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Introduccio

1.1. ANTECEDENTS HISTORICS

Streptococcus pneumoniae va ser identificat per primer cop l'any 1881 per Louis
Pasteur, a Franga, i per George Sternberg, als Estats Units. Tots dos van aillar aquest
patogen de la sang de conills que havien estat inoculats amb saliva humana en la qual,
préviament, s’havien observat bacteris en forma de cocs que s’agrupaven en parelles
', Inicialment va ser anomenat Microbe septicemique du salive per Pasteur i
Micrococus pasteuri per Sternberg. EI 1886, degut a la seva associacid amb la
pneumonia lobar va ser anomenat per Fraenkel com a pneumococcus i el 1926, atés el
seu aspecte ovalat i disposat en parelles a la tincié de gram en les mostres d’esput 2,
es va canviar aquest nom pel de Diplococcus pneumoniae. EI nom actual,
Streptococcus pneumoniae, data de I'any 1974 i és degut a la seva morfologia formant

cadenes durant el creixement en medi liquid.

S. pneumoniae va ser un dels primers bacteris patdogens identificats. El seu estudi ha
proporcionat avengos fonamentals en I'ambit clinic, microbioldgic, epidemiologic i de
prevencio, i ha estat clau per a I'estudi de la resposta humoral, la genética bacteriana i

el desenvolupament de técniques de diagnostic.

El paper etiologic de S. pneumoniae va quedar palés quan Christian Gram, l'any 1881,
va observar diplococs gram positius en teixit pulmonar de pacients amb pneumonia i

Fraenkel, el 1886, va observar la seva capacitat per produir malalties pulmonars .

El 1890 Felix i George Klemperer van demostrar que la immunitzacié de conills amb
pneumococs morts o inactius els protegia contra la reinfeccio per la mateixa soca pero
no contra altres soques diferents i que, mitjancant la infusié del sérum d’aquests
conills, la proteccié es podia transferir a altres conills no immunitzats préviament.
Posteriorment, I'any 1895, Issaef va observar que el sérum no tenia una activitat
bactericida siné que facilitava la fagocitosi dels pneumococs per part de les cél-lules
del sistema immunitari de I'hoste i que, a més, el sérum de les persones que s’havien
recuperat d’'una pneumonia pneumococcica conferien el mateix grau de proteccié. El
1904, Neufeld i Rimpau van demostrar que la base d’aquesta immunitat era la
preséncia d'un o més factors en el serum que facilitaven la fagocitosi de S.
pneumoniae per part dels leucocits si les bactéries havien estat exposades préviament
a aquest serum. Aquest fenomen va ser anomenat opsonitzacioé i va permetre establir

les bases de la immunitat humoral ',

Per tal de facilitar la terapia amb antisérums especifics es van desenvolupar diverses

tecniques de serotipat entre les quals destaca la reaccié de Quellung, descrita per
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Neufeld el 1902 i que consistia en el reconeixement dels serotips capsulars quan una
injecci6 de microorganismes inactivats en un conill estimulava la produccié d’'un
anticds séric que causava una aglutinacié i inflor capsular de la soca immunitzant >.
Aquesta técnica fou provada per primer cop per identificar els serotips de pneumococs
en humans el 1931 *. Cooper i col. , I'any 1932, ja havien descrit 32 serotips entre els
quals es trobaven els principals serotips patogens, fet que va permetre desenvolupar
antiserums especifics, tot i que no es van poder desenvolupar per a tots els serotips i
que no sempre eren efectius. Aquesta limitacié es va fer palesa amb la mort del
princep Valdemar de Dinamarca el 1939 degut a una pneumonia produida per un
pneumococ del serogrup 9. El princep va ser tractat sense éxit amb antisérum 9L i 9N.
Estudis posteriors a la seva mort van mostrar que la pneumonia havia estat causada
per un serotip nou que es va anomenar serotip 9V en honor seu. Aquest cas va
suggerir la necessitat d’estudiar els diferents serotips que hi ha dins d’'un mateix
serogrup. Des d’aleshores la reaccidé de Quellung ha esdevingut l'estandard de
referéncia pel que fa als métodes de serotipat capsular i el sistema de classificacio
danés (que distingeix serogrups i serotips) ha estat 'adoptat mundialment per a la

classificacié de S. pneumoniae *.

Els primers estudis que descrivien la morfologia del pneumococ distingien entre
pneumococs d’aspecte rugés i pneumococs d’aspecte llis, que no era res més que la
descripcid dels pneumococs capsulats i no capsulats. EI 1917, Dochez i Avery van
iniciar I'estudi de la capsula del pneumococ. El paper fonamental de la capsula en la
virulencia de les soques de pneumococ va quedar demostrat per Avery en observar
que la digestié enzimatica de la capsula del serotip 3 reduia drasticament la seva
viruléncia °. Heidelberger i Avery van descobrir la naturalesa polisacarida de la capsula
en estudiar els sobrenedants dels cultius de pneumococ i van demostrar que els
anticossos que conferien immunitat estaven relacionats amb aquests polisacarids *. El
coneixement d’aquesta immunitat va permetre que, el 1930, Felton preparés els
primers polisacarids capsulars purificats per a la immunitzacié en humans. La vacuna
contra el serotip 1 va ser util per aturar I'epidémia de pneumonia a I'hospital de
Massachusetts entre els anys 1937 i 1938 . MacLeod i col., I'any 1945, van publicar
una important reduccié de la incidéncia de la pneumonia entre els militars vacunats
amb material capsular dels serotips 1, 2, 5i 7 °. Aquesta vacuna protegia contra la
pneumonia causada per aquests quatre serotips perd no enfront de la resta. A la

década de 1960, gracies als treballs publicats per Austrian °

, €s va fer palesa la
necessitat de disposar d’una vacuna polivalent eficag contra la malaltia causada pel

pneumococ. El 1977 es va autoritzar la primera vacuna polisacarida, que contenia els
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1.2.

polisacarids capsulars purificats de 14 serotips (1, 2, 3, 4, 5, 6A, 7F, 8, 9N, 12F, 18C,
19F, 23F, 25F) 7 i finalment, el 1983, la vacuna polisacarida 23 valent que va
reemplacar a la 14-valent. Aquesta vacuna contenia els polisacarids capsulars
purificats de 23 serotips (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F,
18C, 19A, 19F, 20, 22F, 23F i 33F) i cobria entre el 60 i el 76% dels casos de malaltia
pneumococcica invasiva (MPI) ®. Posteriorment es van anar autoritzant les vacunes
polisacarides conjugades (VPC) que incloien els polisacarids capsulars purificats: la
de 7 serotips (VPC7) I'any 2000 %; la de 10 serotips (VPC10) el maig de 2009 % i Ia
de 13 serotips (VPC13) el desembre de 2009 .

L’estudi del S. pneumoniae va tenir un paper rellevant per al descobriment de I'acid
desoxiribonucleic (ADN). El 1928, Griffith va demostrar en ratolins que una injecci6
intraperitoneal de pneumococs no capsulats vius (pneumococs no virulents) juntament
amb pneumococs capsulats inactivats per calor ocasionava 'aparicié de pneumococs
capsulats vius que causaven la mort per pneumonia als ratolins. Aquest fenomen es va
anomenar “transformacié” i va romandre sense explicacio fins a 'any 1944, quan Avery
i col. van demostrar que aquesta transformacié era deguda a I'ADN i que els
pneumococs no capsulats havien adquirit la capacitat de generar una capsula a partir
dels acids nucleics de les soques mortes dels pneumococs capsulats . El 2001,
Tetellin i col.'® van publicar la seqiiéncia gendmica completa de la soca virulenta de S.
pneumoniae serotip 4 (TIGR4). Aproximadament el 5% del seu genoma estava format
per sequéncies d’insercido que poden contribuir a la recombinacié genética amb ADN

d’altres microorganismes °.

Les infeccions pneumocdcciques van ser de les primeres que es van tractar amb
antibiotics (optoquina) i S. pneumoniae va ser també dels primers microorganismes
que van desenvolupar resisténcies al tractament antibiotic . EI 1965 es van descriure
les primeres soques no susceptibles a la penicil-lina amb una concentracié inhibitoria

minima (CIM) inferior a 0,2ug/ml ™.

STREPTOCOCCUS PNEUMONIAE
1.2.1. Fisiologia

S. pneumoniae és un coc gram positiu d’entre 0,5 i 1,2um de diametre menor i 1,2-
1,8um de diametre major. Presenta una agrupacié en cadenes quan creix en un medi
liquid i en forma de diplococ lanceolat en mostres cliniques. Té uns requisits
nutricionals exigents. Com la resta d’estreptococs, el pneumococ és catalasa negatiu,
perd genera activitat perdxid d’hidrogen a través d’un flavoenzim, la qual cosa fa que

unicament creixi en medis enriquits amb sang, ja que els eritrocits actuen com a una
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font de catalasa®. Pot fermentar diversos carbohidrats i el seu principal producte
metabolic és l'acid lactic. Creix amb dificultat en medis amb elevada concentracio de

2 Es un

glucosa, ja que l'acid lactic arriba rapidament a concentracions toxiques
microorganisme aerobi i el seu creixement es veu afavorit en una atmosfera de 3-5%

de CO,; també és anaerobi facultatiu.

L’aspecte macroscopic de les colonies de les soques capsulades és mucés, rodé i de
major mida (1-3 mm de diametre) que les coldnies de soques no capsulades,
d’aspecte pla. Totes les colonies experimenten amb el temps un procés d’autolisi, que
consisteix en una dissolucié i aparicié d’una depressié de la part central de la colonia.
Les colonies de les plaques d’agar sang incubades en condicions aerobiques
apareixen rodejades d'un halo de color verd degut a la descomposicid de
’hemoglobina per la pneumolisina que produeix el pneumococ. Aquest fenomen és
conegut com a alfa-hemdlisi i pot portar a confusid6 amb altres estreptococs alfa-
hemolitics, especialment els del grup Viridans. Si les plaques d’agar sang es cultiven
en condicions anaerobiques, es produeix una zona de beta-hemolisi per I'accié d’'una

pneumolisina que es degrada en preséncia d’oxigen .

Figura 1: Morfologia de les colonies de S. pneumoniae. Font: ASM MicrobeLibary. Rebecca Buxton.
2005. Blood agar plates and hemolysis: streptococcus and other catalase negative gram-positive

cocci.
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La identificaci6 de S. pneumoniae es basa en tres caracteristiques fenotipiques
especifigues que el diferencien d’altres espécies d’estreptococs alfa-hemolitics: la
sensibilitat a 'optoquina, la solubilitat en sals biliars (desoxicolat sodic) i la preséncia
de la capsula . Perd s’han descrit soques de S. pneumoniae resistents a 'optoquina.
S. pseudopneumoniae, que s’associa a exacerbacions de malaltia pulmonar
obstructiva cronica i a pneumonia, és sensible a I'optoquina quan creix en condicions
aerobiques a 37°C, pero resistent quan creix en un medi enriquit amb CO,. Aquests
factors han fet que la solubilitat en bilis i les sondes comercials d’ADN per al gen d’acid

ribonucleic (ARN) ribosdmic siguin proves més fiables per a la identificacio.

1.2.2. Estructura
L'estructura externa de S. pneumoniae esta formada per:

e Membrana citoplasmatica

La membrana citoplasmatica és una bicapa lipidica semipermeable. Té diverses
funcions entre les quals esta la de regular el pas de substancies entre linterior i
I'exterior. Dins de la membrana hi ha inserides diverses proteines, com les proteines
d'uni6 a la penicillina, que s6n uns enzims amb activitat transglicosidasa i
transpeptidasa implicats en la sintesi del peptidoglica de la paret cel-lular. Aquestes
proteines soén les dianes dels antibidtics B-lactamics que inhibeixen la funcié

transpeptidasa interrompent aixi el mecanisme de sintesi de la paret cel-lular .
o Paret cel'lular

La paret cel-lular rodeja exteriorment la membrana citoplasmatica. Esta formada
principalment per peptidoglica i acid teicoic. El peptidoglica esta format per subunitats
alternades de N-acetil-Dglucosamida i acid N-acetilmuramic, des de les quals
s’estenen cadenes d’oligopéptids (de 4 a 6 aminoacids) que estan entrecreuades
mitjangant ponts de pentaglicina i aporten la resisténcia estructural a la paret cel-lular.
L’altre component fonamental, I'acid teicoic, es pot trobar en dues formes: en forma de
polisacarid C, unit a la capa de peptidoglica que s’estén a través de la capsula exterior
que rodeja la paret cel-lular, o en forma d'antigen F unit amb enllagos covalents a la
membrana citoplasmatica. Totes dues formes d’acid teicoic s’associen a residus de
fosfocolina. La fosfocolina juga un paper important en la regulacié de la hidrolisi de la
paret cel-lular, ja que esta implicada en l'activacié de Il'amidasa, una autolisina

pneumococcica que s’activa durant la divisié cel-lular 3.
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e Capsula

Les soques virulentes de S. pneumoniae tenen la paret cel-lular embolcallada per una
capsula. Esta formada per polisacarids repetits sintetitzats al citoplasma, polimeritzats i
transportats a la superficie bacteriana per transferrases de la membrana cel-lular.

S’uneixen de forma covalent al peptidoglica i a la proteina C *.

L’estudi de la capsula té una gran importancia, ja que és antigénica, és la base per a la
classificacié dels pneumococs en serogrups i serotips i és determinant per a la
patogenicitat . L'estudi de I'estructura repetida de polisacarids esta centrada, per una
banda, en els monosacarids que la formen i com estan units, i per l'altra, en com
s’enllacen les esmentades estructures repetides entre elles. Dins de la capsula es
troben grups O-acetil que contribueixen a la conformacié de la capsula i son
determinants antigénics. Els estudis estructurals de la capsula mostren que les
similituds seroldgiques entre els diferents serotips estan relacionades amb les
similituds estructurals de les seves capsules *. L'estudi de la composicié quimica de la
capsula de molts pneumococs ha mostrat que és anidnica, la qual cosa implica que té

una carrega negativa que 'ajuda a evitar I'aclariment mucés '°.

Una propietat important del pneumococ és la seva capacitat d’expressar un sensor
proteic de competéncia i, mitjangant un procés de transformacié, adquirir ADN d’altres
pneumococs o, fins i tot, d’altres espécies bacterianes . Aquest fet el capacita per a
adquirir gens exogens que li permeten codificar una capsula diferent de la seva. En
I'era postvacunal aquest intercanvi capsular ha permés que clons de S. pneumoniae
que expressaven una capsula d’'un serotip vacunal evadeixin I'accié immunologica de

la vacuna mitjancant 'adquisicié de gens capsulars d’un serotip no vacunal "*"".

1.2.3. Classificacié i nomenclatura

e Serotips

La capsula de S. pneumoniae és l'estructura que es fa servir per classificar
serologicament els pneumococs. Els serotips es distingeixen per les diferéncies
quimiques dels polisacarids que conformen la capsula i per la capacitat del sistema
immunitari de reconeéixer aquestes diferéncies estructurals i respondre amb anticossos
especifics. A l'actualitat hi ha 100 serotips diferents i se'n continuen descobrint de

nous'®.

Hi ha dos sistemes de classificacié per als pneumococs: el sistema danés (el més
acceptat internacionalment) i el sistema nord-america. Al sistema danés el serotip es

va definir com un conjunt de soques de pneumococ que produien una capsula amb
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una estructura i unes propietats antigéniques uniques. El serogrup es basa en les
reaccions creuades, de tal forma que als serotips amb reaccions seroldgiques
creuades se'ls assigna un serogrup comu. Dins d'un mateix serogrup els serotips es
distingeixen per la seva lletra final °. Al sistema nord-america els serotips es numeren
sequencialment seguint I'ordre en que s’han descobert, sense tenir en compte les
reaccions creuades entre els serotips i, per tant, sense I'assignacié de serogrups .
Cada serotip del sistema de classificacié danés es correspon amb un unic serotip del
sistema america, excepte el serotip 35A danés que es correspon amb els serotips 47 i

62 del sistema nord-america *.

e Clons i complexes clonals

El fenomen d’intercanvi capsular fa que I'estudi a nivell clonal de les soques aillades
sigui de gran importancia en el context vacunal actual. Els seqlenciotips (ST)
permeten classificar les soques de S. pneumoniae en funcié del seu perfil genétic. Els
STs que comparteixen un perfil genétic comu s’agrupen en complexes clonals (CC).
Un mateix ST pot incloure soques que expressin diferents serotips a causa del
fenomen d’intercanvi capsular, per exemple el ST156 inclou aillaments dels serotips
9V, 14 o 19F. Igualment, un mateix serotip pot incloure STs diferents com, per
exemple, el serotip 8 del qual s’han trobat aillats, entre d’altres, dels ST53, ST63 o
ST89 2", En l'actualitat és coneixen 14.840 STs corresponents a 47.737 aillaments %.
Aquesta classificacié permet situar a les poblacions de pneumococ en un context
evolutiu que resulta de gran utilitat en I'epidemiologia. Alguns d’aquests complexos
poden estar associats a resisténcies antibidtiques, a una major viruléncia o a un

territori en concret des del qual es poden disseminar'"?>%*.

1.2.4. Factors de virulencia

S. pneumoniae posseeix un gran nombre de factors de viruléncia, incloent la mateixa
capsula, les proteines de superficie i els enzims i toxines, sense els quals no podria
desenvolupar el seu paper patogen. No totes les soques de S. pneumoniae tenen la
mateixa capacitat per produir aquests factors de viruléncia i el mecanisme d'accié

d'aquests factors encara és objecte d'estudi.
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Figura 2. Factors de viruléncia de S. pneumoniae. Font: Van der Poll i col.”

Els principals factors de viruléncia sén:

e Capsula polisacarida

La produccié de la capsula polisacarida és el factor de viruléncia més important de S.
pneumoniae. Afecta tant a la resposta immunitaria mitjangada per neutrofils com al
sistema complement. Protegeix al bacteri de la fagocitosi sempre que I'hoste no tingui
anticossos especifics®, impedeix I'opsonitzacidé del bacteri mitjangada pels
components de les vies alternativa i classica del sistema complement, emmascara el
reconeixement dels anticossos dels antigens subcapsulars i dificulta la unié de les

proteines C reactives, inhibint aixi la via classica del sistema complement #. Té un
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paper destacat en la colonitzacié, ja que impedeix I'eliminaci6 mecanica dels bacteris
per l'aclariment mucociliar a la nasofaringe '°. Actua com una barrera que dificulta la

penetracio de determinats antibidtics %°.

e Pneumolisina (Ply)

La pneumolisina no forma part de les proteines de la superficie bacteriana sin6é que és
un enzim citoplasmatic que s'excreta al medi quan es produeix la lisi bacteriana,
principalment per I'accié de l'autolisina, perd també per altres causes com pot ser I'is

d’antibiotics bacteriolitics 2.

Té la capacitat de destruir les ceél-lules de I'hoste
mitjangant la seva unidé amb el colesterol present a la paret cel-lular i la posterior
creacio de porus. Aquesta activitat és la responsable de l'alfa-hemolisi observada en
els cultius enriquits amb sang 2%. Activa la ruta classica del sistema complement,
provocant una inflamacié en els teixits infectats i afavorint aixi la destruccio tissular
tipica de les infeccions per S. pneumoniae. Es capag d'interaccionar amb les cél-lules
de l'endoteli pulmonar causant edema i hemorragies durant els episodis de
pneumonia. Inhibeix l'activitat oxidativa dels fagocits, contribuint a evitar la fagocitosi
228 En models animals, una major concentracié de pneumolisina al liquid cefaloraquidi
(LCR) s'ha relacionat amb un major dany cerebral, fet que s'ha de tenir en compte a
I'hora de seleccionar la terapia antibiotica per al tractament de la meningitis #. La

pneumolisina juga un paper fonamental en el desenvolupament de la MP| *°.

e Autolisina (LytA)

Les autolisines sén un conjunt d'enzims situats a la capsula encarregats de regular la
lisi bacteriana degradant el peptidoglica de la paret cel-lular. La més estudiada és la
LytA 2 La seva activitat com a factor de viruléncia se centra, per una banda, en
I'alliberament d'altres components fruit de la seva activitat litica, el més important dels

quals és la pneumolisina *

, 1 per l'altra, en la inhibicié del sistema complement
mitjancant la interaccid6 amb els components C1 (de la via classica) i B (de la via
alternativa), aixi com mitjancant la degradaci6 del component C3, impedint

I'opsonitzacié *'.

e Proteina de superficie pneumococcica A (PspA)

La PspA és una proteina que forma part del grup de proteines d'unio a la colina que es
troba a la superficie de S. pneumoniae *2. Actua sobre el factor B de la cascada del

3 També inhibeix

sistema complement, inhibint I'activacié de la via alternativa
I'activacié de la via classica mitjangant dos mecanismes: a) competeix amb la captacio
de la proteina C reactiva evitant que es dipositi en la superficie del bacteri, que és un

pas necessari que permet l'accié del component C3 *, i b) restringeix la deposicié del
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component C4b a la superficie bacteriana mitjancant la inactivacidé d'aquest,
interrompent la cascada del sistema complement *°. Protegeix al pneumococ de I'accié

bactericida de la xarxa extracel-lular dels neutrofils

i s'uneix a la lactoferrina,
impedint la seva accio bactericida. Aquest fet facilita la colonitzacié de la nasofaringe,

ja que la lactoferrina es troba en gran quantitat a la saliva ¥.

e Proteina de superficie pneumococcica C (PspC)

La PspC és una altra de les proteines que forma part del grup de proteines d'unié a la
colina i es troba a la superficie de S. pneumoniae *. Té la capacitat de captar el factor
H del sistema complement, la qual cosa permet al pneumococ evadir 'opsonitzacio del
complement C3 i, en ultima instancia, el protegeix de la fagocitosi **¢. Juntament amb
la PspA és capac d’inactivar el component C4b del sistema complement *°. Juga un
paper important en la colonitzacid, facilitant 'adhesio a les cél-lules de la nasofaringe
mitjancant la hidrolisi de la IgA present al mucus i la interaccié amb el seu receptor de
les cél-lules epitelials de les mucoses 2*. Es un factor determinant de la MPI a causa
de la seva capacitat d'adheréncia a les cél-lules endotelials vasculars mitjangant la

unio al receptor de laminina d'aquestes **“°.

e Proteina A d'adhesié de superficies (PsaA)

La PsaA és una lipoproteina que es troba ancorada a la paret cel-lular. Afavoreix

332 1a seva

I'adheréncia del pneumococ a les cél-lules endotelials i pulmonars
capacitat de captacié i transport del Mn®* a l'interior del bacteri s’ha associat amb la

resisténcia a I'estrés oxidatiu durant les infeccions *'.

e Neuraminidasa A (NanA)

Les neuraminidases sén un conjunt d'enzims situats a la capsula, el més estudiat dels
quals és la NanA. Interacciona amb I'acid sialic situat a la superficie de les cél-lules de
I'hnoste i trenca les lipoproteines i oligosacarids presents. Aquest fet aporta al
pneumococ els nutrients necessaris per continuar proliferant, causa danys cel-lulars i
desemmascara receptors de la cel-lula de I'hoste amb els quals el pneumococ pot
interaccionar i millorar la seva adherencia, incrementant la interaccié del pneumococ
amb les cél-lules epitelials de tracte respiratori i afavorint aixi la colonitzaci6 i la seva

progressié cap a formes invasives %2,

e Proteasa IgA1

La proteasa IgA1 és una metaloproteasa que hidrolitza la immunoglobulina humana
IgA1, que suposa aproximadament el 90% dels anticossos presents al tracte respiratori

superior i inferior **. Evita que la IgA s'uneixi al pneumococ i l'ancori a la mucina del
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mucus, impedint que quedi embolcallat i sigui eliminada per 'accié de les cél-lules
ciliades de l'epiteli, per la qual cosa es facilita I'adheréncia i posterior colonitzacio de la

nasofaringe %**.

1.3.  PATOGENIA

La patogénia que causa S. pneumoniae es basa en la seva capacitat de colonitzacio,
transmissio, disseminacié i infeccid dels teixits de I'hoste. Els factors de viruléncia
permeten al pneumococ evadir la resposta immunitaria del sistema complement i

estimular i treure profit de la resposta inflamatoria.

1.3.1. Definicié de la malaltia pneumococcica invasiva

La malaltia pneumococcica invasiva ha estat definida per I'European Centre for
Disease Prevention and Control com aquella que compleix un o0 més dels segients
criteris *° :

- Aillament de S. pneumoniae d’un lloc normalment esteéril.

- Detecci6 d’acid nucleic de S. pneumoniae d’un lloc normalment estéril.

- Detecci6 de I'antigen de S. pneumoniae d'un lloc normalment estéril.

1.3.2. Colonitzaci6 i transmissio

S. pneumoniae esta molt adaptat a I'hoste huma, que és el seu reservori. Pot
colonitzar la nasofaringe gracies a la seva capacitat d'adherir-se a les cél-lules
epitelials i de resistir I'eliminaci®6 mucosa. La colonitzaci6 comenga practicament
després del naixement i durant el primer any de vida arriba al maxim. Entre el 60% i
100% dels nens menors d’un any han estat colonitzats per S. pneumoniae com a
minim una vegada. Passat aquest periode, els nivells de colonitzacié van disminuint
progressivament fins a arribar a l'edat adulta, en qué se situen al voltant del 10%.
Durant els mesos immediatament posteriors al part, els nivells de colonitzacio en les
mares pot augmentar fins al 20-25%. La durada de I'estat de portador oscil-la entre
una setmana i sis mesos i les recolonitzacions sén més frequents en menors de dos

anys, en els que poden arribar fins al 85%, i disminueixen fins al 35% en els adults >*¢

48

La inflamacié del tracte respiratori superior afavoreix la preséncia del pneumococ i el

seu principal mecanisme de transmissié és el contacte directe amb les secrecions

49

respiratories d’una persona colonitzada L’alt percentatge d’infants colonitzats

implica, doncs, la posterior disseminacio de S. pneumoniae a la poblacié adulta.
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S. pneumoniae pot sobreviure fins a 4 setmanes en el medi ambient gracies a la seva
capacitat de produir biofiims a les superficies contaminades. S’ha trobat a altes
concentracions en cultius ambientals de les superficies de centres sanitaris o en
objectes d'Us comu com joguines utilitzades per nens colonitzats, essent aquesta una
altra via de transmissio possible *°. La capacitat de crear biofims fa augmentar la
capacitat de colonitzacié del pneumococ, ja que li permet evadir la resposta del

sistema complement i la fagocitosi *'.

Després de la colonitzacio, s’augmenta el nivell de limfocits T CD4" especifics de S.
pneumoniae en sang i pulmons i també s’han detectat anticossos especifics contra la
NanA, la PspA i els polisacarids capsulars. La colonitzacié indueix la creacié
d’anticossos especifics del serotip colonitzador, la qual cosa explicaria la relativa baixa
incidéncia de malaltia causada per S. pneumoniae en comparaci®6 amb les altes

freqiiéncies de colonitzacio "**2.

1.3.3. Disseminacid i infeccié

La condicié6 de portador no només permet actuar a I'hoste com a reservori de S.
pneumoniae, sind que €s un pas necessari per al desenvolupament de la infeccié per
pneumococ *°. La malaltia pneumococcica es produeix quan els pneumococs que
estan colonitzant la nasofaringe envaeixen altres teixits com els sins paranasals o
'oida. Per tal de desenvolupar la MPI, S. pneumoniae ha de travessar les barreres
epitelials i/o endotelials, penetrar als teixits i, en ultima instancia, arribar al torrent
sanguini des d'on es podra disseminar a qualsevol part del cos. En el cas de la
meningitis, pero, la bacteriemia no és un requisit indispensable, ja que es pot
desenvolupar a partir d'altres focus infecciosos com una sinusitis 0 una mastoiditis.
L’aspiracié6 de S. pneumoniae des de la nasofaringe cap als pulmons també pot
possibilitar el desenvolupament de malaltia pneumococcica. Una de les principals
caracteristiques de les infeccions pneumococciques és la destruccié tissular que
provoquen i que és deguda tant a factors de viruléncia del pneumococ (com la
pneumolisina o la neuraminidasa), com a la mobilitzacié i migraci6 de ceél-lules

inflamatories cap al lloc de la infeccié causada per S. pneumoniae .

Un cop establerta la colonitzacid, per evitar que es desenvolupi la infeccio
pneumococcica, I'hoste compta amb un sistema de defensa que inclou mecanismes
d'aclariment mucociliar (que eviten que el pneumococ abandoni la nasofaringe),
d'accié del sistema complement, de generacid d’anticossos especifics contra S.
pneumoniae (especialment contra els polisacarids capsulars) i d'activitat dels fagocits.

La melsa és l'drgan encarregat d'eliminar del torrent sanguini els bacteris no
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1.4.

opsonitzats. Qualsevol alteracié en aquests mecanismes de defensa augmenta les

possibilitats que S. pneumonaie es dissemini i causi infeccio °.

Diversos factors de viruléncia de S. pneumoniae possibiliten que pugui desenvolupar
el seu paper patogen. La migracié de S. pneumoniae des de la nasofaringe cap a
altres teixits de I'hoste requereix canvis en la seva expressio genética per tal d'activar
els gens que permeten al pneumococ evadir el sistema immunitari de I'hoste, adaptar-
se a altres ninxols ambientals i sobreviure a la inflamacié aguda que acompanya la
invasié dels teixits **. Experiments in vivo en models animals han demostrat que quan
S. pneumoniae envaeix el teixit pulmonar o la sang es produeix una regulacio a l'alga

de determinats gens que contribueixen a la seva patogénia i la seva viruléncia *°.

El factor de virulencia més determinant per a la patogenicitat S. pneumoniae és la seva
capsula. No tots els serotips capsulars tenen la mateixa habilitat per inhibir
'opsonofagocitosi i el grau d'éxit d'aquesta, en abséncia d'anticossos capsulars
especifics, esta directament relacionat amb la capacitat invasiva de la soca. Quan es
passa d'un estadi de colonitzaci6 a un estadi d’infecci6 es pot produir una
hipersecrecié de la capsula, de forma que el pneumococ pot passar de tenir una
capsula més fina (coldonies més transparents) que facilita la unié a la nasofaringe i
'estadi de portador, a una capsula més gruixuda (colonies més opaques) que actua
com a mecanisme de proteccié davant I'opsonofagocitosi *°. Mitjancant I'estudi dels
serotips capsulars dels pneumococs aillats o detectats en pacients amb MPI i en
portadors sans s'ha pogut diferenciar en funcié de la capacitat invasiva de la capsula
entre serotips amb alt poder invasiu, aquells que s'associen majoritariament a casos
de MPI (serotips 1, 3, 4, 5, 7F, 8, 9N, 9V, 12F, 14, 18C, 19A i 22F) i serotips amb baix
poder invasiu, aquells que s'associen majoritariament a un estat de portador °*°. Les
caracteristiques de la capsula del pneumococ també tenen influéncia en el desenllag
de la MPI: aquells serotips amb una capsula meés gruixuda com el 3, 6A, 6B, 9N i 19F
estan associats a una major mortalitat .

MANIFESTACIONS CLINIQUES DE LA MALALTIA PNEUMOCOCCICA
INVASIVA

S. pneumoniae és una de les principals causes de malaltia d'origen bacteria en
poblacié infantil i adulta. El seu espectre clinic inclou malalties localitzades no
invasives com [l'otitis mitja aguda, la sinusitis o la pneumonia no bacteriémica i
malalties invasives com la meningitis, la pneumodnia bacteriémica, la bacteriémia o
altres formes invasives, que tot i ser menys frequents que les formes no invasives,

comporten una major morbilitat i mortalitat 362,
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1.4.1. Meningitis

La meningitis pneumocdccica és la presentacié clinica més greu de la MPI. Pot
debutar com a infeccio primaria, tot i que sovint té un focus d'infeccidé contigu o distant
(otitis, mastoiditis, sinusitis, pneumonia, bacteriémia o endocarditis), o una
comunicacio entre I'espai subaracnoide i la nasofaringe (traumatisme cranioencefalic,
postquirdrgica com en els implants coclears, fistula del LCR o una pérdua d'integritat
de la duramater); en aquestes circumstancies solen presentar-se episodis recurrents

mentre la comunicacié perduri '.

La meningitis pneumococcica sol tenir un inici brusc i una progressié rapida. La
simptomatologia és similar a la d'altres meningitis bacterianes i es caracteritza per mal
de cap, febre, rigidesa a la nuca, estat mental alterat (que en nonats es pot manifestar
en forma d'irritabilitat o letargia), vomits, convulsions i disminucié del nivell de
consciéncia que pot evolucionar cap a un estat de coma %%. El dany neurologic produit
en una meningitis pneumococcica és degut, principalment, a I'accié de la pneumolisina
i I'H2O, produits pel mateix pneumococ i per una reaccié inflamatoria excessiva per
l'accid de citocines, enzims proteolitics i oxidants que comporten una destruccio

tissular i hipertensio intracranial °*°°.

La letalitat dels casos de meningitis pneumocdccica se situa entre 16-37% en poblacio
adulta i 5-10% en poblacio infantil. Les sequeles neuroldgiques inclouen pérdua
d'audicié, hidrocefalia, i déficits neuroldgics, motors i cognitius; es donen en 30-52%

dels pacients adults supervivents i 30% aproximadament dels pacients pediatrics 3¢’

1.4.2. Pneumonia

La pneumonia bacteriémica és la presentacié de MPI més freqiient en pacients adults
i pediatrics. Es caracteritza per un inici brusc i els simptomes més habituals sén tos
productiva amb esput purulent, calfreds, febre alta mantinguda i, en menor grau,
asténia, sensacio de falta d'aire i dispnea. La simptomatologia és més prominent en
pacients pediatrics. Contrariament, els pacients més grans presenten un quadre més
inespecific que pot retardar el seu diagnostic. Degut al dolor el pacient pot presentar
una disminucié de la mobilitat respiratoria del costat afectat. Durant 'auscultacié se
senten crepitacions en la majoria dels casos. Les imatges radioldgiques presenten un
infiltrat lobular que sol afectar diferents segments d'un sol Iobul, tot i que en les

pneumonies bacteriémiques la afectacié multilobar és més freqiient 2363

Les complicacions més habituals, en més del 50% dels casos, son el vessament

pleural i 'empiema que pot arribar a requerir drenatge o fins i tot la realitzacié d'una
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toracoscopia o d’una toracotomia oberta. L'aparicié d'empiema esta molt lligada al
serotip causant de la pneumonia bacteriémica i s'associa, sobretot, als serotips 1, 3 i
19A 7' En pacients adults el xoc séptic es dona en el 10% dels casos i causa una

elevada letalitat "%

Les pneumonies bacteriemiques s'associen a una major durada de l'estada
hospitalaria, a una major admissioé a la unitat de cures intensives (UCI) i a una major
demanda de ventilaci6 mecanica que les pneumodnies no bacteriémiques %" La
letalitat en pacients adults se situa entre el 8 i el 30% i depén de factors com l'edat, les

malalties de base o el serotip causant. En menors de 5 anys la letalitat és inferior al
4% 69,74,75

1.4.3. Bacteriémia

La bacteriémia pneumocodccica es defineix com la preséncia de S. pneumoniae en
sang. La bacteriémia pot estar associada a un focus infeccidés conegut i es dona entre
el 25 i el 30% dels pacients amb pneumonia i en el 80% dels pacients amb meningitis.
En els casos en qué no hi ha un focus infecciés conegut s'anomena bacteriémia sense
focus. Es presenta sobretot en nens de fins a 3 anys d'edat i és la causa de MPI més
freqlient en menors de 2 anys %%7°. Esta caracteritzada per un quadre de febre de
curta durada i un estat general conservat. La majoria dels pacients son tractats de
forma ambulatoria i les complicacions sén poc freqlents. En els pacients que
presenten una temperatura >39°C hi ha un risc d’entre I'1,5% i '11% de desenvolupar
una sepsia. En pacients ingressats amb bacteriémia sense focus, un temps de
positivacié del cultiu de sang inferior a 12 h també és un marcador de gravetat i

s’associa a un major risc de sépsia i a una major letalitat "®"°.

1.4.4. Altres formes invasives

El pneumococ pot estar implicat en una gran varietat de processos infecciosos
invasius. Poden ser processos relativament poc frequents com les infeccions
osteoarticulars, la cel-lulitis o la peritonitis, o molt infreqiients com I'endocarditis o la

pericarditis.

Les infeccions osteoarticulars suposen aproximadament el 3% de les MPl en menors
de 18 anys i afecten principalment a nens petits sense malalties prévies. La
presentacié més frequent és l'artritis séptica (entre el 50 i el 60% dels casos) seguida
de lI'osteomielitis, que pot apareixer de forma concomitant a l'artritis séptica quan hi ha

afectacié ossia (menys del 20% dels casos) o com un focus infecciés propi (25%
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casos). L'artritis séptica acostuma a afectar a una sola articulacié i produeix febre,

dolor i impoténcia funcional de l'articulacié afectada "°.

La cel-lulitis es presenta en el 3% dels casos de MPl en menors de 18 anys,
especialment en pacients menors de 2 anys. En quasi el 85% dels casos té una

localitzacio periorbital &'.

La peritonitis pot ser primaria, és a dir sense cap altra focus infeccids evident, o pot
tenir el seu origen en una ascitis preexistent o en la introduccié del pneumococ a
través del tracte genital femeni a causa d’una perforacié intestinal. En la majoria de
casos és necessaria la cirurgia. En poblacié infantil s’associen a pacients amb

sindrome nefrotica 82,

L'endocarditis pneumococcica suposa menys del 0,5% de les MPI en adults i és
encara més infrequent en nens. A la poblacié infantil acostuma a estar lligada a factors
de risc com malalties coronaries, malformacions congénites o prematuritat. El curs de
la malaltia és agut i destructiu, pot afectar el teixit de les valvules cardiaques, en
especial a la valvula adrtica, i pot ser necessari un recanvi valvular. Té una letalitat del
40% %%,

La pericarditis és una forma de MPI molt poc freqlent. Pot ser un focus infeccids propi
o derivar-se d'una endocarditis. El 70% dels pacients pediatrics tenen menys de 5
anys i el 46% son menors d'un any. Sol debutar amb febre elevada i simptomatologia
respiratoria seguida de pal-lidesa cutania, taquicardia i hepatomegalia. Les imatges
radioldgiques presenten un augment de la mida del cor. Si no es diagnostica i es tracta

rapidament la letalitat pot arribar al 30% >.

1.5. DIAGNOSTIC MICROBIOLOGIC DE LA MALALTIA PNEUMOCOCCICA
INVASIVA

1.5.1. Identificaci6 de S. pneumoniae

e Microscopia
L'observacioé directa en mostres normalment estérils de diplococs gram positius, en
forma lanceolada i rodejats d'una capsula pot ser un indicador d'infeccié per S.
pneumoniae. En mostres de LCR la sensibilitat de la tincié de gram se situa entre el
69-93% ¥. En cas de vessament pleural I'analisi per tincié de gram del liquid pleural
també és una practica recomanada 2. Tot i aix0, les soques més velles de pneumococ
tendeixen a no tenyir-se correctament i poden semblar gram negatives. En cas que la
mostra s'hagi recollit un cop ha comengat la terapia antibiotica la morfologia del

pneumococ pot estar alterada. La sensibilitat de la técnica també depén de l'expertesa
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de I'observador. L’observacio directa pot ser una bona eina per a establir una primera

sospita de diagnostic, perd s'ha de confirmar amb proves que tinguin una major

sensibilitat i especificitat ®°.

.0rg @

Figura 3: Tinci6 de gram de S. pneumoniae en LCR. Font: ASM MicrobeLibrary. Rbecca Buxton.
2007. Examination of gram stains of spinal fluid—bacterial meningitis.

e Deteccidé d'antigen

El test de deteccié d'antigen més usat és el Binax NOW® S. pneumoniae. Aquest test
detecta, mitjancant la técnica d’immunocromatografia, el polisacarid C que esta
present a la paret cellular de tots els pneumococs, si bé s'han descrit reaccions
creuades amb S. mitis i S. oralis ®. Inicialment es va desenvolupar per a ser usat en
mostres d'orina i, posteriorment, es va aprovar el seu Us en LCR. Té una bona
sensibilitat i especificitat en altres fluids corporals, fins i tot després d'haver-se iniciat la
terapia antibidtica. En LCR ha mostrat una sensibilitat del 95-100% i una especificitat
del 100% 2. En liquid pleural de pacients pediatrics amb pneumonia pneumocdccica
ha mostrat una sensibilitat del 70% i una especificitat superior al 90% %, La deteccié
d'antigen ha mostrat un 100% de sensibilitat en brou de cultiu de sang i ha permés la
deteccidé de S. pneumoniae fins i tot en aquells casos en qué, després d'una alerta
positiva del sistema automatitzat BactT/ALERT®, no ha crescut cap pneumococ a la
resembra. El test de deteccidé d'antigen es pot fer servir tant com alternativa rapida per

donar un diagnostic de presumpcio en els casos de bacteriémia pneumocodccica, com
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per millorar-ne el diagnostic, especialment en els paisos amb menys recursos

economics %,

Després del Binax NOW® s'han comercialitzat altres tests de deteccio d'antigen com el
Immunocatch® que, tot i que han mostrat una bona sensibilitat i especificitat en orina,

encara no s'han estudiat en altres fluids corporals *.

e Cultiu

Historicament, el diagnostic de la MPI s'ha basat en l'aillament de S. pneumoniae
d'una mostra normalment estéril i la seva posterior identificacid en funcid les
caracteristiques morfologiques de les colonies, la tincié de gram, la sensibilitat a
'optoquina i la solubilitat en bilis. La sensibilitat del cultiu disminueix per factors com el
tipus mostra, la baixa concentracié del microorganisme, el volum insuficient de la
mostra (sobretot en pacients pediatrics), I'autdlisi dels microorganismes o el tractament

antibiotic previ a la recollida de la mostra 89°1%,

La sensibilitat de I'hnemocultiu esta influenciada per la preséncia intermitent de S.
pneumoniae en sang. En pacients amb pneumonia pneumocdccica la sensibilitat és

99,101

del 20-30% en adults i inferior al 10% en nens . En pacients amb meningitis

pneumococcica, en els que la bacteriemia és més freqlent, 'hemocultiu és positiu en

un 50% dels casos 8%,

El cultiu el liquid pleural t¢ una sensibilitat del 18-33%. El baix rendiment esta
influenciat per I'administracié rutinaria d’antibioterapia parenteral prévia als

procediments quirdrgics toracoscopics *'%.

El cultiu de LCR és l'estandard de referéncia per al diagnostic de la meningitis
pneumococcica . Un cultiu positiu juntament amb la tincié de gram permeten la
deteccié de S. pneumoniae amb una sensibilitat del 84% i una especificitat del 98% .
El rendiment del cultiu de LCR és molt variable i s'han descrit séries de casos amb el
87% de cultius positius i d'altres de només el 17,5% "%, El tractament antibiotic previ
pot fer disminuir la sensibilitat del cultiu en LCR fins a un 18% i fins a un 29% en el cas

que aquest s'hagi administrat durant més de 24 hores '%.

Un dels principals inconvenients de la técnica de cultiu és que els resultats triguen com
a minim 24-48 hores. Si bé els cultius s6n necessaris, ja que permeten fer estudi de la
sensibilitat de la soca, poden ser poc utils per a la presa de decisions en els moments

inicials atesa la gravetat d'algunes presentacions cliniques.
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e Biologia molecular

La deteccié de S. pneumoniae mitjangant la reaccié de la cadena de la polimerasa a
temps real o real-time polymerase chain reaction (real-time PCR) és una eina
important per al diagnostic de la MPI. Es una técnica quantitativa basada en
I'amplificacié selectiva i deteccié de determinats fragments d'ADN també anomenats
dianes moleculars. Posseeix certs avantatges sobre el cultiu: permet detectar minimes
quantitats d'ADN, no requereix microorganismes viables, la terapia antibiotica prévia
afecta menys a la seva sensibilitat i pot proporcionar resultats en poques hores. Per
contra, la variabilitat genética del pneumococ i les seves similituds amb altres
microorganismes com S. mitis i S. oralis dificulten I'eleccié de les dianes moleculars, la
realitzacié de la técnica requereix laboratoris i personal especialitzat i, tot i que és
possible detectar marcadors de resisténcia (com els gens pbp2x/2b/la associats a la
resisténcia a antibiotics beta-lactamics) no permet realitzar estudis de sensibilitat
antibiotica 810019,

El gen de l'autolisina Lyt-A és la diana molecular més utilitzada, ja que esta molt
conservat en tota I'espécie de S. peumoniae. Amb un encebador adequat permet
diferenciar-lo de la resta d'espécies genotipicament similars com S. mitis, S. oralis i S.
pseudopneumoniae, amb una alta sensibilitat i especificitat. La real-time PCR Lyt-A és
la técnica més utilitzada i recomanada per 'OMS "%%%1% | 5 combinacié del gen Lyt-
A amb les molécules diana piaB o SP2020 s'ha mostrat altament eficag i atorga a la

real-time PCR uns valors de sensibilitat i especificitat propers al 100% '%%'%°,

En sang la capacitat de la real-time PCR per a la deteccié de S. pneumoniae és molt
superior a la del cultiu, sobretot en pacients pediatrics. En mostres de plasma EDTA
presenta una sensibilitat del 70% (i fins hi tot superior en nens) i una especificitat del
96% """ En liquid pleural ha mostrat una sensibilitat i especificitat del 100% i ha
esdevingut métode de diagnostic essencial donat el baix rendiment dels cultius en

aquesta mostra '°#"'2. Al LCR té una sensibilitat del 92,3% i una sensibilitat del 100%
113
1.5.2. Identificaci6 del serotip de S. pneumoniae

La identificacié del serotip €s un pas essencial per coneixer I'epidemiologia de la MPI,

el disseny de futures vacunes i per poder avaluar la seva efectivitat.

e Reaccio de Quellung

La reacci6 de Quellung és un test serologic basat en la interaccié dels antigens

capsulars amb anticossos especifics. Aquesta interaccioé produeix una aglutinacié i una
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inflor (quellung en alemany) que pot ser observada al microscopi. Existeixen dues
técniques de microscopia: la "humida", que requereix una ampliacié de x100 i I'is d'oli

d'immersio, i la "seca", que requereix una ampliacié de x40 i es realitza sense oli '%’.

Es considera I'estandard de referéncia i la resta de técniques de serotipat han de
mostrar la seva concordanga de resultats amb la reaccié de Quellung per a ser
validades. Tot i aix0, és un métode laborids i costds que requereix I'is d’antisérum
especific per a cada serotip capsular aixi com personal expert per interpretar

correctament els resultats.

Com a la resta de metodes serologics, per poder realitzar una identificacid positiva és
necessari que una gran quantitat d’anticossos quedin units als antigens capsulars i per

aixo I'us d’aquesta técnica només és possible si es disposa d’un cultiu pur.

e Aglutinacio en latex

Es un test serologic en el qual els anticossos que interaccionen amb els antigens
capsulars estan recoberts de particules de latex de forma que la reaccié entre I'anticos
especific i els antigens de la capsula produeix un agrupament visible anomenat
aglutinacié. Es un test més rapid, facil i economic que la reaccié de Quellung i té una
alta sensibilitat i especificitat. Sovint, perd, s’ha de combinar amb la reaccié de

Quellung per identificar el serotip concret %%,

e Dot Blot

Es una prova d’hibridacié que permet serotipar més d’una soca al mateix temps. Es

rapida, econdmica i es pot realitzar fent servir una quantitat minima de sérum .
e PCR

El tipat del pneumococ també es pot fer mitjangant I'estudi dels nucleodtids implicats en
la biosintesi de la capsula. Cada serotip capsular té una combinacié diferent de gens
cps (capsular polysaccharide synthesis) I'analisi dels quals permet la seva identificacio.
Un dels principals avantatges de les técniques basades en 'analisi de les seqlieéncies
dels nucledtids és que poden ser tecniques qualitatives i quantitatives, tenen una gran
sensibilitat i permeten la identificacié de microorganismes no viables. Al llarg del temps
s’han anat desenvolupant diferents métodes (real-time PCR simples i multiples,
multiplex PCR) que han permeés la deteccio i diferenciacié de cada cop més serotips

d’una forma rapida i fiable """,
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1.5.3. Identificaci6 clonal de S. pneumoniae

La metodologia més emprada per a la identificacié clonal és la MLST (multilocus
sequence typing). Permet mesurar variacions de sequéncies d’ADN i classificar als
pneumococs en ST en funcié del seu perfil genétic. L’analisi dels STs del pneumococ
es basa en fragments de 7 gens constitutius (housekeeping genes): aroE, ddl, gdh, gki,
recP, spi i xpt.""®. Per assignar un ST es compara la seqiiéncia de cada fragment amb
una base de dades d’al-lels. A cada sequéncia Unica se li assigna un identificador
numeric i la combinacié dels al-lels crea un perfil al-lélic. Cada perfil al-lélic esdevé un
ST que identifica de forma inequivoca un clon %. Un CC esta format per un grup de
STs que comparteixen entre 6 i 7 al-lels amb almenys un altre ST del grup i que per

2

tant es considera que tenen un antecessor comu 2'. L’assignacié del CC és realitza

mitjancant el programa eBRUST '*°.

1.6. ESTUDI DE SENSIBILITAT ANTIBIOTICA i TRACTAMENT ANTIMICROBIA
1.6.1. Estudi de sensibilitat antibiotica

Es necessari realitzar cultius per tal de poder obtenir la sensibilitat in vitro de la soca

aillada i racionalitzar el tractament.

L’estudi de sensibilitat es realitza mitjangant els métodes quantitatius de disc difusié o
microdilucié. Tal com recomanen el Comité Espanol del Antibiograma i la Sociedad
Espafiola de Enfermedades Infecciosas y Microbiologia Clinica cal seguir la
metodologia i els punts de tall establerts per 'European Committee on Antimicrobial
Susceptibility Testing (EUCAST) '*'22. ’EUCAST estableix punts de tall diferenciats
en funcié de la forma clinica (meningitis i no meningitis) per a les benzilpenicil-lines i el

meropenem.

L’'any 2019 el Comité Executiu de TEUCAST va canviar les categories cliniques de

“Sensible” “Intermedi” i “Resistent” per “Sensible, régim de dosificacié estandard”,
“Sensible, quan s’incrementa I'exposicid” i “Resistent”, respectivament. Aquestes
noves categories responen a la necessitat d’incloure el concepte d’exposicié (entesa
com l'administracid, la dosi, l'interval entre dosis, el temps d’infusid, la distribucio, el
metabolisme i I'excrecié de I'antimicrobia) en la presa de decisions per a establir un
tractament adequat. En el cas de S. pneumoniae aquest canvi ha afectat la
categoritzacié de la levofloxacina. Totes les soques aillades amb un punt de tall <2

mg/L es consideren sensibles quan s’incrementa I'exposicié '%.
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1.6.2. Tractament antimicrobia

Els antibidtics B-lactamics son el tractament de primera eleccié per a les infeccions per
S. pneumoniae. L’aparicié i la disseminacié de soques resistents, pero, fan que els
tractaments s’hagin d’adaptar a les recomanacions locals i al resultat de
'antibiograma. Al document de consens de la Sociedad Espafiola de Infectologia

% per al tractament

Pediatrica i la Sociedad Espafiola de Neumologia Pediatrica
antibidtic de pneumonies en nens hospitalitzats es recomana I'is d’ampicil-lina o
penicil-lina G soddica per via intravenosa en aquells casos sospitosos o amb etiologia
pneumococcica confirmada. Després de 24 h o 48 h sense febre, i si hi ha bona
evolucio clinica, es pot passar a amoxicil-lina oral. Es recomana una durada total del
tractament d’entre 7 i 10 dies. En pacients amb pneumonia complicada per vessament
pleural es recomana I'Us dels mateixos antibidtics perd a dosis més elevades (per
assegurar que arriben en concentracions adequades a l'espai pleural) i amb una
durada del tractament d’entre 2 i 4 setmanes. En els casos més greus esta justificada
ladministracid6 d’'una cefalosporina (cefuroxima o cefotaxima) juntament amb

clindamicina o vancomicina en funcié de les dades locals de sensibilitat.

En casos de meningitis pneumococcica I’Asociacion Espanola de Pediatria i la
Sociedad Espafiola de Infectologia Pediatrica '* recomanen com a antibiotic d’eleccio
una cefalosporina de tercera generacio (cefotaxima o ceftriaxona) per la seva bona
penetracié al LCR. En casos de sensibilitat disminuida es recomana I'administracio
conjunta amb vancomicina sola o vancomicina i rifampicina. La durada del tractament
recomanada és d’'un minim de catorze dies. L’Us d’'imipenem en casos resistents a

penicil-lina esta desaconsellat per la seva tendéncia a produir convulsions.

Cal recordar que el mecanisme de resisténcia de S. pneumoniae als antibidtics -
lactamics no es basa en la produccié de B-lactamases sind en la modificacio de les
proteines d’unié a la penicil-lina '® i que, per tant, I'addicié d’inhibidors B-lactamases

no aporta cap benefici clinic.

1.7. PREVENCIO DE LA MALALTIA PNEUMOCOCCICA INVASIVA

L’elevada morbiditat i mortalitat de la malaltia per S. pneumoniae, incrementada per
laugment de les resisténcies antibidtiques, fan de la prevencié la millor estratégia per
al maneig de la MPIL. Des de finals dels anys setanta les vacunes
antipneumococciques polisacarides han encapcalat els esforcos per a reduir la
incidencia de la malaltia. Es tracta de vacunes inactivades que contenen els
polisacarids capsulars purificats dels serotips dels pneumococs que causen infeccions

amb més frequéncia. Quan els polisacarids que contenen estan conjugats amb
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proteines transportadores reben el nom de vacunes polisacarides conjugades.
Actualment hi ha disponibles tres vacunes antipneumocodcciques: la vacuna

polisacarida 23 valent i les vacunes polisacarides conjugades 10 valent i 13 valent.

1.7.1. Vacuna polisacarida

La vacuna polisacarida 23 valent (VP23) es va autoritzar a Espanya I'abril de 2001
amb el nom comercial de Pneumovax 23®. La vacunacio primaria consta d’una sola
dosi de 0,5 ml administrada per injeccié intramuscular o subcutania. Degut un major
risc de reaccions adverses no es recomana la revacunacio fins passats entre 3 i 5
anys. Cada dosi de vacuna conté 25 ug de cada un dels 23 serotips de polisacarids
pneumococcics seguents: 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F,
18C,19F, 19A, 20, 22F, 23F i 33F "%/,

La resposta immunoldgica de la VP23 és independent dels limfocits T i no genera
memoria ni €s immundgena en menors de 2 anys. No proporciona immunitat a les
mucoses i, per tant, no redueix la incidéncia d’infeccions localitzades al tracte
respiratori superior com la sinusitis i 'otitis mitjana aguda (OMA), no elimina I'estat de

portador i tampoc genera immunitat de grup %%

A Catalunya, la vacunacié amb VP23 esta indicada contra la malaltia causada pels
serotips dels pneumococs inclosos a la vacuna i la seva administracidé esta
recomanada en infants de 24 a 59 mesos que pertanyin a algun grup de risc després
de finalitzacio de la immunitzacié amb la VPC13, en majors de 5 anys que pertanyin a
algun grup de risc després de I'administracié d’una dosi de VPC13 i en persones de 65

anys i més '%°.

1.7.2. Vacunes conjugades

La primera vacuna antipneumococcica conjugada autoritzada a Espanya 'any 2001
fou la VPC7 valent, que incloia els polisacarids conjugats dels serotips 4, 6B, 9V, 14,

18C, 19F i 23F. Actualment hi ha disponibles dues vacunes conjugades:

- VPC 10 valent, que va ser autoritzada a Espanya el maig de 2009 amb el nom
comercial de Synflorix®. Inclou els polisacarids conjugats dels serotips inclosos
a la VPC7 més els dels serotips 1, 5 i 7F. Els polisacarids dels serotips 1, 4, 5,
6B, 7F, 9V, 14, 18C, 19F i 23F estan conjugats amb la proteina D (derivada de
’Haemophilus influenzae no tipable), el del serotip 18C amb toxina tetanica i el
del serotip 19F amb toxina difterica com a proteines transportadores

respectivament i absorbits en fosfat d’alumini com a adjuvant '*.
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- VPC 13 valent, que va ser autoritzada a Espanya el desembre de 2009 amb el

nom comercial de Prevenar-13®. Inclou els polisacarids conjugats dels serotips
inclosos a la VPC7 valent més els dels serotips 1, 3, 5, 6A, 7F i 19A. Tots els
polisacarids dels serotips continguts a la vacuna estan conjugats amb la toxina
diftérica CRM197 com a proteina transportadora i absorbits en fosfat d’alumini

com a adjuvant ¥

Les vacunes conjugades uneixen els polisacarids capsulars a proteines
transportadores per tal d’aconseguir una resposta depenent de limfocits T. Aquesta
resposta genera memoria, de manera que la revacunacié posterior produeix un
augment del titol d’anticossos tant si es fa servir la vacuna conjugada com la no
conjugada. Es immundgena a partir dels 2 mesos d’edat. Ha mostrat ser efectiva en la
prevencié de formes no invasives d’infeccié pneumocodccica, elimina I'estat de portador

dels serotips continguts a la vacuna i, per tant, és capa¢ de generar immunitat de grup
8,132-134

Al juliol de 2016 la VPC13 va ser inclosa al calendari de vacunacions sistematiques de
Catalunya. Esta indicada per fer la immunitzacié activa contra la MPI, la pneumonia i
'OMA causada per S. pneumoniae en els lactants, els nens i els adolescents i per a la

prevencié de la MPI i la pneumonia causada per S. pneumoniae en els adults '%°.
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Taula 1. Esquema de vacunacié amb vacunes antipneumococciques

Grup edat Grup de risc Pauta Tipus de Edat / interval minim
(tipus de vacuna)  vacunacio d’administracio
2 mesos i 2+41(VPC13)  sistematica A2 41T mesos
edat
VPC 13: 1 mes entre les
3 primeres i 2 mesos
Risc de malaltia 3+1 (VPC13) entre la 3aii la 4a (en el
< 6 mesos pneumococcica + selectiva Segon any d(_a vida).
greu o frequent 1 (VP23) VP23: a partir dels 24
mesos d’edati 8
setmanes des de la
darrera dosi de VPC13.
VPC 13: 1 mes entre les
2 primeres i 2 mesos
Risc de malaltia 2+1 (VPC13) entre la 2ai la 3a (en el
7-11 mesos pneumococcica + selectiva segon any d? vida).
greu o freqient 1 (VP23) VP23: a partir dels 24
mesos d’edati 8
setmanes des de la
darrera dosi de VPC13.
VPC 13: 2 mesos entre
oo Risc de malaltia 1+1 (VPC13) | '\‘/";223‘:’23;)2 el 24
-23 mesos  pneumococcica + selectiva ; .
greu o freqient 1 (VP23) mesos d'edat i 8
setmanes des de la
darrera dosi de VPC13.
VPC 13: 2 mesos entre
Risc de malaltia 1/1+1* (VPC13) les 2 dosis.
24-59 mesos  pneumocodccica + selectiva VP23: 8 setmanes des
greu o frequent 1 (VP23) de la darrera dosi de
VPC13.
VP23: 8 setmanes
Risc de malaltia 0"/1*(VPC13) (recomanat 12 mesos)
5-64 anys pneumococcica + selectiva des de la darrera dosi de
greu o freqiient 11/2% (VP23) VPC13 i una 2a dosi
almenys 5 anys despres.
VPC13: a partir dels 3-6
Transplantament 3 (VPC13) mesos despres del
5-64 anys de progenitors + selectiva transplantament_.
‘o VP23: entre 12i 24
hematopoétics 1 (VP23) .
mesos després del
transplantament.
=65 anys - 1 (VP23) sistematica

*Malalts d’alt risc (asplénia, drepanocitosi, fistula de LCR, implant coclear, immunodeficiéncies,
fibrosi quistica i sindrome de Down)
"Malaltia cardiovascular cronica, malaltia pulmonar cronica, malaltia neuroldgica cronica,

diabetis mellitus, hepatopatia cronica, malaltia celiaca.

iImmunideprimits (excepte trasplantamet de progenitors hematopoetics), asplénia anatomica o

funcional.

129

Font: Elaboracioé propia a partir del Manual de Vacunacions de Catalunya 2020 de 'ASPCAT .
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1.7.3. Noves vacunes antipneumococciques

La limitacid en la cobertura de serotips que proporcionen les vacunes a causa del
fenomen de reemplagament, la incidéncia encara elevada d’alguns serotips continguts
a la VPC13, les diferéncies geografiques en la distribucié dels serotips i el fenomen
d’intercanvi capsular, afecten I'efectivitat de les actuals vacunes antipneumocdcciques

i suposen un repte de futur a 'hora de desenvolupar-ne de noves.
Actualment hi ha dues noves vacunes conjugades en fase 3 de desenvolupament:

- Vacuna conjugada 15 valent: incorpora els serotips 22F i 33F respecte a la

VPC13. Els estudis clinics mostren que és una vacuna segura i capa¢ d’induir
concentracions d’lgG i activitat opsonofagocitica per als 15 serotips continguts
a la vacuna tant en infants com en poblacié adulta 5%,

- Vacuna conjugada 20 valent: incorpora els serotips 8, 10A, 11A, 12F, 15B, 22F

i 33F respecte a la VPC13. Els resultats en fase | en adults no vacunats de 18
a 49 anys van mostrar una bona tolerancia i la capacitat de generar
concentracions substancials d’lgG i activitat opsonofagocitica per als 20
serotips continguts a la vacuna '*®. En fase tres, els estudis s’han ampliat a
poblacié de fins a 64 anys amb bons resultats i la resposta de la vacuna ha
superat els criteris de no inferioritat respecte a la VPC13 i la VP23, excepte per
al serotip 8 "*°.

Tot i les noves VPC15 i VPC20, la capacitat d’afegir polisacarids de més serotips en
futures vacunes conjugades és técnicament limitada i el producte final té€ un cost elevat
que fa que aquestes vacunes siguin de dificil accés per als paisos més pobres. Es
necessari, doncs, poder desenvolupar vacunes assequibles, que generin resposta
immunitaria independentment del serotip, i que puguin prevenir la MPI i I'estat de
portador per aixi generar immunitat de grup. Amb aquest objectiu s’estan

desenvolupant dos tipus de noves vacunes antipneumococciques 140143,

- Vacunes proteiques: Les proteines associades a factors de viruléncia com la

Ply, la PspC o la PspA tenen sequiéncies molt conservades presents a la
majoria de pneumococs. Aquestes proteines poden generar una resposta
immunologica depenent de limfocits T i la seva produccidé és més econdmica
que la de les VPC. La vacuna proteica basada en la PspA es troba actualment
en fase 1. La basada en la Ply i una vacuna multiproteica que engloba la PspA,

PsaA, PiuA ila Ply es troben en fase 2.
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1.8.

- Vacunes de bacteris sencers: Les vacunes de bacteris sencers tenen

'avantatge de poder expressar tots els antigens proteics sense necessitat de
purificacié i suposen una alternativa econdomica a les VPC. Poden proporcionar
una proteccié independent del serotip i generar resposta tant humoral com
cel-lular contra multiples antigens. En [lactualitat s’estan desenvolupant
vacunes antipneumocodcciques tant amb soques de S. pneumoniae inactivades
(basada en la soca RM200 i actualment en fase 2), com de soques vives

atenuades (basada en la soca TIGR4).

EPIDEMIOLOGIA DE LA MALALTIA PNEUMOCOCCICA INVASIVA

La MPI presenta un patré d’incidéncia bimodal i afecta majoritariament a nens menors
de 5 anys i adults de 65 anys i més. En tots els grups d’edat la incidéncia és major en
homes que en dones. En els paisos de clima temperat la MPI| mostra una fluctuacié
estacional i és més frequent durant els mesos d’hivern. Es presenta majoritariament en
les formes cliniques de pneumodnia, meningitis, bacteriemia sense focus o infeccid

osteoarticular .

1.8.1. Epidemiologia de la colonitzacid i la transmissio

Diversos factors afavoreixen la transmissio i colonitzacié de S. pneumoniae. La
infeccié amb virus respiratoris facilita 'adheréncia del pneumococ a la nasofaringe, ja
que molts d’ells també produeixen neuraminidasa, incrementant-se la secrecié de
mucus i la resposta inflamatoria, que compromet la integritat de I'epiteli. Aixi doncs,
s'augmenta la susceptibilitat per adquirir S. pneumoniae i també la densitat de
pneumococ excretat, que pot arribar a nivells que permetin la transmissié '**'*°. Un
efecte similar, que també deriva en l'increment de I'excreciod del bacteri, es produeix
durant els primers anys de vida en els que la rinorrea sol ser molt abundant .
L'exposicio al fum del tabac o als fums de la llar també sén factors que afavoreixen la
colonitzacié. També l'afavoreixen altres factors socioecondmics com l'assisténcia a
escola, conviure amb germans o l'assisténcia a un centre de salut, ja que augmenten
les possibilitats d'exposicidé a persones portadores, sobretot en nens i en les regions
amb menys recursos economics '*""*°. Els percentatges de colonitzacié més elevats

es corresponen amb els paisos que tenen unes rendes més baixes “°.

L'administracié d'antibiotics durant el mes anterior suposa un factor de risc per a la

colonitzaci6 amb soques de S. pneumoniae resistents tant a penicil-lina com a

eritromicina %151
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La preséncia d'altres bacteris a la nasofaringe també pot influir en la colonitzacio.
Aquests bacteris interaccionen amb S. pneumoniae mitjangant relacions sinérgiques
que tenen com a consequéncia la colonitzaci6 amb ambdds microorganismes com és
el cas d’H. influenzae, o mitjangant relacions de competéncia com en el cas de S.

aureus %2,

1.8.2. Epidemiologia de la disseminacio i la infecci6

Diversos factors poden afavorir que una persona passi d’'un estat de portador a patir
una MPI.

Els mecanismes d'aclariment mucociliar i la integritat de I'epiteli es poden veure
compromesos si hi ha inflamacié, edema, obstruccio dels conductes, alteracions ciliars
o0 augment de la produccié del moc produits per patologies de base com l'asma, les
al-lérgies o la malaltia pulmonar obstructiva cronica (MPOC), per I'exposicio al tabac o

per una infeccié prévia de virus respiratoris "°>'%°.

Les persones amb malalties de base, tant congénites com adquirides, que afecten el
funcionament del sistema immunitari estan més exposades a patir una malaltia
pneumococcica després d’'una colonitzacié. Aquests déficits també poden incrementar
el risc de patir MPI recurrents i, en menors de 5 anys, s'associen a formes greus com

meningitis o pneumonies complicades '**"°".

Aquelles persones amb asplénia
congeénita o les que han patit una esplenectomia, o les que la melsa no els funciona
correctament tenen un maijor risc de patir una infeccié per S. pneumoniae i un risc

entre 5 i 15 vegades superior de patir una infeccié pneumococcica fulminant >'°.

Altres condicions de base com la diabetes mellitus, I'anémia falciforme, I'alcoholisme
cronic o la insuficiéncia hepatica o renal també s'associen a un major risc de patir una

infeccio per S. pneumoniae >>'%,

El Comité Asesor de Vacunas de la Asociacion Espafnola de Pediatria va elaborar la
classificacio les situacions de risc de malaltia pneumocodccica greu o frequent en la

infancia i adolescéncia que es mostra a la taula 2 ™.
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Taula 2. Classificacié les situacions de risc de malaltia pneumococcica greu o
frequent en la infancia i adolescéncia

Grup derisc Malaltia o situacio
Malaltia cardiaca cronica (especialment cardiopaties
congeénites cianosants o que cursen amb insuficiéncia
cardiaca).
Malaltia pulmonar cronica (incloent-hi 'asma tractada
amb dosis altes de corticoesteroides orals de forma

Nens

_ perllongada).

immunocompetents

Diabetes mellitus
Fistula de LCR
Implant coclear

Hepatopaties croniques (en nens majors de 6 anys)

Nens amb asplénia

(anatomica o funcional)

Anémia de cél-lules falciformes i altres

hemoglobinopaties.

Asplénia congénita o adquirida, o disfuncié esplénica

Nens immunodeprimits

Infeccio pel virus de la immunodeficiencia humana (VIH)
Insuficiencia renal cronica i sindrome nefrotica

Malalties que requereixin tractament amb farmacs
immunosupressors o radioterapia (p. ex. neoplasies
malignes, leucémia, limfoma i malaltia de Hodgkin o

trasplantament de medul-la dssia o d'érgan solid)

Immunodeficiéncies congénites (incloent-hi déficit de
limfocits B o T; deficiéncies del complement,
especialment C1,C2,C3 o C4 i deficiencies de la

fagocitosi, excloent la malaltia granulomatosa cronica)

1.8.3. Evolucio de laincidéncia de la MPI

L’any 2000 es varen estimar 14,5 milions de casos de MPI en nens menors de 5 anys

que varen suposar 735.000 defuncions '®. Posteriorment, quan ja s’havien introduit les

VPC, I'any 2015 es varen estimar 3,7 milions d’episodis de MPI en aquesta mateixa
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" Tot i aquest descens, les

franja d’edat que varen suposar 294.000 defuncions
defuncions atribuibles a S. pneumoniae en 2015 varen suposar I'1% de les
defuncions en nens menors de 5 anys no infectats per VIH. Les taxes d’incidéncia i
mortalitat sén majors en els paisos en vies de desenvolupament i la majoria de morts
es registren en les regions d’Africa i Asia ®'. Al continent europeu, l'informe anual de
MPI de 2017 "2 assenyalava una incidéncia a la UE/EEA de 6,2 casos per 100.000
habitants i a Espanya de 6,6 casos per 100.000 habitants. Incidéncies superiors a les
que s’havia detectat el 2014 (4,8 per 100.000 habitants a UE/EEA i 5,0 a Espanya). A
Catalunya la incidéncia de MPI 'any 2016 fou de 12,2 casos per 100.000 habitants,
taxa que suposa una reduccio del 9% respecte a la de 2012 (13,4 casos per 100.000

habitants)'®*,

-
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Figura 4. Distribucié de casos confirmats de MPI per 100.000 habitants als paisos de la UE/EEA,
2017. Font: Invasive pneumococcal disease. ECDC. Annual epidemiological report for 2017.

L'any 2017 la taxa de MPI en menors d'un any dels paisos de la UE/EEA fou de 14,5
casos per 100.000 habitants i va ser el segon grup d’edat amb una major taxa per
darrere dels adults de 65 anys i més (18,9 casos per 100.000 habitants) '°?. A Espanya
la incidencia el 2016 fou de 15,4 casos per 100.000 habitants en menors d’'un any i de
17,7 casos per 100.000 habitants en persones de 65 anys i més '®. A Catalunya, I'any

2016, els menors de 2 anys van ser el grup d’edat amb una major taxa d’incidéncia
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(38,2 casos per 100.000 habitants), seguit pel grup de 65 anys i més (32,5 casos per
100.000 habitants) i el grup de 2 a 4 anys (20,9 casos per 100.000 habitants)'®*.

T e e T 45,0
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I Dona Home =lee=Taxa d'incidéncia 40.0
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Grup d'edat

Figura 5: Incidéncia d’MPI segons el grup d’edat i sexe. Catalunya, 2012-2016. Font: Sistema de
notificaci6 microbiologica de Catalunya. Sub-direccié General de Vigilancia i Resposta a
Emergéncies de Salut Pablica. Agéncia de Salut Piblica de Catalunya.

1.8.4. Evolucio de la distribucié dels serotips causants de MPI

Després de la introduccio de la VPC7 es va produir un descens tant en el nombre de
casos de MPI com en el nombre d’hospitalitzacions ocasionades pels serotips
continguts en la vacuna'®'®®. Durant els anys posteriors, perd, va haver-hi un augment
en el nombre de casos de MPI produits, principalment, pels serotips 1, 3 i 19A, no

presents a la vacuna VPC7'%"1%8

Després de la introduccio de la VPC10 i, especialment de la VPC13, s’ha observat una
reduccid dels casos de MPI associats als serotips continguts en les VPC.
Paral-lelament a aquest descens, nombrosos estudis han observat un augment dels
casos de MPI produits per serotips no vacunals en totes les formes cliniques'®*'°. Els
serotips no vacunals que més han incrementat la seva incidéncia des de la introduccio
de la VPC13 son el 8, el 12F, el 24F, el 9N, el 10A, el 22F, el 33F i el 35B en una
proporcio variable en funcié del grup d’edat, la manifestacio clinica, la zona geografica
i les politiques de vacunacié. També s’ha observat una incidéncia encara elevada

d’alguns serotips continguts a la VPC13 com I'1, el 3, el 14 i el 19A. """,

47



Introduccid

A Anglaterra i Gal-les la VPC13 esta inclosa al calendari vacunal des de I'abril de 2010
i t& una cobertura de vacunacié superior al 90%. Durant el periode 2016-2017 els
principals serotips causants de MPI en menors de 5 anys van ser el 12F (14,2%), el 8
(10,0%) i el 10A (8,2%). En el grup de 5 a 64 anys van ser el 8 (27,2%), el 12F
(17,9%), i el 3 i el 9N (7,0% cada un). En el grup de 65 anys i més van ser el 8
(15,7%), el 3 (11,5%) i el 12F (9,3%) """

A Catalunya la VPC13 es va incloure al calendari de vacunacions sistematiques el
juliol de 2016. Durant el periode 2014-2016 la cobertura de vacunacié amb VPC 13 va
ser del 63,6%. Els principals serotips causants de MPI en aquest periode en menors
de 5 anys van ser el 24F, el 14 i el 10A; en el grup de 5 a 17 anys van ser els serotips
1, 12F i 14; en el grup de 18 a 64 anys els serotips 8, 12F i 3i en el grup de 65 anys i

més els serotips 3,14 i 12F "7°.

A Austria i Finlandia, paisos en els qué es va administrar la VPC10, els serotips més
prevalents en els menors de 5 anys van ser el 19A, el 7F i el 23F el 2013 a Austria i el
19A, el 3 i el 23A el 2014 a Finlandia "®.

En poblacié pediatrica el serotip 3 s’ha associat a una presentacié clinica de
pneumonia complicada amb vessament pleural i/o empiema "®'"". Aquest serotip,
inclos a la VPC13, no ha disminuit en la mateixa proporcié que ho han fet la resta de
serotips inclosos a la vacuna '" i pot estar infranotificat, ja que majoritariament només

es detecta per la técnica de PCR "8,

En l'era postvacunal la proporcié de portadors s’ha mantingut practicament igual '"®, si
bé s’han observat diferéncies en la durada i frequéncia de les colonitzacions en
infants, que son significativament inferiors per a pneumococs continguts a la VPC13
¥ També s’ha observat un increment en els portadors de soques de S. pneumoniae

no capsulat '®'

qgue son resistents als macrolids i tenen la capacitat de crear biofilms, la
qual cosa suposa un avantatge per a la colonitzacié de la nasofaringe tal com s’ha vist

també en els serotips emergents 22F i 33F 2.

1.8.5. Evolucio de la sensibilitat antibiotica dels serotips causants de MPI.

Fins al 1965 no es van descriure soques de pneumococ resistents a la penicil-lina. El
seu mecanisme de resisténcia es basa en modificacions de les proteines d’'unié a la
penicil-lina (PBP), especialment en les pbpla, pbp2x i pbp2b. Aquestes modificacions
no només poden fer resistents els pneumococs a la penicil-lina sind també a altres
antibidtics B-lactamics com les cefalosporines de tercera generacio (ceftriaxona i

cefotaxima) i el meropenem. La sensibilitat disminuida a les penicil-lines és un
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marcador que s’associa a resisténcies a altres antibidtics com els macrolids, les
tetraciclines o les quinolones *'%'82 En entorns on hi ha una alta pressié antibiotica se
suprimeix la microbiota normal dels pacients, s’elimina la competéncia i en
consequéncia es crea un ninxol per als microorganismes resistents. Aquest fet té dues
consequéncies per al pneumococ. Per una banda, s’exerceix una seleccié natural dels
pneumococs amb resisténcies antibidtiques i per l'altra, s'incrementa la prevalencga
d’altres microorganismes amb resisténcies que poden ser assimilades pels
pneumococs mitjangant processos de transformacié. En ambients on hi ha un contacte
estret entre persones, com les llars d’'infants o els centres sociosanitaris es produeix

una major disseminacié d’aquestes soques resistents >3,

Després de l'autoritzacio de la VPC13 es va constatar una disminucié de la proporcio
de resisténcies antibiotiques en els serotips causants de MPI degut, principalment, a la
reduccié dels casos produits pel serotip 19A, un serotip molt associat a soques
resistents a la penicil-lina i multiresistents. Perd la disminucio del serotip 19A va estar
relacionada amb l'increment d’altres serotips associats a resisténcies com els 15A,
15B/C, 23A, 23B o 35B 82184,

També s’han observat fendbmens de recombinacié capsular que han derivat en la
proliferacié de soques no vacunals resistents a antibidtics B-lactamics. Aquest és el
cas del clon 11A-ST6521, que esta associat al clon 9V-ST156 resistent a la

718 del clon multiresistent 8-ST63 derivat de la recombinacié del clon

penicilina
multiresistent 15A-ST63 amb el clon 8-ST53 '®® o del clon resistent a meropenem
15B/C-ST83, que té el seu origen en el clon 23F-ST81 també resistent al meropenem
82 Aquest fenomen es produeix perqué els gens que expressen la capsula
polisacarida estan situats al costat dels gens que expressen la pbpla i la pbp2. El
fragment d’ADN que es recombina pot incloure, a part dels gens capsulars, una part o

la totalitat dels gens d’aquestes proteines.

Aixi doncs, la sensibilitat antibidtica varia molt en funcid de les regions i és el resultat
de la combinacié de diferents factors com el consum antibidtic, I'ecologia de la malaltia

i el creixement socioeconomic ¥,

La proporci6 de soques amb resisténcies
antibidtiques en els aillaments clinics de S. pneumoniae a Espanya I'any 2018 va ser
d’'un 18,5% (IC 95%: 16 a 21) de soques no sensibles a la penicil-lina, un 18,0% (IC
95%: 16 a 20) de soques de resistents a macrolids i un 9,6% (IC 95%: 8 a 12) de
soques no sensibles a la penicil-lina i resistents a macrolids segons I'European

Antimicrobial Resistance Surveillance Network '8,
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1.8.6. Costos de la MPI

Els costos produits per la MPI poden variar en funcié de I'ambit geografic. Cada regi6
té una politica sanitaria, un sistema de salut i una realitat socioecondmica propia. Els
serotips circulants i les resisténcies antibidtiques poden variar entre regions i
condicionar la forma clinica i 'evolucié de la MPI. Es imprescindible conéixer els
costos de la MPI per tal de poder dissenyar politiques més adequades, optimitzar els
recursos sanitaris disponibles i avaluar 'impacte de les vacunes antipneumococciques.
Song i col.”™ va estimar que el cost directe mitja d’un cas de MPI en poblacié adulta a
Korea del Sud era de 7.452 US$ (6.630 €). Calderon i col. van estimar el cost directe
mitja de la MPI en adults a Bogota en funcié de les principals manifestacions cliniques
en 6.283 US$ (5.592 €), 3.886 US$ (3.459 €) i 4.768 US$ (4.243 €) per a pneumonia,
meningitis i bacteriémia, respectivament %0 A Turquia, on la VPC7 i posteriorment la
VPC13 estan incloses al calendari vacunal infantil, el cost directe mitja es va estimar
en 3.346,4 € per a la meningitis i 480,6 € per a la pneumonia invasiva *'. En el nostre

92

entorn Brotons i col. ' el 2011 va estimar el cost directe mitja de la pneumonia

invasiva en 4.533 €.

Donat I'elevat cost de la MPI, la inclusié de les VPC al calendari vacunal s’ha mostrat
cost-efectiva, especialment la VPC13 "% Tot i aixo, I'alt preu d’aquestes vacunes

dificulta el seu Us als paisos amb baix poder adquisitiu '*°.

50



2. HIPOTESI

51






Hipotesi

La vacunaci6 amb VPC13 redueix la incidéncia de la MPI causada pels
serotips inclosos a la vacuna.

La vacunacié amb VPC13 produeix canvis en l'epidemiologia, la clinica i
distribucio de serotips causants de MPI.

La presentacio de MPI pot ser més freqlient en periodes d'activitat epidémica
de grip i el benefici de la vacunaci6 amb VPC13 sera ser superior durant

aquests periodes.
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Objectius

3.1.

Objectiu general

Estimar I'efecte de la vacunacié amb vacuna VPC13 en I'epidemiologia de la MPI en

menors de 18 anys en una poblacié amb una cobertura vacunal intermédia.

3.2.

1.

Objectius especifics

Avaluar l'efectivitat de la vacunaci® amb vacuna VPC13 enfront de la MPI

causada pels diferents serotips inclosos a la vacuna en nens de 7 a 59 mesos.

. Analitzar les caracteristiques epidemiologiques cliniques i microbiologiques de

les pneumonies complicades amb vessament pleural i/o empiema.
Analitzar les variacions en la incidéncia, presentacié clinica, gravetat i serotips
causants de la MPI, aixi com I'impacte de la VPC13 sobre la incidéncia de MPI

durant els periodes epidémics i no epidémics de grip.

4. Analitzar les fallades vacunals de la VPC13 en la poblacié de 2 a 59 mesos.

5. Analitzar els costos de la MPI durant el periode 2007-2009 (anterior a la

comercialitzaci6¢ de VPC13) i el periode 2012-2015 (posterior a la
comercialitzacio de VPC13) i identificar els principals factors que es poden

associar a les variacions en els costos.
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Abstract

Background

The 13-valent pneumococcal conjugate vaccine (PCV13) was licensed based on the results
of immunogenicity studies and correlates of protection derived from randomized clinical tri-
als of the 7-valent conjugate pneumococcal vaccine. We assessed the vaccination effective-
ness (VE) of the PCV13 in preventing invasive pneumococcal disease (IPD) in children
aged 7-59 months in a population with suboptimal vaccination coverage of 55%.

Methods

The study was carried out in children with IPD admitted to three hospitals in Barcelona
(Spain) and controls matched by hospital, age, sex, date of hospitalization and underlying
disease. Information on the vaccination status was obtained from written medical records.
Conditional logistic regression was made to estimate the adjusted VE and 95% confidence
intervals (Cl).

Results

169 cases and 645 controls were included. The overall VE of >1 doses of PCV13 in prevent-
ing IPD due to vaccine serotypes was 75.8% (95% Cl, 54.1-87.2) and 90% (95% ClI, 63.9—
97.2) when >2 doses before 12 months, two doses on or after 12 months or one dose on or
after 24 months, were administered. The VE of >1 doses was 89% (95% Cl, 42.7-97.9)
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against serotype 1 and 86.0% (95% Cl, 51.2-99.7) against serotype 19A. Serotype 3
showed a non-statistically significant effectiveness (25.9%; 95% Cl, -65.3 to 66.8).

Conclusions

The effectiveness of >1 doses of PCV13 in preventing IPD caused by all PCV13 serotypes
in children aged 7-59 months was good and, except for serotype 3, the effectiveness of >1
doses against the most frequent PCV13 serotypes causing IPD was high when considered
individually.

Introduction

Streptococcus pneumoniae continues to be a leading cause of morbidity and mortality in per-
sons of all ages and the leading cause of bacterial childhood pneumonia and death in children
worldwide. Pneumococcal infections include invasive pneumococcal diseases (IPD) such as
meningitis, bacteremia and bacteremic pneumonia. In 2015, the estimated number of deaths
due to pneumonia worldwide in children aged <5 years was 921,000, and the mortality rate
was 6.59 per 1,000 live births [1].

There are currently 97 recognized S. pneumoniae serotypes [2], but their distribution varies
with age and geographical region. The continued incidence and severity of pneumococcal dis-
ease, and the increasing prevalence of strains of pneumococci with reduced antimicrobial sus-
ceptibility underline the need for research into the prevention of pneumococcal infections.

Pneumococcal protein conjugate vaccines have been designed and developed to prevent
invasive and non-invasive pneumococcal disease caused by S. pneumoniae. The first licensed
vaccine, the 7-valent pneumococcal conjugate vaccine (PCV7) contained polysaccharides of
seven pneumococcal serotypes (4, 6B, 9V, 14, 18C, 19F and 23F), which were the most fre-
quent IPD-causing serotypes at the end of the last century in the United States. In 2009-2010,
two other conjugate vaccines were licensed to respond to emerging serotypes: 10-valent pneu-
mococcal conjugate vaccine (PCV10) (containing serotypes 1, 5 and 7F in addition to the
PCV7 serotypes) and PCV13 (containing serotypes 3, 6A and 19A in addition to the PCV10
serotypes) [3].

The PCV13 vaccine, unlike the PCV7 vaccine, was licensed based on the results of immunoge-
nicity studies for the added serotypes and the correlates of protection derived from randomized
clinical trials of the PCV7 vaccine [3, 4]. Therefore, continuing observational epidemiological
studies (case-control and indirect cohort studies) are required to assess the protective value of the
vaccine under normal, non-experimental administration.

The WHO recommends three primary doses or, alternatively, two primary doses plus a
booster after considering locally-relevant factors including the epidemiology of pneumococcal
disease, the likely coverage and the vaccine schedule of the vaccine doses [5].

Although the Vaccination Advisory Committee of the Spanish Association of Pediatrics has
recommended the routine administration of conjugate pneumococcal vaccines (PCV7 since
2003-2010 and, currently, PCV13) these vaccines were not financed by the Catalan Public
Health System until July 2016, except in children with selected risk factors, and were only avail-
able in the private sector. In Spain, the vaccine was not introduced into the recommended calen-
dar until January 2017, and there are no estimates of vaccination coverage. In the Madrid region,
PCV13 was introduced into the vaccination calendar in June 2010 but was later excluded from
2012 to 2015 for economic reasons. During the periods when the vaccine was included in the
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calendar, the coverage in children aged <2 years was 95% and during the years it was not
included, coverage ranged from 67% to 82% [6]. In Navarre, as in Catalonia, the vaccine was not
included in the immunization calendar and the coverage was 76% in 2011-2014 in children aged
<5 years [7]. In Catalonia, the coverage of PCV13 achieved in children aged <5 years in 2012
2013 was estimated as 55% [8] and the coverage of PCV10 in children aged <2 years was esti-
mated as <4% [9].

Vaccination effectiveness (VE) against PCV13 serotypes requires field investigation because
changes in the distribution of serotypes can influence the overall VE. In Catalonia, the overall
incidence of IPD and the incidence in children aged <5 years decreased in 2010-2013 in rela-
tion to 2006-2009 but the distribution of most frequent serotypes changed [10]. Serotype 3,
which had been very infrequent previously [11], has been the most frequent serotype in recent
years [10,12] and several failures against IPD caused by this serotype in PCV13-vaccinated
children has been observed [8].

The objective of the study was to evaluate the VE of PCV13 against IPD caused by the dif-
ferent serotypes included in the vaccine under usual condition of administration in children
aged 7-59 months.

Methods
Data confidentiality and ethical aspects

No diagnostic tests were made or samples taken from any participant in addition to those
required by routine care. The study complies with the principles of the Declaration of Helsinki
and the legal structure in respect to international human rights and biomedicine and protec-
tion of personal data laws.

The Ethics Committee of Hospital Sant Joan de Déu approved the study. Informed consent
signed by parents or legal guardians was given for all participants (cases and controls). All data
were treated as confidential and records were accessed anonymously.

Study design

A matched case-control study was carried out in patients with IPD admitted to three pediatric
hospitals in Barcelona, Spain (Hospital de Nens, Hospital Sant Joan de Déu and Hospital Vall
d’Hebron). The estimated reference population aged <5 years of the three hospitals was
116,279, representing 30.4% of the whole population of this age group in Catalonia (382,507
children) [13]. Cases and controls were recruited between January 2012 and June 2016.

Selection of cases

Patients aged 7-59 months hospitalized for IPD were studied. IPD was defined as isolation by
culture of S. pneumoniae or DNA detection of the Lyt A gene and an additional capsular gene
of S. pneumoniae by real-time polymerase chain reaction (PCR) in any normally-sterile site
according to a previously reported method [14]. Strains isolated by culture were serotyped
using the Quellung reaction or dot blot by the National Centre for Microbiology, Majada-
honda, Madrid. Culture-negative and PCR-positive samples with a cycle threshold (Ct) >30
cycles were serotyped using a previously-described, real-time multiplex PCR technique [15].
PCR-positive samples with a Ct <30 cycles were serotyped using sequential multiplex PCR
combined with fragment analysis and automated fluorescent capillary electrophoresis [16].
Children with IPD in whom serotyping of S. pneumoniae was not possible because the sample
was not available were excluded.
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Selection of controls

Four controls were selected for each case from patients attending the same hospitals for causes
other than IPD. Controls were matched by age (+6 months in patients aged <12 months and
+12 months in patients aged 12-59 months), sex, date of hospitalization of the case (+3
months) and underlying medical conditions [17], when present. Study investigators were
blinded to the vaccination status of all controls during selection.

Vaccination status of cases and controls

A case or control was considered vaccinated if this was recorded in the medical record, the vac-
cination card or the child’s health card. Cases and controls whose vaccination status could not
be determined were excluded. Any dose of PCV13 given after six weeks of age, at least four
weeks after the previous dose, and at least 15 days before the hospital admission date (cases) or
before the hospitalization date of the matched case (controls) was considered valid.

To assess the VE against all PCV13 serotypes, the vaccination status included only doses of
PCV13 and any child (case or control) who received PCV7, PCV10 or a mixture of either with
PCV13 was excluded from the analysis. To assess the VE against PCV13-non-PCV7 serotypes,
only doses of PCV13 were considered and any child who received only PCV7 or PCV10 was
excluded from the analysis.

Sociodemographic, clinical and epidemiological variables

The demographic and clinical variables recorded for each case were: age, sex, date of hospitali-
zation, clinical form, underlying medical conditions, antibiotic therapy, history of respiratory
infection in the 30 days before symptom onset and recurrent acute otitis media. Other epide-
miological variables recorded were: birth weight, day care or school attendance, house size,
number of cohabitants, siblings, parental smoking, parental education and influenza vaccina-
tion in the current season. The same variables were recorded for controls except for those
relating to IPD. All variables were collected using a single questionnaire for cases and controls
and there was an instruction manual to facilitate compliance.

Sample size

The sample size required was calculated using Schlesselman’s criteria [18]. Assuming a preva-
lence of a history of vaccination in controls of 47% [19], a VE of 80%, a bilateral o error of 0.05
(two-tailed), and a B error of 0.2, and supposing that 25% of cases would be caused by vaccine
serotypes (at present the figure is higher but vaccine serotypes are expected to decrease follow-
ing the introduction of PCV13), that four controls would be sought per case, and that children
aged 7-23 months and those aged 24-59 months would be analyzed separately, the minimum
number of cases required was estimated at 160 and the number of controls as 642.

Statistical analysis

Differences in demographic, clinical and epidemiological variables between cases and controls
were analyzed using the McNemar test for categorical variables and the paired t-test for con-
tinuous variables. A two-tailed distribution was assumed for all p-values.

To estimate the adjusted VE a multivariate analysis was performed using conditional logistic
regression. We introduced all demographic, clinical and epidemiological variables in the model
and obtained a final model using backward stepwise selection with a cut-off point of p<0.2.
Interactions between vaccination and other variables were assessed using the likelihood ratio
test in the conditional regression analysis. Independent variables were checked for collinearity
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using the variance inflation factor [20].

VE was calculated using the formula VE = (1 — OR) x 100.

Analyses were performed for PCV13 serotypes, PCV13-non-PCV 7 serotypes, and individual
serotypes according to the number of doses, schedule and age group. The analysis was per-
formed using the SPSS v24 statistical package and R v3.3.0 statistical software.

Results

During the study period, 180 cases of IPD were detected in patients aged 7-59 months, of
whom 169 were included. The remaining cases were excluded because no controls meeting the
study criteria were found (one case), or the sample for serotyping (seven cases) or the clinical
record (three cases) were not available. A total of 239 samples from the 169 patients were stud-
ied. Of these, 31 samples were negative and 208 were positive for PCR and/or culture. Of the
144 blood samples analyzed, 43 were positive for culture alone, 49 for PCR alone and 23 for
culture and PCR; of the 74 pleural fluid samples, 4 were positive for culture alone, 56 for PCR
alone and 13 for culture and PCR; of the 12 cerebrospinal fluid samples, 3 were positive for cul-
ture alone, 4 for PCR alone and 4 for culture and PCR; all 4 synovial fluid samples, 1 epidural
abscess sample and 1 otogenic abscess sample analyzed were positive for culture alone; 2 mas-
toid samples and 1 nasopharyngeal aspirate sample were positive for PCR alone. Cases with
nasopharyngeal aspirate and otogenic abscess samples also had positive blood samples. Of the
169 cases, 83 (49.1%) were diagnosed by PCR alone, 43 (25.4%) by culture alone and 43
(25.4%) by culture and PCR. The most frequent serotypes in the cases included were serotype
3 (24.3%), serotype 1 (11.2%), serotype 19 A (9.5%) and serotype 14 (7.1%). The distribution
of serotypes according to the receipt of any dose of PCV13 vaccine is shown in Fig 1. Serotype
3 was more frequent in the 24-59 months age group than in the 7-23 months age group
(75.6% vs. 24.4%, p = 0.01). The clinical manifestations of the cases were: complicated pneu-
monia including empyema, pleural effusion or necrotizing pneumonia (58.6% in all cases,
45.1% in children aged 7-23 months and 68.4% in children aged 24-59 months), uncompli-
cated pneumonia (15.4% in all cases, 14.1% in children aged 7-23 months and 16.3% in chil-
dren aged 24-59 months), occult bacteremia (10.6% in all cases, 16.9% in children aged 7-23
months and 6.1% in children aged 24-59 months), and meningitis (6.5% in all cases, 9.9% in
children aged 7-23 months and 4.1% in children aged 24-59 months). Other forms included
mastoiditis (3.0%), bone and joint infection (3.0%), septic shock (2.3%) and cellulitis (0.6%).

We included 645 matched controls attending the same hospitals due to causes other
than IPD. The demographic, epidemiologic and clinical characteristics of cases and con-
trols are shown in Table 1. The proportion of cases and controls who had received >1
doses of PCV13 were 44.4% and 63.6%, respectively. The underlying medical conditions
of cases and controls were: immunosuppressive therapy (4 cases and 9 controls), chronic
renal failure (1 case and 3 controls), chronic lung disease (1 case and 3 controls) and chr-
onic heart disease (2 cases and 2 controls). No interaction was found between vaccination
and the other variables. Crude and adjusted estimations of VE for all PCV13 serotypes and
all PCV13 serotypes, excluding serotype 3, according to age, number of doses and vaccina-
tion schedule is shown in Table 2. Table 3 summarizes the estimates of crude and adjusted
VE for PCV13-non-PCV7 serotypes, including and excluding serotype 3, according to age,
number of doses and vaccination schedule. The VE against individual serotypes 1, 3, 14
and 19A is shown in Table 4 (this could not be assessed for other serotypes due to the low
number of cases).
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Fig 1. Distribution of serotypes of cases included in the study according to the receipt of any dose of PCV13 vaccine®. ONV = Other non-
PCV13 serotypes #Any child who received only PCV7 or PCV10 was excluded

https://doi.org/10.1371/journal.pone.0183191.9001

Discussion

This matched case-control study carried out in children aged 7-59 months admitted to three
Catalonia pediatric hospitals has provided three main results. First, the overall VE of >1 doses
of PCV13 in preventing IPD caused by vaccine serotypes is good (75.8%; 95% CI, 54.1-87.2)
and increases when >2 doses before 12 months, two doses on or after 12 months or one dose
on or after 24 months, are administered (90%; 95% CI, 63.9-97.2). In the 24-59 months age
group, the latter schedule showed a non-significant effectiveness against IPD (83.5%; 95% CI,
-19.5 to 97.7), probably because serotype 3 was more frequent in this age group. Secondly, the
VE of >1 doses against two previously-emergent serotypes in our geographical area was high:
89% (95% CI, 42.7-97.9) for serotype 1 and 86.0% (95% CI, 51.2-99.7) for serotype 19A, but
the VE of >1 doses against serotype 3 showed a non-significant effectiveness (25.9%; 95% CI,
-65.3 to 66.8). Thirdly, the VE of >1 doses against serotype 14 was the highest found (96.9%;
95% CI, 70.4-99.7), which is important because this serotype is a very frequent cause of IPD in
Catalonia [12].

Our results are similar to those obtained in observational studies carried out in other loca-
tions [7,21-27]. In case-control studies [7,21-26], the point estimate of VE against PCV13
serotypes ranges between the 77% (95% CI, 38-91) found by Miller et al. [21] in the United
Kingdom in children aged 2.5-24 months who received one dose on or after 12 months or at
least one dose before 12 months and one dose on or after 12 months and the 91% (95% CI, 61-
99) found by Van Der Linden et al.[23] in children aged <2 years who had received the com-
plete immunization schedule in Germany. In the study by Cohen et al. [26] in South Africa,
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Table 1. Characteristics of cases and controls.

Characteristic Cases Controls P value
(N=169) (N =645)
Age in months, median (range) 27 (7-59) 29 (7-71) 0.04
Age group 0.20
7-23 months 71 (42.0%) 252 (39.1%)
24-59 months 98 (58.0%) 393 (60.9%)
Sex 1.00
Female 64 (37.9%) 248 (38.4%)
Male 105 (62.1%) 397 (61.6%)
Underlying medical condition 1.00
Yes 8 (4.7%) 17 (2.6%)
No 161 (95.3%) 628 (97.4%)
Birth weight, median (range) 3.2(0.8-5.6) 3.2 (0.62-5.0) 0.08
Breastfeeding 0.21
Yes 140 (82.8%) 508 (78.8%)
No 29 (17.2%) 137 (21.2%)
Day care or school attendance 0.01
Yes 120 (71.0%) 411 (63.7%)
No 49 (29.0%) 234 (36.3%)
Antibiotic treatment in previous month 0.71
Yes 26 (15.4%) 104 (16.1%)
No 143 (84.6%) 541 (83.9%)
Respiratory infection in previous month 0.51
Yes 96 (56.8%) 354 (54.9%)
No 73 (43.2%) 291 (45.1%)
Recurrent acute otitis media 0.26
Yes 24 (14.2%) 116 (18.0%)
No 145 (85.8%) 529 (82.0%)
House size (m2), median (range) 80 (40-400) 85 (40-500) 0.01
Cohabitants, median (range) 4 (2-10) 4 (1-11) 0.62
Siblings 0.41
Yes 95 (56.2%) 386 (59.8%)
No 74 (43.8%) 259 (40.2%)
Exposure to tobacco in the home 0.34
Yes 55 (32.5%) 233 (36.1%)
No 114 (67.5%) 412 (63.9%)
Head of the family working 0.33
Yes 151 (89.3%) 593 (91.9%)
No 18 (10.7%) 52 (8.1%)
Influenza vaccine in the current season 0.20
Yes 3(1.8%) 24 (3.7%)
No 166 (98.2%) 621 (96.3%)
Educational level of parents?® 0.27
No or primary 16 (10.1%) 50 (8.0%)
Secondary or higher 143 (89.9%) 575 (92.0%)
>1 dose of PCV13 (7-59 months) 75 (44.4%) 410 (63.6%) <0.01
7-23 months 38 (53.5%) 180 (71.4%) <0.01
(Continued)
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Table 1. (Continued)

Characteristic

24-59 months

PCV13 = 13-valent pneumococcal conjugate vaccine

Cases

(N =169)
37 (37.8%)

aThis information was not available for 10 cases and 20 controls

https://doi.org/10.1371/journal.pone.0183191.t001

Controls
(N = 645)

230 (58.5%)

P value

<0.01

Table 2. Crude and adjusted effectiveness of the 13-valent pneumococcal conjugate vaccination against IPD caused by PCV13 serotypes includ-
ing and excluding serotype 3 in the prevention of invasive pneumococcal disease in children aged 7-59 months according to vaccination sched-

ule, number of doses received and age.

Serotypes coverage, vaccination schedule and age | Cases Vaccinated/ Controls Crude VE p value| Adjusted VE |p value
groups N (%) Vaccinated/N (%) (95% Cl) (95% Cl)
All PCV13 serotypes®
>1 dose 29/85 (34.1%) 189/298 (63.4%) 69.4% (48.3— | <0.001 | 75.8% (54.1— | <0.001
81.9) 87.2)
7-23 months 10/31 (32.3%) 82/121 (67.8%) 75.1% (43.9— | 0.001 80.7% (45.3— 0.002
88.9) 93.2)
24-59 months 19/54 (35.2%) 107/177 (60.5%) 64.4% (29.6— | 0.003 75.3% (45.4— 0.001
82.0) 88.9)
>2 doses before 12 months or 2 doses on or after 12 13/69 (18.8%) 67/176 (38.1%) 65.9% (24.8— | 0.01 90.0% (63.9— | <0.001
months or 1 dose on or after 24 months 84.5) 97.2)
7-23 months 6/27 (22.2%) 51/90 (56.7%) 76.7% (36.6— | 0.004 92.8% (55.4— 0.005
91.4) 98.8)
24-59 months 7/42 (16.7%) 16/86 (18.6%) 32.5% 0.53 83.5% (-19.5- | 0.07°
(-127.7-80.0) 97.7)
>2 doses before 12 months and 1 dose after 12 15/71 (21.1%) 116/225 (51.6%) 70.3% (42.2— | <0.001 | 78.9% (52.8— | <0.001
months 84.8) 90.5)
7-23 months 3/24 (12.5%) 31/70 (44.3%) 79.4% (22.1— | 0.02 91.2% (16.2— 0.03
94.5) 99.9)
24-59 months 12/47 (25.5%) 85/155 (54.8%) 65.9% (26.0— | 0.01 73.4% (36.4— 0.003
84.3) 88.9)
All PCV13 serotypes, excluding serotype 3%
>1 dose 9/50 (18.0%) 112/175 (64.0%) 87.7% (72.3— | <0.001 | 95.8% (84.0— | <0.001
94.5) 98.9)
7-23 months 6/22 (2.7%) 63/86 (73.3%) 83.5% (55.5— | <0.001 | 95.5% (54.5— 0.01
93.9) 99.5)
24-59 months 3/28 (10.7%) 49/89 (55.1%) 92.8% (67.4— | <0.001 | 97.1% (79.8— | <0.001
98.4) 99.6)
>2 doses before 12 months or 2 doses on or after 12 5/46 (10.9%) 46/109 (42.2%) 83.9% (48.8— | 0.002 97.9% (75.3— 0.002
months or 1 dose on or after 24 months 95.0) 99.8)
7-23 months 4/20 (20.0%) 38/61 (62.3%) 80.7% (35.2— | 0.008 92.7% (35.3— 0.02
94.2) 99.2)

24-59 months 1/26 (3.8%) 8/48 (16.7%) - - - -
>2 doses before 12 months and 1 dose after 12 3/44 (6.8%) 63/126 (50.0%) 91.8% (71.9— | <0.001 97.5% (83.9— | <0.001
months 97.6) 99.6)

7-23 months 1/17 (5.9%) 25/48 (52.1%) 93.4% (45.4— | 0.01 96.9% (58.7— 0.01

99.2) 99.8)
24-59 months 2/27 (7.4%) 38/78 (48.7%) 90.7% (57.6— | 0.002 95.1% (68.0— 0.002
98.0) 99.3)
Cl = Confidence interval; IPD = Invasive pneumococcal disease; PCV13 = 13-valent pneumococcal conjugate vaccine; VE = vaccine effectiveness.
3Any child who received PCV7, PCV10 or a mix of either with PCV13 was excluded. PStatistical power: 88%
https://doi.org/10.1371/journal.pone.0183191.t1002
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Table 3. Crude and adjusted effectiveness of the 13-valent pneumococcal conjugate vaccination against IPD caused by PCV13-non-PCV7 sero-
types including and excluding serotype 3 in children aged 7-59 months according to vaccination schedule, number of doses received and age.

Serotypes coverage, vaccination schedule and age
groups

PCV13-non-PCV7 serotypes®
>1dose

7-23 months

24-59 months
>2 doses before 12 months or 2 doses on or after 12
months or 1 dose on or after 24 months

7—23 months

24-59 months
>2 doses before 12 months and 1 dose after 12
months

7—23 months

24-59 months

PCV13-non-PCV7 serotypes, excluding serotype 3°
>1dose

7—23 months

24-59 months
>2 doses before 12 months or 2 doses on or after 12
months or 1 dose on or after 24 months

7—-23 months

24-59 months
>2 doses before 12 months and 1 dose after 12
months

7-23 months

24-59 months

Cases Vaccinated/

N (%)
31/70 (44.3%)
9/22 (40.9%)
22/48 (45.8%)
13/52 (25.0%)
5/18 (27.8%)
8/34 (23.5%)
14/53 (26.4%)
3/16 (18.8%)

11/37 (29.7%)

9/33 (27.3%)
5/13 (38.5%)
4/20 (20.0%)
4/28 (14.3%)
3/11 (27.3%)

117 (5.9%)
2/26 (7.7%)

1/9 (11.1%)

117 (5.9%)

Controls

Vaccinated/N (%)

165/253 (65.2%)
55/86 (63.9%)
110/167 (65.9%)
50/138 (36.2%)
34/65 (52.3%)
16/73 (21.9%)
93/181 (51.4%)
21/52 (40.4%)

72/129 (55.8%)

74/113 (65.5%)
36/51 (70.6%)
38/62 (61.3%)
28/67 (41.8%)
21/36 (58.3%)

7/31 (22.6%)
39/78 (50.0%)

15/30 (50.0%)

24/48 (50.0%)

Crude VE
(95% Cl)

56.9% (25.5—
75.1)
59.0% (-4.3—
83.9)

55.8% (13.0—
77.6)

46.8% (-21.9-
76.7)
65.6% (-8.7—
89.1)
13.3%
(-175.2-72.7)
59.4% (16.6—
80.3)
62.3% (-53.7—
90.7)

58.3% (3.5—
82.0)

81.3% (53.8—
92.5)
70.8% (3.2—
91.2)
89.7% (51.9—
97.8)
76.5% (6.6—
94.1)

66.9% (-49.5—
92.7)

90.5% (56.6—
97.9)

87.0% (-19.6—
98.6)
92.5% (38.3—
99.1)

p value

0.003
0.06
0.02
0.14
0.07
0.81
0.01
0.17

0.04

<0.001
0.04

0.004
0.04

0.15

0.002
0.07

0.02

Adjusted VE
(95% Cl)

64.2% (31.9—
81.2)
54.3% (-37.7-
84.8)
66.9% (28.6—
84.7)
76.1% (26.3—
92.2)
89.8% (24.2—
98.6)
70.4% (-102.3—
95.7)
70.0% (30.1—
87.1)
58.7% (-126.9—
92.5)

71.4% (25.6—
89.0)

95.7% (75.7—
99.3)
90.1% (34.8—
98.5)
95.3% (64.0—
99.4)
95.5% (38.4—
99.7)
95.0% (-0.1—
99.8)

97.9% (69.9—
99.9)
93.1% (2.3—
99.5)
98.5% (58.4—
99.9)

p value

0.002
0.16°
0.005
0.01
0.03
0.21°
0.01
0.31¢

0.01

<0.001
0.02
0.003
0.02

0.05°

0.005
0.04

0.01

Cl = Confidence interval; IPD = Invasive pneumococcal disease; PCV13 = 13-valent pneumococcal conjugate vaccine; PCV7 = 7-valent pneumococcal

conjugate vaccine; VE = vaccine effectiveness.

&Any child who received only PCV7 or PCV10 was excluded.

Statistical power: ° 71%
Statistical power: ° 69%
Statistical power: ¢ 52%
Statistical power: © 90%

https://doi.org/10.1371/journal.pone.0183191.t003

the distribution of IPD-causing serotypes was very different from that found in Catalonia,
because serotype 3 was not frequent and HIV infection is very frequent; however in non-HIV
infected children, the VE for PCV13-non-PCV7 serotypes was 92% (95% CI, 40-99), very
close to the 95.5% (95% CI, 38.4-99.7) obtained in our study when serotype 3 was excluded
from the analysis.
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Table 4. Crude and adjusted effectiveness of the 13-valent pneumococcal conjugate vaccination against IPD in children aged 7-59 months by spe-
cific serotype, vaccination schedule, and number of doses received.

Serotypes coverage, vaccination schedule and age
groups

Serotype 1%

>1 dose

>2 doses before 12 months or 2 doses on or after 12
months or 1 dose on or after 24 months

>2 doses before 12 months and 1 dose after 12 months

Serotype 3°
>1 dose

>2 doses before 12 months or 2 doses on or after 12
months or 1 dose on or after 24 months

>2 doses before 12 months and 1 dose after 12 months

Serotype 14°
>1 dose

>2 doses before 12 months or 2 doses on or after 12
months or 1 dose on or after 24 months

>2 doses before 12 months and 1 dose after 12 months

Serotype 19A?
>1 dose

>2 doses before 12 months or 2 doses on or after 12
months or 1 dose on or after 24 months

>2 doses before 12 months and 1 dose after 12 months

Cases Vaccinated/

N (%)

3/14 (21.4%)

0/11 (0.0%)

1/12 (8.3%)

22/37 (59.5%)
9/24 (37.5%)

12/27 (44.4%)

1/12 (8.3%)
0/11 (0.0%)

1/12 (8.3%)

6/14 (42.9%)
4/12 (33.3%)

1/9 (11.1%)

Controls

Vaccinated/N (%)

30/45 (66.7%)
6/21 (28.6%)

19/34 (55.9%)

91/140 (65.0%)
22/71 (31.0%)

54/103 (52.4%)

34/46 (73.9%)
14/26 (53.8%)

20/32 (62.5%)

35/50 (70.0%)
20/35 (57.1%)

14/29 (48.3%)

Cl = Confidence interval; IPD = Invasive pneumococcal disease; VE = vaccine effectiveness.
2Any child who received only PCV7 or PCV10 was excluded.
PAny child who received PCV7, PCV10 or a mix of either with PCV13 was excluded.

Statistical power: ¢ 23%
Statistical power: @ 67%
Statistical power: © 7%

Statistical power: f 64%

https://doi.org/10.1371/journal.pone.0183191.t004

Crude VE
(95% Cl)

88.4% (42.6—
97.7)

91.9% (31.1—
99.0)

19.6% (-68.8—
61.7)

4.4% (-179.6—
67.3)

7.5% (-127.9-
62.4)

95.7% (65.2—
99.5)

92.0% (31.1-
99.1)

67.7% (-7.7-
90.3)
68.9% (-38.1—
93.0)

83.3% (-62.3—
98.3)

p
value

0.01

0.02

0.56

0.93

0.87

0.003

0.02

0.07

0.12

0.12

Adjusted VE
(95% Cl)

89.0% (42.7—
97.9)

91.0% (12.2—
99.1)

25.9% (-65.3—
66.8)

63.3% (-56.2—
91.4)

12.8% (-127.9—
66.6)

96.9% (70.4—
99.7)

94.2% (41.8—
99.4)

86.0% (51.2—
99.7)
85.6% (6.7—
99.8)

84.1% (-97.1—
98.7)

P
value

0.01

0.04

0.46°
0.17¢

0.78°

0.003

0.01

0.01
0.04

0.15'

The VE of serotype 19A, the third most frequent serotype in our study, was 86.0% (95% CI,
51.2-99.7) for children receiving >1 doses of PCV13 and the results were similar for children
receiving >2 doses before 12 months, two doses on or after 12 months or one dose on or after
24 months (85.6%; 95% CI, 6.7-99.8). The fact that the VE confidence intervals in children
receiving >2 doses before 12 months and one dose after 12 months included zero might be
explained by the low number of cases. In the study by Miller et al. [21] the VE against serotype
19 was 70% (95% CI, 10-90) and in the study by Van Der Linden et al. [23] it was 88% (95%
CIL, 25-99). In the study by Deceuninck et al. [22] the VE observed against serotype 19A was
not statistically-significant (68%; 95% CI, -13 to 91). In the indirect cohort study by Andrews
etal. [27] in England, Wales and Northern Ireland, the VE was 67% (95% CI, 33-84) for this

serotype.
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Studies carried out in Western European countries from 2010 to 2014 [28], in Germany
during 1992 to 2014 [29], in the United States during 2004 to 2013 [30], in Portugal from 2012
to 2014 [31] and in England and Wales from 2008 to 2014 [32] have assessed the impact of
PCV13 vaccination on the population and their results confirm those of case-control and indi-
rect cohort studies [28-32]. In most countries that introduced the PCV13, large reductions in
the incidence of IPD have been observed for all vaccine serotypes and for PCV13-non-PCV7
serotypes [28-32]. The reductions were even higher in the cases of serotype 19A in both chil-
dren and adults aged >65 years, confirming herd immunity for this serotype [28-33]. Previous
immunogenicity studies had forecast a high level of effectiveness against this serotype [27,34].

An important finding of our study is that the VE against all PCV13 serotypes and against
PCV13-non-PCV7 serotypes increased for all vaccination schedules and age groups when
serotype 3 cases were excluded from the analysis. Before the PCV13 was licensed, some authors
had suggested that this serotype was less immunogenic than the other PCV13 serotypes [35].
In a Canadian study carried out after complete PCV13 vaccination in children, the level of
opsonophagocitic antibodies was lower against serotype 3 than against other serotypes, sug-
gesting the future level of protection would also be also low [36]. In a study carried out in
Spain and Poland, the immune response against serotype 3 was also clearly lower than that
obtained against other serotypes, particularly serotype 19A [37]. In a double-blinded trial com-
paring the efficacy of the PCV7 with that of PCV13 in preventing S. pneumoniae nasopharyn-
geal colonization, different levels of colonization were found in vaccinated and unvaccinated
children for the serotypes studied, except for serotype 3 [38].

No VE of PCV13 was found for serotype 3 in two case-control studies [21,23] and one indi-
rect cohort study [27]. Significant protection (79.5%; 95% CI, 30.3-93.1) by PCV13 against
serotype 3 was observed only in the matched case-control study by Moore et al. [24], but this
was lower than that found for serotypes 7F (96.5%; 95% CI, 82.7-100) and 19A (85.6%; 95%
CIL, 70.6-93.5). As in the present study, Andrews et al. [27] found that the VE of all serotypes
was statistically significant except for serotype 3 (VE 26%, 95% CI, -69 to 68). According to
these authors, the immune correlate of protection of this serotype (2.83 pg/mL, which was
rarely attained with vaccination), was higher than the threshold of 0.35 pg/mL established for
the PCV7 serotypes.

In most western European countries, IPD caused by serotype 3 has been stable or has
increased after the introduction of the PCV13 [28,39]. In Canada and Japan, a similar trend
has been observed [33,40]. Interestingly, the impact study by Moore et al. [30] found no reduc-
tion in the disease incidence caused by serotype 3 in the population, although the same authors
had found that PCV13 was effective against serotype 3 in a case-control study [24]. The study
by Waight et al. in the United Kingdom found some reduction in the incidence of IPD caused
by serotype 3 in all age groups, but in children aged <5 years, the confidence intervals were
very wide (68%; 95% CI, 0.6-89) [32].

In the present study, 44.4% (12/27) of children with IPD caused by serotype 3 had received
>2 vaccine doses before 12 months and one dose after 12 months. These results are in accor-
dance with those found in Greece [41], where a third of serotype 3 cases who presented pneu-
monia with pleural effusion were completely vaccinated.

This case-control study, like all observational studies, could be subject to selection and
information biases: selection bias was minimized because controls were matched with cases by
age, sex, risk medical conditions, hospital and date of case admission, and information bias
was minimized because data were obtained in the same way in cases and controls. It seems
unlikely that information bias may invalidate our results because information on the vaccina-
tion status was obtained from health records completed before study recruitment. In addition,
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variables that could confound the results were introduced into the conditional regression anal-
ysis. However, some residual confounding cannot be ruled out.

A strength of the study was the diagnosis by PCR: nearly half the cases would not have been
detected if only cultures had been used and, therefore, the cases included would not have been
representative of hospitalized cases of IPD.

A limitation of the study is that the VE against clinical forms other than pneumonia or
complicated pneumonia and against serotypes other than serotypes 1, 3, 14 and 19A could not
be estimated due to the low number of cases.

In conclusion, we found that the effectiveness of >1 doses of PCV13 against IPD caused by
PCV13 serotypes in children aged 7-59 months was good (>75.8%) and that the effectiveness
increased for all types of vaccination schedules and age groups when serotype 3 cases were
excluded from the analysis. The VE of >1 dose for serotypes 1, 14 and 19A, the most frequent
in our area after serotype 3, is high, ranging between 86% and 96.9%.
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Abstract

Aim: The aim was to analyze the epidemiological, microbiological and clinical
characteristics of patients with complicated pneumococcal pneumonia with pleural
effusion (PE) or empyema.

Method: Prospective study in three Catalan hospitals in persons aged <18 years
diagnosed with complicated pneumonia with PE or empyema with isolation of
Streptococcus pneumoniae in blood or pleural fluid by culture or real-time PCR between
January 2012 and June 2016. Patients were divided into <2 years and 2-17 years age
groups. Epidemiological, microbiological, and clinical data of patients were compared
annually in both groups. PCV13 vaccination coverage increased from 48.2% in 2012 to
74.5% in 2015.

Results: We included 143 patients. The incidence of pneumococcal pneumonia was
6.83 cases x 107> persons/year in cases with PE or empyema and 2.09 cases x 107>
person-yearsin cases without (rate ratio [RR]: 3.27; 2.25-4.86; P < 0.001). Empyema was
more frequent than PE (79.7% vs 20.3%, P < 0.005). Of 143 cases studied, 93 (65.0%,
P < 0.001) were diagnosed by real-time-PCR, 43 (30.1%) by culture and RT-PCR and 7
(4.9%) by culture only. PCV13 serotypes were more frequent in complicated than in
uncomplicated pneumonia (116/142, 81.7% vs 27/45, 60.0%; P =0.003), especially
serotype 1 (41/142, 28.9% vs 6/45, 13.3%, P: 0.036). From 2012 to 2015 there was a
significant reduction in serotype 1 (16/43,37.2% vs 3/27,11.1%, P = 0.026),and a trend
to an increase in non-PCV13 serotypes (6/43, 14% vs 9/27, 33.3%, P =0.054).
Conclusions: A directly proportional relationship was observed between the

reduction in pneumonia complicated with PE or empyema and a significant

Pediatric Pulmonology. 2019;1-8.
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1 | INTRODUCTION

Streptococcus pneumoniae is the most common cause of community-
acquired pneumonia of bacterial etiology in children aged <5 years,
excluding neonates, worldwide and is frequently associated with
pleural effusion (PE) or empyema.~3 After the introduction of the 7-
valent conjugate vaccine in Spain in 2001, there was a replacement
in the prevalent serotypes, with serotypes 1, 3, and 19A emerging as
the most frequent cause of empyema.* Specifically, serotype 1,
ST306 became the most prevalent strain in cases of empyema of
pneumococcal etiology.> After the introduction of the 13-valent
vaccine, which added six serotypes (1, 3, 5, 7F, 6A, and 19A) to the
PCV7 (4, 6B, 9V, 14, 18C, 19F, and 23F), to the systematic
vaccination schedule of the community of Madrid (Spain) in 2010, a
decrease in vaccine serotypes was observed,® as in other parts of the
world.237

The aim of this study was to analyze the epidemiological,
microbiological and clinical characteristics of patients with compli-
cated pneumococcal pneumonia with PE or empyema between
January 2012 and June 2016 in a region without routine pneumococ-
cal vaccination.

2 | MATERIALS AND METHODS

2.1 | IPD surveillance system

Catalonia is a region in the northeast of Spain with a population of
7518903 in 2015, including 164 718 children aged <2 years, 347 344
aged 2-4 years, and 1 374 255 aged 5-17 years.®

2.2 | Setting, population, and design

A prospective observational study was carried out in three Catalan
hospitals (Hospital Sant Joan de Déu [HSJD], Hospital Maternoinfantil
Vall d’'Hebron and Hospital de Nens de Barcelona), which account for
32% of pediatric hospitalizations in Catalonia. Patients aged <18 years
diagnosed with invasive pneumococcal disease (IPD) were included
between January 1, 2012 and June 30, 2016. At that time, the PCV13
was not financed by the public health system and was only available in
the private market. Therefore, vaccination depended on the pedia-
trician's advice and parental willingness, with the exception of persons
at high risk for pneumococcal disease, for whom the vaccine was

financed.

reduction in PCV13 serotypes, especially serotype 1, coinciding with increased

empyema, PCV13, pleural effusion, pneumonia, Streptococcus pneumoniae

2.3 | Data collection and definition

We collected epidemiological (age, sex, pneumococcal vaccination
status, previous antibiotic treatment), clinical (existence of underlying
disease; clinical features as complicated or uncomplicated pneumonia,
pediatric intensive care unit [PICU] admission, antibiotic treatment,
days of hospitalization and clinical outcome), and microbiological
characteristics (culture in sterile samples, real-time polymerase chain
reaction [PCR] in sterile samples), antibiotic sensitivity and serotype.
IPD was defined as clinical signs of infection together with isolation of
S pneumoniae by culture and/or detection of pneumococcal DNA by
real-time PCR in sterile fluids (blood, cerebrospinal fluid [CSF], pleural
fluid, or joint fluid). Pneumococcal pneumonia was defined as the
isolation of S pneumoniae in blood, pleural fluid, tissue or pulmonary
abscess with a clinical presentation and radiographic changes
compatible with pneumonia. Uncomplicated pneumonia was defined
as pulmonary consolidation with/without pleural effusion <10 mm
non-loculated or <25% of the opacified hemithorax. Complicated
pneumonia was defined as pulmonary consolidation with one of the
following characteristics: pleural effusion >10 mm, loculated pleural
fluid, empyema, necrotizing pneumonia, or lung abscess.” Empyema
was defined as evidence of pus in the pleural space associated with
pneumonia (defined by the macroscopic aspect, the number of
leukocytes in pleural fluid [>50000/pL] or the detection of
S pneumoniae in pleural fluid, either by culture or by real-time PCR).
PE was defined as pneumonia with pleural effusion not meeting the
three criteria for empyema previously described. Biochemical analysis
of pleural fluid and the microbiological study were made in the
laboratory of each hospital, except for the capsular typing and clonal
study, which was made in the HSJD laboratory. The strains isolated
were sent to the National Pneumococcal Reference Center, where the
serotyping was completed and an antimicrobial susceptibility study
carried out. Clinical and epidemiological data were obtained by
investigators in each center. PCV13 administration data were obtained
using the vaccination card and medical records. A case was defined as
pneumonia complicated with PE or empyema. The epidemiological,
microbiological and clinical data of patients aged <2 years (Group 1)
and >2 years (Group 2) were compared.

2.4 | Microbiological methods

All pneumococcal isolates were identified using the same microbio-

logical methods throughout the study period, including the optochin
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sensitivity test and an antigenic test targeting the capsular polysac-
charide (Slidex pneumo-kit, BioMérieux, Marcy-I'Etolie, France).
S pneumoniae DNA was detected by real-time PCR according to
published assays.”° This included amplification of the pneumolysin
(ply) or autolysin (lytA) genes, and the wzg (cpsA) gene. Only samples
positive for the ply/lytA and wzg genes in real-time PCR were included
in the study. Serotyping of strains isolated by culture was made with
the Quellung reaction, using antisera provided by the Serum Institut
(Copenhagen, Denmark), or by dot-blot serotyping.}* When the
diagnosis was made only by RT-PCR, pneumococcal serotypes were
detected according to previously reported methodologies. This
procedure allows the identification of 34 serotypes/serogroups (1,
2,3,4,5, 6A/6B, 6C, 7C/(7B/40), 7F/7A, IN/9L, 9V/9A, 10A, 10F/
(10C/33C), 11A/11D, 12F/(12A/44/46), 13, 16F, 17F, 18/(18A/18B/
18C/18F), 19A, 19F, 20(20A/20B), 21, 22F/22A), 23A, 23B, 24/(24A/
24B/24F), 31, 34, 35A/(35C/42), 35B, 35F/47F, 38/25F, 39) if real-
time PCR is positive with less than 30 cycles, and the identification of
21 serotypes/serogroups (1, 3, 4, 6A/B, 7F/A, 8, 9V/A/N/L, 14, 18C/
B, 19A, 19F/B/C, 23A/F) in samples with a positive result between 30
and 35 cycles.'> The minimum inhibitory concentration (MIC) of
several antibiotics, including penicillin and cefotaxime was tested by
microdilution according to the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) recommendations and criteria.
Meningeal breakpoints of penicillin resistance were considered for
the epidemiological analysis.'® Isolates with intermediate or high level

resistance were defined as non-susceptible.

2.5 | Estimation of incidence rates

Due to the seasonal distribution of pneumococcus,'**° the evolution
of incidence rates (IR) and serotypes was studied in the cases collected
from 2012 to 2015, dismissing the first semester of 2016 in the

WI LEY—E%-?E

Figures 1 and 2. The reference population to estimate the annual
incidence rates was calculated from the population data of the
Statistical Institute of Catalonia and the percentage of hospital
discharges from the three participating centers for each year of the
study according to the data contributed by the Minimum Basic Data
Set of Hospital Discharges,*® estimating a reference population for the
three hospitals of 422 666 in 2012 and 452 927 in 2015.

The denominator used to calculate the incidence rate of
complicated pneumonia is the number of pneumonia (all cause) as
captured in the hospital records database cases.

2.6 | Vaccination coverage

The estimated global vaccination coverage during the four years was
63.5% (48.2% in 2012, 63.9% in 2013, 68.5% in 2014, and 74.5% in
2015), according to the vaccination status of controls in a case-control
study conducted by our group during the same study period.!” In
Table 1, there is a full spectrum of PCV coverage in cases with
complicated pneumonia with Empyema and/or Pleural effusion,
attending of no PCV, PCV7, PCV10, and PCV13. Cases with one or
more doses of different vaccine types have been included in the vaccine
group with the highest number of serotypes. During this period, PCV13
vaccination in Catalonia followed the recommendations of the Spanish
Association of Pediatrics.'® Vaccine failure was defined according to the
Council for the International Organizations of Medical Sciences and the
World Health Organization Working Group as IPD produced by PCV13

serotypes in a correctly vaccinated subject.?’

2.7 | Statistical analysis

Differences in categorical variables were analyzed using the

Pearson Chi-square test or Fisher's exact test and for continuous

IPD and pneumonia complicated with pleural efussion or empiema evolution

30,00

Incidence rate

-
20,00 \
——
o T

10,00

wm=Ppeumonia with DPP/E <2 years

PCv13 2012 2013
Vaccination
Coverage 48% 63,9%

cmmPneumonia with DPP/E 2-17 anys

“m=Pneumonia with DPP/E total IPD<2years  —4—IPD 2-17 anys

2015

74,5%

FIGURE 1 Cases of complicated pneumonia with pleural efussion or empyema from 2012 to 2015 and incidence of global IPD in the same
period in children <18 years. PCV13 immunization coverage from 2012 to 2015. IPD <2 years: Invasive pneumococcal disease in the group 1;
IPD 2-17 years: Invasive pneumococcal disease in the group 2; IPD: Invasive pneumococcal disease; PCV13: Pneumococcal conjugate vaccine

13-valent
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FIGURE 2 Evolution of the most frequent serotypes causing
pneumonia with pleural effusion or empyema in 2012-2015

variables the Student's t-test. Incidence rate ratios (RR) were
different

pneumonia. Annual IR were calculated and binomial tests

calculated between the clinical presentations of
were used to analyze the differences between proportions.
The 95% confidence intervals (Cl) were calculated and P val-
ues <0.05 were considered statistically significant. A bilateral
distribution was assumed for all values of P. The statistical
analysis was made using SPSS for Windows, version 18.0 (SPSS)

and Epidat 4.1.

2.8 | Ethical aspects

The study was approved by the Clinical Research Ethics Committees
of the Fundacion Sant Joan de Déu and the Hospital Universitari
Vall d'Hebron in accordance with current legislation and was carried
out in accordance with the principles of the Declaration of Helsinki

and the standards of good clinical practice (Table 2).

TABLE 1 Full spectrum of PCV coverage in cases with complicated
pneumonia with empyema and/or pleural effusion®

Group 1 <2 years, Group 2 2-17
n=231 (%) years, n=112 (%)
Non vaccinated(%) 18 (58.1) 57 (50.9)
>1 dose PCV7 (%) 0 23 (20.5)
>1 dosePCV10(%) 1(3.2) 4 (3.6)
>1 dose PCVI3 (%) 12 (38.7) 27 (24.1)
Unknown 0 1(0.9)

PCV7, pneumococcal conjugate vaccine 7-valent; PCV10, pneumococcal
conjugate vaccine 10-valent; PCV13, pneumococcal conjugate vaccine 13-
valent.

2Cases with one or more doses of different vaccine types have been
included in the vaccine group with the highest number of serotypes.

TABLE 2 Pneumococcal serotypes causing pneumonia with and
without pleural effusion (PE) or empyema

PE or No PE or

empyema, empyema,

n=142 (%) n=45 (%) P-value
Serotype 1 41 (28.9) 6 (13.3) 0.036
Serotype 3 40 (28.2) 9 (20.0) 0.278
Serotype 19 A 10 (7.0) 5(11.1) 0.381
Serotype 14 9 (6.3) 3(6.7) 1.000
Serotype in the 13 116 (81.7) 27 (60.0) 0.003

PCV vaccine
3 | RESULTS

3.1 | Epidemiological data, clinical presentation, and
hospital course

Between January 2012 and June 2016, 263 patients with IPD were
identified, of whom 194 developed pneumococcal pneumonia and
required hospitalization; 151 patients presented complicated pneu-
mococcal pneumonia (77.8%), 8 of whom were excluded from the
study as they only presented necrotizing pneumonia. The remaining
143 patients (73.7%) presented complicated pneumococcal pneumo-
nia with PE or empyema, and were finally included in the study. Thirty-
one patients were aged <2 years (Group 1) and 112 were aged 2-17
years (Group 2). The proportion of cases with empyema was higher
than that of PE both in the total population (79.7%, P < 0.005) and in
group 1 (70.9%, P =0.029) and group 2 (82.1%, P < 0.005). Sixty-five
(45.5%) cases were recorded in the winter (P=0.316). The mean
hospital stay was longer in group 1, (Interquartile interval: 13.94,
standard deviation 8.67) versus 11.35 (standard deviation 5.35);
P =0.044) (Table 3). The total incidence of pneumonia with PE or
empyema decreased significantly between 2012 and 2015 (RR: 0.59,
0.35-0.97, P =0.003). However, in 2015 there was a non-significant
change in the trend with respect to the previous year (RR: 1.35,
0.73-2.45, P=0.311) (Figure 1).

During 2012-2015, the incidence of pneumococcal pneumonia
complicated by PPE/E in children aged <18 years requiring hospitaliza-
tion (6.83 cases x 107> person/years) was greater than the incidence of
pneumococcal pneumonia without PE or empyema (2.09 cases x 107>
person/years) (rate ratio [RR]: 3.27; 2.25-4.86; P < 0.001). Significant
differences were also observed in the age groups. In group 1, the rates
were 16.39 cases x 107> person/years and 7.89 cases x 10™> person/
years, respectively (RR: 2.07, 1.03-4.38, P = 0.028) and in group 2 the
rates were 5.46 casesx 107> person/years and 1.39 casesx 107>
person/years, respectively (RR: 3.92, 2.48-6.41, P<0.001). The
incidence of pneumococcal pneumonia complicated by PPE/E was
higher in group 1 than in group 2 (RR: 3.00, 1.89-4.65, P < 0.001) as was
the incidence of pneumococcal pneumonia without PE or empyema (RR:
5.66, 2.65-11.58, P<0.001). There were no statistically significant
differences between-group differences in sex, comorbidity, or previous
ambulatory antibiotic treatment. Group 1 patients required PICU more
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TABLE 3 Demographic characteristics and clinical presentation of children with pneumococcal pneumonia according to age
Group 1 <2 years, Group 2 2-17 years,
n=31 (%) n=112 (%) P

Sex, male, n (%) 20 (64.5) 64 (57.1) 0.461
Season: winter (%) 10 (32.3) 55 (49.1) 0.095
Comorbidity n (%) 1(3.2) 1(0.9) 0.388
>1 dose PCV13? n (%) 12 (38.7) 27 (24.1) 0.171
Outpatient treatment 7 (22.6) 16 (14.3) 0.266
Diagnosis®

Only RT-PCR 18 (58.1) 73 (67.0) 0.358

Only culture 3(9.7) 4 (3.6) 0.173

RT-PCR + culture 10 (32.3) 33(29.5) 0.764
Complicated pneumonia®

Empyema 15 (48.5) 65 (58) 0.338

PPE 9 (29) 17 (15.2) 0.077

E+ NP 4(12.9) 17 (15.2) 1.000

PPE + NP 0 3(2.7) NA

PPE + E 3(9.7) 7 (6.25) 0.452

E+PPE+NP 0 3(2.7) NA
Mechanical ventilation 4 (12.9) 3(2.7) 0.040
Barotrauma 5(16.1) 8 (7.1) 0.124
Intensive care, n (%) 8 (25.8) 14 (12.5) 0.069
Serotypes

Serotype 1 1(3.3) 40 (35.7) >0.001

Serotype 3 9 (30.0) 31 (27.7) 0.802

Serotype 19A 5(16.7) 5(4.5) 0.035

Serotype 14 1 (3.3) 8 (7.1) 0.684
Serotypes in PCV13 vaccine 19 (63.3) 97 (86.6) 0.003
Non-sensitive strains?

Penicillin 8/14 (57.1) 6.33 (18.2) 0.008

Cefotaxime 4/14 (28.6) 4.33 (12.1) 0.215
Antibiotic in hospital n (%)

Ampicillin 9 (29.0) 42 (37.5) 0.479

Cefotaxime 12 (38.7) 37 (33.0) 0.555

Ceftriaxone 6 (19.4) 34 (30.4) 0.227

Penicillin G 13 (41.9) 20 (17.9) 0.005

Amoxi-clav 10 (32.3) 17 (15.2) 0.031

Clindamycin 4 (12.9) 15 (13.4) 1.000

Amoxicillin 2 (6.45) 8 (7.14) 1.000

Vancomycin 3(9.68) 6 (5.36) 0.407
Hospitalization, days median (SD) 13.94 (8.67) 11.36 (5.35) 0.044
Sequelae, n (%)

Pulmonary 2 (6.39) 19 (16.96) 0.249

Other 1(3.22) 0 NA
Case fatality rate N (%) 0 0 NA

#Patients with one or more doses of different types of vaccine have been included in the vaccine group with the highest number of serotypes.
bBlood RT-CPR was not obtained in 9 patients in group 1 and 28 in group 2.

°E, empyema; PE, pleural effusion; NP, necrotizing pneumonia.

9Meningeal cut-off points according to European Committee on Antimicrobial Susceptibility Testing (EUCAST).
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frequently (8/31, 25.8%) than group 2 patients (14/112, 12.5%)
(P <0.069). The most frequent complications were acute respiratory
failure with mechanical ventilation (4/31, 12.9%) and barotrauma (3/31,
10.7%) in group 1 and necrotizing pneumonia (23/112, 20.5%) followed
by barotrauma (8/112, 7.1%) in group 2. Group 1 patients more
frequently required mechanical ventilation (4/31, 12.9%) than group 2
patients (3/112, 2.7%) (P < 0.040). One patient in group 1 developed
hemolytic-uremic syndrome.

The most frequently used antibiotics were penicillin G sodium
(41.9%), followed by cefotaxime (38.7%) and ampicillin (29.0%) in
group 1, and ampicillin (37.5%), cefotaxime (33.0%), and ceftriaxone
(30.4%) in group 2. The frequency of use of penicillin G sodium and
amoxicillin-clavulanic acid was significantly higher in group 1 in both
cases (P=0.005 and P=0.031, respectively). No patient died of

pneumonia with PE or empyema.

3.2 | Microbiological results

Of the 143 cases, 91 (65%; P < 0.001) were diagnosed only by real-time
PCR, 43 (30.1%) by culture and real-time-PCR, and 7 (4.9%) by culture
alone. There were no significant differences in the diagnostic
technique according to age group.

Of the 194 cases with pneumonia, the serotype was determined in
187 (4 cases of pneumonia without PE or empyema and 142 cases of
pneumonia with PE or empyema).

Serotype 1 was more frequent in complicated cases of pneumonia
cases (41/143, 28.6%) than in pneumonia without PE or empyema (6/
44, 13.6%); P =0.036. There were also significant differences in the
frequency of PCV13 serotypes, which were more frequent among
complicated pneumonia cases (116/143, 81.1%) than in uncompli-
cated cases (27/44, 61,4%); P=0.003. The most frequent serotypes
were explained in the Table 3.

The analysis of the evolution of the most frequent serotypes causing
pneumonia complicated with PE or empyema between 2012 and 2015
showed there was a significant decrease in the proportion of serotype 1
(16/43, 37.2% vs 3/27, 11.1%, P =0.026), together with a trend to an
increase in non-vaccine serotypes (6/43, 14.0% vs 9/27, 33.3%, P = 0.054).
The variations in the proportion of serotypes 3 (10/43, 23.3% vs 9/27,
33.3%, P=0.356), 19A (7/43, 16.3% vs 1/27, 3.7% P =0.140), 14 (2/43,
4.7% vs 2/27, 7.4%, P = 0.637) were not significant (Figure 2).

The antibiotic sensitivity analysis was made in the 47 cases in
which the isolated strain was available in culture, since detections
using RT-PCR do not allow this: 14 cases belonged to group 1 and 33 to
group 2. Statistically significant differences between-group d were
observed when comparing sensitivity to penicillin: the number of
strains not sensitive to penicillin was 8/14 (57.1%) in group 1 and 6/33
(18.2%) in group 2 (OR=6.0, 1.51-23.84; P=0.008). No statistically

significant differences were observed in the sensitivity to cefotaxime.

3.3 | Vaccination

There were 15 patients in the two groups who were considered
as vaccine failures, since they were diagnosed with pneumonia

complicated with /PE or empyema due to PCV13 serotypes (13 due to
serotype 3, one due to serotype 14, and another due to serotype 19A).
None had comorbidities and were considered previously health.

4 | DISCUSSION

Usually non-complicated pneumococcal pneumonia does not need
hospitalization, being treated with oral antibiotics at home. In
complicated pneumonias with PE or empyema the pleural fluid allows
the detection of S pneumoniae by culture or real-time PCR when
pneumococci are not detected in blood. That is the reason
pneumococci is detected more frequently in complicated pneumonia
with pleural effusion than in no-complicated pneumonia.” Empyema
affects somewhat older children (Group 2). This continues be a
reflection of the clinical and age group tropism of the different
S pneumoniae serotypes.?° In the case of serotype 1, the presence in
carriers, although low, is the main cause of empyema, and studies have
shown that serotype 1 is extremely invasive. During the pre-PCV13
era it was demonstrated that, in Catalonia, pneumococcal empyema
increased, especially due to clone 306 of serotype 1, which was very
aggressive.*> In our study, the most frequent serotype in group 2 was
serotype 1, which affects especially the older group but, strikingly, was
not present in children aged <2 years. Probably the lower that PCV13
(serotype 1) coverage in group 2 is the main cause. Another possible
explanations may lie in its epidemic character and its lack of colonizing
power.’

The overall incidence of pneumococcal pneumonia in children
aged <2 years, 2-4 years, and 5-19 years in Catalonia was 22.9, 18.6,
and 3.3/100 000 person/years, respectively.!®

The progressive decrease in the incidence of pneumonia
complicated by PE or empyema over the study period was consistent
with the progressive increase in the rate of PCV13 coverage. This
indicates that the PCV13 serotypes are mostly responsible for cases of
pneumonia complicated with PE or empyema.

The evolution of serotypes causing the majority of pneumococcal
pneumonias complicated by PE or empyema shows there was a
reduction in serotypes 1 and 19A, the latter not significantly, but not
serotype 3. Many studies have shown that serotype 3 continues to
produce invasive pneumococcal disease despite being included in the
PCV13.72122 Antachopoulos et al?® reported a high incidence of
complicated pneumonia caused by serotype 3, and a third of these
patients had received complete PCV13 vaccination. A study carried out
in Spain reported that serotype 3 was one of the most prevalent causes
of parapneumonic empyema and was associated with a high rate of
complications.!” A recent study made in Portugal by Silva-Dacosta

etal®

determine that the most frequent serotypes causing complicated
pneumonia with PE or empyema between 2010 and 15 in children were
3,1, and 19A, together accounting for 62% (68/109) of cases. Nineteen
cases attributable to 13-valent pneumococcal conjugate vaccine
(PCV13) serotypes (mostly serotype 3) were detected among 22
children age-appropriately vaccinated with PCV13. So, they suggest

reduced effectiveness of PCV13 against serotype 3 in complicated

86



DIAZ-CONRADI T AL

pneumonia with PE or empyema. These studies demonstrate how, as the
cause of empyema, serotypes 1 and 19A decreased after vaccination,
while serotype 3 decreased less. In our case, serotype 3 was the most
frequent serotype, besides being the cause of most vaccine failures, as
reported by other authors.?*?> This may be due to the low
immunogenicity of this serotype, but further study is required to
explain these results. The second factor that makes these serotypes
more frequent is their virulence, as well as possible vaccine failures, as
occurs with serotype 3.2672% The most frequent complications were
acute respiratory failure requiring PICU and mechanical ventilation in
group 1 and necrotizing pneumonia with subsequent barotrauma in
group 2, coinciding with other authors.”-82027:29-31

Recently published studies on complicated and uncomplicated
pneumococcal pneumonia show a reduction in cases after the
introduction of the PCV13 vaccine.”2%?232 Although PCV13 sero-
types fell by 74% in the United States after the introduction of the
PCV13, no clear replacement of serotypes not included in the PCV13
vaccine has been demonstrated.” We found no replacement by non-
PCV13 serotypes, although monitoring is needed for this possibility. In
England and Wales, Ladhani et al found a replacement of vaccine
serotypes by non-PCV13 serotypes, specifically serotypes 8, 12F, and
9N, although at present this has only been shown in adults.® In Israel,
also has been described a high incidence of serotype 12F after
sequential introduction of 7and 13-valent pneumococcal conjugate
vaccines.*

Like many other studies, the strains analyzed in our study were

almost all sensitive to penicillin,7*2°’22

supporting the use of penicillin or
parenteral ampicillin as the first choice empirical treatment for
complicated pneumococcal pneumonia.

This study has some limitations. First, only patients attended in
three hospitals were included, although these hospitals serve 32% of
the pediatric population in Catalonia. Second, cultures and RT-PCR
were not made in all patients, since PCR in blood was only requested if
the culture was negative: this may represent a bias to the assessment
of the sensitivity of real-time PCR in blood. Third, data referring to
surgical treatments were not collected, and therefore we cannot state
whether specific surgical treatment may have influenced the evolution.
Finally, because this was a hospital-based study, we were unable to
quantify uncomplicated pneumococcal pneumonias treated at home,
and therefore our conclusions may be valid only for hospitalized cases.

5 | CONCLUSIONS

We observed a decline in complicated pneumonia with PE or empyema
predominantly due to declining serotype 1 (37.2% vs 11.1%, P = 0.026)
in young children which correlates to rising PCV13 vaccine coverage in
the population between 2012 and 2015.

The greatest burden of disease was caused by PCV13 serotypes.
Therefore, increased vaccination coverages could reduce this burden.

Surveillance of invasive pneumococcal disease should continue to
determine the pneumococcal serotypes isolates as cause of pneumo-
coccal pneumonia in coming years.
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ABSTRACT The objective of this study was to analyze the incidence, clinical presen-
tation, and severity of invasive pneumococcal disease (IPD)-causing serotypes and
the impact of the 13-valent pneumococcal conjugate vaccination during epidemic
and nonepidemic influenza periods in Catalonia, Spain. This was a prospective study
in persons aged <18 years diagnosed with IPD between 2012 and 2015 in three
Catalan pediatric hospitals. IPD was defined as clinical infection together with
isolation of Streptococcus pneumoniae by culture and/or detection by reverse
transcription-PCR in a normally sterile sample. Incidence rate ratios (IRRs) and
the fraction of IPD prevented associated with 13-valent pneumococcal conjugate
vaccine (PCV13) were calculated. The bivariate analysis used the x? test and the mul-
tivariate analysis nonconditional logistic regression. A total of 229 cases of IPD were
recorded. The incidence was higher during influenza epidemic periods (IRR, 2.7; 95%
confidence interval [Cl], 2.05 to 3.55; P < 0.001), especially for pneumonia (IRR, 3.25;
95% Cl, 2.36 to 4.47; P < 0.001), with no differences in the distribution of pneumo-
coccal serotypes. Complications during admission and sequel at discharge were
greater during epidemic periods (adjusted odds ratio [aOR], 2.00; 95% Cl, 1.06 to
3.77; P = 0.03) than at nonepidemic periods (aOR, 3.38; 95% Cl, 1.37 to 8.29; P =
0.01). The prevented fraction for the population (PFp) of IPD in children aged 7 to
59 months was 48% to 49.4%. The PFp was higher in influenza epidemic than non-
epidemic periods and increased when =2 doses of PCV13 or =1 after 24 months
were administered. Influenza virus circulation increases the incidence of IPD in per-
sons aged <18 years. In influenza epidemic periods, IPD cases were more severe. In-
creased PCV13 coverage might increase the fraction of IPD prevented in epidemic
and nonepidemic periods.

KEYWORDS 13-valent pneumococcal conjugate vaccine, invasive pneumococcal
disease, highly invasive serotypes, influenza virus, seasonality

nvasive pneumococcal disease (IPD) is a major cause of morbidity and mortality in
adults and children and fluctuates seasonally during the winter months in temperate
countries (1, 2). Seasonality affects both the disease incidence and the clinical presen-
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tation. Reports have described an increased incidence of bacteremic pneumonia but
not of other clinical presentations during the winter months (3-5).

Environmental factors, such as temperature, humidity, pollution, and hours of
daylight, help explain the seasonality (2, 6). Likewise, the circulation of respiratory
viruses during the winter months, especially the influenza virus, respiratory syncytial
virus (RSV), and metapneumovirus, have been associated with an increased incidence
of IPD, especially in children (2, 7). Although the mechanisms of interaction between
respiratory viruses and Streptococcus pneumoniae at the host level have been widely
described (8-11), the proportion of episodes of IPD attributable to the circulation of
respiratory viruses is not clear (12, 13).

After the 2009 influenza pandemic, many studies showed that the influenza virus
not only increases the incidence of invasive pneumococcal pneumonia but also may be
a factor influencing severity (4, 14-16).

Influenza virus infection favors the nasopharyngeal colonization of S. pneumoniae in
children (3), which is a critical step in the subsequent development of IPD. However, the
relationship between influenza virus and IPD-causing S. pneumoniae serotypes is
unclear. Some reports have linked prior influenza virus infection with a subsequent
episode of IPD caused by highly invasive serotypes (7), while other authors link it with
IPD produced by less invasive serotypes (17-19). Influenza epidemics have been shown
to affect the distribution of IPD-causing serotypes (20).

The introduction of the pneumococcal conjugated heptavalent vaccine (PCV7) in
2001 (21), the 10-valent conjugate vaccine (PCV10) in 2009 (22), and the 13-valent
conjugate vaccine (PCV13) in 2010 (23) was associated with a significant reduction in
IPD and a change in the distribution of the main disease-causing S. pneumoniae
serotypes (24). (25). In Catalonia, Spain, the PCV13 was not included in the childhood
vaccination schedule financed by the public health system until July 2016. In the 2012
to 2015 study period, the estimated PCV13 coverage in children aged 7 to 59 months
in Catalonia was 63% (26).

The aim of this study was to analyze variations in the incidence, clinical presentation,
severity, and serotypes associated with IPD in Catalonia after the introduction of the
13-valent conjugate vaccine and the impact of vaccination, measured as the fraction of
IPD prevented in the population, during epidemic and nonepidemic influenza periods.

MATERIALS AND METHODS

Data confidentiality and ethical aspects. No diagnostic tests were made or samples taken from any
participant in addition to those required by routine care. The study complies with the principles of the
Declaration of Helsinki and the legal structure in respect to international human rights and biomedicine
and protection of personal data laws.

The Ethics Committee of Hospital Sant Joan de Déu approved the study. Informed consent signed by
parents or legal guardians was given for all participants. All data were treated as confidential, and records
were accessed anonymously.

Study design. A prospective study was conducted in persons aged <18 years diagnosed with IPD
between 1 January 2012 and 31 December 2015 attended in three pediatric hospitals in Catalonia, Spain,
namely, Hospital Sant Joan de Déu, Hospital Maternoinfantil Vall d’Hebrén, and Hospital de Nens de
Barcelona. These hospitals are responsible for 20%, 8.5%, and 3%, respectively, of total hospital
discharges in Catalonia of children aged <18 years, according to data from the Minimum Basic Data Set
of Hospital Discharges (CMBDAH) (27), and the estimated reference population in this age group of the
three hospitals was from 422,666 in 2012 to 452,927 in 2015.

Selection of cases. Patients aged <18 years hospitalized due to IPD during the study period in the
participating centers were included. IPD was defined as clinical infection together with the isolation by
culture and/or detection of LytA gene DNA and an additional capsular gene of S. pneumoniae by reverse
transcription-PCR (RT-PCR) in a normally sterile sample.

RT-PCR was carried out according to a standardized work protocol. Pediatricians requested RT-PCR in
cases of clinical suspicion in a patient with clinical and hospital admission criteria. RT-PCR was performed
in the most appropriate sterile sample, namely, cerebrospinal fluid, pleural fluid, or plasma (never in
whole blood or in blood culture bottles), according to the clinical signs.

Identification, serotyping, and classification of S. pneumoniae. All strains isolated by culture were
serotyped using the Quellung reaction or dot blot by the National Centre for Microbiology, Majada-
honda, Madrid, which allows 97 serotypes to be identified.

Capsular typing of all culture-negative and PCR-positive samples was performed using two methods
depending on the amount of S. pneumoniae DNA available. If the amount was low (detection of LytA
gene DNA and an additional capsular gene of S. pneumoniae by RT-PCR with the cycle threshold [C,] of
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>30 cycles), a previously described, real-time multiplex PCR technique that detects all pneumococcal
capsular types and differentiates serotypes 1, 3, 4, 5, 6A/C, 6B/D, 7F/A, 8, 9V/A/N/L, 14, 15B/C, 18C/B, 19A,
19F/B/C, 23A, and 23F was used (28). If the amount of S. pneumoniae DNA was high (PCR-positive
samples with C; of =30 cycles), sequential multiplex PCR combined with fragment analysis and
automated fluorescent capillary electrophoresis to differentiate serotypes [1, 2, 3, 4, 5, 6A/6B, 6C,
6,7C/(7B/40), 7F/7A, 9N/9L, 9V/9A, 10A, 10F/(10C/33C), 11A/11D, 12F/(12A/44/46), 13, 16F, 17F, 18/(18A/
18B/18C/18F), 19A, 19F, 20(20A/20B), 21, 22F/22A), 23A, 23B, 24/(24A/24B/24F), 31, 34, 35A/(35C/42), 35B,
35F/47F, 38/25F, and 39] was used (29).

Since PCR does not differentiate between serotypes 6A and 6C; 7F and 7A; 9V, 9A, and 9N; and 19F,
19B, and 19C, these serotypes were considered vaccine serotypes 6A, 7F, 9V, and 19F, respectively.
PCR-positive samples that were negative for the serotypes included in the sequential multiplex PCR
(including all vaccine serotypes) were classified as other nonvaccine serotypes (ONVS).

The serotypes found were classified into two groups according to their invasiveness, namely, highly
invasive serotypes (HIS; serotypes 1, 3, 4, 5, 7F, 8, 9N, 9V, 12F, 14, 18C, 19A, and 22F) and the remaining
serotypes (non-HIS), as described by various authors (30-34).

Demographic, clinical, and epidemiological variables. The following demographic, clinical, and
epidemiological variables were recorded for each case: age, sex, date of birth, date of onset of symptoms,
date of hospitalization, clinical form of IPD (meningitis, septic shock, pneumonia, complicated pneumo-
nia, musculoskeletal infection, occult bacteremia, and others), in-hospital complications, mechanical
ventilation, intensive care unit (ICU) admission and length of stay, risk medical conditions (sickle cell
anemia; congenital or acquired asplenia; human immunodeficiency virus; cochlear implant; congenital
immunodeficiency; chronic heart disease; chronic lung diseases, including asthma if treated with a risk
dose of oral corticosteroids; cerebrospinal fluid fistula; chronic renal failure, including nephrotic syn-
drome; immunosuppressive treatment or radiotherapy; solid organ transplant; transplantation of hema-
topoietic progenitors; and diabetes mellitus), date and evolution at discharge (discharge without
sequelag, sequelae, and death), and the history of vaccination with any pneumococcal conjugate vaccine.

Definition of influenza epidemic periods. Influenza epidemic periods were established according
to the data provided by the Pla d'Informacié de les Infeccions Respiratories Agudes a Catalunya (PIDIRAC)
which, during the winter season (weeks 40 to 20) obtains daily information on morbidity due to acute
respiratory infections through the population registry, including data from sentinel doctors throughout
Catalonia (35). The epidemic threshold for influenza virus is established as >100 cases/10° inhabitants,
and influenza epidemic periods were defined as weeks in which this incidence was reached and the two
subsequent weeks (7).

Reference population and estimated vaccination coverage. The reference population of the three
hospitals used to measure weekly incidence rates (IRs) during the epidemic and nonepidemic influenza
periods was calculated according to population data from the Statistical Institute of Catalonia and
determined by calculating the percentage of discharges of each hospital and each age group of the
study in relation to the total number of hospital discharges in Catalonia for these age groups (27) and
extrapolating the data to the entire population. The estimated reference population aged <18 years of
the three hospitals was stable during the study period and varied from 422,666 (31.5% of the Catalan
population aged <18 years) in 2012, to 442,032 (31.8% of the Catalan population aged <18 years) in
2013, to 453,419 (32.6% of the Catalan population aged <18 years) in 2014, and 452,927 (32.5% of the
Catalan population aged <18 years) in 2015. No other pediatric hospitals in the region were growing or
contracting during the study period.

The vaccination coverage of the reference population aged 7 to 59 months was estimated yearly
according to the vaccination data obtained in children aged 7 to 59 months treated for causes other than
IPD in the study hospitals, as described elsewere (26). The vaccinated population was defined as children
who had received =1 dose of PCV13 or as children who had received =2 doses of PCV13 or =1 dose
after 24 months in order to evaluate the possible differences related to the number of PCV13 doses
received.

Statistical analysis. The incidence rate ratios (IRRs) of IPD were calculated between epidemic and
nonepidemic periods. For categorical variables, differences between periods were analyzed using
Pearson’s chi-square test or Fisher’s exact test, and for continuous variables the Student’s t test was used.
The 95% confidence intervals (Cls) were calculated, and P values of =0.05 were considered statistically
significant. A bilateral distribution was assumed for all P values.

Multivariate analysis was performed using nonconditional logistic regression to estimate the asso-
ciation between the severity of cases in epidemic and nonepidemic periods. The following variables were
introduced into the model: ICU admission, complications, mechanical ventilation, sequelae at discharge,
death, and age. The lack of collinearity of the independent variables was verified using the variance
inflation factor (36).

To analyze the impact of PCV13 on the incidence of IPD in children aged 7 to 59 months during
influenza epidemic periods, the fraction of IPD prevented in the total period and in the epidemic and
nonepidemic periods was calculated using the formula: prevented fraction in the population = (IR in
unvaccinated — IR in total population)/IR in unvaccinated (37).

The IR in the unvaccinated population was calculated by dividing the number of unvaccinated IPD
cases caused by PCV13 serotypes in children aged 7 to 59 months by the estimated unvaccinated
population according to the estimated vaccine coverage published (27) and the reference estimated
population in the same age group.
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TABLE 1 Characteristics of cases of invasive pneumococcal disease in epidemic and nonepidemic influenza periods

Values? by period

Variable Epidemic influenza Nonepidemic influenza P Value

Sex Female 36 (39.6) 58 (42.0) 0.71
Male 55 (60.4) 80 (58.0)

Age in months (mean and SD) 52.02 (36.90) 39.46 (36.97) 0.012

Risk medical conditions No 89 (97.8) 125 (90.6) 0.032
Yes 2 (2.2) 13 (9.4)

=1 dose of PCV13 (0-4 yr) No 40 (65.6) 58 (52.7) 0.104
Yes 21 (34.4) 52 (47.3)

=2 dose of PCV13 or =1 dose after 24 months (0-4 yr) No 41 (67.2) 60 (54.5) 0.107
Yes 20 (32.8) 50 (45.5)

PCV13 serotypes No 26 (29.5) 51 (38.1) 0.192
Yes 62 (70.5) 83 (61.9)

PCV13 serotypes (unvaccinated cases) No 16 (23.9) 19 (23.2) 0.919
Yes 51 (76.1) 63 (76.8)

PCV13 serotypes (=1 dose of PCV13) No 10 (47.6) 32 (62.7) 0.236
Yes 11 (52.4) 19 (37.7)

PCV13 serotypes (=2 doses of PCV13 or =1 dose after 24 months) No 10 (47.6) 31 (63.3) 0.226
Yes 11 (52.4) 18 (36.7)

HIS serotypes No 27 (30.7) 55 (41.0) 0.118
Yes 61 (69.3) 79 (59.0)

Serotype 3 No 67 (76.1) 110 (82.1) 0.282
Yes 21 (23.9) 24 (17.9)

Serotype 1 No 68 (77.3) 110 (82.1) 0.379
Yes 20 (22.7) 24 (17.9)

Serotype 19A No 80 (90.9) 125 (93.3) 0.517
Yes 8 (9.1) 9 (6.7)

Serotype 14 No 85 (96.6) 126 (94.0) 0.396
Yes 3 (3.4) 8(6.0)

aValues are n (%) unless otherwise indicated. HIS, highly invasive serotypes.

The IR in the total population was calculated by dividing the number of all IPD cases caused by PCV13
serotypes in children aged 7 to 59 months by the estimated population according to the reference
estimated population in the same age group.

The analysis was performed using the SPSS v.24 statistical package.

RESULTS

During the study period, 229 cases of IPD were recorded in persons aged <18 years,
of which 71 cases (31.0%) were collected in 2012, 58 (25.3%) in 2013, 44 (19.2%) in 2014,
and 56 (24.5%) in 2015; 137 (59.8%) patients were attended by Hospital Sant Joan de
Déu, 66 (28.8%) by Hospital Maternoinfantil Vall d’'Hebrén, and 26 (11.4%) by Hospital
de Nens de Barcelona; 135 (59%) patients were male and 94 (41%) female; and 36.7%
(84) of patients were aged <2 years, 38.0% (87) 2 to 4 years, and 25.3% (58) 5 to 17
years (Table 1). The clinical manifestations were the following: pneumonia, 165 cases
(72.0%); occult bacteremia, 22 (9.6%); meningitis, 19 (8.3%); musculoskeletal infection,
7 (3.1%); bacteremic mastoiditis, 7 (3.1%); sepsis, 6 (2.6%); bacteremic orbital cellulitis,
2 (0.9%); and pancreatitis, 1 (0.4%). A total of 48.1% of cases (110) were diagnosed by
PCR alone and 26.6% (61 cases) by culture alone, and in 25.3% of cases (58), both
techniques were positive.

Of the 229 cases recorded, 222 (96.9%) were serotyped; 145 (65.3%) were caused by
PCV13-serotypes, of which 20.8% (30 cases) received =1 dose of PCV13 and 20% (29
cases) received =2 doses of PCV13 or =1 dose after 24 months. Of the 77 cases (34.7%)
caused by non-PCV13 serotypes, 42 (54.5%) received =1 dose of PCV13 and 41 (53.2%)
received =2 doses of PCV13 or =1 dose after 24 months.

A smaller proportion of cases with medical risk conditions were detected during
epidemic influenza periods than in nonepidemic periods (2.2% versus 9.4%, P = 0.032).

There were no differences in the vaccination status of cases during influenza
epidemic and nonepidemic periods according to cases who had received =1 dose of
PCV13 (P = 0.104) and cases who had received =2 doses of PCV13 or =1 dose after 24
months (P = 0.107).
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TABLE 2 Distribution of cases and incidence rates of invasive pneumococcal disease in epidemic and nonepidemic influenza periods
according to clinical presentation and age group?

Values by period

Epidemic Nonepidemic
influenza influenza . .
- Incidence rate ratio
Clinical presentation Age group (yrs) n IR n IR (95% Cl) P value
Meningitis <2 6 0.09 8 0.03 3.07 (0.88-10.10) 0.051
2-4 0 0.00 4 0.01 NC NC
5-17 0 0.00 1 0.00 NC NC
Total 6 0.01 13 0.00 1.891 (0.589-5.333) 0.214
Pneumonia <2 13 0.20 31 0.11 1.72 (0.825-3.38) 0.113
2-4 34 0.24 39 0.07 3.572 (2.187-5.808) <0.001
5-17 26 0.05 22 0.01 4.843 (2.639-8.964) <0.001
Total 73 0.10 92 0.03 3.251 (2.358-4.469) <0.001
Occult bacteremia <2 1 0.02 13 0.05 0.315 (0.007-2.099) 0.255
2-4 2 0.01 3 0.01 2.732 (0.228-23.847) 0.31
5-17 1 0.00 2 0.00 2.049 (0.035-39.355) 0.581
Total 4 0.01 18 0.01 0.911 (0.224-2.764) 0.909
Other forms <2 2 0.03 10 0.04 0.820 (0.087-3.846) 0.858
2-4 3 0.02 2 0.00 6.146 (0.704-73.589) 0.061
5-17 3 0.01 3 0.00 4,098 (0.549-30.593) 0.11
Total 8 0.01 15 0.01 2.185 (0.802-5.491) 0.089
Total <2 22 0.33 62 0.23 1.454 (0.851-2.399) 0.14
2-4 39 0.27 48 0.08 3.329 (2.125-5.188) <0.001
5-17 30 0.05 28 0.01 4.390 (2.535-7.626) <0.001
Total 91 013 138 0.05 2.702 (2.050-3.546) <0.001

aNC, not calculable; IR, incidence rate (per 105 person-weeks).

There were no differences in demographic or risk factors between vaccinated and
unvaccinated cases in the same epidemic and nonepidemic influenza period, either in
cases who had received =1 dose of PCV13 or in cases who had received =2 doses of
PCV13 or =1 dose after 24 months (see Table ST and S2 in the supplemental material).

Incidence of IPD in epidemic and nonepidemic influenza periods. Of the 209
weeks of the study period, 41 weeks corresponded to influenza epidemic periods
(weeks 4 to 13 in 2012, 3 to 12 in 2013, 2 to 10 in 2014, and 3 to 14 in 2015). The
incidence of IPD per person-week was greater in influenza epidemic periods (0.13
cases/10° person-weeks) than in nonepidemic periods (0.05 cases/10° person-weeks;
IRR, 2.7; 95% Cl, 2.05 to 3.55; P < 0.001). Significant differences were found in the 2- to
4-year (IRR, 3.33; 95% Cl, 2.12 to 5.19; P < 0.001) and 5- to 17-year (IRR, 4.39; 95% (I,
2.53 to 7.63; P < 0.001) age groups but not in the <2-year age group (Table 2).

The IR of pneumonia increased during influenza epidemic periods, both globally
(IRR, 3.25; 95% Cl, 2.36 to 4.47; P < 0.001) and in the 2- to 4-year (IRR, 3.57; 95% Cl, 2.19
to 5.80; P < 0.001) and 5- to 17-year (IRR, 4.84; 95% Cl, 2.64 to 8.86; P < 0.001) age
groups.

Distribution of serotypes in epidemic and nonepidemic influenza periods. The
most frequently found serotypes were serotype 3 (45 cases, 19.7%), serotype 1 (44 cases
19.2%), serotype 19A (17 cases, 7.4%), and serotype 14 (11 cases, 4.8%) (Fig. 1). The
distribution of these serotypes was similar in both periods (Table 1).

There were no significant differences in the distribution of vaccine and nonvac-
cine serotypes between epidemic and nonepidemic periods in the total cases (odds
ratio [OR], 1.46; 95% Cl, 0.82 to 2.60; P = 0.192), in unvaccinated cases (OR, 0.96;
95% Cl, 0.45 to 2.06; P = 0.919), in cases with =1 doses of PCV13 (OR, 1.85; 95% Cl,
0.66 to 5.17; P = 0.236), and in cases with =2 doses of PCV13 or =1 dose after 24
months (OR, 1.89; 95% Cl, 0.67 to 5.33; P = 0.226) (Table 1). In 2015, the proportion
of IPD cases caused by nonvaccine serotypes increased with respect to 2012 (54.7%
versus 22.9%; OR, 4.08; 95% Cl, 1.87 to 8.87; P = 0.001) in influenza epidemic
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periods (50.0% versus 20.6%; OR, 3.86; 95% Cl, 1.15 to 12.91; P = 0.025) and
nonepidemic periods (75.6% versus 25%; OR, 4.07; 95% Cl, 1.46 to 11.32; P = 0.006)
(Fig. 2).

The proportion of IPD-causing HIS-serotypes was slightly higher in epidemic influ-
enza periods (69.3% versus 59.0%; OR, 1.57; 95% Cl, 0.89 to 2.77; P = 0.118) (Table 1).
The increase in the incidence of IPD per person/week during epidemic and nonepi-
demic periods was observed in both HIS and non-HIS serotypes (IRR, 3.164; 95% Cl,
2.227 to 4.475; P < 0.001 and IRR, 2.012; 95% Cl, 1.220 to 3.244; P = 0.005, respectively)
(Table 3). There were no variations in the proportion of cases caused by HIS serotypes
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FIG 2 Distribution of vaccine and nonvaccine serotypes causing invasive pneumococcal disease according to year and nonepidemic and
epidemic influenza periods.
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TABLE 3 Distribution of HIS and non-HIS serotypes causing invasive pneumococcal disease in epidemic and nonepidemic influenza
periods according to clinical presentation?

Values by period

Epidemic Nonepidemic
influenza influenza . .
- - Incidence rate ratio
Serotype Clinical presentation n IR n IR (95% Cl) P value
HIS Meningitis 1 0.001 3 0.001 1.366 (0.026-17.11) 0.757
Pneumonia 56 0.078 65 0.022 3.530 (2.425-5.126) <0.001
Occult bacteremia 1 0.001 6 0.002 0.683 (0.015-5.629) 0.804
Other 3 0.004 5 0.002 2.459 (0.382-12.637) 0.248
Total 61 0.085 79 0.027 3.164 (2.227-4.475) <0.001
Non-HIS Meningitis 4 0.006 10 0.007 1.639 (0.375-5.683) 0.410
Pneumonia 15 0.021 24 0.008 2.561 (1.249-5,086) 0.007
Occult bacteremia 3 0.004 12 0.004 1,024 (0.186-3.796) 0.925
Other 5 0.007 9 0.003 2.276 (0.599-7.564) 0.162
Total 27 0.037 55 0.019 2.012 (1.220-3.244) 0.005

aHIS, highly invasive serotypes; IR, incidence rate (per 10° person-weeks).

during influenza and noninfluenza epidemic periods in the following different age
groups <2 years (42.4% versus 55.0%; OR, 1.62; 95% Cl, 0.54 to 4.61; P = 0.471), 2 to
4 years (71.8% versus 68.1%; OR, 1.19; 95% Cl, 0.47 to 3.02; P = 0.89), and 5 to 17 years
(75.9% versus 78.6%; OR, 0.85; 95% Cl, 0.25 to 2.96; P = 0.94).

There were no differences in the proportion of cases with medical conditions and
HIS/non-HIS serotypes globally (5.0% versus 9.8%; P = 0.173) in epidemic influenza
periods (1.6% versus 3.7%; P = 0.522) and in nonepidemic influenza periods (7.6%
versus 12.7%; P = 0.323).

IPD severity in epidemic and nonepidemic influenza periods. ICU admission was
required by 15.4% of cases during influenza epidemic periods and 22.5% in nonepi-
demic periods (aOR, 0.31; 95% Cl, 0.12 to 0.80; P = 0.02) (Table 4). However, the
proportions of cases with in-hospital complications and sequelae at discharge/death
were higher during epidemic than nonepidemic periods, namely, 75.8% versus 55.8%
(@OR, 2.00; 95% Cl, 1.06 to 3.77; P = 0.03) and 22% versus 8.7% (aOR, 3.38; 95% Cl, 1.37
to 8.29; P = 0.01), respectively. Cases of pneumonia with sequelae at discharge/death
were associated with influenza epidemic periods (aOR, 3.70; 95% Cl, 1.26 to 10.86; P =
0.02).

There was an association between IPD cases due to HIS serotypes and sequelae
at discharge/death during influenza epidemic periods (aOR, 4.88; 95% Cl, 1.57 to 15.18;
P = 0.006).

The severity of IPD caused by non-HIS serotypes showed no significant differences
between epidemic and nonepidemic influenza periods.

Impact of PCV13 on the incidence of IPD during epidemic influenza periods.
During the study period, there was an increase both in vaccination coverage in children
aged 7 to 59 months and in the prevented fraction for the population (PFp) of IPD in
children aged 7 to 59 months (Fig. 3). When the vaccinated population was considered
children who had received =1 dose of PCV13, the vaccination coverage was 48.3% in
2012, 64.0% in 2013, 68.5% in 2014, and 74.6% in 2015 (63.6% vaccination coverage for
all the study period), and the PFp was 30.5% in 2012, 44.6% in 2013, 53.1% in 2014, and
55.0% in 2015 (49.4% for all the study period). When the vaccinated population was
considered children who had received =2 doses of PCV13 or =1 after 24 months, the
vaccination coverage was 47.6% in 2012, 59.6% in 2013, 66.9% in 2014, and 70.3% in
2015 (63.1% vaccination for all the study period), and the PFp was 31.9% in 2012, 37.8%
in 2013, 50.7% in 2014, and 55.5% in 2015 (48.0% for all the study period) (Fig. 3).

Considering the vaccinated population as children who had received =1 dose of
PCV13, the PFp of IPD associated with PCV13 vaccination in children was higher during
influenza epidemic periods, both globally (3.47% more in epidemic periods than in
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TABLE 4 Severity of invasive pneumococcal disease in persons aged <18 years in epidemic and nonepidemic influenza periods

according to clinical presentation and invasive power of serotypes?

Journal of Clinical Microbiology

No. (%) of cases by period

Crude OR Adjusted OR
Severity according to category Epidemic influenza Nonepidemic influenza (95% Cl) P value (95% Cl) P value
Total cases 91 138
ICU 14 (15.4) 31 (22.5) 0.63 (0.31-1.26) 0.19 0.31 (0.12-0.80) 0.02
Complication 69 (75.8) 77 (55.8) 2.48 (1.38-4.46) 0.002 2.00 (1.06-3.77) 0.03
Mechanical ventilation 5 (5.5) 5 (3.6) 1.55 (0.43-5.50) 0.50 3.24 (0.68-15.37) 0.14
Sequelae at discharge/death® 20 (22.0) 12 (8.7) 2.96 (1.37-6.40) 0.006 3.38 (1.37-8.29) 0.01
Pneumonia 73 92
ICU 8 (11.0) 13 (14.1) 0.75 (0.29-1.91) 0.54 0.33 (0.09-1.27) 0.16
Complications 62 (84.9) 66 (71.7) 2.22 (1.01-4.87) 0.047 1.91 (0.84-4.36) 0.08
Mechanical ventilation 4 (5.5) 3(3.3) 1.72 (0.37-7.94) 0.49 444 (0.58-33.92) 0.15
Sequelae at discharge/death 15 (20.5) 6 (6.5) 3.71 (1.36-10.11)  0.01 3.70 (1.26-10.86)  0.02
Other nonpneumonia 18 46
ICU 6 (33.3) 18 (39.1) 0.78 (0.25-2.44) 0.67 0.26 (0.04-1.59) 0.14
Complications 7 (38.9) 11 (23.9) 2.02 (0.63-6.49) 0.23 2.96 (0.40-21.89) 0.29
Mechanical ventilation 1 (5.6) 2 (4.3) 1.29 (0.11-15.22) 0.84 1.27 (0.08-20.18) 0.86
Sequelae at discharge/death 5(27.8) 6 (13.0) 2.56 (0.67-9.81) 0.17 2.46 (0.38-16.01) 0.34
HIS serotypes 61 79
ICU 7 (11.5) 15 (19.0) 0.55 (0.21-1.45) 0.55 0.25 (0.06-0.98) 0.05
Complications 53 (86.9) 55 (69.6) 2.89 (1.19-7.00) 0.02 2.20 (0.87-5.57) 0.09
Mechanical ventilation 3 (4.9) 3 (3.8) 1.31 (0.25-6.73) 0.75 3.56 (0.41-31.13)  0.25
Sequelae at discharge/death 16 (26.2) 6 (7.6) 4.33 (1.58-11.87) 0.004 4.88 (1.57-15.18) 0.006
Non-HIS serotypes 27 55
ICU 6 (22.2) 16 (29.1) 0.70 (0.27-2.05) 0.70 0.46 (0.11-2.01) 0.30
Complications 15 (55.6) 21 (38.2) 2.02 (0.79-5.15) 0.14 2.12 (0.73-6.20) 0.17
Mechanical ventilation 2(7.4) 2 (3.6) 2.12 (0.28-15.93) 0.46 2.84 (0.28-28.79) 0.38
Sequelae at discharge/death 3(11.1) 6 (10.9) 1.02 (0.24-4.44) 0.98 0.98 (0.17-5.60) 0.98

aHIS, highly invasive serotypes; ICU, intensive care unit.
bPulmonary (19), neurological (6), hearing loss (2), deaths (2), venous thrombosis (1), and hypertension (1).

nonepidemic periods) and in the 7- to 23-month and the 24- to 59-month age groups
(4.18% and 3.79%, respectively).

Pneumonia showed the greatest difference between epidemic and nonepidemic
periods; the PFp during epidemic periods compared with nonepidemic periods was
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7.20% higher in children aged 7 to 59 months, 5.03% higher in children aged 7 to 23
months, and 8.91% higher in children aged 24 to 59 months (Table 5).

Considering the vaccinated population as children who had received =2 doses
of PCV13 or =1 after 24 months, the PFp of IPD in children aged 7 to 59 months
associated with PCV13 vaccination was higher during influenza epidemic periods
(9.17% more in epidemic periods than in nonepidemic periods) and in the
7- to 23-month and the 24- to 59-month age groups (10.59% and 9.64%, respec-
tively).

Meningitis only showed differences in the PFp between epidemic and nonepidemic
periods in the 7- to 59-month group (22.62% more in epidemic periods than in
nonepidemic periods).

Pneumonia showed differences between epidemic and nonepidemic periods; the
PFp during epidemic periods compared with nonepidemic periods was 17% higher
globally, 10.17% higher in children aged 7 to 23 months, and 25.20% higher in children
aged 24 to 59 months (Table 6).

The differences in the PFp of IPD in children aged 7 to 59 months associated with
PCV13 vaccination between epidemic and nonepidemic periods were higher, both
globally, in pneumonia and in all age groups, when the vaccinated population was
considered children who had received =2 doses of PCV13 or =1 after 24 months.

DISCUSSION

This study highlights the increase in the incidence of IPD in persons aged <18 years
in influenza epidemic periods. Stratification by age showed the association was stron-
gest in children aged 2 to 4 years and especially in the 5- to 17-year age group, but
there was no significant association in children aged <2 years. The annual PIDIRAC
reports show that during all the years studied, the highest cumulative incidence of
influenza infections was in the <4-year age group (35). Some reports have found an
association between IPD and influenza (2, 13) but without having specifically analyzed
children aged <2 years. Weinberger et al. (12) found a strong association between the
circulation of the respiratory syncytial virus (RSV) and episodes of IPD in children aged
<2 years. During the period 2012 to 2015, the reports published by the Microbiological
Notification System of Catalonia (38) showed that 84.9% of cases of RSV infection
recorded in Catalonia were in children aged <2 years and that the peak of RSV activity
preceded the influenza epidemic. The temporal coincidence between RSV and IPD in
children aged <2 years could explain the high IR observed during nonepidemic
influenza periods, which was much higher than the total IR in that period (0.23
cases/10° person-weeks versus 0.05 cases/10°> person-weeks), and why when consid-
ering epidemic influenza periods and nonepidemic periods in this age group we found
no significant differences.

McCullers et al. (19) using animal models and Grijalva et al. (3) in a case-control study
showed that the influenza virus increases the transmission of S. pneumoniae and,
therefore, the risk of nasopharyngeal acquisition, a step prior to the development of
IPD. However, although we found a higher IR of IPD in epidemic periods globally, the
increase in the incidence during epidemic influenza periods compared with nonepi-
demic periods was only statistically significant for the clinical presentation of pneumo-
nia. Weinberger et al. (39) and Ben-Shimol et al. (40) postulated that viral respiratory
infection increases susceptibility to pneumonia, an approach that would coincide with
our results.

The great variability in IPD-causing serotypes found in our study, with none being
predominant during the epidemic or nonepidemic influenza periods, suggests there is
no relationship between the influenza virus and a specific S. pneumoniae serotype.
Likewise, during the study period, the subtypes of viruses that cause influenza epidem-
ics have varied (35), although a specific relationship with certain viral subtypes cannot
be ruled out. Launes et al. (20) found a significant decrease in the proportion of IPD
caused by serotype 1 during the 2009 pandemic; however, in the subsequent seasonal
influenza season, caused by the same influenza A subtype virus, S. pneumoniae sero-

August 2019 Volume 57 Issue 8 €00363-19

Journal of Clinical Microbiology

jcrggsm.org 9


https://jcm.asm.org
http://jcm.asm.org/

Journal of Clinical Microbiology

Hernéndez et al.

‘uonejndod sy ul uonoely pajuaaald ‘d4d ((syaam-uosiad 0| Jad) a1es duPIdUI ‘Y] ‘D|eIND[eD 10U ‘DN "ELADd JO ISOP L= PAAISRI pey A3Y) JI PIeUIdIBA PAIBPISUOD dId9M URIP|IYDs

LY'E 0'8t 0200 veL'o S'LS 1610 €6€°0 6t ¥60°0 S81°0 |elol
6L'¢ STy 8500 L0L'0 €9 z0z0 9/€°0 (2474 9800 SSL°0 65T
184 609 9600 1744 0's9 910 SLY'0 (4] oLL0 060 €L |ejol
0C'8L— 1414 €000 9000 (424 0L00 €100 €6¢ 5000 8000 |elol
DN 1’19 2000 000 DN £00°0 0000 (444 €000 ¥00°0 65T
09'8¢ 8Ty £00°0 €100 viL GL00 €500 [WAS 6000 1200 €L Swioy IBYI0
000 9'€9 £00°0 6100 9'€9 5000 €100 9'€9 £00°0 8100 |elol
000 1’19 S00°0 €100 1’19 £00°0 8100 1’19 5000 7100 65T
DN vLL LL0'0 6€0°0 DN 0000 0000 vLL 6000 LE00 €C¢-/  elwalsldeq 1nd1>0
0T, 13474 LS00 Lo S'LS [4AN] ¥S€0 9Ly 0800 (40} |elol
16'8 9'8€ LS00 €800 Sy 8810 85€°0 37 8L0°0 LELO 65T
€0'S 8s 0200 £91°0 [43%) 9¢L’0 69€°0 009 €800 L0T0 €L ejuownaud
000 9'€9 2000 9000 9'€9 5000 €100 9'€9 €000 8000 |elol
DN DN 0000 0000 DN 0000 0000 DN 0000 0000 65T
000 vLL £00°0 9200 viL SL00 €500 Vi 6000 LE0'0 €L sbulusy
(%) spouad (%) uonejndod uonejndod uonejndod (%) uonendod  uonejndod uonejndod (%) uonendod  uonejndod uone|ndod (syauouw) uonejuasaid
J1wapidauou pue 3y} ul uonoesy 1e101 Y| pajeupdeAun 3yl ul uondely |e101 Y|  pajeupddeAUn 3y} Ul uoidely |el0) ul Y|  pajeupdeaun  dnoub sby lesuid
J1wapids ur dig pajuanaid ul Y| pajuanaid ul Y| pajuanaig ul Y|

ul duUABYIQ

spouad ezuanpui d1wapidauou Aq sanjep

spouad ezuanpyui djwapids Aq sanjep

pouiad |ejoy Aq sanjep

»SYIUOW 6G 0} /£ pabe uaip|iyd ul abe pue uopeiussaid
[es1uld> 03 buipiodde spouad ezuanpyul djwapidauou pue djwapida ul €L ADd Y3 Ul papnjpul sadA104as Aq pasned aseasip [e22050Wwnaud SAISBAUL JO UOIIDRIY PAlUSASLd § 319V L

jcrmggm.org 10

Issue 8 e00363-19

August 2019 Volume 57


https://jcm.asm.org
http://jcm.asm.org/

Journal of Clinical Microbiology

Invasive Pneumococcal Disease and Influenza Activity

‘uonejndod ayy ul uondely pajuaAald ‘d4d {(seem-uosiad 0| Jad) D3l SdUSPIdUI ‘Y] B|GRIND(ED JOU ‘DN ‘SYIUOW $7 19}e 3SOP | = 10 £LADd JO SISOP 7= PAAIDIAI pey A3y3 JI PSIRUIDIRA PRISPISUOD SISM UIP|IYD»

LL'6 L9y €900 yARNG) '0S 9810 SLE0 08y £80°0 £91°0 |elo]
79'6 9'0r 8500 £60°0 Svy z0T0 79€°0 vy 980°0 0sL’0 65T
6501 L'vS 200 1910 665 LS1°0 9LE0 9S 6800 €020 €L |ejol
000 [4°74 2000 €000 [4°74 0L00 €100 [4°74 ¥00°0 5000 |eloL
DN 8'65 2000 000 DN £00°0 0000 961l €000 €000 65T
DN DN ¥00°0 0000 6'L9 SL00 L¥0'0 8'GE 9000 6000 €L swioy 19y10
000 L'€9 9000 9100 L'€9 S00°0 €100 L'€9 9000 SL00 |eloL
000 8'6S 5000 €100 8'6S £00°0 £10°0 8'6S 5000 7100 65T
DN 6’29 £00°0 €200 DN 0000 0000 629 900°0 8100 €C-/ elwaldldeq 1nd10
00°ZL 434 500 S60°0 8'0S [4AN0} 6v€°0 69 ££0°0 i24XY |elo]
0T'sT Go¢ LS00 0800 L'Sy 8810 LYE0 [4h4 8L0°0 €€L0 65T
JANIE €es 6500 9zL'o £'8S 9€L’0 6C€°0 ¥'sS 200 991°0 €L ejuownaud
[4°x44 9'L8 1000 9000 0001l 0000 €100 L'/8 1000 8000 |eloL
DN DN 0000 0000 DN 0000 0000 DN 0000 0000 65T
DN 6,9 #00°0 LL0'0 DN 0000 0000 629 €000 6000 €L sbulusy
(%) spouad diwspidauou (%) uonendod  uonejndod uone|ndod (%) uoneindod uonejndod uonejndod (%) uoneindod uonejndod uonejndod (syauowi) uonejuasaid
pue djwapida ur d4d  ayy ul uondely |e10) Ul Y|  PolBUDIBAUN DY} Ul UOIDRJ  [BJO) Ul Y| PSJBUDIBAUN  BY) Ul UOHDEJ)  [ejo) ul Y| pajeupdeaun dnoiub by lesuid
ul duIBYIa pajusanald ul Y| pajuanald ul Y| pajusanald ul Y|

spouad ezuanpui d1wapidauou Aq sanjep

spouad ezuanpui dlwapids Aq sanjep

pouad |ejoy Aq senjep

[es1uld> 03 buipiodde spouad ezuanpyul djwapidauou pue djwapida ul €LADd Y3 Ul papnjpul sadA104as Aq pasned aseasip [e220d0Wwnaud SAISBAUL JO UOIIDRI) PAlUSASId 9 319V L

»SYIUOW 6G 0} /£ pabe uaip|iyd ul abe pue uopeiussaid

jcrmg;]m.org 1

Issue 8 e00363-19

August 2019 Volume 57


https://jcm.asm.org
http://jcm.asm.org/

Hernéndez et al.

type 1 was detected in the same proportion as before. The results of our study support
the idea that the circulation of influenza viruses is not related to the incidence of
vaccine or nonvaccine serotypes.

Some reports (17, 18) indicate that influenza virus infection has a greater effect on
non-HIS serotypes. This would mean that the influenza virus increases the susceptibility
of the host to bacterial infections. Thus, while HIS serotypes could cause IPD under any
circumstances, non-HIS serotypes would increase the ability to produce IPD in the
presence of the influenza virus. Weinberger et al. (18) found this same association only
in adults without comorbidities. A Catalan study made before the introduction of the
13-valent vaccine found an association between IPD caused by non-HIS serotypes and
coinfection with different respiratory viruses (17). Grijalva et al. (3) reported that the
acquisition of a new S. pneumoniae serotype after influenza virus infection was ob-
served in patients previously colonized by another serotype. In our study, although the
proportion of IPD-causing HIS serotypes was higher in epidemic than in nonepidemic
influenza periods, there was no statistically significant association and the increase in
incidence during influenza epidemic periods was significant for both HIS and non-HIS
serotypes. The fact that our study did not permit an analysis of the previous state of
colonization or accurate determination of the antecedents of infection by the influenza
virus or other respiratory viruses may have cushioned the specific effect of the influenza
virus on IPD cases caused by non-HIS-serotypes. Likewise, serotype 3 was considered a
non-HIS serotype, whereas we considered it as an HIS-serotype, as indicated by authors
who evaluated the invasive capacity of the serotype, including episodes detected only
by PCR with negative culture (33) and after the introduction of PCV13 (34). Other
authors (14, 15) also found no differences between the serotypes causing IPD during
the epidemic and nonepidemic influenza periods in children or adults, which suggests
that the interaction between the influenza virus and the various pneumococcal sero-
types is complex and depends on numerous factors and not only on the invasive
capacity of the serotype.

Four parameters were taken into account to assess the severity of IPD, namely, ICU
stay, in-hospital complications, mechanical ventilation, and sequelae at discharge/
death. ICU stay was associated with nonepidemic influenza periods due to the greater
number of episodes of meningitis and sepsis recorded, as opposed to epidemic periods,
in which most cases were pneumonia. Cases with in-hospital complications and se-
quelae at discharge were much more frequent during epidemic periods. The low
prevalence of medical risk conditions in cases during influenza epidemic periods and
the fact that there were no significant differences between the serotypes causing IPD
according to influenza activity suggest that the increase in severity in cases of IPD
during epidemic periods could be due to a synergistic effect between S. pneumoniae
and the influenza virus (41, 42). In the adjusted model, in cases of pneumonia, although
an association between epidemic influenza periods and sequelae at discharge/death
was found, no association was observed between complications and influenza epi-
demic periods. This could be due to the large increase in serotypes causing pneumonia
with empyema or pleural effusion and necrotizing pneumonia recorded in recent years
(7, 43), which have resulted in complicated pneumonia being the most frequent clinical
presentation in both periods. The severity of cases of IPD caused by HIS serotypes was
associated with influenza activity only in the proportion of cases with sequelae at
discharge/death.

Our results show that the PFp of IPD in children aged 7 to 59 months associated with
the PCV13 vaccine was higher during epidemic periods than in nonepidemic periods,
with the greatest difference being in cases of pneumonia. These results seem logical
because influenza virus infection may increase the incidence of pneumococcal pneu-
monia caused by both vaccine and nonvaccine serotypes. There are few studies on the
impact of PCV13 in the influenza season. McGarry et al. (5) calculated, in a predictive
model, that PCV13 would prevent 63% to 67% of cases of invasive pneumococcal
pneumonia, depending on the incidence of the influenza virus during the epidemic
period. This percentage is higher than our results suggest, which may be because our
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vaccination coverage for the entire study period was only around 63% in children aged
7 to 59 months since PCV13 was not administered systematically and was not financed
by the Catalan health system until July 2016. The results shown in Fig. 3, although the
number of cases analyzed separately each year was low, support this idea since they
show that the PFp increases in tandem with the vaccination coverage. Another possible
explanation would be the low effectiveness of PCV13 against serotype 3 (26), the most
frequent serotype during influenza epidemic periods, together with the increase in the
proportion of nonvaccine serotypes.

Dominguez et al. (26) found that the vaccination effectiveness of PCV13 in prevent-
ing IPD was higher when =2 doses of PCV13 or =1 after 24 months were administered
than when =1 dose of PCV13 was administered (90.0% versus 75.8%). In our study, the
differences in the PFp found between epidemic and nonepidemic periods were higher
when the vaccinated population was considered children who had received =2 doses
of PCV13 or =1 after 24 months compared with children who had received =1 dose of
PCV13. It is plausible to assume that in epidemic influenza periods, when the incidence
of IPD increases, the protective effect of PCV13 will be higher when administering a
vaccine schedule that offers greater effectiveness than in nonepidemic influenza
periods, when this environment factor that favors the acquisition of IPD does not exist.

Although vaccination coverages have increased throughout the study period,
Loughlin et al. (44) postulate that evidence of indirect protection in unimmunized
children was observed as vaccine uptake reached 75% in the target community. The
estimated vaccination coverage in our study was <75% during the 4 years; therefore,
we can assume that the PFp found is the result of direct protection but will also
increase due to herd immunity after the introduction of the PCV13 vaccine into the
Catalan vaccination schedule.

This study has some limitations. First, unlike other studies (3), the carrier status of S.
pneumoniae before the development of IPD was not known. Likewise, there was no
microbiological confirmation of prior infection by the influenza virus or other respira-
tory viruses. However, in the periods considered epidemic, there was evidence of an
increase in the circulation of influenza viruses with respect to other respiratory viruses
(33), so it seems plausible to assume that some IPD cases in the epidemic period
appeared after influenza infection.

In conclusion, our results show that during influenza epidemic periods the incidence
of all forms of IPD in persons aged <18 years increased, especially after the age of 2
years and in cases of pneumonia. No association was observed between the increase in
incidence rates of IPD in influenza epidemic periods and any specific pneumococcal
serotype. In influenza epidemic periods, increases were observed in complications and
in sequelae at discharge in cases of IPD.

The PFp of cases of IPD caused by PCV13 serotypes was higher in influenza epidemic
periods than in nonepidemic periods, and this difference increased when =2 doses of
PCV13 or =1 after 24 months were administered. The increase in vaccination coverage
after the addition of PCV13 to the vaccines financed by the Catalan health system will
probably increase the PFp in both epidemic and nonepidemic influenza periods,
although the increase could be limited by the large proportion of cases of IPD caused
by serotype 3 and, possibly, by an increase in other nonvaccine serotypes. Therefore, it
remains essential to monitor IPD in order to detect possible serotype replacement after
PCV13 vaccination.
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Failures of 13-Valent Conjugated
Pneumococcal Vaccine in
Age-Appropriately Vaccinated
Children 2-59 Months of Age, Spain

Sergi Hernandez, Fernando Moraga-Llop, Alvaro Diaz, Mariona F. de Sevilla, Pilar Ciruela, Carmen Mufioz-
Almagro, Gemma Codina, Magda Campins, Juan José Garcia-Garcia, Cristina Estevg, Conchita Izquierdo,
Sebastia Gonzalez-Peris, Johanna Martinez-Osorio, Sonia Uriona, Luis Salleras, Angela Dominguez

Vaccination with the 13-valent conjugated pneumococ-
cal disease (PCV13) has reduced invasive pneumo-
coccal disease (IPD), but there have been reports of
vaccine failures. We performed a prospective study in
children aged 2-59 months who received diagnoses of
IPD during January 2012—June 2016 in 3 pediatric hos-
pitals in Catalonia, Spain, a region with a PCV13 vacci-
nation coverage of 63%. We analyzed patients who had
been age-appropriately vaccinated but who developed
IPD caused by PCV13 serotypes. We detected 24 vac-
cine failure cases. The serotypes involved were 3 (16
cases); 19A (5 cases); and 1, 6B, and 14 (1 case each).
Cases were associated with children without underly-
ing conditions, with complicated pneumonia (OR 6.65,
95% CI 1.91-23.21), and with diagnosis by PCR (OR
5.18, 95% CI 1.84-14.59). Vaccination coverage should
be increased to reduce the circulation of vaccine sero-
types. Continuous surveillance of cases of IPD using
both culture and PCR to characterize vaccine failures
is necessary.
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Conjugated pneumococcal vaccines have been
shown to be effective in preventing invasive
pneumococcal disease (IPD) in children. In February
2001, the European Medicines Agency (EMA) autho-
rized the use of the 7-valent pneumococcal conjugate
vaccine (PCV7), which included antigens of serotypes
4,6B, 9V, 14, 18C, 19F, and 23F (1) in children <2 years
of age. The introduction of PCV7 led to a reduction in
cases of IPD and in hospitalizations caused by vaccine
serotypes (2,3). Cases of IPD with PCV7 vaccine fail-
ure represented 2% of all reported IPD cases and re-
sulted mainly from bacteremia caused by serotypes 4,
6B, and 19F. Half the patients with vaccine failure had
underlying diseases (4). In subsequent years, there
was an increase in the number of IPD cases caused by
non-PCV7 serotypes, mainly serotypes 1, 3, and 19A;
pneumonia complicated by empyema, pleural effu-
sion, or both was the most frequent presentation (5,6).

In April 2009 (7), and subsequently in Decem-
ber 2009 (8), the European Medicines Agency autho-
rized the marketing of the 10-valent pneumococcal
conjugate vaccine (PCV10), which included PCV7
serotypes plus serotypes 1, 5, and 7F. It also autho-
rized the 13-valent conjugated pneumococcal vac-
cine (PCV13), which included PCV10 serotypes plus
serotypes 3, 6A, and 19A. In 2010, the Vaccines Ad-
visory Committee of the Spanish Association of Pe-
diatrics recommended that children should receive
PCV13, although the vaccine was not included in
the recommended schedule of the National Health
System and, therefore, parents had to pay for it. In
Catalonia, Spain, PCV13 was included in the vacci-
nation calendar financed by the public health system
in July 2016. During 2012-2016, when this study was
conducted, the estimated PCV13 coverage in children
7-59 months of age in Catalonia was 63% (9).
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The introduction of PCV13 in children <5 years of
age was associated with a decrease in IPD incidence
caused by all vaccine serotypes, except for serotype 3,
for which the decrease was not significant (10). Pre-
vious studies have shown that the immune response
against serotype 3 after PCV13 vaccination is lower
than that generated against other serotypes (11,12).
Some case-control and cohort studies (9,13,14) have
reported no effectiveness, whereas other studies have
found the vaccine to be effective (15,16). Kaplan et al.
(17) found that most cases of IPD caused by PCV13 se-
rotypes in children receiving >1 dose of PCV13 were
associated with serotype 19A and generally occurred
in children <6 months of age or those with underly-
ing conditions. However, studies have shown sev-
eral cases of pneumonia complicated with empyema,
pleural effusion, or both produced by serotype 3 in
children vaccinated with PCV13 (18,19). We conduct-
ed a study to analyze the epidemiologic, clinical, and
microbiological characteristics of cases of IPD arising
from vaccine failure in children 2-59 months of age
who were treated at 3 pediatric hospitals in Catalonia.

Methods

Study Design

We conducted a prospective study in children 2-59
months of age who received diagnoses of IPD dur-
ing January 1, 2012-June 30, 2016 and were treated in
3 pediatric hospitals in Catalonia: Hospital Sant Joan
de Déu, Hospital Maternoinfantil Vall d’"Hebron, and
Hospital de Nens de Barcelona. We estimated a refer-
ence population of 116,279 children <5 years of age
(30.4% of the total population of this age in Catalonia)
for the 3 hospitals (9).

We defined IPD as clinical findings of infection
together with the isolation or detection of DNA from
Streptococcus pneumoniae by real-time PCR in a nor-
mally sterile sample. We established the presence of
S. pneumoniae DNA by amplification of the autolysin
(IytA) gene and the wzg (cpsA) gene according to pub-
lished assays (20-22). We included in the study only
samples that were positive for the lytA and wzg genes
in real-time PCR.

Vaccination Status

We obtained the vaccination status of each case-pa-
tient from the vaccination card and the medical record
of the primary care center or private center where the
child was usually seen. We collected information on
the number of PCV13 doses administered and the
date of administration. We considered a dose valid if
administered after 6 weeks of age, with a minimum
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interval between doses appropriate to the summary
of product characteristics (SmPC) (8) and >15 days
before the onset of IPD.

Patients were considered age-appropriately vac-
cinated when they had received all doses of PCV13
corresponding to their age (even when the vaccina-
tion schedule was incomplete), according to SmPC
(8) and the Spanish Association of Pediatrics recom-
mendations (23). We considered patients age-incor-
rectly vaccinated when they had received >1 doses
of PCV13 but did not comply with any vaccination
schedule included in the SmPC or had received fewer
doses than they should have at disease onset.

Identification, Serotyping, and Classification

of S. pneumoniae

Strains of S. pneumoniae isolated by culture were sero-
typed, using the Quellung reaction or dot blot, by the
National Center for Microbiology, Majadahonda, Ma-
drid (24). We performed capsular typing of all culture-
negative and PCR-positive samples using 2 methods,
depending on the amount of S. pneumoniae DNA avail-
able. If the amount was low (detection of LytA gene
DNA and wzg [cpsA] gene of S. pneumoniae by real-time
PCR with the cycle threshold [Ct] >30 cycles), we used
a previously described real-time multiplex PCR tech-
nique that detects all pneumococcal capsular types and
differentiates serotypes 1, 3, 4, 5, 6A/C, 6B/D, 7F/ A, 8,
9V/A/N/L,14,15B/C,18C/B, 19A,19F/B/C, 23A and
23F (20). If the amount of S. pneumoniae DNA was high
(PCR-positive samples with Ct <30 cycles), we used
sequential multiplex PCR combined with fragment
analysis and automated fluorescent capillary electro-
phoresis to differentiate serotypes: 1, 2, 3, 4, 5, 6A/6B,
6C, 6,7C/(7B/40), 7F/7A, ON/I9L, 9V/9A, 10A, 10F/
(10C/33C), 11A/11D, 12F/(12A/44/46), 13, 16F, 17F,
18/(18A/18B/18C/18F), 19A, 19F, 20(20A/20B), 21,
22F/22A), 23A, 23B, 24/(24A/24B/24F), 31, 34, 35A/
(35C/42), 35B, 35F/47F, 38/25F, 39 (25). Because this
procedure does not differentiate between serotypes 6A
and 6C, and serotypes 7F and 7A, in 2 of the cases re-
corded, these serotypes were considered as nonvaccine
serotypes and classified as 6A/6C and 7F/7A.

Definition of Vaccine Failure and Demographic,
Clinical, and Epidemiologic Variables

We used the definition of PCV13 vaccine failure as
described by Heininger et al. (26). This definition is
the occurrence of IPD caused by a specific vaccine-
preventable serotype in a person appropriately and
fully vaccinated, taking into account the incubation
period and the normal delay for protection to be ac-
quired as a result of immunization.
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The following demographic, clinical, and epide-
miologic variables were recorded for each case-pa-
tient: age, sex, date of birth, date of symptom onset,
hospitalization date, clinical form of IPD (meningitis,
septic shock, uncomplicated pneumonia, complicated
pneumonia, occult bacteremia and others), complica-
tions during admission, admission to the intensive
care unit (ICU), and length of stay. We also recorded
medical risk conditions (sickle cell anemia, congenital
or acquired asplenia, human immunodeficiency virus
infection, cochlear implant, congenital immunodefi-
ciency, chronic heart disease, chronic lung diseases
including asthma if treated with a risk dose of oral
corticosteroids, cerebrospinal fluid fistula, chronic
renal failure including nephrotic syndrome, immu-
nosuppressive treatment or radiotherapy, solid or-
gan or hematopoietic progenitor transplantation, and
diabetes mellitus), and date and clinical outcome at
discharge (discharge without sequelae, sequelae after
6 months, death).

Statistical Analysis

We compared categorical variables using a Pearson >
test or Fisher exact test and continuous variables us-
ing a Student ¢ test. In cases of vaccine failure, we cal-
culated the association of serotypes with age group
and vaccination status for each specific serotype com-
pared with the remaining serotypes. Values of p<0.05
were considered statistically significant. We assumed
a bilateral distribution for all p values. We then cal-
culated the odds ratios (ORs) and 95% Cls. We con-
ducted the analyses using SPSS Statistics 19.0 (IBM,
https:/ /www.ibm.com).

Data Confidentiality and Ethics Aspects

No diagnostic tests were made or samples taken from
any participant in addition to those required by rou-
tine care. This study complies with the principles of
the Declaration of Helsinki and the legal structure ac-
cording to international human rights and biomedi-
cine and personal data protection legislation. The
Ethics Committee of Hospital Sant Joan de Déu ap-
proved the study. Informed consent signed by par-
ents or legal guardians was given for all participants.
All data were treated as confidential, and records
were accessed anonymously.

Results

During the study period, we recruited 188 patients
2-59 months of age who were admitted to the 3 par-
ticipating centers with IPD. We identified the S. pneu-
moniae serotype causing IPD in 180 cases (95.7%), of
which 104 (57.8%) were caused by PCV13 serotypes.
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Serotype 3 was the most frequent serotype (42 cases,
23.3%), followed by serotype 1 (19 cases, 10.6%), 19A
(17 cases, 9.4%), and 14 (13 cases, 7.2%). Of the 180
case-patients, 102 (56.7%) were not vaccinated, 66
(36.6%) were age-appropriately vaccinated, and 12
(6.7%) were age-incorrectly vaccinated.

Characteristics of Cases of Vaccine Failure

We detected 24 cases of vaccine failure according to
the study definition, representing 13.3% of all cases.
The serotypes identified were serotype 3 (16 cases,
66.7%); serotype 19A (5 cases, 20.8%); and sero-
types 1, 14, and 6B (1 case each). The overall mean
age of the 24 case-patients was 31.3 months (range
9-58 months, SD 14.7). Of the 24 case-patients, 66.7%
(16) were male, and 62.6% (15) were 24-59 months
of age (Table 1). The main age group was 24-59
months in cases caused by serotype 3 (81.3% vs.
25.0%; p = 0.013) and <24 months in cases caused
by serotype 19A (80.0% vs. 26.3%; p = 0.047). Of
the 24 case-patients, 17 (70.8%) had completed the
vaccination schedule, 11 (45.8%) had a 3 + 1 dose
schedule, 4 (16.7%) a 2-dose schedule, and 2 (8.3%) a
1-dose schedule. Of the 7 (29.2%) age-appropriately
vaccinated patients with an incomplete vaccination
schedule, 4 (16.7%) had a 3 + 0 schedule, 2 (8.3%) 1
dose, and 1 (4.2%) 2 doses. Serotype 3 was loosely
associated with vaccine failure in age-appropriately
vaccinated patients who had completed their vacci-
nation schedule (OR 45.0, 95% CI 3.41-594.12). Sero-
type 19A was loosely associated with vaccine failure
in age-appropriately vaccinated patients with an
incomplete vaccination schedule (OR 21.33, 95% Cl
1.75-263.67). The most frequent clinical presentation
was complicated pneumonia (21/24 cases, 87.5%)
and the most frequent complication of these 21 cases
was empyema (15/21 cases, 71.4%). Of the 24 cas-
es, 79.2% (19 cases) were diagnosed by PCR alone,
12.5% (3 cases) by culture alone, and 8.3% (2 cases)
by PCR and culture. No patient with vaccine failure
had underlying conditions.

Distribution of PCV13 Serotypes

Of the 104 cases of IPD caused by PCV13 serotypes,
23.1% (24 cases) were in age-appropriately vaccinat-
ed patients. The percentage of vaccine failure varied
greatly according to the serotype: 38.1% (16/42) in
serotype 3 cases, 29.4% (5/17) in serotype 19A cases,
7.7% (1/13) in serotype 14 cases, and 5.3% (1/19) in
serotype 1 cases. Of the PCV13 serotypes, the propor-
tion of serotype 3 in age-appropriately vaccinated
patients was higher than in unvaccinated patients
(66.7% vs. 27.8%; p = 0.001) (Table 2).
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Table 1. Characteristics of age-appropriately vaccinated patients 2-59 months of age with invasive pneumococcal disease caused by

PCV13 serotypes, Catalonia, Spain, 2012-2016*

Pt Age, Age at Clinical Vaccine
no. mo/sex Year vaccination Schedule manifestation Complications Outcome DT Ser schedule
1 19/F 2012 12 mo 1 Complicated Pleural effusion Cured PCR 19A uc
pneumonia
2 15/M 2012 3 ,5mot 2+0 Complicated Empyema, Cured Culture, 19A uc
pneumonia pneumothorax PCR
3 15/F 2012 2,5,8mo 3+0 Complicated Empyema, necrotizing Bronchopleural PCR 3 uc
phneumonia pneumonia, fistula
bronchoalveolar
fistula, pneumothorax
4 23/M 2012 17 mo 1 Uncomplicated Cured Culture 1 uc
pneumonia
5 24/M 2012 2,4,6,18 3+1 Complicated Empyema Cured PCR  19A C
mo pneumonia
6 24/M 2012 12,21 mo 2 Complicated Empyema Cured PCR 3 C
pneumonia
7 21/M 2012 3,5,7,15 3+1 Complicated Empyema Cured PCR 3 C
mo pneumonia
8 38/M 2012 30 mo 1 Bacteraemic Epidural abscess, Hydrocephalus  PCR 3 C
mastoiditis sigmoid sinus
thrombosis
9 9/F 2013 2,3,4mo 3+0 Complicated Necrotizing Cured PCR  19A uc
pneumonia pneumonia
10 12/IM 2013 2,4,6 mo 3+0 Complicated Empyema, necrotizing Cured PCR 6B uc
pneumonia pneumonia
11 50/F 2013 25 mo 1 Complicated Empyema Cured PCR 3 C
pneumonia
12 34/M 2013 3,6,9,15 3+1 Complicated Empyema, Cured Culture, 3 C
mo pneumonia pneumothorax, PCR
bronchopleural fistula
13 15/M 2014 2,4,7 mo 3+0 Osteoarticular Cured Culture 19A uc
infection
14 43/M 2014 12,15 mo 2 Complicated Empyema, necrotizing Cured PCR 3 C
pneumonia pneumonia,
bronchopleural fistula
15 44/F 2014 3,5,7,20 3+1 Complicated Empyema Cured PCR 3 C
mo pneumonia
16 25/F 2015 2,4,6,14 3+1 Complicated Pleural effusion Cured Culture 14 C
mo pneumonia
17 29/M 2015 3,5,7,18 3+1 Complicated Necrotizing Cured PCR 3 C
mo pneumonia pneumonia
18 51/M 2015 2,4,6,16 3+1 Complicated Empyema Cured PCR 3 C
mo pneumonia
19 49/F 2015 12,14 mo 2 Complicated Empyema Cured PCR 3 C
pneumonia
20 54/F 2015 3,5,7,17 3+1 Complicated Empyema Cured PCR 3 C
mo pneumonia
21 58/M 2016 14,16 mo 2 Complicated Empyema, necrotizing Pneumatocele PCR 3 C
pneumonia pneumonia
22 35/M 2016 2,5,9,18 3+1 Complicated = Empyema, necrotizing Cured PCR 3 C
mo pneumonia pneumonia
23 41/M 2016 3,4,7,16 3+1 Complicated Necrotizing Cured PCR 3 C
mo pneumonia pneumonia
24 23/M 2016 3,5,6, 15 3+1 Complicated Pleural effusion Cured PCR 3 C
mo pneumonia

*C, completed; DT, diagnostic technique; Pt, patient; Ser, serotype; UC, uncompleted.
tPatient resident in Andorra (routine immunization schedule 2+1) and transferred to a participating hospital.

Characteristics of IPD According to Vaccine Failure

We found no differences in sex or age group between
cases of IPD with and without vaccine failure (Table
3). Cases with vaccine failure were associated with
complicated pneumonia (OR 6.65, 95% C11.91-23.21).
Pneumonia with empyema was the most common
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form of complicated pneumonia, both in cases of
vaccine failure (71.4%) and in the remaining cases
(77.5%). Cases of IPD with vaccine failure were asso-
ciated with the diagnosis only by real-time PCR (OR
518, 95% CI 1.84-14.59). We observed no differences
between the epidemiologic variables studied.
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Table 2. Distribution of PCV13 serotypes causing invasive pneumococcal disease in patients 2-59 months of age in cases of vaccine

failure and in unvaccinated patients, Catalonia, Spain, 2012—2016

Vaccine failure, no. (%),

Unvaccinated patients, no. (%)

PCV13 serotype n=24 n=72 OR (95% CI) p value
1 1(4.2) 16 (22.2) 0.15 (0.02-1.21) 0.062
3 16 (66.7) 20 (27.8) 5.20 (1.93-14.04) 0.001
6A 0 1(1.4) 0 0
6B 1(4.2) 1(1.4) 3.09 (0.19-51.35) 0.439
7F 0 3(4.2) 0 0
)Y 0 3(4.2) 0 0
14 1(4.2) 12 (16.7) 0.22 (0.03-1.77) 0.174
18C 0 1(1.4) 0 0
19A 5(20.8) 12 (16.7) 1.32 (0.41-4.21) 0.634
19F 0 2(2.8) 0 0
23F 0 1(1.4) 0 0

Characteristics of IPD Caused by Serotype 3 in
Unvaccinated Cases and Cases with Vaccine Failure
Of the 42 case-patients with IPD caused by sero-
type 3, a total of 20 (47.6%) had received no dose
of PCV13, 16 (38.1%) were age-appropriately vacci-
nated, and 6 (14.3%) were age-incorrectly vaccinated
according to the SmPC. We found no significant dif-
ferences between IPD caused by serotype 3 in un-
vaccinated patients and age-appropriately vaccinat-
ed patients with respect to the distribution by sex,
age group, clinical form, and complications (Table
4). None of the severity factors compared (days of
hospital admission, stay and days of admission to
the ICU, complications, and sequelae at discharge)
was associated with either group.

Discussion

Since the introduction of PCV13, several authors
have reported cases of IPD caused by vaccine sero-
types, both in patients who had received >1 dose of
PCV13 and in age-appropriately vaccinated patients.
In our study, cases with vaccine failure were associ-
ated mainly with serotype 3, the clinical presentation
of complicated pneumonia, and patients without un-
derlying conditions or other risk factors. This type of
vaccine failure coincides with that found by Antacho-
poulos et al. in Greece (19) and confirms the results of
Moraga-Llop et al. in Catalonia (18).

Kaplan et al. (17), in a study carried out in 8 US
pediatric hospitals, found that vaccine failures were
associated mainly with serotype 19A, age <6 months,
and patients with underlying conditions. A retro-
spective study by Basaranoglu et al. (27) of IPD cases
in children treated at a tertiary pediatric hospital in
Ankara, Turkey, in 2015 reported 2 cases of vaccine
failure associated with serotype 19F in patients with
underlying neurologic disease. These studies differ
from ours in 2 respects. First, they were carried out in
a population for which pediatric PCV13 vaccination
had been financed since 2010; thus, Basaranoglu et al.
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(27) found that the vaccination coverage in children
was 96%. Our study was conducted in a population
with an estimated vaccination coverage of 63% (9). In
addition, although several studies indicate that there
has been no decrease in the incidence of serotype 3
after the introduction of PCV13 (9,28,29), only the
study in adults by Fukusumi et al. (29) included cases
diagnosed by real-time PCR; therefore, it cannot be
ruled out that, in a population with higher vaccina-
tion rates, there were fewer vaccine failures because
of herd immunity.

The second aspect is methodological. The studies
by Kaplan et al. (17) and Basaranoglu et al. (27) in-
cluded only cases diagnosed by culture. In our study,
cases diagnosed by PCR were also included; in fact,
cases of vaccine failure were associated with a diag-
nosis by PCR. Selva et al. (30) showed the importance
of PCR in the diagnosis of IPD caused by serotype 3
in children <5 years of age with negative cultures. Al-
meida etal. (31), in a retrospective study conducted in
patients <18 years of age admitted with pneumonia to
a tertiary hospital in Portugal during 2012-2014 and
diagnosed by PCR, found 4 cases of vaccine failure in
patients who had received 4 doses of PCV13, which
were all associated with serotype 3. Silva-Costa et al.
(32) analyzed 152 pleural fluid samples from pediat-
ric patients in Portugal during 2010-2015 to identify
and serotype S. pneumoniae; 68% of cases were diag-
nosed only by PCR and, as in our study, the serotypes
most frequently identified were 3, 1, and 19A. That
study detected 19 cases of PCV13 vaccine failure, of
which 17 were related to serotype 3. Serotype 3 was
the most frequently identified serotype in children
vaccinated with PCV13 in both studies and, although
Silva-Costa et al. analyzed only cases of complicated
pneumonia, a pathology associated with this sero-
type, our results, analyzing all clinical presentations
of IPD, were identical. We also found a higher fre-
quency of serotype 3 cases in patients with vaccine
failure compared with unvaccinated patients, which
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is an indicator of the importance of this serotype in
the post-PCV13 era. When the 2 studies were carried
out, the vaccination coverage in Portugal (61%) was
similar to that of Catalonia (63%).

As in the study by Kaplan et al. (17), we found
that serotype 19A was associated with cases of PCV13
vaccine failure in children <2 years of age, the most
frequently isolated serotype in this age group in our
setting (10). Dominguez et al. (9) found that PCV13
effectiveness in the prevention of IPD caused by se-
rotype 19A was 86% for >1 dose. The similar results
observed by Kaplan et al. (17) for this serotype in a
population with routine PCV13 vaccination may be
explained by the fact that in half of the cases (5/10)
reported by Kaplan et al., patients also had some type
of underlying condition, whereas in our study, no pa-
tient had an underlying condition.

Heininger et al. (26) classified vaccine failures
according to their cause or origin. Our study found
no failures related to usage issues because, in all
cases, the dates of vaccine administration and the
number of doses administered according to the
technical specifications were verified. The data in
our study included cases during January 2012-June
2016, so the vaccines administered did not belong to

the same batch. Although it is not known whether
the preservation or storage of each vaccine was cor-
rect, given that vaccine failures occurred mostly in
serotype 3 and in cases with complicated pneumo-
nia, it seems unlikely that vaccine failures can be re-
lated to any of these factors, because in that case the
case-mix of vaccine failures would be much more
heterogeneous. Host-related vaccine failures also
seem unlikely because no patient had a history of
any underlying condition, including immunodefi-
ciency. This finding is reinforced by the absence of
differences between cases of IPD caused by serotype
3 in unvaccinated patients and in those with vac-
cine failure. It may be assumed that, if cases with
vaccine failure had some type of immunodeficiency
that would have induced a poor immunological re-
sponse to the PCV13 vaccine, this effect would have
manifested as a greater severity of IPD in cases with
vaccine failure. The lack of significant differences in
the epidemiologic variables between cases with and
without vaccine failure makes it unlikely that vac-
cine failures were related to interference by other in-
fectious agents. The fact that serotype 3 was associ-
ated with cases with vaccine failure, and specifically
with age-appropriately vaccinated patients who had

Table 3. Characteristics of cases of invasive pneumococcal disease in patients 2-59 months of age with and without vaccine failure,

Catalonia, Spain, 2012-2016

Vaccine failure, no. (%),

No vaccine failure, no. (%),

Variable n=24 n =156 OR (95% CI) p value
Sex
F 8(33.3) 58 (37.2) Referent
M 16 (66.7) 98 (62.8) 1.18 (0.48-2.94) 0.716
Age group
2-23 mo 9 (37.5) 73 (46.8) Referent
24-59 mo 15 (62.5) 83 (563.2) 1.46 (0.60-3.55) 0.395
Clinical form
Meningitis 0 16 (10.3) 0 0
Septic shock 0 4 (2.6) 0 0
Uncomplicated pneumonia 1(4.2) 26 (16.7) 0.22 (0.03-1.68) 0.134
Complicated pneumonia 21 (87.5) 80 (51.3) 6.65 (1.91 -23.21) 0,001
Occult bacteremia 0 20 (12.8) 0 0
Other 2 (8.3)" 10 (6.4)t 1.33 (0.27-6.46) 0.664
Pneumonia complication
Empyema 15 (71.4) 62 (77.5) 0.73 (0.25-2.14) 0.561
Pleural effusion 3(14.3) 23 (28.8) 0.41 (0.11-1.54) 0.263
Necrotizing pneumonia 8 (38.1) 18 (22.5) 2.12 (0.76-5.91) 0.146
Intensive care unit admission 2 (8.3) 35 (22.4) 0.31 (0.07-1.40) 0.173
Sequelae at discharge 3(12.5) 0(11.9) 0.96 (0.26-3.53) 1.000
Underlying disease 0 9 (5.8) 0 0
Diagnostic technique
PCR only 19 (79.2) 66 (42.3) 6.62 (1.47-29.82) 0.014
Culture only 3(12.5) 44 (28.2) 1.57 (0.25-9.84) 0.631
PCR + culture 2 (8.3) 46 (29.5) Referent
Breastfeeding 22 (91.7) 125 (81.2) 2.55 (0.57-11.47) 0.260
School or daycare attendance 20 (83.3) 102 (66.2) 2.55 (0.83-7.85) 0.104
Respiratory infection previous month 17 (70.8) 88 (57.1) 1.82 (0.71-4.65) 0.205
Recurrent otitis media 5(20.8) 19 (12.3) 1.87 (0.62-5.59) 0.257
*Osteoarticular infection (1); mastoiditis (1).
tOsteoarticular infection (5); mastoiditis (4); orbital cellulitis (1).
114
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Table 4. Characteristics of cases of invasive pneumococcal disease caused by serotype 3 in patients 2—-59 months of age with vaccine

failure or unvaccinated, Catalonia, Spain, 2012-2016*

Vaccine failure, no. (%),

Variable n=16 Unvaccinated, no. (%), n = 20 OR (95% CI) p value
Sex

F 5(31.3) 6 (30.0) Referent

M 11 (68.8) 14 (70.0) 0.94 (0.23-3.92) 0.936
Days of admission, mean (SD) 14.69 (9.81) 12.25 (6.07) 1.04 (0.95-1.13) 0.367
ICU days, mean (SD) 1.00 3.00 (1.14) Not calculable 0.540
Age group

0-23 mo 3(18.8) 7 (35.0) Referent

24-59 mo 13 (81.3) 13 (65.0) 2.33 (0.49-11.06) 0.456
Clinical form

Septic shock 0 1(5.0) 0 0

Uncomplicated pneumonia 0 2(10.0) 0 0

Complicated pneumonia 15 (93.8) 17 (85.0) 2.65 (0.25-28.24) 0.613

Mastoiditis 1(6.3) 0 0 0
Empyema

No 3(20.0) 3(17.6) Referent

Yes 12 (80.0) 14 (82.4) 0.86 (0.15-5.06) 1.000
Pleural effusion

No 14 (93.3) 13 (76.5) Referent

Yes 1(6.7) 4 (23.5) 0.23 (0.02-2.36) 0.338
Necrotizing pneumonia

No 9 (60.0) 13 (76.5) Referent

Yes 6 (40.0) 4 (23.5) 2.17 (0.47-9.95) 0.450
ICU

No 15 (93.8) 18 (90.0) Referent

Yes 1(6.3) 2 (10.0) 0.60 (0.05-7.28) 1.000
Sequelae at discharge

No 13 (81.3) 17 (85.0) Referent

Yes 3(18.8) 3 (15.0) 1.31 (0.23-7.57) 1.000
Underlying disease

No 16 (100.0) 19 (95.0)

Yes 0 1(5.0)
PCR diagnosis only

No 1(6.3) 2(10.0) Referent

Yes 15 (93.8) 18 (90.0) 1.67 (0.14-20.23) 1.000

*ICU, intensive care unit.

completed their vaccination schedule, indicates that
vaccine failures could be vaccine related because of
low PCV13 effectiveness with respect to serotype 3.
This conclusion is in line with the results published
by other authors (9,13,33) who studied PCV13 effec-
tiveness in case-control studies and with the results
reported on PCV13 effectiveness by Andrews et al.
(14,34) in indirect cohort studies. All those authors
observed that the effectiveness for all PCV13 sero-
types was high, except for serotype 3, where it was
very limited. Vanderkooi et al. (11) observed that the
level of opsonophagocytic antibodies against sero-
type 3 was lower than that for the other PCV13 sero-
types and Martinén-Torres et al. (12) observed that
serotype 3 had the lowest levels of immunogenicity
after PCV13 vaccination. Van der Linden et al. (15),
looking at cases diagnosed only by culture, reported
a PCV13 effectiveness against serotype 3 in children
<24 months of age of 74% (95% CI 2%-93%) for those
who had received >1 dose of vaccine but a nonsig-
nificant effectiveness of 63% (95% CI-393% to 97 %)
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for those who had received a postbooster dose.

A limitation of the study is that it was not pos-
sible to perform a serologic study to determine sero-
type-specific IgG concentrations. No specific studies
were made to rule out immunodeficiency in cases
with vaccine failure. However, the absence of a his-
tory of disease, the control of patients after discharge
(which lasted 6 months in the case of discharge with
sequelae), and the fact that IPD in cases with vaccine
failure did not present greater severity than unvac-
cinated cases, support the validity of our results.
Another limitation is that serotypes 25F and 38 were
negative for the wzg (cpsA) gene. However, neither of
these serotypes are PCV13 serotypes, and of the 89
strains serotyped using the Quellung reaction only 2
were serotype 38 and 1 serotype 25F.

In conclusion, after the introduction of the PCV13
vaccine in Spain, a significant number of IPD cases in
Catalonia were recorded in the form of complicated
pneumonia produced by PCV13 serotypes in age-ap-
propriately vaccinated children without concurrent
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conditions. Serotype 3 represented 66.7% of cases
with vaccine failure and was associated with age-ap-
propriately vaccinated patients who had completed
their vaccination schedule and with the 24-59 months
age group. Serotype 19A represented 20.8% of cases
of vaccine failure and was associated with age-appro-
priately vaccinated patients with an incomplete vacci-
nation schedule and children <2 years of age. In 93.8%
of vaccine failures associated with serotype 3, the di-
agnosis was made only by PCR, which suggests the
importance of this diagnostic technique in avoiding
underdetection of this serotype. Our findings indicate
that vaccine coverage should be increased to reduce
the circulation of vaccine serotypes. However, there
are doubts as to whether PCV13 vaccination will re-
duce serotype 3 cases to the same extent as other vac-
cine serotypes. Continuous surveillance of cases of
IPD using not only culture but also PCR to character-
ize vaccine failures is necessary.
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Management of Grants for University Research AGAUR
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Abstract: The lack of invasive pneumococcal disease (IPD) cost studies may underestimate the effect of
pneumococcal polysaccharide conjugated vaccines (PCV). The objective of this study was to estimate
the direct costs of hospitalized IPD cases. A prospective study was made in children aged <5 years
diagnosed with IPD in two high-tech hospitals in Catalonia (Spain) between 2007-2009 (PCV?7 period)
and 2012-2015 (PCV13 period). Costs were calculated according to 2014 Catalan Health Service rates
using diagnostic-related groups. In total, 319 and 154 cases were collected, respectively. Pneumonia
had the highest cost (65.7% and 62.0%, respectively), followed by meningitis (25.8% and 26.1%,
respectively). During 2007-2015, the costs associated with PCV7 serotypes (Pearson coefficient (Pc) =
—0.79; p = 0.036) and additional PCV13 serotypes (Pc = —0.75; p = 0.05) decreased, but those of other
serotypes did not (Pc = 0.23 p = 0.62). The total mean cost of IPD increased in the PCV13 period by
31.4% (€3016.1 vs. €3963.9), mainly due to ICU stay (77.4%; €1051.4 vs. €1865.6). During the PCV13
period, direct IPD costs decreased due to a reduction in the number of cases, but cases were more
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severe and had a higher mean cost. During 2015, IPD costs increased due to an increase in the costs
associated with non-PCV13 serotypes and serotype 3 and this requires further investigation.

Keywords: PCV7; PCV13; invasive pneumococcal disease; direct cost

1. Introduction

Invasive pneumococcal disease (IPD) is a major cause of morbidity and mortality in children
aged < 5 years and occurs mostly as pneumonia or other serious forms such as meningitis, bacteremia
or osteoarticular infections. In 2000, 14.5 million cases of IPD were estimated to have occurred in
children aged < 5 years, causing 7,350,000 deaths [1]. Subsequently, following the introduction of
pneumococcal polysaccharide conjugated vaccines (PCV) in 2015, 3.7 million episodes of IPD were
estimated in this age group, causing 294,000 deaths [2]. Despite this reduction, deaths attributable to
Streptococcus pneumoniae in 2015 accounted for 11% of deaths in children aged < 5 years not infected
with HIV. Incidence and mortality rates are higher in developing countries and most deaths occur in
the African and Asian regions [3]. The European Medicines Agency (EMA) licensed the seven-valent
PCV (PCV7) in February 2001 [4] and, in April and December 2009, the 10-valent PCV (PCV10) [5]
and the 13-valent PCV (PCV13) [6], respectively. During 2017, the incidence rate of IPD in Europe was
14.5 cases per 100,000 persons in children aged < 1 year, and 24% of cases in children aged < 5 years
were due to PCV13 serotypes [7].

Studies show that, after the introduction of PCV10 and PCV13, there was a decrease in IPD
incidence in children and adults [8-15]. However, some reports have observed an increase in IPD in
children aged < 5 years due to non-PCV13 serotypes [16].

While the licensing of PCVs has led to numerous changes in the epidemiology of IPD, which have
been extensively studied microbiologically and epidemiologically, there are few studies of the costs of
IPD [17], which may imply an underestimate of the disease itself and, as a consequence, of the effect of
these vaccines.

The costs of IPD vary greatly depending on the geographical scope and design of the study.
Each region has its own health policies, its own health system, and its epidemiologic reality in terms of
circulating serotypes [18]. This makes it difficult to extrapolate cost studies from one region to another.
Likewise, many cost studies only refer to cases of invasive pneumonia in children [19] or are included
in studies covering the total cost of community-acquired pneumonia in children and adults [20,21].
Other cost studies that reflect the total clinical manifestations of IPD focus only on adults [22,23].

The objective of this study was to estimate the costs of IPD cases requiring hospital admission in
children aged < 5 years in high-tech pediatric hospitals in Catalonia (Spain) following the licensing of
the PCV7 and PCV13 and to compare and identify the differences between the two periods and the main
factors that may involve variations in the costs of IPD, both globally and in the mean cost per case.

2. Materials and Methods

2.1. Study Design

A prospective study was conducted in children aged < 5 years diagnosed with IPD in two periods.
The first period was between 1 January 2007 and 31 December 2009 and corresponded to the period
in which the vaccine licensed was PCV7. The second, from 1 January 2012 to 31 December 2015,
corresponded to the period in which the vaccine licensed was PCV13. In both periods, two high-tech
pediatric hospitals in Catalonia participated, namely the Sant Joan de Déu Hospital and the Vall
d’Hebron Mother-Child Hospital, which account for 31.9% of hospital discharges in Catalonia of
children aged < 5 years during the first period and 28.9% during the second period, according to
data provided by the Minimum Basic Data Set of Hospital Discharges [24]. The present study was
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conducted as a secondary analysis and is based on the data of two prospective studies performed by
the same research group so all cases included were collected prospectively and consecutively during
the two periods.

2.2. Case Selection

Patients aged < 5 years hospitalized with a diagnosis of IPD during the study periods in the two
participating centers were recruited. IPD was defined as clinical findings of infection together with
isolation and/or detection of DNA of the neumolisin gene (ply) and a wzg capsular gene (cpsA) of S.
pneumoniae by real-time PCR in a normally sterile sample according to the methodology described [25,26].
The strains of S. pneumoniae isolated by culture were serotyped using the Quellung reaction or dot blot
by the National Center for Microbiology, Majadahonda, Madrid [27]. Identification of the S. pneumoniae
serotype in samples with negative culture and positive PCR was made by PCR in accordance with
the previously reported methodology [25,28].

2.3. Demographic, Clinical and Epidemiological Variables

The following demographic, clinical and epidemiological variables were recorded for each case:
age, sex, date of birth, date of symptom onset, previous care in other hospitals, hospitalization date,
clinical form of IPD (meningitis, septic shock, pneumonia, complicated pneumonia, osteoarticular
infection, occult bacteremia and others), complications, intensive care unit (ICU) admission and length
of stay, and pre- and post-admission antibiotic therapy (days of treatment and antibiotics administered).

2.4. Statistical Analysis

Differences between the two study periods in the demographic, clinical, and epidemiological
variables were analyzed using Pearson’s chi-square test for categorical variables and the Student’s t-test
for continuous variables. The annual evolution of the costs associated with IPD was analyzed by simple
linear regression. The linear relationship was checked by ANOVA tests, and Pearson’s correlation
coefficients (Pc) were obtained. The 95% confidence intervals (Cls) were calculated, and values of
p < 0.05 were considered statistically significant. The analyses were conducted using the Statistical
Package for Social Sciences (SPSS 19.0).

2.5. Economic Analysis

The costs of IPD cases were calculated taking into account the following health service resource use:
hospitalization (differentiating between hospitalization in acute hospital, ICU stay and hospitalization
in high-tech hospital), interhospital transfer, follow-up medical visits, and outpatient treatment with
antibiotics. The unit costs of each resource were the rates published by the Catalan Health Service for
the provision of health services through the network of public hospitals and other suppliers.

The cost of hospitalization was estimated using the diagnostic-related group (DRG) methodology.
This method is based on two concepts: the relative resource intensity (RRI), which takes into account
the complexity of the cases attended, and the intensity relative hospital intensity (RHI), which measures
the structure that hospital has to address the disease. Both concepts are regulated annually by
the Catalan Health Service [29].

The mean cost per hospital discharge for each facility was calculated using the following formula [30].

Mean Hospital Discharge Cost = 65% RHI + 35% RRI (1)

Sant Joan de Déu and Vall d'Hebron are classified as high technology hospitals (Group 4).
The mean costs per hospital discharge and the number of cases treated in each hospital were considered,
and the weighted average was obtained so that the same unit cost was allocated to the hospital
discharge regardless of the period in which the patient entered. The mean costs per hospital discharge
related to prior hospitalization were calculated using their own RHI and RRI values.
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The 2014 RRI and RHI indices were applied, and costs were expressed as 2014 euros [30]. Days of
acute hospitalization were differentiated from those of ICU hospitalization. The cost per hospital
discharge included all diagnostic tests and pharmacological treatments required during hospitalization.
The days of ICU stay were added to this cost.

The unit cost of follow-up visits after hospital discharge was considered according to the structural
complexity of the hospital center [30], while the unit cost of a primary care center visit was the same
for all Catalonia [31].

To establish the unit cost of inter-hospital transfer, we differentiated between scheduled and urgent
services, defined as those that accounted for direct entry into the hospital ICU. Since the amount of
an urgent inter-hospital transfer is not published in the official documents, it was estimated to be twice
the amount of a non-urgent transfer [32,33].

The unit cost of administering outpatient antibiotics was calculated from the public sale price
of the prescribed generic antibiotic and only the portion financed by the Catalan Health Service was
charged as a cost.

2.6. Data Confidentiality and Ethical Aspects

No diagnostic tests were made or samples taken from any participant in addition to those
required by routine care. The study complies with the principles of the Declaration of Helsinki
and the legal structure according to international human rights and biomedicine and personal data
protection legislation.

The Ethics Committee of Hospital Sant Joan de Déu approved the study (CEIC PIC-52-11; approved
on 14/11/2011). Informed consent signed by parents or legal guardians was given for all participants.
All data were treated as confidential and records were accessed anonymously.

3. Results

During the two study periods, 473 cases were collected: 319 (67.4%) during the first period (88 in
2007, 98 in 2008, and 133 in 2009) and 154 (32.6%) during the second (45 in 2012, 34 in 2013, 35 in 2014,
and 40 in 2015). The first half of Table 1 shows the clinical and sociodemographic characteristics of
patients included: 56.4% (267) of the cases were male and 43.6% (206) female. Patients aged < 1 year
accounted for 16.3% of cases (77 cases), patients aged 12-23 months for 26.8% (127 cases), and patients
aged 24-59 months 56.9% (269 cases). In total, 303 (64.1%) cases were treated at Sant Joan de Déu
and 170 (35.9%) at Vall d'Hebron. In both study periods, pneumonia was the most common clinical
presentation (79.6% and 67.5%, respectively) followed by meningitis (9.1% and 11.7%, respectively).
The highest percentage of meningitis cases were in 2013 and 2015, 20.6% and 15.0%, respectively
(annual data provided on demand).

Of the 319 IPD cases in the first period, 300 (94.0%) were serotyped. Of these, 27 (9%) were PCV7
serotypes, 182 (60.7%) were serotypes added to the PCV13, and 91 (30.3%) were non-PCV13 serotypes.
During the second period, 149 (96.7%) cases were serotyped; 19 (12.7%) were PCV7 serotypes, 70
(47.0%) were serotypes added to the PCV13, and 60 (40.3%) were non-PCV13 serotypes.

3.1. Health Resources Associated with IPD

The second half of Table 1 shows the health resources associated with IPD in the study periods.
During the second study period, there was a higher proportion of patient transfers from their hospital
of origin to one of the two study hospitals (24.1% vs. 33.8%; p = 0.028), especially for meningitis (24.1%
vs. 55.6%; p = 0.029). The proportion of urgent transfers was higher during the second study period
both overall (14.3% vs. 38.5%; p = 0.002), and for pneumonia (4.4% vs. 22.2%; p = 0.008) (data on
clinical entity provided on demand).
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Table 1. IPD patient characteristics and health resource use in the two study periods.

Variable PCV7 Period ! PCV13 Period ? p Value
(319 Cases) (154 Cases)
Sex
Female 148 (46.4%) 58 (37.7%) 0.073
Male 171 (53.6%) 96 (62.3%)
Mean age (SD) 29.6 (15.7) 26.7 (16.0) 0.057
Clinical presentation
Meningitis 29 (9.1%) 18 (11.7%) 0.273
Septic shock 3 (0.3%) 4 (2.6%) 0.222
Pneumonia 254 (79.6%) 104 (67.5%) 0.004
Non-focal bacteremia 25 (7.8%) 16 (10.4%) 0.355
Osteoarticular infection 6 (1.9%) 7 (4.5%) 0.097
Mastoiditis - 5(3.2%) -
Orbital cellulitis 2 (0.6%) - -
ICU admission 44 (13.8%) 37 (24.0%) 0.006
Median ICU stay (SD) 0.8 (3.1) 1.6 (5.5) 0.086
Hospital transfer 77 (24.1%) 52 (33.8%) 0.028
Urgent transfer 11 (3.4%) 20 (13.0%) >0.001
Non-urgent transfer 66 (20.7%) 32 (20.8%) 0.982
Mean days of previous hospitalization (SD) 0.8 (2.0) 0.7 (2.2) 0.587
hMoi;?t:ﬁzzt?(f):l(%};);eCh hospital 9.8 (6.3) 10.6 (7.5) 0.226
Outpatient treatment 265 (83.1%) 124 (80.5%) 0.496
Follow up visits
Primary care 72 (22.6%) 42 (27.3%) 0.263
Specialist 247 (77.4%) 112 (72.7%)

IPD, Invasive pneumococcal disease; 1 2007-2009; 2 2012-2015.

More cases were admitted to the ICU during the second study period overall (13.8% vs. 24.0%; p
= 0.006) and for cases of pneumonia (5.5% vs. 16.3%; p = 0.001). The mean number of ICU days per
patient during the first period was 0.8 days and peaked in 2009 (1.2 days). In 2007 and 2008, the mean
ICU stay per patient was 0.5 days. During the second period, the mean number of ICU days per
patient was 1.6. The mean days of ICU stay in 2012, 2013, 2014, and 2015 were 1.3, 2.1, 0.8, and 2.4
days, respectively.

No significant differences were found between the two study periods in the mean duration of
hospitalization and outpatient treatment according to the clinical presentation, except for meningitis,
where the days of hospital antibiotic treatment were greater during the second study period (14.5 days
vs. 22.6 days, p = 0.018). There were no differences in hospital and primary care follow-up visits.

3.2. Distribution of the Cost of IPD According to Clinical form and Health Resources

During the two study periods, pneumonia was the clinical presentation with the highest cost
(65.7% and 62.0%, respectively), followed by meningitis (25.8% and 26.1%, respectively), other forms
of IPD (5.7% and 7.4%, respectively), and non-focal bacteremia (2.8% and 4.4%, respectively).

During the first period, the greatest overall costs were due to hospitalization in study hospitals
(56.6%), days of ICU admission (34.9%), and days of previous hospitalization (4.3%). During the second
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study period, the greatest overall costs were days of ICU admission (47.1%), hospitalization in study
hospitals (46.6%), and days of previous hospitalization (2.8%) (Figure 1).
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IPD, Invasive pneumococcal disease; PCV7 period: 2007-2009; PCV13 period: 2012-2015.

Figure 1. Total cost of IPD according to clinical presentation and study period.

For meningitis, in both study periods, the ICU stay generated the most costs (68.5% and 59.6%,
respectively) followed by hospitalization in study hospitals (28.8% and 35.0%, respectively), and hospital
follow-up visits (1.5%) during the first study period, and days of previous hospitalization (3%) in
the second period.

For pneumonia, the ICU stay went from second to first position as the service that generated
the most costs (20.2% during the first study period and 46.7% during the second).

For non-focal bacteremia, days of hospitalization (96.4%) were the costliest service during the first
study period, followed by primary care follow-up visits (2.8%) and days of outpatient antibiotic
treatment (0.5%). During the second study period, days of hospitalization (78.4%) were the costliest
service, days of ICU stay (19.2%) occupied the second place, followed by primary care follow-up visits
(1.8%).

3.3. Annual Evolution of the Costs Associated with IPD

The evolution of the total annual costs associated with IPD during the two study periods is shown
in Table 2. The direct costs associated with IPD peaked in 2009. The highest per-patient costs were
recorded in 2013 and 2015.

Table 2. Annual evolution of costs associated with IPD according to health resources.

Year (Cases) 2007 (88) 2008 (98) 2009 (133) 2012 (45 2013 (34) 2014 (35) 2015 (40)
Days of previous €16,7504  €12,7238  €11,5964  €5959.3 €4026.5 €805.3 €6281.4
hospitalization

ICU stay €58500.0  €67,600.0  €209,300.0 €75400.0  €93,600.0  €35100.0  €122,200.0
Days of high technology €160,566.3 €1769364 €207,238.5  €80,109.0  €87,597.5  €54,334.8  €62,345.7
hospital hospitalization

Days of outpatient antibiotics €493.1 €621.5 €809.3 €328.7 €171.9 €190.2 €218.6
Urgent hospital transfer €327.0 €490.6 €981.1 €654.1 €981.1 €817.6 €817.6
Non-urgent hospital transfer €1635.2 €1880.5 €1880.5 €899.4 €735.8 €327.0 €654.1
Hospital follow-up visits €7830.0  €104613  €11359.9  €40433 €3209.0 €2374.7 €3979.2
Primary care follow-up visits €660.0 €390.0 €1110.0 €330.0 €270.0 €420.0 €240.0
Total €467619 €271,1042 €4442756 €167,723.8 €190,591.8  €94369.6  €196,736.5
Total per patient €2804.1 €2766.4 €3340.4 €3728.0 €5605.6 €2696.3 €4981.4

IPD, Invasive pneumococcal disease; all costs in 2014 euro.
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Depending on the health resources used, there was a decrease in all costs, except for urgent hospital
transfers and the ICU stay. The decrease was significant in the costs related to prior hospitalization
(Pc = —-0.95; p = 0.005), hospitalization in study hospitals (Pc = —0.90; p = 0.006), days of outpatient
antibiotic treatment (Pc = —0.81; p = 0.026), non-urgent hospital transfers (Pc = —0.92; p = 0.003),
and hospital follow-up visits (Pc = —0.84; p = 0.017). There was a significant decrease in the direct costs
associated with PCV7 serotypes (Pc = —0.79; p = 0.036) but not in those associated with the serotypes
added to the PCV13 (Pc = —0.75; p = 0.05) or in the total annual direct costs of IPD (Pc = —0.63; p = 0.131).
The direct costs associated with non-PCV13 serotypes increased (Pc = 0.23; p = 0.625) (Figure 2A,B).
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Figure 2. (A) Annual evolution of costs associated with IPD according to PCV serotypes; and (B) Annual

evolution of costs associated with IPD according to PCV serotype.

127



Vaccines 2020, 8, 387 8 of 15

3.4. Variation in the Mean Cost of IPD

The total mean cost of IPD increased in the second study period by 31.4% (€3016.1 vs. €3963.9)
(Table 3). The greatest increase in costs was for non-focal bacteremia (57.3%), followed by pneumonia
(46.3%) and meningitis (3.2%). The costs of other focal IPDs fell by a mean of —42.8%.

The greatest increases in costs were for urgent intra-hospital transfers (276.6%) and days of
ICU stay (77.4%), due to the increase in these resources in treating pneumonia (551.3% and 238.9%,
respectively). The costs of days of hospital stay in study hospitals increased by 8.1%, while those of
hospitalization in pre-transfer hospitals decreased by 13.9% (Table 3).

3.5. Variation in the Proportion of Costs Associated with Serotypes

During the two study periods, the proportion of IPD costs caused by PCV7 serotypes decreased
slightly (9.0%, and 7.1%, respectively), while there was an important decrease in the proportion of
the costs associated with serotypes added to the PCV13 between the two periods (64.7% and 42.8%,
respectively). The proportion of the cost of IPD caused by non-PCV13 serotypes increased in the second
period (26.3% and 50.1%, respectively) (Figure 3A).

0% 20% 40% 60% 80% 100%

B PCV7 serotypes B Additional PCV13V serotypes

W non-PCV13 serotypes

(A)
€17,338
o periOd _
€8,554
€4,446
\
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B Serotypel M Serotype3 M Serotype5
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Figure 3. (A) Variation in the proportion of IPD costs according with PCV serotypes in the two study
periods; and (B) variation in the proportion of IPD costs according with additional PCV13 serotypes in
the two study periods.
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Changes in the proportion of costs associated with serotypes added to the PCV13 were observed
between the two study periods. In the first period, the serotypes that produced the highest costs were
19A and 3 (32.0% and 25.1% of the total cost, respectively) followed by serotype 1 (22.5% of the total
cost). In the second period, serotype 3 accounted for 37.5% of the total costs associated with serotypes
added to the PCV13 followed by serotype 19A (28.5%) and serotype 7F (20.5%) (Figure 3B).

4. Discussion

Invasive pneumococcal disease entails a high cost for the health system. Our results show that,
after the introduction of PCV13, the direct costs associated with IPD in children aged < 5 years in
Catalonia (Spain) decreased globally and for all clinical presentations due to a reduction in the number
of cases. These results are comparable to the decrease in hospitalizations observed by Baldo et al. [20] in
children aged 0—4 years in the Venetto area. In both study periods, pneumonia was the costliest clinical
presentation, followed by meningitis. However, meningitis had the highest mean cost, followed by
pneumonia. The years 2013 and 2015 had the highest proportion of patients with a clinical presentation
of meningitis and, therefore, the years with the highest cost per patient. This is consistent with
the findings of Ceyhan et al. [34] and is due to the fact that meningitis is a more severe disease involving
greater use of health resources. The fact that more than 60% of the costs of IPD in the two study periods
were associated with pneumonia means that preventing this presentation alone would affect much of
the cost associated with IPD. Hernandez et al. [35] found that an increase in pneumococcal pneumonia
was associated with children aged 2—4 years in epidemic influenza periods. Consideration should
be given to influenza vaccination in this age group, as the double objective of preventing influenza
infection and the increase in associated cases of pneumococcal pneumonia would be achieved.

The health resources that generated the most costs varied from one study period to the other.
During the first period, the days of hospitalization in study hospitals generated the highest costs.
Lagos et al. [36] calculated that 70-75% of the total costs of IPD were due to days of hospitalization.
During the second period, the health service that generated the highest costs was the ICU stay.
This increase was particularly relevant for pneumonia, where not only the costs of the ICU stay
increased but also those of urgent transfers. This, together with the small variations in the costs of
the other study items implies greater severity in this type of clinical form. Brotons et al. [19] identified
the ICU stay and complications during hospitalizations as factors that increased the cost of the clinical
form of pneumonia. We found that the ICU stay was the factor that most increased the cost per IPD
patient overall. The years that had the highest number of ICU days per patient also had the highest
overall cost per patient.

The use of major health resources increased during the second study period, resulting in increased
mean costs in general, as well as for meningitis, pneumonia, and non-focal bacteremia. Comparison of
the two study periods showed that the factors that increased the most in the second period were
the days of ICU admission and urgent health transfers, indicating that the severity of IPD, and therefore
the costs, increased during the second study period. In addition, while the overall costs of IPD
decreased between the first and second periods due to the reduction in the number of cases, the cases
that occurred in the second period were more severe, consumed more health resources, and had a 31.4%
higher mean cost. Although some authors had already warned of a possible increase in the severity of
IPD after the introduction of PCV [37], to the best of our knowledge, this is the first study in which this
increase in severity has been quantified and reflected as an increase in costs.

Brotons et al. [19] and Song et al. [22] found that the time from symptom onset to hospital
admission was not a determining factor in establishing the case severity and the consequent increase in
costs. The increased severity of IPD cases during the second study period may be related to changes in
the circulating serotypes following the introduction of the PCV13 [38]. In the PCV13 period, the direct
cost associated with IPD in children aged < 5 years decreased significantly in IPD cases produced
by PCV7 serotypes and, above all, in the serotypes added to the PCV13, but not from non-PCV13
serotypes. The increase in non-PCV serotypes cases, together with the reduction in PCV13 serotypes

130



Vaccines 2020, 8, 387 11 of 15

associated with pneumonia (especially serotype 1) could also explain the increase in the diversity
of the clinical presentations of IPD and the decrease in pneumonia cases during the second study
period. The proportion of costs associated with the six serotypes added to the PCV13 during the second
period remained much higher than that of the seven PCV7 serotypes. This might be explained by
the licensing of the PCV7 in 2001, resulting in these serotypes being influenced for longer by the effects
of the vaccine coupled with the replacement phenomenon, especially that produced by serotypes 1, 3,
and 19A [39,40], which occurred, in our study, in 2009. In addition, the distribution of costs associated
with IPD produced by the serotypes added to the PCV13 was very uneven. While the proportion
of costs associated with serotype 1 decreased, the proportion associated with serotype 3, which is
associated with complicated pneumonia [41], rose from 25.1% of the total costs of additional serotypes
to 37.5%, and those of serotype 19A remained stable. This may be explained by the ineffectiveness
of the vaccine against serotype 3 [42] and the number of vaccine failures recorded for serotypes 3
and 19A [43]. The increase in IPD costs during 2015, with no decrease in vaccine coverage [35], may
be a turning point in the downward trend seen since the licensing of PCV13. The increase in costs
could be explained by the increase in the costs associated with non-PCV13 serotypes and the serotype
3, the costs of which appear to have increased by the same proportion, as shown in Figure 2A,B. This
change in the trend, together with the increased severity of cases, means that IPD surveillance should
continue and new vaccines that include serotypes whose choice is based not only on their prevalence
but also on the disease severity they cause, are necessary.

Possible confounding variables were taken into account in the interpretation of the results.
Regarding the medical environment, in both study periods, the same hospitals participated; both
centers were reference hospitals, a similar account of hospital discharges has been maintained,
and medical care circuits did not vary and neither were other pediatric hospitals in the region growing
or contracting during the study periods. The same research group participated in both study periods
and there were no changes in the management of IPD pediatric patients. As our study was carried
out only in high-tech hospitals, there may have been a bias to a higher cost of IPD, since the cost
of hospitalization is higher than in other hospitals due to the resources available in these centers
and there could have been a selection of the most serious cases of IPD. However, the costs associated
with IPD in the form of pneumonia found (€3639.9) were similar to the €3909 found by Baldo et al. in
a very similar region [20]. The possible selection of the most serious cases of IPD could also result
in a selection of some IPD serotypes, but the evolution of the PCV7 serotypes, additional PCV13
serotypes, and non-PCV serotypes found in our study are similar to those of Catalonia as a whole [38].
PCV7 and PCV13 had the same price and in both study periods the vaccine was not included in
the recommended schedule of the National Health System and, therefore, parents had to pay for it.

A limitation of the study is that, to determine the impact of PCV13 on the total direct costs of
pneumococcal disease, we had no information on outpatient cases which, although having much
lower unit costs, have a high prevalence that implies a large burden on the health system. However,
the USA study by Huang et al. [44] found that pneumonia represented 22% of all cases but accounted
for 72% of health system use, while outpatient diseases such as acute otitis media or sinusitis, which
accounted for 75% of total pneumococcal disease, only accounted for 16% of direct medical costs. With
regard to outpatient medication, we only considered antibiotic treatment as it must be dispensed under
prescription (unlike other treatments such as antipyretics or anti-inflammatory drugs) and therefore its
use could be associated with IPD. However, the costs of outpatient medication are very low compared
with the total direct medical costs. Likewise, the effect of the PCV10 on the additional serotypes 1, 5,
and 7F was not studied. However, in our setting, PCV10 coverage was approximately 4%, compared
with 63.3% for the PCV13 [35,45]. Another limitation is that the results on the costs of IPD must be
framed within our geographical area, since these are conditioned by our health system, health policies,
circulating serotypes, and number of cases. However, this study may help to better understand
the evolution of these costs.
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5. Conclusions

Following the introduction of the PCV13, the direct costs associated with IPD in children aged
< 5 years in Catalonia (Spain) decreased globally and for all clinical presentations due to a decrease
in the number of cases. IPD cases during the PCV13 period were more severe, consumed more
health resources, and had a higher mean cost. There was a significant decrease in the direct cost
associated with IPD cases produced by PCV7 serotypes and the serotypes added to the PCV13, but
not in non-PCV13 serotypes. The increase in costs during 2015 could be explained by the increase in
the costs associated with non-PCV13 serotypes and serotype 3.
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Discussio

L’objectiu d’aquesta memoria de tesi ha estat avaluar l'efecte de la VPC13 en
'epidemiologia de la MPI en la poblacié pediatrica de Catalunya. Al primer estudi,
mitjangant un disseny de casos i controls, s’ha mesurat I'efectivitat de la VPC13 en la
prevencio de la MPI causada pels serotips continguts en la vacuna. Al segon estudi
s’han analitzat les caracteristiques cliniques, microbiolodgiques i epidemioldgiques de la
pneumonia complicada amb vessament pleural /o0 empiema en <18 anys, que és la
presentacio clinica de MPI més frequent en el nostre entorn. Aquests dos estudis han
servit de marc de referéncia per als altres tres estudis. Al tercer estudi s’han analitzat
les diferéncies en la incidéncia, la presentacid clinica, la severitat i els serotips
causants d’MPI i I'impacte de la VPC13 en els periodes epidémics i no epidémics de
grip entre 2012 i 2015 en <18 anys i en la poblaci6é de 7 a 59 mesos, respectivament.
S’ha constatat la importancia de la pneumodnia complicada durant els periodes
epidémics de grip i s’ha calculat la fraccié evitada en poblacié (FEp) de MPI. Al quart
estudi s’han analitzat els casos de fallada vacunal en nens de 2 a 59 mesos arran de
la falta d’efectivitat de la VPC13 enfront del serotip 3 i el pes creixent d’aquest serotip
en la pneumonia complicada que s’havien observat al primer i al segon estudi. Al
cinqué estudi s’ha mesurat I'impacte de la VPC13 en I'evolucié dels costos hospitalaris
directes de la MPI en < 5 anys comparant els costos de la MPI en I'Hospital Sant Joan
de Déu i I'Hospital Maternoinfantil Vall d’Hebron en dos periodes: de 2007 a 2009
(periode VPC7) i de 2012 a 2015 (periode VPC13).

L’estudi de casos i controls aparellats en nens de 7 a 59 mesos ingressats en tres

hospitals pediatrics de Catalunya ha aportat tres resultats principals.

El primer és que l'efectivitat de la vacuna per prevenir la MPI produida pels serotips
continguts a la vacuna després de I'administracido =1 dosis és bona (75,8%; IC 95%
54,1 a 87,2) i s’incrementa quan s’administren =2 dosis abans dels 12 mesos d’edat o
2 dosis a partir dels 12 mesos d’edat o 1 dosi a partir dels 24 mesos (90%; IC 95%
63,9 a 97,2). En el grup de 24-59 mesos aquest increment no només no s’ha produit,
sind que no s’ha trobat efectivitat en prevenir la MPI (83,5%; IC 95%, -19,5 a 97,7)
probablement perqué el serotip 3 és més freqient en aquesta franja d’edat. El fet que
en el grup de 24-59 mesos per a la pauta de =2 dosis abans dels 12 mesos i d'una
dosi després dels 12 mesos si que hi ha efectivitat vacunal (EV) (73,4%; IC 95% 36,4
a 88,9) pot ser degut a que, tal com es presenta en el quart estudi, el 40% de les
fallades vacunals en aquest grup d’edat s’han donat en casos amb un esquema

vacunal de dues dosis entre els 12 i 24 mesos o una dosi després dels 24 mesos.
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El segon és que 'EV de 'administracioé de 21 dosi de vacuna enfront dels tres serotips
emergents a la nostra area geografica abans de la comercialitzacié de la VPC13 ha
estat elevada per al serotips 1 (89,0%; IC 95% 42,7 a 97,9) i 19A (86,0%; IC 95% 51,2
a 99,7), perod la VCP13 no ha mostrat efectivitat per al serotip 3 (25,9%:; IC 95% -65,3 a
66,8).

El tercer és que I'EV per al serotip 14 quan s'administra 21 dosi ha estat la més
elevada (96,6%; IC 95% 70,4 a 99,7). Aixd considerem que és especialment rellevant,

ja que a Catalunya és un serotip associat amb molta freqiiéncia a la MPI "¢,

Els resultats del nostre estudi sén similars als obtinguts en estudis observacionals
realitzats a altres regions '*”?**. En estudis de casos i controls, I'EV va oscil-lar entre el
77% (95% IC, 38 a 91) obtinguda per Miller i col. ' al Regne Unit en nens de 2,5 a 24
mesos que havien rebut una dosi a partir dels 12 mesos o =1 dosi abans dels 12
mesos i 1 dosi a partir dels 12 mesos, fins al 91% (IC 95% 61 a 99) estimada a I'estudi
de Van der Linden i col. *° a Alemanya en nens <2 anys que havien finalitzat la pauta
vacunal. A l'estudi realitzat per Cohen i col. ** a Sud Africa 'EV de la PCV13 en nens
no infectats per VIH per als serotips 6 addicionals de la VPC13 va ser del 92% (IC 95%
40 a 99), un valor molt similar a 'EV obtinguda al nostre estudi un cop exclos el serotip
3 (95,5%; IC 95% 38,4 a 99,7). Aquesta similitud respon a les diferéncies en la
distribucié de serotips causants de MPI a Sud Africa respecte a Catalunya, ja que alla

el serotip 3 és molt poc frequent.

L’'EV per al serotip 19A, el tercer serotip més frequent del nostre estudi, ha estat
practicament igual per als nens que havien rebut = 1 dosi de VPC13 que per als nens
que havien rebut = 2 dosis abans dels 12 mesos o dues dosis a partir dels 12 mesos
(86,0%:; IC 95% 51,2 a 99,7) o una dosi a partir dels 24 mesos (85,6%; IC 95% 6,7 a
99,8). En nens que havien rebut com a minim = 2 dosis abans dels 12 mesos i una
dosi a partir dels 12 mesos l'interval de confianga ha inclos el 0, fet que podria
explicar-se pel al baix nombre de casos que tenim amb aquestes caracteristiques..
Miller i col. ' i Van der Linden i col. ° van estimar una EV per al serotip 19A del 70%
(IC 95% 10 a 90) i 88% (IC 95% 25 a 99) respectivament, mentre que I'efectivitat
vacunal observada per Deceuninck i col. ' no va resultar estadisticament significativa
(68%; IC 95% -13 a 91). A l'estudi de cohorts indirecte d’Andrews i col. ** a
Anglaterra, Gal-les i Ilanda del Nord I'EV per al serotip 19A va ser del 67% (IC 95% 33
a 84).

Els resultats dels estudis per mesurar l'impacte poblacional de la vacunacié amb

VPC13 que s'han realitzat als paisos de I'Europa occidental entre 2010 i 2014 ' a
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Alemanya entre 1992 i 2014 2*°, als Estats Units entre 2004 i 2013 ?°°, a Portugal entre
2012 i 2014 " i a Anglaterra i Gal-les des de 2008 a 2014 ?°® mostren una reducci6
important dels 6 serotips addicionals de la VPC13. La reduccié dels casos produits pel
serotip 19A s’ha mostrat elevada tant en nens com en adults de 65 anys i més en
diversos estudis "®?%*?% fet que confirma que la VPC13 genera immunitat de grup per
a aquest serotip. Estudis d'immunogenicitat previs ja havien mostrat un alt nivell

d’eficacia enfront aquest serotip 2%42™°.

Un aspecte important del nostre estudi és que I'EV de totes les pautes estudiades
contra els serotips continguts en la VPC13 i contra els serotips addicionals de la
VPC13 ha augmentat quan s’ha exclos el serotip 3 de I'analisi. Ja abans de la seva
autoritzacid, alguns autors van suggerir que aquest serotip era menys immunogen que
la resta de serotips continguts a la VPC13 #''. Al Canada, un estudi realitzat en nens
completament vacunats va mostrar que el nivell d’anticossos opsonitzants per al
serotip 3 era inferior que per a la resta de serotips, la qual cosa suggeria que la
proteccié contra aquest serotip seria també inferior #'?. Un estudi realitzat a Espanya i
Poldnia també va mostrar que la resposta immunitaria enfront del serotip 3 era

clarament inferior a la de la resta de serotips i, especialment, a la del serotip 19A %3,

En un assaig de doble cec que es va fer per comparar I'efectivitat de la VPC7 amb la
de la VPC13 en la prevencio de la colonitzacié de la nasofaringe per S. pneumoniae es
van observar diferéncies en els nivells de colonitzacié entre els nens vacunats i no

vacunats en tots els serotips estudiats excepte en el serotip 3 #'*.

Com al nostre estudi, la VPC13 tampoc va mostrar efectivitat contra el serotip 3 en dos

198,200

estudis de casos i controls ni tampoc en un estudi de cohorts indirecte **. Moore

i col. ' en el seu estudi de casos i controls aparellats si que van trobar que la VPC13
oferia una proteccio significativa contra el serotip 3 (79,5%; IC 95% 30,3 a 93,1), pero
aquesta era més baixa que per als serotips 7F (96,5%; IC 95% 82,7 a 100) i 19A
(85,6%; IC 95% 70,6 a 93,5). Andrews i col.”®* van trobar que I'EV de la VPC13 era
estadisticament significativa per a tots els serotips excepte per al serotip 3 (26%; IC
95% -69 a 68). Segons aquests autors, la correlacid immunoldgica de proteccié
d’aquest serotip (2,83 pg/ml, que rarament s’aconsegueix amb la vacunacid), era

superior al llindar de 0,35 pg/ml establert per als serotips PCV7.

A la majoria dels paisos de I'Europa occidental, la MPI causada pel serotip 3 s’ha

mantingut estable o ha augmentat després de la introduccié de la VPC13 %'

Aquesta mateixa tendéncia també s’ha observat al Canada i al Japd **%°. Cal

[ 206

destacar que a l'estudi d'impacte poblacional de Moore i co no es va trobar cap
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reduccié de la incidéncia de la malaltia causada pel serotip 3, tot i que els mateixos
autors havien trobat que VPC13 era efectiva contra el serotip 3 en un estudi previ de
casos i controls %', Waight i col.?®®, al Regne Unit, van observar una reduccié de la
incidencia de MPI causada pel serotip 3 en tots els grups d’edat, perd en nens de
menys de 5 anys, els intervals de confianga van ser molt amplis (EV: 68%; IC 95% 0,6
a 89). Al present estudi, el 44,4% (12/27) dels nens amb MPI| causada pel serotip 3
havien rebut 2 dosis de vacuna abans dels 12 mesos i una dosi després dels 12
mesos. Aquests resultats concorden amb els observats a un estudi realitzat Grécia "7,
en el que un terg dels casos del serotip 3 que presentaven pneumonia amb vessament

pleural estaven completament vacunats.

Les pneumodnies complicades amb vessament pleural (VP) i/lo empiema han estat la
presentacio clinica més frequent de MPI en els < 18 anys al nostre estudi. El liquid
pleural permet la deteccié de S. pneumoniae per cultiu i especialment per real-time
PCR'""? fins i tot en aquells casos en els quals no es detecten pneumococs a la
sang. Es per aquest motiu que S. pneumoniae es detecta amb més freqiiéncia en
pneumonies complicades amb efusié pleural que en pneumonia sense complicacions,
que generalment no requereixen hospitalitzacié i que solen tractar-se al domicili amb
antibiotics orals 2'®. L’empiema ha afectat en una major proporcié als nens de 2 a 17
anys, fet que és un reflex del tropisme clinic i de grups d’edat dels diferents serotips de
S. pneumoniae ?'°. L’increment en el nombre de casos d’'empiema a Catalunya en
I'época anterior a la VPC13 va ser causat, principalment, pel clon 306 del serotip 1 que
és molt agressiu '®"?°. Al nostre estudi, el serotip 1 ha estat el més freqiient en el grup
de 2 a 17 anys. En canvi, només s’ha registrat un cas en < 2 anys. Aquesta diferéncia
pot ser deguda a una cobertura vacunal inferior observada en el grup de 2 a 17 anys

juntament amb el caracter invasiu i a la falta de poder colonitzador del serogrup 1%%.

La incidéncia acumulada entre 2012-2016 de pneumonia pneumococcica en nens
menors de 2 anys, 2-4 anys i 5-19 anys a Catalunya va ser de 41,0 ; 22,1 i 3,6 per
100.000 persones-any, respectivament '®®. La disminucié progressiva de la incidéncia
de pneumonia complicada per VP i/o empiema entre 2012 i 2015 observada en aquest
estudi (IRR: 0,59; IC 95% 0,35 a 0,97; p= 0,003) ha coincidit amb 'augment progressiu
de la cobertura de VPC13 (48,0% vs. 74,5%). L’analisi de I'evolucidé dels serotips
causants de la majoria de pneumonies complicades amb VE i/o empiema mostra,
també, una reduccid dels serotips vacunals 1 i 19A, tot i que per a aquest ultim no
resulta estadisticament significativa. Aquests serotips continguts a la VPC13
posseeixen una gran viruléncia i eren els principals responsables dels casos de

pneumonia complicada amb VP i/o empiema. La proporcié del serotip 3 com a serotip
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associat a la pneumonia complicada s’ha incrementat. Diversos estudis han demostrat
que en I'era post VPC13 el serotip 3 continua produint MPI 2'%2'8221 “ Apntachopoulos i
col. ' van observar una alta incidéncia de pneumoénia complicada causada pel serotip
3. En un ter¢ d’aquests casos els pacients estaven correctament i completament
vacunats amb VPC13. Aixd podria explicar-se per a la poca efectivitat de la VPC13
enfront del serotip 3 i per I'associacio del serotip 3 i 19A a casos de fallada vacunal, tal

com mostren els resultats del quart estudi de la present memoria de tesi.

Les complicacions més frequients van ser insuficiéncia respiratdria aguda que va
requerir ingrés a 'UCI i ventilacid mecanica en els < 2 anys i pneumonia necrotitzant
amb barotraumatisme posterior al grup de 2 a 17 anys. Aquestes dades son

coincidents amb les publicades per altres autors 2'8219.222-225,

Estudis publicats recentment sobre pneumodnia pneumocdccica complicada i sense
complicacions mostren una reduccié dels casos posterior a la introduccié de la VPC13
218219.221226 O)arte i col. ?'® van observar que als Estats Units els serotips vacunals van
disminuir un 74% després de la introduccié VPC13, sense que s’apreciés cap serotip
no VPC13 emergent clar. Paral-lelament a la disminuci6 dels serotips presents a la
VPC13, el nostre estudi mostra un increment dels serotips no vacunals associats a
pneumonies complicades amb vessament pleural i/o empiema entre 2012 i 2015.
Aquest increment esta fregant la significacié estadistica (14,0% vs. 33,3%; p=0,054),
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perod, igual que a l'estudi d’'Olarte i co , No destaca cap serotip en especial. A

Anglaterra i Gal-les, Ladhani i col."”

van observar un reemplagament de serotips
vacunals per serotips no inclosos a la VPC13, concretament els serotips 8, 9N, 10A i
12F. A Israel també s’ha descrit una alta incidéncia del serotip 12F després de la

introduccio de les VPC7 i VPC13 2%,

Tal com han descrit altres autors 2'8219.221

, les soques analitzades al nostre estudi
presentaven una alta sensibilitat a la penicil-lina, fet que recolza a I's de penicil-lina o

ampicil-lina parenteral com a tractament empiric de primera eleccié.

L’estudi de la MPI durant els periodes epidémics i no epidémics de grip entre 2012 i
2015 ha mostrat un increment de la incidéncia de la MPI en < 18 anys coincidint amb
els periodes en els quals la circulacié de virus de la grip ha assolit nivells epidémics
(IRR: 2,7; IC 95% 2,05 a 3,55; p<0,001). Aquesta associacié ha estat més forta entre
els nens de 2 a 4 anys ( IRR: 3,33; IC 95% 2,12 a 5,19; p<0,001) i, especialment, en el
grup d'edat de 5 a 17 anys (IRR: 4,39; IC 95% 2,53 a 7,63; p<0,001), pero no ha estat
significativa en < 2 anys. Els informes anuals aportats pel Pla d'Informacié de les

Infeccions Respiratories Agudes a Catalunya (PIDIRAC) mostren que entre 2012 i
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2015 el grup d'edat amb una major incidéncia acumulada de virus gripal ha estat el de
< 4 anys 2. Diversos autors han trobat una associacié entre MPI i virus gripal %%
perd sense que s'hagi analitzat de manera especifica aquesta associacié en els < 2
anys. Weinberger i col."® van mostrar que existeix una forta associacié entre la
circulacio del virus respiratori sincitial (VRS) i els episodis de MPI en < 2 anys. Durant
el periode 2012-2015 els informes publicats pel Sistema de Notificacié Microbioldgica
de Catalunya %' van mostrar que el 84,9% dels casos d'infeccid per VRS registrats a
Catalunya es concentraven en < 2 anys i que el pic de maxima activitat del VRS
precedia al periode epidémic gripal. La coincidéncia temporal entre VRS i MPl en < 2
anys podria explicar l'elevada taxa d’incidéncia (Tl) observada durant els periodes no
epidémics de grip, molt superior a la Tl total en aquest periode (0,23 casos per
100.000 persones-setmana vs. 0,05 casos per 100.000 persones-setmana,
respectivament). L'elevada Tl en els <2 anys podria explicar que quan es comparen
els periodes epidémics i no epidémics de grip no s’hagin observat diferéncies

significatives.

El nostre estudi mostra una major Tl de la MPI en els periodes epidémics de grip, tant
en general com en les diferents formes cliniques per separat. McCullers i col. "*°

“ en un estudi de observacional van

mitjancant models animals i Grijalva i col. '
demostrar que el virus de la grip augmenta la transmissié de S. pneumoniae i, per tant,
el risc de ser colonitzat pel microorganisme, pas previ al desenvolupament de la MPI.
No obstant aixd, al nostre estudi l'increment en la incidéncia durant els periodes
epidémics de grip respecte als no epidémics només ha estat estadisticament
significatiu en la pneumodnia (IRR: 3,25; IC 95% 2,36 a 4,47; p<0,001). Weinberger i

232 i Ben-Shimol i col. ?* postulen que la infeccid respiratoria virica només

col.
incrementa la susceptibilitat per a la pneumonia, plantejament que coincidiria amb els

nostres resultats.

La gran variabilitat de serotips causants de la MPI trobats al nostre estudi, sense que
cap d'ells sigui predominant durant els periodes epidémics o no epidémics de grip,
suggereix que no hi ha una relacié especifica entre el virus de la grip i algun serotip en
particular de S. pneumoniae. També cal considerar que durant el periode d'estudi els

228
t

subtipus de virus causants d'epidemies gripals han varia , Sense que puguem

descartar una relacié especifica entre serotips de pneumococ i subtipus virals. Launes
i col. ?* van observar un descens significatiu de la proporcié de MPI causada per
serotip 1 durant la pandémia de 2009. No obstant aix0, a la temporada de grip
estacional posterior, causada pel mateix subtipus de grip H{N4, el serotip 1 es va

detectar en la mateixa proporcié que en temporades anteriors. La preséncia de virus
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gripal tampoc ha mostrat tenir influéncia sobre la proporcié de serotips vacunals i no
vacunals causants de la MPI.

Alguns autors 2*"2%

assenyalen que la infeccid pel virus de la grip t&€ un major efecte
sobre els serotips que no tenen un alt poder invasiu (API). Aquest efecte es traduiria
en que el virus gripal incrementaria la susceptibilitat de I'hoste a les infeccions
bacterianes. Aixi doncs, mentre els serotips API serien capacos de causar MPI en
qualsevol circumstancia, els serotips no APl augmentarien la capacitat de produir MPI

en preséncia de virus gripal. Weinberger i col. %'

van trobar aquesta mateixa
associacié unicament en adults sense malalties de base. En un estudi realitzat a
Catalunya abans de la introduccié de la VPC13 %* es va trobar associacié entre la
MPI causada per serotips no API i la confeccid amb diferents virus respiratoris. Al
nostre estudi, la proporcié de serotips API ha estat lleugerament major en els periodes
epidémics de grip que en els no epidémics perd no de forma significativa i l'increment
en la incidéncia durant els periodes epidémics de grip ha estat estadisticament
significatiu tant per als serotips APl com no API. Una possible explicacié és que en els
estudis esmentats es va considerar el serotip 3 com a serotip no API, mentre que
nosaltres 'hem considerat com a API, tal com assenyalen autors que han avaluat la

capacitat invasiva del serotip incloent episodis detectats només per PCR amb cultiu
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negatiu i després de la introduccié de la VPC13 *°. Segons Grijalva i co
I'adquisicié d'un nou serotip de S. pneumoniae després d'una infeccid pel virus de la
grip es pot observar en pacients préviament colonitzats per un altre serotip. El fet que
en el nostre estudi no hem pogut analitzar I'estat previ de colonitzacié del pacient ni
conéixer amb exactitud els antecedents d'infeccid per virus gripal o altres virus
respiratoris pot haver esmorteit l'efecte especific del virus gripal sobre els casos de
MPI produits per serotips no API. Cal destacar, perod, que altres autors *"%*® tampoc
han trobat diferéncies entre els serotips causants de MPI durant els periodes
epidémics i no epidémics de grip ni en nens ni en adults, la qual cosa porta a pensar
que la interaccié entre el virus de la grip i els diversos serotips de pneumococ és
complexa i depén de nombrosos factors i no només de la capacitat invasiva del

serotip.

Per a avaluar la gravetat de la MPI s'han tingut en compte 4 parametres: estada en
UCI, complicacions durant l'ingrés, ventilaci6 mecanica i preséncia de seqleles a l'alta
o defuncié. S’ha realitzat una analisi multivariada mitjangant una regressié logistica no
condicional per estimar I'associacié entre la gravetat dels casos en periodes epidémics
i no epidémics. L'estada en UCI s'ha associat de forma estadisticament significativa als
periodes no epidemics de grip (15,4% vs. 22,5%; aOR 0,31; IC 95% 0,12 a 0,80;
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p=0,02) a causa del nombre més gran d'episodis de meningitis i sépsies registrats, en
contraposicié als periodes epidémics en els quals la majoria de casos van ser
pneumonies. Els casos amb complicacions durant l'ingrés, aixi com les sequeles a
l'alta s'han donat amb major freqiéncia durant els periodes epidémics de grip (75,8%
vs. 55,8%; aOR 2,00; IC 95% 1,06 a 3,77; p=0,03 i 22% vs. 8,7%; aOR 3,38; IC 95%
1,37 a 8,29; p=0,01, respectivament). La baixa prevalenca de factors de risc entre els
casos durant els periodes epidémics de grip i el fet que no hem observat diferéncies
estadisticament significatives entre els serotips causants de MPI en funcié de l'activitat
gripal, suggereix que l'augment de la gravetat en els casos de MPI durant els periodes
epidémics pot ser degut a un efecte sinérgic entre S. pneumoniae i el virus de la grip
194239 En els casos de pneumodnia no s'ha observat associacié entre complicacions
durant l'ingrés i 'activitat epidémica gripal durant els periodes epidémics. Aquest fet
podria ser degut al gran increment dels casos de pneumodnia amb empiema,

necrotitzants o amb vessament pleural que s'ha registrat en els Gltims anys 20?*!

i que
han situat a la pneumonia complicada com la presentacié clinica més frequent en tots
dos periodes. La gravetat dels casos de MPI produits per serotips API s'ha associat a
I'activitat gripal unicament quan es tracta de casos amb seqlieles a l'alta o amb

defuncid.

Els nostres resultats mostren que la FEp de MPI per a la VPC13 en nens de 7 a 59
mesos va oscil-lar entre el 48,0% i el 49,4% i que va ser més elevada durant els
periodes epidémics que en els periodes no epidémics (50,4% vs. 46,1%), havent-se
observat la diferéncia més gran entre ambdds periodes en els casos de pneumonia
(50,8% vs. 43,4%). Existeixen pocs estudis sobre l'impacte de la vacuna VPC13 en

época gripal. McGarry i col. %

van calcular en el seu model predictiu que la vacuna
VPC13 evitaria entre el 63% i el 67% dels casos de pneumonia pneumocodccica
invasiva depenent de la incidéncia del virus gripal durant el periode epidémic. Aquest
percentatge és superior al que hem trobat nosaltres, la qual cosa podria explicar-se
perque la cobertura vacunal durant el periode d’estudi ha estat del 63,6% en nens de 7
a 59 mesos. El nostre estudi constata que la FEp augmenta en la mateixa proporcio
que ho fa la cobertura vacunal, la qual cosa reforga la idea que una major cobertura
vacunal permet assolir una major FEp. Una altra possible I'explicacid seria I'augment
de la proporcié de serotips no vacunals i la baixa efectivitat de VPC13 contra el serotip

3, que va ser el serotip més freqlent durant els periodes epidémics de grip.

Al nostre estudi les diferéncies en la FEp estimada entre els periodes epidémics i no
epidémics de grip van ser més grans quan es considerava la poblacié vacunada els

nens que havien rebut 22 dosis de VPC13 0 21 dosi després de 24 mesos (increment
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del 9,2%) en comparacié amb nens que havien rebut =1 dosi de VPC13 (increment del
3,5%). Aquest resultat és concordant amb l'augment de la EV observat quan
s'incrementa el nombre de dosis de VPC13 administrades. Es plausible, doncs,
admetre que en periodes de grip epidémica, quan es produeix un augment de la
incidencia de MPI, I'efecte protector de VPC13 sigui més elevat quan s’administra una
pauta vacunal que ofereix una major efectivitat i que I'efecte protector sigui major que
en els periodes no epidémics, en els que aquest factor addicional que afavoreix

I'adquisicié de MPI no es dona.

Loughlin i col. ™** postulen que I'evidéncia de proteccié indirecta en els no vacunats
s’observa a partir d’'una cobertura en la comunitat del 75%. En la nostra poblacié la
cobertura vacunal estimada no ha assolit aquest llindar i per tant, podem suposar que
la FEp estimada és fruit de la proteccié directa de la vacuna i que amb la introduccio
de la VPC13 al calendari de vacunacions de Catalunya el juliol de 2016 la FEp pot

augmentar també gracies a la immunitat de grup que es generi.

Des de la introduccié de VPC13, diversos autors han reportat casos de MPI causats
per serotips vacunals, tant en pacients que havien rebut = 1 dosi de VPC13 com en
pacients vacunats adequadament per a la seva edat. En els dos primers estudis vam
poder detectar casos de fallades vacunals que hem analitzat en el quart estudi. Els
casos amb fallada vacunal del nostre estudi han representat el 23,1% del total de
casos de MPI produits per serotips VPC13 en infants de 2 a 59 mesos. El serotip 3 ha
representat el 66,7% dels casos de fallada vacunal i els casos s'han donat pricipalment
al grup de 24 a 59 mesos (81,3% vs. 25,0%; p=0,013). El serotip 19A ha representat el
20,8% dels casos de fallada vacunal i els casos s'han donat majoritariament al grup de
2 a 23 mesos (80,0% vs. 26,3%; p=0,047). Les fallades vacunals s’han associat
principalment a la presentacioé clinica de pneumonia complicada amb diagnostic per
real-time PCR i a pacients sense malalties de base ni altres factors de risc. Aquests

217

resultats coincideixen amb els obtinguts per Antachopoulos i col. a Grecia i els

resultats d’un estudi previ realitzat a Catalunya ?%.

Kaplan i col. 2

en un estudi realitzat a 8 hospitals pediatrics dels Estats Units van
trobar que les fallades vacunals estaven associades principalment amb el serotip 19A,
en menors de 6 mesos d’edat i pacients amb malalties de base. A I'estudi retrospectiu

de Basaranoglu i col. *

en casos de MPI tractats en un hospital pediatric terciari de
Turquia I'any 2015 es van reportar 2 casos de fallada vacunal associada al serotip 19F
en pacients amb malaltia neurologica subjacent. Aquests dos estudis difereixen del

nostre en dos aspectes. El primer és que es van dur a terme en una poblacié en la
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qual la vacuna VPC13 estava inclosa al calendari vacunal des del 2010 i amb elevada
cobertura vacunal. El nostre estudi s’ha realitzat en una poblacié amb una cobertura
vacunal estimada del 63%. A més, tot i que diversos estudis indiquen que no s’ha
produit una disminucié de la incidéncia del serotip 3 després de la introduccié de
VPC13 252! només l'estudi d’adults de Fukusumi i col. 2" va incloure casos
diagnosticats per PCR; per tant, no pot descartar-se que en una poblacié amb
cobertures de vacunacié més elevades hi hagués menys fallades vacunals a causa de

la immunitat de grup.

El segon aspecte és metodologic. Els estudis de Kaplan i col. 2** i Basaranoglu i col.
incloien només casos diagnosticats per cultiu. Al nostre estudi també s’han inclds
casos diagnosticats per PCR. De fet, els casos de fallada vacunal s’han associat al
diagnostic només per PCR. Selva i col. ' va mostrar la importancia de la PCR en el
diagnostic de la MPI causada pel serotip 3 en nens < 5 anys amb cultius negatius.

Almeida i col. ?*

, en un estudi retrospectiu realitzat en pacients < 18 anys ingressats
amb pneumonia diagnosticats per PCR en un hospital terciari de Portugal durant 2012-
2014, van trobar 4 casos de fallada vacunal. Els pacients havien rebut 4 dosis de

[. " van analitzar 152

VPC13 i la MPI estava produida pel serotip 3. Silva-Costa i co
mostres de liquid pleural de pacients pediatrics durant 2010-2015 a Portugal per
identificar i serotipar les soques de S. pneumoniae causants de la MPI. El 68% dels
casos van ser diagnosticats només per PCR i, com en el nostre estudi, els serotips
més freqlents van ser el 3, I'1 i el 19A. Al seu estudi es van detectar 19 casos de
fallada vacunal de la VPC13 i en 17 d’aquests casos el serotip identificat fou el 3. Tant
al nostre estudi com al de Silva-Costa i col. el serotip 3 ha estat el serotip més freqlient
en nens vacunats amb VPC13 i, tot i que Silva-Costa i col. van analitzar només els
casos de pneumonia complicada, una patologia associada al serotip 3, els nostres
resultats, analitzant totes les presentacions cliniques de MPI, han estat coincidents en
aquest punt. Al nostre estudi, a més, hem trobat, entre els casos produits per serotips
continguts en la VPC13, una freqliéncia més alta de casos de serotip 3 en pacients
amb fallada vacuna en comparacié amb els pacients no vacunats (66,7% vs. 27,8%; p
= 0,001), la qual cosa indica la importancia d’aquest serotip en 'era post-VPC13. Quan
es van fer aquests estudis, la cobertura de la vacunaci6 a Portugal (61%) era similar a
la de Catalunya (63%).

Al nostre estudi hem observat que el serotip 19A esta associat a casos de fallada
vacunal de la VPC13 en nens < 2 anys. Aquest serotip és el més frequent en aquest
grup d’edat en el nostre entorn '”. Nosaltres hem estimat que I'efectivitat de la VPC13

en la prevencio de la MPI causada pel serotip 19A era del 86% per als vacunats amb =
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1 dosi. Tot i aquesta bona efectivitat, els resultats de fallades vacunals per al serotip

19A son similars als observats per Kaplan i col.

rutinaria de VPC13.

en una poblacié amb vacunacié

246 va classificar les fallades vacunals segons el seu origen en tres

Heininger i col.
categories: relacionades amb I'administracié, relacionades amb I'hoste i relacionades
amb la vacuna. El nostre estudi no ha trobat fallades relacionades amb I'administracié
perqué en tots els casos s’han verificat les dates d’administracié de la vacuna i el
nombre de dosis administrades segons les especificacions técniques. A més s’han
inclos casos des de gener del 2012 al juny del 2016, de manera que les vacunes
administrades no pertanyen al mateix lot. Tot i que no se sap si la conservacié o
emmagatzematge de cada vacuna va ser la correcta, atés que els casos de fallada
vacunal s’han produit majoritariament en el serotip 3 i en els casos amb pneumonia
complicada, sembla poc probable que les fallades vacunals es puguin relacionar amb
algun d’aquests factors, ja que d’haver estat aixi la tipologia dels casos amb fallada
vacunal hagués estat molt més heterogénia. Les fallades vacunals relacionades amb
'hoste també semblen poc probables, ja que cap pacient tenia antecedents de
malalties de base, incloent-hi les immunodeficiéncies. Tampoc s'han trobat diferéncies
entre els casos de MPI causats pel serotip 3 en pacients no vacunats i en aquells amb
fallada vacunal. Si els casos amb fallada vacunal tinguessin algun tipus
d'immunodeficiéncia que hagués induit una resposta immunoldgica deficient a la
vacuna, aquesta immunodeficieéncia també hauria comportat una major gravetat de la
MPI en els casos °. La manca de diferéncies significatives en les variables
epidemioldgiques entre els casos amb i sense fallada vacunal ens permet pensar que
és poc probable que les fallades estiguessin relacionades amb la interaccié del
pneumococ amb altres agents infecciosos com el virus de la grip. El fet que el serotip 3
estigui associat a casos de fallada vacunal, i especificament a pacients correctament
vacunats segons la seva edat i que havien completat el seu calendari de vacunacio,
indica que les fallades vacunals serien degudes a la baixa efectivitat de la VPC13
enfront del serotip 3. Aquesta conclusié esta en linia amb els resultats d’efectivitat

obtinguts al primer estudi.

La MPI comporta un elevat cost per al sistema sanitari. Al cinqué estudi hem observat
que després de la introduccié de VPC13 els costos directes associats a la MPI en nens
< 5 anys ha disminuit globalment i en totes les presentacions cliniques a causa d’'una
reduccié del nombre de casos. Aquests resultats sén comparables a la disminucié de

I 247

les hospitalitzacions observades per Baldo i co en nens de 0 a 4 anys a la zona del

Venetto (Italia). Tant al periode en que es va utilitzar la vacuna PCV7 com al periode
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en que es va utilitzar la PCV13 la pneumonia ha estat la presentacio clinica que més
costos ha generat seguida de la meningitis. No obstant aixd, la meningitis ha mostrat el
cost mitja més alt. El 2013 i el 2015 han estat els anys amb la proporcié més gran de
pacients amb presentacio clinica de meningitis i, per tant, els anys amb un cost més
elevat per pacient. Aquests resultats concorden amb els de I‘estudi de Ceyhan i col. '’
realitzat a Ankara (Turquia) entre juny del 2013 i gener del 2014 i s’explica perqué la
meningitis és una malaltia més severa que implica un major us dels recursos sanitaris.
El fet que més del 60% dels costos de MPI en els dos periodes d’estudi s’hagin
associat a la pneumonia significa que actuar sobre aquesta presentacio afectaria gran
part del cost associat a la MPI. Atés que hem observat un augment de pneumonia
pneumococcica en el grup d’edat de 2-4 anys durant els periodes epidémics de grip,
caldria considerar la possibilitat de vacunar contra la grip aquest grup d’edat, ja que
s’assoliria el doble objectiu de prevenir la infeccid pel virus de la grip i d'evitar casos de

pneumonia pneumococcica.

Els recursos sanitaris que han generat més costos han variat d’'un periode d’estudi a
laltre. Durant el periode VPC7, els dies d’hospitalitzacié a hospitals d’estudi van

generar els majors costos (56,6%). Lagos i col. **®

va calcular que el 70-75% dels
costos totals de la MPI van ser deguts als dies d’hospitalitzacié. Durant el periode
VPCA13, el servei sanitari que ha generat més costos ha estat 'estada a UCI (47,1%).
L’augment dels costos ha estat especialment rellevant per a la pneumonia, per a la
gue no només s’ha incrementat la proporcio dels costos associats a UCI entre els dos
periodes, sindé també els dels trasllats sanitaris urgents. Aquest increment en la
proporcid dels costos d’'ambdds serveis de salut indica un augment de la gravetat.

Brotons i col. %2

van identificar l'estada a UCI i les complicacions durant les
hospitalitzacions com a factors que augmentaven el cost de la pneumonia. El present
estudi mostra que l'estada a UCI és el factor que més incrementa el cost per pacient
en la MPI en global. Els anys que van presentar una mitjana de dies en UCI per

pacient més elevada van ser els que van presentar un major cost per pacient.

L’us dels principals serveis de salut ha augmentat durant el segon periode d'estudi, la
qual cosa s’ha traduit en un augment del cost mitja dels casos en MPI en general
(3.016,1 € vs. 3.963,9 €; increment del 34,1%) i en les formes cliniques de meningitis
(8.576,5 € vs. 8.852,0 €; increment del 3,2%) i ,especialment, en la pneumonia
(2.487,5 € vs. 3.639,9 €; increment del 46,3%) i la bacteriemia (1.076,1 € vs. 1.692,9
€; increment del 57,3%). El fet que el nostre estudi s’hagi realitzat només en hospitals
d’alta tecnologia pot explicar que el cost de la MPI hagi estat més elevat, ja que el cost

d’hospitalitzacio és superior al d’altres hospitals a causa dels recursos disponibles per
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a aquests centres i, a més, podria haver-hi una seleccié dels casos més greus. No
obstant aix0, els costos associats a la MPI en forma de pneumonia trobats en aquest
estudi van ser similars als trobats per Baldo i col. >’ (3.909 €) en una regié molt similar
a la nostra. A més, la comparaciéo de tots dos periodes d'estudi en els mateixos
centres ha permés observar que els costos mitjans dels serveis de salut que més han
augmentat en el segon periode han estat el dels dies d'ingrés a UCI (1.051,4 € vs.
1.865,6 €; increment del 77,4%) i el transport sanitari urgent (5,6 € vs. 21,2 €;
increment del 276,6%). Aixd indica que, fins i tot havent-se realitzat I'estudi Unicament
en hospitals d'alta complexitat, la gravetat de la MPI ha augmentat durant el segon
periode d'estudi. Encara que els costos globals de MPI entre el primer i segon periode
han disminuit a causa de la reduccié del nombre de casos, els casos del segon
periode han estat més greus, han consumit més serveis de salut i s’ha produit un

increment del seu cost mitja. Ricketson i col. *°

ja van advertir un possible augment de
la gravetat de la MPI després de la introducci6 de les VPC, i la pneumonia complicada
ha estat la presentacié clinica de la MPI més frequent. En el present estudi I'augment
de gravetat ha estat quantificat i ha quedat reflectit en un increment del cost directe per

pacient.

[ 192 [ 189

Brotons i co i Song i co van observar que el temps transcorregut des de l'inici
dels simptomes fins a l'ingrés hospitalari no era un factor determinant per a establir la
gravetat i el conseglient increment del cost del cas. L'augment de la gravetat dels
casos de MPI durant el segon periode del nostre estudi podria estar relacionat amb els
serotips circulants després d’haver incorporat la VPC13 '". Després de la introduccio
de la VPC13 el cost directe associat a la MPI en < 5 anys ha disminuit de manera
significativa en les MPI produides pels serotips ja inclosos en la PCV7 i, sobretot, pels
serotips addicionals de la VPC13, perd no pels serotips no inclosos a les VPC.
L’augment de casos de serotips no vacunals juntament amb la disminucié dels casos
produits per serotips de la VPC13 associats a la forma clinica de pneumonia
(especialment el serotip 1) també podria explicar 'augment de la diversitat de les
presentacions cliniques de la MPI durant el segon periode del nostre estudi. La
possible seleccio dels casos més greus de MPlI com a consequéncia del tipus
d’hospitals participants també podria haver produit una seleccié d’alguns serotips, pero
I'evolucié dels serotips PCV7, serotips addicionals VPC13 i serotips no PCV trobats al

nostre estudi sén similars a la descrita a Catalunya '"°.

La proporcié dels costos associats als 6 serotips addicionals de la VPC13 durant el
segon periode ha estat molt superior a la dels 7 serotips presents en la VPC7. Aquest

fet respon a que la VPC7 es va administrar del 2001 al 2010 i a que aquests serotips
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porten més temps sota els efectes de la vacuna i al fenomen de reemplacament,
especialment produit pels serotips 1, 3 i 19A "% que al nostre estudi va assolir el
seu pic el 2009. També cal tenir en compte que la distribucié dels costos associats a
MPI produida pels diferents serotips addicionals de la VPC13 entre el primer i el segon
periode ha estat molt desigual. Mentre que la proporcié de costos associats al serotip
1 ha disminuit (22,5% vs. 11,8%) i la del serotip 19A s’ha mantingut estable (32,0% vs.
28,5%), la proporcié de costos associats al serotip 3, un serotip associat a la

pneumonia complicada’”’

, ha passat del 25,1% dels costos totals dels serotips
addicionals de la VPC13 al 37,5%. Aix0 es pot explicar per la poca efectivitat de la
vacuna enfront del serotip 3 i pel nombre de fallades vacunals que s'ha registrat per
als serotips 3 i 19A que s’han comentat anteriorment . L'augment dels costos de MPI
durant I'any 2015 pot suposar un punt d'inflexié en la tendéncia a la baixa que s'ha
mantingut des de la comercialitzacié de la VPC13 sense que s'hagi observat un
descens en la cobertura vacunal en el mateix any. L’augment dels costos observat és
directament proporcional a I'increment dels costos associats als serotips no inclosos en
la VPC13 i al serotip 3. Aquest canvi de tendéncia, juntament amb l'increment de la
gravetat dels casos, ens indica que és necessari prosseguir amb la vigilancia
d'aquesta malaltia i desenvolupar noves vacunes que incloguin nous serotips, I'eleccié
dels quals es basi no sols en la prevalenca d'aquests siné també en la gravetat de les

patologies que causen.

La validesa interna dels resultats d’aquesta memoria de tesi esta avalada per la
metodologia emprada per realitzar els cinc estudis, en la que s’ha tingut en compte
com minimitzar els possibles biaixos d’informacio, seleccié i confusié. El biaix
d’'informacié s’ha minimitzat establint una mateixa metodologia per a I'obtencié de les
dades dels casos i dels controls. La informacié sobre I'estat vacunal s’ha recollit de
registres externs i previs a la inclusié del cas o el control en I'estudi (carnet vacunal,
registre del centre de salut o del centre privat on és ates habitualment o de la historia
clinica). Durant tot el periode d’estudi han participat els mateixos hospitals, no hi ha
hagut variacions en el percentatge de captura d’altes hospitalaries i la poblacié de
referéncia atesa i els circuits d’atencié médica no s’han modificat. No s’ha ampliat el
nombre de llits de cap hospital pediatric en la regié d’estudi ni se n’han construit de
nous. El biaix de seleccié s’ha minimitzat amb I'aparellament dels casos i controls per
edat, sexe, condicions mediques de risc, hospital i data d’ingrés del cas. Tots els casos
inclosos a l'estudi responien a la definici6 de caracteristiques cliniques d’infeccio
juntament amb l'aillament per cultiu i/o detecci6 d'ADN del gen LytA i el gen capsular

wzg (cpsA) de S. pneumoniae per real-time PCR en una mostra normalment esteril i
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en el 96,2% dels casos s’ha pogut identificar el serotip. El mateix grup de recerca ha
participat durant tot I'estudi i no hi ha hagut canvis en la gestié de pacients pediatrics
amb MPI. Per a 'estudi de costos només s’han inclos els casos de I'Hospital Sant Joan
de Déu i de 'Hospital Maternoinfantil Vall d’Hebrén, ja que els investigadors d’aquests
dos centres també van participar el I'anterior projecte Pl 06/1597 “Evaluacion de la
efectividad de la vacuna antineumocdcica conjugada 7-valente en la prevencién de la
enfermedad neumocdcica invasora en nifios menores de 5 afios. Estudio de casos y
controles” del qual s’han extret les dades del periode 2007-2009. Aquest projecte
seguia una metodologia molt similar als projectes Pl 11/02081 i Pl 11/2345 “Efectividad
de la vacuna 13-valente en la prevencion de la enfermedad neumocdcica invasiva en
nifios. Estudio de casos y controles” amb els que s’ha elaborat aquesta memoria de
tesi. Les possibles variables de confusié s’han introduit en una analisi multivariada de
regressid logistica condicional per a l'estudi de 'EV i una analisi multivariada de
regressio logistica no condicional per estimar 'associacio de la gravetat dels casos de
MPI en els periodes epidémics i no epidémics de grip. Tot i aix0, no es pot descartar
alguna confusié residual. Tal com es pot veure en els resultats dels diferents estudis
que conformen aquesta memodria de tesi una fortalesa és que el diagnodstic s’hagi
realitzat per real-time PCR. Gairebé la meitat dels casos no s’haurien detectat si
nomeés s’hagués emprat la técnica del cultiu i, per tant, els casos inclosos no haurien

estat representatius dels casos hospitalitzats amb MPI.

Respecte a la validesa externa dels resultats d’aquesta memoria de tesi, cal destacar
que l'estudi s’ha realitzat en tres hospitals pediatrics que atenen a aproximadament el
32% de la poblacié < 18 anys de Catalunya (442.000 nens).

Els estudis continguts en la present memoria de tesi tenen diverses limitacions. Tot i
que la mida de la mostra ha estat adequada per assolir la majoria dels objectius
plantejats, no s’ha tingut un nombre de casos i controls suficient per estimar I'EV de la
VPC13 enfront de formes cliniques diferents de pneumonia o pneumonia complicada
ni enfront dels serotips que no fossin I'1, 3, 14 i 19A. Aquest fet també pot haver
afectat altres resultats que han fregat la significacié estadistica, com I'augment dels
serotips no PCV13 en les pneumodnies complicades amb VP i/o empiema. Pel que fa
als casos inclosos en l'estudi, la condicid de portador de S. pneumoniae prévia al
desenvolupament de la MPI no s’ha pogut saber. No s’ha disposat de confirmacié
viroldgica sobre antecedents previs d’infeccié per virus de la grip o altres virus
respiratoris. Tampoc no s’ha realitzat un estudi serologic per determinar les
concentracions 1gG especifiques dels serotips en els casos vacunats ni estudis

especifics per descartar la immunodeficiéncia en els casos de fallada vacunal. Tot i
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aixo, en els periodes que hem considerat epidémics s’ha pogut constatar que la
circulacio del virus de la grip era molt superior a la de la resta de virus respiratoris.
Tanmateix, 'abséncia d’antecedents de malalties de base en els casos amb fallades
vacunals estudiats, el control dels pacients després de l'alta (que va durar 6 mesos en
el cas de l'alta amb sequeles) i el fet que la MPI en casos de fallada vacunal no
presentava una major gravetat que en els casos no vacunats reforga la validesa dels

nostres resultats.

Una altra limitaci6 ha estat que els serotips 25F i 38 s6n negatius per al gen wzg
(cpsA). Tot i aixd, cap dels dos serotips estan inclosos a la VPC13 i de les 122 soques
serotipades mitjangant la reaccié de Quellung, només 2 eren del serotip 38 i 1 del

serotip 25F.

Tampoc s'ha considerat I'efecte de la PCV10 sobre els serotips addicionals 1, 5i 7F;
tanmateix, la cobertura d'aquesta vacuna a Catalunya és molt baixa, estimant-se en el

4% aproximadament "®°.

Finalment, els resultats obtinguts en aquesta memoria de tesi s’han d’emmarcar en
'ambit hospitalari i dins de la nostra area geografica, ja que aquests estan
condicionats pel nostre sistema de salut, les politiques sanitaries, els serotips
circulants i la incidéncia de la MPI. Tot i aixd, la concordanga dels nostres resultats
amb els dels estudis realitzats per autors d’altres zones geografiques reforcen la

validesa externa dels nostres resultats.
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L’efectivitat d’'una dosi o més de vacuna polisacarida conjugada 13 valent per
prevenir la malaltia pneumocodccica invasiva causada pels serotips presents en
la vacuna en nens de 7 a 59 mesos d‘edat ha estat bona (75,8%) i s’ha
incrementat fins al 90% quan augmenta el nombre de dosis administrades.

La vacuna polisacarida conjugada 13 valent no ha mostrat efectivitat per al
serotip 3 en cap pauta vacunal analitzada. L'efectivitat de 1 o més dosis per als
serotips 1, 14 i 19A, els més frequients a la nostra regié després del serotip 3,
ha estat alta, oscil-lant entre el 86,0% i el 96,9%.

En poblacié6 menor de 18 anys la presentacié clinica més freqlent de la
malaltia pneumocodccica invasiva ha estat la pneumodnia complicada amb
vessament pleural i/o empiema (54,4%), amb una taxa d’incidéncia de 6,83
casos per 100.000 persones-any.

Entre 2012 i 2015 s’ha observat una disminucio significativa de la incidéncia de
pneumonia complicada per vessament pleural /o empiema deguda,
principalment, a la reduccié de casos produits pel serotip 1. Els casos produits
pel serotip 3 i pels serotips no vacunals han augmentat.

Durant els periodes epidémics de grip la incidéncia total de malaltia
pneumocodccica invasiva ha augmentat en els menors de 18 anys,
especialment en els majors de 2 anys i en la presentacio clinica de pneumonia.
Els casos de malaltia pneumocdccica invasiva amb complicacions i amb
sequeles a I'alta han estat majors durant els periodes epidémics.

La fracci6 evitada en poblaciéo de malaltia pneumocdccica invasiva en nens de
7 a 59 mesos i ha estat més elevada en el periode epidémic que en el periode
no epidémic de grip (50,4% vs. 46,1%), havent-se observat la diferéncia més
gran entre ambdods periodes en els casos de pneumonia (50,8% vs. 43,4%).

Els casos amb fallada vacunal han representat el 23,1% del total de casos de
malaltia pneumocdccica invasiva produits per serotips VPC13 en infants de 2 a
59 mesos i s’han produit principalment en les pneumdnies complicades i el seu
diagnostic microbioldgic s'ha realitzat principalment per real-time PCR.

El serotip 3 ha representat el 66,7% dels casos amb fallada vacunal i s’ha
associat a pacients correctament vacunats per a la seva edat, que havien
completat la pauta de vacunacié i al grup d’edat de 24-59 mesos. El serotip
19A ha representat el 20,8% dels casos de fallada vacunal i s’ha associat a
pacients correctament vacunats per a la seva edat, que no havien acabat la

pauta vacunal i en menors de 2 anys.
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10.

Després de la introduccié de la vacuna polisacarida conjugada 13 valent els
costos directes associats a malaltia pneumococcica invasiva en menors de 5
anys ha disminuit en totes les presentacions cliniques a causa d'un descens en
el nombre de casos. La pneumonia ha estat la presentacié clinica que més
costos ha generat (62,0%) seguida de la meningitis (26,1%).

Els casos de malaltia pneumococcica invasiva posteriors a la introduccié de la
vacuna polisacarida conjugada 13 valent han estat de major gravetat i han
consumit més serveis de salut. El cost mitja de la malaltia pneumococcica
invasiva s’ha incrementat un 34,1% i el de la pneumodnia un 46,3%. Els costos

associats als dies d'ingrés a UCI han augmentat un 77,4%.
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