
moniae colonization to be negatively associated with colonization by H. influenzae
[99]. The study also reported negative associations between S. pneumoniae and
S. aureus and between H. influenzae and S. aureus, but interestingly, when H. influ-
enzae was present with M. catarrhalis, the odds of S. pneumoniae colonization
increased by more than two-fold [99]. These studies suggest that interactions
between bacteria are complex and may shift from negative to positive when addi-
tional bacteria species are present.

8.4 Epidemiology of Viral-Bacterial Co-infections
8.4.1 Historical Context

Viral-bacterial co-infections are frequently detected in children with respiratory ill-
ness, and there is strong evidence for enhanced ARI severity in children during co-
infections compared with single infections [100]. While most studies report
viral-bacterial co-infection rates ranging from 20 to 50%, rates as high as 66-77%
have been observed [70-72]. The clinical significance of viral-bacterial co-infections
and mechanisms that drive these interactions are not well understood. It is difficult
to determine the relative importance of individual viruses and bacteria involved in
co-infections since both viruses and bacteria can be carried commensally in the
respiratory tract and their detection may reflect colonization, rather than infection.
Furthermore, it is not possible to distinguish between primary and secondary infec-
tions in clinical studies, making it difficult to elucidate the interactions between
viruses and bacteria in co-infections.

The earliest suggestion that viral infections predispose to secondary bacterial
infections has been attributed to French physician R. T. H. Laennec, who observed
that the prevalence of pneumonia increased following an influenza epidemic in
1803 [69]. In 1947, British epidemiologist, William Farr, coined the term “excess
mortality” to describe the increase in number of deaths during the influenza season
that were not caused by influenza itself, and developed the methodology used today
to quantitate mortality in influenza epidemics [70]. The association between influ-
enza and secondary bacterial infections came into particular influenza pandemics
during the twentieth century, as well as subsequent observational and experimental
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studies, provided further evidence that viral infections predispose to secondary bac-
terial infections.

During the 1918 “Spanish flu” pandemic, over 50 million deaths occurred, most
of which were not caused directly by influenza alone but rather as a result of second-
ary bacterial pneumonia [71]. The most frequently identified organisms in sputum,
lung and blood samples of infected patients were S. pneumoniae, H. influenzae,
Streptococcus pyogenes and S. aureus, and it was believed that the influenza virus
acted synergistically with pathogenic bacteria resulting in increased incidence of
disease and death [71]. These findings were supported by data from the 1957 “Asian
flu” and 1968 “Hong Kong flu” pandemics showing that increased mortality was
associated with increased incidence of bacterial pneumonia [72, 73]. The availabil-
ity of antibiotics effective for secondary bacterial infections was believed to be a
key factor for the lower number of deaths during the 1957 and 1968 pandemics
compared with 1918. During the 2009 “swine flu” pandemic involving the HIN1
influenza virus, bacterial co-infection was frequently reported in fatal pneumonia
cases, with S. pneumoniae being the most frequent bacteria identified [74, 75].

8.4.2 C(Clinical Evidence of Viral-Bacterial Co-infections
in Children

The best and most studied example of respiratory viral-bacterial co-infections
involves influenza virus, and influenza virus-bacterial co-infections has been well
described in both adults and children, with clear associations with increased disease
severity [101-103]. However, with the exception of outbreaks, influenza virus is a
relatively infrequent viral pathogen compared to other respiratory viruses including
RV and RSV.

RSV is commonly implicated in viral-bacterial co-infections with reported co-
infection rates of up to 17.5-44% in RSV-infected children [104—108]. In children
with severe bronchiolitis studied by Thorburn et al., bacteria were isolated from
42% of lower airway secretions from infants with RSV using culture methods [107].
H. influenzae and S. aureus were the most common bacteria identified and further-
more, the study reported that children with bacterial co-infection were at increased
risk for bacterial pneumonia [107]. In serological study of children with community-
acquired pneumonia, 39% of children had viral-bacterial co-infections, of which
RSV and S. pneumoniae was the most common combination, accounting for 33%
of cases [109]. Like influenza, both RSV and S. pneumoniae infection peaks during
the winter months [110] and RSV has also been linked to seasonal increases in
S. pneumoniae [111]. In a case-control study by Benet et al., co-infection of RSV
and S. pneumoniae was more common in cases than in controls but co-infection of
RV and S. pneumoniae was not different between cases and controls [112]. RSV-
bacterial co-infection has also been associated with increased disease severity com-
pared with RSV alone including longer hospital stays and more frequent admission
to pediatric intensive care unit [108] and longer ventilator support [105, 107].
However, associations identified in clinical studies are often weak and only



204 A. Annamalay and P. Le Souéf

occasionally reach statistical significance. Additionally, some studies have reported
bacterial co-infection rates below 2% in children with RSV [113-116]. In a study of
infants hospitalized with RSV, bacterial co-infection was found in only 0.6% of
children hospitalized for RSV-associated LRI [116].

RV is also commonly implicated in viral-bacterial co-infections. In a study of
children with invasive pneumococcal disease by Techasaensiri et al. 34% of chil-
dren had a viral co-infection, of which 25% were influenza, and 21% were RV
[117]. The study reported that children with viral-coinfections were admitted to the
pediatric intensive care unit more frequently and had longer hospital stays than
children without viral-coinfections [117]. In a study of children with community-
acquired pneumonia by Honkinen et al., viral-bacterial coinfection was identified in
66% of children, of which RV and S. pneumoniae was the most common combina-
tion, accounting for approximately 7% of cases [118]. Furthermore, the study
reported that all cases of treatment failure had a viral-bacterial co-infection.
Lauinger et al. found that among RV-infected children, bacterial co-infections, iden-
tified in 8% of children, were associated with increased admission to ICU [119].

Other respiratory viruses have also been implicated in bacterial co-infections in
children, but to a lesser degree. It has been suggested that the pathogenesis of hMPV
infection is strongly affected by bacterial co-infection with S. pneumoniae. In a
study of children hospitalized with LRI in South Africa, Madhi et al. found that
administration of conjugate pneumococcal vaccine reduced the incidence of h(MPV
infection and the incidence of clinical pneumonia in both HIV positive and negative
patients [120]. These findings suggest that a significant proportion of hMPV-
associated hospitalizations may be prevented by vaccination with pneumococcal
conjugate vaccine. Adenovirus co-infection was identified in 21% of children with
invasive pneumococcal disease [117]. Some studies have found associations
between overall respiratory virus incidence and bacterial incidence, without distin-
guishing the specific pathogens involved [110]. While clinical studies confirm that
viral-bacterial co-infections are common in children with ALRI, the absence of a
control population in most studies makes it difficult to elucidate the clinical signifi-
cance of co-infections.

8.5 Mechanisms for Viral-Bacterial Interactions

The historical context of viral-bacterial co-infections during influenza pandemics
have led to a predominantly unidirectional view that primary viral infections
increase the development of secondary bacterial infections leading to LRI. Viral-
bacterial co-infections in children have been described in many clinical studies,
with some associations with disease severity. However, in clinical studies, it is dif-
ficult to differentiate primary from secondary infections and to elucidate the clinical
significance of co-infections. However, several in-vivo and in-vitro experimental
model studies have proposed mechanisms to explain interactions between viruses
and bacteria. Most mechanisms involve viral facilitation of secondary bacterial
infections, for example through disruption of the respiratory epithelium or



8 Viral-Bacterial Interactions in Childhood Respiratory Tract Infections 205

modulation of innate and adaptive immune responses to decrease bacterial clearance
or increase bacterial adherence. However, there is also growing evidence that bacte-
rial infections may promote secondary viral infections, though direct interactions,
bacterial interference with antiviral immunity or by synergism or complementation
by virulence factors that have similar functions.

8.5.1 Viral Promotion of Secondary Bacterial Infections

8.5.1.1 Decreased Bacterial Clearance

The respiratory epithelium is the primary site of host-pathogen encounter in the
respiratory tract and the first line of defence against infection [121, 122]. The respi-
ratory epithelium restricts bacterial attachment through mucociliary clearance and
maintenance of cell-cell junctions, which restricts access to bacterial receptors
[123]. There is evidence that primary viral infections disrupt the respiratory epithe-
lium leading to decreased bacterial clearance. In-vitro studies have shown that cells
infected with RV, RSV, adenovirus and influenza led to impairment of mucociliary
function and consequent decreased clearance of bacteria including S. pneumoniae
and H. influenzae [124-127].

Modulation of innate immune cells following a viral-infection is also believed to
decrease bacterial clearance in the respiratory tract. Among host innate immune
responses, alveolar macrophages are the major cell population in the normal airway
and form the first line of defence against respiratory pathogens. A deficiency in
alveolar macrophage-mediated phagocytosis following influenza has been reported
in several studies. Using a murine-model, Ghoneim et al. showed that influenza
infection depleted and induced cell death of alveolar macrophages leading to
impaired clearance of S. pneumoniae [128]. Influenza and S. pneumoniae co-infec-
tion in mice has been also been shown to result in synergistic stimulation of type 1
interferons (IFNs) leading to impaired recruitment of macrophages and subse-
quently, increased bacterial colonization [129]. Another murine-model study by
Jamieson et al. showed that influenza infection resulted in decreased production of
inflammatory cytokines and chemokines through virus-induced glucocorticoid pro-
duction, reduced recruitment of innate immune cells to the infection site and conse-
quently, a dramatic increase in bacterial burden [130].

8.5.1.2 Increased Bacterial Adherence

Viral infections of respiratory epithelial cells can also promote bacterial adherence
to host cells. In an experimental mouse model study, Hament et al. found that
S. pneumoniae adherence to epithelial cells was enhanced by a preceding RSV
infection [131] and it was later shown through in-vitro and in-vivo studies that RSV
was capable of direct binding to S. pneumoniae [132]. Similarly, Avadhanula et al.
showed that respiratory viruses including RSV, HPIV, and influenza virus enhanced
adhesion of H. influenzae and S. pneumoniae to primary immortalized cell lines but
only RSV and HPIV increased receptor expression for bacteria by primary bron-
chial epithelial cells and A549 cells [133]. Other studies have shown that RSV
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virions can bind directly to S. pneumoniae and H. influenzae acting as a direct cou-
pling particle between bacteria and epithelial cells and thereby increasing coloniza-
tion by, and enhancing, invasiveness of bacteria [124, 134]. There is also evidence
that during RSV infection, viral glycoproteins at the host cell surface, act as addi-
tional receptions for bacteria adherence [132, 134]. Respiratory viruses can also
increase expression of host surface proteins to which bacteria can bind [133, 135,
136]. Host cell receptors for bacterial adherence have also been found to be exposed
by viral neuraminidase activities in studies of influenza virus and S. pneumoniae
[137, 138]. There is also evidence that viral-mediated epithelia damage can lead to
exposure of the basement membrane and additional receptors for bacterial adher-
ence [139, 140].

Although the majority of evidence for enhanced bacterial adherence during viral
respiratory infection comes from studies of influenza virus or RSV, there is growing
evidence for the role of RV in bacterial adhesion. In an in-vitro study by Wang et al.,
nasal epithelial cells were infected with RV, and then S. aureus, S. pneumoniae, or
H. influenzae were added to the culture [140]. Compared with RV-uninfected control
cells, the adhesion of S. aureus, S. pneumoniae, and H. influenzae increased signifi-
cantly in RV-infected nasal epithelial cells. In another in-vitro study on the effects of
RV infection on the adherence of S. pneumoniae to tracheal epithelial cells, the num-
ber of S. pneumoniae adhering to epithelial cells increased after RV infection [141].

8.5.2 Bacterial Promotion of Secondary Viral Infections

The historical emphasis on influenza—S. pneumoniae co-infections in adults and
the unidirectional view that viral infections increase bacterial growth may be less
relevant for children. While S. pneumoniae carriage rates are approximately 4% in
adults, carriage rates are over 50% in children [142] and up to 80% in children under
5 in developing countries [143]. This supports growing evidence that bacterial
infections may promote secondary viral infections, rather than vice versa. In a large,
double-blind placebo-controlled trial in infants in South Africa, the 9-valent pneu-
mococcal conjugate vaccine was shown to prevent 31% of pneumonias associated
with respiratory viruses in children in hospital, leading to the suggestion that viruses
contribute to the pathogenesis of bacterial pneumonia [144]. In another study of
healthy children under 2 years of age, Verkaik et al. found that higher seroconver-
sion rates to hMPV were associated with increased nasopharyngeal carriage of
S. pneumoniae [145]. Furthermore, well-differentiated normal human bronchial
epithelial cells pre-incubated in-vitro with S. pneumoniae resulted in increased sus-
ceptibility to infection with HMPV-enhanced green fluorescent protein, suggesting
that S. pneumoniae can modulate HMPYV infection [145].

Experimental models often show an increase in influenza virus titres following a
bacterial challenge. In one study, influenza viral titres in mice were shown to increase
when S. pneumoniae was present [146]. Subsequent mathematical modelling by
Smith et al. established that the influenza infection reduced the bacterial clearance
ability of alveolar macrophages and that the secondary S. pneumoniae infection
enhanced viral release from infected cells [146]. In contrast, in another mouse model
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study by McCullers et al., influenza infection preceding a pneumococcal challenge
primed for pneumonia led to 100% mortality [147]. Interestingly, this effect was
specific for viral infection preceding bacterial infection, and reversal of the order of
administration led to protection from influenza and improved survival [147].

Further evidence of bacterial promotion of viral infections has been demon-
strated by enhanced RSV and hMPV infection of primary epithelial cells with the
addition of bacterial lipopeptides, suggesting that bacteria facilitated viral attach-
ment to host cells [148]. H. influenzae has also been shown to increase airway epi-
thelial cell ICAM-1 and TLR3 expression, leading to enhanced binding of RV and
a potentiation of RV-induced chemokine release [149].

It has also been suggested that viruses might be capable of using their microbial
environment to escape immune clearance, highlighting the importance of commen-
sal microbiota in viral infections [150].

8.6 Conclusion

Although viral-bacterial co-infections are common, the clinical significance of co-
infections and the mechanisms leading to ARI are yet to be fully clarified. Complex
synergistic and antagonistic interactions between viruses and bacteria most likely
play a key role in the development of ARI. Viruses and bacteria of the respiratory
microbiome may each influence the pathogenicity and consecutive development of
infections of the other. Improving knowledge of the interactions between viruses
and bacteria may lead to a better understanding of the pathogenesis of ARI and
eventually to new prevention and treatment strategies.
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