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I. INTRODUCCION



A pesar del avance experimentado en los ultimos cien afios en el conocimiento,
manejo y tratamiento de las enfermedades infecciosas, la neumonia continta siendo en
la actualidad un problema de salud mundial. De entre los multiples microorganismos
responsables de este cuadro, el neumococo es probablemente el mas estudiado en la
literatura. Sin embargo existen varios aspectos de esta enfermedad que son motivo de
controversia. Los estudios que forman esta Tesis Doctoral pertenecen a una misma linea
de investigacion llevada a cabo con el objetivo de tratar de esclarecer el papel que la
presencia de una bacteriemia tiene en la evolucion y en el prondstico de los pacientes
diagnosticados de una neumonia neumocoécica adquirida en la comunidad. Pensamos
que los resultados obtenidos y publicados en revistas de amplia difusidon internacional

aportan una informacion relevante y ttil en el manejo de esta entidad.

Las infecciones del tracto respiratorio inferior constituyen una de las principales
causas de mortalidad en el mundo (1). Entre ellas, la neumonia adquirida en la
comunidad (NAC) es la infeccion respiratoria de mayor gravedad con una incidencia
anual de 2-5 casos/1.000 habitantes/afio en la poblacion adulta (2-4). Representa en su
conjunto, la primera causa de muerte por infeccion y la tercera de hospitalizacion en el
grupo de pacientes de mas de 65 afios (5,6). Entre un 20 y un 40% de los pacientes con
una neumonia requieren de un ingreso hospitalario y un 5-10% de ellos necesitaran ser
admitidos en una unidad de cuidados intensivos (UCI) (7). Pese a las mejoras en los
métodos diagnosticos, avances en los cuidados y en los tratamientos antibioticos, la
mortalidad de este cuadro sigue siendo elevada y oscila entre el 2-10% de los pacientes
hospitalizados en planta convencional al 34-50% de los ingresados en una UCI,
especialmente entre aquellos que necesitan ventilacion asistida (8,9). Desde un punto de
vista econdmico es responsable de una sobrecarga importante para el sistema sanitario
debido fundamentalmente a los costes directos derivados de las hospitalizaciones y de

su impacto en la calidad de vida de los pacientes (10,11).



En cuanto a la etiologia, a pesar de los avances en las técnicas diagnosticas, el
diagnostico microbioldgico de certeza unicamente se consigue en torno al 50% de los
casos. Este hecho es debido fundamentalmente a la complejidad para realizar algunas de
estas técnicas, lo que dificulta su generalizacion en la préctica clinica (12-14). Ademas,
la propia NAC en si misma es una entidad heterogénea causada por diferentes
patdgenos que van a diferir dependiendo de factores tales como el area geografica, la
presencia de comorbilidades, habitos tdxicos o la edad (15-18). En los tltimos afios y
coincidiendo con un uso cada vez mas extendido de técnicas de diagnostico molecular
basadas en la reaccion en cadena de la polimerasa (PCR) para el diagnostico de las
infecciones causadas por virus respiratorios, estamos asistiendo a un incremento en el
porcentaje de diagnosticos etiologicos a expensas de un posible y probablemente
"ficticio" descenso en el peso que tiene la etiologia bacteriana como agente causal de
esta entidad. Todo esto hace que sea complicado estimar la prevalencia real de cada

patogeno.

Neumonia neumococica

Streptococcus pneumoniae es el agente etiolégico de una NAC identificado con
mas frecuencia con independencia de la edad y la presencia de enfermedades asociadas
en la mayor parte de las series publicadas (18,19). A su vez, el neumococo es el
principal responsable de las hospitalizaciones (en planta convencional y/o UCI) y de las
muertes por neumonia (10,20). En la era preantibidtica, S. pneumoniae era el
responsable de mas del 75% de los casos de NAC. Sin embargo, en la actualidad es el
causante unicamente del 5-15% de los casos en EEUU y del 19% en Europa (Tablas 1 y
2) (13,16,20,21). Entre las causas de este descenso en el nimero de casos se encuentran

el uso universal de la vacuna antineumocdcica conjugada 13-valente (PCV-13) en



nifios, la vacunacioén antineumocoécica en adultos de grupos de riesgo y la reduccion del
tabaquismo. Sin embargo, es posible que su incidencia esté realmente infravalorada
debido a que, como hemos comentado, el diagnostico de certeza bacteriologico solo se
consigue, en general, en menos de la mitad de los pacientes con NAC.

Tabla 1. Etiologia de la neumonia adquirida en la comunidad segun el lugar de tratamiento.

Modificada de (20).

Lugar de tratamiento
Etiologia Ambulatorio Hospital ucCl
(n =514) (n = 2521) (n = 488)
% % Y%
Desconocida 68,7 58,7 46,7
Streptococcus pneumoniae 10,9 17,7 22,5
Patégenos intracelulares™ 11,3 6,7 7,6
Virus respiratorios 2,9 4,9 2
Haemophilus influenzae 1,6 2,1 1,6
Bacilos entéricos gramnegativos 0,2 0,9 0,6
Staphylococcus aureus 0,2 0,7 1,2
Pseudomonas aeruginosa 0,2 1,5 2,5
Neumonias polimicrobianas 2,9 5,4 11,9
Otros microorganismos 1,2 1,3 3,1

*Legionella pneumophila, Mycoplasma pneumoniae, Clamydophila pneumoniae, Clamydophila psittaciy
Coxiella burnetii

La prescripcion precoz de un tratamiento antibidtico con la consiguiente
reduccion en la sensibilidad de las técnicas de diagndstico bacterioldgico clésicas y el
uso mas restringido de las mismas propuesto actualmente en las guias de practica
clinica, son los factores que podrian favorecer el incremento de los casos de etiologia
desconocida y en los que el neumococo podria ser el agente causal en una alta

proporcion de casos (22,23). El empleo de técnicas diagnodsticas complejas basadas en



el estudio molecular de patogenos respiratorios y que tienen una mayor rentabilidad

diagnostica parecen sugerir esto (24).

Tabla 2. Etiologia de la neumonia adquirida en la comunidad en el Servicio de Neumologia

del Hospital Universitario Cruces (afios 2005-2018).

Etiologia N=3331 %
Desconocida 2156 65,2
Streptococcus pneumoniae 838 25,3
Legionella pneumophila 123 3,7
Otras bacterias atipicas respiratorias 37 1,1
Bacilos entéricos gramnegativos 21 0,6
Otros Streptococcus 22 0,6
Haemophilus influenzae 6 0,1
Staphylococcus aureus 9 0,2
Otras bacterias 4 0,1
Virus de la gripe (Influenza) A 105 3,1
Otros virus respiratorios 10 0,3

El desarrollo de la neumonia neumocdcica se produce a partir de la colonizacion
de la nasofaringe por S. pneumoniae y por lo tanto es mas frecuente en edades donde
¢ésta es mas elevada, como entre los menores de 2 afios y los mayores de 65 afios. En los
adultos, la incidencia de neumonia neumocdcica se incrementa con la edad, el
tabaquismo, asi como con la presencia de determinadas comorbilidades, principalmente
diabetes mellitus, hepatopatia cronica y enfermedades cronicas cardiorrespiratorias
(Figura 1 y Tabla 3). Este hecho es especialmente significativo en los pacientes de

mayor edad en los que con frecuencia coexisten multiples de estas enfermedades

(25,26).
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Figura 1. Factores de riesgo asociados a neumonia adquirida en la comunidad por

S. pneumoniae en funcion de la edad. Modificado de (26).

El envejecimiento progresivo de la poblacion y el incremento observado en la
supervivencia de los pacientes mas ancianos debido a la mejora en las condiciones
socio-sanitarias en los paises desarrollados, ponen de relieve la importancia que este
grupo de poblacién tiene desde el punto de vista sanitario. En efecto, conceptos como
fragilidad, edad bioldgica, comorbilidad multiple o situaciéon funcional aparecen hoy
como parametros para tener en cuenta en la evaluacion de los pacientes de mas edad con

una neumonia (27,28).



Tabla 3. Comorbilidades presentes en 1306 casos de neumonia adquirida en la comunidad

por S. pneumoniae (Hospital Universitario Cruces y Hospital Universitario Galdakao).

Neumonias Neumonias no
Comorbilidades bacteriémicas bacteriémicas

N =561 (%) N =745 (%)
Tabaquismo 184 (32,9) 170 (23)
Alcoholismo 81 (15) 74 (10,3)
EPOC 93 (16,6) 166 (22,3)
Diabetes mellitus 87 (15,5) 139 (18,7)
Insuficiencia cardiaca 77 (13,7) 67 (9)
Enfermedad cerebrovascular 30 (5,3) 47 (6,3)
Enfermedad renal cronica 34 (6,1) 36 (4,8)
Enfermedad hepatica crénica 30 (5,3) 24 (3,2)

La céapsula polisacdrida que rodea al neumococo constituye uno de los
principales elementos responsables de su patogenicidad y sirve como elemento de
referencia para su serotipificacion. Su presencia evita el aclaramiento del germen por
parte del sistema inmunitario pudiendo favorecer la presencia de formas invasivas. Por
el contrario, su propia capacidad antigénica constituye la base sobre la que se han
desarrollado las actuales vacunas (29). Dependiendo de su estructura polisacarida
podemos identificar en esta bacteria hasta 100 serotipos (30). A su vez, dentro de cada
serotipo y en funcidon de posibles variaciones en su estructura genética se pueden
identificar varias clones que podrian tener diferentes capacidades para producir una

bacteriemia (31). Ademas de la cépsula existen otros elementos presentes tanto en la




superficie bacteriana como en su interior que se podrian liberar tras la lisis bacteriana y

que van a influir también en la virulencia y en la capacidad invasora del neumococo

(Tabla 4)( 29).

Tabla 4. Principales factores de virulencia de Strepfococcus pneumoniae.

Cépsula polisacarida
Pneumolisina
Autolisina

Proteinas de superficie

Adhesina A

Pili
Bacteriocina
Neuraminidasa
Proteasa IgA

Biofilm

Casi una cuarta parte de los pacientes con una neumonia neumocoécica van a

presentar una bacteriemia (32). Su existencia va a depender, entre otros factores, del

serotipo de S. pneumoniae que produce la infeccion (Tabla 5) (33,34).

Tabla 5. Agrupacién de los serotipos de S. pneumoniae segin su patogenicidad.

Riesgo de mortalidad

e Alto
e Medio
* Bajo

Riesgo de bacteriemia

e Alto
e Medio
* Bajo

Serotipos

3, 6A, 6B, 9N,19F, 23F

9V, 12F, 14, 22F

1,4,5,7F, 8
1,5, 7F
4,9V, 14,18C

3, 6A, 6B, 8, 19F, 23F

Se puede considerar que los serotipos con una mayor capacidad invasora se van

a encontrar con menor prevalencia como formas portadoras nasofaringeas. Debemos de

tener en cuenta que el neumococo y el paciente no se comportan como compartimentos




estancos sino que interaccionan. De este modo, el mismo microorganismo se puede
comportar de forma distinta dependiendo de la edad del paciente, su situacion funcional
o la presencia de una o multiples comorbilidades. Se pueden identificar una serie de

serotipos con una alta capacidad invasora (1, 5, 7F) que infectarian fundamentalmente a

individuos sanos y se podrian comportar como patdogenos primarios. Por el contario
otros serotipos con una baja capacidad invasora primaria (3, 6A, 6B, 8, 19F, 23F)
cuando encuentran un “medio ambiente adecuado” se comportan como patdgenos
oportunistas causando una enfermedad invasiva grave y, en muchos casos, mortal. Estos
serotipos oportunistas en su mayoria presentan un mayor grosor de la capsula que
podria dificultar su capacidad invasora primaria. Sin embargo, en determinadas
circunstancias en las cuales se convierten en invasivos, este tipo de capsula les podria
proteger del sistema inmunitario provocando incluso una mayor activacion del mismo
con la consiguiente liberacion de citoquinas proinflamatorias, contribuyendo de esta
forma a una mayor gravedad del cuadro (35-37). De hecho si clasificamos a los
diferentes serotipos en funcioén de su letalidad potencial podemos ver que los serotipos
3, 6A, 6B, 19F, 23F (considerados oportunistas), ademas de los serotipos 9N y 19A, van
a estar asociados a un mayor riesgo de muerte, mientras que los serotipos 1, 5, 7F
(invasivos primarios) junto con el 4 y 8 se asocian a un menor riesgo (38). Se podria
deducir que el pronoéstico de estos pacientes no va a depender de la capacidad invasora
intrinseca del germen sino de los factores propios del huésped, fundamentalmente la
edad y la presencia de determinadas comorbilidades. Es quizds ahi en donde un
desequilibrio entre mecanismos inflamatorios intrinsecos ligados al neumococo y al
propio paciente, podrian ser los responsables de generar una respuesta inflamatoria
exagerada que va a condicionar la gravedad, la aparicion de complicaciones Yy,

finalmente, la muerte.



La presencia de complicaciones durante la fase aguda de la enfermedad va a
influir en la evolucion del paciente con independencia de la gravedad estimada en su
ingreso hospitalario (39,40). Su desarrollo va a ser en general una consecuencia de la
gravedad del propio cuadro infeccioso y de su repercusion, en algunos casos, sobre una
serie de comorbilidades preexistentes (41). La aparicion de un fallo respiratorio es
probablemente una de las complicaciones mas importantes y graves, responsable de una
elevada morbimortalidad. Su presencia, en el contexto de una neumonia neumococica
bacteriémica, es el resultado de la interaccion entre determinados factores relacionados
con el huésped (la edad, la presencia de comorbilidades crénicas cardiorrespiratorias,
etc.) que probablemente van a influir en el aislamiento de serotipos de S. pneumoniae
oportunistas como son el 3, 19A y 19F (42). Otro tipo de complicaciones son las
cardiovasculares que han sido objeto de estudio en los ultimos afios en los pacientes con
un diagnostico de NAC en general y en algun caso de los originados por el neumococo.
Su aparicion, incluso en pacientes sin antecedentes previos de cardiopatia, se ha
asociado a una mayor probabilidad de fallo terapéutico, una estancia hospitalaria mas

prolongada y una mayor mortalidad (43,44).

En una revision reciente de 39 estudios que incluyeron en total a 92.188
pacientes con NAC, se comprobo la presencia de complicaciones cardiacas en 13,9%,
de ellos: 9,2% presentaron insuficiencia cardiaca, 7,2% arritmias y 4,5% sindrome
coronario agudo (45). El motivo de su aparicion es con frecuencia multifactorial e
incluye el efecto cardiodepresor asociado a la propia sepsis, la hipoxemia, el efecto de
determinados farmacos (inotropos, broncodilatadores, etc.) o de los procedimientos
empleados (ventilacion mecénica), ademas de las propiedades patogénicas especificas
del propio germen responsable del cuadro. Tratar de clarificar el papel individual que
tienen estos factores y los que son dependientes del huésped presenta un gran interés de

cara a conocer mejor las circunstancias que pudieran favorecer la aparicion de este tipo
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de complicaciones, su importancia y contribucion real al pronostico global de la

enfermedad del paciente.

La mayor parte de los estudios publicados han considerado a la neumonia como
un cuadro infecciosos agudo sin repercusion en la evolucidon posterior del paciente. Sin
embargo, existe una evidencia creciente de que los pacientes ingresados por una NAC
presentan una mayor tasa de mortalidad a medio y largo plazo en comparaciéon con la
poblacion general, siendo ésta del 8% a los 90 dias, 21% al afio y 36% a los cinco aflos
(46-50). Los datos existentes sobre el papel del neumococo como agente causal de una
NAC vy la supervivencia a largo plazo de estos pacientes son escasos y los resultados
son contradictorios en relacion con la importancia que pudiera tener la presencia de una
bacteriemia en su prondstico (51,52). Por todo ello, es interesante clarificar el papel que
pudiera tener el neumococo como agente etiologico de una NAC en el prondstico a
medio y largo plazo de estos pacientes, asi como poder valorar si esa supervivencia se

ve influenciada por haber tenido una forma bacteriémica de infeccion neumocdcica.

11
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2. METODOLOGIA



En este apartado se va a describir de forma resumida la metodologia bésica del
proyecto, iniciado en el ano 2002 y que ha generado esta linea de investigacion. La
metodologia especifica para responder a cada uno de los objetivos concretos se puede
encontrar en las secciones de material y métodos de cada uno de los articulos que

integran la presente Tesis Doctoral.

Diseiio y ambito del estudio

Los trabajos recogidos en esta Tesis Doctoral son el resultado de una serie de
estudios observacionales basados en el andlisis de un registro prospectivo de pacientes
adultos (edad >18 afos) sin inmunodeficiencias que han requerido un ingreso
hospitalario por una neumonia neumocécica en dos hospitales terciarios de la
Comunidad Auténoma Vasca (Hospital Universitario de Cruces y Hospital
Universitario de Galdakao) desde el afio 2002. El diagndstico bacteriologico se ha
basado en los resultados de la determinacién de antigeno urinario y/o de los

hemocultivos realizados a la llegada del paciente al Servicio de Urgencias.
Se han excluido:

1) Pacientes con inmunodeficiencia congénita, o causada por el VIH o por

tratamiento farmacologico.

2) Pacientes con antecedentes de hospitalizacion en las dos semanas previas o que
hayan sido diagnosticados de neumonia en los tres meses previos al diagndstico

actual.

De cara a estimar la gravedad del cuadro infeccioso al ingreso se ha utilizado el

Pneumonia Severity Index (PSI) y/o la escala CURB-65 (39,40).

13



Aspectos éticos

El protocolo de estudio utilizado ha sido aprobado por el Comité de Etica de la

Investigacién con Medicamentos de Euskadi (nimero de aprobacion EPA2019043).

Variables a estudio

En nuestros dos hospitales, desde el afio 2002, se viene realizando un registro de
todos los pacientes hospitalizados por una NAC. Este registro incluye multiples
variables demograficas, relativas a la presencia de comorbilidades, estado vacunal
contra neumococo e influenza, signos vitales al ingreso asi como sobre el resultado de
diferentes estudios analiticos y radiologicos realizados al ingreso en el servicio de
urgencias. Los pacientes durante su ingreso hospitalario recibieron tratamiento
empirico con antibitticos en funcién del criterio de su médico responsable y de acuerdo
con las recomendaciones de la Sociedad Espafiola de Patologia Respiratoria (SEPAR)

(53).

Como variables relacionadas con el tratamiento antibidtico administrado se ha

evaluado:
1) Administracion de antibidticos previo al ingreso.
2) Clase de antibioticos prescrito al ingreso.
3) Adherencia del tratamiento a la normativa SEPAR.

4) Tiempo trascurrido entre la llegada al Servicio de Urgencias hospitalarias y la

administracion de la primera dosis de antibidticos.
5) Tiempo en pasar la medicacion antibidtica de intravenosa a oral.

Como factores indicadores de la evolucion y pronostico se han evaluado:

14



1) Necesidad de ingreso en UCI.

2) Necesidad de soporte ventilatorio invasivo.

3) Presencia de shock séptico.

4) Presencia de complicaciones sistémicas al ingreso y/o durante su estancia

hospitalaria.

5) Fallo terapéutico.

6) Mortalidad intrahospitalaria.

7) Duracion de la estancia hospitalaria.

8) Mortalidad a largo plazo, tras el alta hospitalaria.

Para evaluar la mortalidad a largo plazo hemos utilizado datos obtenidos del
Servicio Vasco de Salud (Osakidetza). A la hora de analizar la mortalidad a largo plazo
y de cara a evitar la posible existencia de sesgos hemos excluido a los pacientes que
fallecieron en los primeros 30 dias tras el alta hospitalaria. Para estimar el impacto que
el episodio de neumonia tiene en la supervivencia de los pacientes tras el alta
hospitalaria hemos comparado la supervivencia de nuestra cohorte con la estimada en
funciéon de la edad, sexo y ano de hospitalizacion seglin tablas obtenidas del Instituto

Nacional de Estadistica (afios 2000-2017) (54).

Estudios microbiologicos

El diagnoéstico bacterioldgico se ha basado en los resultados de la determinacioén
del antigeno urinario y/o de los hemocultivos realizados a la llegada al Servicio de
Urgencias. La determinacion de antigeno de neumococo en orina se ha realizado

mediante inmunocromatografia (BinaxInc, Scarborough, ME, EEUU) utilizando orina
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concentrada. En los casos de neumonia bacteriémica se han identificados los serotipos
causantes. Estos serotipos han sido analizados agrupados en funcion de su mortalidad
asociada: alto grado de mortalidad (serotipos 3, 6A, 6B, 9N, 19F, 19A y 23F) y bajo

riesgo (serotipos 1, 7F, 8, 4 y 5) (38).

Definiciones

Se ha definido neumonia como la presencia de un infiltrado radiologico
pulmonar junto con la presencia de signos y sintomas sugestivos de infeccion de vias
bajas respiratorias. Se ha considerado la existencia de un shock séptico en aquellos
pacientes con tension arterial sistdlica inferior a 90 mm de Hg y que han precisado de la
administraciéon de farmacos vasopresores durante por lo menos cuatro horas tras la
correcta reposicion de fluidos (55). El diagndstico de alteracion del estado mental se ha
basado en la observacion de que el estado mental del paciente no era normal con
respecto a su situacion basal. En los pacientes con demencia previa al ingreso se
considerd este diagnostico ante la presencia de un deterioro en su estado mental con
respecto a la situacion basal previa (40). Se definid fallo terapéutico como la
persistencia o reaparicion de fiebre y/o la presencia de datos de inestabilidad
hemodindmica y/o aumento del infiltrado radiologico y/ o agravamiento o aparicion de
una insuficiencia respiratoria que obligaba a un cambio en el tratamiento antibidtico

prescrito (56).

Se han considerado como comorbilidades preexistentes las siguientes entidades
clinicas diagnosticadas previamente al ingreso hospitalario: Enfermedad pulmonar
cronica, diabetes mellitus, enfermedad cerebrovascular, enfermedad hepatica cronica,
enfermedad renal cronica, dislipemia, hipertension arterial sistémica, presencia de

arritmias cardiacas auriculares (fibrilacién auricular). Se incluyeron solo a aquellos
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pacientes con cancer definido como tumor sélido que no habian requerido de
tratamiento con quimioterapia y/o radioterapia en el afo previo al episodio de
neumonia, excluyéndose a los pacientes con neoplasia hematolégica activa o en
seguimiento. La presencia de cualquier de estas condiciones clinicas en pacientes no
conocedores de las misma o no registradas en los antecedentes médicos recogidos en la

historia clinica se ha considerado como nuevo episodio-complicacioén aguda.

Analisis estadistico

La descripcion detallada de la metodologia estadistica utilizada se puede
encontrar en las secciones de material y métodos de cada uno de los articulos que

componen la presente Tesis Doctor

17



3. HIPOTESIS Y OBJETIVOS GENERALES
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Se han planteado cuatro hipdtesis en este trabajo de Tesis Doctoral que se

enumeran a continuacion:

1.- Los pacientes con una neumonia por S. pneumoniae presentan unas
caracteristicas clinicas y un prondstico diferente en funcion de la forma en la que

se alcanza el diagndstico de certeza etioldgica (antigenuria y/o hemocultivo).

Su conocimiento podria ser de utilidad para tratar de establecer futuras
estrategias que garanticen un mejor cuidado de los pacientes asi como decisiones

relativas al alta hospitalaria.

2.- Los pacientes con una neumonia por S. pneumoniae presentan un

comportamiento diferente en funcion del huésped.

La identificacion de subgrupos de poblacion en funcion de factores dependientes
del huésped (edad y presencia de comorbilidades acompafiantes) puede ayudar a
determinar el posible valor de determinados programas de prevencion en nuestro

medio, tales como la vacunacion.

3.- Los pacientes hospitalizados por una neumonia neumocdcica presentan un

mayor riesgo de suftrir un evento cardiaco durante el episodio agudo.

De entre estas complicaciones, la fibrilacion auricular es quizds la mads
frecuente. Sin embargo no queda claro si la neumonia por si misma incrementa
el riesgo de desarrollar este tipo de complicaciones o, si por el contrario, su
aparicion podria estar influenciada por una serie de factores exdgenos al propio
cuadro infeccioso. De confirmarse esta primera circunstancia, el desarrollo de
una fibrilacion auricular de novo durante la fase aguda podria ser un indicador
de disfuncion orgénica y tener implicaciones pronoésticas tanto a corto plazo
como, probablemente, tras el alta hospitalaria. Este hecho podria ser de interés
de cara a tratar de planificar diferentes estrategias de cuidados y seguimiento de
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estos pacientes.

4.- Los pacientes que han sobrevivido a una hospitalizaciéon por una neumonia
tendran un mayor riesgo de muerte a largo plazo tras el alta con respecto a la

poblacion general.

Este hecho podria ser mas acusado en el contexto de aquellos cuadros con una
importante afectacion sistémica inflamatoria, como es en el caso de una
neumonia bacteriémica por S. pneumoniae. La confirmacion de esta hipdtesis
junto con el conocimiento de los factores que pueden influir en la misma podria
permitir el desarrollo de una estrategia de seguimiento y un proceso de cuidados
a largo plazo que modificaran el pronostico de los pacientes tras el alta

hospitalaria.

Para tratar de dar explicacion a estas hipodtesis nos planteamos en esta Tesis
Doctoral el objetivo principal de evaluar el papel que la presencia de una bacteriemia
por S. pneumoniae tiene en el pronostico a corto (durante el ingreso) y a largo plazo en
una cohorte prospectiva de pacientes con diagnostico de neumonia neumococica que
han requerido de ingreso hospitalario. Conocer el impacto que los factores relacionados
con el huésped y la presencia de complicaciones cardiacas tienen en el prondstico de

estos pacientes tanto durante la fase aguda como tras el alta hospitalaria.
Para alcanzar este objetivo principal se han propuesto dos objetivos secundarios:

1. Conocer la posible existencia de subgrupos clinicos con implicaciones
pronosticas en funcion de la forma de diagnostico (antigenuria y/o hemocultivo)

entre los pacientes diagnosticados de una neumonia por S. pneumoniae.

2. Conocer el impacto que la edad y la presencia de comorbilidades tienen en la

evolucion de los pacientes.
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4. HIPOTESIS Y OBJETIVOS ESPECIFICOS
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Se enumeran a continuacion las hipotesis y objetivos especificos de cada uno de

los manuscritos que configuran esta Tesis doctoral por compendio de publicaciones.
A) HIPOTESIS Y OBJETIVOS DE LA PUBLICACION 1

Datos de la publicacion:
A Capelastegui, R Zalacain, A Bilbao, M Egurrola, LA Ruiz, JM Quintana, A Gémez,
C Esteban, PP Espafia.
Pneumococcal pneumonia: Differences according to blood culture results.
BMC Pulm Med 2014; 14: 128
Hipdtesis:
Hasta un 25% de los pacientes diagnosticados de una neumonia neumocdcica presentan
una bacteriemia por dicho germen. Las implicaciones prondsticas de este hecho han
sido objeto de controversia. Se podria especular que estos pacientes podrian presentar
una peor evolucion durante su hospitalizacion y estar sujetos a un mayor riesgo de
desarrollar un shock séptico debido a un mayor grado de afectacion sistémica.
Objetivos:
1.- Evaluar el papel que la presencia de una bacteriemia tiene como marcador
pronostico de gravedad en una cohorte de pacientes con neumonia neumocdcica
adquirida en la comunidad que han requerido un ingreso hospitalario.
2.- Evaluar si la presencia de bacteriemia se ha asociado con una mayor incidencia de
shock séptico al ingreso o durante la hospitalizacién y con un riesgo de muerte mas
elevado.
Métrica:
Factor de Impacto 2014: 2.98

Cuartil: Q1
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RESEARCH ARTICLE Open Access

Pneumococcal pneumonia: differences according
to blood culture results

Alberto Capelastequi'*, Rafael Zalaain®, Amaia Bilbac®, Mikel Egurrola’, Luis Alberto Ruiz Iturriaga®,
Jose M Quintana?, Ainhoa Gomez’, Cristobal Esteban' and Pedro P Espana’

Abstract

Background: Bacteremia by Streptococcus pneumoniae has been traditionally associated with poor outcomes in
patients with pneumonia; however, data on its impact on outcomes are limited and are sometimes contradictory.

Methods: We performed a prospective study in two hospitals in northern Spain in which cases diagnosed with
pneumococcal pneumonia were selected from a cohort of hospitalized patients with pneumonia between
January 2001 and July 2009. We compared patients with pneumococcal bacteremic pneumonia with those with
pneumococcal non-bacteremic pneumonia.

Results: We compared 492 patients with negative blood culture and 399 with positive culture results. Host related
factors were very similar in both groups. Severity of illness on admission measured by CURB-65 score was similar
in both groups. Adjusted analysis showed a greater likelihood of septic shock during in-hospital course among
patients with pneumococcal bacteremia (OR, 2.1; 95% Cl, 1.2-3.5; P =0.006). Likewise, patients with positive blood

prognostic significance.

Keywords: Pneumococcal pneumonia, Bacteremia

culture had greater in-hospital mortality (OR 2.1; 95% Cl, 1.1 --3.9; P =0.02), 15-day mortality (OR 3.6; 95% Cl,

1.7 - 74; P =0.0006), and 30-day mortality (OR, 2.7; 95% Cl, 15 - 5; P=0.002).

Conclusions: Although host related factors and severity on admission were very similar in the two groups,
bacteremic patients had worse in-hospital course and outcomes. Bacteraemia in pneumococcal pneumonia is of

J

Background

Despite the introduction of pneumococcal vaccination and
advances in antimicrobial agents, case-fatality rates among
adults with bacteremic pneumococcal pneumonia vary sig-
nificantly (ranging from 6% to 30%); they have improved
little in the past three decades and, in general, remain high
[1-6]. In addition, bacteremic pneumococcal pneumonia
continues to evolve, and regular comprehensive analysis of
this entity is necessary.

The severity of sepsis can be graded, using the American
Collage of Chest Physicians/Society of Critical Care Medi-
cine classification [7], into different progressive stages:
bacteremia, systemic inflaimmatory response syndrome
(SIRS), sepsis, severe sepsis, septic shock, and multiple

* Correspondence: alberto.capelasteguisaiz@osakidetza.net

'Sevice of Pneumology, Hospital de Galdakao-Usansolo, Galdakao, Bizkaia
E-48960, Spain

Ful list of author information is available at the end of the article

() BioMed Central

organ dysfunctions. Although there is a hierarchical
continuum of severity across sepsis, severe sepsis, septic
shock, and multiple organ dysfunction [8], the presence
of SIRS has no prognostic significance [9,10], and the
prognostic significance of bacteremia remains unclear.
Among patients with pneumonia, bacteremia due to
Streptococcus pneumoniae has traditionally been associ-
ated with poor outcomes, it being considered an inva-
sive form of infection. To date, however, there has been
little research on the impact of Streptococcus pneu-
moniae bacteremia on the outcome of pneumococcal
pneumonia: most studies have focused on bacteremic
infection [5,11-13], or on the impact of antibiotic resist-
ance on clinical outcome [14-16], few reports having
compared the clinical outcomes of pneumonia patients
with and without pneumococcal bacteremia. Moreover,
among the few existing comparative studies the findings
are contradictory and characteristics of some of the

© 2014 Capelasteqgui et al; licensee BioMed Central Ltd. This is an Open Access artide distributed under the terms of the
Creative Commons Attribution License (http//creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly aredited. The Creative Commons Public

Domain Dedication waiver (http//creativecommons.org/publicdomain/zero/1.0/) applies to the data made awailable in this

artide, unless otherwise stated.
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B) HIPOTESIS Y OBJETIVOS DE LA PUBLICACION 2
Datos de la publicacion:
R Zalacain, A Capelastegui, LA Ruiz, A Bilbao, A Gémez, A Uranga, PP Espaia.
Streptococcus pneumoniae antigen in urine: Diagnostic usefulness and impact on
outcome of bacteraemic pneumococcal pneumonia in a large series of adult
patients.
Respirology 2014; 19: 936-943.
Hipdtesis:
La sensibilidad de la deteccion del antigeno neumocoécico en orina en el contexto de una
neumonia por esta bacteria podria venir limitada tanto por las caracteristicas especificas
del propio paciente como por las del microorganismo (serotipo). Su positividad en el
contexto de una neumonia bacteriémica podria condicionar la existencia de fenotipos
clinicos con implicaciones pronoésticas.
Objetivos:
1.- Evaluar la utilidad de la técnica de inmunocromatografia en la deteccion de antigeno
de neumococo en orina para detectar la posible existencia de diferencias en su resultado
en funcion de las caracteristicas tanto del paciente como del propio microorganismo
(serotipo).
2.- Evaluar si el resultado de esta prueba diagnostica tiene también implicaciones
pronosticas en una cohorte de pacientes con diagnostico de neumonia bacteriémica por
S. pneumoniae que han requerido ingreso hospitalario.
Métrica:
Factor de Impacto 2014: 3.92

Cuartil: Q1
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Streptococcus pneumoniae antigen in urine: Diagnostic
usefulness and impact on outcome of bacteraemic pneumococcal
pneumonia in a large series of adult patients
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ABSTRACT

Background and objective: Urinary pneumococcal
antigen detection provides good results in the diagno-
sis of pneumococcal pneumonia but has rarely been
used in bacteraemic pneumococcal pneumonia and it
is not known whether it is associated with outcome in
this type of pneumonia. Our objectives were to assess
the usefulness of an immunochromatographic tech-
nique for detecting the pneumococcal antigen in urine
in a large prospective study of patients with bacte-
raemic pneumococcal pneumonia and explore any
potential association with outcomes.

Methods: This study, carried out over 8 years,
included all adult immunocompetent patients admit-
ted for bacteraemic pneumococcal pneumonia. An
immunochromatographic test for the Streptococcus
pneumoniae antigen in urine was performed in the
first 24 h. The sensitivity of test was assessed and
patients were divided into two groups according to test
results to explore differences on admission and during
the course of the illness using logistic regression
models.

Results: Of the 350 patients with bacteraemic pneu-
mococcal pneumonia included, 261 (74.6%) were posi-
tive for the antigen. Patient characteristics were very
similar on admission and differences in severity (Pneu-
monia Severity Index) were not statistically significant.
In the adjusted analysis, antigen-positive patients had
a higher risk of intensive care unit admission, treat-
ment failure and adverse outcome.

Conclusions: The sensitivity of the immunochro-
matographic urinary antigen test was 74.6% and posi-
tive results were associated with poorer clinical
outcome. We therefore recommend systematic use of
this test when pneumonia is diagnosed in the emer-
gency department.
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SUMMARY AT A GLANCE

In bacteraemic pneumococcal pneumonia pa-
tients, urinary pneumococcal antigen had good
sensitivity. In addition, we present a novel finding,
that in these patients, despite a similar severity as
assessed by the PSI, those positive for the antigen
were associated with poorer clinical outcome.

Key words: bacteraemic  pneumococcal  pneumonia,
community-acquired pneumonia, outcome, sensitivity, urinary
pneumococcal antigen.

Abbreviations: BPP, bacteraemic pneumococcal pneumonia;
CAP, community-acquired pneumonia; Cl, confidence interval;
ICT, immunochromatography; ICU, intensive care unit; IMV, inva-
sive mechanical ventilation; OR, odds ratio; PSI, Pneumonia
Severity Index; UPA, urinary pneumococcal antigen.

INTRODUCTION

It is well established that Streptococcus pneumoniaeis
the aetiological agent most commonly associated with
community-acquired pneumonia (CAP). It can,
however, be very difficult to make a definitive micro-
biological diagnosis. The introduction of a technique
based on the detection of the antigen in urine by
immunochromatography (ICT) has been effective in
increasing the microbiological diagnosis.'* Various
authors have demonstrated that this test has good
sensitivity (70-80%) and excellent specificity (>90%).
Unfortunately, these studies have included few
patients (never over 100) of bacteraemic pneumo-
coccal pneumonia (BPP), those considered as having
definitive diagnoses.*® This type of pneumonia is
characterized by its severity; hence, it is important to
identify a method to rapidly obtain the aetiological
diagnosis and thence administer a specific antibiotic
treatment'® while in the emergency department.

Respirology (2014) 19, 936-943
doi: 10.1111/resp.12341



C) HIPOTESIS Y OBJETIVOS DE LA PUBLICACION 3
Datos de la publicacion:
LA Ruiz, R Zalacain, A Capelastegui, A Bilbao, A Gémez, A Uranga, PP Espaiia.
Bacteremic pneumococcal pneumonia in elderly and very elderly patients. Host
and pathogen-related factors, process of care and outcome.
J Gerontol A Biol Sci Med 2014; 69: 1018-1024.
Hipdtesis:
La edad y la presencia de enfermedades asociadas podrian implicar diferencias en el
tipo de serotipo de S. pneumoniae identificado y en el proceso de cuidados recibidos e
impactar en el prondstico de un paciente que ha requerido de ingreso hospitalario por
una neumonia bacteriémica por neumococo. Esta circunstancia podria ser mas acusada
en los pacientes ancianos con mayor edad.
Objetivos:
1.- Conocer los factores relacionados con el microorganismo, el huésped y el prondstico
de los pacientes ancianos y muy ancianos que han requerido un ingreso por una
neumonia bacteriémica por S. pneumoniae.
2.- Evaluar la posible existencia de diferencias en el proceso de cuidados hospitalarios
en funcion de la edad en esta cohorte de pacientes.
3.- Conocer los factores asociados con la mortalidad de los pacientes con 65 afios 0 mas
ingresados en el hospital con una neumonia bacteriémica por S. pneumoniae.
Métrica:
Factor de Impacto 2014: 5.41

Cuartil: Q1

26



Journals of Gerontology: MEDICAL SCIENCES
Cite journal as: J Gerontol A Biol Sci Med Sci 2014 August:6%(8): 10181024
doi:10.1093/gerona/gI288

© The Author 2014. Published by Oxford University Press on behalf of The Gerontological Society of America.

All rights reserved. For permissions, please e-mail: journals. permissions@ oup.com.
Advance Access publication January 27, 2014

Bacteremic Pneumococcal Pneumonia in Elderly and Very
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Host- and Pathogen-Related Factors, Process of Care, and Outcome
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Background. Hospitalizations due to pneumonia increase steadily with age. The purpose of this study is to explore
differences in host- and pathogen-related factors, process of care, and outcome as a function of age in elderly patients
with bacteremic pneumococcal pneumonia and identify factors related to mortality.

Methods. This was a prospective observational study of a cohort of elderly (65-79 years) and very elderly patients
(280 years old) diagnosed with b i mia. The serotypes of the strains isolated and their
resistance were also analyzed.

ooceal f

Results. During the study period, 399 patients were identified, of whom 225 patients (140 elderly and 85 very elderly
patients) were included. Despite the groups having similar characteristics on admission, very elderly patients had higher
rates of both hospital (16.47% vs 7.14%, p = .028) and 30-day (20% vs 6.43%, p = .002) mortality. Factors found to be
predictors of mortality were: altered mental status (odds ratio [OR]: 13.18; 95% confidence interval [CI]: 3.68-47.23),
respiratory rate more than or equal to 30/min (OR: 5.82: 95% CI: 1.82-18.64), systolic blood pressure less than 90 mmHg
(OR: 10.90; 95% CI: 1.45-81.93), blood urea nitrogen more than 30 mg/dL (OR: 5.41; 95% CI: 1.03-28.42), bilateral or
multilobar lung involvement (OR: 5.24; 95% CI: 1.55-17.76), and age (OR: 1.19; 95% CI: 1.09-1.30).

Conclusions. Very elderly patients have poorer outcomes with no significant differences in host- and pathogen-related
factors or process of care. Mortality rates in these patients are associated with age and the severity of their clinical

condition.

R

Key Words: Pneumonia in elderly persc
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UMONIA caused by Streptococcus pneumoniae is
one of the leading causes of hospital admission and mor-
tality in patients older than 65 years (1). Approximately 20%
of patients diagnosed with pneumococcal pneumonia develop
bloodstream infections, this being traditionally associated with
poorer and slower recovery (2,3). Recently, some authors have
not found this association, although their studies have focused
on the general population and not only on elderly patients (4).
The progressive population aging, the increase in the
incidence of pneumococcal pneumonia with age (5), and
improvement in survival rates in the last decade in elderly
patients (6) make it important to explore the characteristics
of the disease in various subgroups of the elderly population
to improve the planning of care.
To date, little information is available regarding the pro-
cess of care or host- and pathogen-related factors associated

1018
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with bacteremic pneumococcal pneumonia (BPP) in elderly
and very elderly patients (280 years old). For this reason,
we assessed the impact of age group (65-79 vs >80 years
old) on clinical presentation, process of care markers, out-
come, and risk factors associated with 30-day mortality in a
large cohort of elderly patients.

MATERIALS AND METHODS

Setting, Patients, and Study Design

The study was conducted between January 2002 and
January 2010 in two hospitals (Cruces University Hospital
and Galdakao-Usansolo Hospital) in the Basque Country
(Spain). We prospectively included all adults admitted for
BPP. Patients were divided into two age groups: younger



D) HIPOTESIS Y OBJETIVOS DE LA PUBLICACION 4
Datos de la publicacion:
LA Ruiz, PP Espana, A Gomez, A Bilbao, C Jaca, A Aramburu, A Capelastegui, M I
Restrepo, R Zalacain.
Age-related differences in management and outcomes in hospitalized healthy and
well-functioning bacteremic pneumococcal pneumonia patients: A cohort study.
BMC Geriatr 2017; 17:130.
Hipdtesis:
El proceso de envejecimiento fisioldgico se caracteriza por una alteracion en el
funcionamiento de los 6rganos y una progresiva inmunosenescencia, aun en ausencia de
enfermedades relevantes concomitantes. Se podria especular que la supervivencia de los
pacientes con buena capacidad funcional y buen estado de salud, que han sido
diagnosticados de una neumonia bacteriémica por S. pneumoniae, podria ser menor que
la de los pacientes mas jovenes de similares caracteristicas.
Objetivos:
1.- Evaluar las caracteristicas clinicas de una cohorte de pacientes con 65 afios o0 mas y
con una buena capacidad funcional que han requerido un ingreso hospitalario por una
neumonia bacteriémica por S. pneumoniae.
2.- Evaluar el papel especifico que la edad y los factores relacionados con S.
pneumoniae (serotipo) tienen en la evolucion y en el proceso de cuidados de esta
cohorte especifica de pacientes.
Métrica:
Factor de Impacto 2017: 3.09

Cuartil: Q1
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Abstract

Background: Limited data are available regarding fit and healthy patients with pneumonia at different ages. We
evaluated the assodiation of age with clinical presentation, serotype and outcomes among healthy and well-
functioning patients hospitalized for bacteremic pneumococcal community-acquired pneumonia.

Methods: We performed a prospective cohort study of consecutive healthy and well-functioning patients hospitalized
for this type of pneumonia. Patients were stratified into younger (18 to 64 years) and older (265 years) groups.
Results: During the study period, 399 consecutive patients were hospitalized with bacteremic pneumococcal
pneumonia. We incdluded 203 (50.8%) patients who were healthy and well-functioning patients, of whom 71 (35%)
were dlassified as older. No differences were found in antibiotic treatment, treatment failure rate, antibiotic resistance,
or serotype, except for serotype 7F that was less common in older patients. In the adjusted multivariate analysis, the
older patients had higher 30-day mortality (OR 6.83; 95% Cl 1.22-3822; P = 0.028), but were less likely to be admitted
to the ICU (OR 0.14; 95% Cl 005-0.39; P < 0.001) and had shorter hospital stays (OR 0.71; 95% Cl 0.54-0.94; P = 0.017).
Conclusions: Healthy and well-functioning older patients have higher mortality than younger patients, but
nevertheless, ICU admission was less likely and hospital stays were shorter. These results suggest that the aging process
is a determinant of mortality, beyond the functional status of patients with bacteremic pneumococcal pneumonia.

Keywords: Bacteremic pneumococcal pneumonia, Community-acquired pneumonia, Pneumonia in older people

Background

The incidence of pneumonia and associated mortality
are higher in older than younger people. Pneumonia is
the third most frequent cause of hospitalization in pa-
tients aged 65 years or over [1], streptococcus pneumo-
niae being the main pathogen isolated. Bacteremic
pneumococcal pneumonia constitutes a severe subgroup
with its own features.

* Correspondence: luisalberto.ruizituriaga@osakidetza.eus
"Pneumology Service, Hospital Universitario Cruces, E-48903 Barakaldo,
Bizkala, Spain
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Many previous studies have found that the mortality
risk among older patients with pneumonia depends on
the severity of the lung infection, and adequacy of the
response to the infection and other host factors includ-
ing comorbidities and low functional status [2, 3]. Age-
ing is among the most important known risk factors for
most chronic diseases.

Older patients with pneumonia tend to have multiple
comorbid chronic conditions leading to loss of func-
tional independence and an inadequate response to the
infectious process. The role of age in mortality predic-
tion is controversial due to interactions between age and
comorbidities. Further, pneumonia itself can trigger
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E) HIPOTESIS Y OBJETIVOS DE LA PUBLICACION 5
Datos de la publicacion:
LA Ruiz, L Serrano, PP Espana, L Martinez-Indart, A Gémez, B Gonzalez, A Artaraz,
R Zalacain.
New-onset atrial fibrillation in patients with pneumococcal pneumonia. Impact of
timing and duration on short and medium-term mortality.
J Infect 2021; 82: 67-75.
Hipdtesis:
La aparicion de un episodio de fibrilacion auricular "de novo" en el contexto de una
neumonia neumocdcica podria considerarse como un indicador de disfuncion orgénica y
por tanto ser considerado como un marcador de gravedad del propio cuadro infeccioso
asociandose a un mayor riesgo de muerte. Es posible que la persistencia del cuadro, al
contrario que su resolucion precoz, podria ser indicativa de una baja reserva funcional y
asociarse a un peor pronostico tras el alta hospitalaria.
Objetivos:
1.- Conocer la incidencia de una arritmia por fibrilacion auricular "de novo" en una
cohorte de pacientes con diagnostico de neumonia neumococica que han requerido de
ingreso hospitalario.
2.- Conocer los factores asociados al desarrollo de esta complicacion.
3.- Conocer el momento de su aparicion, duracién e implicacion prondstica, tanto
durante el ingreso como en los primeros 6 meses tras el alta hospitalaria.
Métrica:
Factor de impacto 2020: 6.04

Cuartil: Q1
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ARTICLE INFO SUMMARY

Arricle history:
Accepred 8 November 2020
Available online 12 November 2020

Objetives: To assess the incidence, related factors, timing and duration of new- onset atrial fibrillation in
a cohort of consecutive patients di d with ycoccal i
Methods: Observational study including all immunocompetent adults hospitalized for pneumococcal
pneumonia. Patients were classified by time (atrial fibrillation recognized on emergency room arrival or
developed during hospitalization) and duration (paroxysmal or persistent). Patients were followed-up for
6 months after discharge.
Results: We included 1092 patients, of whom 109 (9.9%) had new-onset atrial fibrillation. An early event
was documented in 87 (79.8%) cases. Arrhythmia was classified as paroxysmal in 78 patients. Older age,
heavy drinking, respiratory rate = 30/minute, leukopenia, severe inflammation and bacteremia were inde-
pendent risk factors for developing new-onset atrial fibrillation on admission. Overall, 48 (4.4%) patients
died during hospitalization, the rate being higher in those patients who developed new-onset arrhythmia
(17.9% vs 2.9% p<0.001). Among patients with events recognized at admission, in-hospital mortality was
higher in those with persistent arrhythmia (34.8% vs 6.3%, p=0.002) and 6-month survival was better
among those who developed paroxysmal event.
Conclusions: The development of new-onset atrial fibrillation was associated with pneumonia severity,
and higher in-hospital mortality. Bacteremia and severe systemic inflammation were factors associated
with its development.

© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Introduction hospitalization®. Moreover, it has been recognized that pneumo-
nia is associated with poor long-term outcomes after hospital

Community-acquired pneumonia is the leading cause of mor- admission*©.

tality in patients with infection'. Overall, Streptococcus pneumo-
nige is the most commonly identified pathogen in pneumonia,
being responsible for the highest rates of bacteremia, hospital ad-
mission and mortality?. The prognosis of patients with pneumo-
coccal pneumonia has not changed in the last decade in spite
of improvements in the quality of the process of care during

* Corresponding author.
E-mail address: luisalberto.ruiziturriaga@osakideza.eus (LA. Ruiz).
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The development of cardiac complications in general and new-
onset atrial fibrillation (AF) in particular has been documented in
a substantial number of patients hospitalized for pneumonia’'%.
Mechanisms responsible for these conditions have yet to be clearly
elucidated and probably reflect the impact of inflammation and
potential “cardiotoxicity” of a specific pathogen on host condi-
tion''-'2, The host-pathogen interaction might be especially rele-
vant in patients with bacteremia due to their elevated inflamma-
tory response’®. If so, we could speculate that the development
of a new-onset AF itself could be considered a surrogate marker

0163-4453/© 2020 The British Infection Association. Published by Elsevier Lrd. All rights reserved.
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F) HIPOTESIS Y OBJETIVOS DE LA PUBLICACION 6
Datos de la publicacion:
LA Ruiz, L Serrano, PP Espana, L Martinez-Indart, A Gémez, B Gonzalez, A Artaraz,
R Zalacain
Factors influencing long-term survival after hospitalization with pneumococcal
pneumonia.
J Infect 2019; 79: 542-549.
Hipdtesis:
El hallazgo de una bacteriemia en el contexto de una neumonia por neumococo se ha
asociado a una mayor liberacion de citoquinas e inflamacién sistémica. Es posible que
este hecho podria impactar negativamente en la evolucién a largo plazo de algunas
enfermedades concomitantes. Se podria hipotetizar que la presencia de una bacteriemia
en el contexto de una neumonia neumocdcica podria ser, entre otros, un marcador de
mala evolucion futura.
Objetivos:
1.- Conocer la supervivencia a largo plazo de una cohorte de pacientes con diagnostico
de neumonia por neumococo que han requerido de ingreso en el hospital.
2.- Evaluar la posible existencia de diferencias entre la supervivencia observada y la
estimada en funcion de la edad, sexo y afo de ingreso hospitalario.
3.- Conocer los factores de riesgo asociados con un peor pronostico a largo plazo en
esta cohorte de pacientes.
Métrica
Factor de Impacto 2019: 4.84

Cuartil: Q1
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ARTICLE INFO SUMMARY

Arride history;
Accepred 10 October 2019
Available online 5 November 2019

Objective: To assess survival and identify predictors of survival more than 30-days after discharge in a
cohort of consecutive patients diagnosed with pneumococcal pneumonia.

Methods: Observational study including all consecutive immunocompetent adult patients surviving more
than 30-days after hospitalization. The bacteriological diagnosis was based on the results of urinary anti-

Keywords:

Pz‘l.”lmococcal pneumonia gen testing and/or blood culture. Life expectancy was calculated for each patient considering their sex,
Pneumonia age and date of discharge.

Long-term survival Results: We included 1114 patients that survived more than 30- days after discharge. Of them, 431 (38.6%)
Bacteremia died during follow-up (median follow-up of 6.7 years). Age, history of cancer, liver disease, chronic renal

RDW disease, chronic obstructive pulmonary disease, cerebrovascular disease, atrial arrhythmia and coronary
disease, red cell distribution width (RDW) = 15%, positive blood culture, hematocrit < 30% and living
in a nursing home were independent risk factors for reduced long-term survival after hospital discharge.
Cumulative 1-, 3- and 5-year survival rates were 93.9%, 85.3% and 76%, respectively. Among non-survivors,
361 (83.8%) died earlier than expected given their life expectancy.

Conclusions: Survival after hospital discharge is mainly associated with age and comorbidities. The find-
ings of bacteremia and elevated RDW on admission could help identify patients at high risk of long-term
mortality.

© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Introduction fections, and this type of pneumonia has traditionally been associ-
ated with poorer outcomes during hospitalization.%’ By contrast,

Pneumonia remains a common cause of morbidity and mor- for both bacteremic and non-bacteremic pneumococcal pneumo-

tality around the world. In fact, this entity represents the lead-
ing cause of infection-related death.' Traditionally, pneumonia has
been considered an acute process that, once resolved, has no im-
pact on patient survival. There is growing evidence, however, of
a higher risk of death after recovery from the acute episode than
that the general population.’~* The excess mortality observed in
these patients may be as high as 50% within 5 years after hospital
discharge.”

Streptococcus pneumoniae is the most commonly identified
pathogen in pneumonia, being responsible for the highest rates of
hospital admission and mortality. Approximately 20% of patients
diagnosed with pneumococcal pneumonia develop bloodstream in-

* Corresponding author.
E-mail address: luisalberto.ruiziturriaga@osakideza.eus (LA. Ruiz).

hreps://doi.org/10.1016/,inf.2019.10,024

nia, there is limited information in the literature on mortality af-
ter hospitalization.?-? At this point, it could be speculated that the
acute infectious episode acts as a trigger to create a persistent in-
flammatory state which, in turn, has a negative effect on host-
related factors such as age or comorbidities.” This could be even
more relevant in patients with bacteremia due to their elevated cy-
tokine production.'” Considering the higher incidence of invasive
pneumococcal disease in older people and those with underlying
conditions, together with the results of recent animal studies re-
porting a possible association between “cardiotoxicity” and inva-
sive pneumococcal infection, we hypothesized that invasive pneu-
mococcal disease, among other factors, is a marker of impaired
long-term survival in these patients.'!-'?

Given this, the objectives of our study were to assess the sur-
vival rate after hospitalization in a prospective cohort of patients
with pneumococcal pneumonia requiring hospital admission as
well as to identify risk factors associated with outcome, to guide

0163-4453/© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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5. RESUMEN Y DISCUSION DE LOS RESULTADOS
OBTENIDOS
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Entre un 15 y 25% de las neumonias por neumococo van a presentar una forma
bacteriémica, con aislamiento del microorganismo causal en hemocultivos (32). Su
significado, desde un punto de vista pronostico ha sido objeto de multiples
controversias. En el primero de los estudios, que recopila este proyecto de Tesis de
Doctorado, se realizd un estudio con el objetivo de tratar de clarificar el papel que la
presencia de una bacteriemia por neumococo pudiera tener en el grado de gravedad
(medido por la escala CURB-65) y en la posibilidad de presentar un curso clinico
complicado durante el ingreso. Con este propdsito, evaluamos una cohorte prospectiva
de 891 pacientes con un diagndstico de neumonia neumocécica adquirida en la
comunidad, a los que se les realizd un hemocultivo de la sangre extraida en las primeras
24 horas tras su admision en urgencias. Se observo una bacteriemia por neumococo en
399 pacientes (44,8%). No se observaron diferencias ni en el tipo y numero de
comorbilidades (salvo mayor presencia de cardiopatia en el grupo objeto de estudio), ni
en la gravedad del cuadro en el momento del ingreso cuando comparamos las dos
cohortes (pacientes con y sin bacteriemia). Es posible que las escalas de gravedad
utilizadas habitualmente en la practica clinica no sean capaces de identificar todas las
caracteristicas inherentes a este subgrupo concreto de pacientes con bacteriemia,
especialmente cuando se aplican de forma precoz (en la evaluacion inicial en urgencias)
y sea necesario aplicarlas de forma dindmica en los primeros dias tras el ingreso
hospitalario. Sin embargo, el hallazgo en los pacientes bacteriémicos de un mayor grado
de deterioro en la funcién renal y de una mayor afectacion radioldgica fueron factores
que orientaron en la gravedad del cuadro clinico (39). Al igual que otros autores, si que
observamos diferencias significativas en la incidencia de bacteriemia en funcion del
sexo (57,58). Las mujeres presentaron una predisposicion menor para desarrollar una

sepsis, probablemente de causa multifactorial (59).
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En nuestra serie pudimos observar que los pacientes con un diagnostico de
neumonia neumococica bacteriémica presentaron con mayor probabilidad un curso
clinico complicado, con una mayor incidencia de shock séptico al ingreso o durante la
hospitalizaciéon con independencia del proceso de cuidados aplicado. Estos pacientes
tuvieron ademds una mayor mortalidad intrahospitalaria tanto a los 15 como a los 30
dias. A pesar de que no evaluamos el papel de los marcadores de inflamacion, es posible
que la mayor liberacion de citoquinas y la consecuente respuesta inflamatoria descrita
por otros autores en este tipo de cuadros bacteriémicos, sean responsables de la mala
evolucion observada (60). Se puede concluir que la presencia de una bacteriemia es un
indicador de gravedad con implicaciones pronosticas en el contexto de un paciente con
NAC neumocoécica. Otros autores han encontrado resultados contradictorios, aunque
con diferencias relevantes tanto en el disefio de los estudios como en el tipo de

poblacion estudiada (61,62).

A pesar de que casi en la mitad de los casos se desconoce el agente etiologico
causante de la neumonia, S. pneumoniae es el patdogeno mas frecuente (18,19). Desde el
afio 2002 disponemos de la posibilidad de realizar una determinacion de antigeno de
neumococo en orina en aquellos pacientes que son evaluados por sospecha de
neumonia. Es un método facil, rdpido y fiable, que permite obtener un diagnostico
microbioldgico de certeza (63,64). Analizar la sensibilidad de esta técnica requiere de
un gold standard adecuado, en este caso la identificacion de neumococo en sangre. Con
este objetivo realizamos un segundo estudio en una cohorte de 350 pacientes
inmunocompetentes con diagndstico de neumonia bacteriémica por neumococo
adquirida en la comunidad a los que se les habia realizado una determinacion del
antigeno de neumococo en orina en las primeras 24 horas tras su llegada al hospital.
Ademas, nos planteamos evaluar la existencia de posibles diferencias en la forma de

presentacion y en la evolucion posterior con el objeto de tratar de diferenciar un
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fenotipo clinico en estos pacientes en funcion de la positividad de la antigenuria de
neumococo. La sensibilidad de la técnica en nuestro medio fue del 74,6%, valor que es
concordante con lo publicado por otros autores en otras series con tamafios de muestra

mas pequefios (65-70).

Tratar de explicar la causa de obtener un resultado negativo falso es
controvertido. Se ha especulado con que la formacién de inmunocomplejos (anticuerpo-
antigeno polisacdrido bacteriano) pudiera provocar una disminucidén en su excrecion
urinaria (71). Otros factores como la prescripcion precoz de un tratamiento antibidtico
extrahospitalario, el tiempo de evolucion de los sintomas hasta el ingreso o la propia
gravedad del cuadro, no parecen ser los responsables, dada la ausencia de diferencias
significativas entre los grupos en nuestro estudio (69). Desde un punto de vista técnico
el uso de orina concentrada para mejorar la sensibilidad de la técnica ha sido motivo de
controversia (66,67). En nuestros hospitales esta practica se lleva a cabo de forma

rutinaria. Es facil de realizar y no provoca un retraso significativo en el diagndstico.

En este trabajo pudimos observar que cuando los pacientes se estratificaban en
funcion del resultado de la antigenuria no se observaban diferencias significativas en las
caracteristicas demogréaficas, en la gravedad (estimada en funcién del PSI) o en el
proceso de cuidados aplicados en cada grupo. Por el contrario, aquellos pacientes con
antigenuria neumococica, si que tuvieron en el ingreso datos sugestivos de presentar un
mayor grado de alteracion pulmonar (frecuencia respiratoria elevada y/o hipoxemia y/o
mayor afectacion radiologica). Ademas, observamos que una antigenuria positiva era un
factor de mal prondstico, que se asoci6é con un mayor riesgo de requerir un ingreso en la
UCI, de presentar un fallo terapéutico y un curso clinico complicado durante su estancia
hospitalaria. La causa de esta peor evolucion podria ir unida a una probable mayor carga

bacteriana en este subgrupo de pacientes. A este respecto, Rello et al. publicaron una
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asociacion entre carga bacteriana en sangre, gravedad y riesgo de muerte en paciente
con neumonia (72). En nuestro trabajo, aunque no realizamos este tipo de
determinaciones, se podria especular que con una mayor carga bacteriana se produce
una mayor excrecion de antigeno en orina. A pesar de que en este estudio no pudimos
observar diferencias significativas en el grado de inflamacion, medido en funcién del
valor de la proteina C reactiva al ingreso, podriamos hipotetizar que esta mayor carga
bacteriana seria la responsable de generar una mayor respuesta inflamatoria y ser la

causa de la gravedad del cuadro (73).

En este estudio se pudo identificar un serotipo en 288/350 (82,3%) pacientes.
Los pacientes que tuvieron una antigenuria positiva fueron infectados con mayor
frecuencia por serotipos asociados con un mayor riesgo de muerte (36,9% versus
18,5%, p= 0,005) aunque no se observaron diferencias en los diferentes factores
asociados al huésped. A pesar de que en este estudio no pudimos observar diferencias
significativas en el grado de inflamacion sistémica, se podria hipotetizar que la
infeccion provocada por estos serotipos se asocia con una mayor carga inflamatoria y

una mayor posibilidad de complicacion del curso clinico.

El pronostico de los pacientes con una neumonia depende de tres factores: el
paciente y sus circunstancias especificas, el microorganismo responsable del cuadro y
su virulencia intrinseca, y la administraciéon precoz de un tratamiento antibidtico

adecuado.

Con el objetivo de tratar de evaluar la contribucion que los factores relacionados
con el microorganismo (serotipo) y el huésped (edad, presencia y numero de
comorbilidades, estado de fragilidad, etc.) tienen en la evolucion de una neumonia

neumococica, nuestro grupo evalud en dos estudios (articulos tercero y cuarto) una
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cohorte prospectiva de 399 pacientes con neumonia bacteriémica por neumococo

adquirida en la comunidad.

En el tercer articulo los pacientes se estratificaron en funcion de la edad (<65
afios versus >65 afos, 65-79 afios versus >80 anos). Centrandonos en el subgrupo de los
pacientes con edad > 65 afios, pudimos observar que los pacientes mas ancianos (edad
>80 afios) tuvieron un peor pronostico, a pesar de recibir un tratamiento antibidtico de
forma mas precoz y no observarse diferencias significativas en los diferentes serotipos
identificados agrupados en funcion del riesgo de muerte. Aunque algunas enfermedades
concomitantes, como la hepatopatia cronica y la enfermedad pulmonar obstructiva
crénica, fueron mas prevalentes en los pacientes con edad de 65- 79 afios, en general no
se encontraron diferencias ni en el resto de comorbilidades ni en el nimero de las
mismas. En este estudio hemos observado que la edad, la alteracion del estado mental al
ingreso, la frecuencia respiratoria elevada (igual o mayor a 30 respiraciones por
minuto), la hipotension arterial sistolica (menor de 90 mm de Hg), el BUN > 30 mg/dL
y la afectacion radioldgica bilateral o multilobar al ingreso, fueron factores consistentes
como predictores de muerte. Nuestros resultados muestran, por tanto, que la mortalidad
en esta cohorte de pacientes se asoci6 fundamentalmente a la gravedad del propio
cuadro infeccioso. La falta de diferencias tanto en el proceso de cuidados como en la
tasa de fallo terapéutico con respecto a los pacientes que sobrevivieron, junto al elevado
porcentaje de mortalidad precoz (en los primeros tres dias tras el ingreso) son factores

que podrian justificar estos resultados.

El papel de la edad como factor pronodstico en las neumonias es controvertido
debido a la interaccion existente entre edad, la presencia de comorbilidades asociadas y
la pérdida de independencia funcional. A pesar de su importancia en las escalas

prondsticas mas habitualmente utilizadas (PSI, CURB-65), diversos autores no han
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encontrado un impacto negativo de la misma en la supervivencia por neumonia (28, 74-
77). Esta discrepancia se podria explicar por el hecho de que la edad tuviera menos peso
como factor pronéstico comparado con otros factores dependientes del huésped en
series exclusivamente basadas en pacientes ancianos. A diferencia de otros autores, en
nuestra cohorte la presencia de comorbilidades no se asoci6 de forma significativa con
un peor pronostico (78,79). Es posible que las caracteristicas especificas de la poblacion
estudiada con un pequefio porcentaje de pacientes institucionalizados y/o con
comorbilidades multiples haya influido en este hecho. En nuestros resultados hemos
observado una relacion directa entre la edad (al estratificar la cohorte en edad <65 afios

versus >65 anos) y la presencia de enfermedades concomitantes.

Si nos centramos en el microorganismo, observamos que los pacientes mas
jovenes fueron infectados por serotipos “mas benignos” asociados a un menor riesgo de
muerte. Por el contrario, observamos que los pacientes con una edad >65 afos
presentaron una tendencia a ser infectados por serotipos mds agresivos, sin que las
diferencias fueran significativas probablemente debido al tamafio de la muestra
analizada. A la vista de esto podria ser interesante conocer la contribucion de estos

factores dependientes del huesped en el prondstico final de la enfermedad.

Desde un punto de vista tedrico, un paciente previamente sano, con buen estado
funcional y sin comorbilidades relevantes podria representar un modelo adecuado para
evaluar el impacto que la edad pudiera tener sobre una determinada enfermedad. Por
esto, nos planteamos un cuarto estudio con una cohorte de 203 pacientes
diagnosticados de NAC bacteriémica por neumococo con estas caracteristicas. En
nuestra cohorte observamos que los pacientes con edad >65 afios, sin comorbilidades,
con buen estado de salud y que requirieron un ingreso hospitalario presentaron, a

diferencia de los mas jovenes, una tasa mayor de mortalidad a los 30 dias (OR 6,82) sin
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objetivarse diferencias significativas ni en el tipo de tratamiento antibidtico prescrito ni
en la distribucion de los diferentes serotipos identificados agrupados en funcion de
riesgo asociado de mortalidad. Desde un punto de vista individual sé6lo el serotipo 7F
fue identificado con mas frecuencia entre los pacientes menores de 65 afios, no
observandose diferencias en los pacientes de mayor edad. A este respecto se ha
especulado con que los factores relacionados con el huésped (edad, comorbilidad,
estado funcional, etc.) podrian actuar favoreciendo la infeccion por serotipos con baja
capacidad invasora primaria y que en un “medio ambiente” adecuado se podrian
comportar como invasores oportunistas y asociarse con una mayor mortalidad (35-37).
Estos resultados podrian sugerir que ha sido la presencia de una comorbilidad
subyacente el factor probablemente mas importante a la hora de seleccionar el serotipo

infectante en nuestra cohorte de pacientes.

En su conjunto, los resultados obtenidos en estos dos estudios resaltan el papel
que tiene la edad en el prondstico de estos pacientes. Por el contrario, otros autores no
han encontrado que la edad por si mismo influya en la mortalidad de un paciente
previamente sano con neumonia, salvo en el grupo de mas de 80 anos (80). El posible
papel de la inmunosenescencia o envejecimiento fisiologico del sistema inmunitario y la
consiguiente respuesta peor del mismo contra las infecciones podria ser determinante a
la hora de tratar de explicar estos resultados (81-83). Unido a esto, se podria especular
con que la propia neumonia se muestre en si misma como un marcador del estado de
salud, de tal forma que su presencia podria revelar la existencia de una baja reserva
fisiologica (27). Este hecho unido al deterioro en el funcionamiento de los diferentes
organos relacionado con el envejecimiento podria afectar a la capacidad para responder
de forma adecuada a un evento agudo. Ademas, hemos observado, al igual que otros
autores, que la edad se ha comportado como un factor limitante a la hora de indicar el

ingreso en la UCI independiente al grado de gravedad de la neumonia al ingreso. (84-
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86). Esta circunstancia es especialmente importante en una época como la actual en la
que las prestaciones sociales y los avances en salud estan favoreciendo un incremento
en la poblacion anciana con buen estado general de salud. Es ahi precisamente donde
una valoracion integral en la que se tenga en cuenta, entre otros factores, la edad
bioldgica mas que la edad cronologica pueda ser interesante de cara a una mejor

adecuacion de los servicios sanitarios de cuidados del paciente (87,88).

Otra consecuencia importante derivada de la interaccion entre paciente y
microorganismo es el desarrollo de complicaciones durante la fase aguda de la
enfermedad. Su presencia va a condicionar en parte, el prondstico del paciente. Beatty
et al. evaluaron una cohorte prospectiva de 1636 pacientes con diagnostico de neumonia
neumocdcica bacteriémica, de ellos un 29% presentaron una o varias complicaciones
importantes durante el ingreso. Su presencia, y especialmente la coexistencia de varias,
se asocid de forma significativa con una mayor probabilidad de muerte durante el

ingreso (41).

En los ultimos afios ha cobrado especial interés el desarrollo de complicaciones
cardiovasculares en los pacientes con diagndstico de neumonia. Corrales-Medina et al.
evaluaron una serie de 1343 pacientes, de ellos un 26,7% desarrollaron alguna
complicacién, como la exacerbacion de una patologia cardiaca preexistente o la
presencia de una de nueva aparicion (43). Viasus et al. estudiaron a 3921 pacientes
encontrando alguna complicacion cardiaca de “novo” hasta en el 8% de los mismos. En
su andlisis observaron que la identificacion de S. pneumoniae como agente etiologico de
la neumonia se comportd como un factor independiente a la hora de desarrollar este tipo
de complicaciones (44). En ambos estudios, la aparicion de este tipo de complicaciones

se ha asociado con un curso clinico complicado y un mayor riesgo de muerte. Desde un
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punto de vista etioldgico, varios estudios han encontrado una relacion entre neumococo

y el desarrollo de las mismas, principalmente de arritmias auriculares (43,44,89,90).

Con el objetivo de conocer la incidencia que la fibrilacion auricular de nueva
aparicion tiene en los pacientes con neumonia neumocdcica y tratar de identificar los
factores que pudieran estar implicados en su aparicion nos planteamos un quinto
estudio. Se evalu6 una cohorte de 1092 pacientes, una vez excluidos aquellos con
antecedentes de arritmia auricular cronica persistente (estable o exacerbada durante el
cuadro de neumonia) o paroxistica, de los que 460 presentaron un cuadro bacteriémico.
Del total de los pacientes, 109 (9,9%) presentaron una fibrilacion auricular "de novo",
de los que en 87 (79,8% -87 de 109-) se objetivdo en el momento de su llegada a
urgencias. Diferenciar el momento en el que se produce esta complicacion es importante
al permitirnos eliminar situaciones clinicas o tratamientos intercurrentes que pudieran

predisponer a su aparicion.

En nuestra cohorte, el hallazgo de una fibrilacion auricular de nueva aparicion
fue independiente de la presencia de los factores de riesgo cardiovascular tradicionales.
Podriamos especular con que su aparicion precoz (a la llegada a urgencias) podria ser

interpretada como un marcador de disfuncidn organica.

El mecanismo responsable de la génesis de este tipo de complicacion no esta
claramente definido. Varios factores, la mayor parte dependientes del propio cuadro
infeccioso, como son la liberacion de citoquinas, la presencia de una respuesta
inflamatoria desproporcionada y la depresion miocardica que acompafia a un cuadro
séptico, podrian estar involucrados en su posible aparicion (91-93). En este estudio
observamos que la edad, la ingesta excesiva de bebidas alcoholicas, la leucopenia, la
taquipnea grave al ingreso (frecuencia respiratoria > 30 respiraciones por minuto), la

presencia de datos sugestivos de una respuesta inflamatoria excesiva y el hallazgo de
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una bacteriemia fueron factores independientemente asociados con la aparicion de esta
complicacion. Otros estudios han descrito la relacion entre ingesta de bebidas
alcoholicas y la génesis de un episodio de fibrilacién auricular incluso en pacientes sin
alteraciones estructurales cardiacas (94). A este respecto, el alcohol podria tener un
efecto favorecedor de la liberacion de catecolaminas, algo semejante a lo que podria
ocurrir en una situacion de alto estrés, como sucede durante un episodio séptico grave, y

de esta forma inducir a la aparicion de este tipo de arritmias (95,96).

La relacioén existente entre inflamacion y complicaciones cardiovasculares es
conocida (97). En este sentido nuestro estudio pone de manifiesto la interrelacion que
existe entre inflamacion sistémica, la presencia de bacteriemia y la gravedad del cuadro
infeccioso. En efecto, algunos factores de virulencia relacionados con el patdgeno,
incluida la presencia de una bacteriemia y la respuesta inflamatoria secundaria, podrian
ser elementos claves en el desarrollo de este tipo de arritmias. Este hecho podria incluso
ser mas relevante en el caso del neumococo (98-101). El hallazgo de pequefias lesiones
en el miocardio durante la fase aguda, la liberacion de neumolisinas y su papel en la
dindmica de los iones intracelulares unido al efecto de un produccion aumentada de

citoquinas podrian ser, entre otros, los responsables de su aparicion (99, 102).

Al igual que otros autores (43,100), hemos observado que la presencia de esta
complicacién se ha asociado a una mayor mortalidad intrahospitalaria (17,9% versus
2,9%). Esta peor evolucion se relaciond con la duracion de la arritmia. A diferencia de
los pacientes que presentaron un episodio paroxistico, los que tuvieron un cuadro
persistente tuvieron una mayor probabiliad de morir (34,8% versus 6,3%). Este hecho
que también se pudo observar en los primeros meses tras el alta probablemente nos esté
indicando un cierto grado de alteracién estructural cardiaca subclinico y una baja

reserva funcional. Los resultados de este estudio ponen de manifiesto la importancia
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que, entre otros factores, tiene la presencia de una bacteriemia por neumococo a la hora
de explicar la gravedad de este cuadro infeccioso. Reconocer este tipo de
complicaciones y la relativa frecuencia con la que pueden aparecer e identificarlas como
un posible marcador de disfunciéon orgénica podria ser importante a la hora de

estratificar la gravedad de una neumonia por neumococo.

Tradicionalmente se ha considerado a la neumonia como un evento agudo que,
una vez resuelto no deberia de tener repercusion en la supervivencia posterior del
paciente. Sin embargo, diversos estudios han puesto de manifiesto un mayor riesgo de
muerte entre los enfermos que han superado este cuadro neumoénico en comparacion al
de la poblacion general (46,47,103,104). Se podria especular que el padecer una
neumonia generaria un estado inflamatorio persistente que podria influir a largo plazo
en la historia natural de algunas comorbilidades preexistentes (104). Este estado podria
incluso ser mas evidente en los pacientes con cuadros bacteriémicos debido a la mayor
produccion de citoquinas descrita (105). Por otro lado, la neumonia en si misma podria

comportarse como un marcador de mal estado de salud (clinico o subclinico).

Con el objetivo de confirmar estos hallazgos nos planteamos un sexto estudio
en el que evaluamos a 1190 pacientes consecutivos que requirieron un ingreso
hospitalario por una neumonia neumocdcica. De los 1114 que permanecian vivos al mes
del alta, 431 (38,6%) fallecieron durante una mediana de seguimiento de siete afios. De
ellos (83,4% -381 de 431-) lo hicieron antes que lo esperado, calculado segun las Tablas
de Mortalidad del Instituto Nacional de Estadistica-INE en funcion de su edad, sexo y
afio de ingreso (54). En nuestro estudio observamos que los factores relacionados con el
huésped (edad y presencia de comorbilidades asociadas) y el hecho de vivir en una
residencia de ancianos (circunstancia que probablemente esté reflejando un mayor

grado de fragilidad y una baja reserva funcional) fueron factores independientes
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asociados a una mayor probabilidad de muerte a largo plazo. La relacion entre presencia
de comorbilidades y supervivencia a largo plazo podria ser una consecuencia simple de
la historia natural de las mismas. Es posible que el desarrollo secundario de un estado
inflamatorio persistente de bajo grado podria empeorar o acelerar su evolucion natural o
incluso desenmascarar algin proceso subclinico (103,106,107). Ademas, la propia
neumonia, por si misma, podria comportarse como un epifendmeno y que su presencia
nos estaria indicando un mal estado de salud subyacente y un mayor riesgo de muerte
afadido. A diferencia de otros, no hemos observado que el ingreso en UCI y, en
especial, la necesidad de requerir de soporte ventilatorio invasivo se haya asociado con
un peor pronoéstico a largo plazo. Este hecho podria estar influenciado por la posible
diferencia en los criterios de admision en UCI incluido la edad, como ya demostramos
en el articulo nlimero 4 de la presente Tesis Doctoral y que ha sido observado también

por otros autores (84-86).

Un aspecto novedoso de este trabajo ha sido lograr identificar, entre otros, la
presencia de una bacteriemia y el hallazgo de hematies con un ancho de banda (RDW,
Red blood cell Distribution Width) >15% en el hemograma realizado al ingreso como
factores asociados a un peor pronéstico a largo plazo. El papel deletéreo de la
bacteriemia por neumococo podria estar en relacion con un doble motivo. Su presencia
se ha asociado a una mayor carga inflamatoria que podria influir en la historia natural de
otras patologias clinicas o subclinicas preexistentes. Por otro lado, el hecho de
desarrollar una bacteriemia podria ser una consecuencia de la interaccion bacteria-
huésped y reflejar, como ya hemos comentado previamente, una alteracion en el estado
previo de salud del paciente (35-37). El hallazgo en el hemograma de hematies con un
RDW >15% y su papel como marcador prondstico durante el episodio agudo ha sido
descrito previamente en otras entidades incluyendo sepsis y neumonia adquirida en la

comunidad (108-110). Es posible que este pardmetro se pueda comportar como un
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marcador de estrés oxidativo y bajo grado de inflamacion (110). En nuestro estudio
observamos un efecto sumatorio de ambos parametros presente incluso en los pacientes

mas jovenes y mas acusado en los de edad > 65 afios y con comorbilidades asociadas.

En resumen, los resultados obtenidos en estos seis articulos, que componen el
cuerpo de esta Tesis Doctoral, resaltan el papel que la presencia de una bacteriemia
tiene como elemento clave en la mortalidad, en la aparicién de ciertas complicaciones
durante la fase aguda de la enfermedad y en la supervivencia a largo plazo tras el alta
hospitalaria de los pacientes con una neumonia por neumococo adquirida en la
comunidad. Estos resultados apoyan la importancia que tiene la prevencion de la
neumonia neumococica en general y de las formas bacteriémicas en particular,
subrayando el papel fundamental que tiene la vacunacion antineumocdcica como

estrategia de salud publica.
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6. CONCLUSIONES



Esta Tesis Doctoral es una recopilacion de seis articulos con un objetivo comun

cuyos resultados nos permiten concluir que:

1.- La presencia de bacteriemia en el contexto de una neumonia neumococica
adquirida en la comunidad se asocia a una mayor probabilidad de presentar un curso

clinico complicado con una mayor incidencia de shock séptico y muerte.

2.- La antigenuria en orina para neumococo es una técnica sencilla con una
sensibilidad del 74.6% en nuestro medio y que permite obtener un diagnostico
bacteriologico de certeza de forma rdpida y fiable. Ademas, su positividad va a tener
implicaciones prondsticas y nos va a permitir diferenciar a un subgrupo de pacientes
con neumonia neumocdcica bacteriémica con riesgo de presentar un curso clinico

complicado.

3.- La edad y la presencia de comorbilidades acompafiantes va a condicionar
tanto el serotipo identificado como el prondstico de los pacientes con un diagnostico de

neumonia neumocdcica bacteriémica.

4.- En los pacientes con una neumonia bacteriémica por neumococo, de entre los
factores relacionados con el huésped, la edad juega un papel primordial en el prondstico

tanto desde un punto de vista fisioldgico como en la limitacion de ciertos cuidados.

5.- La existencia de complicaciones cardiacas como la fibrilacion auricular “de
novo” en los pacientes con diagnodstico de neumonia por neumococo adquirida en la
comunidad es relativamente frecuente estando presente en el 9.9% de los pacientes. Su
desarrollo va a tener implicaciones pronésticas y se va a asociar a una mayor
probabilidad de muerte tanto durante el ingreso como en los primeros meses tras el alta
hospitalaria. El hallazgo de una bacteriemia y la existencia de parametros de

inflamacion grave al ingreso van a ser, entre otros, factores implicados en su desarrollo.
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6.- La supervivencia a largo plazo de los pacientes que han sido dados de alta
por una neumonia neumococica es menor que la estimada en la poblacion general en
funcién de la edad, sexo y afio de ingreso. La presentacion al diagnodstico como
neumonia bacteriémica y el hallazgo de un ancho de banda eritrocitario mayor a 15 en
el hemograma realizada al ingreso son factores, entre otros, que nos van a permitir
identificar a un subgrupo de pacientes con una reduccion en la supervivencia a largo

plazo.
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Abstract

Background: Bacteremia by Streptococcus pneumoniae has been traditionally associated with poor outcomes in
patients with pneumonia; however, data on its impact on outcomes are limited and are sometimes contradictory.

Methods: We performed a prospective study in two hospitals in northern Spain in which cases diagnosed with
pneumococcal pneumonia were selected from a cohort of hospitalized patients with pneumonia between
January 2001 and July 2009. We compared patients with pneumococcal bacteremic pneumonia with those with
pneumococcal non-bacteremic pneumonia.

Results: We compared 492 patients with negative blood culture and 399 with positive culture results. Host related
factors were very similar in both groups. Severity of illness on admission measured by CURB-65 score was similar
in both groups. Adjusted analysis showed a greater likelihood of septic shock during in-hospital course among
patients with pneumococcal bacteremia (OR, 2.1; 95% Cl, 1.2-3.5; P =0.006). Likewise, patients with positive blood

prognostic significance.

Keywords: Pneumococcal pneumonia, Bacteremia

culture had greater in-hospital mortality (OR 2.1; 95% Cl, 1.1 —-3.9; P =0.02), 15-day mortality (OR 3.6; 95% Cl,
1.7 —74; P=0.0006), and 30-day mortality (OR, 2.7; 95% Cl, 1.5 =5; P =0.002).

Conclusions: Although host related factors and severity on admission were very similar in the two groups,
bacteremic patients had worse in-hospital course and outcomes. Bacteraemia in pneumococcal pneumonia is of

Background

Despite the introduction of pneumococcal vaccination and
advances in antimicrobial agents, case-fatality rates among
adults with bacteremic pneumococcal pneumonia vary sig-
nificantly (ranging from 6% to 30%); they have improved
little in the past three decades and, in general, remain high
[1-6]. In addition, bacteremic pneumococcal pneumonia
continues to evolve, and regular comprehensive analysis of
this entity is necessary.

The severity of sepsis can be graded, using the American
Collage of Chest Physicians/Society of Critical Care Medi-
cine classification [7], into different progressive stages:
bacteremia, systemic inflammatory response syndrome
(SIRS), sepsis, severe sepsis, septic shock, and multiple
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organ dysfunctions. Although there is a hierarchical
continuum of severity across sepsis, severe sepsis, septic
shock, and multiple organ dysfunction [8], the presence
of SIRS has no prognostic significance [9,10], and the
prognostic significance of bacteremia remains unclear.
Among patients with pneumonia, bacteremia due to
Streptococcus pneumoniae has traditionally been associ-
ated with poor outcomes, it being considered an inva-
sive form of infection. To date, however, there has been
little research on the impact of Streptococcus pneu-
moniae bacteremia on the outcome of pneumococcal
pneumonia: most studies have focused on bacteremic
infection [5,11-13], or on the impact of antibiotic resist-
ance on clinical outcome [14-16], few reports having
compared the clinical outcomes of pneumonia patients
with and without pneumococcal bacteremia. Moreover,
among the few existing comparative studies the findings
are contradictory and characteristics of some of the
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studies have limited their generalizability: the enrolment
of relatively small numbers of patients [17-20]; collec-
tion of information from a single institution [21,22];
and no adjusted analysis [17,23,24].

Our main objective was to assess whether bacteremia in
patients with pneumonia was related to severity on admis-
sion, septic shock at admission or during hospitalization,
and mortality in a large pneumococcal pneumonia study.
We hypothesized that the presence of bacteremia would
be associated with higher severity on admission, and also
higher rates of shock and mortality due to a greater degree
of systemic invasion.

Methods

Study population, design and setting

We analysed 4389 adult (18 years or older) patients hospi-
talized with pneumonia between January 2001 and July
2009. For this study, we selected patients diagnosed with
pneumococcal pneumonia and compared the subgroups
in this sample with bacteremic and non-bacteremic pneu-
monia. All patients with a diagnosis of pneumonia and at
least one positive blood culture for Streptococcus pneumo-
niae taken within 48 hours of presentation to the hospital
were included in the “pneumococcal bacteremic” group.
The “pneumococcal non-bacteremic” group included pa-
tients with positive Streptococcus pneumoniae antigen in
urine and negative blood cultures . Any individuals with
concurrent meningitis and/or endocarditis were excluded
from the analysis.

Data were collected prospectively from two hospitals
(Galdakao-Usansolo Hospital and Cruces University Hos-
pital) in the Basque Country (northern Spain). Galdakao-
Usansolo Hospital is a 400-bed general teaching hospital
serving a population of 300,000, while Cruces University
Hospital is a nearby large teaching hospital with a catch-
ment population of 400,000.

Patients were treated empirically with antibiotics ac-
cording to local practice guidelines: betalactam in com-
bination with macrolides, levofloxacin or betalactamics.
Medical care following discharge was determined by
patient's health-care providers. No interventions were
instigated as part of this study.

Study variables
All patients’ clinical and demographic characteristics
were recorded, as well as their vaccination status and
any previous antibiotic treatment for the current epi-
sode. To measure the severity of pneumonia upon
admission to the emergency department, we used the
CURB-65 (Confusion, Urea nitrogen, Respiratory rate,
Blood pressure, age >65 years) score [25].
Process-of-care variables included: 1) whether appro-
priate antibiotics were given (defined as an initial anti-
biotic treatment consistent with the recommendations
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of Spanish Thoracic Society [SEPAR] [26]: third generation
cephalosporins or amoxicillin-clavulanic acid plus a macro-
lide, or levofloxacin in monotherapy for patients admitted
to a hospital ward; non-antipseudomonal cephalosporin
plus a macrolide, or levofloxacin instead of macrolide for
patients admitted to an intensive care unit)); and 2) and 3)
whether antibiotics were administered within 4 or within
8 hours of arrival at the emergency department, respect-
ively; as well as 4) length of antibiotic therapy; 5) length of
intravenous antibiotic therapy; and 6) the type of antibi-
otics given.

Clinical in-hospital measures included: whether the
patient 1) was admitted to the intensive care unit (ICU);
2) received mechanical ventilation; or 3) developed sep-
tic shock; as well as whether there was 4) treatment fail-
ure; or 5) severe sepsis.

Outcome measures included: 1) in-hospital mortality; 2)
and 3) mortality at 15 and 30 days after admission; 4) hos-
pital readmission within 30 days; and 5) length of hospital
stay (calculated as the date of discharge minus the date of
admission).

This study was approved by Galdakao Ethics Committee
and Cruces University Hospital Ethics Committee.

The formal consent to participate was verbal because
this study was not interventional.

Definitions

Pneumonia was defined as pulmonary infiltrate on a
chest X-ray not known to have pre-existed and symp-
toms consistent with pneumonia, including cough, dys-
pnoea, fever, and/or pleuritic chest pain. Patients with
pneumonia were excluded if they were known to
be positive for human immunodeficiency virus, were
chronically immunosuppressed (defined as immuno-
suppression for solid organ transplantation, postsple-
nectomy, receiving 210 mg/day of prednisone or the
equivalent for more than 30 days, treatment with other
immunosuppressive agents, or neutropenia, i.e.,, <1.0 x
10°/L neutrophils), had been hospitalized for the previ-
ous 14 days before the diagnosis of pneumonia, or had
hospital-acquired pneumonia.

Septic shock was defined as systolic blood pres-
sure <90 mmHg and the need for vasopressors for
4 hours or more, while severe sepsis was defined as
sepsis associated with organ dysfunction and perfusion
abnormalities [27]. Treatment failure was defined as clinical
deterioration during hospitalization with hemodynamic
instability, confirmation of respiratory failure or the onset
thereof, the institution of mechanical ventilation, demon-
strated radiological progression of pneumonia or the ap-
pearance of a new focus of infection, or persistent fever or
the reappearance of fever if a change in treatment was
needed [28].
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Bacteriological studies

The strategy for pneumococcal diagnosis included blood
cultures and a urinary antigen test during the first 24 hours
after arrival at hospital. The detection of Streptococcus
pneumoniae was performed by analysing concentrated
urine samples with an immunochromatographic mem-
brane assay (Binax Inc; Scarborough, ME). An etiologic
diagnosis of pneumococcal pneumonia was considered to
be definitive if one or both of the following criteria were
met: 1) isolation of Streptococcus pneumoniae in a sterile
specimen (blood and pleural fluid); and/or 2) positive
urinary antigen test for Streptococcus pneumoniae.

Statistical analysis

Descriptive statistics included frequency tables and mean
and standard deviation (SD). Patient characteristics,
process of care, in-hospital course and outcomes were
compared stratifying by blood culture result (positive vs.
negative). Chi-square and Fisher’s exact tests were per-
formed for the comparison of categorical variables, and
the Student’s t-test or nonparametric Wilcoxon tests
were performed for continuous variables.

Univariate logistic regression models were also used to
compare in-hospital course and outcomes between the
two groups of patients (unadjusted results). Then, multi-
variate logistic regression models were built for the com-
parison, adjusting for severity of illness at admission,
measured by CURB-65, as well as for patient characteris-
tics and variables related to the process of care found to
be significantly different in the groups stratified by blood
culture results. In the final multivariate models, only
adjusting variables found to be statistically significant were
kept. We determined odds ratios (ORs) and 95% confi-
dence intervals (95% ClIs). For comparing lengths of hos-
pital stay, a general linear model was built, and due to the
skewed distribution of length of stay, the logarithmic
transformation was used.

Finally, Kaplan-Meier curves were constructed for 15-
and 30-day mortality for each group of patients, and com-
parisons were performed with the log-rank test. Further,
Cox proportional hazards model was used to compare sur-
vival between the two groups of patients adjusting for the
same variables as stated previously. We determined the
hazard ratios (HRs) and 95% Cls.

All effects were considered significant at P <0.05. All
statistical analysis was performed using SAS for Windows,
version 9.2 (SAS Institute, Cary, NC) and S-Plus 2000
(MathSoft Inc., 1999).

Results

A total of 891 patients were identified in the study period
with a diagnosis of pneumococcal pneumonia and with
blood culture results. Pneumococcal bacteremia was iden-
tified in 399 (44.8%) cases. The group of pneumococcal
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non-bacteremic pneumonia included 492 (55.2%) cases,
all of them with positive antigen in urine and negative
blood culture. The patient characteristics are summa-
rized in Table 1 by the blood culture result. Host-
related factors were very similar in the two groups,
although statistically significant differences were found
in sex, alcoholism, pneumococcal vaccine, congestive
heart failure, blood urea nitrogen and the radiological
findings on admission. Patients with positive blood cul-
tures had higher rates of bilateral or multilobe radio-
logical involvement and pleural effusion and were less
likely to have had the pneumococcal vaccine in the last
5 years. Severity of illness on admission measured by
the CURB-65 score was similar in the two groups. A
total of 395 (99.9%) of 399 blood isolates were available
for in vitro susceptibility testing. In nine (2.3%) cases,
pneumococci was highly resistant to penicillin (mini-
mum inhibitory concentration > 4 pg/ml).

Process of care indicators in both groups are shown in
Table 2. Statistically significant differences were observed
in antibiotic management between the two groups. In par-
ticular, the use of antibiotics was appropriate according to
SEPAR guidelines in 85.3% of patients with negative cul-
tures and just 68.6% of those with positive cultures. In
both groups, however, over 90% of patients received anti-
biotics within 8 hours and the length of antibiotic therapy
was similar.

In-hospital course and outcome indicators in the two
groups are shown in Table 3 (unadjusted analysis). Pa-
tients with pneumococcal bacteremia had significantly
higher rates of mechanical ventilation use, septic shock
and treatment failure during the hospitalization, and
higher in-hospital, 15-day and 30-day mortality, as well
as longer hospital stays.

Table 4 shows the comparison of in-hospital course and
outcomes in the two groups adjusting for severity of ill-
ness at admission, measured by CURB-65, as well as for
patient characteristics and variables related to the process
of care found to be significantly different in the two
groups of patients, such as sex, congestive heart failure, al-
coholism, pneumococcal vaccine in last 5 years, pleural ef-
fusion, appropriate antibiotic, antibiotics within 4 hours,
dual antibiotic therapy including a macrolide, and anti-
biotic administration prior to hospital admission. A higher
likelihood of septic shock (OR, 2.1; 95% CI, 1.2 — 3.5; P =
0.006) during the hospital stay was found among patients
with pneumococcal bacteremia. Likewise, patients with
positive blood cultures had higher in-hospital mortality
(OR 2.1; 95% CI, 1.1 - 3.9; P = 0.02), 15-day mortality (OR,
3.6; 95%CI, 1.7 -7.4; P=0.0006), and 30-day mortality
(OR, 2.7; 95% CI, 1.5 - 5; P = 0.002). Kaplan-Meier survival
curves for each of the groups demonstrate markedly dif-
ferent survival trajectories in 15- and 30-day mortality
(Figure 1). Adjusted cox proportional hazards models
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Table 1 Characteristics of patients hospitalized with

pneumonia by Streptococcus pneumoniae by blood

culture result

Characteristics

Blood culture Blood culture P value

positive negative
(N=399) (N=492)
Age, years, mean (SD) 636 (18.5) 65.2 (17) 0.2
Age 265 years 225 (564) 290 (58.9) 04
Age >75 years 130 (326) 167 (33.9) 0.7
Women 131 (328) 210 (42.7) 0.003
Underlying diseases
Cancer 27 (6.8) 17 (3.5) 0.2
Liver disease 18 (4.5) 12 (24) 0.1
Congestive heart failure 54 (13.5) 43 (87) 0.02
Cerebrovascular disease 22 (5.5) 32 (6.5) 0.5
Renal disease 27 (6.8) 24 (4.9) 0.2
Chronic obstructive 74 (18.6) 116 (23.6) 0.07
pulmonary disease
Diabetes mellitus 60 (15.1) 97 (19.8) 0.07
Number of comorbid 0.96
conditions
0 203 (509) 253 (514)
1 130 (32.6) 156 (31.7)
=2 66 (16.5) 83 (16.9)
Nursing home resident 13 (3.3) 20 (4.1) 0.5
Smoking 0.06
No 130 (43.5) 225 (47.8)
Yes 86 (28.8) 100 (21.2)
Ex-smoker 83 (27.8) 146 (31)
Alcoholism 58 (15.3) 44 (94) 0.008
Influenza vaccine in the last 93 (26.4) 149 (30.9) 0.2
year
Pneumococcal vaccine in 14 (3.8) 121 (25.5) <0.0001
the last 5 years
Findings on physical
examination on admission
Altered mental status 39 (9.98) 49 (10) 09
Pulse 2 125/min 62 (15.6) 62 (12.6) 02
Respiratory rate = 30/min 98 (24.8) 96 (19.5) 0.06
Systolic blood pressure < 30 (7.5) 42 (85) 06
90 mmHg
Temperature < 35°C or 2 7(1.8) 4(0.8) 0.2
40°C
Laboratory findings on
admission
Blood urea nitrogen > 192 (48.1) 163 (33.1) <0.0001
30 mg/dL
Glucose = 250 mg/dL 39 (9.8) 38 (7.7) 03
Hematocrit < 30% 10 (2.5) 23 (4.7) 0.1
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Table 1 Characteristics of patients hospitalized with
pneumonia by Streptococcus pneumoniae by blood
culture result (Continued)

Sodium < 130 mmol/L 33 (83) 22 (4.5 0.02
Pa0, <60 mmHg 188 (47.1) 209 (42.5) 0.2
Arterial pH < 7.35 31(7.8) 24 (49 0.07
Radiological findings on
admission
Bilateral or multilobe 142 (35.7) 122 (24.8) 0.0004
radiological involvement
Pleural effusion 65 (16.3) 43 (8.7) 0.0006
Severity of illness on
admission
CURB65 score” 0.07
0,1 145 (36.3) 215 (43.7)
2 159 (39.9) 167 (33.9)
>2 95 (23.8) 110 (224)

SD, standard deviation.

Data are expressed as numbers (percentage) unless otherwise stated.
Percentages exclude patients with missing data.

"Severity of illness on admission assessed with CURB-65 (Confusion, Urea
nitrogen, Respiratory rate, Blood pressure, age >65 years) score.

Table 2 Process-of-care of patients hospitalized with
pneumonia by Streptococcus pneumoniae by blood
culture result

Process-of-care Blood culture Blood culture P value

positive negative
(N=399) (N =492)

Previous antibiotic treatment 26 (6.5) 56 (11.4) 0.013

Appropriate antibiotic’ 273 (68.6) 419 (85.3) <0.0001

Antibiotics within 4 hours 257 (73) 389 (79.7) 0.019

Antibiotics within 8 hours 330 (93.8) 471 (96.5) 0.06

Length of antibiotic therapy, 14.7 (7.2) 139 (4.6) 09

days, mean (SD)"

Length of intravenous antibiotic 7(7.2) 59 (4.8) 04

therapy, days, mean (SD)"

Antibiotic treatment <0.0001
Beta-lactam monotherapy 93 (23.4) 113 (23)
Beta-lactam/macrolide 13 (3.3) 30 (6.1)
Fluoroquinolones 257 (64.6) 346 (70.5)

Macrolide monotherapy 1(0.3) 0 (0)
Others 34 (8.5) 2 (04)
Dual antibiotic therapy 13 (3.3) 31 (6.3) 0.037

including a macrolide

SD, standard deviation.

Data are given as number (percentage) unless otherwise indicated.

The percentage excluded patients with missing data.

"Appropriate antibiotic defined as usage of antibiotics recommended in the
guidelines of the SEPAR.

"Deaths are excluded.
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Table 3 In-hospital course and outcomes of patients hospitalized with pneumonia by Streptococcus pneumoniae by

blood culture result

In-hospital evolution and outcomes Positive blood culture Negative blood culture P value Odds ratio (95% Cl)
(N=399) (N=492)

In-hospital course
Admission to intensive care unit 92 (23.1) 101 (20.5) 04 12 (08 -16)
Need for mechanical ventilation 42 (10.5) 27 (5.5) 0.005 2(1.2-34)
Septic shock” 53 (14.9) 33(6.7) 0.0001 24(15-398)
Treatment failure 72 (18.2) 59 (12.1) 0.01 16 (1.1 -23)
Severe sepsis 185 (46.4) 203 (41.3) 0.1 12 (09 -16)
Outcomes
In-hospital mortality 35 (8.8) 22 (45) 0.009 21(12-36)
15-day mortality 33 (8.3) 14 (2.9) 0.0003 3.1(1.6-58)
30-day mortality 37.(93) 18 (3.7) 0.0005 27 (15-48)
30-day readmission 10 (3.3) 27 (5.6) 0.1 06(03-12)
Length of hospital stay (days)"

Mean (SD) 10 (13.7) 755) 002 120.04-13)0

Median (IRQ) 6(4-10) 6(4-8) 0.02

>3 days 295 (81) 373 (794) 0.5 1.1 (08 -1.6)

SD, standard deviation; Cl, Confidence interval; IRQ, Interquartile range.

Data are given as number (percentage) unless otherwise indicated. Percentages exclude patients with missing data. Treatment failure is defined in the text.
“Septic shock is defined as arterial systolic blood pressure <90 mm Hg and the need for vasopressors for a minimum of 4 hours.

*Deaths are excluded.

For the comparison of length of hospital stay as a continuous variable, the general linear model was used, and due to the skewed distribution of length of stay,
the logarithmic transformation was applied. Hence, data are given as the exponential of the estimated beta parameter, indicating how many times longer the
length of stay was among blood culture-positive than culture-negative patients with Streptococcus pneumoniae.

confirmed the previous comparison of survival between
the two groups of patients: for 15-day mortality, the HR
was 3.3 (95% CI, 1.7 -6.5, P =0.0005); and for 30-day
mortality, the HR was 2.8 (95% CI, 1.6 — 5.1, P = 0.0006).

Discussion

Our findings confirm that there are substantial differ-
ences in in-hospital course and outcomes among pa-
tients hospitalized with pneumonia due to Streptococcus
pneumoniae as a function of their blood culture results.
We found that patients with pneumococcal bacteremia
have a poorer in-hospital course — in terms of septic
shock — and poorer outcomes — in terms of in-hospital,
15- and 30-day mortality. Notably, we also identified that
the illness severity on admission assessed by CURB-65
score was similar in the two groups.

Our study is important as comparing bacteremic with
non-bacteremic pneumoccocal pneumonia we have iden-
tified that both course and outcomes are poorer for
bacteremic patients while they show a similar severity of
illness on admission. There is one previous study with the
same design and similar results; the differences observed in
the mortality were not, however, adjusted for host-related
factors or antibiotic treatment [18]. Others strengths of this
study are its prospective design, identification of cases
based on clinical diagnosis, relatively large sample of non-

selected patients, comprehensive assessment of outcomes,
detailed collection of clinical data, and use of a robust risk-
adjustment model.

When comparing characteristics of two groups of
patients, the similarities rather than the differences are ini-
tially what are most important. In our study, patients were
similar in age, level of comorbidity, and severity of illness
on admission. Observed gender differences are consistent
with the results of other studies [29,30], suggesting that
women are less likely to develop sepsis, maybe related to
the sex hormones or anatomic, lifestyle and behavioural dif-
ferences [31]. Blood urea nitrogen, higher in bacteremic pa-
tients group, is an independent variable associated with the
severity of pneumonia [25]. The dehydration, which is com-
mon in older patients hospitalized for pneumonia [32], may
also contribute to a higher urea level. Besides, the rate of
bilateral or multilobe radiological involvement and pleural
effusion were significantly higher in bacteremic patients.
Our findings indicate that the bacteremic patients had a
poorer prognosis and higher case-fatality rate, while the
illness severity on admission was similar in the two groups
as assessed by the CURB-65 score. It is possible that
bacteremic pneumococcal pneumonia adds some features
that are not captured by this severity score.

The fact that clinical outcomes of pneumonia patients
are different depending on whether or not they have
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Table 4 Comparison between in-hospital course and
outcomes of patients hospitalized with pneumonia by
Streptococcus pneumoniae according the blood culture
results: adjusted analysis

Odds ratio (95% Cl)* P Value

In-hospital course
Admission to intensive care unit 107-14) 08
Use of mechanical ventilation 170 =37 0.06
Septic shock” 21(12-35) 0.006
Treatment failure 140 =21 0.06
Severe sepsis 1.1(08-1.5) 04
Outcomes
In-hospital mortality 2.1 (1.1 -39 0.02
15-day mortality 36(1.7-74) 0.0006
30-day mortality 27 (1.5-5) 0.002
30-day readmission 05(0.2-1.1) 0.08
Length of hospital stay (days)*

Continuous 110 -1l 01

>3 days 107-14) 08

Cl, confidence interval.

"0dds ratio adjusted by severity of illness on admission measured by CURB-65,
and those characteristics of patients and variables related to process-of-care
which were found statistically significant according to blood culture results,
such as sex, congestive heart failure, alcoholism, pneumococcal vaccine in

last 5 years, pleural effusion, appropriate antibiotic, antibiotics within 4 hours,
dual antibiotic therapy including a macrolide, and antibiotic administration
prior to hospital admission. Only significant adjusting variables were kept in
each model.

Septic shock defined as arterial systolic blood pressure <90 mm Hg and need
for vasopressors >4 hours.

*Deaths are excluded.

IFor the comparison of length of hospital stay as a continuous variable, the
general linear model was used, and due to the skewed distribution of length
of stay, the logarithmic transformation was applied. Hence, data are given as
the exponential of the estimated beta parameter, indicating how many times
longer the length of stay was among blood culture-positive than culture-
negative patients with Streptococcus pneumoniae.
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pneumococcal bacteremia is an important long-standing
issue that has yet to be fully understood. Our study adds
new data on this issue in that it shows that the bacteremia
is associated with poorer in-hospital course and outcomes.
There are previous studies [17-20] with contradictory find-
ings, although all of these have a small sample size without
the adequate power to detect outcome differences between
bacteremic and non-bacteremic groups of patients.

In agreement with our findings, several studies [14,
21,22,24] have found that bacteremia is a risk factor
for death in patients with pneumonia. A meta-analysis
[24] identified 11 factors, including bacteremia, with
statistically significant associations with mortality in
patients with pneumonia; however, the authors were
unable to determine whether these factors are inde-
pendently associated with mortality due to the nature of
the primary data. Garcia-Vidal et al. [21], in a study car-
ried out in a single hospital, identified pneumoccocal
bacteremia as an independent factor associated with
early death in patients with pneumonia. Further, a re-
cent study [22] performed in one hospital in Taiwan
found that the presence of Streptococcus pneumoniae
bacteremia predicted mortality in pneumococcal pneu-
monia, although these authors included immunosup-
pressed patients and children. In contrast to our study,
however, a Canadian multicentre study [23] showed
similar outcomes in bacteremic pneumococcal pneu-
monia and non-bacteremic pneumonia, though using
non-adjusted analysis. The low mortality rate (of 5.3%)
among patients with pneumococcal bacteremia in that
study is attributable to the fact that the most severely
ill patients were often not enrolled. An international,
retrospective study [33] concluded that pneumococcal
bacteremia does not increase the risk of poor outcomes in
patients with pneumonia; ICU admission rate and the
non-adjusted pneumonia-mortality were, however, signifi-
cantly higher in the pneumococcal bacteremic pneumonia
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group. In a Spanish multicentre study [34] conducted in
patients with pneumonia admitted to the ICU, bacteremia
was not found to affect outcomes: in this case, the results
may be due in part to enrolment bias, because the re-
quirements for ICU admission in Spain have a selective
approach for patients with advanced age and chronic
risk factors.

Although we have assessed the differences in mortal-
ity between bacteremic and non-bacteremic groups
adjusting for the antibiotic treatment used, the prescrip-
tion of an antibiotic was appropriate according SEPAR
guidelines in less than 70% of cases in the bacteremic
group, because of the use of beta-lactam antibiotics
alone. This treatment may be considered suboptimal
because previous research [35,36] suggests a benefit of
combination therapies, including a macrolide, applied
to pneumonia associated with Streptococcus pneumo-
niae bacteremia. On the other hand, these studies are
hampered by design limitations, and their conclusions
should be interpreted with caution [37].

A potential weakness should be noted. In the current
study, the ratio of bacteremic to non-bacteremic epi-
sodes was 81.1% (399/492 patients) when the percentage
of patients with pneumococcal pneumonia and positive
blood culture does not usually exceed 30%. In this study,
only cases with blood culture results were included. The
number of diagnosed cases of pneumococcal pneumonia
was higher during the study period. This was due to the
fact that requests for blood cultures in pneumonia are
optional and depend on the judgment of the attending
physician. In fact, it is accepted clinical practice not to
request a blood culture once an immediate diagnosis has
been obtained by the urinary antigen test. An another
question to take into account. Inclusion criteria for
“pneumococcal non-bacteremic” group were stringent in
order to achieve an unquestionable diagnosis. Only the
patients with positive antigen in urine and negative
blood culture were included in this group. For this study
we excluded patients whose diagnosis was just based on
sputum culture, because a diagnosis method of pneumo-
coccal pneumonia that does not depend on sputum cul-
ture is desirable.

Conclusions

We have examined the differences in pneumococcal pneu-
monia as a function of blood culture results. Although the
host-related factors and severity on admission were very
similar in the two groups, bacteremic patients had a poorer
in-hospital course and outcomes. Bacteremia in pneumo-
coccal pneumonia has prognostic significance given that is
associated with poorer outcomes.

Abbreviations
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ABSTRACT

Background and objective: Urinary pneumococcal
antigen detection provides good results in the diagno-
sis of pneumococcal pneumonia but has rarely been
used in bacteraemic pneumococcal pneumonia and it
is not known whether it is associated with outcome in
this type of pneumonia. Our objectives were to assess
the usefulness of an immunochromatographic tech-
nique for detecting the pneumococcal antigen in urine
in a large prospective study of patients with bacte-
raemic pneumococcal pneumonia and explore any
potential association with outcomes.

Methods: This study, carried out over 8 years,
included all adult immunocompetent patients admit-
ted for bacteraemic pneumococcal pneumonia. An
immunochromatographic test for the Streptococcus
pneumoniae antigen in urine was performed in the
first 24 h. The sensitivity of test was assessed and
patients were divided into two groups according to test
results to explore differences on admission and during
the course of the illness using logistic regression
models.

Results: Of the 350 patients with bacteraemic pneu-
mococcal pneumonia included, 261 (74.6%) were posi-
tive for the antigen. Patient characteristics were very
similar on admission and differences in severity (Pneu-
monia Severity Index) were not statistically significant.
In the adjusted analysis, antigen-positive patients had
a higher risk of intensive care unit admission, treat-
ment failure and adverse outcome.

Conclusions: The sensitivity of the immunochro-
matographic urinary antigen test was 74.6% and posi-
tive results were associated with poorer clinical
outcome. We therefore recommend systematic use of
this test when pneumonia is diagnosed in the emer-
gency department.
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SUMMARY AT A GLANCE

In bacteraemic pneumococcal pneumonia pa-
tients, urinary pneumococcal antigen had good
sensitivity. In addition, we present a novel finding,
that in these patients, despite a similar severity as
assessed by the PSI, those positive for the antigen
were associated with poorer clinical outcome.

Key words: bacteraemic pneumococcal pneumonia,
community-acquired pneumonia, outcome, sensitivity, urinary
pneumococcal antigen.

Abbreviations: BPP, bacteraemic pneumococcal pneumonia;
CAP, community-acquired pneumonia; Cl, confidence interval;
ICT, immunochromatography; ICU, intensive care unit; IMV, inva-
sive mechanical ventilation; OR, odds ratio; PSI, Pneumonia
Severity Index; UPA, urinary pneumococcal antigen.

INTRODUCTION

It is well established that Streptococcus pneumoniae is
the aetiological agent most commonly associated with
community-acquired pneumonia (CAP). It can,
however, be very difficult to make a definitive micro-
biological diagnosis. The introduction of a technique
based on the detection of the antigen in urine by
immunochromatography (ICT) has been effective in
increasing the microbiological diagnosis."” Various
authors have demonstrated that this test has good
sensitivity (70-80%) and excellent specificity (>90%).
Unfortunately, these studies have included few
patients (never over 100) of bacteraemic pneumo-
coccal pneumonia (BPP), those considered as having
definitive diagnoses.*® This type of pneumonia is
characterized by its severity; hence, it is important to
identify a method to rapidly obtain the aetiological
diagnosis and thence administer a specific antibiotic
treatment'® while in the emergency department.

Respirology (2014) 19, 936-943
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In the studies focusing on BPP, the sensitivity of the
urinary pneumococcal antigen (UPA) has ranged
between 40% and 100%, and there is a lack of consen-
sus over which factors influence this rate.*® We con-
sidered that it would be interesting to study a large
series of consecutive patients with this type of pneu-
monia to investigate the sensitivity of the technique
and potentially associated factors, as well as the
implications of having a positive result on patient
outcome.

Our study had two objectives: to assess the useful-
ness of the ICT technique for detecting the UPA in a
large prospective study of patients with BPP and to
explore whether the results of the test are associated
with outcomes in this type of pneumonia.

METHODS

Patients and study design

The study was conducted between 2002 and 2010 in
two hospitals (Cruces Hospital and Galdakao-
Usansolo Hospital) in the Basque Country (Spain).
Routine UPA testing was carried out on all CAP
patients within 24 h.

We prospectively included all adult patients (>18
years of age) admitted for BPP. Patients were divided
into two groups according to their UPA test results
(positive or negative). Individuals with pneumonia
were excluded if they were known to be positive for
human immunodeficiency virus or chronically
immunosuppressed, as were any who had had an
episode of pneumonia in the previous 3 months and
those with hospital-acquired pneumonia.

At the initial visit, a medical history was taken and
tests were requested. Patients were treated empiri-
cally, in accordance with the local guidelines, with a
beta-lactam antibiotic with or without a macrolide or
fluoroquinolone. They were monitored daily while in
hospital, and when discharged, all the corresponding
data were recorded using a computer-assisted proto-
col. The ethics committees of Cruces and Galdakao
hospitals approved the study.

Study variables

Data were collected on patient clinical and demo-
graphic characteristics, including the number of days
since onset of the clinical symptoms, vaccination
status, previous antibiotic treatment, blood test
results and X-ray findings. To assess the severity of the
pneumonia on admission, we used the Pneumonia
Severity Index (PSI)."

In terms of the microbiological variables, suscep-
tibility testing of S.pneumoniae according to new
break points was performed for penicillin, ceftria-
xone, erythromycin and levofloxacin.'”> We assessed
the various serotypes found, grouping them into
those associated with higher (3, 6A, 6B, 9N, 19E 19A
and 23F) and lower (1, 7E 8, 4 and 5) mortality."

Treatment was characterized using the following
variables: (i) appropriate antibiotics (empirical selec-
tion in accordance with the recommendations of the
Spanish Thoracic Society);"* (ii) and (iii) antibiotic
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treatments within the first 4 or first 8 hours after
arrival at the emergency department, respectively;
(iv) duration of antibiotic treatment; (v) duration of
intravenous antibiotic treatment; and (vi) type of
antibiotics.

The course of the illness and patient outcome were
described using the following variables: (i) admission
to the intensive care unit (ICU); (ii) use of invasive
mechanical ventilation (IMV); (iii) septic shock; (iv)
treatment failure; (v) in-hospital mortality; (vi)
adverse outcome; (vii) 30-day mortality; and (viii)
length of hospital stay.

Definitions

BPP was defined as the presence of new pulmonary
infiltrate on chest X-ray together with acute signs and
symptoms suggestive of lower respiratory tract infec-
tion in addition to one positive blood culture for
S. pneumoniae taken within 24 h of presentation to
the hospital.

Septic shock was defined as a systolic blood pres-
sure < 90 mm Hg and the need for a vasopressor
agent for at least 4 h, after fluid therapy." Treatment
was considered to have failed when there was clinical
deterioration with haemodynamic instability during
hospitalization, appearance or worsening of respira-
tory failure, a need for mechanical ventilation,
progression of the pneumonia as indicated by radio-
graphic findings or the appearance of a new infec-
tious focus, or persistence or reappearance of fever, if
a change in treatment was required.'® Adverse
outcome of the illness was defined as in-hospital
death and/or the development of shock and/or need
for mechanical ventilation."”

Microbiological tests

Two blood cultures and a UPA test were performed for
each patient within 24 h of their arrival at hospital. We
used the BinaxXNOW S. pneumoniae Antigen Card
(Binax, Portland, ME, USA) for testing for the UPA.>*
This test detects the C-polysaccharide present on the
cell wall of all pneumococcal strains. Urine was con-
centrated 25-fold by selective ultrafiltration (PM
15000, Minicon Urifil-10 Concentrator; Millipore,
Bedford, MA, USA).>® The results were considered
qualitatively, positive or negative.

Given that all the patients had a definitive aetiologi-
cal diagnosis, we did not assess the specificity but
rather only the sensitivity of the UPA test using the
standard formula.

Statistical analysis

For the descriptive analysis, frequencies and percent-
ages, means and standard deviations or medians and
interquartile ranges were calculated, as appropriate.
Patient characteristics, the variables related to treat-
ment, course of the illness and outcome were com-
pared in the two groups (positive or negative UPA test
results). Qualitative variables were compared with
chi-square or Fisher exact tests, and quantitative
variables with Student’s t-tests or non-parametric
Wilcoxon tests.

Respirology (2014) 19, 936-943
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Univariate logistic regression models were used for
comparing the variables related to course and
outcome in the two groups. Then, multivariate logis-
tic regression models were built, adjusting for severity
(PSI score), multilobar involvement and for other
variables known to have an impact on these results
including previous antibiotic treatment, use of appro-
priate antibiotics and administration of antibiotics
within 8 h.'®*?? The results are reported as odds ratios
(ORs) and 95% confidence intervals (CIs). The lengths
of hospital stay were compared using a generalized
linear model and logarithmic transformation given
the skewed distribution of the data. Finally, Kaplan—
Meier survival curves were constructed for in-hospital
and 30-day mortality for each group of patients, and
these were compared using the log-rank test.

Differences were considered statistically significant
if P<0.05. All the statistical analysis was performed
using SAS for Windows version 9.2 (SAS Institute,
Cary, NC, USA) and S-Plus 2000 (MathSoft Inc., Cam-
bridge, MA, USA).

RESULTS

We included 350 patients; UPA test was positive in 261
(74.6%). Patient characteristics, clinical data and test
results are summarized in Table 1.

There were no significant differences in patient
characteristics or the number of days since onset of
the illness. Among antigen-positive patients, there
were higher respiratory rates, lower arterial oxygen
pressure and pH levels, and a higher rate of multilobar
involvement, but the severity measured using the PSI
was similar in the two groups (P = 0.193). No differ-
ences were found regarding other clinical, laboratory
or radiological parameters studied, or in the rates of
resistance to antibiotics.

Serotypes were identified in 288 (82.3%) and we
found between-group differences, serotypes 1 and 3
being those most commonly associated with negative
and positive results respectively (P=0.006 and
P =0.014). Overall, serotypes 3, 6A, 6B, 9N, 19E 19A
and 23F were more common in antigen-positive
(36.9% vs 18.5%, P = 0.005), and serotypes 1, 7E 8, 4
and 5 in antigen-negative (49.2% vs 29.4%; P = 0.003)
patients.

Treatments used are summarized in Table 2. There
were no significant differences in the percentage of
patients previously treated with antibiotics, or for
whom drugs were selected appropriately or given
within the first 4 h, though a higher percentage of
antigen-positive patients were started on antibiotics
within the first 8 h (P =0.024). Most patients were
treated with fluoroquinolones and the type of antibi-
otics (P =0.279) and duration of the antibiotic treat-
ments did not vary significantly.

In-hospital course and 30-day outcomes are
described in Table 3. Among antigen-positive pa-
tients, there were higher rates of ICU admission, use
of IMV, treatment failure, adverse outcome and
30-day mortality. The mean length of hospital stay
was similar in the two groups.
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In the adjusted analysis controlling for the variables
listed in Table 4, antigen-positive patients had a
higher risk of ICU admission (OR, 2.6; 95% CI: 1.1-6;
P =0.025), treatment failure (OR, 3.2; 95% CI: 1.2-9.2;
P =0.023) and adverse outcome (OR, 3.3; 95% CI: 1.2—
9.2; P =0.023). The Kaplan—-Meier survival curves for
the groups (Fig. 1) revealed differences in 30-day mor-
tality (P =0.036), but the differences in in-hospital
mortality were not significant (P = 0.062).

DISCUSSION

On the basis of our results, we can confirm that the
UPA test has good sensitivity among individuals with
BPP. In addition, we present a more novel finding,
namely that in patients with this type of pneumonia
and with a similar severity as assessed by the PSI,
those positive for the antigen tend to have a poorer
clinical outcome.

To assess the sensitivity of a technique, it is essen-
tial to focus on patients with a definitive diagnosis
such as those with BPP. Previously, various studies
based on small samples of this type of patient have
obtained sensitivities ranging from 40% to 100%.**
Based on the largest sample of subjects reported to
date, we found a sensitivity of 74.6%.

The reason why the UPA test is negative in some
patients remains unknown, though various factors
have been proposed, such as low levels of C-
polysaccharide antigen and sequestration of the
antigen by binding to serum antibodies in immune
complexes, reducing urinary excretion of the
antigen.” Other possible factors include the number
of days from the onset of symptoms to diagnosis,®
previous antibiotic treatment* and even severity.” In
our sample, in which the test was performed within
the first 24 h of arrival to the emergency department
in all subjects, we found no associations with these
last three factors. A controversial issue with regards to
the sensitivity of this technique is the concentration
of urine, a procedure that allows the rate of diagnoses
to be increased, although the results are variable.** In
our hospitals, urine concentration is used routinely; it
is easy to perform and causes only a relatively small
delay in diagnosis.

For the first time, we report evidence that positive
UPA test results in BPP are associated with an adverse
clinical outcome in hospital. We have conducted a
prospective study with a large number of patients,
collecting a wide range of data and adjusting the sta-
tistical analysis for factors known to have an impact
on the progression of this type of pneumonia.'®** Pre-
viously, just one study had found an association
between positive UPA test results and BPP* but no
association with an adverse outcome had been
reported. Our two groups had a similar severity as
assessed by the PSI. Further, the serotypes associated
with greater mortality’® were more common among
the antigen-positive group, and those associated with
a lower mortality more common in antigen-negative
individuals.

The question that arises is why, in patients with
similar severity, those positive for UPA have a poorer
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Table 1 Characteristics of patients hospitalized with community-acquired pneumonia due to Streptococcus
pneumoniae diagnosed by positive blood culture according to urinary antigen test results

Urinary antigen

Urinary antigen

Characteristics negative (n = 89) positive (n=261) P value
Age, years, mean (SD) 61.6 (18.7) 63.4 (18.7) 0.427
Age > 65 years 46 (51.7) 147 (56.3) 0.448
Women 25 (28.1) 88 (33.7) 0.327
Underlying conditions
Neoplastic disease 8(9) 19 (7.3) 0.602
Liver disease 4 (4.5) 10 (3.8) 0.759
Congestive heart failure 14 (15.7) 32(12.3) 0.403
Cerebrovascular disease 6 (6.7) 16 (6.1) 0.837
Renal disease 7(7.9) 13 (5) 0.311
Chronic obstructive pulmonary disease 15 (17.1) 45 (17.3) 0.955
Diabetes mellitus 15 (17.1) 35 (13.4) 0.400
Number of comorbid conditions 0.306
0 45 (50.6) 138 (52.9)
1 25 (28.1) 85 (32.6)
>2 19 (21.4) 38 (14.6)
Nursing home resident 3(3.4) 8(3.1) 1
Smoking habit 0.507
No 33(37.9) 87 (45.3)
Yes 28 (32.2) 53 (27.6)
Ex-smoker 26 (29.9) 52 (27.1)
Heavy alcohol drinker 14 (16.9) 40 (16.1) 0.875
Influenza vaccine in previous year 21(27.3) 59 (25.5) 0.764
Pneumococcal vaccine in the last 5 years 6 (6.9) 7 (2.9) 0.115
Findings on physical examination on admission
Altered mental status 8(9) 27 (10.3) 0.713
Pulse > 125/min 12 (13.5) 44 (16.9) 0.453
Respiratory rate > 30/min 15 (17.1) 76 (29.3) 0.024
Systolic blood pressure <90 mm Hg 8(9) 22 (8.4) 0.871
Temperature < 35°C or > 40°C 1(1.1) 6(2.3) 0.683
Laboratory findings on admission
Blood urea nitrogen > 30 mg/dl| 35 (39.3) 133 (51) 0.057
Glucose > 250 mg/dI 6 (6.7) 28 (10.7) 0.273
Haematocrit < 30% 4 (4.5) 5(1.9) 0.240
Sodium < 130 mmol/L 6 (6.7) 27 (10.3) 0.315
PaO, < 60 mm Hg 34 (38.2) 137 (52.5) 0.020
Arterial pH <7.35 2(2.3) 22 (8.4) 0.046
CRP (mg/dl), mean (SD) 31.7 (15) 34.4(17) 0.338
Leucocytes, mean (SD) 16452.8 (7146.4) 14870.3 (8142.8) 0.116
Creatinine (mg/dl), mean (SD) 1.43(0.87) 1.42 (0.78) 0.720
Radiological findings on admission
Multilobar involvement on chest X-ray 20 (22.7) 106 (40.6) 0.003
Pleural effusion 11 (12.4) 47 (18) 0.216
Days with symptoms prior to admission, mean (SD) 3.3(2.2) 3.8 (2.6) 0.077
Severity of illness on admission
PSI risk class’ 0.193
-1 47 (52.8) 114 (43.7)
v 33(37.1) 103 (39.5)
\Y 9(10.1) 44 (16.9)
Resistance
Penicillin/amoxicillin 2(2.3) 7(2.7) 1
Ceftriaxone 0(0) 0(0) NA
Erythromycin 10 (11.2) 31(12) 0.853
Levofloxacin 0 (0) 0 (0) NA
Serotypes
1 11(16.9) 13 (6.1) 0.006
14 4(6.2) 16 (7.5) 1
19A 3(4.6) 21(9.8) 0.191
3 7 (10.8) 54 (25.2) 0.014
4 3(4.6) 20 (9.4) 0.225
7 3(4.6) 14 (6.5) 0.770
7F 6(9.2) 14 (6.5) 0.424
8 7 (10.8) 16 (7.5) 0.398

Data are presented as numbers (percentage) unless otherwise stated. Percentages exclude patients with missing data.
" Severity of illness on admission assessed with the Pneumonia Severity Index (PSlI).
CRP, C-reactive protein; IQR, interquartile range; NA, not applicable; SD, standard deviation.
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Table 2 Process-of-care of patients hospitalized with bacteraemic community-acquired pneumonia due to Streptococ-
cus pneumoniae according to urinary antigen test results

Urinary antigen Urinary antigen

Process-of-care negative (n = 89) positive (n=261) P value
Previous antibiotic treatment 6 (6.7) 15 (5.8) 0.733
Appropriate antibiotic’ 66 (75) 178 (68.2) 0.229
Antibiotics within 4 h 53 (65.4) 179 (76.2) 0.059
Antibiotics within 8 h 72 (88.9) 226 (96.2) 0.024
Length of antibiotic therapy, days, mean (SD)* 14.4 (5.7) 15.5 (7.9) 0.589
Length of intravenous antibiotic therapy, days, mean (SD)* 6.4 (6.2) 7.9 (7.9) 0.207
Antibiotic treatment 0.279

B-lactam monotherapy 15 (17.1) 60 (23)

B-lactam/macrolide 0(0) 7(2.7)

Fluoroquinolones 66 (75) 168 (64.4)

Macrolide monotherapy 0 (0) 1(0.3)

Others 7 (8) 25 (9.6)

Data are given as number (percentage) unless otherwise indicated. The percentage excluded patients with missing data.
T Appropriate antibiotic defined as usage of antibiotics recommended in the guidelines of the Spanish Thoracic Society (SEPAR).

* Deaths are excluded.
SD, standard deviation.

Table 3 In-hospital course and outcomes of patients hospitalized with bacteraemic community-acquired pneumonia
due to Streptococcus pneumoniae according to urinary antigen test results
Urinary antigen Urinary antigen Odds ratio’
negative (n = 89) positive (n = 261) P value (95% ClI)
In-hospital course
Admission to intensive care unit 12 (13.5) 75 (28.7) 0.004 2.6 (1.3-5)
Use of mechanical ventilation 5 (5.6) 35(13.4) 0.046 2.6 (1-6.9)
Septic shock? 7 (8.6) 41 (17.5) 0.057 2.2 (0.9-5.2)
Treatment failure 8(9) 56 (21.5) 0.008 2.8 (1.3-6.1)
Outcomes
In-hospital mortality 3(3.4) 26 (10) 0.051 3.2 (0.9-10.8)
30-day mortality 3(3.4) 28 (10.7) 0.035 3.5(1-11.6)
Adverse outcome® 8(9) 59 (22.6) 0.005 3(1.4-6.5)
Length of hospital stay (days)'
Mean (SD) 7.7(1.7) 11.3 (15.0) 0.053 1.2 (1-1.5)"
Median (IQR) 5 (4-9) 7 (4-12)
>3 days 72 (83.7) 194 (82.6) 0.806 0.9 (0.5-1.8)

Data are given as number (percentage) unless otherwise indicated. Percentages exclude patients with missing data. Treatment failure

is defined in the text.

" Odds ratios represent the likelihood of a particular in-hospital course or outcome in urinary antigen-positive compared with urinary

antigen-negative patients.

* Septic shock is defined as arterial systolic blood pressure <90 mm Hg and the need for vasopressors for a minimum of 4 h.
$ Adverse outcome: In-hospital mortality and/or mechanical ventilation and/or septic shock.

T Deaths are excluded.

™ For the comparison of length of hospital stay as a continuous variable, a general linear model was used, and due to the skewed
distribution of these data, a logarithmic transformation was applied. Hence, data are given as the exponential of the beta coefficient
estimates, indicating how many times longer the hospital stay was among urinary antigen-positive than urinary antigen-negative
patients with Streptococcus pneumoniae diagnosed by positive blood culture.

Cl, confidence interval; IQR, interquartile range; SD, standard deviation.

clinical outcome. The most likely explanation,
although we have not demonstrated this, lies in these
patients having higher bacterial burdens. It is,
however, difficult to assess this burden. The ICT tech-
nique in urine is qualitative. Attempts have been
made to obtain a quantitative measure of the antigen
indirectly by serial dilutions of urine samples from
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patients with pneumococcal pneumonia, and it was
shown that the maximum dilution factor was higher
for the more severe patients.? It can be supposed that
the intensity of antigen expression in urine is associ-
ated with the intravascular burden of the bacteria
and, more importantly, the severity of the illness.
Nevertheless, the authors did not find any association
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Table 4 Comparison between in-hospital course and
outcomes of patients hospitalized with community-
acquired pneumonia due to Streptococcus pneumoniae
diagnosed by positive blood culture according to urinary
antigen results: Adjusted analysis

Odds ratio
(95% CI)t P value
In-hospital course
Admission to intensive care unit 2.6 (1.1-6) 0.025
Use of mechanical ventilation 3.8 (0.8-17) 0.085
Septic shock? 1.9 (0.7-5.5) 0.223
Treatment failure 3.2(1.2-9.2) 0.023
Outcomes
In-hospital mortality 2.2 (0.6-8.6) 0.248
30-day mortality 2.6 (0.7-9.8) 0.159
Adverse outcome® 3.3(1.2-9.2) 0.023
Length of hospital stay (days)!
Continuous™ 1(0.9-1.3) 0.652
>3 days 0.7 (0.3-1.4) 0.285

" Odds ratios represent the likelihood of a particular in-hospital
course or outcome in urinary antigen-positive compared with
urinary antigen-negative patients, adjusted for PSI, multilobar
involvement on chest X ray, use of appropriate antibiotics, anti-
biotic administration prior to hospital admission and antibiotics
within 8 h, except for mortality because there was no case
without antibiotic within 8 h who died.

* Septic shock defined as arterial systolic blood pres-
sure <90 mm Hg and need for vasopressors > 4 h.

S Adverse outcome: In-hospital mortality and/or mechanical
ventilation and/or septic shock.

TDeaths are excluded.

™ For the comparison of length of hospital stay as a continu-
ous variable, a general linear model was used, and due to the
skewed distribution of these data, a logarithmic transformation
was applied. Hence, data are given as the exponential of the beta
coefficient estimates, indicating how many times longer the hos-
pital stay was among urinary antigen-positive than urinary
antigen-negative patients with Streptococcus pneumoniae diag-
nosed by positive blood culture.

Cl, confidence interval.
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with the course of the illness.?® For blood, the best
approach to determining bacterial burden seems to
be a polymerase chain reaction-based technique for
detecting genes of S. pneumoniae.*® Rello et al., using
the autolysin gene in 93 cases of pneumococcal pneu-
monia, found an association between high bacterial
burden and higher mortality, a greater risk of septic
shock and need for mechanical ventilation.” It
seems therefore plausible that a higher bacterial
burden would be associated with greater urinary
excretion of the antigen and a higher rate of positive
test results.

Secondly, it could also be supposed that antigen-
positive patients would correspond to those in which
there was a stronger inflammatory response that has
been associated with greater severity.” In our study,
the only indicator of inflammation considered was
C-reactive protein and the levels were similar regard-
less of antigen test results.

Thirdly, impairment of renal function could influ-
ence the results. A study of patients with BPP found
that those with impaired renal function were more
likely to be antigen positive; however, as in most
cases, the cause was reversible, above all dehydration,
thus the high rate of positive results could be due to
the urine being more concentrated.”® No differences
were found regarding these renal parameters between
our two groups.

Lastly, we should consider the presence of certain
serotypes. We observed that the serotypes that have
been associated with higher mortality were more
commonly found in the antigen-positive patients,
while those associated with lower mortality were
more prevalent among patients with negative
results.”®?* Although what the ICT technique detects is
the C polysaccharide, which is present in all the
serotypes, it could be that some have lower levels of
this polysaccharide and hence it is not detected in
urine.

Survival Functions: 30-day mortality
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Figure 1 Kaplan—Meier survival curves for in-hospital and 30-day mortality for urinary antigen positive and negative patients. The

log-rank test detected statistically significant differences between the two curves for 30-mortality (P = 0.036), but not for in-hospital

mortality (P = 0.062).
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The study has some limitations. Our results exclu-
sively show the patients with BPP. The role of UPA as
an adverse outcome marker in non-bacteraemic
patients should be explored in future studies. As bac-
terial burden was not assessed, we are not able
explore its relationship with test results or its poten-
tial usefulness as a marker of severity.?” There were
few negative UPA with poor evolution which condi-
tioned the statistical analysis. Further, in the multi-
variate analysis, we would like to have considered use
of antibiotic therapy including a macrolide,*® but were
not able to since only seven patients (2%) were given
this treatment. It would have also been interesting to
adjust for serotypes,”* but this was not possible
given the high dispersion of the data.

We conclude that the ICT technique has a sensitiv-
ity of nearly 75% in cases of BPP, and is not clearly
affected by any of the factors considered, although the
role of serotypes should be explored in further
studies. In addition, positive UPA test patients tended
to have a poorer outcome of the illness. Given this,
and consistent with recent recommendations,'?! we
advocate the routine use of this technique in emer-
gency departments, to guide the decision to start spe-
cific antibiotic treatments.
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Background. Hospitalizations due to pneumonia increase steadily with age. The purpose of this study is to explore
differences in host- and pathogen-related factors, process of care, and outcome as a function of age in elderly patients
with bacteremic pneumococcal pneumonia and identify factors related to mortality.

Methods. This was a prospective observational study of a cohort of elderly (65-79 years) and very elderly patients
(280 years old) diagnosed with bacteremic pneumococcal pneumonia. The serotypes of the strains isolated and their
resistance were also analyzed.

Results. During the study period, 399 patients were identified, of whom 225 patients (140 elderly and 85 very elderly
patients) were included. Despite the groups having similar characteristics on admission, very elderly patients had higher
rates of both hospital (16.47% vs 7.14%, p = .028) and 30-day (20% vs 6.43%, p = .002) mortality. Factors found to be
predictors of mortality were: altered mental status (odds ratio [OR]: 13.18; 95% confidence interval [CI]: 3.68-47.23),
respiratory rate more than or equal to 30/min (OR: 5.82; 95% CI: 1.82-18.64), systolic blood pressure less than 90 mmHg
(OR: 10.90; 95% CI: 1.45-81.93), blood urea nitrogen more than 30 mg/dL (OR: 5.41; 95% CI: 1.03-28.42), bilateral or
multilobar lung involvement (OR: 5.24; 95% CI: 1.55-17.76), and age (OR: 1.19; 95% CI: 1.09-1.30).

Conclusions. Very elderly patients have poorer outcomes with no significant differences in host- and pathogen-related
factors or process of care. Mortality rates in these patients are associated with age and the severity of their clinical
condition.
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NEUMONIA caused by Streptococcus pneumoniae is
one of the leading causes of hospital admission and mor-
tality in patients older than 65 years (1). Approximately 20%
of patients diagnosed with pneumococcal pneumonia develop
bloodstream infections, this being traditionally associated with
poorer and slower recovery (2,3). Recently, some authors have
not found this association, although their studies have focused
on the general population and not only on elderly patients (4).
The progressive population aging, the increase in the
incidence of pneumococcal pneumonia with age (5), and
improvement in survival rates in the last decade in elderly
patients (6) make it important to explore the characteristics
of the disease in various subgroups of the elderly population
to improve the planning of care.
To date, little information is available regarding the pro-
cess of care or host- and pathogen-related factors associated
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with bacteremic pneumococcal pneumonia (BPP) in elderly
and very elderly patients (280 years old). For this reason,
we assessed the impact of age group (65-79 vs 280 years
old) on clinical presentation, process of care markers, out-
come, and risk factors associated with 30-day mortality in a
large cohort of elderly patients.

MATERIALS AND METHODS

Setting, Patients, and Study Design

The study was conducted between January 2002 and
January 2010 in two hospitals (Cruces University Hospital
and Galdakao-Usansolo Hospital) in the Basque Country
(Spain). We prospectively included all adults admitted for
BPP. Patients were divided into two age groups: younger
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than 65 and aged 65 and older. For the purpose of the analy-
sis, patients aged 65 and older were classified as: (i) elderly
patients, aged between 65 and 79 years and (ii) very elderly
patients, aged 80 and older. We excluded patients with neu-
tropenia or HIV infection and other immunosuppressed
patients including transplant recipients.

A local ethics committee approved the study.

Clinical Assessment and Follow-up

During the initial visit, a thorough medical history,
physical examination, and appropriate blood tests were
performed. Patients were empirically treated in accordance
with current Spanish guidelines. The severity of patients’
clinical condition was assessed on admission using the
Pneumonia Severity Index (PSI) (7). The following data
were collected: (i) demographic data, (ii) epidemiologi-
cal data, (iii) influenza and pneumococcal vaccination sta-
tus, (iv) comorbidities, (v) clinical and examination data,
(vi) blood test results and radiological findings on admis-
sion, (vii) clinical course, and (viii) antibiotic treatment
administered.

Two consecutive blood cultures were taken for all patients
within 24 hours after admission. Tests were conducted to
assess the susceptibility of S pneumoniae to different anti-
biotics. Serotypes were assessed and grouped according to
their associated mortality (8) (high mortality: serotypes 3,
6A, 6B, 9N, 19F, 19A, and 23F and lower mortality: sero-
types 1, 7F, 8, 4, and 5).

To assess the treatment, the following variables were
studied: (i) whether antibiotics were appropriate in accord-
ance with the recommendations of the Spanish Society of
Pulmonology (SEPAR) (9), (ii) and (iii) whether antibiotic
treatments were started within 4 or 8 hours after arrival at
the emergency unit, respectively, and (iv) the type of antibi-
otics administered.

Regarding inhospital course and outcome, the following
variables were studied: (i) admission to the intensive care
unit, (ii) use of invasive mechanical ventilation, (iii) septic
shock, (iv) treatment failure, (v) early and late inhospital
mortality, (vi) 30-day mortality, and (vii) length of hospital
stay.

Definitions

Pneumonia was defined as the presence of new pulmo-
nary infiltrate on the chest x-ray together with signs and
symptoms suggestive of lower respiratory tract infection.

Septic shock was defined as a systolic blood pressure less
than 90 mmHg and a need for vasopressor drugs for at least
4 hours, after fluid therapy (10). Treatment was considered
to have failed when patients’ clinical condition worsened
during their hospital stay with: hemodynamic instability;
appearance or worsening of respiratory failure; a need for
mechanical ventilation; progression of the pneumonia, as

indicted by radiological evidence or the appearance of new
foci of infection; and persistence or reappearance of fever,
if a change of treatment was required (11). Deaths within
less than or equal to 72 hours after hospital admission were
used to calculate early mortality. The diagnosis of altered
mental status was based on observation that the mental
state of the patient was not normal and that this was a new
phenomenon, except if an individual was known to have
had dementia prior to admission, when deterioration with
respect to baseline was required (7).

Statistical Analysis

Descriptive analysis was undertaken, using frequencies
and percentages, means and SDs, or medians and inter-
quartile ranges. Characteristics of all the patients included
were compared with two different groupings (patients aged
<65 years vs 265 years and patients aged 65-79 years
[elderly] vs >80 years [very elderly]), as were variables
related to treatment, course of the disease, and outcomes.
Comparisons were performed with chi-square or Fisher’s
exact tests for qualitative variables and with #-tests or
nonparametric Wilcoxon tests for quantitative variables.
Univariate logistic regression models were used to identify
factors associated with 30-day mortality among patients
aged 65 years and older. A multivariate logistic regression
model was then constructed to assess the statistical signifi-
cance of each independent factor. The dependent variable
was 30-day mortality, and independent variables were fac-
tors found to have p value less than .15 in the univariate
analysis. The interactions between independent variables
were also considered. In the final multivariate model, only
variables with p value less than .05 were included. Results
were expressed as odds ratios (ORs) and 95% confidence
intervals (Cls). The predictive ability of the final multivari-
ate model was assessed by area under the receiver operating
characteristic curve analysis, and the model calibration by
comparing the observed with the predicted 30-day mortality
using the Hosmer—Lemeshow goodness-of-fit test.

A p value less than .05 was considered statistically signif-
icant. Data analysis was performed using the SAS software
for Windows version 9.2 (SAS Institute, Cary, NC).

REsULTS

During the study period, 399 patients with BPP were
identified, of whom 225 (56.39%) were aged 65 and older.
Table 1 shows the baseline characteristics of all patients and
differences as a function of their age (<65 vs 265 years and
65-79 vs 280 years).

Focusing on patients aged 65 and older, comorbidities
such as chronic obstructive pulmonary disease and liver
disease were more common in elderly patients. No statisti-
cally significant differences were observed in other clinical
characteristics, blood test results or radiological findings.
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Table 1. Comparison of Baseline Characteristics of Patients on Admission by Age

RUIZ ET AL.

Age < 65 Age 2 65 65 < Age <80 Age > 80
Characteristics (N=174) (N =225) p Value (N = 140) (N =185) p Value
Women 48 (27.59) 83 (36.89) .050 41 (29.29) 42 (49.41) .002
Underlying diseases
Neoplastic disease 7(4.02) 20 (8.89) .055 13 (9.29) 7 (8.24) 788
Liver disease 6 (3.45) 12 (5.33) .368 11 (7.86) 1(1.18) .033
Congestive heart failure 2 (1.15) 52 (23.11) <.0001 30 (21.43) 22 (25.88) 442
Cerebrovascular disease 3(1.72) 19 (8.44) .004 11 (7.86) 8(9.41) .684
Renal disease 3(1.72) 24 (10.67) .0004 12 (8.57) 12 (14.12) 191
Obstructive pulmonary disease 22 (12.72) 52(23.21) .008 45 (32.14) 7(8.33) <.0001
Diabetes mellitus 15 (8.62) 45 (20.09) .002 23 (16.43) 22 (26.19) .078
Number of comorbid conditions <.0001 .837
0 132 (75.86) 71 (31.36) 43 (30.71) 28 (32.94)
1 29 (16.67) 101 (44.89) 65 (46.43) 36 (42.35)
>2 13 (7.47) 53 (23.56) 32 (22.86) 21(24.71)
Nursing home resident 4(2.30) 9 (4.00) 343 2(1.43) 7(8.24) .029
Smoking <.0001 468
No 43 (29.86) 87 (56.13) 52(52.5) 35 (62.50)
Yes 75 (52.08) 11 (7.10) 8 (8.08) 3 (5.36)
Ex-smoker 26 (18.06) 57 (36.77) 39 (39.39) 18 (32.14)
Alcoholism 41 (24.40) 17 (8.10) <.0001 15 (11.36) 2 (2.56) .024
Influenza vaccine in the last year 10 (5.95) 83 (44.86) <.0001 46 (38.33) 37 (56.92) .015
Pneumococcal vaccine in the last 5y 3(1.81) 11 (5.37) .074 6 (4.69) 5(6.49) 7150
Findings on physical examination
Altered mental status 9 (5.17) 30 (13.33) .007 15 (10.71) 15 (17.65) 138
Pulse >125/min 36 (20.69) 26 (11.61) .013 20 (14.29) 6(7.14) .106
Respiratory rate 230/min 39 (22.54) 59 (26.58) 357 37 (26.62) 22 (26.51) 985
Systolic blood pressure <90 mmHg 21 (12.07) 9 (4.02) .003 6(4.29) 3(3.57) 1
Temperature <35°C or 240°C 5(2.87) 2 (0.90) 248 2(1.44) 0 (0) 528
Laboratory findings
Blood urea nitrogen >30mg/dL 53 (30.46) 139 (61.78) <.0001 80 (57.14) 59 (69.41) <.0001
Glucose 2250 mg/dL 8 (4.60) 31(13.78) .002 21 (15) 10 (11.76) .0067
Hematocrit <30% 3(1.72) 7(3.11) 524 4(2.86) 3(3.53) .6472
Sodium <130 mmol/L 16 (9.20) 17 (7.56) 555 10 (7.14) 7(8.24) .8061
Pa0, <60 mmHg 54 (31.03) 134 (59.56) <.0001 79 (56.43) 55 (64.71) <.0001
Arterial pH <7.35 10 (5.75) 21(9.33) 185 14 (10) 7(8.24) .3696
Radiological findings
Bilateral or multilobar involvement 67 (38.51) 75 (33.48) 299 48 (34.29) 27 (32.14) 5538
Pleural effusion 39 (22.41) 26 (11.56) .004 15 (10.71) 11 (12.94) .0131
Severity of illness
PSI risk class <.0001 <.0001
I-111 130 (74.71) 53 (23.56) 47 (33.57) 6 (7.06)
v 36 (20.69) 119 (52.89) 67 (47.86) 52 (61.18)
A% 8 (4.60) 53 (23.56) 26 (18.57) 27 (31.76)
Antibiotic resistance
Penicillin/amoxicillin 2 (1.15) 7(3.11) 125 6 (4.38) 1(1.19) 257
Ceftriaxone 0(0) 0(0) — 0(0) 0(0) —
Erythromycin 17 (9.77) 26 (11.55) 723 15 (10.95) 11 (13.10) .631
Levofloxacin 0(0) 0(0) — 0(0) 0(0) —
Urinary antigen 553 753
Negative 43 (24.71) 46 (20.44) 29 (20.71) 17 (20)
Positive 114 (65.52) 147 (65.33) 93 (66.43) 54 (63.53)
Not measured 17 (9.77) 32(14.22) 18 (12.9) 14 (16.5)
Serotype
3+ 6A + 6B + 9N + 19F + 19A + 23F 38 (27.34) 69 (37.50) .055 42 (35.90) 27 (40.30) 553
1+7F+8+4+5 56 (40.29) 52 (28.26) .023 36 (30.77) 16 (23.88) 318
Others 45 (32.37) 63 (34.24) 125 39 (33.33) 24 (35.82) 132

Notes: PSI = Pneumonia Severity Index.

Data are presented as numbers (percentage) unless otherwise stated. Percentages exclude patients with missing data.
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The very elderly patients were more frequently classified
in the higher risk classes of the PSI (IV-V) (p < .0001).
No significant differences were found in the rates of resist-
ance to antibiotics tested. In 184 (81.77%) patients, the
pneumococcal serotypes were identified, the most frequent
serotypes being 3 (27.19%), 14 (9.23%), and 8 (8.70%),
but differences in risk of death by serotype group were not
significant.

The antibiotic treatments used are reported in Table 2.
Very elderly patients received antibiotics earlier, but the
duration of the treatment was shorter than that in the elderly
group (12.49 vs 15.02 days, p = .010).

Table 3 shows the inhospital course and outcome indi-
cators. Very elderly patients were less likely than elderly
patients to be admitted to the intensive care unit or require
mechanical ventilation, but there were no statistically sig-
nificant differences in rates of septic shock or treatment
failure during the hospital stay. Overall, 37 out of 399
(9.27%) patients died within 30 days, of whom 26 out of

225 (11.55%) were aged 65 and older. Very elderly patients
had a higher rate of both inhospital (16.47% vs 7.14%, p =
.028) and 30-day (20% vs 6.43%, p = .002) mortality, but
a significantly shorter mean hospital stay than the elderly
patients (6.89+5.37 vs 10.54+12.02, p = .014).

Table 4 summarizes the results of the univariate analy-
sis of factors potentially associated with 30-day all-cause
mortality in patients aged 65 and older. In the multivari-
ate analysis, the independent factors that were significantly
associated with 30-day mortality (Table 5) were: altered
mental status (OR: 13.18; 95% CI: 3.68-47.23; p < .0001),
respiratory rate more than or equal to 30 breaths/min (OR:
5.82; 95% CI: 1.82-18.64; p = .003), systolic blood pres-
sure less than 90 mmHg (OR: 10.90; 95% CI: 1.45-81.93;
p = .020), blood urea nitrogen more than 30mg/dL (OR:
5.41; 95% CI: 1.03-28.42; p = .046), bilateral or multilo-
bar involvement on chest x-ray (OR: 5.24; 95% CI: 1.55—
17.76; p = .008), and age (OR: 1.19; 95% CI: 1.09-1.30; p <
.0001). The area under the receiver operating characteristic

Table 2. Antibiotic Treatment and Time to Initial Administration

Age < 65 Age 2 65 65 <Age <80 Age 2 80

Process of Care (N=174) (N =225) p Value (N = 140) (N =385) p Value

Previous antibiotic treatment 11(6.32) 15 (6.67) .890 9 (6.43) 6 (7.06) .854

Appropriate antibiotic 124 (71.26) 149 (66.52) 312 93 (66.91) 56 (65.88) 875

Antibiotics within 4 h 116 (73.89) 141 (71.94) .683 78 (65.55) 63 (81.82) .013

Antibiotics within 8 h 147 (93.63) 184 (93.88) 924 110 (92.44) 74 (96.10) 372

Length of antibiotic therapy, 15.45 (7.21) 14.13 (7.10) .023 15.02 (8.10) 12.49 (4.36) .010
days, mean (SD)*

Antibiotic treatment .002 .861
fB-lactam monotherapy 32(18.39) 61 (27.23) 37 (26.62) 24 (28.24)
B-lactam/macrolide 0(0) 13 (5.80) 7 (5.04) 6 (7.06)
Fluoroquinolones 123 (70.69) 134 (59.82) 84 (60.43) 50 (58.82)

Others 18 (10.34) 16 (7.14) 11(7.91) 5(5.88)
Notes: Data are given as number (percentage) unless otherwise indicated. The percentage excluded patients with missing data.
*Deaths are excluded.
Table 3. Inhospital Evolution and Outcomes of Patients by Age Group
Age <65 Age > 65 65 <Age <80
(N=174) (N =225) p Value (N = 140) Age > 80 (N =385) p Value

Inhospital evolution
Admission to intensive care unit 55 (31.61) 37 (16.44) .001 32 (22.86) 5(5.88) .001
Use of mechanical ventilation 25 (14.37) 17 (7.56) .027 15 (10.71) 2 (2.35) .021
Septic shock 26 (16.67) 27 (13.43) 394 19 (14.96) 8 (10.81) 405
Treatment failure 28 (16.28) 44 (19.64) .389 24 (17.14) 20 (23.81) 224

Outcomes
Inhospital mortality 11(6.32) 24 (10.67) 128 10 (7.14) 14 (16.47) .028
30-d mortality 11 (6.32) 23 (10.22) 107 9 (6.43) 17 (20) .002
Early mortality 6 (4.29) 9 (10.59) .066

Length of hospital stay (d)*

Mean (SD) 10.85 (17.02) 9.25(10.31) .810 10.54 (12.02) 6.89 (5.37) .014
Median (IQR) 7 (4-11) 6 (4-9) .810 7(4-11) 5(3-8) .014

Notes: 1QR = interquartile range. Data are given as number (percentage) unless otherwise indicated. Percentages exclude patients with missing data.

*Deaths are excluded.
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Table 4. Odds Ratios (ORs) and 95% Confidence Intervals (Cls) for 30-d Mortality in Patients >65 y by Means of
Univariate Logistic Regression Analysis

30-d Mortality

Characteristics® Yes (n = 26) No (n=199) OR (95% CI) p Value
Age, mean (SD) 83.42 (8.25) 76.86 (6.78) 1.13 (1.07-1.20) <.0001
Underlying conditions

Diabetes mellitus 2 (7.69) 43 (21.72) 0.30 (0.07-1.32) 112
Nursing home resident 3(11.54) 6(3.02) 4.20(0.98-17.92) .053
Influenza vaccine in the last year 4(23.5) 79 (47) 0.35(0.11-1.11) .074
Findings on physical examination

Altered mental status 12 (46.15) 18 (9.05) 8.62 (3.47-21.43) <.0001

Respiratory rate >230/min 15 (60) 44 (22.34) 5.22 (2.19-12.42) <.001

Systolic blood pressure <90 mmHg 3(12) 6(3.02) 4.39 (1.02-18.78) .046
Laboratory findings

Blood urea nitrogen >30 mg/dL 23 (88.46) 116 (58.29) 5.49 (1.59-18.87) .007

Pa0O, <60 mmHg 20 (76.92) 114 (57.29) 2.49 (0.96-6.49) .062

Arterial pH <7.35 6 (23.08) 15 (7.54) 3.68 (1.28-10.55) .015
Radiological findings

Bilateral or multilobar involvement 17 (65.38) 58 (29.29) 4.56 (1.92-10.82) .001
Severity of illness on admission

PSI risk class, mean (SD) 4.73 (0.45) 3.84 (0.79) 9.87 (4.03-24.16) <.0001
Process of care

Antibiotics within 4 h 19 (86.36) 122 (70.11) 2.70 (0.77-9.52) 123

Notes: PSI = Pneumonia Severity Index.
*Only variables with a p < .15 are shown.

Table 5. Association Between Selected Parameters and 30-d
Mortality in Patients 265 y Analyzed by Multivariate Logistic
Regression Adjusted for All Variables Listed in Table 4

Characteristics OR (95% CI) p Value

Age (continuous) 1.19 (1.09-1.30) <.0001

Altered mental status 13.18 (3.68-47.23) <.0001

Respiratory rate >230/min 5.82(1.82-18.64) .003

Systolic blood pressure <90 mmHg 10.90 (1.45-81.93) .020

Blood urea nitrogen >30 mg/dL 5.41(1.03-28.42) .046

Bilateral or multilobar involvement 5.24 (1.55-17.76) .008
on chest x-ray

AUC 0.933

Hosmer—Lemeshow p value* 0.9332

Notes: AUC = area under the receiver operating characteristic curve; CI =
confidence interval; OR = odds ratio.

*A significant value for the Hosmer—-Lemeshow statistic indicates a signifi-
cant deviation between predicted and observed outcomes.

curve for this model for predicting mortality was 0.9332.
The model was a good fit to the data (Hosmer—Lemeshow,
p =.933).

DiscussIoN

This study provides a comprehensive evaluation of host-
related factors, process of care, and mortality risk factors
in a consecutive series of patients (age: 265 years) diag-
nosed with BPP. We found that age, altered mental status on
admission, respiratory rate more than or equal to 30 breaths/
min, low systolic blood pressure, blood urea nitrogen
more than 30 mg/dL, and bilateral multilobar involvement

are independent predictors of mortality. The very elderly
patients had poorer outcomes—inhospital and 30-day mor-
tality—despite a lack of differences between groups in the
presentation of the disease.

The differences observed in clinical presentation and
outcome as a function of age confirm that pneumonia in
patients aged 65 years and older is a different entity. In this
context, our sample is particularly interesting for three rea-
sons: (i) the type of population studied, elderly and very
elderly patients; (ii) the characteristics of the disease itself,
all the cases being patients with bacteremic pneumonia;
and (iii) the design of the study, both the sample size and
that the data were prospectively collected on consecutive
patients. To our knowledge, this is among the largest series
reported focusing on this topic.

Overall, 16% of patients in this series, mostly from the
elderly group, were to the intensive care unit. This indi-
cates the negative impact of advanced age and the type of
disease on indication for to the intensive care unit (12,13).

In this study, the mortality rate of patients aged 65 years
and older was relatively low (11.55%) compared with that
reported in other studies (10%—-30%) (14). The early use of
empirical antibiotic treatment in more than 90% of cases
(15, 16) may have a positive influence on these outcomes.
This treatment was appropriate according to the SEPAR
guidelines (9) in less than 70% of cases, however, mainly
due to the use of beta-lactams alone. Although some authors
consider such treatment to be suboptimal, there is ongoing
debate as to whether the addition of macrolides is beneficial
in this type of pneumonia (17).
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In this study, the combination of the six factors identi-
fied robustly predicts mortality as reflected in an area under
the receiver operating characteristic curve of over 0.90.
Previous studies have produced various different rules for
predicting mortality in elderly patients diagnosed with
pneumonia (18-21), but few studies have focused on the
subgroup with pneumococcal bacteremia.

The role of age as a prognostic factor for pneumonia is
controversial. Despite being the most important risk factor
related to mortality in the PSI, its usefulness has been ques-
tioned, for overestimating the risk in some patients (22,23).
Indeed, other authors have not found that age has a nega-
tive effect on survival (20,22,24,25). These findings may be
explained by age having less weight as a prognostic factor
than other host-dependent factors in series that only include
elderly patients. In contrast, in our study, after adjusting
for other factors and excluding any interactions between
independent variables, we observed a positive correlation
between age and inhospital and 30-day mortality. These dif-
ferences may be mainly attributable to the characteristics of
the patients included (invasive pneumococcal disease in all
cases), the lower number of comorbid conditions, and pneu-
mococcal vaccination. On the other hand, our findings are
consistent with those from previous studies in patients with
community-acquired pneumococcal bacteremia (26-28)
and justify the routine use of the pneumococcal vaccination
in this age group.

Altered mental status, respiratory rate more than or
equal to 30 breaths/min, low systolic blood pressure,
blood urea nitrogen more than 30 mg/dL, and bilateral or
multilobar involvement on chest x-ray are classical pre-
dictive factors of mortality included in various prognos-
tic scales validated both for the general (7,29) and elderly
populations (24). Our results show that mortality is mainly
associated with the severity of the infectious condition
itself. The lack of statistically significant differences in
the process of care between patients who died and those
who survived and the early mortality rate of more than
60% may explain these results. In contrast, the presence
of comorbidities was not related to a poorer prognosis,
despite previous reports of an association with both the
number (28) and severity of comorbidities in the short (30)
and long term (15).

Our study has some limitations:

1. The most important limitation was the lack of func-
tional assessment. Functional status, in addition to
PSI, could provide information about mortality with-
out overestimating the risk related to chronological age
(21,22).

2. The analysis of the mortality risk factors was performed
for all patients aged 65 years and older and not sepa-
rately in the subgroups by age, given that the small num-
ber of patients who died would weaken the statistical
power of the tests used.

3. In the multivariate analysis, we did not adjust for the use
of antibiotic therapy including macrolides, given that
this was prescribed in only 13 patients.

4. Only a small number of institutionalized patients were
included; therefore, it is not possible to draw conclu-
sions for this subgroup of the population.

To summarize, this study demonstrates that in a large popula-
tion of patients (age: 265 years) diagnosed with BPP, the very
elderly group have poorer outcomes despite a lack of statisti-
cally significant differences in host-related factors or the pro-
cess of care compared with the younger elderly group. We
also found that mortality is mainly associated with age and the
severity of the infectious condition itself. Adequate early empir-
ical antibiotic treatment has a very important role in the design
of strategies for improving the process of care in these patients.
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Abstract

Background: Limited data are available regarding fit and healthy patients with pneumonia at different ages. We
evaluated the association of age with clinical presentation, serotype and outcomes among healthy and well-
functioning patients hospitalized for bacteremic pneumococcal community—acquired pneumonia.

Methods: We performed a prospective cohort study of consecutive healthy and well-functioning patients hospitalized
for this type of pneumonia. Patients were stratified into younger (18 to 64 years) and older (265 years) groups.

Results: During the study period, 399 consecutive patients were hospitalized with bacteremic pneumococcal
pneumonia. We included 203 (50.8%) patients who were healthy and well-functioning patients, of whom 71 (35%)
were classified as older. No differences were found in antibiotic treatment, treatment failure rate, antibiotic resistance,
or serotype, except for serotype 7F that was less common in older patients. In the adjusted multivariate analysis, the
older patients had higher 30-day mortality (OR 6.83; 95% CI 1.22-38.22; P = 0.028), but were less likely to be admitted
to the ICU (OR 0.14; 95% Cl 0.05-0.39; P < 0.001) and had shorter hospital stays (OR 0.71; 95% Cl 0.54-0.94; P = 0.017).

Conclusions: Healthy and well-functioning older patients have higher mortality than younger patients, but
nevertheless, ICU admission was less likely and hospital stays were shorter. These results suggest that the aging process
is a determinant of mortality, beyond the functional status of patients with bacteremic pneumococcal pneumonia.

Keywords: Bacteremic pneumococcal pneumonia, Community-acquired pneumonia, Pneumonia in older people

Background

The incidence of pneumonia and associated mortality
are higher in older than younger people. Pneumonia is
the third most frequent cause of hospitalization in pa-
tients aged 65 years or over [1], streptococcus pneumo-
niae being the main pathogen isolated. Bacteremic
pneumococcal pneumonia constitutes a severe subgroup
with its own features.
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Many previous studies have found that the mortality
risk among older patients with pneumonia depends on
the severity of the lung infection, and adequacy of the
response to the infection and other host factors includ-
ing comorbidities and low functional status [2, 3]. Age-
ing is among the most important known risk factors for
most chronic diseases.

Older patients with pneumonia tend to have multiple
comorbid chronic conditions leading to loss of func-
tional independence and an inadequate response to the
infectious process. The role of age in mortality predic-
tion is controversial due to interactions between age and
comorbidities. Further, pneumonia itself can trigger
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acute mobility impairment and delirium in this popula-
tion. All of these factors are markers of frailty and in-
crease the likelihood of poor outcomes [4—6]. Frailty
refers to an individual’s increased susceptibility towards
adverse clinical events, and it is becoming recognized
that frailty represents a dynamic geriatric syndrome dis-
tinct from, but overlapping with, comorbidities and dis-
ability [7-9]. On the other hand, improvements in social
and health conditions together with a rise in life expect-
ancy have resulted in an increase in the number of
“healthy” and well-functioning older people. There is
limited information, however, regarding process of care
and outcomes of common medical conditions requiring
hospital admission in this subgroup of fit and healthy
older patients.

Aging is characterized by progressive tissue degener-
ation leading to a negative effect on the structure and
function of vital organs even in the absence of comorbid
illness [10]. For this reason, we hypothesized that the
survival of healthy older patients would be poorer than that
in younger patients. To test this hypothesis, our aim was to
assess the association of age with clinical presentation,
serotype, process of care and outcomes among healthy and
well-fitted older patients hospitalized for bacteremic
pneumococcal community—acquired pneumonia.

Methods

Study design and population

This was a prospective observational study of consecu-
tive patients hospitalized for bacteremic pneumococcal
pneumonia (positive blood culture taken within 24 h
after admission) in two tertiary medical centers. The
study was conducted between January 2002 and January
2010. The ethics committees of Cruces and Galdakao
Hospitals approved the study.

The healthy and well-functioning patients” state con-
dition was assessed using the Clinical Frailty Scale (CES)
[11]. This tool provides a quick and easy estimation
based on clinical judgment and quantifies frailty on a
scale ranging from 1 (very fit) to 9 (terminally ill). Each
patient was assigned a score on the CFES by two seniors
researchers using data extracted from Cruces/Galdakao
prospective pneumonia registry. For the purpose of the
study, we only included patients who were considered
independent in activities of daily living and had no med-
ical comorbidities (categories 1, “very fit”, and 2, “well”, of
the CES). These patients were stratified into two groups
according to their age: 1) younger adults (18—64 years);
and 2) older adults (> 65 years).

Study variables

Since 2000, there has been an ongoing prospective and
standardized registry of all patients hospitalized for
pneumonia in our two hospitals. This registry includes
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multiple variables characterizing patients and their
pneumonia. For eligible patients, we assessed data on
socio-demographic characteristics (including ability to carry
out basic activities of daily living, self-care activities and
regular physical activity), medical comorbidities, influenza
and pneumococcal vaccination status, vital signs, results of
routine laboratory tests, including the pneumococcal urin-
ary antigen test, and radiological findings on admission. Pa-
tients were empirically treated in accordance with the
National Guidelines of the Spanish Society of Pulmonology
[SEPAR] [12] at the discretion of the attending doctor. The
severity of patients’ clinical condition was assessed on ad-
mission using the CURB-65 score [13]. All survivors were
followed up to 30 days after discharge or until complete
radiological resolution.

Two consecutive blood cultures were taken for all pa-
tients within 24 h after hospital admission. Tests were
conducted to assess the susceptibility of Streptococcus
pneumoniae to the following antibiotics: penicillin, cef-
triaxone, erythromycin and levofloxacin. Pneumococcal
serotypes were assessed and grouped according to the
associated risk of mortality into the following categories:
1) high risk, serotypes 3, 6A, 6B, 9 N, 19F, 19A, and 23F;
2) intermediate risk, serotypes 9 V, 12F, 14, and 22F; and
3) low risk, serotypes 1, 7F, 8, 4 and 5 [14].

Clinical outcomes

To assess the treatment, the following variables were
studied: 1) appropriateness of the empirical antibiotic used
(according to the recommendations of the Spanish Society
of Pulmonology [SEPAR]) [12]; 2) and 3) whether anti-
biotic treatments were started within 4 or 8 h after arrival
at the emergency department, respectively; and 4) the
class of antibiotics administered.

Clinical in-hospital course and outcome measures in-
cluded: 1) admission to the intensive care unit (ICU); 2)
use of invasive mechanical ventilation; 3) septic shock;
4) in-hospital, early (< 48 h) [15] and 30-day mortality;
5) treatment failure; 6) length of hospital stay; and 7)
30-day readmission.

Definitions

Pneumonia was defined as the presence of new pulmon-
ary infiltrate on the chest X-ray together with signs and
symptoms suggestive of lower respiratory tract infection.
Septic shock was defined as a systolic blood pressure of
less than 90 mmHg and a need for vasopressor drugs for
at least 4 h, after fluid therapy [16]. Treatment was con-
sidered to have failed when patients’ clinical condition
worsened during their hospital stay with: hemodynamic
instability; appearance or worsening of respiratory failure;
a need for mechanical ventilation; progression of the
pneumonia, as indicated by radiological findings or the
appearance of a new focus of infection; or persistence or
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reappearance of fever, if a change of treatment was re-
quired [17]. The diagnosis of altered mental status was
based on observation that the patient’s mental state was
not normal and that this was a new phenomenon. Comor-
bidities including the follow conditions: chronic respiratory
disease, diabetes mellitus, chronic cardiovascular disease,
neurologic disease, liver disease and chronic renal disease.

Statistical analysis

Descriptive analysis was undertaken, using frequencies
and percentages, means and standard deviations (SDs)
or medians and interquartile ranges (IQRs). Patient char-
acteristics were compared between the groups (younger
vs older patients), as were variables related to treatment,
serotypes, in-hospital course and outcomes. Compari-
sons were performed with chi-square or Fisher’s exact
tests for qualitative variables, and with t tests or non-
parametric Wilcoxon tests for quantitative variables.

Univariate logistic regression models were used to
compare in-hospital course and clinical outcomes be-
tween the groups. Then, multivariate logistic regression
models were built adjusting for CURB score (as a continu-
ous variable), variables with p < 0.05 and other variables
considered clinically relevant in the univariate analysis as
potential independent variables. The results are reported
as odds ratios (ORs) and 95% confidence intervals (CIs),
considering the younger patients (age < 65 years) as the
reference group. For comparing length of stay, a general
linear model was used, and due to their skewed distribu-
tion, these data were log-transformed. Hence, the results
are given as the exponential of the estimated beta param-
eter, indicating how many times longer the mean stay of
older patients was than that of younger patients.

A P value <0.05 was considered statistically significant.
All the statistical analysis was performed using the
SAS software for Windows version 9.2 (SAS Institute,
Cary, NC).

Results

During the study period, a total of 4978 consecutive pa-
tients diagnosed with pneumonia were hospitalized in our
two hospitals, including 399 with bacteremic pneumococ-
cal pneumonia. Of these, 203 (50.8%) were healthy and
well-functioning, 132 patients being <65 years and 71
being 65 years old or older.

Table 1 summarizes the baseline characteristics of all
patients stratified by age. Younger patients were more
often smokers and heavy drinkers, and were more likely
to have higher heart rate and hypotension, while more
of the older patients had altered mental status at admis-
sion. In addition, the older patients were more likely to
have severe hypoxemia and elevated blood urea nitrogen
levels. No statistically significant differences were ob-
served in urinary antigen test or radiological imaging
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Table 1 Demographic and clinical characteristics at admission

Characteristics Age < 65 years Age = 65 years P value

(N=132) (N=71)
Demographics
Male sex 92 (69.7) 36 (50.7) 0.007
Age (years), mean (SD) 4367 (11.7) 78.27 (8) <0.001
Vaccination status
Influenza vaccine 3(23) 23 (41) <0.001
Pneumococcal vaccination 0 (0) 1(1.6) 0.322
Current tobacco use 63 (56.2) 2 (4.8) <0.001
Heavy drinker (> 80 mg 29 (22.3) 6 (8.7) 0.016
alcohol/day)
Clinical characteristics at admission
Body temperature (°C), 38.05 (1.1) 3782 (1.1) 0.239
mean (SD)
Respiratory rate, mean (SD) 2250 (6.8) 25.06 (6.7) 0.004
Heart rate, mean (SD) 10843 (21) 97.70 (17.6) <0.001
Altered mental status 3(22) 12 (16.9) <0.001
Systolic blood 17 (12.8) 1(14) 0.006
pressure < 90 mmHg
Laboratory and radiological findings
BUN >30 mg/dL 36 (27.2) 38 (53.5) <0.001
Pa0, < 60 mmHg 39 (29.5) 47 (66.2) <0.001
CRP (mg/dL), mean (SD) 3523 (183) 2853 (184) 0.191
Multilobar pneumonia 53 (40.1) 22 (31.4) 0222
Pleural effusion 29 (219 8(11.2) 0.059
Urinary antigen positive 87 (71.3) 51 (83.6) 0.068
Antibiotic resistance
Penicillin/amoxicillin 1(0.7) 229 0.267
Ceftriaxone 0 (0) 0 (0) —
Erythromycin 12 9.1) 7 (10.2) 0.783
Levofloxacin 0(0) 0(0) —
CURB-65 score <0.001
0-l 96 (72.7) 4 (5.6)
2 31 (234 38 (53.5)
3-5 5(3.7) 29 (40.8)

Data are given as frequency (percentage) unless otherwise stated. Percentages
exclude patients with missing data
SD Standard deviation, CRP C-reactive protein, BUN Blood urea nitrogen

results. The older patients were more frequently classi-
fied in the higher risk classes of the CURB-65 score (3 to
5) (P < 0.001). None of the eligible population for this
study had previously been in long-term care facilities.
The antibiotic treatments used are reported in Table 2.
Treatment duration was shorter in the older group (13.6
vs 15.7 days, P = 0.022). The most common single anti-
biotic class administered was fluoroquinolones in both
groups and differences in antibiotic class and treatment
failure rate were not significant. Further, no significant
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Table 2 Indicators for healthy and well-functioning hospitalized patients with pneumococcal pneumonia
Process of care Age < 65 years Age 2 65 years P value
(N=132) (N=71)
Prior antibiotic treatment 8 (6.1) 9(126) 0.104
Antibiotic within 4 h 88 (71.5) 46 (69.7) 0.789
Antibiotic within 8 h 115 (93.5) 59 (89.3) 0.320
Appropriate antibiotic 96 (72.7) 51 (71.8) 0.891
Length of antimicrobial treatment, days, mean (SD) 15.71 (7.3) 1361 (9.12) 0.022
Antibiotic treatment 0.364
Beta-lactam 21 (159) 17 (23.9)
Fluorquinolones 95 (71.9) 47 (66.2)
Others 16 (12.1) 7 (9.8)
Combination therapy including a macrolide 0(0) 4 (5.6) 0017
Treatment failure 16 (12.3) 12 (17.1) 0.347

Data are given as frequency (percentage) unless otherwise stated. Percentages exclude patients with missing data

SD Standard deviation

differences were found in the rates of resistance to antibi-
otics tested. Beta-lactam in combination with a macrolide
was only prescribed in four patients, all of them elderly.

Serotype analysis was performed in 165 out of the 203
patients (81.2%), and the serotype distribution was found
to vary widely. The most frequent serotypes are listed in
Table 3. Of them, serotype 7F was more frequently iden-
tified in younger patients. No significant differences were
observed in the rest of serotypes studied, either separ-
ately or clustered by the associated risk of death.

Table 4 presents the in-hospital course and clinical
outcome indicators. The older patients were less likely
to be admitted to the ICU. Overall, 13 out of 203 (6.4%)
patients died within 30 days. Five of these (two 265 years
old) had been admitted to the ICU. The older patients
had higher in-hospital (12.6% vs 2.2%, P = 0.004), early
(8.4% vs 0.7%, P = 0.008) and 30-day (14.1% vs 2.2%,

Table 3 Serotype distribution by age group

P = 0.001) mortality. There were no significant differences
in 30-day readmission rate between groups. In the ad-
justed multivariate analysis, the older patients had higher
30-day mortality (OR 6.83; 95% CI 1.22—-38.22; P = 0.028),
but were less likely to be admitted to the ICU (OR 0.14;
95% CI 0.05-0.39; P < 0.001) and had shorter hospital
stays (OR 0.71; 95% CI 0.54—0.94; P = 0.017) than the
younger patients.

Discussion

The results of this study show that the mortality of healthy
older people hospitalized for bacteremic pneumococcal
pneumonia is higher than that of younger adult patients
(<65 years old) with the same characteristics, independent
of the serotype, severity and the type of care provided.
Despite their good baseline health and functional status,
ICU admission rates are lower in patients =65 years old.

Serotype Age < 65 years Age 2 65 years P value
(N=132) (N=71)
3 17 (16) 15 (254) 0.143
4 11 (10.3) 2(33) 0.138
8 9 (84) 4(6.7) 0.772
1 15 (14.1) 7(11.8) 0678
19A 9 (84) 584 0.997
14 54.7) 3(5.) 1
7F 19 (17.9) 4(6.7) 0.033
22 4(3.7) 3(5.0) 0.701
Clusters
High risk (3 + 6A+ 6B + 9 N + 19F + 19A + 23F) 28 (26.4) 22 (37.2) 0.145
Intermediate risk (9 V + 12F + 14 + 22F) 8 (7.5) 5(84) 1
Low risk (1 + 7F + 8 + 4 + 5) 44 (41.5) 17 (28.8) 0.105

Data are given as frequency (percentage). Percentages exclude patients with missing data
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Table 4 In- hospital and 30-day outcomes by age group
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Outcome Measures

Non-adjusted analysis

Adjusted analysis®

Age < 65 years  Age 2 65years  Pvalue  Odds ratio (95% Cl) P value
(N =132 (N=71)
In-hospital mortality 32 9 (12.6) 0.004 6.24 (1.63-23.87) 422 (0.75-23.69) 0.101
Early mortality 1(07) 6 (84) 0.008 12.09 (143-102.51) 434 (036-5236) 0248
30-day mortality 3(22) 10 (14.1) 0.001 7.05 (1.87-26.54) 6.83 (1.22-38.22) 0.028
Intensive care unit 38 (287) 2(16.9) 0.060 0.50 (0.24-1.04) 0.14 (0.05-0.39) <0.001
Invasive mechanical ventilation 13 (9.8) 4 (5.6) 0301 0.55 (0.17-1.74) 0.32 (0.08-1.32) 0.114
Septic shock 16 (134) 8(12.7) 0.887 0.94 (0.38-2.33) 0.59 (0.19-1.90) 0377
Length of hospital stay, days®
Mean (SD)° 11.02 (17.7) 750 (82) 0.809 0.85 (0.64-1.13) 0.71 (0.54-0.94) 0017
Median (IQR) 6 (4-10) 5(3-8) 0.809
30-day readmission 220 1(1.7) 1 0.83 (0.07-9.40)

Odds ratios are calculated considering the group of patients with age < 65 years old as the reference group
@Adjusted analysis: Odds ratio adjusted for CURB (as a continuous variable), sex, heavy drinking, PaO, < 60 mmHg, appropriate antibiotic and antibiotic within 4 h

PDeaths are excluded

For the comparison of length of hospital stay as a continuous variable, a general linear model was used, and due to the skewed distribution of length of stay,
these data were log-transformed. Hence, data is given as the exponential of the estimated beta parameter, indicating how many times longer the mean stay of
patients >65 years was than that of those <65 years old. Cl, confidence interval; IQR interquartile range; SD, standard deviation

The interest of our study lies in the type of population
studied. To our knowledge, this is the first study specifically
focused on the subgroup of healthy and well-functioning
young and older adults with bacteremic pneumococcal
pneumonia.

In developed countries, the prognosis of pneumonia in
older people has changed in the last decade, mainly due
to improvements in healthcare and social conditions. As
a consequence, it has recently been proposed that diag-
nostic and therapeutic decisions should be based more
on the patients’ degree of frailty than their age [18, 19].
This concept may be a better reflection of biological
than chronological age. Nevertheless, frail is not syno-
nym for having comorbidities or functional limitations;
rather it is recognized as a distinct clinical syndrome
characterized by a decrease in physiological reserve and
resistance to stressful situations, making individuals
more vulnerable to health problems [9]. There is no
consensus, however, as to how frailty should be assessed.
There are many definitions, the majority of which are
based on complex scales and which have not gained
acceptance among practicing clinicians [20]. The
CSHA Clinical Frailty Scale is a simple and reprodu-
cible tool that provides a realistic and simple way to
assess the reality of these patients in different medical
conditions [21, 22].

The prevalence rates of chronic disease and functional
impairment in adults increase proportionally with age
[23]. Nonetheless, the contribution of underlying dis-
eases to outcomes in patients with pneumonia remains
somewhat controversial [24—26]. Further, a recent study
has shown that serotype rather than the presence of

comorbidities is the most important risk factor for the
development of respiratory failure in patients with
pneumococcal pneumonia [27]. Conversely, evidence on
the role of functional status seems to be one of the most
consistent predictors of poor clinical outcomes [28, 29].

Several studies have investigated the association be-
tween frailty and outcomes in hospital and after
discharge but none of them to our knowledge have been
designed to compare healthy and well-functioning pa-
tients stratified by age [21, 30, 31]. Although there are
no specific studies on this population, it is generally as-
sumed that there are no significant differences between
the management of older and younger patients with the
same characteristics [18]. In this study, however, we found
that older patients have higher 30-day mortality. Other au-
thors have reported a poorer prognosis for pneumonia in
elderly patients without comorbidities but none of these
studies have been adjusted for severity [32, 33].

The reason for this poorer outcome is not clear. Des-
pite the fact that we have previously reported that mor-
tality in elderly patients with bacteremic pneumococcal
pneumonia is associated with age and the severity of the
infectious condition itself, the role of age as a prognostic
factor is controversial [34, 35]. From a theoretical point
of view, a healthy non-frail patient might represent a
good model for studying the effect of ageing itself on the
management and prognosis of multiple diseases. In our
study, given the lack of significant differences in the class
of antibiotics provided and virulence of the serotype in-
volved, age seems likely to be relevant to prognosis. In
fact, a causative role of immunosenescence in the out-
come of older patients seems highly plausible [36]. Aging
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is associated with changes in immune response impair-
ment of alveolar macrophage function and increases in
cellular apoptosis during sepsis, leading to a greater sever-
ity of infection [37]. Nevertheless, other authors have re-
ported that age itself did not have any impact on
mortality in patients with one or no comorbid condi-
tions, except for those aged 80 years and older [38].
In our study, we cannot exclude in a subgroup of pa-
tients a pre-frail stage revealing a vulnerable state of
relatively low physiological reserve to respond ad-
equately to any acute clinical deterioration. Such a
state may identify a subset of patients who are at
high risk of progressing to frailty or reverse to non-
frail under external stressors [9].

On the other hand, it is recognized that age itself is an
important limiting factor for ICU admission, independ-
ent of baseline status and severity of illness [39-42].
However, to our knowledge no previous studies have fo-
cused on older patients who were fit and “healthy”.
Given the progressive aging of the population, we should
consider changing ICU admission criteria to take into
account biological age, more than chronological age.

Our study has some limitations: 1) We have not used
any functional assessment scale, and hence, we cannot
completely rule out a certain degree of functional limita-
tion in some patients. The effect of any misclassification
in this study would be limited, because according to some
authors self-reported measures of mobility limitation are
well correlated with other objective scales [43, 44]. 2) Due
to the characteristics of our registry, we may not have ad-
equately identified the subgroup of “vulnerable” patients
(CES = 3, 4), namely, those who are not dependent but do
have some limitations and complain of being “slowed up”
or tired [11, 30]. Although such patients should not be
considered frail, we cannot rule out a pre-frail state having
contributed to the poor outcome in some patients. Fur-
ther, we have not assessed the role of concomitant medi-
cations that could have influenced the outcome of these
patients [45]. 3) There was a low rate of inpatient death,
and this is reflected in wide Cls. This is attributable to the
type of population eligible for this study and the marked
reduction in mortality among pneumonia patients in re-
cent years. 4) The observational study design could have
introduced bias. In particular, decisions on the process of
care were left to the discretion of the managing physicians.
The effect of this potential source of heterogeneity may be
limited by the high degree of reliability and prospective
collection of data, together with the adjustment for poten-
tial confounding variables. Given this and to avoid pos-
sible age bias, the multivariate logistic regression models
adjusted for CURB score (excluding age). In our opinion,
this design represents a realistic approach to investigate
the real-world care of patients with pneumonia. Despite
these limitations, we believe that this study has produced
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important findings that should be considered in the man-
agement of older patients.

Conclusions

In this study, we have described the observation that
bacteremic pneumococcal pneumonia in healthy and
well-functioning older patients behaves as a clinical en-
tity distinct from that in younger patients, and notably,
outcomes are poorer in the older age group. These dif-
ferences in survival do not seem to be explained by
process of care or serotype. Future multicentre studies
are required to confirm these results. In the meantime,
we suggest that biological age should be more routinely
assessed to guide clinical decision making in older pa-
tients in general and, in particular, to help clinicians
identify older patients with pneumonia who might bene-
fit from ICU admission.
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Objetives: To assess the incidence, related factors, timing and duration of new- onset atrial fibrillation in
a cohort of consecutive patients diagnosed with pneumococcal pneumonia.
Methods: Observational study including all immunocompetent adults hospitalized for pneumococcal
pneumonia. Patients were classified by time (atrial fibrillation recognized on emergency room arrival or
developed during hospitalization) and duration (paroxysmal or persistent). Patients were followed-up for
6 months after discharge.
Results: We included 1092 patients, of whom 109 (9.9%) had new-onset atrial fibrillation. An early event
was documented in 87 (79.8%) cases. Arrhythmia was classified as paroxysmal in 78 patients. Older age,
heavy drinking, respiratory rate > 30/minute, leukopenia, severe inflammation and bacteremia were inde-
pendent risk factors for developing new-onset atrial fibrillation on admission. Overall, 48 (4.4%) patients
died during hospitalization, the rate being higher in those patients who developed new-onset arrhythmia
(17.9% vs 2.9% p<0.001). Among patients with events recognized at admission, in-hospital mortality was
higher in those with persistent arrhythmia (34.8% vs 6.3%, p=0.002) and 6-month survival was better
among those who developed paroxysmal event.
Conclusions: The development of new-onset atrial fibrillation was associated with pneumonia severity,
and higher in-hospital mortality. Bacteremia and severe systemic inflammation were factors associated
with its development.

© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Introduction hospitalization®. Moreover, it has been recognized that pneumo-

nia is associated with poor long-term outcomes after hospital

Community-acquired pneumonia is the leading cause of mor-
tality in patients with infection'. Overall, Streptococcus pneumo-
niae is the most commonly identified pathogen in pneumonia,
being responsible for the highest rates of bacteremia, hospital ad-
mission and mortality?. The prognosis of patients with pneumo-
coccal pneumonia has not changed in the last decade in spite
of improvements in the quality of the process of care during

* Corresponding author.
E-mail address: luisalberto.ruiziturriaga@osakidetza.eus (L.A. Ruiz).
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admission*-6,

The development of cardiac complications in general and new-
onset atrial fibrillation (AF) in particular has been documented in
a substantial number of patients hospitalized for pneumonia’~1°,
Mechanisms responsible for these conditions have yet to be clearly
elucidated and probably reflect the impact of inflammation and
potential “cardiotoxicity” of a specific pathogen on host condi-
tion'!"12. The host-pathogen interaction might be especially rele-
vant in patients with bacteremia due to their elevated inflamma-
tory response'>. If so, we could speculate that the development
of a new-onset AF itself could be considered a surrogate marker

0163-4453/© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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1755 patients admitted with
pneumococcal pneumonia

1318 assessed for eligibility
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12 patients

lost to follow-up

1306 eligible
for the study

- 171 (13%) chronic stable
- 43 (3.3%) worsened

214 patients with preexisting arrhythmia:

1092 patients evaluated

109 (9.9%) new-onset
atrial fibrillation

| |
87 (79.8%) new-onset 22 (20.2%) new- onset
recognized on emergency developed during
room admission hospitalization

64 paroxysmal

14 paroxysmal

23 persistent

8 persistent

Fig. 1. Flow of patients admitted with pneumococcal pneumonia through the study.

of primary severity of pneumonia at hospital admission and
might identify a subgroup of patients at increased risk of death.
Nonetheless, it remains unclear whether pneumonia truly in-
creases the risk of new-onset AF or whether this complication is
a consequence of the interaction of exogenous factors in the host.
For this reason, studies designed to describe these factors associ-
ated with new-onset AF, especially on admission, could be impor-
tant to clarify this point.

Given this, the objectives of our study were to assess the in-
cidence, timing and duration of a new-onset AF in a prospective
cohort of patients with pneumococcal pneumonia requiring hospi-
tal admission and to identify predictive factors associated with this
condition.

68

Materials and methods
Study design and population

This was a cohort observational study based on the analysis
of data from a prospective registry of consecutive immunocompe-
tent adults hospitalized for pneumococcal pneumonia in two ter-
tiary medical centers. The study was conducted between January
2002 and July 2019. The bacteriological diagnosis of pneumococ-
cal pneumonia was based on the results of urinary antigen testing
and/or blood culture obtained within 24 h after hospital admission.
To evaluate the role of pneumococcal bacteremia, we limited the
analysis to patients for whom blood culture results were available.
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Table 1
Demographic and clinical characteristics of patients with pneumococcal pneumonia stratified by whether and when they developed atrial fibrillation.
No event New-onset P+ New-onset AF presented pr*
(n=983) AF (n=109) on ER admission (n=387)

Demographic variables
Male sex 583(59.3) 75(68.8) 0.055 57(65.5) 0.258
Age in years, mean (SD) 60.7(17.6) 70.1(12.5) 0.001 67(17.33) 0.001
Nursing home resident 23(2.3) 4(3.7) 0.396 4(4.6) 0.269
Current smoker 306(31.9) 35(32.1) 0.855 30(34.5) 0.535
Heavy drinker *** 116(12.2) 24(23.5) 0.001 19(23.5) 0.004
Underlying conditions
Cancer (4) 5(4.6) 0.755 2(2.3) 0.768
Liver disease 37(3.8 9(8.3) 0.027 6(6.9) 0.153
Renal disease 40(4 5(4.6) 0.796 3(3.4) 0.999
Chronic obstructive pulmonary disease 176(17.9) 30(27.5) 0.015 23(26.4) 0.049
Diabetes mellitus 152(15.5) 19(17.4) 0.592 12(13.8) 0.676
Cerebrovascular disease 46(4.7) 7(6.4) 0.422 5(5.7) 0.599
Congestive heart disease 46(4.7) 5(4.6) 0.965 4(4.6) 0.999
Coronary disease 8(0.8) 0(0) 0.381 0(0) 0.999
Arterial hypertension 334(34) 53(48.6) 0.002 43(49.4) 0.004
Hyperlipidemia 256(26) 30(27.5) 0.739 23(26.4) 0.936
Vaccination status
Influenza vaccine 230(24.3) 37(36.3) 0.008 32(39.5) 0.003
Pneumococcal vaccination 104(10.9) 12(11.4) 0.881 9(10.7) 0.948
Clinical characteristics at admission
Mean number of days with symptoms prior to hospital admission (SD) 3.8(2.8) 3.8(2.6) 0.906 3(2.9) 0.355
Prior antibiotic treatment for the current illness 99(10.1) 5(4.6) 0.064 5(5.7) 0.192
Body temperature < 35 or >40 °C) 6(0.6) 0(0) 0.531 0(0) 0.999
Altered mental status 87(8.9) 16(14.7) 0.048 11(12.6) 0.240
Systolic blood pressure < 90 mm Hg 89(9.1) 17(15.6) 0.029 0(11.5) 0.451
Diastolic blood pressure < 60 mm Hg 343(34.9) 40(36.7) 0.708 29(33.3) 0.770
Respiratory rate > 30/min 179 (18.3) 50 (45,9) <0.001 36 (41.6) <0.001
Laboratory and radiological findings
Blood urea nitrogen > 30 mg/dL 314(31.9) 70(64.2) 0.001 49(56.3) 0.001
Pa0O, < 60 mm Hg 399(40.6) 61(56) 0.002 47(54) 0.015
Glucose>250 mg/dL 73(7.4) 10(9.2) 0.514 5(5.7) 0.564
Hematocrit < 30% 31(3.2 4(3.7) 0.772 4(4.6) 0.521
Blood pH < 7.35 51(5.2 18(16.5) 0.001 10(11.5) 0.026
Leukocyte count < 4000 (x10°/L) 38(3.9 12(11) 0.001 9(10.3) 0.011
Inflammation

Mild (ref) 212(21.6) 14(12.8) 0.013 11(12.6) 0.034

Moderate 264(26.9) 23(21.1) 19(21.8)

Severe 507(51.6) 72(66.1) 57(65 5)
Multilobar pneumonia 308(31.3) 51(46.8) 0.001 39(44.8) 0.010
Pleural effusion 107(10.9) 16(14.7) 0.235 11(12.6) 0.616
Positive urinary antigen test 851(86.6) 101(92.7) 0.189 80(92) 0.470
Positive blood culture 403(41 57(52.3) 0.023 47(54) 0.018
Severity of illness on admission
PSI risk class > 3 407(41.4) 85(78) 0.001 63 (72.4) 0.001

p*: No event vs new-onset AF. p**: No event vs new-onset AF presented on emergency room admission. *** Heavy drinking was defined as consuming an average of 8 or
more drinks per week for women and 15 or more drinks for men. AF: atrial fibrillation; ER: emergency room. PSI: Pneumonia Severity Index.

We excluded patients who had been diagnosed with pneumonia
in the previous 3 months or with preexisting paroxysmal, chronic
stable or worsening AF.

Eligible patients were stratified into three groups according to
whether they developed AF, and if so, the timing: 1) no AF de-
tected; 2) new-onset AF (including both, cases recognized on emer-
gency room [ER] arrival and cases developed during hospitaliza-
tion); or 3) new-onset AF recognized on admission to the ER).

The severity of patients’ clinical condition was assessed on ad-
mission using the Pneumonia Severity Index (PSI)'. The study pro-
tocol was approved by the Comité de Etica de Investigacién con
Medicamentos de Euskadi (approval number EPA2019043).

Data collection

Since 2002, there has been an ongoing standardized prospective
registry of all patients hospitalized for pneumonia in our two hos-
pitals. For eligible patients, we assessed data on socio-demographic
characteristics, comorbidities, influenza and pneumococcal vacci-
nation status, vital signs, results of routine laboratory tests, includ-
ing the pneumococcal urinary antigen test and blood cultures, and
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radiological findings on admission. Measures of in-hospital clini-
cal course and outcome included: 1) development of in-hospital
complications including cardiovascular, hematological, respiratory
and neurological events; 2) admission to the intensive care unit
(ICU); 3) use of invasive mechanical ventilation; 4) septic shock; 5)
in-hospital mortality; and 6) length of hospital stay. Patients were
empirically treated in accordance with the current National Guide-
lines of the Spanish Society of Pulmonology [SEPAR] at the discre-
tion of the attending doctor'. All patients were followed-up after
hospitalization until the resolution of the pneumonia.

Outcome

The primary outcomes were the occurrence of a new-onset AF,
either early or late and factors associated with it. Secondary out-
comes included the timing and duration of new-onset atrial ar-
rhythmia and its role in all-cause mortality, both in-hospital and at
6-months after discharge. Survival status after hospitalization was
assessed using data from the database of the Basque Health Service
(Osakidetza) on 31th December 2019.
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Fig. 2a. Patients who developed new-onset AF stratified by time of onset (on ER admission or during hospitalization) in each PSI risk class.
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Fig. 2b. Patients who developed a new-onset AF stratified by duration (paroxysmal or persistent) in each PSI risk class.

Definitions

Pneumonia was defined as the presence of new pulmonary in-
filtrate on the chest X-ray together with signs and symptoms sug-
gestive of lower respiratory tract infection. Septic shock was de-
fined as systolic blood pressure of less than 90 mm Hg and a need
for vasopressors for at least 4 h, after fluid therapy!®.

New-onset AF was defined as an episode of AF in patients with
no previous diagnosis of this condition before hospital admission.
Such events were then classified according to time of presentation
as: 1) AF recognized on the basis of the analysis of electrocardio-
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gram performed on admission to the ER; or 2) late, if the event
was not detected on admission but rather developed during hospi-
talization. Additionally, considering the duration, cases of incident
AF were classified as: 1) paroxysmal, i.e., the event resolved (spon-
taneously or with medication) during hospitalization; or 2) persis-
tent, i.e., patients continued to have the arrhythmia at the time of
death or hospital discharge.

Moderate inflammation was defined as a C-reactive protein
level of 70-150mg/L or white cell count of 15-30 x 10°/L. Severe
inflammation was defined as a C-reactive protein level greater than
150 mg/L or white cell count greater than 30 x 10%/L17.
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Fig. 3a. In-hospital course and outcomes in patients with new-onset AF stratified by time of onset (on emergency room admission or developed during hospitalization).

60 1 p<0.001

ICU

IMV

B No event
O Paroxysmal new-onset AF

@ Persistent new-onset AF

In-hospital mortality

ICU: Intensive care unit; IMV: Invasive mechanical ventilation; ER: emergency room.

Fig. 3b. In-hospital course and outcomes in those patients with new-onset AF recognized on ER admission stratified by duration (paroxysmal or persistent).

Statistical methods

Descriptive analysis was undertaken using frequencies and
percentages, means and standard deviations (SDs) or medians
and interquartile ranges (IQRs) depending on the distribution
of the data. Comparisons were performed with chi-square or
Fisher's exact tests for qualitative variables and with t tests
or non-parametric Mann-Whitney U tests for quantitative vari-
ables. Patient survival was analyzed using the Kaplan-Meier
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method. The log-rank test was used to compare survival between
groups.

Univariate logistic regression was performed to identify factors
related to the development of new-onset atrial arrhythmia. All
variables with a p < 0.10 were then included in a multivariate re-
gression model. Variables with the highest p values were excluded
one by one until all variables had a p value <0.05. The results
were expressed as odds ratios (ORs) and 95% confidence intervals
(95% ClIs). The discriminatory power of the model was evaluated by
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Multivariate analysis of factors associated with the development of new-onset and new-onset atrial fibrillation presented on emergency room admission.

New-onset AF

New-onset AF presented on ER admission

Unadjusted HR (95% CI)

Adjusted HR (95% CI)

P

Unadjusted HR (95% CI)

Adjusted HR (95% CI)

p

Sex male

Age, years

Nursing home resident
Current tobacco use
Heavy drinker

Solid cancer

Liver disease

Renal disease

Chronic obstructive pulmonary disease

Diabetes mellitus
Cerebrovascular disease
Congestive heart disease
Arterial hypertension
Hyperlipidemia
Influenza vaccination
Pneumococcal vaccination
Previous antibiotic treatment
Altered mental status
Systolic blood pressure < 90 mm Hg
Diastolic blood pressure < 60 mm Hg
Respiratory rate > 30/ min
Blood urea nitrogen > 30 mg/dL
PaO, < 60 mm Hg
Glucose > 250 mg/dL
Hematocrit < 30%
Blood pH < 7.35
Leucocyte count < 4000 (x109/L)
Inflammation

Mild (ref)

Moderate

Severe
Multilobar pneumonia
Pleural effusion
Urinary antigen positive

1.51 (0.99-2.31)
1.03 (1.02-1.04)
1.59 (0.54-4.68)
1.04 (0.68-1.59)
2.22 (1.35-3.65)
1.16 (0.44-3.01)
2.30 (1.07-4.90)
1.13 (0.43-2.93)
1.74 (1.10-2.73)
1.15 (0.68-1.94)
139 (0.61-3.17)
0.97 (0.38-2.51)
1.83 (1.23-2.73)
1.07 (0.69-1.68)
1.77 (1.15-2.72)
1.05 (0.55-1.98)
0.42 (0.17-1.07)
1.77 (0.99-3.14)
1.85 (1.05-3.25)
1.08 (0.71-1.63)
3.79 (2.51-5.71)
3.82 (2.52-5.78)
1.66 (1.08-2.54)
1.25 (0.63-2.51)
1.17 (0.40-3.37)
3.61 (2.02-6.44)
3.06 (1.54-6.05)

131 (0.66-2.62)
2.15 (1.18-3.89)
1.92 (1.29-2.87)
1.40 (0.79-2.48)
1.80 (0.76-4.21)

1.04 (1.04-1.04)

2.30 (2.29-2.31)

3.34 (3.33-3.35)
2.03 (2.02-2.03)

1.99 (1.99-2)
2.65 (2.64-2.67)

1.88 (1.87-1.89)
2.88 (2.87-2.90)

0.0001

0.004

0.0001
0.003

0.048
0.027

0.107
0.002

1.30 (0.82-2.07)
1.03 (1.02-1.05)

1.15
2.21
0.57
1.89
0.84
1.64
0.87
1.24
0.98
1.89
1.02
2.03 (1.27-3.25

(0.72-1.83
(
(
(
(
(
(
(
(
(
(
(
0.97 (0.47-2)
(
(
(
(
(
(
(
(
(
(
(

)
1.27-3.83)
0.13-2.40)
0.77-4.62)
0.25-2.78)
0.99-2.72)
0.46-1.64)
0.48-3.21)
0.34-2.79)
1.22-2.95)
0.62-1.67)

)

0.54 (0.21-1.37)
1.49 (0.76-2.91)
1.30 (0.65-2.61)
0.93 (0.58-1.48)
3.15 (2-4.98)

2.74 (1.76-4.28)
1.62 (1-2.61)

0.76
148
237
2.85

0.29-1.93)
0.51-4.29)
1.15-4.85)
1.33-6.12)

1.38 (0.64-2.97
2.16 (1.11-4.21

1.78 (1.14-2.77

1.71 (0.67-4.33

1.05 (1.05-1.05)

2.66 (2.65-2.67)

3.26 (3.25-3.27)

3.42 (3.40-3.44)

1.96 (1.95-1.97)
3.33 (3.32-3.35)

0.0001

0.002

0.0001

0.008

0.114
0.001

Positive blood culture
PSI risk class > 3

1.57 (1.06-2.34)
5.01 (3.13-8.02)

1.69 (1.08-2.62
3.71 (2.28-6.04

( )
( )
( )

1.18 (0.61-2.30)
( )
( ) 1.75 (1.74-1.75) 0.023
( )

* Heavy drinking was defined as consuming an average of 8 or more drinks per week for women and 15 or more drinks for men; ER: emergency room; PSI: Pneumonia

Severity Index.

calculating the area under the receiver operating characteristic
(ROC) curve and the goodness of fit with the Hosmer-Lemeshow
test. Statistical analysis was performed using IBM SPSS Statistics
for Windows, Version 23.0 (Armonk, NY).

Results

We assessed 1318 patients with pneumococcal pneumonia that
had culture results from blood samples obtained at hospital ad-
mission, of whom 1092 remained for analysis. Overall, new-onset
AF was detected in 109 patients (9.9%), 87 cases (79.8%) being clas-
sified as early (on ER admission) (Fig. 1).

The mean age of the entire cohort was 61.7 (+£17.4) years, 608
patients (54.6%) being > 65 years. Bacteremia was identified in 460
patients. In 632 cases (57.8%), the diagnosis was made based on
positive pneumococcal urinary antigen test results (blood culture
being negative in all these patients). Table 1 summarizes the de-
mographic and clinical characteristics of patients who developed
new-onset AF and the subset with new-onset AF recognized on ER
admission. The incidence of a first episode of new-onset AF was
5.7% and 14.5% in patients under 65 and those 65 years of age or
older respectively.

Fig. 2a and 2b shows the time and type of new-onset AF strat-
ified by severity on admission. No patients in PSI risk class I to
Il developed a late event but 24 (27.8%) presented an early event
(p < 0.003).

Fig. 3 shows the in-hospital course and outcome indicators.
Overall outcome indicators were significantly poorer in patients
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with new-onset AF developed late during hospitalization (Fig 3a).
Among patients with AF recognized on ER admission, those with
paroxysmal new event were more likely than those with persistent
arrhythmia to be admitted to the ICU but there were no significant
differences in the requirements for invasive ventilation (Fig 3b).
Out of the 1092 (4.4%) patients analyzed, 48 died during hospital-
ization. The mortality rate was significantly higher in patients who
developed new-onset AF than those who did not (17.9% vs 2.9%
p < 0.001). Among patients who presented new-onset AF on ER
admission, in-hospital mortality was higher in those with persis-
tent arrhythmia rather than paroxysmal arrhythmia (34.8% vs 6.3%,
p=0.002). The median length of hospital stay in patients with
new-onset AF was significantly longer than others. (9vs 6 days,
p < 0.001).

The univariate and multivariate analyses of factors associated
with both new-onset AF overall and new-onset AF recognized at
admission are reported in Table 2. In the adjusted multivariate
analysis, the following independent factors were identified as pre-
dictors of a new event presented on ER admission: older age (HR
1.05; 95% CI 1.05-1.06), being a heavy drinker (HR 2.66; 95% CI
2.65-2.67), respiratory rate >30/minute (HR 3.26; 95% CI 3.25-
3.27), leukocyte count < 4000 (x10/L) (HR 3.42; 95% CI 3.40-3.44),
severe inflammation (HR 3.33; 95% CI 3.32-3.35) and bacteremia
(HR 1.75; 95% CI 1.74-1.75). The area under the ROC curve for this
model was 0.78. The model was a good fit to the data (Hosmer-
Lemeshow, p =0.752).

All patients were followed-up for at least 6 months after hos-
pital discharge. Overall, 28 (2.6%) patients died during follow-up.
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Fig. 4. Kaplan-Meier curves showing the survival probability stratified by time of onset of atrial fibrillation (AF), its duration and both categories of new-onset atrial fibril-

lation.

Fig. 4 shows survival curves plotted as a function of time (Fig 4a),
duration (Fig 4b) and both (Fig 4c) of the new-onset AF. The 6-
month survival rate was higher in patients with paroxysmal ar-
rhythmia recognized on ER admission than those who developed
persistent arrhythmia (log rank < 0.001).

Discussion

The main findings of this large prospective cohort study were:
(1) Nearly 10% of patients with pneumococcal pneumonia devel-
oped new-onset AF, the condition presenting on ER admission in
nearly 80% of cases. (2) The development of new-onset AF was
associated with higher mortality both in-hospital and during the
6-months after discharge. (3) In our cohort, the presence of new-
onset AF was not associated with a history of traditional cardiovas-
cular risk factors.

The interest of this study lies in (1) the nature of the study
population itself. Specifically, we only included patients with pneu-
mococcal pneumonia, all of them with blood culture results. This
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has enabled us to assess the role of bacteremia in the patho-
genesis of AF. (2) Furthermore, we have excluded patients with
previous paroxysmal or chronic AF, considering only patients
with a new event and specifically those with an event detected
on hospital admission. This has allowed us to control for con-
founding effects of various clinical scenarios and therapeutic pro-
cedures during hospitalization which might trigger the genesis
of AF.

Similar to others, we have found that 10% of patients developed
incident new-onset AF during hospitalization®~17-8, The mecha-
nisms responsible for this condition have yet to be clearly elu-
cidated but is likely to involve several factors such as increased
sympathetic activity, cytokine production and secondary inflam-
mation, direct impairment of cardiomyocytes coexisting with elec-
trolyte disturbance and myocardial depression secondary to sep-
sis'921, Unlike other authors, we have not found any relation be-
tween AF and traditional cardiovascular risk factors?2%3, For these
reasons, we could speculate that AF preented on admission repre-
sents a marker of organ dysfunction and severity.
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Fig. 4. Continued

Two host-related factors, alcoholism and older age, seem to
be related to this complication. Several studies have reported the
development of AF to be related to the frequency and quan-
tity of alcohol intake, even in patients with normal cardiac func-
tion?4. Mechanisms underlying this complication have yet to be
clearly elucidated. Alcohol has an effect on catecholamine re-
lease and vagal stimulation could act as a trigger of AF in these
patients?>-26,

There is an increasing evidence linking inflammation to a broad
spectrum of cardiovascular conditions?’. In this study, we have
been able to correlate the development of early new-onset AF
to bacteremia and severe inflammation. Similar to others, we
have observed a progressive increase in AF onset with PSI risk
class'0-11:22 For these reasons, we could speculate that some
pathogen-virulence-related factors including bacteremia and sec-
ondary systemic inflammatory response are the main variables re-
sponsible for the genesis of AF. Further studies are necessary to
confirm this hypothesis. On the other hand, AF developing during
hospitalization could be affected by a more severe initial systemic
dysfunction that could prompt more aggressive therapeutic inter-
ventions. In fact, new-onset AF frequently develops in critically ill
patients admitted to the ICU due to sepsis!”-28:29,

The contribution of various etiological factors in general is
controversial?!. Several studies have found a significant rela-
tion between pneumococcal infection and cardiac complications
11,12,23,30 The presence of cardiac lesions during the acute pneu-
mococcal infection together with the production of pneumolysin
seems to be involved in the genesis of this type of complica-
tions'2-3!, The design of our study provides evidence supporting
this association in patients with pneumococcal pneumonia in gen-
eral and those with bacteremia in particular.

Patients who developed new-onset AF had a prolonged hospi-
tal stay, and higher rates of ICU admission and in-hospital mor-
tality. Similar patterns have been reported in other studies and
may reflect an association between severity of pneumonia and
the development of this complication®23. In the same way, fail-
ure to restore sinus rhythm was associated with increased mor-
tality. This has also been reported in critically ill patients with AF
discharged from general ICUs, but unlike our study, most of these
studies included both exacerbation of chronic and new-onset AF>Z,
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Furthermore, we have observed in these patients that a plateau of
mortality is reached 2 months after admission. The reason for this
poorer outcome is not clear. It is possible that hemodynamic de-
rangement secondary to AF may be a tipping point for patients
with a history of limited cardiorespiratory reserve. If so, close
follow-up early after discharge could be necessary in this subgroup
of patients.

We recognize, however, that our study has some limitations. 1)
The treatment given for AF was not recorded in our database, and
hence, we have not explored its impact on the final outcome of
these patients. 2) We did not assess routine cardiac markers such
as troponin or Nt-proBNP. This fact could underestimate the inci-
dence of other concomitant pauci-symptomatic cardiac events in
our cohort of patients. 3) We were unable to obtain data on the
causes of death after discharge, which might have added impor-
tant additional information.

In spite of these limitations, our findings have important impli-
cations. Clinicians need to be aware of the importance of incident
AF in patients with community-acquired pneumonia and its role
in-hospital and post-discharge outcome in these patients. A better
knowledge of this complication may help identify at-risk patients
warranting a strict monitoring during hospitalization but also close
follow-up after discharge.

In conclusion, we identified several risk factors, most of them
related to the severity of the infection that may identify a sub-
set of patients at risk of this complication. Multicenter studies are
needed to confirm these results and to guide the design and im-
plementation of future strategies for strengthening the monitoring
and follow-up of these patients to improve their prognosis both
during hospitalization and after discharge.
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Objective: To assess survival and identify predictors of survival more than 30-days after discharge in a
cohort of consecutive patients diagnosed with pneumococcal pneumonia.

Methods: Observational study including all consecutive immunocompetent adult patients surviving more
than 30-days after hospitalization. The bacteriological diagnosis was based on the results of urinary anti-

gﬁﬁvgg&,ccal pneumonia gen testing and/or blood culture. Life expectancy was calculated for each patient considering their sex,
Pneumonia age and date of discharge.

Long-term survival Results: We included 1114 patients that survived more than 30- days after discharge. Of them, 431 (38.6%)
Bacteremia died during follow-up (median follow-up of 6.7 years). Age, history of cancer, liver disease, chronic renal

RDW disease, chronic obstructive pulmonary disease, cerebrovascular disease, atrial arrhythmia and coronary
disease, red cell distribution width (RDW) > 15%, positive blood culture, hematocrit < 30% and living
in a nursing home were independent risk factors for reduced long-term survival after hospital discharge.
Cumulative 1-, 3- and 5-year survival rates were 93.9%, 85.3% and 76%, respectively. Among non-survivors,
361 (83.8%) died earlier than expected given their life expectancy.

Conclusions: Survival after hospital discharge is mainly associated with age and comorbidities. The find-
ings of bacteremia and elevated RDW on admission could help identify patients at high risk of long-term
mortality.

© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Introduction

Pneumonia remains a common cause of morbidity and mor-
tality around the world. In fact, this entity represents the lead-
ing cause of infection-related death.! Traditionally, pneumonia has
been considered an acute process that, once resolved, has no im-
pact on patient survival. There is growing evidence, however, of
a higher risk of death after recovery from the acute episode than
that the general population.>~* The excess mortality observed in
these patients may be as high as 50% within 5 years after hospital
discharge.”

Streptococcus pneumoniae is the most commonly identified
pathogen in pneumonia, being responsible for the highest rates of
hospital admission and mortality. Approximately 20% of patients
diagnosed with pneumococcal pneumonia develop bloodstream in-

* Corresponding author.
E-mail address: luisalberto.ruiziturriaga@osakidetza.eus (L.A. Ruiz).

https://doi.org/10.1016/j.jinf.2019.10.024

fections, and this type of pneumonia has traditionally been associ-
ated with poorer outcomes during hospitalization.®” By contrast,
for both bacteremic and non-bacteremic pneumococcal pneumo-
nia, there is limited information in the literature on mortality af-
ter hospitalization.®:° At this point, it could be speculated that the
acute infectious episode acts as a trigger to create a persistent in-
flammatory state which, in turn, has a negative effect on host-
related factors such as age or comorbidities.> This could be even
more relevant in patients with bacteremia due to their elevated cy-
tokine production.'’® Considering the higher incidence of invasive
pneumococcal disease in older people and those with underlying
conditions, together with the results of recent animal studies re-
porting a possible association between “cardiotoxicity” and inva-
sive pneumococcal infection, we hypothesized that invasive pneu-
mococcal disease, among other factors, is a marker of impaired
long-term survival in these patients.!!+12

Given this, the objectives of our study were to assess the sur-
vival rate after hospitalization in a prospective cohort of patients
with pneumococcal pneumonia requiring hospital admission as
well as to identify risk factors associated with outcome, to guide

0163-4453/© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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the design and implementation of future strategies for improving
the long-term survival of these patients.

Methods
Study design and population

This is an observational study based on the analysis of a
prospective registry of consecutive immunocompetent adults (age
18 years or more) hospitalized for pneumococcal pneumonia in
two tertiary medical centers (Cruces and Galdakao Hospitals). The
study was conducted between January 2002 and January 2017. The
bacteriological diagnosis of pneumococcal pneumonia was based
on the results of urinary antigen testing and/or blood culture
within 24 h after hospital admission. For the purpose of the study,
we limited the analysis to consecutive patients who had blood cul-
ture performed. Patients were excluded if they died during hospi-
talization or within 30- days after hospital discharge. Participants
were stratified into two groups according to their survival status
during follow-up: (1) survivors and (2) non-survivors.

The severity of patients’ clinical condition was assessed on ad-
mission using the Pneumonia Severity Index (PSI) score.®> A local
ethic committee approved the analysis of data for this study.

Data collection

Since 2002, there has been an ongoing standardized prospec-
tive registry of all patients hospitalized for pneumonia in our two
hospitals. This registry includes numerous variables characterizing
patients and their pneumonia. For eligible patients, we assessed
data on socio-demographic characteristics, medical comorbidities,
influenza and pneumococcal vaccination status, vital signs, results
of routine laboratory tests, including the pneumococcal urinary
antigen test and blood cultures, and radiological findings on admis-
sion. Measures of in-hospital clinical course and outcome included:
(1) admission to the intensive care unit; (2) use of invasive me-
chanical ventilation; (3) septic shock; and (4) in-hospital mortality.
Patients were empirically treated in accordance with the National
Guidelines of the Spanish Society of Pulmonology [SEPAR] at the
discretion of the attending doctor.!*

Comorbidities considered were the following diagnosed prior to
hospital admission: chronic respiratory disease, diabetes mellitus,
cerebrovascular disease, chronic liver disease, chronic renal dis-
ease, cancer, arterial hypertension, dyslipidemia, heart arrhythmias
(atrial fibrillation or flutter), congestive heart failure and coronary
disease. In addition, incident in-hospital heart complications were
considered.

Outcome

The main outcome was all-cause mortality after hospital dis-
charge during the follow-up period. Survival status was assessed
using data from the database of the Basque Health Service (Os-
akidetza) on 31st December 2017. In order avoid bias due to short-
term deaths attributable to the acute onset, patients who died
within 30- days after hospital discharge were excluded. We com-
pared observed and expected survival according to life expectancy
for each patient. Life expectancy was estimated using life ex-
pectancy tables for the Spanish population (years 2000-2017) ac-
cording to sex, age and date of discharge."”

Definitions

Pneumonia was defined as the presence of new pulmonary in-
filtrate on the chest X-ray together with signs and symptoms sug-
gestive of lower respiratory tract infection. Septic shock was de-
fined as a systolic blood pressure of less than 90 mm Hg and a

need for vasopressor drugs for at least 4 h, after fluid therapy.'®
The diagnosis of altered mental status was based on observation
that the patient’s mental state was not normal and that this was a
new phenomenon.’?

For the purposes of this study, cancer was defined as any solid
tumor not requiring chemotherapy or radiotherapy treatment in
the year prior to the onset of pneumonia. The onset of conges-
tive heart failure and/or atrial arrhythmia (atrial fibrillation or flut-
ter) and/or coronary disease during hospitalization in patients with
no previous diagnosis of these conditions was considered an inci-
dent heart complication. New hyperglycemia was defined as hyper-
glycemia (>200 mg/dL) at admission in a patient without a medi-
cal diagnosis of diabetes.!”

Statistical analysis

Descriptive analysis was undertaken, using frequencies and per-
centages, means and standard deviations (SDs) or medians and in-
terquartile ranges (IQRs) depending on the distribution of the data.
Comparisons were performed with chi-square or Fisher's exact
tests for qualitative variables and with t tests or non-parametric
Wilcoxon tests for quantitative variables. Patient survival was ana-
lyzed using the Kaplan-Meier method. The log-rank test was used
to compare survival with different variables. A univariate Cox re-
gression analysis was performed to identify factors related to pa-
tient characteristics and survival. All variables with a p < 0.20 were
included in a multivariate Cox regression model. Variables with
the highest p value were excluded one by one until all variables
had a p value <0.05. Hazard ratios (HRs) and 95% confidence in-
tervals (95% Cls) were calculated from univariate and multivariate
models. The proportional hazard assumption was tested. Statisti-
cal analysis was performed using IBM SPSS Statistics for Windows
version 23.0 (Armonk, NY).

Results

The flow of patients through the study is illustrated in Fig. 1.
During the study period, 1525 patients were admitted to our two
hospitals with pneumococcal pneumonia. Of whom, we assessed
1190 consecutive patients who had blood cultures obtained at hos-
pital admission. After applying the exclusion criteria, 1114 patients
were considered eligible for this study.

Table 1 summarizes the demographic and clinical data of
patients. The mean age of the entire cohort was 63.6 (+£17.5) years,
with 608 (54.6%) being > 65 years. Bacteremia was identified in
479 patients. In 635 (57%) cases diagnosis was made by positive
pneumococcal urinary antigen (all of them with negative blood
culture). Patients who did not survive were older and had more
comorbidities but were less likely to be active smokers. They were
also more likely to have hypoxemia, high blood urea nitrogen,
altered mental status, low hematocrit, increased red blood cell
distribution width (RDW), and newly discovered hyperglycemia
at hospital admission. In contrast, survivors more frequently had
multilobar pneumonia and were more likely to be admitted to the
intensive care unit or require invasive mechanical ventilation. They
were also more likely to have positive results in pneumococcal
urinary antigen testing and less likely to have bacteremia. A
greater proportion of non-survivors than survivors were classified
in the higher risk classes according to PSI score (p < 0.001).

Fig. 2 compares the Kaplan-Meier survival curves observed and
stratified by the presence or absence of comorbidities with those
expected based on sex, age and date of discharge (p < 0.001; log-
rank test). Of the 1114 patients surviving their index hospitaliza-
tion, 431 (38.6%) died during a median follow-up of 6.70 years.
Cumulative 1-, 3- and 5-year survival rates were 93.9%, 85.3%, and
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1525 patients admitted with
pneumococcal pneumonia

1190 assessed for eligibility*

76 excluded
+63 died in-hospital
-4 died 30 days after discharge

-9 missing

1114 patients elegible for the

study**

683 (61.31%)

survivors

431 (38.68%)

Non-survivors

* Consecutive patients who had blood drawn for culture within 24 hours after admission

** Survived more than 30- days after discharge

Fig. 1. Flow of patients admitted with pneumococcal pneumonia through the study.

76%, respectively. Of the 431 non-survivors, 361 (83.8%) died earlier
than expected, given their life expectancy.

Fig. 3 shows Kaplan-Meier survival curves by PSI risk class. The
survival rates were 99.3%, 94%, 81.1%, 65% and 47.6% for patients in
PSI risk classes I to V, respectively (log rank p < 0.001).

The univariate and multivariate analyses of factors associated
with long-term mortality after hospitalization for pneumococcal
pneumonia are reported in Table 2. In an adjusted multivariate
model, the following were identified as predictors of long-term
mortality: age (HR 1.05; 95% CI 1.045-1.06), solid cancer (HR 2.60;
95% CI 1.81-3.73), liver disease (HR 2.02; 95% CI 1.27-3.20), chronic
renal disease (HR 2.01; 95% CI 1.43-2.82), COPD (HR 1.73; 95%
Cl 1.38-2,14), cerebrovascular disease (HR 2.38; 95% CI 1.71-3,32),
atrial arrhythmia (HR 1.42; 95% CI 1.12-1.79), coronary disease (HR

1.55; 95% CI 1.14-2.11), RDW > 15% (HR 1.89; 95% CI 1.52-2.34),
bacteremia (HR 1.47; 95% CI 1.23-1.80) and living in a nursing
home (HR 1.91; 95% CI 1.18-3.10). To simplify the interpretation of
the results, we performed a new analysis (model 2) considering
the presence of comorbidities (categorized as 0, 1 or >1). In this
model, hematocrit <30% on admission (HR 1.62; 95% CI 1.04-2.52)
was independently predictive of long-term mortality, no other sig-
nificant differences being found compared to model 1.

Fig. 4 shows survival curves plotted as a function of bacteremia
and RDW (dichotomized to <15% vs. >15%) and stratified by age
or the presence of one or more comorbidities. Patients with both
positive blood cultures and RDW >15% at admission had shorter
long-term survival than other groups, the shortest survival being
seen in those with comorbidities or > 65 years old.
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Table 1
Demographic and clinical characteristics of patients with pneumococcal pneumonia surviving more than 30-days after discharge.
Characteristics All Survived (n=683) Non-survived (n=431) p
Demographics
Male sex 670 (60.1) 386 (56.5) 284 (65.9) 0.002
Age in years, mean (SD) 63.6 (17.5) 57.1 (17.3) 73.7 (12.3) <0.001
Nursing home resident 27 (2.4) 7 (1) 20 (4.6) <0.001
Underlying conditions
Cancer 50 (4.5) 15 (2.2) 35 (8.1) <0.001
Liver disease 39 (3.5) 16 (2.3) 23 (5.3) 0.008
Renal disease 58 (5.2) 16 (2.3) 42 (9.7) <0.001
Chronic obstructive pulmonary disease 216 (19.4) 86 (12.6) 130 (30.2) <0.001
Diabetes mellitus 194 (17.4) 79 (11.6) 115 (26.8) <0.001
Cerebrovascular disease 63 (5.7) 20 (2.9) 43 (10.0) <0.001
Congestive heart disease 112 (10.1) 37 (5.4) 75 (17.4) <0.001
Cardiac arrhythmia 186 (16.7) 64 (9.4) 122 (28.3) <0.001
Coronary disease 74 (6.6) 27 (4) 47 (10.9) <0.001
Hypertension and/or dyslipidemia 564 (50.6) 297 (43.5) 267 (61.9) <0.001
Incident heart complication 100 (9) 59 (8.7) 41 (9.5) ns
Number underlying diseases <0.001
0 539 (48.4) 445 (65.2) 94 (21.8)
1 304 (27.3) 149 (21.8) 155 (36)
>1 271 (24.3) 89 (13) 182 (42.2)
Vaccination status
Influenza vaccine 303 (27.2) 146 (22) 157 (38.9) <0.001
Pneumococcal vaccination 141 (12.7) 69 (10.4) 72 (17.4) 0.001
Current tobacco use 306 (27.5) 227 (33.2) 79 (18.5) <0.001
Heavy drinker (> 80 mg alcohol/day) 132 (11.8) 89 (13.4) 43 (10.5) ns
Clinical characteristics at admission
Body temperature <35 or >40 °C, mean (SD) 15 (1.3) 12 (1.8) 3(0.7) ns
Respiratory rate, mean (SD) 22.7 (6.9) 21.8 (6.5) 24 (7.4) <0.001
Heart rate, mean (SD) 102.5 (20.5) 104.3 (20.1) 99.7 (20.8) <0.001
Altered mental status 91 (8.2) 43 (6.3) 48 (11.1) 0.003
Systolic blood pressure < 90 mm Hg 96 (8.6) 76 (11.1) 20 (4.6) <0.001
Laboratory and radiological findings
Blood urea nitrogen> 30 mg/dL 431 (38.7) 214 (31.3) 217 (50.3) <0.001
Pa0, < 60 mm Hg 475 (42.6) 249 (45.3) 226 (56.9) <0.001
Glucose>200 mg/dL and no diagnosis of DM 56 (5) 26 (3.8) 30 (7.0) 0.019
Hematocrit <30% 391 (3.5) 16 (2.3) 23 (5.3) 0.002
RDW >15? 256 (23) 97 (14.5) 159 (38.4) <0.001
Leucocyte count <4000 (x109/L) 40 (3.6) 29 (4.3) 11 (2.6) ns
Multilobar pneumonia 322 (28.9) 214 (31.3) 108 (25.1) 0.026
Pleural effusion 132 (11.8) 87 (12.7) 45 (10.4) ns
Urinary antigen positive 959 (86) 607 (88.8) 352 (81.6) <0.001
Positive blood culture 479 (43) 265 (38.8) 214 (49.7) <0.001
Severity of illness at admission
PSI risk class >3 530 (47.6) 229 (33.5) 301 (69.8) <0.001
Outcomes
Intensive care admission 255 (22.9) 182 (26.7) 73 (16.9) <0.001
Invasive mechanical ventilation 57 (5.1) 42 (6.1) 15 (3.5) 0.049
Septic shock 119 (10.7) 88 (12.9) 31(7.2) 0.003

Data are given as frequency (percentage) unless otherwise stated. Percentages exclude patients with missing data. SD: Standard deviation. RDW:

red blood cell distribution width. PSI: Pneumonia severity index.
2 Reference range for RDW in our laboratory is 11% to 15%.

Discussion

In this large prospective study, we documented a significantly
shorter long-term survival in patients with pneumococcal pneu-
monia than their life expectancy based on sex, age and year of dis-
charge from hospital. To our knowledge, this is one of the largest
series focusing on this topic including both bacteremic and non-
bacteremic patients with this entity. The interest of this study lies
not only in the number of patients included but also in the re-
producibility of the observational design itself, which is based on
the current clinical management of these patients in real life and
differs from approaches based on complex biomarkers or microbio-
logical analysis, most only available for research purposes.'s:1° We
consider that these factors strengthen the clinical applicability of
our results.

We have reported 1-, 3- and 5-year survival rates of 93.9%,
85.3% and 76%, respectively. At this point, beyond overall survival
rates, it is interesting to consider how long these patients might
live and how long they actually live. In our cohort, only 16.2%

of non-survivors reached their life expectancy. Other authors have
also reported this negative association between pneumonia and
long-term outcome, reporting survival rates ranging from 25% to
53% at 5 years.> 20-23 This variability is mainly attributable to
the type of population included, differences in control groups and
follow-up intervals.

Similar to other studies, we have found that the presence of
comorbidity and the number of comorbid conditions are both in-
dependently associated with shorter long-term survival.23>-2> This
could simply be a consequence of the natural history of the un-
derlying conditions themselves. Another factor that might be re-
sponsible for this finding, however, is a persistent inflammatory
state impairing underlying conditions or even favoring the devel-
opment of other health problems.?26:27 On the other hand, it is
also possible that pneumonia itself is a surrogate marker of un-
known poor health status that increases the risk of subsequent
death. If so, close follow-up and optimal and more intensive man-
agement of underlying conditions might be crucial for improving
the prognosis. In our series and unlike in others, neither diabetes
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Fig. 2. Observed and estimated *survival curves for patients with pneumococcal
pneumonia stratified by the presence or absence of comorbidities and surviving
more than 30 days after discharge.

*Estimated survival according to Spanish survival tables based on age, sex and date
of hospital discharge.

nor new hyperglycemia was associated with this poor outcome.!”
The reason for this is not clear. It is possible that diabetes and its
effects on the immune system only influence the early prognosis. It
might also be the case that in our study its long-term effects were
masked by the statistical procedures applied to control for other
comorbidities such as ischemic heart disease or renal failure.

Cumulative survival

P <0.001

The contribution of etiological factors to long-term outcomes is
controversial. In our series, cumulative survival rates were simi-
lar to those in other series including patients with different mi-
crobiological etiologies.?? These results would seem, at first sight,
to corroborate previous reports showing that survival after dis-
charge is independent of the pathogen. It is difficult, however, to
discriminate the real contribution of each of pathogen in these se-
ries due to pneumococcus being the most frequently isolated and
the limitation of current procedures for identifying the causal bac-
teria in real-world settings. More studies are needed to clarify this
issue.

Several studies have documented an association between living
in a nursing home and mortality, reflecting the age, functional sta-
tus and severe and multiple comorbid conditions of this popula-
tion.2!:28 In our study, despite the relatively small number of pa-
tients (2.6%) who lived in a nursing home, this association was ob-
served after adjusting for age and comorbidities. This finding could
reflect a low physiological reserve or frailty in this subgroup of
patients.

No classic clinical or laboratory markers for severity on admis-
sion predicted survival in this study. Similar to previous observa-
tions, severity was found to be correlated with long-term prognosis
but not to be an independent risk factor for long-term mortality in
the multivariate analysis.?!-%32°.29 This probably indicates that the
role of severity as measured by the PSI may be confounded by the
contribution of age or comorbidities. Notably, our findings contrast
with those of another study showing severity alone or in combina-
tion with blood markers to be a predictor of long-term outcome.'”
Nevertheless, that study had some weakness regarding multivariate
analysis, limiting the generalizability of the results. Further, unlike
other authors, we have not found an increased risk of long-term
mortality in patients requiring ICU admission and/or under IMV af-
ter adjusting for confounders. Differences in our study population,
selective ICU admission criteria including the role of age as limiting
factor for ICU admission, may explain these discordant results.0-32

In this study, we found that patients with bacteremic pneu-
monia have poorer long-term prognosis than those with non-
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Fig. 3. Kaplan-Meier plot of long-term survival by PSI risk class.
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Table 2
Multivariate analysis of factors associated with long-term survival more than 30 days after hospitalization.
Unadjusted HR Model 1 Adjusted HR Model 2 Adjusted HR
(95% CI) (95% CI) P (95% CI) p

Sex male 1.35 (1.11-1.65)
Age, years 1.06 (1.05-1.06) 1.05 (1.04-1.06) <0.0001 1.04 (1.03-1.05) <0.0001
Age>65 years 6.03 (4.68-7.78)
Nursing home resident 2,92 (1.86-4.58) 1.91 (1.18-3.10) 0.008 1.94 (1.21-3.08) 0.005
Solid cancer 2.94 (2.08-4.17) 2.60 (1.81-3.73) <0.0001
Liver disease 2.42 (1.58-3.69) 2.02 (1.27-3.20) 0.003
Renal disease 2.91 (2.11-4.01) 2.01 (1.43-2.82) <0.0001
Chronic obstructive pulmonary disease 2.21 (1.80-2.72) 1.72 (1.38-2.14) <0.0001
Diabetes mellitus 2.09 (1.68-2.59)
Cerebrovascular disease 2,99 (2.17-4.10) 2.38 (1.71-3.32) <0.0001
Congestive heart disease 2.88 (2.24-3.70)
Atrial arrhythmia 3.12 (2.52-3.86) 1.42 (1.12-1.79) 0.003
Coronary disease 2.48 (1.83-3.37) 1.55 (1.14-2.11) 0.005
Arterial hypertension and/or dyslipidemia 1.96 (1.61-2.38)
Incident heart complication 1.37 (0.93-1.89)
Number underlying diseases

1 3.95 (3.06-5.11) 2.24 (1.71-2.94) <0.0001

>1 6.89 (5.35-8.87) 3.12 (2.37-4.10) <0.0001
Influenza vaccine 2.13 (1.74-2.61)
Pneumococcal vaccination 1.49 (1.15-1.93)
Current tobacco use 0.50 (0.39-0.64)
Heavy drinker 0.81 (0.59-1.11)
Body temperature <35 or >40 °C 0.45 (0.14-1.42)
Respiratory rate 1.03 (1.02-1.04)
Heart rate 0.99 (0.98-0.99)
Altered mental status 1.75 (1.29-2.36)
Systolic blood pressure <90 mm Hg 0.51 (0.32-0.79)
Blood urea nitrogen > 30 mg/dL 2.02 (1.68-2.45)
Pa0, <60 mm Hg 1.58 (1.30-1.93)
Glucose >200 mg/dL and no diagnosis of diabetes 1.58 (1.09-2.29)
Hematocrit <30% 2.18 (1.43-3.33) 1.62 (1.04-2.52) 0.030
RDW >15% 2.92 (2.39-3.57) 1.89 (1.52-2.34) <0.0001 1.98 (1.61-2.43) <0.0001
Leucocyte count <4000 (x10°/L) 1.27 (0.70-2.32)
Multilobar pneumonia 0.83 (0.67-1.04)
Pleural effusion 0.73 (0.54-1)
Urinary antigen positive 0.73 (0.57-0.98)
Positive blood culture 1.25 (1.04-1.52) 1.47 (1.21-1.80) <0.0001 1.45 (1.19-1.76) <0.0001

PSI risk class >3

Intensive care admission
Invasive mechanical ventilation
Septic shock

3.82 (3.10-4.70)
0.72 (0.56-0.92)
0.66 (0.39-1.05)
0.73 (0.51-1.06)

RDW: red blood cell distribution width. PSI: Pneumonia severity index. HR: Hazard ratios. CI: confidence interval.

bacteremic pneumonia with positive urinary antigen test results.
It is probable that the higher inflammatory state worsens underly-
ing conditions or acts as a trigger of other subclinical conditions.
Other authors have not reported any differences between these
two groups.? This could be largely explained by the type of pop-
ulation included, as reflected in the high 30-day mortality rates
(similar in both groups), and the methodology of the study itself
(blood cultures being obtained depending on the severity of the
infection).

Recent observations suggesting a potential cardiotoxicity of
pneumococcus infection raise some concerns about its possible
role in the prognosis of these patients.'!-2 The presence of cardiac
lesions during the acute pneumococcal infection together with pro-
duction of pneumolysin seems to play a role, with other factors,
in the genesis of cardiac complications.>> Nevertheless, the long-
term impact of this effect has yet to be studied. In this study, we
have not found an association between in-hospital development
of an incident cardiac complication and shorter survival, though
this could be due to the small number of events. Studies involv-
ing more patients are needed to test this hypothesis.

Red blood cell distribution width is a laboratory parameter used
for the differential diagnosis of microcytic anemia. Significantly, in
this study, we have found that RDW >15% is an independent fac-
tor in long-term mortality after controlling for confounding factor
such as hematocrit and comorbidities. Several studies have previ-

ously reported an association between this parameter and com-
plicated hospitalization or mortality in community-acquired pneu-
monia and other conditions.>*-3% To our knowledge, however, this
is the first time that this association with long-term mortality
is shown in patients with pneumococcal pneumonia. The reason
for this poorer outcome is not clear. It is possible that RDW is a
marker of low-grade inflammation and oxidative stress.36 Further
studies are needed to evaluate this hypothesis. From a practical
perspective, the interest of this finding is that RDW is routinely
calculated by all hematology analyzers, and hence, its determina-
tion does not imply additional costs.

Anemia is a common complication of chronic underlying con-
ditions with prognostic implications. A hematocrit level of <30%
on admission is a classical component of the PSI. In this study, we
have observed that anemia is also a predictor of survival indepen-
dent of age and other comorbid conditions. This observation also
documented by other authors is not easy to explain.2? It is pos-
sible that it could reflect an exaggerated effect of inflammatory
cytokines on subclinical not well-functioning red cell progenitors
during acute onset of the disease.

The main strength of our study lies in the study population
itself. Specifically, we only included patients with pneumococcal
pneumonia, all of them with blood culture and urinary antigen test
results. Further, the strict data collection process has allowed us
to control for confounding effects in the multivariate analysis. We
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Fig. 4. Kaplan-Meier curves showing the survival probability stratified by age and presence of comorbidities.

recognize, however, that our study also has some limitations. (1)
It was conducted in two hospitals in the same geographical area
and health system, and hence, it may not be possible to extrapo-
late the results to other areas. (2) The low rate of pneumococcal
immunization in our area could limit its potential beneficial effect
on survival. (3) We were unable to obtain data on the causes of
death, which could have added important additional information.
(4) Finally, we did not evaluate the role of inflammatory mark-
ers such us C-reactive protein, because that was not routinely re-
quested during the first years of this study.

To summarize, this study demonstrates a significant decrease in
long-term survival compared with individuals’ life expectancy in a
large population of patients diagnosed with pneumococcal pneu-
monia. This is mainly associated with host-related factors such as
age and presence of comorbidities. Interestingly, the finding of bac-

teremia and elevated RDW on admission also could help identify a
group of patients at high risk of long-term mortality. Future mul-
ticenter studies are required to confirm these results. Our results
could argue in favor of strengthening efforts to widen pneumococ-
cal vaccination coverage especially in aged patients and/or those
with chronic comorbid conditions, as well as improving the clini-
cal control of underlying disease, as main strategies for improving
survival after hospital discharge.
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Streptococcus pneumoniae, es el agente etiologico identificado con mas frecuencia entre
los pacientes con una neumonia adquirida en la comunidad que requiere ingreso
hospitalario. Clasicamente se ha descrito que entre un 15 y un 25% de las neumonias
por neumococo presentan una forma bacteriémica, sin embargo su significado desde un
punto de vista prondstico continua siendo, ain en nuestros dias, objeto de debate.
Actualmente se han identificado en esta bacteria hasta 100 serotipos, algunos de ellos
con diferentes capacidades invasivas, en funcion de un "medio ambiente" propio de
cada paciente. Pero esta entidad también puede llegar a afectar a otros 6rganos. Estamos
empezando a conocer la relacion que existe entre el hecho de padecer una neumonia y la
posibilidad de desarrollar una complicacion cardiaca durante el episodio agudo. Por otro
lado, la neumonia no so6lo es una enfermedad aguda sino que también se va a comportar
como un posible marcador de supervivencia futura. ;Como interrelacionan los factores
dependientes del propio paciente en el pronostico de esta entidad?, ;qué implicaciones
tiene la aparicion de una arritmia cardiaca en la fase aguda de la enfermedad?, ;qué
pacientes estdn a riesgo de morir prematuramente tras el episodio agudo?, ;qué papel
tiene la presencia de una bacteriemia en la historia natural de la neumonia
neumococica?. Tratar de responder a estas preguntas va a constituir el objetivo general

de este proyecto de Tesis Doctoral.
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