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1. ACRONIMS

BCG Bacillus de Calmette Guerin
Centre d’Atencid i Seguiment a les
CAS L.
drogodependeéncies
CCAA Comunitats autonomes
Csu Cobertura sanitaria universal
DI Densitat d’incidéncia
ECC Estudi convencional de contactes
ECDC European Centre for Disease Prevention and Control
ETODA Equip de tr.actament directament observat
ambulatori
HR Hazard ratio
1A Incidéncia acumulada
IC Interval de confianga
IGRA Interferon-Gamma Release Assays
ITL Infeccid tuberculosa latent
MDR Multidrogo resistent
MT Mycobacterium tuberculosis
oms Organitzacié Mundial de la Salut
ONU Organitzacié de les Nacions Unides
OR Odds ratio
Programa de Prevencid i Control de la Tuberculosi de
PPCTB
Barcelona
PPD Derivat proteic purificat
PT Prova de la tuberculina
SDF Sense domicili fix
TB Tuberculosi
TBP Tuberculosi pulmonar
TDO Tractament directament observat
Tl Taxa d’incidéncia
TITL Tractament de la infeccio tuberculosa latent
TNF-a Factor de necrosis tumoral alfa
uc Unitat clinica
UCTB Unitat clinica de tuberculosi
VIH Virus de la immunodeficiencia humana
WGS Seqlienciacié genomica complerta
XDR Extremadament resistent
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2. RESUM/RESUMEN/ABSTRACT
RESUM
TiTOL

CARACTERITZACIO, PREVENCIO | CONTROL DE LA TUBERCULOSI EN
POBLACIONS VULNERABLES A CATALUNYA

ANTECEDENTS

La tuberculosi (TB) és una malaltia infecciosa transmissible per via aéria,
curable i prevenible que segueix sent un problema de salut publica de primer
ordre a nivell mundial. Tant a Catalunya com a Barcelona, tot i que les
incidencies de TB es mantenen amb lleugera i insuficient tendéncia a la baixa,
cada vegada augmenta més la complexitat dels casos. Aixd en gran part és
degut a que la TB en zones de mitjana i baixa incidencia, afecta de manera
desproporcionada a poblacions vulnerables com persones immigrants de
paisos de baixa renda i alta endémia de TB, persones en risc d’exclusiod social
o de marginalitat com les persones sense llar, o a persones amb problemes
d’addiccions o amb barreres lingliistiques o culturals. Altres grups de poblacié
vulnerables sén les persones grans i els infants. També tenen un major risc de
desenvolupar la TB aquelles persones que han estat contacte d’una persona
amb TB pulmonar i s’han infectat o aquelles que ja han tingut un episodi de TB
anteriorment. Tots aquests col-lectius presenten un major risc de
desenvolupar TB que la resta de la poblacié i, per tant, requereixen una
atencié especial i d’'unes accions enfocades a la prevencid de malaltia i
reforcar les mesures de control. A més, moltes de les poblacions vulnerables,
degut a alguns dels factors de risc mencionats o a altres condicions
econdmiques, socials o culturals, tenen problemes d’adheréencia al
tractament, presenten complicacions de manera més freqiient i tenen una
pitjor resposta i resultat del tractament. Considerem que és primordial centrar
els esforcos en estudiar la TB en aquestes poblacions i identificar actuacions,
estrategies i politiques efectives per la reduccié de la TB en aquests col-lectius,
i conseqlientment, en la poblacid general. L'objectiu d’aquesta tesi és coneixer
les caracteristiques, la incidéncia i I'evolucié de la TB en algunes de les
poblacions vulnerables més rellevants i les millors estrategies per a la seva
prevencio i control en una area en transicid cap a una baixa incidéncia com
Catalunya i Barcelona.

16



METODOLOGIA

Degut a les diferéncies en les metodologies utilitzades als articles inclosos a
la tesi, es presenta un quadre resum:

Disseny i poblacié Ambit Analisi estadistica
Article 1 | Estudi poblacional Barcelona Analisi descriptiva dels
de cohorts casos. Calcul dels odds
retrospectiu dels ratio (OR) per
contactes amb comparar els casos que
infeccid tuberculosa van completar el
latent (ITL) de tractament amb els
pacients amb TB que no mitjangant una
pulmonar que van analisi de regressio
iniciar tractament logistica multivariada.
entre el 2008 i el Calcul de la incidéncia
2014. Es van seguir acumulada (IA) de TB
fins al 2016. mitjancant corbes de
Kaplan-Meier,
comparant les corbes
mitjangant el test de
Log-rank. Calcul de la
densitat d’incidéncia
(DI). Calcul dels hazard
ratio (HR) per al risc de
TB per analisi
multivariada a partir de
Models de Cox de
riscos proporcionals.
Article 2 | Estudi poblacional Catalunya Analisi descriptiva dels
de cohorts (Serveis casos. Calcul de la A de
retrospectiu dels Clinics) recurrencia mitjancant
casos ingressats a corbes de Kaplan-
Serveis Clinics que Meier, comparant les
van iniciar corbes mitjangant el
tractament entre els test de Log-rank. Calcul
anys 2000 2016. Es de la DI. Calcul dels HR
van seguir fins a per al risc de
I'octubre del 2017. recurrencia per analisi
multivariada a partir de
Models de Cox de
riscos proporcionals.
Article 3 | Estudi observacional | Catalunya Analisi descriptiva dels
descriptiu (Xarxa casos. Determinacio
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transversal

retrospectiu dels

casosde TB

diagnosticats en
nens menors de 2
anys entre I'1 de
gener del 2005 i el
31 de desembre del
2013. Es van seguir
fins al desembre del

d’Hospitals
Publics de
Catalunya)

dels factors associats a
les complicacions a
llarg termini de la TB
calculant els OR
mitjangant una analisi
de regressio logistica
multivariada.

2015.

Article 4 | Estudi observacional | Unitat Clinica | Analisi descriptiva dels
descriptiu de TB (UCTB) | casos. Comparacio
transversal dels de I'Hospital | entre persones amb TB
casos diagnosticats del Mar de autoctones i
de TB des de I'1 de Barcelona immigrants mitjangant
setembre del 2013 una analisi bivariada
finsal'lde utilitzant el test chi-
setembre del 2016. quadrat.

Es van seguir fins a
I'abril del 2018.

Article 5 | Estudi poblacional Catalunya Analisi descriptiva de
de cohorts (Centres les dades. Calcul de la
retrospectiu de totes | d’atencio prevalenca de malalties
les persones primaria de croniques, Us de tabaci
immigrants Catalunya) consum de risc
indocumentades d’alcohol. Calcul dels

ateses als centres
d’atencié primaria
de Catalunya des del
desembre del 2010
fins al desembre del

2013.

OR per comparar els
casos potencialment
exclosos i els no
exclosos de la
cobertura sanitaria
publica mitjangant una
analisi de regressio
logistica condicional.
Calcul de la incidencia
de malalties
transmissibles. Calcul
dels HR per al risc de
cada malaltia
infecciosa per analisi
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multivariada a partir de
Models de Cox de
riscos proporcionals.
Article 6 | Estudi observacional | Barcelona Analisi descriptiva de
descriptiu les dades. Calcul dels
transversal de base OR per comparar els
poblacional dels pacients que complien
casos de TB majors els criteris de “sense
de 18 anys notificats llar” amb la resta de
al Programa de pacients del periode
Prevencid i Control mitjangant una analisi
delaTB de de regressio logistica
Barcelona entre el multivariada.
1997 iel 2017.
RESULTATS

A l'estudi 1, on s’estudiaven 3097 contactes propers de 565 casos de TB
pulmonar, laincidencia de TB entre els contactes amb ITL va ser de 290, 1 casos
per 100.000 persones-any, la qual és 17 vegades superior a la incidéncia global
a Barcelona I'any 2016 (16,2 casos per 100.000 persones-any). El risc de
desenvolupar TB després de dos i cinc anys de la infeccié va ser del 0,7% (IC:
0,3-1,6) i de I'1,8% (IC: 1,1-3,1), respectivament. El grup de contactes amb un
major risc de desenvolupar la malaltia van ser aquells contactes amb
prescripcid de tractament de la ITL (TITL) perdo que no el van completar.
Aquests tenien un risc de desenvolupar la TB 10 vegades més alt comparat
amb aquells que completaven el tractament. El risc era del 5% als 2 anys i del
11,2% als 5 anys i, en canvi, en els contactes sense prescripcid del tractament
i en els que el van finalitzar, el risc estava al voltant de I’'1%. No completar el
TITL va ser un factor de risc per a desenvolupar la TB (HR 9,4, IC: 2,9-30,8).

Els resultats de I'estudi 2 indiquen que la incidéencia de recurréncies entre els
839 pacients tractats i seguits a un centre de referéncia de TB per a persones
vulnerables a Catalunya va ser de 0,49 per 100 persones-any, la qual és entre
17 i 36 vegades major que la incidencia de TB en la poblacié general de
Catalunya durant el mateix periode de temps. La probabilitat de recurréncia
augmenta amb els anys, observant una probabilitat de 0,63% a I'any de
seguiment, de 1,35% als 2 anys i de 3,69% als 5 anys. L'analisi multivariat
mostra que els factors predictius de recurrencia eren I'edat superior a 34 anys
(HR 3,90; IC: 1,06-14,34 entre 35 i 45 anys i HR 3,88; IC: 1,02-14,80 en majors
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de 45 anys) i la resisténcia a almenys un farmac antituberculés (HR 2,91;
IC:1,11-7,65).

A l'estudi 3 es van incloure 134 pacients amb TB menors de 2 anys. La TB
pulmonar es va diagnosticar en el 94% dels infants i un 62,7% dels infants amb
TB van presentar manifestacions cliniques. Es van produir complicacions
associades a la TB en el 18,7% dels casos, i aquestes van ser molt més
freqlients en aquells casos amb TB meningia (78,6%). Entre els casos amb TB
pulmonar la complicacié més freqiient va ser el col-lapse lobar i entre els casos
amb TB meningia va ser el col-lapse lobar i el deteriorament mental o retard
psicomotor. A nivell multivariat, la taquipnea (OR 4,24; IC: 1,17-15,35), la TB
meningia (OR 52,21; IC: 10,05-271,2) i les formes mixtes/extrapulmonars (OR
11,3;1C: 2,85-45,1) es van associar amb el desenvolupament de complicacions
associades a la TB.

Al'estudi 4 esvan incloure 172 pacients amb TB diagnosticats a la unitat clinica
de TB de I'Hospital del Mar de Barcelona, el 62,2% dels quals eren nascuts a
I'estranger. Els incidents i amenaces més freqiients durant el tractament de la
TB van ser complicacions relacionades amb la medicacié (43,0%), visites de
seguiment perdudes (34,3%), problemes de comunicacié (25,6%),
complicacions degudes a comorbiditats (23,8%), viatges (19,2%), por al rebuig
social (16,9%), i canvi de domicili (14,5%). Les intervencions per promoure
I'adherencia al tractament van ser: trucades de seguiment, tractament
directament observat (TDO), informes médics i humanitaris, visites extres i
mediacié cultural. Els incidents i intervencions van ser més freqiients en
pacients nascuts a l'estranger, perd no hi va haver diferéncies en I'éxit del
tractament entre nascuts a Espanya i nascuts a |'estranger.

L'article 5 mostra com hauria afectat a la salut de la poblacid I'exclusié de les
persones immigrants indocumentades de la cobertura sanitaria publica a
Catalunya. Les persones no excloses presentaven un major percentatge de
casos amb hipertensié (OR 1,5; IC: 1,42-1,6), dislipemia (OR 2,31; IC: 2,18-
2,44), insuficiéncia cardiaca (OR 1,51; IC: 1,11-2,05), depressié (OR 4,64; IC:
4,26-5,06) i malaltia pulmonar obstructiva cronica (OR 3,56; IC: 2,88-4,4). Per
contra, malalties infeccioses transmissibles com la TB (HR 4,09; IC: 2,59-6,45),
el virus de laimmunodeficiencia humana (VIH) (HR 2,33; IC: 1,07-5,09) i la sifilis
(HR 3,36; IC: 2,2-5,12) van ser més freqlients en les persones potencialment
excloses.

A I'article 6 es van analitzar 8739 casos amb TB, el 7% (626) dels quals eren
persones sense llar. Comparat amb la resta de la poblacio amb TB, la TB en les
persones sense llar va estar més associada a haver nascut fora d’Espanya (OR
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2,7; 1C: 2,2-3,3), ser home(OR 1,5; IC: 1,2-1,9), fumador (OR 1,5; IC: 1,2-1,9),
amb un consum de risc d’alcohol (OR 1,8; IC: 1, 4-2,2) i drogues injectables (OR
2,1; IC: 1,5-2,9) i tenir antecedents de presd (OR: 2,8; IC: 2-3,9). La TB en
persones sense llar es va associar també a haver tingut episodis de TB
anteriors (OR 1,4; IC: 1,1-1,8), tenir TB pulmonar (OR 1,5; IC: 1,1-2,1) i amb
radiografia de torax anormal (OR 1,9; IC: 1,3-2,8). Finalment, les persones
sense llar presentaven pitjors resultats del tractament (OR 1,3; IC: 1-1,6) i
menys estudis de contactes (ECC) realitzats (OR 3,4; IC: 2,8-4,1).

CONCLUSIONS

Per a millorar el control de la TB en contextos de mitjana-baixa incidéncia com
Catalunya i Barcelona, és fonamental coneixer i tenir ben caracteritzada la
poblacié més vulnerable a desenvolupar TB a cada territori. Sobre aquesta
s’han de dirigir molts dels esforcos per a establir de manera precog les
mesures de prevencié i control de la malaltia amb la mirada posada en
aconseguir els ambiciosos objectius de I'Organitzaci6 Mundial de la Salut
(OMS) per a I'any 2035. Per a cada col-lectiu vulnerable dels estudiats en
aquesta tesi i, aplicades sobre Catalunya i Barcelona, es poden desprendre les
seglients conclusions més rellevants.

Els contactes de persones amb TB pulmonar bacil-lifera amb ITL tenen un risc
17 vegades major de desenvolupar TB activa que la resta de la poblacid, i
aquest risc és 10 vegades major en aquelles persones que no completen el
TITL en comparacié amb les que el completen. Haver nascut fora d’Espanya és
un factor de risc per no completar el TITL. EIl TDO és una estratégia essencial
per a millorar I'adheréencia, també del TITL.

Les persones que han tingut un episodi de TB anterior ingressats a Serveis
Clinics tenen un risc entre 17 i 36 vegades major de tornar a desenvolupar la
malaltia que la resta de la poblacid, sobretot si son de més edat i si van tenir
resisténcia a algun dels farmacs antituberculosos en el primer episodi de TB.

Els infants menors de 2 anys tenen més probabilitat tant d’infectar-se com de
presentar TB activa. A més també presenten formes més severes de la TB i
més complicacions derivades de la malaltia. Aquestes complicacions estan
associades a la taquipnea al moment del diagnostic i a la TB meningia i
extrapulmonar o mixta.

La poblaciéo immigrant té un major risc de TB que la resta de la poblacié i
acumulen més factors de risc socioeconomics. També presenten més
amenaces i incidents que poden comprometre el compliment del tractament
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i requereixen un major nombre d’intervencions per promoure I'adheréncia al
tractament.

La poblacié immigrant no documentada té una major incidencia de malalties
infeccioses transmissibles com la TB i una menor prevalenca de malalties
croniques. Per tant, I'exclusié d’aquest col-lectiu de I'assisténcia sanitaria
publica i gratuita posaria en risc el control de la TB i d’altres malalties
infeccioses a nivell comunitari.

Les persones sense llar tenen un major risc d’infectar-se i de desenvolupar la
TB que la resta de la poblacié. A més, aquest col-lectiu acumula més factors
de risc, presenten formes més severes de la TB, tenen pitjors resultats del
tractament i es realitzen menys ECC.

RECOMANACIONS

Cada programa de prevencid de la TB a cada territori ha de conéixer els trets
fonamentals i el perfil dels col-lectius més vulnerables a desenvolupar TB i
prioritzar sobre aquests les mesures de prevencio i control de la malaltia el
més aviat possible. Es essencial disposar d’un sistema sanitari universal i
gratuit per a cobrir el diagnostic, tractament i seguiment dels casos i dels
contactes tant de les persones nascudes a Espanya com a |'estranger. Cal
detectar la malaltia de manera precog per evitar futures complicacions i la
seva transmissié a la comunitat.

Cal realitzar I'ECC a tots els casos amb TB pulmonar i indicar TITL a totes les
persones infectades aixi com incorporar estrategies per millorar el
compliment del TITL, com el TDO en aquelles persones amb més factors de
risc d’'incompliment del tractament. Es recomana prestar especial atencio i fer
un seguiment clinic a tots aquells pacients que s’han curat de la TB per
detectar possibles recurréncies. També cal prestar especial atencio als infants
menors de 2 anys, indicant quimioprofilaxis primaria el més aviat possible a
tots aquells que hagin estat contactes de persones amb TB pulmonar i TITL a
tots els infectats. En persones menors de 2 anys es recomana un seguiment
proper per evitar i detectar I'aparici6 de possibles complicacions. Es
recomanen accions per facilitar I'accés al sistema sanitari també de les
persones immigrants amb TB i garantir el compliment del tractament. Cal
millorar la prevencié primaria del sensellarisme i el seguiment social i clinic de
les persones sense llar que tenen TB. Finalment, és essencial abordar els
determinants socials de la TB per tal d’evitar molts dels factors de risc que
porten finalment a la infeccié i desenvolupament de la malaltia, aixi com a
problemes en el compliment del tractament.
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RESUMEN
TiTULO

CARACTERIZACION, PREVENCION Y CONTROL DE LA TUBERCULOSIS EN
POBLACIONES VULNERABLES EN CATALUNA

ANTECEDENTES

La tuberculosis (TB) es una enfermedad infecciosa transmisible por via aérea,
curable y prevenible que sigue siendo un problema de salud publica de primer
orden a nivel mundial. Tanto en Catalufia como en Barcelona, aunque las
incidencias de TB se mantienen con ligera e insuficiente tendencia a la baja,
aumenta cada vez mas la complejidad de los casos. Esto en gran parte se debe
a que la TB en zonas de media y baja incidencia, afecta de manera
desproporcionada a poblaciones vulnerables como personas inmigrantes de
paises de baja renta y alta endemia de TB, personas en riesgo de exclusion
social o de marginalidad como personas sin hogar, o personas con problemas
de adicciones o con barreras linglisticas o culturales. Otros grupos de
poblacién vulnerables son las personas mayores y los nifios. También tienen
un mayor riesgo de desarrollar la TB aquellas personas que han estado en
contacto con una persona con TB pulmonar y se han infectado o aquellas que
ya han tenido un episodio de TB anteriormente. Todos estos colectivos
presentan un mayor riesgo de desarrollar TB que el resto de la poblacién vy,
por tanto, requieren una atencidon especial, acciones enfocadas a la
prevencion de la enfermedad y reforzar las medidas de control. Ademas,
muchas de las poblaciones vulnerables, debido a algunos de los factores de
riesgo mencionados o a otras condiciones econdmicas, sociales o culturales,
tienen problemas de adherencia al tratamiento, presentan complicaciones de
forma mas frecuente y tienen una peor respuesta y resultado del tratamiento.
Consideramos que es primordial centrar los esfuerzos en estudiar la TB en
estas poblaciones e identificar actuaciones, estrategias y politicas efectivas
para la reduccién de la TB en estos colectivos y, consecuentemente, en la
poblacién general. El objetivo de esta tesis es conocer las caracteristicas, la
incidencia y la evolucién de la TB en algunas de las poblaciones vulnerables
mas relevantes y las mejores estrategias para su prevencién y control en un
area en transicion hacia una baja incidencia como Catalufia y Barcelona.

METODOLOGIA

Debido a las diferencias en las metodologias utilizadas en los articulos
incluidos en la tesis, se presenta un cuadro resumen:

23



Disefio y poblacion

Ambito

Analisis estadistico

Articulo 1 | Estudio poblacional | Barcelona Analisis descriptivo de
de cohortes los casos. Cdlculo de
retrospectivo de los los odds ratio (OR)
contactos con para comparar los
infeccidn casos que
tuberculosa latente completaron el
(ITL) de pacientes tratamiento con los
con TB pulmonar gue no mediante un
gue iniciaron analisis de regresion
tratamiento entre logistica multivariada.
2008 y 2014. Se Calculo de la
siguieron hasta incidencia acumulada
2016. (IA) de TB mediante

curvas de Kaplan-
Meier, comparando
las curvas mediante el
test de Log-rank.
Calculo de la densidad
de incidencia (D).
Calculo de los hazard
ratio (HR) para el
riesgo de TB por
analisis multivariado a
partir de Modelos de
Cox de riesgos
proporcionales.

Articulo 2 | Estudio poblacional | Cataluia Analisis descriptivo de
de cohortes (Serveis los casos. Célculo de la
retrospectivo de los | Clinics) IA de recurrencia

casos ingresados en
Serveis Clinics que
iniciaron
tratamiento entre
los afios 2000 y
2016. Se siguieron
hasta octubre de
2017.

mediante curvas de
Kaplan-Meier,
comparando las curvas
mediante el test de
Log-rank. Calculo de la
DI. Calculo de los HR
para el riesgo de
recurrencia por
analisis multivariado a
partir de Modelos de
Cox de riesgos
proporcionales.
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Articulo 3 | Estudio Cataluia Analisis descriptivo de
observacional (Red de los casos.
descriptivo Hospitales Determinacién de los
transversal Publicos de factores asociados a
retrospectivo de los | Catalufia) las complicaciones a
casos de TB largo plazo de la TB
diagnosticados en calculando los OR
nifios menores de 2 mediante un andlisis
afios entre el 1 de de regresidn logistica
enero de 2005 y el multivariada.

31 de diciembre de
2013. Se siguieron
hasta diciembre de
2015.

Articulo 4 | Estudio Unidad Andlisis descriptivo de
observacional Clinica de TB | los casos.
descriptivo (UCTB) del Comparacion entre
transversal de los Hospital del | personas con TB
casos diagnosticados | Mar de autoctonas e
de TB desde el 1 de | Barcelona inmigrantes mediante
septiembre de 2013 un andlisis bivariado
hasta el 1 de utilizando el test chi-
septiembre de 2016. cuadrado.

Se siguieron hasta
abril de 2018.

Articulo 5 | Estudio poblacional | Cataluiia Analisis descriptivo de
de cohortes (Centros de los datos. Calculo de la
retrospectivo de atencion prevalencia de
todas las personas primaria de enfermedades
inmigrantes Cataluia) cronicas, uso de
indocumentadas tabaco y consumo de

atendidas en los
centros de atencién
primaria de Cataluia
desde diciembre de
2010 hasta
diciembre de 2013.

riesgo de alcohol.
Calculo de los OR para
comparar los casos
potencialmente
excluidos y no
excluidos de la
cobertura sanitaria
publica mediante un
analisis de regresion
logistica condicional.
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Calculo de la
incidencia de
enfermedades
transmisibles. Calculo
de los HR para el
riesgo de cada
enfermedad infecciosa
por analisis
multivariado a partir
de Modelos de Cox de

riesgos
proporcionales.
Articulo 6 | Estudio Barcelona Andlisis descriptivo de

observacional los datos. Calculo de
descriptivo los OR para comparar
transversal de base a los pacientes que
poblacional de los cumplian los criterios
casos de TB mayores de “sin hogar” con el
de 18 afios resto de los pacientes
notificados en el del periodo mediante
Programa de un andlisis de
Prevencién y Control regresion logistica
de laTB de multivariada.
Barcelona entre
1997 y 2017.

RESULTADOS

En el estudio 1, en el que se estudiaron 3097 contactos cercanos de 565 casos
de TB pulmonar, la incidencia de TB entre los contactos con ITL fue de 290,1
casos por 100.000 personas-afio, la cual es 17 veces superior a la incidencia
global en Barcelona en el afio 2016 (16,2 casos por 100.000 personas-afio). El
riesgo de desarrollar TB después de dos y cinco afos de la infeccién fue del
0,7% (IC: 0,3-1,6) y del 1,8% (IC: 1,1-3,1), respectivamente. El grupo de
contactos con un mayor riesgo de desarrollar la enfermedad fueron aquellos
contactos con prescripcién de tratamiento de la ITL (TITL) pero que no lo
completaron. Estos tenian un riesgo de desarrollar la TB 10 veces mas alto
comparado con aquellos que completaban el tratamiento. El riesgo era del 5%
a los 2 afos y del 11,2% a los 5 afos y, en cambio, en los contactos sin
prescripcion del tratamiento y en los que lo finalizaron, el riesgo estaba en
torno al 1%. No completar el TITL fue un factor de riesgo para desarrollar la TB
(HR 9,4, IC: 2,9-30,8).

26



Los resultados del estudio 2 indican que la incidencia de recurrencias entre los
839 pacientes tratados y seguidos en un centro de referencia de TB para
personas vulnerables en Cataluiia fue de 0,49 por 100 personas-afio, la cual es
entre 17 y 36 veces mayor que la incidencia de TB en la poblacién general de
Catalufia durante el mismo periodo de tiempo. La probabilidad de recurrencia
aumenta con los afios, observando una probabilidad de 0,63% al afio de
seguimiento, de 1,35% a los 2 anos y de 3,69% a los 5 anos. El andlisis
multivariado muestra que los factores predictivos de recurrencia fueron la
edad superior a 34 afios (HR 3,90; IC: 1,06-14,34 entre 35 y 45 afios y HR 3,88;
IC: 1,02-14,80 en mayores de 45 afios) y la resistencia a al menos un farmaco
antituberculoso (HR 2,91; IC:1,11-7,65).

En el estudio 3 se incluyeron 134 pacientes con TB menores de 2 afios. La TB
pulmonar se diagnosticé en el 94% de los nifios y un 62,7% de los niflos con TB
presentaron manifestaciones clinicas. Se produjeron complicaciones
asociadas a la TB en el 18,7% de los casos, y éstas fueron mucho mas
frecuentes en aquellos casos con TB meningea (78,6%). Entre los casos con TB
pulmonar la complicacién mas frecuente fue el colapso lobar y entre los casos
con TB meningea fue el colapso lobar y el deterioro mental o retraso
psicomotor. A nivel multivariado, la taquipnea (OR 4,24; IC: 1,17-15,35), laTB
meningea (OR 52,21; IC: 10,05-271,2) y las formas mixtas/extrapulmonares
(OR 11,3; IC: 2,85-45,1) se asociaron con el desarrollo de complicaciones
asociadas a la TB.

En el estudio 4 se incluyeron 172 pacientes con TB diagnosticados en la unidad
clinica de TB del Hospital del Mar de Barcelona, el 62,2% de los cuales eran
nacidos en el extranjero. Los incidentes y amenazas mas frecuentes durante
el tratamiento de la TB fueron complicaciones relacionadas con la medicacion
(43,0%), visitas de seguimiento perdidas (34,3%), problemas de comunicacién
(25,6%), complicaciones debidas a comorbilidades (23,8%), viajes (19,2%),
miedo al rechazo social (16,9%), y cambio de domicilio (14,5%). Las
intervenciones para promover la adherencia al tratamiento fueron: llamadas
de seguimiento, tratamiento directamente observado (TDO), informes
médicos y humanitarios, visitas extras y mediacién cultural. Los incidentes e
intervenciones fueron mas frecuentes en pacientes nacidos en el extranjero,
pero no hubo diferencias en el éxito del tratamiento entre nacidos en Espaia
y nacidos en el extranjero.

El articulo 5 muestra cémo habria afectado a la salud de la poblacién la
exclusién de las personas inmigrantes indocumentadas de la cobertura
sanitaria publica en Catalufia. Las personas no excluidas presentaban un
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mayor porcentaje de casos con hipertension (OR 1,5; IC: 1,42-1,6), dislipemia
(OR 2,31; IC: 2,18-2,44), insuficiencia cardiaca (OR 1,51; IC: 1,11-2,05),
depresion (OR 4,64; IC: 4,26-5,06) y enfermedad pulmonar obstructiva crénica
(OR 3,56; IC: 2,88-4,4). Por el contrario, enfermedades infecciosas
transmisibles como la TB (HR 4,09; IC: 2,59-6,45), el virus de Ila
inmunodeficiencia humana (VIH) (HR 2,33; IC: 1,07-5,09) vy la sifilis (HR 3,36;
IC: 2,2-5,12) fueron mas frecuentes en las personas potencialmente excluidas.

En el articulo 6 se analizaron 8739 casos con TB, el 7% (626) de los cuales eran
personas sin hogar. Comparado con el resto de la poblacién con TB, la TB en
las personas sin hogar estuvo mds asociada a haber nacido fuera de Espafia
(OR 2,7; IC: 2,2-3,3), ser hombre (OR 1,5; IC: 1,2-1,9), fumador (OR 1,5; IC: 1,2-
1,9), con un consumo de riesgo de alcohol (OR 1,8; IC: 1,4-2,2) y drogas
inyectables (OR 2,1; IC: 1,5-2,9) y tener antecedentes de prisién (OR: 2,8; IC:
2-3,9). La TB en personas sin hogar se asocié también a haber tenido episodios
de TB anteriores (OR 1,4; IC: 1,1-1,8), tener TB pulmonar (OR 1,5; IC: 1,1-2,1)
y con radiografia de térax anormal (OR 1,9; IC: 1,3-2,8). Finalmente, las
personas sin hogar presentaron peores resultados del tratamiento (OR 1,3; IC:
1-1,6) y menos estudios de contactos (ECC) realizados (OR 3,4; IC: 2,8-4,1).

CONCLUSIONES

Para mejorar el control de la TB en contextos de media-baja incidencia como
Catalufia y Barcelona, es fundamental conocer y tener bien caracterizada a la
poblacién mas vulnerable a desarrollar TB en cada territorio. Sobre la misma
deben dirigirse muchos de los esfuerzos para establecer de manera precoz las
medidas de prevencion y control de la enfermedad con la mirada puesta en
conseguir los ambiciosos objetivos de la Organizacion Mundial de la Salud
(OMS) para el afio 2035. Para cada colectivo vulnerable de los estudiados en
esta tesis y, aplicadas sobre Catalufia y Barcelona, se pueden desprender las
siguientes conclusiones mas relevantes.

Los contactos de personas con TB pulmonar bacilifera con ITL tienen un riesgo
17 veces mayor de desarrollar TB activa que el resto de la poblacién, y este
riesgo es 10 veces mayor en aquellas personas que no completan el TITL en
comparacién con las que lo completan. Haber nacido fuera de Espafia es un
factor de riesgo para no completar el TITL. El TDO es una estrategia esencial
para mejorar la adherencia, también del TITL.

Las personas que han tenido un episodio de TB anterior ingresados en Serveis
Clinics tienen un riesgo entre 17 y 36 veces mayor de volver a desarrollar la
enfermedad que el resto de la poblacién, sobre todo si son de mds edad v si
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tuvieron resistencia a alguno de los farmacos antituberculosos en el primer
episodio de TB.

Los nifos menores de 2 afos tienen mds probabilidad tanto de infectarse
como de presentar TB activa. Ademas, también presentan formas mas severas
de la TB y mas complicaciones derivadas de la enfermedad. Estas
complicaciones estan asociadas a la taquipnea en el momento del diagndstico
y a la TB meningea y extrapulmonar o mixta.

La poblaciéon inmigrante tiene un mayor riesgo de TB que el resto de la
poblacién y acumula mas factores de riesgo socioeconémicos. También
presentan mdas amenazas e incidentes que pueden comprometer el
cumplimiento del tratamiento y requieren un mayor numero de
intervenciones para promover la adherencia al tratamiento.

La poblacidon inmigrante no documentada tiene una mayor incidencia de
enfermedades infecciosas transmisibles como la TB y una menor prevalencia
de enfermedades crénicas. Por tanto, la exclusion de este colectivo de la
asistencia sanitaria publica y gratuita pondria en riesgo el control de laTB y de
otras enfermedades infecciosas a nivel comunitario.

Las personas sin hogar tienen un mayor riesgo de infectarse y de desarrollar
la TB que el resto de la poblacidon. Ademas, este colectivo acumula mas
factores de riesgo, presentan formas mas severas de la TB, tienen peores
resultados del tratamiento y se realizan menos ECC.

RECOMENDACIONES

Cada programa de prevencion de la TB en cada territorio debe conocer los
rasgos fundamentales y el perfil de los colectivos mds vulnerables a desarrollar
TB y priorizar sobre los mismos las medidas de prevencion y control de la
enfermedad lo antes posible. Es esencial disponer de un sistema sanitario
universal y gratuito para cubrir el diagndstico, tratamiento y seguimiento de
los casos y de los contactos tanto de las personas nacidas en Espafia como en
el extranjero. Hay que detectar la enfermedad de manera precoz para evitar
futuras complicaciones y su transmision a la comunidad.

Hay que realizar el ECC en todos los casos con TB pulmonar e indicar TITL a
todas las personas infectadas, asi como incorporar estrategias para mejorar el
cumplimiento del TITL, como el TDO en aquellas personas con mds factores de
riesgo de incumplimiento del tratamiento. Se recomienda prestar especial
atencién y hacer un seguimiento clinico a todos aquellos pacientes que se han
curado de la TB para detectar posibles recurrencias. También hay que prestar
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especial atencién a los nifios menores de 2 afios, indicando quimioprofilaxis
primaria lo antes posible a todos aquellos que hayan sido contactos de
personas con TB pulmonary TITL a todos los infectados. En personas menores
de 2 anos se recomienda un seguimiento cercano para evitar y detectar la
aparicion de posibles complicaciones. Se recomiendan acciones para facilitar
el acceso al sistema sanitario también de las personas inmigrantes con TB y
garantizar el cumplimiento del tratamiento. Hay que mejorar la prevencién
primaria del sinhogarismo y el seguimiento social y clinico de las personas sin
hogar que tienen TB. Finalmente, es esencial abordar los determinantes
sociales de la TB con el fin de evitar muchos de los factores de riesgo que llevan
finalmente a la infeccidn y desarrollo de la enfermedad, asi como a problemas
en el cumplimiento del tratamiento.

ABSTRACT
TITLE

CHARACTERIZATION, PREVENTION AND CONTROL OF TUBERCULOSIS IN
VULNERABLE POPULATIONS IN CATALONIA

BACKGROUND

Tuberculosis (TB) is an airborne, curable, and preventable infectious disease
that remains a major public health problem worldwide. Both in Catalonia and
Barcelona, although the incidence of TB remains stable with a slight but
insufficient downward trend, the complexity of the cases is increasing. This is
largely due to the fact that TB in medium and low incidence areas
disproportionately affects vulnerable populations. For example, immigrants
from low-income countries with high TB endemicity, people at risk of social
exclusion or marginalization, such as the homeless, or people with addiction
problems or with language or cultural barriers. Other vulnerable population
groups are the elderly and children. People who have been in contact with a
person with pulmonary TB and become infected or who have had a previous
episode of TB are also at greater risk of developing TB. All these groups present
a greater risk of developing TB than the rest of the population and, therefore,
require special attention and actions focused on disease prevention and
strengthening control measures. In addition, many of the vulnerable
populations, because of some of the risk factors mentioned or other
economic, social, or cultural conditions, have treatment adherence problems,
present complications more frequently, and have a worse response and
outcome of treatment. We consider it essential to focus efforts on studying TB
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in these populations and identify effective actions, strategies, and policies to
reduce TB in these groups, and consequently, in the general population. The
aim of this thesis is to know the characteristics, incidence, and evolution of TB
in some of the most relevant vulnerable populations and the best strategies
for its prevention and control in an area in transition towards a low incidence
area like Catalonia and Barcelona.

METHODOLOGY

Due to the differences in the methodologies used in the articles included in
the thesis, a summary table is presented:

Design and population | Scope Statistical analysis
Article 1 | A retrospective Barcelona Descriptive analysis of
population-based cases. Calculation of
cohort study of contacts the odds ratio (OR) to
with latent tuberculosis compare the cases
infection (LTBI) of that completed the
patients with treatment with those
pulmonary TB who that did not using a
initiated treatment multivariate logistic
between 2008 and regression analysis.
2014. They were Calculation of the
followed until 2016. cumulative incidence

(CI) of TB using
Kaplan-Meier curves,
comparing curves
using the Log-rank
test. Calculation of
incidence density (ID).
Calculation of hazard
ratio (HR) for TB risk
by multivariate
analysis using a Cox
proportional hazards

model.

Article 2 | Aretrospective Catalonia Descriptive analysis of
population-based (Serveis cases. Calculation of
cohort study of cases Clinics) the Cl of recurrence
admitted to Serveis using Kaplan-Meier
Clinics who started curves, comparing the
treatment between curves using the Log-
2000 and 2016. They rank test. Calculation

of ID. Calculation of
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were followed until
October 2017.

HRs for the risk of
recurrence by
multivariate analysis
based on Cox
proportional hazards
models.

Article 3 | Retrospective cross- Catalonia Descriptive analysis of
sectional observational | (Network cases. Determination
descriptive study of TB of Public of factors associated
cases diagnosed in Hospitals of | with long-term
children under 2 years Catalonia) complications of TB
of age between January by calculating ORs
1, 2005 and December using multivariate
31, 2013. They were logistic regression
followed until analysis.

December 2015.

Article 4 | Cross-sectional Clinical TB Descriptive analysis of
observational Unit (CTBU) | cases. Comparison
descriptive study of TB of Hospital | between natives and
diagnosed cases from del Mar in immigrants through a
September 1, 2013 to Barcelona bivariate analysis
September 1, 2016. using the chi-square
They were followed test.
until April 2018.

Article 5 | A retrospective Catalonia Descriptive analysis of
population-based (Primary the data. Calculation
cohort study of all care of the prevalence of
undocumented centers of chronic diseases,
immigrants treated in Catalonia) tobacco use and

primary care centers in
Catalonia from
December 2010 to
December 2013.

alcohol risk
consumption.
Calculation of ORs to
compare cases
potentially excluded
and not excluded
from public health
coverage using
conditional logistic
regression analysis.
Calculation of the
incidence of
communicable
diseases. Calculation
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of HRs for the risk of
each infectious
disease by
multivariate analysis
based on Cox
proportional hazards

models.

Article 6 | Population-based cross- | Barcelona Descriptive analysis of
sectional observational the data. Calculation
descriptive study of TB of the ORs to compare
cases over 18 years of the patients who met
age reported in the the criteria of
Barcelona TB “homeless” with the
Prevention and Control rest of the patients in
Program between 1997 the same period using
and 2017. a multivariate logistic

regression analysis.

RESULTS

In study 1, where 3097 close contacts of 565 cases of pulmonary TB were
studied, the incidence of TB among contacts with LTBI was 290,1 cases per
100.000 person-year, which is 17 times higher than the overall incidence in
Barcelonain 2016 (16,2 cases per 100.000 person-year). The risk of developing
TB after two and five years of infection was 0,7% (Cl: 0,3-1,6) and 1,8% (Cl:
1,1-3,1), respectively. The group of contacts with the highest risk of developing
the disease were those contacts with a prescription for LTBI treatment but
who did not complete it. These had a risk of developing TB 10 times higher
compared to those who completed treatment. The risk was 5% at 2 years and
11,2% at 5 years for those who didn’t complete treatment and around 1% in
contacts without a prescription for treatment and in those who finished it. The
risk factors for developing TB were: not completing LTBI treatment (HR 9,4, Cl:
2,9-30,8) and being a woman (HR 3,5, Cl: 1,1-11-3).

The results of study 2 indicate that the incidence of recurrences among the
839 patients treated and followed up in a reference TB center for vulnerable
people in Catalonia was 0,49 per 100 person-year, which is between 17 and
36 times higher than the incidence of TB in the general population of Catalonia
during the same period. The probability of recurrence increased over the
years, observing a probability of 0,63% in the first follow-up year, 1,35% at 2
years and 3,69% at 5 years. Multivariate analysis shows that the predictive
factors of recurrence were: age greater than 34 years old (HR 3,90; Cl: 1,06-
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14,34 between 35 and 45 years old and HR 3,88; Cl: 1,02-14,80 in over 45
years) and resistance to at least one antituberculosis drug (HR 2,91; Cl:1,11—
7,65).

Study 3 included 134 TB patients under 2 years of age. Pulmonary TB was
diagnosed in 94% of the children and 62,7% presented clinical manifestations.
Complications associated with TB occurred in 18,7% of cases, and these were
much more frequent in those cases with meningeal TB (78,6%). Among the
cases with pulmonary TB, the most common complication was lobar collapse
and among the cases with meningeal TB it was lobar collapse and mental
impairment or psychomotor retardation. At a multivariate level, tachypnea
(OR 4,24; CI: 1,17-15,35), meningeal TB (OR 52,21; CI: 10,05-271,2) and
mixed/extrapulmonary forms (OR 11,3; CI: 2,85-45,1) were associated with
the development of TB related complications.

Study 4 included 172 TB patients diagnosed in the clinical TB unit at Hospital
del Mar in Barcelona, 62,2% of whom were foreign-born. The most frequent
incidents and threats during TB treatment were medication-related
complications (43,0%), missed follow-up visits (34,3%), communication
problems (25,6%), complications due to comorbidities (23,8%), travel (19,2%),
fear of social rejection (16,9%), and change of address (14,5%). Interventions
to promote adherence to treatment were follow-up calls, directly observed
treatment (DOT), medical and humanitarian reports, extra visits, and cultural
mediation. Incidents and interventions were more frequent in patients born
abroad, but there were no differences in the treatment success between those
born in Spain and those foreign-born.

Article 5 shows how the exclusion of undocumented immigrants from public
health coverage in Catalonia would have affected the health of the population.
Unexcluded people had a higher percentage of hypertension (OR 1,5; Cl: 1,42-
1,6), dyslipidemia (OR 2,31; Cl: 2,18-2,44), heart failure (OR 1,51; CI: 1,11-
2,05), depression (OR 4,64; Cl: 4,26-5,06) and chronic obstructive pulmonary
disease (OR 3,56; Cl: 2,88-4,4). In contrast, communicable infectious diseases
such as TB (HR 4,09; Cl: 2,59-6,45), human immunodeficiency virus (HIV) (HR
2,33; Cl: 1,07-5,09), and syphilis (HR 3,36; Cl: 2,2-5,12) were more common in
potentially excluded people.

Article 6 analyzed 8739 cases with TB, 7% (626) of which were homeless.
Compared to the rest of the population with TB, TB in homeless people was
associated with being born outside Spain (OR 2,7; IC: 2,2-3,3), being a man (OR
1,5; IC: 1,2-1,9), smoking (OR 1,5; Cl: 1,2-1,9), high-risk alcohol consumption
(OR 1,8;IC: 1,4-2,2), use of injectable drugs (OR 2,1; IC: 1,5-2,9) and having a
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history of imprisonment (OR: 2,8; Cl: 2-3,9). TB in the homeless was also
associated with having had previous TB episodes (OR 1,4; Cl: 1,1-1,8),
pulmonary TB (OR 1,5; Cl: 1,1-2,1), and abnormal chest X-ray (OR 1,9; CI: 1,3-
2,8). Finally, homeless people presented worse treatment outcomes (OR 1,3;
Cl: 1-1,6) and fewer contact tracing (CT) conducted (OR 3,4; Cl: 2,8-4,1).

CONCLUSIONS

To improve TB control in medium-low incidence contexts such as Catalonia
and Barcelona, it is essential to know and have well characterized the
population most vulnerable to developing TB in each territory. In this regard,
many of the efforts must be directed to establish early measures for the
prevention and control of the disease to achieve the ambitious objectives of
the World Health Organization (WHO) for the year 2035. For each vulnerable
group of those studied in this thesis, and applied to Catalonia and Barcelona,
the following most relevant conclusions can be drawn:

Infected contacts of people with smear-positive pulmonary TB have a 17 times
higher risk of developing active TB than the rest of the population, and this
risk is 10 times higher in those people who do not complete the treatment of
LTBI compared to those who complete it. Being born outside Spain is a risk
factor for not completing the treatment of LTBI. DOT is an essential strategy
to improve adherence, including the treatment of LTBI.

People who have had a previous TB episode admitted to Serveis Clinics have a
risk between 17 and 36 times higher of re-developing the disease than the rest
of the population, especially if they are older or had resistance to any of the
antituberculosis drugs in the first episode of TB.

Children under 2 years of age are more likely to become infected and to
develop active TB. In addition, they also present more severe forms of TB and
more complications derived from the disease. These complications are
associated with tachypnea at the time of diagnosis and with meningeal and
extrapulmonary or mixed TB.

The immigrant population has a higher risk of TB than the rest of the
population and accumulates more socioeconomic risk factors. They also
present more threats and incidents that may compromise treatment
compliance and require a greater number of interventions to promote
adherence to treatment.

The undocumented immigrant population has a higher incidence of
communicable infectious diseases such as TB and a lower prevalence of
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chronic diseases. Therefore, the exclusion of this group from free health care
assistance would put the control of TB and other infectious diseases at risk.

Homeless people are at greater risk of becoming infected and developing TB
than the rest of the population. In addition, this group accumulates more risk
factors, present more severe forms of TB, have worse treatment results and
less CT is performed on them.

RECOMMENDATIONS

Each TB prevention program in each territory must know the fundamental
features and profile of groups most vulnerable to developing TB and prioritize
disease prevention and control measures as soon as possible. It is essential to
have a free and universal healthcare system to cover the diagnosis, treatment
and follow-up of cases and contacts of both people born in Spain and foreign-
born. It is necessary to detect the disease early to avoid future complications
and its transmission to the community.

It is necessary to perform CT in all cases with pulmonary TB and indicate LTBI
treatment to all infected people as well as incorporate strategies to improve
LTBI treatment compliance, such as DOT in those people with more risk factors
for non-compliance with treatment. It is recommended to pay special
attention and to provide clinical follow-up to all those patients who have been
cured of TB to detect possible recurrences. Special attention should also be
paid to children under 2 years of age, indicating primary chemoprophylaxis as
soon as possible to all those contacts of people with pulmonary TB and LTBI
treatment to all those infected. In people under 2 years of age, close
monitoring is recommended to avoid and detect the appearance of possible
complications. Actions are recommended to facilitate access to the healthcare
system also for immigrants with TB and to guarantee treatment compliance.
Primary prevention of homelessness and the social and clinical monitoring of
homeless people with TB must be improved. Finally, it is essential to address
the social determinants of TB in order to avoid many of the risk factors that
eventually lead to infection and development of the disease, as well as to
prevent problems in treatment compliance.
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3. INTRODUCCIO

3.1 PRESENTACIO DELS ARTICLES DE LA TESI

Aquesta tesi esta formada per sis articles que aborden la relacié entre la
tuberculosi (TB) i diferents grups de poblacions vulnerables a Catalunya, ja
siguin col-lectius de persones amb un major risc d’infectar-se o desenvolupar
la malaltia com persones amb una major probabilitat de tenir complicacions,
problemes d’adheréncia al tractament o un pitjor resultat del tractament. La
tesi aprofundeix en els trets que caracteritzen aquestes poblacions
vulnerables i posa de manifest les mesures d’intervencié que calen per a
millorar la prevencid i el control de la TB en aquests col-lectius. Aquests han
estat publicats en revistes especialitzades amb un elevat factor d’impacte.

ARTICLE 1: Martin-Sanchez M, Brugueras S, de Andrés A, Simon P, Gorrindo P,
Ros M, Masdeu E, Millet JP, Cayla JA, Orcau A, the Contact Tracing Group of
the Tuberculosis Investigation Unit of Barcelona. Tuberculosis incidence
among infected contacts detected through contact tracing of smear positive
patients. PloS One. 2019 Apr 15;14(4):e0215322.

ARTICLE 2: Brugueras S, Molina VI, Casas X, Gonzalez YD, Forcada N, Romero
D, Rodés A, Altet MN, Maldonado J, Martin-Sdnchez M, Cayla JA, Orcau A, Rius
C, Millet JP. Tuberculosis recurrences and predictive factors in a vulnerable
population in Catalonia. PloS One. 2020 Jan 15;15(1):e0227291.

ARTICLE 3: Soriano-Arandes A, Brugueras S, Rodriguez Chitiva A, Noguera-
Julian A, Orcau A, Martin-Nalda A, Millet JP, Vallmanya T, Méndez M, Coll-
Sibina M, Mayol L, Clopés A, Pineda V, Garcia L, Lopez N, Calavia O, Rius N,
Pérez-Porcuna TM, Soler-Palacin P, Cayla JA. Clinical Presentations and
Outcomes Related to Tuberculosis in Children Younger Than 2 Years of Age in
Catalonia. Front Pediatr. 2019 Jun 11;7:238.

ARTICLE 4: Jové N, Masdeu E, Brugueras S, Millet JP, Ospina JE, Orcau A, Rius
C, Cayla JA, Sanchez F. Threats and Interventions During the Treatment of
Tuberculosis in an Inner-city District. Arch Bronconeumol. 2020 Jun 24:5S0300-
2896(20)30179-4.

ARTICLE 5: Prats-Uribe A, Brugueras S, Comet D, AIamo—Junquera D, Ortega
Gutiérrez L, Orcau A, Cayla JA, Millet JP. Evidences supporting the inclusion of
immigrants in the universal healthcare coverage. Eur J Public Health. 2020 Aug
1;30(4):785-787.
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ARTICLE 6: Brugueras S, Orcau A, Millet JP, Avellanes |, Masdeu E, Artigas A,
Clos R, de Andrés A, Prieto R, Cayla JA, Rius C. Characteristics of homeless
tuberculosis patients in a city with a low tuberculosis incidence. PloS One 2022
[under review].

3.2 INTRODUCCIO TEMATICA

3.2.1 BREU HISTORIA DE LA TUBERCULOSI

La TB és una malaltia contagiosa i infecciosa, causada pel bacteri
Mycobacterium tuberculosis (MT), que ha estat un repte permanent al llarg de
la historia de la humanitat, per les seves greus implicacions cliniques i també
socials. Sembla que ha estat present fins i tot abans dels origens de la
humanitat. Existeix la hipotesi que el genere Mycobacterium es va originar fa
més de 150 milions d’anys, i que va infectar als primers hominids a I’Africa
oriental fa uns tres milions d’anys (1). S’han trobat evidéncies de la presencia
de TB en les momies egipcies (2400 Ac), a través de la troballa de deformitats
esqueletiques tipiques de la TB (2). A I’Antiga Grecia la TB era molt coneguda
i s"anomenava tisi. La tisi va ser descrita per Hipocrates com una malaltia
mortal especialment per als adults joves, definint amb precisié els seus
simptomes i les caracteristiques lesions pulmonars tuberculoses. A I'Edat
Mitjana, es va descriure I'escrofula, la que van considerar com a una malaltia
amb entitat propia que afectava els ganglis limfatics cervicals, com una nova
forma clinica de TB (3). L'any 1720, per primera vegada, el metge anglés
Benjamin Marten va deduir I'origen infeccids de la TB.

Al segle XVIII, Europa occidental es trobava ampliament afectada per la TB,
amb una taxa de mortalitat de fins a 900 morts per cada 100.000 habitants a
I'any, més elevada entre els joves. Per aquest motiu, la TB també va ser
anomenada “el lladre de la joventut”. Durant la revolucié industrial, la
preséncia de condicions socials especialment complicades, com ara llocs de
treball extremadament desfavorits, habitatges mal ventilats i amuntegats,
sanejament rudimentari, desnutricié i altres factors de risc, es van associar
intimament amb la malaltia. El primer tractament exitds contra la TB va ser la
introduccioé de la cura del sanatori, gracies als quals es van curar nombroses
persones que patien la malaltia pero sobretot es van evitar encara més
infeccions (4).

Alllarg dels anys la TB ha presentat diferents noms en funcié del lloc o moment

HZaa n u VAN (]

de la historia: “tisi”, “mal del rei”, “consum”, “el lladre de la joventut”, “pesta
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blanca”. Fins que a mitjans del segle XIX Johann Lukas Schonlein va suggerir el
terme “tuberculosi”(5).

El 24 de marg de 1882, el Dr. Robert Koch va anunciar el descobriment del MT,
el bacteri que causa la TB. El descobriment del Dr. Koch va ser el pas més
important que s’ha fet per al control i I’eliminacié d’aquesta mortal malaltia.
Un segle després es va determinar que el 24 de marg seria el Dia Mundial de
la Tuberculosi (6,7).

A partir d’aquell moment, el coneixement i la lluita contra la TB, va presentar
uns avengos mai vistos fins llavors en la investigacid biomédica. Aviat va
apareixer la prova de la tuberculina (PT), un test cutani que permetia saber qui
estava infectat; i poc després la vacuna de bacillus de Calmette Guerin (BCG)
que va reduir I'expansié de la malaltia. Temps després, van sorgir els primers
tractaments, primer en monoterapia i després en combinacié de farmacs
capacos de curar la TB i per tant evitar part de noves infeccions.

Tot i que la millora dels tractaments i les intervencions en la prevencié i el
control de la malaltia i en la millora de les condicions de vida de la poblacié,
han aconseguit reduir la gravetat i el nombre de casos, la TB segueix lluny de
la seva I'erradicacid.

3.2.2 MICROBIOLOGIA, TRANSMISSIO | FISIOPATOLOGIA

La TB es produeix després d’una infeccié per MT, bacil gram positiu aerobic
amb una gran resisténcia a les condicions adverses. Es un patogen
intracel-lular obligat que desencadena resposta de la immunitat cel-lular. Es
divideix lentament, cada 18-20h i té una paret cel-lular rica en lipids i acids
micolics, que li confereix acid-alcohol resisténcia a les tincions. Aquestes
propietats, juntament amb la capacitat d’entrar en metabolisme latent en
condicions ambientals desfavorables, li confereixen una especificitat que
explica el seu comportament i el seu gran éxit a ’hora de sobreviure. El seu
metabolisme lent porta a un retard diagnostic, degut a I’aparicid lenta de les
manifestacions cliniques, el que porta a un retard diagnostic i per tant a un
retard en l'inici del tractament, estenent aixi el temps de contagi en els casos
de TB pulmonar (TBP) (8).

El contagi es produeix principalment per via aéria a partir de pacients amb TB
pulmonar o de laringe. En tossir, esternudar, parlar o cantar es generen
aerosols de petites particules liquides (gotes de Fliigge), a l'interior de les
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quals hi ha els bacils. Aquests poden ser inhalats per altres persones, arribar
als seus alveols i desencadenar la infeccid. La majoria de vegades, els escassos
bacils que arriben fins als alveols son fagocitats i destruits pels macrofags.
Només un petit percentatge de les persones infectades (aproximadament el
10%) arribara a desenvolupar la malaltia si no es tracten de la infeccié latent.
La meitat d’ells ho fara aviat, al cap de pocs mesos de la infeccié, mentre que
I'altre 5% necessitara un interval de temps més llarg per a desenvolupar la
malaltia (9).

Tot i aixi, aquest risc és molt més gran per a les persones amb el sistema
immunitari deteriorat, com és el cas de les persones portadores del virus de la
immunodeficiencia humana (VIH) i aquelles que presenten desnutricié o
diabetis, o que consumeixen tabac. També hi ha més risc de desenvolupar-la
a les edats extremes de la vida. Tot i que la majoria de brots de TB es donen
en I'ambit familiar i convivent, la TB pot generar brots epidémics molt
importants a nivell de la comunitat, sobretot quan coincideixen pacients
bacil-lifers en condicions de mala salubritat, amb gran retard diagnostic o
també quan hi ha contactes immunodeprimits (10). Aixi doncs, segons el
balang inicial entre el sistema immunitari de I’hoste i els micobacteris
tuberculosos, es distingeixen tres situacions diferents: Exposicid sense
infeccid; Infeccid tuberculosa latent (ITL) (sense malaltia); TB activa.

Pedescuiorn

Figura 1. Transmissio de la TB. Font: Centros para el Control y la Prevencion
de Enfermedades (CDC) (11)
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Figura 2. Fisiopatologia de la TB. Font: Cardona P. Patogéenesis de la
tuberculosis y otras micobacteriosis. Enferm Infecc Microbiol Clin. 2018 Jan
1;36(1):38-46 (12)

Els pacients amb TB pulmonar i bacil-loscopia positiva sén els més contagiosos,
especialment si hi ha lesions cavitades al pulmd. Una persona amb TB activa
pot infectar durant un any entre 5i 15 persones per contacte estret. Sense un
tractament adequat, moririen de mitjana el 45% de les persones VIH-negatives
amb TB i la practica totalitat de les persones VIH-positives amb TB (10). Tot i
gue MT en general afecta els pulmons, també pot afectar altres parts del cos,
com els ronyons, la columna vertebral i el cervell, entre molts d’altres organs.

Una vegada s’ha produit el contacte amb MT, es pot detectar la infeccio
mitjangant la PT, sempre i quan es faci a partir de les 7-12 setmanes del primer
contacte amb el cas. Es a partir d’aquell moment en qué la infeccié latent pot
ser diagnosticada ja sigui mitjancant la deteccié de la induracié produida a les
48-72h de la inoculacié d’un derivat proteic purificat (el PPD) amb més de 200
antigens diferents de MT, punxat a la part ventral de I'avantbrag a través de la
tecnica de Mantoux (intradermoreaccié). També es pot detectar la infeccié
latent mitjangant tests sanguinis (Interferon-Gamma Release Assays o IGRA)
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que detecten antigens més especifics produits pels Limfocits T activats pels
macrofags després d’haver fagocitat MT a nivell alveolar (13).

El diagnostic de la TB s’estableix a partir de signes i simptomes clinics de
sospita, proves d’imatge i confirmacid microbiologica. El diagnostic
microbiologic es basa en la utilitzacié de la microscopia de frotis d’esput
(desenvolupat fa més de 100 anys), el cultiu i teécniques d’amplificacié genética
(proves rapides). Cap metode aconsegueix el 100% de diagnostics, per la qual
cosa el 10-15% de casos de TB pulmonar i fins al 50% en algunes formes de TB
extrapulmonar no tindran confirmacié microbiologica i es recolzaran a la
clinica i en la resposta al tractament. Encara que la seva sensibilitat no arribi
al 100% i que triguen unes quantes setmanes a proporcionar resultats, el cultiu
es considera la prova de referéncia (8,14).

Els tractaments farmacologics efectius es van desenvolupar per primera
vegada a la década de 1940. El tractament recomanat actualment per a
persones amb malaltia de TB sensible als farmacs és un régim minim de 6
mesos de tractament, iniciant amb quatre farmacs de primera linia: isoniazida,
rifampicina, etambutol i pirazinamida (14). El motiu de la necessitat de terapia
combinada és que MT dona lloc a poblacions heterogénies i mutants, i
d’aquesta manera s’evita la seleccié de mutants resistents. Per altra banda, la
durada del tractament ha de ser prou prolongada per eliminar totes les
poblacions bacillars, incloses les que no estan en estat replicatiu. Si unim
aquestes dues premisses (utilitzacié de diversos farmacs i el llarg temps de
tractament) és facil deduir que un dels problemes més grans que plantegen
aquestes pautes és el compliment (9). A més a més, una caracteristica
important que cal tenir en compte en la malaltia per MT és la seva capacitat
per generar resisténcies als antibiotics. En aquests casos és imprescindible
adaptar el tractament a cada situacié concreta (15).

Una de les intervencions clau per a la prevencié i control de la TB és I'estudi
convencional de contactes (ECC), ja que permet interrompre la cadena de
transmissio de la malaltia. Consisteix en identificar i diagnosticar les persones
que han estat contacte d’un cas amb TBP i que, per tant, han estat recentment
exposades a la malaltia i poden estar infectades o ja malaltes. En aquests casos
I’'objectiu és proporcionar tractament precog i seguiment de la ITL (16).

Per tal de protegir a les persones que han estat exposades a un focus
potencialment infeccids i prevenir la infeccid, la quimioprofilaxis primaria esta
indicada en algunes circumstancies concretes sempre que la persona
exposada presenti una PT o IGRA negativa i una radiografia de torax normal:
Infants contactes d’un cas de TB transmissible per via respiratoria,

43



principalment menors de 5 anys; Persones amb infeccié pel VIH o
immunodeprimits per ser més susceptibles a desenvolupar TB greu de forma
rapida; Altres persones que pertanyin a un agrupament o brot i es consideri
prioritat sota criteri clinic. La quimioprofilaxi primaria consisteix en iniciar
tractament amb isoniazida el més aviat possible en aquestes persones i
reavaluar la seva continuacio a les 8-12 setmanes després d’una nova visita i
nova realitzacié de PT o IGRA (16).

En el cas d’aquelles persones que han estat exposades i infectades
s’administra tractament de la ITL (TITL) per evitar que la persona desenvolupi
la malaltia activa. El tractament amb isoniazida habitualment té una durada
de 6 mesos, tot i que existeixen pautes més curtes igualment d’eficaces i
segures com son 3 mesos de isoniazida i rifampicina (3HR), 4 mesos amb
rifampicina (4R) o 3 mesos amb Isoniazida i rifapentina setmanal (3HP) (16).

3.2.3 EPIDEMIOLOGIA

3.2.3.1 INCIDENCIA | MORTALITAT AL MON

La TB és una malaltia transmissible, curable i prevenible que segueix sent un
problema de salut publica a nivell mundial. Segons I'Ultim informe de
I’Organitzacié Mundial de la Salut, la TB és una de les principals causes de mala
salut i una de les principals causes de mort a tot el mdn. Fins a la pandemia
del coronavirus (COVID-19), la TB era la principal causa de mort per un sol
agent infeccids, situant-se per sobre del VIH/SIDA i les dades indiquen que tant
al 2020 com al 2021 la TB va ser la segona causa de mort per un sol agent
infeccids, després de la COVID-19. S’estima que al voltant d’'una quarta part
de la poblacié mundial ha estat infectada amb MT(14,17).

En el seu darrer informe del 2022, I’Organitzacié Mundial de la Salut (OMS)
estima que l'any 2021, a tot el mdén, aproximadament 10,6 milions de
persones (9,9-11 milions) van emmalaltir de TB, observant un augment
respecte els 9,9 milions de persones (8,9-11 milions) que van emmalaltir de TB
I’'any 2020. En comparacié amb I'any 2019, al 2020 es van observar petites
disminucions en la taxa d’incidéncia, seguint amb la tendéncia a disminuir
lentament present des de I'any 2000. En canvi, entre 2020 i 2021 la taxa
d'incidéncia de TB va augmentar un 3,6%, revertint les caigudes
d'aproximadament un 2% anual durant les dues décades anteriors. A nivell
regional, la taxa d'incidéencia de la tuberculosi va augmentar entre el 2020 i el
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2021 a cinc de les sis regions de I'OMS, excepte a la regié africana de I'OMS
(14,17).

Tenint en compte les 6 regions de I’'OMS com a unitats geografiques, els casos
de TB es distribueixen de manera molt poc uniforme. Durant I'lany 2021, la
majoria de les persones que van desenvolupar TB es trobaven a les regions de
I'OMS del Sud-est asiatic (45%), Africa (23%) i el Pacific occidental (18%), amb
proporcions més reduides al Mediterrani oriental (8,1%), America (2,9%) i
Europa (2,2%). Els 30 paisos d'alta carrega de TB van representar el 87% de
tots els casos nous estimats a tot el mdn, i vuit d'aquests paisos van
representar més de dos tercos del total mundial: india (28%), Indonésia
(9,2%), Xina (7,4%), Filipines (7,0%), Pakistan (5,8%), Nigeria (4,4%),
Bangladesh (3,6%) i la Republica Democratica del Congo (2,9%) (17).

A l'any 2021, hi va haver 47 paisos amb una baixa incidencia de TB (<10 casos
per 100.000 habitants per any), localitzats majoritariament a les regions
d’Ameérica, Europa i alguns paisos de les regions del Mediterrani oriental i
Pacific occidental. Per tant, observem que la incidéncia de TB varia molt entre
paisos, des de menys de cinc a més de 500 casos nous i de recaiguda per cada
100.000 persones per any(17).

Tot i que la TB pot afectar qualsevol persona, independentment de I’edat o del
sexe, la carrega més alta es troba en els homes adults, que van representar el
56,6% de tots els casos de TB el 2021; mentre, les dones adultes
representaven el 32,5% i els nens I'11% (17).

El 6,7% dels nous casos de TB de I'any 2021 eren persones que vivien amb el
VIH, observant una reduccio respecte el 8% de I'any 2020. El percentatge més
elevat de casos de TB coinfectats amb el VIH es trobava a paisos de la regié
africana de 'OMS, superant el 50% en algunes parts del sud de I’Africa (14,17).

Cal destacar que la pandémia de la COVID-19 ha afectat a tots els paisos del
mon en la seva gestié i maneig de la TB. Ha comportat una reduccié en els
serveis essencials de TB i ha frenat les intervencions i el progrés cap a la
reduccio de la incidéncia de TB. Aquesta situacié ha fet que no es puguin
assolir molts dels objectius plantejats en la lluita contra la TB.

Degut a I'impacte de la pandémia de COVID-19 s’ha observat una reduccio en
el registre i notificacié del nombre de persones diagnosticades amb TB. Aquest
descens en el nombre de persones diagnosticades amb TB el 2020 i el 2021
suggereixen que el nombre de persones amb TB no diagnosticada i no tractada
ha crescut. Conseqlientment, les barreres per I'accés al diagnostic i al
tractament de la TB ha portat a un augment en les morts per TB i més
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transmissié comunitaria de la infeccid, la qual pot comportar un augment del
nombre de persones que desenvoluparan TB (17).

A nivell mundial, el nombre estimat de morts per TB va augmentar entre el
2019 i el 2021, revertint el descens observat entre els anys 2005 i 2019.
S’estima que al 2021 es van produir 1,4 milions de morts entre persones VIH
negatives i 187 000 morts entre persones seropositives representant un total
d'1,6 milions de morts. La reduccid6 neta del 2015 al 2021 és del 5,9%,
aproximadament una sisena part del cami per arribar a la fita de I'estratégia
END TB de 'OMS (reduccié del 35% del nombre total de morts en comparacié
amb I'any 2015) (17).

A nivell d’Europa, igual que ha passat a la resta del mén, cal tenir present que
la pandémia de COVID-19 ha tingut un impacte en la notificacié i registre de
nous casos de TB. Per tant, les dades de I'any 2020 s’han d’analitzar i
interpretar amb precaucié i sempre tenint en compte aquest esdeveniment.

En el seu darrer informe anual, I'European Centre for Disease Prevention and
Control (ECDC) exposa que durant I'any 2020 es van notificar 163.602 casos
incidents de TB a 51 dels 53 paisos de la Regid, els quals representen el 71%
dels casos nous i de recaiguda estimats per aquest periode de temps. Hi ha
hagut una disminucié del 24% dels casos nous i recaigudes notificats entre
I'any 2019 i el 2020 degut a I'impacte de la pandémia de la COVID-19 en Ila
deteccid i notificacié de casos de TB. S’estima que el nombre total de casos
nous i recaigudes durant I'any 2020 va ser 231000 (201.000-264.000), el qual
equival a una incidéncia de 25 casos (22-28) per 100000 habitants. Igual que
succeeix a nivell mundial, la distribucié dels casos a la regié europea no és
homogeénia, trobant al voltant del 84% dels casos estimats de TB als 18 HPC
(high priority countries), on la incidéncia estimada de TB va ser de 47 casos
per 100.000 habitants (18).

S’estima que, durant I'any 2020, hi va haver 21.000 morts per TB en persones
VIH negatives, que equival a 2,3 morts (2,2-2,4) per 100.000 habitants. Entre
els anys 2011 i 2020 la mortalitat per TB a la regid europea ha disminuit en un
54%, passant de 4,9 a 2,3 morts per 100.000 habitants. Tot i aixi, per primera
vegada en les ultimes dues decades la mortalitat per TB s’ha estabilitzat entre
els anys 2019 i 2020 com a conseqliéncia de les interrupcions dels serveis
dedicats a la TB causades per la pandémia de la COVID-19, que ha portat a un
augment dels casos de TB no diagnosticats i no tractats, problemes de
seguiment dels casos i un augment de la mortalitat (18).
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Figura 3. Incidéncia estimada de TB en casos per 100.000 habitants a nivell
mundial, 2021. Font: Global tuberculosis report 2022. Geneva: World Health
Organization; 2022 (17)

Figura 4. Taxes de notificacié de nous casos i recaigudes de TB per 100.000
habitants a la regié europea, 2020. Font: European Centre for Disease
Prevention and Control, WHO Regional Office for Europe. Tuberculosis
surveillance and monitoring in Europe 2022 — 2020 data. Copenhagen: WHO
Regional Office for Europe and Stockholm: European Centre for Disease
Prevention and Control; 2022(18)
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3.2.3.2 INCIDENCIA | MORTALITAT A ESPANYA

Espanya també s’ha vist afectada per la pandémia de la COVID-19, amb totes
les seves conseqliencies. S’ha demostrat que la pandémia de la COVID-19 ha
comportat canvis en la gestid i I'atencid de la TB. Algunes de les conseqliéncies
de la pandémia ha estat I'augment de la transmissié domestica a causa de les
mesures anti-COVID-19 i sembla que podria haver augmentat el retard
diagnostic (19). Tot i aixi, s’estima que durant I'any 2020 hi va haver un total
de 3.400 (2.900-3.900) casos incidents de TB, els quals representen una
incidéncia de 7.3 (6.2-8.4) casos per 100.000 habitants. Pel que fa a la
mortalitat, s’estima que hi ha hagut 250 (250-260) morts en persones VIH
negatives mentre estaven en tractament de la TB, la majoria per causes no
relacionades amb la TB pero que equival a 0.54 (0.53-0.55) morts per 100.000
habitants (18)

Es pot dir que la situacié a Espanya en relacié a la TB ha millorat de manera
notable al llarg de les uUltimes decades. Des de I'any 2005 fins al 2020 s’ha
observat una disminucié dels nous casos de TB arribant a taxes d’incidéncia
menors a 10 casos per 100.000 habitants, limit superior per a ser considerat
com un pais de baixa incidéncia (20). Pero de nou les dades han de ser
interpretades amb cautela doncs si mirem per col-lectius vulnerables,
aquestes xifres son any rere any molt altes.

3.2.3.3 INCIDENCIA | MORTALITAT A CATALUNYA | BARCELONA

A nivell de Catalunya, I'impacte de la COVID-19 ha anat en la mateixa direccio
que a nivell europeu i mundial. La pandémia ha comportat canvis
d’organitzacio i gestié de la malaltia, que han suposat canvis en la prestacié
dels serveis sanitaris destinats a la TB, aixi com en els serveis de vigilancia,
prevencio i control de la TB.

Entre els anys 2008 i 2016, la disminucié anual mitjana de la taxa d’incidencia
(TI) va ser d’'un 6%, mentre que entre els anys 2017 i 2018 aquesta disminucio
es va situar al voltant de I'1,2%, observant un estancament de la disminucio
observada. L'any 2019, en canvi, es va observar un augment del 8,5% amb una
taxa d’incidéncia de 14,1 casos per 100000 habitants. Degut a la pandemia, la
taxa d’incidéncia de I'any 2020 va disminuir un 24,1% respecte al 2019,
observant una taxa d’incidéncia de 10,7 casos per 100000 habitants; una de
les hipotesis indica que podria ser degut a problemes d’infradiagnostic i/o
d’infranotificacié dels casos de TB (21). Aquesta disminucié de la taxa
d’incidéncia s’ha observat tant en poblacié autoctona com immigrant, sent les
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incidéncies sempre 5-6 vegades superiors entre la poblacié immigrant de
Catalunya (29,8 casos per 100000 habitants) comparat amb la poblacié
autoctona (5,8 casos per 100000 habitants)(22,23).
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Figura 5. Evolucié de la incidéncia de TB, Catalunya, 1990-2020. Font:
Mendioroz J, Pequeiio S, Lépez M, Martinez H, Sicart E, Xarxa de Vigilancia
Epidemiologica de Catalunya (XVEC). La tuberculosi a Catalunya I'any 2020.
Subdireccié General de Vigilancia i Resposta a Emergéncies de Salut Publica.
Agencia de Salut Publica de Catalunya. Barcelona, 2022. (23)

1.800 90
1.600 + + 80

70

- - 50

40

T 30

20

Percentatge dels nascuts fora dEspanya

=)

3 ] 3 5 : : 3 3 3 3 5 5 : & 0
2009 2007 2007 2003 2004 2005 2006 2007 2005 2009 2019 20717 201 2073 2074 2015 2075 201, 201g 201g 2029

E223 Autdctons = |mmigrants === % Immigrants

Figura 6. Evolucio del nombre de casos de TB segons el lloc de naixement del
malalt, Catalunya, 2000-2020. Font: Mendioroz J, Pequefio S, Lépez M,
Martinez H, Sicart E, Xarxa de Vigilancia Epidemiologica de Catalunya (XVEC).
La tuberculosi a Catalunya I'any 2020. Subdireccié General de Vigilancia i
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Resposta a Emergencies de Salut Publica. Agencia de Salut Publica de
Catalunya. Barcelona, 2022. (23)

L'ECC també s’han vist fortament afectats per la COVID-19, observant una
disminucié del percentatge d’ECC realitzats durant I'any 2020. S’ha passat
d’una realitzacié d’ECC en el 91,7% dels casos amb TBP bacil-lifera a I’'any 2019
a un 70,9% a I'any 2020. També s’observen pitjors resultats en el tractament,
passant d’un 84,6% dels casos amb tractament completat a I’'any 2019 a un
79,1% dels casos a I'any 2020(22,23).

Tant a Catalunya com a Barcelona, la pandémia de COVID-19 ha tingut un gran
impacte en diferents aspectes de |'atencié a la TB. Les mesures preventives
gue es van aplicar i la disminucid de recursos i de personal destinat a la TB van
portar a una disminucié en l'accés als serveis de diagnostic, tractament i
seguiment de la TB. Aquesta situacié pot haver comportat una disminucié en
el diagnostic i notificacid de nous casos de TB, una disminucié de les visites
presencials, un augment de I'incompliment o la interrupcié del tractament, un
augment de les resisténcies antibiotiques i una disminucid del percentatge
d’exit del tractament. Les hipotesis sobre les conseqiéncies de la COVID-19
també fan referencia a un possible augment en el retard diagnostic i, per tant,
a casos amb manifestacions cliniques més avanc¢ades i a un inici del tractament
amb retard. Per altra banda, la disminucié de la capacitat dels laboratoris i dels
professionals disponibles, també hauria pogut comportar una reduccié en les
proves de laboratori de diagnostic i de sensibilitat d’antibiotics. Cal afegir
també l'impacte que va tenir la pandemia en els serveis de vigilancia
epidemiolodgica que van veure afectades les seves tasques de vigilancia i
seguiment epidemiologic i d’aplicacié de mesures de prevencid. Aquest
impacte es podria veure reflectit en un retard en la notificacié dels casos de
TB, una disminucid dels ECC realitzats, la interrupcié en el seguiment dels
casos, perdua d’'un major nombre de casos amb TB, una disminucié dels
cribratges i tractaments de la ITL i una disminucié dels tractaments
directament observats (TDO). Tot aix0, s’ha vist agreujat per les desigualtats
socials i en aquells grups i col-lectius més vulnerables i amb més barreres
d’accés al sistema sanitari (22,24).

Per una altra banda, algunes de les mesures derivades de la pandémia de
COVID-19 podrien haver contribuit a una reduccié de la transmissié de la TB:
la utilitzacio de la mascareta, les mesures de distanciament social o les
restriccions en la mobilitat. Tot i aixi, s’ha vist que el propi confinament va
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afavorir una major transmissié de la infeccié tuberculosa entre els convivents
(24).

Pel que fa a la ciutat de Barcelona, I’'any 2020 es van notificar 242 casos de TB
residents a la ciutat, el que representa una taxa d’incidéncia de 14,7 casos per
100.000 habitants. S’observa doncs una disminucié de la incidencia del 19%
respecte el 2019 (25).

Tot i que la incidencia de la TB a Barcelona ha anat evolucionant amb una
tendéncia decreixent, als darrers anys abans de I'arribada de la COVID-19 es
va observar un estancament de la incidéncia al voltant dels 16 casos per
100.000 habitants. Per tal d’assolir I'objectiu marcat per ’OMS per acabar amb
la TB, s’hauria de disminuir la mortalitat un 95% i la incidéncia un 90% de cara
a I'any 2035 respecte als valors de I'any 2015. En el context de la ciutat de
Barcelona voldria dir assolir incidéncies de 13,9 casos/100.000 habitants per a
I’'any 2020, valor al qual no s’ha arribat tot i les implicacions de la pandemia
en la notificacié i registre de casos.

A Barcelona s’observen grans diferéncies entre districtes i barris, per pais
d’origen, sexe i per renda familiar disponible (figures 5, 6 i 7). Tant a Barcelona
com a Espanya, hi ha un major percentatge de casos de TB entre la poblacio
immigrant que entre la poblacié autoctona i per tant, s’observen incidencies
superiors en aquest grup de poblacié (26). L’any 2020, el percentatge de TB en
poblacié immigrada arribava al 64,3% dels casos, amb una taxa d’incidéncia 5
vegades major que la poblacié autoctona (25). Entre el col-lectiu de persones
immigrants s’observa una alta proporcié de pacients traslladats o perduts
durant el seguiment. En canvi existeix un major percentatge de mortalitat
durant I’episodi de la TB entre poblacié autdctona donat que acostumen a ser
persones grans amb moltes comorbiditats, tractaments immunosupressors o
problemes d’'immunosenescencia (27).
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Figura 7. Evolucid de la tuberculosi per sexe, Barcelona, 1987-2021. Font:
Programa de prevencid i control de la tuberculosi de Barcelona (PPCTB).
Agencia de Salut Publica de Barcelona.
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Figura 8. Incidéncia de la tuberculosi per sexe, segons pais de naixement,
Barcelona, 2003-2021. Font: Programa de prevencid i control de la tuberculosi
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Figura 9. Incidéncia de TB segons index de renda disponible del barri i sexe,
Barcelona, 2018. Font: Orcau A, Millet JP, de Andrés A, Avellanés |, Clos R,
Cunillé M, Forns LI, Estruga LI, Gorrindo P, Masdeu E, Palau P, Ricart M, Ros M,
Rovira G, Santoma MJ, Simdén P, Hernandez A, Prieto R, Artigas A, Marcos |,
Rius C. La Tuberculosi a Barcelona. Informe 2018. Barcelona: Agencia de Salut
Publica de Barcelona; 2018 (27).

A la ciutat de Barcelona, I'any 2020 es va observar una reduccié del 35% en la
realitzacié dels ECC, sobretot comunitaris i una baixa proporcié dels ECC
realitzats es van fer a col-lectius vulnerables com les persones usuaries de
drogues injectades (UDI), les persones immigrants o les persones sense llar.
Recentment s’ha vist que els ECC durant el 2021 han pujat des del 50 al 60%.
Per altra banda, es va veure al 2020 una interrupcié en la realitzacié de
cribratges de TB i ITL en poblacions de risc. Finalment, encara que en un
principi semblava que hi hauria un menor compliment del tractament i un
augment en les morts i casos perduts, les dades més recents han demostrat
que durant la COVID-19 no ha disminuit I'éxit en el tractament ni han
augmentat les morts ni les pérdues de seguiment, en comparacié amb el
periode 2015-2019 (25).

A Barcelona, com passa a les grans ciutats, trobem una major incidéncia a la
ciutat que al propi pais. Aixo podria ser degut a I'elevada presencia a les grans
ciutats de grups de risc com a immigrants, UDI, indigents o persones amb VIH
(28,29) a més a més de I'existéncia de major concentracié de poblacié amb
estructures socials més complexes.
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3.2.3.4 PROGRAMA DE PREVENCIO | CONTROL DE LA TUBERCULOSI DE
BARCELONA

La ciutat de Barcelona compta amb el Programa de Prevencié i Control de la
TB de Barcelona (PPCTB) des de I'any 1987, que té com a objectiu principal la
reduccié de la incidéncia de TB a la ciutat. Des de la seva creacio, les
infermeres de salut publica treballen per realitzar el seguiment dels pacients i
I’estudi dels contactes. Degut a un augment de persones immigrants de paisos
d’alta carrega de TB, I'any 2003 es van incorporar al programa els agents
comunitaris de salut per donar suport al seguiment de casos i estudi de
contactes entre els col-lectius de persones immigrants (30). A partir de I'any
2007, es va establir un nou model organitzatiu a partir de la creacié de 5
unitats cliniques de TB (UCTB), situades als 4 grans hospitals de la ciutat i a la
unitat especialitzada en TB de Vall d’"Hebron-Drassanes. Es tracta d’un canvi
basicament organitzatiu que va consistir a centralitzar les activitats de
prevencio i control de la malaltia a les cinc UC i a millorar els circuits de
derivacid i la comunicacié entre els diferents serveis sanitaris. A més, es va
augmentar el personal dedicat a la TB a les UC a través de la incorporacié de
la infermera gestora de casos (31). Actualment la majoria de pacients amb TB
de la ciutat son diagnosticats, tractats i seguits en les 5 unitats cliniques de TB
de la ciutat (27). La ciutat de Barcelona i la resta de Catalunya també compta
des del 1993 amb un centre sociosanitari de Tractament Directament
Observat (TDO), Serveis Clinics, on ingressen aquells pacients socialment
vulnerables o amb criteris de poca adheréencia al tractament i els casos amb
TB multidrogo resistent (MDR). Serveis Clinics, proveeix, a més, serveis de
tractament directament observat ambulatori (ETODA) per a pacients amb
factors de risc d’incompliment a nivell comunitari per a part del territori.

54



Programa de Control de la TB a Barcelona

Infermeria gesti6 de casos a la Infermeria de Salut -
Unitat Clinica de TB Publica Recerca aplicada

Vigilancia activa de casos Estudi ticéntri
Seguiment del pacient. Educacio le—> Is multcentrics
sanitaria. Cens de contactes. Seguiment del pacient

Cens de contactes Estudis multidisciplinaris

Cribratge de contactes familiars

>125 Articles multi -
céntrics y multi-
disciplinaris en TB i VIH

Cribratge de contactes

Coordinacio a I'Hospital Comunitaris

Compliment del tractament

Enquesta epidemiologic

Serveis de TDO 2 . R —

TDO domicili-clinica
TDO a la Presd | CAS Agents de Salut Comunitaris -pacient immigrant
Acompanyar als pacients a las visites médiques

Traduccid

Reforg del tractament i control de les visites
Cens de contactes

Visites al domicili i a I'hospital

Assisténcia social: recursos socials i administratius

]

Figura 10. Resum dels components i les actuacions del Programa de
prevencid i control de la tuberculosi de Barcelona (PPCTB). Font: Programa
de prevencié i control de la tuberculosi de Barcelona (PPCTB). Agéncia de Salut
Publica de Barcelona.

3.2.4 FACTORS DE RISC | DETERMINANTS SOCIALS

Als paisos amb incidencies de TB més baixes, la TB es concentra en grups de
risc especifics com ara persones immigrants provinents de paisos d’alta
incidéncia, persones amb factors de risc social com el sensellarisme i persones
gue han estat en contacte amb un pacient de TB (32). Hi ha diferents grups de
persones amb un major risc de desenvolupar la malaltia, que es podrien
classificar en: individus infectats recentment; pacients amb condicions
cliniques que augmenten el risc de progressid, en general per deficiencia del
sistema immunitari; i persones que viuen en condicions socioeconomiques
desfavorables. Els individus infectats recentment sén els contactes intims de
pacients amb TB contagiosos, conversos de la PT en els 2 anys anteriors,
sobretot el primer any, immigrants recents (<5 anys) de paisos amb alta
carrega de TB, nens menors de 5 anys, sobretot en els primers 2 anys de vida,
adolescents i adults joves amb una PT positiva, i residents i empleats de llocs
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gue congreguen a pacients d’alt risc de tenir TB com hospitals, refugis per a
persones sense llar, centres correccionals i presons (15,33).

Els grups de persones amb condicions cliniques que poden afectar al sistema
immunitari i, per tant, facilitar la progressio de la TB sén persones infectades
pel VIH, pacients amb TB prévia o lesions fibrotiques no tractades, usuaris de
drogues per via parenteral, pacients tractats amb antagonistes del factor de
necrosis tumoral alfa (TNF-a), tractament mantingut amb corticoides i altres
immunodepressors, diabetis mellitus, silicosi, malaltia renal greu, baix pes
corporal, desnutricid, trasplantaments d’organs, cancer de cap i coll,
tractament especialitzat per a I'artritis reumatoide o la malaltia de Crohn,
consum de risc d’alcohol i tabac i altres situacions cliniques (15,33,34). Les
persones infectades pel VIH tenen 18 vegades més probabilitats de
desenvolupar TB activa, les persones amb desnutricié presenten un risc tres
vegades major, i el consum de risc d’alcohol i tabac augmenten el risc de
contraure la TB 3,3 i 1,6 vegades respectivament (10).

Un altre grup de risc son els infants menors de 5 anys, els quals tenen una
major probabilitat d’infectar-se i de desenvolupar la malaltia en cas d’infectar-
se. A més la progressié de ITL a TB és molt més rapida en aquestes edats (35).
El seu estat immunitari fa que puguin tenir un pitjor pronostic si no es
diagnostica i es tracta a temps.

Les males condicions de vida i de treball també estan associades a un alt risc
contraure la TB. Els nivells d’ingressos per capita i la desigualtat d’ingressos
son predictors importants de I'epidemiologia de la TB als paisos europeus. De
fet, la TB esta fortament relacionada amb la pobresa. L’associacié entre la TB
i la pobresa esta mediada per diferents factors com I'amuntegament,
I'habitatge mal ventilat, la desnutricid, el tabaquisme, I'estres, la privacidé
social i el deficit de capital social (36,37).

En entorns urbans, la carrega de TB cada vegada es troba més acumulada en
els grups més vulnerables i desafavorits socioeconomicament (38). L'augment
del risc de TB observat en poblacions vulnerables prové de diversos
determinants socials que actuen a diferents nivells i que habitualment
s’agreugen mutuament. Aquests inclouen barreres economiques, barreres
culturals o barreres linglistiques. L’estatus socioeconomic, les condicions
ambientals i d’habitatge deficients, el sensellarisme, la inseguretat alimentaria
i ’'empresonament semblen predisposar a les persones a desenvolupar la TB
(38,39).

56



La TB, com la resta de malalties tant transmissibles com no transmissibles esta
directament influenciada per les desigualtats socials. Les desigualtats socials
en salut sén diferencies injustes i evitables en la salut entre els diferents grups
de la poblacié definits pels seus aspectes socials, economics, demografics o
geografics. Agquestes desigualtats son el resultat de la diferéncia en la
distribucid de les oportunitats i els recursos relacionats amb la salut que tenen
les persones. Els col-lectius més desafavorits socialment presenten pitjors
condicions de vida i de treball i aquestes desigualtats porten a una pitjor salut
entre aquests col-lectius. El model sobre els determinants de les desigualtats
en salut proposat per la Comissio per a la Reduccio de les Desigualtats Socials
en Salut a Espanya mostra que hi intervenen dos elements principals: factors
estructurals i factors intermedis (figura 11) (40). Els factors estructurals estan
formats pels contextos socioeconomics i politics i I’estructura social, i tenen a
veure amb les eleccions, les prioritats politiques dels governs, les corporacions
i les diferents forces socials. L’estructura social inclou els diferents eixos de
desigualtat (classe social, genere, edat, etnia i territori) que posen en
evidencia I'existéncia de desigualtats en salut a causa de les diferéncies de
poder, prestigi i accés als recursos. L'estructura social determina les
desigualtats en els factors intermediaris, que al seu torn determinen les
desigualtats en salut. Tant els factors estructurals com els recursos materials
son les causes més globals del que s’han anomenat els “determinants socials
de la salut” (40,41).

En relacid a la TB, els determinants socials de la salut juguen un paper molt
important en la distribucié de la malaltia, ja que, com ja s’ha mencionat,
aquesta es troba concentrada de forma desproporcionada en col-lectius
socialment desafavorits.
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Figura 11. Marc conceptual dels determinants de les desigualtats en salut.
Font: Comissio per a la Reduccid de les Desigualtats Socials en Salut a Espanya,
2012 (40)

Un altre col-lectiu vulnerable amb nombrosos factors de risc sén les persones
immigrants recentment arribats de paisos amb una alta endemicitat que
sovint es congreguen en comunitats desfavorides dins de ciutats riques. Les
comunitats aillades desfavorides en entorns més rics constitueixen un repte
per al control de la TB, ja que s’hi acumulen diversos determinants socials de
risc que tenen un impacte en el desenvolupament de la TB. (36) Entre els
factors causants de les desigualtats en salut hi trobem les circumstancies
migratories o la étnia. Tot i que moltes vegades les persones immigrants
arriben al nou pais amb una bona salut, es produeix una rapida davallada de
la salut deguda a les desigualtats en salut tant acumulades del lloc d’origen
com al lloc de destinacié on s’exposen a males condicions de vida, riscos
laborals, dificultats, discriminacid, a més dels impactes psicologics d’una
migraciod forgada (42). Tots aquests factors augmenten la vulnerabilitat de les
persones immigrants, empitjorant la seva salut i augmentant la seva
vulnerabilitat a malalties com la TB. Altres determinants com les experiencies
personals, les creences i les actituds associades a la TB o I'estigma, afecten
directament en el comportament envers la cerca per a I'atencid a la seva salut
i en la manera d’afrontar la TB. La distancia o dificultats per accedir als serveis
de salut, i la manca de confian¢a, comprensié o respecte al sistema també
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tenen un impacte en les actuacions envers la malaltia. Els retards en la cerca
d’atencié porten a un major retard diagnostic i per tant a una major progressio
de la malaltia i a un major risc de transmissié comunitaria (36).

Tots els determinants i factors de risc mencionats afecten a tots i cada un dels
estadis de la historia de la malaltia: exposici6 a la TB, infeccid,
desenvolupament de la malaltia, adheréncia al tractament, curacié i recidiva
o reinfeccié (37).

A Catalunya els factors de risc més prevalents de la malaltia tuberculosa
durant I'any 2020 van ser la precarietat social (31%), el consum de risc de
tabac (28,4%) i alcohol (11,1%). Tots aquests factors van ser més freqiients ens
els homes que en les dones. Entre les persones autdctones i les immigrants, el
factor de risc amb una diferéncia de prevalences més marcada va ser la
precarietat social, on la proporcié de casos va ser més de deu vegades superior
en les persones immigrants. A més, els nous casos de TB es van concentrar,
majoritariament, en la poblacié nouvinguda, amb una taxa d’incidencia cinc
vegades superior a la taxa de la poblacié autoctona (23).

Pel que fa a Barcelona, durant els darrers anys, els factors de risc més
freqlients han estat el consum de risc de tabac i d’alcohol i I'exclusié social,
sempre més presents en homes que en dones (figura 12), observant també
una major incidéencia de TB en les persones immigrants (figura 8). A més, la
ciutat, presenta una distribucié desigual de la renda familiar disponible, la qual
explica les desigualtats socioeconomiques presents entre la poblacié de la
ciutat (figura 13) (43). Aix0 també es veu reflectit en la incidéncia de TB,
observant majors taxes de incidéncia en aquells barris més desafavorits
economicament (figura 9).
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Figura 12. Factors de risc de TB en percentatge segons sexe, Barcelona, 2014-
2021. Font: Programa de prevencié i control de la tuberculosi de Barcelona
(PPCTB).Agéncia de Salut Publica de Barcelona.
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Figura 13. index de renda disponible per capita, Barcelona, 2018. Font:
Oficina municipal de dades, departament d’analisi. La renda de les llars a
Barcelona. Distribucid per districtes, barris i seccions censals. 2018.
Ajuntament de Barcelona. 2021 (43)

Al voltant del 85% de les persones que desenvolupen TB es poden tractar amb
exit amb un tractament de farmacs durant 6 mesos i es poden utilitzar
esquemes de 3 a 9 mesos per tractar la ITL. La cobertura sanitaria universal
(CSU) és necessaria per garantir que totes les persones amb TB puguin accedir
tant al diagnostic com als tractaments (14).

Tot i que les actuacions de vigilancia, prevencid i control, les mesures cliniques
i la recerca biomedica contribueixen de manera significativa a la curacié i
disminucié de la TB, no sdn suficients per arribar a la eliminacié de la TB. Cal
complementar-ho amb una resposta més holistica que abordi els determinats
socials i ambientals de la malaltia. S’estima que reduir la pobresa extrema i
ampliar la proteccio social pot reduir la incidéncia de la TB fins a un 84,3% (44).

3.2.5 LATUBERCULOSI EN POBLACIONS VULNERABLES

3.2.5.1 LATUBERCULOSI EN CONTACTES DE PERSONES AMB TUBERCULOSI
PULMONAR

La ITL es dona quan una persona ha estat exposada a MT i el micobacteri
roman de forma latent a I'organisme sense desenvolupar la malaltia. Les
persones amb ITL no tenen signes ni simptomes ni capacitat per transmetre i
infectar a altres persones. S’estima que entre un quart i un terg de la poblacio
mundial esta infectada amb MT, i per tant, en risc de desenvolupar TB activa i
de poder transmetre la TB a la comunitat (45). Els contactes de persones amb
TB tenen més risc d’infectar-se i de desenvolupar posteriorment TB que la
poblacié general. Aixo és especialment cert entre els contactes de persones
amb TB pulmonar bacil-lifera (46). S’ha demostrat que entre el 5 i el 10% de
les persones amb ITL desenvoluparan la malaltia activa de la TB al llarg de la
seva vida. El risc és més alt durant els dos primers anys després de la infeccid
i disminueix gradualment. Altres factors també poden augmentar el risc de
desenvolupar TB, el més important és I'estat immunologic (47—-49). Els estudis
realitzats a paisos amb baixa incidencia de TB mostren una gran
heterogeneitat en el percentatge de contactes amb ITL que acaben
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desenvolupant la malaltia. Alguns descriuen un risc de desenvolupar TB durant
els 5 anys posteriors a la infeccié de fins al 9,5% o el 15% (50-53).

La transmissio de la TB es veu facilitada pel retard diagnostic dels casos amb
TB activa. Si una persona amb TB no es tracta, pot arribar a transmetre el MT
a entre 10 15 persones a I'any. La transmissié i I'aparicié de casos secundaris
en els contactes de nous pacients de TB depéen de les caracteristiques de la
font d’infeccid i del grau de contagiositat del cas index, de la duracié i de les
caracteristiques del lloc d’exposicié i també de les caracteristiques dels
contactes. Una de les estratégies per reduir la transmissié de la malaltia és la
cerca activa de casos amb TB i de persones amb ITL. Per tal d’identificar a
aquelles persones amb ITL i evitar 'aparicio de TB es realitza I'ECC dels casos
amb TB i se’ls administra TITL (47,54). S’ha determinat que I'ECC és efectiu
tant per detectar persones amb ITL com amb TB activa (46,55). La realitzacio
dels ECC té com a objectius reduir la morbiditat i la mortalitat en els contactes
mitjancant la deteccié i el tractament de nous casos de TB, eliminar la
transmissid del micobacteri tuberculés mitjancant la deteccié de fonts
d’infeccid i contribuir a I'eliminacié de la TB en la poblacié mitjangant la
deteccid i el tractament de noves infeccions en els contactes de risc (48). Com
ja hem explicat, la identificacié de contactes infectats es fa amb la prova de
tuberculina o reaccié de Mantoux i per técniques de deteccid de l'interferé
gamma (IGRA).

A nivell mundial, una de les estrategies de I'OMS és la prevencio de la TB activa
mitjancant el TITL. Tanmateix, la prevencid de la TB entre els contactes amb
ITL depen de I'acceptacid i la finalitzacié del tractament. A nivell mundial,
I'eficacia dels tractaments disponibles actualment oscil-la entre el 60% i el 90%
en funcié de I'adheréncia (47,56). A més, el TITL presenta una séerie de barreres
que poden impedir la seva implementacié o finalitzacid, sobretot en paisos
d’alta carrega de TB: les proves diagnostiques utilitzades tenen un valor
predictiu baix i es tracta de tractaments de llarga durada i amb mala
tolerabilitat. En paisos de baixa incidéncia es disposa de noves eines, tant
proves diagnostiques més precises com tractaments més curts i més ben
tolerats, que faciliten la implementacié i I'adheréncia al TITL. Tot i aixi, encara
es poden optimitzar les eines actuals per avancar cap a 'eliminacié de la TB
(57).

Pel que fa a Espanya, I'ECC també és un element nuclear per a la prevencid i
el control de la TB que permet estudiar i interrompre la cadena de transmissié
de la malaltia des de la identificacié del cas index. La finalitat d’un ECC és
identificar i diagnosticar a les persones exposades recentment infectades o
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malaltes i proporcionar tractament precocg i un seguiment adequat a cada cas.
L’objectiu del “Plan para la Prevencién y Control de la Tuberculosis en Espaia”
és realitzar I'ECC al 100% dels casos amb TB pulmonar i pleural (16).

A aquells contactes amb ITL se’ls administra TITL per evitar que la infeccié
derivi a malaltia clinicament activa. El tractament es realitza una vegada
descartades la malaltia tuberculosa i I’'existéncia de malaltia hepatica, consum
nociu o addiccié a I'alcohol o hipersensibilitat als farmacs que s’utilitzen.
Aguest tractament es fa una Unica vegada per a la mateixa infeccid i
habitualment té una durada de tres a nou mesos segons la pauta (16).

A nivell de Catalunya, igual que a Espanya, I'ECC és un dels aspectes claus entre
les activitats de prevencié i control del la TB i es realitza sempre davant la
sospita o confirmacid d’un cas de TB pulmonar o laringia. També en el cas de
sospita d’infeccio recent com per exemple la TB en menors o alguns casos de
TB pleural on s’indica un ECC ascendent tot cercant la font d’infeccié. La
politica d’actuacié és avaluar i prioritzar els contactes segons les
caracteristiques del cas index i el risc de progressié a malaltia tuberculosa del
contacte (48). Durant I'any 2020, a Catalunya es va efectuar ECC en el 64,9%
dels casos de TB pulmonar, percentatge inferior al registrat I’lany 2019 (79,3%),
gue ascendeix fins al 70,9% en els casos de TB pulmonar bacil-lifera. El TITL
esta indicat en aquells contactes recents amb un malalt amb TB i amb
diagnostic d’infeccid, especialment si és menor de 65 anys, i en persones
seropositives per al VIH i amb la PT negativa, que pertanyin a col-lectius d’alta
prevalenca d’infeccié. L'objectiu del TITL és disminuir el risc d’aparicié de la
malaltia en un futur. El tractament no genera immunitat per a infeccions
futures i la seva eficacia depen sobretot del compliment (23,48).

Pel que fa a Barcelona, tots els casos diagnosticats de TB es notifiquen al
PPCTB que avalua i prioritza I'ECC segons la contagiositat del cas index, la
durada de I'exposicid, les caracteristiques del lloc on s’ha produit I’exposicio i
el risc de desenvolupar TB. Els casos amb TB pulmonar i bacil-loscopia positiva
son prioritaris per fer I'ECC. Els contactes es classifiquen en intims (contacte
diari major o igual a 6 hores), freqlients (almenys una hora diaria), contactes
no diaris d'un minim de 6 hores setmanals i contactes esporadics. Aquesta
informacid es creua amb el risc de desenvolupar TB per crear grups d'alta,
mitjana i baixa prioritat (48).

Existeixen diferents estratégies per augmentar el cens i cribratge de contactes.
A la ciutat de Barcelona, I'any 2007 es va organitzar I'assisténcia de laTBen 5
UCTB amb una coordinacid molt estreta entre el personal de les UCTB i
infermeria de salut publica. Aquesta reorganitzacié va portar a un augment
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del 49,4% al 56,5% de contactes amb TITL, i el seu compliment va passar del
64,1% al 80,7% (31).

3.2.5.2 LA TUBERCULOSI RECURRENT

A la regié europea, durant I'any 2020 hi va haver un total de 36.098
recurrencies, és a dir, casos que ja havien estat previament tractats i curats de
TBitornen a tenir un nou episodi. Aixo representa un 18,1% del total de casos.
Pel que fa a Espanya, hi va haver 95 casos tractats préviament, per tant les
recurrencies representaven un 3,1% dels casos (18).

No tots els pacients que han realitzat i acabat el tractament de manera exitosa
mantenen I'estat de curats al llarg del temps. Aquelles persones que s’han
curat d’un episodi de TB anterior tenen un major risc de tornar a tenir la
malaltia, és a dir, de tenir una recurréencia, que la resta de la poblacié. Una
recurrencia de TB es defineix com un episodi de TB en persones que ja han
estat tractades i curades d’un altre episodi de la malaltia (58—60). Si un episodi
de TB succeeix després d’un any o més de la curacio de I'episodi anterior ja es
considera un nou cas de TB i, per tant, una recurrencia. S’ha observat que una
proporcié prou significant de les persones curades de TB tenen una
recurrencia, de fet, la incidencia de TB entre aquelles persones que han tingut
episodis de TB anteriors és molt més elevada que entre la poblacié general
(58,61,62).

Una recurréncia de TB pot ser deguda a un recreixement o reactivacié de la
mateixa soca de MT que va provocar l'episodi anterior de TB, conegut com a
recaiguda, o deguda a una reinfeccidé per una soca diferent. Tot i que en els
paisos de baixa incidencia és on es dona un menor percentatge de
recurrencies de TB, en aquests paisos la major part de les recurrencies son
degudes a recaigudes, és a dir, reactivacions d’episodis de TB curats
préviament. El predomini de la reactivacié sobre la reinfeccié indica practiques
de salut publica d'alta qualitat i un baix risc de transmissio local. En canvi, als
paisos d’alta carrega de TB la causa principal de les recurréncies son
reinfeccions per noves soques, ja que hi ha més exposicid i transmissio de la
malaltia (58,63).

Les tecniques moleculars tradicionals permeten estudiar les cadenes d'ADN
de les mostres de cada episodi, per observar la concordanga del nombre de
bandes de la soca de MT i saber de manera més precisa en, si el nou episodi
de TB es deu a una recaiguda de la mateixa TB, el que s'entén també per
reactivacié endogena, o a una sobreinfeccié per una soca de MT diferent, el
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gue es coneix com a reinfeccié exogena. A més permeten definir millor els
brots de TB en identificar la mateixa soca en diferents casos, un aspecte també
fonamental per coneixer bé I'epidemiologia de la malaltia (63). La incorporacio
en un futur de técniques moleculars modernes com la seqlienciacié genomica
complerta (WGS) suposara un important canvi no només per a la deteccié de
les diferents soques circulants i la identificacié de les cadenes de transmissié
siné també per a la deteccid de brots epidemics i de recidives o recurréncies.
Sense dubte modificara també la manera de realitzar el ECC.

Els factors associats a la recurrencia inclouen el consum de risc de drogues,
inclos el tabac, la TB pulmonar bacil.lifera, la TB pulmonar cavitaria, la
resisténcia al tractament, el VIH, la desnutricid i altres comorbiditats com la
diabetis o malalties que debiliten el sistema immunitari. En entorns de baixa
incidéncia la mala adheréncia al tractament antituberculds és un factor de risc
per a la recurréncia de la malaltia (64—69). Tot i aixi, segueixen sent una
incognita les causes de les recurréncies en els diferents paisos i en cada un
dels contextos i col-lectius.

3.2.5.3 LATUBERCULOSI EN INFANTS

La TB és una de les principals causes de morbiditat i mortalitat infantil a tot el
mon. S’estima que un 11% dels casos de TB que es van donar a nivell mundial
durant I'any 2020 (9,9 milions de casos) van ser en nens menors de 15 anys.
Pel que fa al nombre de morts per TB entre persones VIH negatives, s’estima
que el 16% de les morts que hi va haver durant I'any 2020 van ser en nens
menors de 15 anys. S’estima que entre els anys 2018 i 2020 es van tractar de
TB un total de 1,4 milions de nens i un 88% dels nens tractats durant I'any 2019
van tenir un resultat satisfactori del tractament (14).

Pel que fa a Europa, a I’'any 2020, els casos en els nens menors de 15 anys van
representar un 3,8% del total de casos de TB (18). A nivell d’Espanya, s’estima
que durant I’'any 2020 hi va haver 220 casos (rang 180-250) en nens menors
de 15 anys, el que representa una Tl de 3,3 (rang 2,7-3,7) casos per 100.000
habitants i 67 casos (2.3%) en nens d’entre 0 i 4 anys, amb una Tl de 3.3 per
100.000 habitants (18) Pel que fa a Catalunya, a I’lany 2020 es va registrar una
Tl de 5,5 casos per 100.000 habitants entre els infants de 0 a 14 anys i de 6,5
casos per 100.000 habitants entre els infants de 0 a 4 anys (22,23).

Els infants sén un col-lectiu especialment vulnerable per la TB. Per una banda
tenen un major risc d’infectar-se que la resta de la poblacié, especialment si
estan en contacte amb un cas amb TBP bacil.lifera, i per altra tenen més
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probabilitat de desenvolupar la malaltia que els adults. De fet, els infants
tenen més risc d’infectar-se per contactes domiciliaris amb persones amb TB
pulmonar no bacil.lifera. A més, recentment s’ha demostrat que el contacte
intens d’entre 15 i 20 minuts d’un infant amb un cas TBP, és suficient per a
provocar-li la infeccié. Per tant, la infeccié en nens menors de 5 anys indica
una transmissid probablement d'origen domestic o familiar (35,70). No tots
els nens exposats a la TB s'infecten i la probabilitat depéen de diversos factors,
com: gravetat i infecciositat del cas index, virulencia dels bacils, proximitat,
intensitat i durada de I'exposicié a la font d’infeccid, mida de I’habitatge o
espai compartit, circulacié de I'aire i exposicio a la llum solar (71).

Tot i que la probabilitat de desenvolupar la TB entre els adults infectats és d’un
10%, els infants tenen un risc més elevat de progressié rapida de ITL a TB
activa. Aixi, la TB en nens menors de cinc anys suggereix una transmissio
recent i/o en curs a la comunitat, el que obliga a fer sempre, sigui el cas TB
pulmonar o no, 'ECC (35,72). A més, els casos de TB en infants indiquen que
no s’han realitzat les mesures adequades de prevencid i control de la TB ja que
son un indicador de transmissio activa a la comunitat.

Entre els nens menors d'l1 any amb ITL, aproximadament el 30-40%
progressaran de la ITL a la malaltia activa. En els nens d'entre 1i 5 anys, aquest
risc és aproximadament del 24%. El risc de progressié disminueix lentament
més enlla dels 5 anys i torna a augmentar al voltant dels 10 anys. Els factors
de risc de passar de la ITL a TB inclouen I'edat en el moment de I'exposicié, la
duradaila carrega de |'exposicio, la virulencia de la soca de MT, la infeccid pel
VIH o altres condicions cliniques que debiliten el sistema immunitari, la
desnutricié o I'exposicid al fum del tabac (35,71,73).

La TB pulmonar és la presentacido més freqiient entre els infants perd també
son més propensos a desenvolupar formes més severes de la TB, com TB miliar
i TB meningia, degut a la immaduresa del seu sistema immunitari. Aquestes
son més freqiients en menors de 3 anys. El fet de no tenir desenvolupades les
respostes immunitaries adequades degut a |'edat, facilita la progressié de la
malaltia pulmonar i la possible difusié a formes extrapulmonars (35,71,73,74).
També s’ha vist que la mortalitat per TB entre els nens menors de 5 anys és
major que en qualsevol altre grup d’edat (75).

Un altre repte en la TB pediatrica és el diagnostic. Aquest pot ser complicat
degut a que és dificil recollir mostres d’esput en nadons i nens petits, i a la
menor probabilitat d’obtenir resultats positius en les proves de laboratori per
detectar la TB ja que els nens tenen més probabilitats de tenir TB causada per
un nombre menor de bacteris (malaltia paucibacil-lar). A més, la malaltia té
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manifestacions cliniques variables i els simptomes sovint sén inespecifics. De
fet, la simptomatologia inespecifica es pot confondre facilment amb
pneumonies bacterianes o viriques. La dificultat per confirmar el diagnostic
porta a una subestimacié de la TB infantil a nivell mundial (71,74-76). Per altra
banda, el tractament de la TB pediatrica també presenta dificultats derivades
de la manca de formulacions pediatriques, la toxicitat dels farmacs o els
problemes d’adheréencia al tractament (71).

Una de les estrategies per reduir la incidencia de la TB pediatrica es fonamenta
en 'estudi dels contactes de les persones amb TB, amb atencié especial als
nens menors de 5 anys, i el tractament de tots els contactes amb ITL. En aquest
sentit, és també molt important indicar la quimioprofilaxis primaria sobretot
als menors de cinc anys i als immunodeprimits el més aviat possible tot i que
les primeres PT i/o IGRA surtin negatives.

3.2.5.4 LA TUBERCULOSI EN PERSONES IMMIGRANTS

Les persones immigrants sén un grup heterogeni que coincideixen en que han
marxat del seu pais d’origen i s’"han desplacat a un nou desti per diversos
motius com desastres naturals, por i persecucions, guerres, males condicions
de vida, recerca d’oportunitats econdmiques i socials, entre d’altres. Les
condicions que envolten les vies migratories sovint comporten riscos per al
benestar fisic, mental i social de les persones immigrants, amb alguns
subgrups més vulnerables que d'altres. Han d’adaptar-se a un nou entorn on
no tenen suport estructural i emocional, amb diferents costums, normes i
legislacié i amb diferencies socials, culturals i economiques respecte al seu
pais d’origen. La interaccié de diversos determinants de la salut augmenten la
vulnerabilitat de les persones immigrants i els fa més susceptibles a la infeccio
tuberculosa, la malaltia de la TB i els mals resultats del tractament (77).

A nivell mundial s’estima que I'any 2020 hi havia al voltant de 281 milions de
persones migrants internacionals al mén, la qual cosa equival al 3,6% de la
poblacié mundial. Malgrat les prediccions d'una gran disminucié de la migracié
internacional a causa de la COVID-19, el 2020 només va registrar una lleugera
caiguda (2,4%) respecte al total global del 2019 (78). A Espanya, el 2020 s’ha
observat un creixement positiu de tota la poblacié per cinque any consecutiu.
El creixement anual a I'any 2020 ha sigut d’'un 0,13%, passant d’un creixement
del 0,84% a I'any 2019 degut als efectes de la pandémia de COVID-19. Aquest
creixement poblacional és a expenses d'un augment de poblacié de
nacionalitat estrangera, ja que la poblacié de nacionalitat espanyola va
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disminuir. EIl nombre de persones estrangeres va augmentar en 149.011
persones durant I'any 2020 arribant a un total de 5.375.917 I’1 de gener de
2021 (79).

Als paisos amb baixa carrega de TB la malaltia es distribueix de manera
desproporcionada entre les persones autoctones i les persones immigrants.
Aquestes Ultimes presenten unes majors taxes d’incidencia. Durant els Ultims
anys, mentre els casos de TB entre la poblacid autdctona han disminuit o s’han
mantingut estatics, entre la poblacié immigrant s’ha observat una disminucid
molt més lenta o un increment (80,81).

Ala majoria dels paisos amb baixa incidencia de TB els casos de TB en persones
immigrants arriben com a minim al 50% dels casos, per tant, aquest col-lectiu
juga un paper molt important en |'epidemiologia de la TB en aquests paisos
(26,82). A Catalunya, durant I'any 2020 els nous casos de TB es van
concentrar, majoritariament, en la poblacié nouvinguda, amb una taxa
d’incidéncia de 29,8 per 100.000 habitants, cinc vegades superior a la taxa de
la poblacié autoctona (5,8 per 100.000 habitants) (23). Pel que fa a Barcelona,
la taxa d’incidéncia en la poblacié immigrant (64,3% dels casos) també va ser
5 vegades major que en la poblacié autoctona (25).

Per altra banda, les persones immigrants de paisos d’alta carrega es
consideren un col-lectiu d’alt risc per la possibilitat de reactivacié de la ITL
adquirida al seu pais d’origen. Un cop assentats al pais d’acollida, per una
banda realitzen viatges de manera més o menys freqiient als seus paisos d’alta
incidéncia, i per altra banda, tenen un alt risc de contagi als paisos receptors
donades les precaries condicions de vida que tenen (32).

A més d’un major risc d’infectar-se i desenvolupar la malaltia, les persones
immigrants també tenen un major retard a I'hora de cercar atencié medica ja
que busquen atencié medica en un estadi de TB moltes vegades clinicament
ja avangat. Algunes de les causes d’aquest retard en la cerca d’atencié medica,
gue sovint es produeixen conjuntament, poden ser les condicions de vida i de
treball, la situacid legal, la facilitat o no d’accés als serveis sanitaris, la
discriminacio, la falta de coneixement sobre la TB, la falta de materials
explicatius de la malaltia adequats i adaptats als diferents idiomes o les
creences socioculturals (83). Tots aquests factors no només porten a un retard
en la cerca d’atencié medica siné també a una mala adheréncia al tractament
i, per tant, a uns pitjors resultats del tractament. També cal tenir en compte
que I'estigma relacionat amb la TB segueix present arreu del mon. Les actituds
del personal dels serveis de salut, la falta d’interprets, traductors i de
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treballadors socials i la manca d’informacié tenen un gran impacte en les
actituds de les persones amb TB envers la malaltia (77).

Podem afirmar doncs, que el risc de contraure la malaltia, de tenir retard en
la cerca d’atencié medica amb un risc de retard diagnostic i mals resultats del
tractament esta influenciat per les politiques migratories, socials i sanitaries
del pais d'acollida. Aquelles politiques que garanteixen una seguretat social
adequada, un habitatge digne i un accés equitatiu a I'educacid, la sanitat i al
mercat laboral probablement disminueixen el risc de patir la malaltia en les
persones immigrants.

Des de salut publica, algunes estratégies per reduir la incidéncia de TB en la
poblacié immigrant serien, entre d’altres, realitzar programes de cribratge i
cerca tant de TB activa com d’ITL en poblacions de persones immigrants
provinents de paisos amb alta incidéncia de TB. També caldria fer un bon i
exhaustiu ECC amb el repte de I'alta mobilitat de les persones immigrants i, si
cal, estendre-ho als paisos d’origen, de manera que caldria instaurar
coordinacio entre paisos. DE la mateixa manera, seria important fer una bona
investigacio de brots epidemics i tracar cadenes de transmissié, no només dins
de la ciutat sind entre comunitats autonomes (CCAA) i paisos. Per altra banda,
cal subratllar la importancia de fer un bon seguiment de les persones
immigrants amb TB per a que completin el tractament, ja que hi ha un elevat
percentatge de perdues de seguiment durant el tractament. Caldrien per tant,
noves politiques de coordinacié pel seguiment dels casos més enlla de les
fronteres.

3.2.5.5 LATUBERCULOSI EN PERSONES SENSE LLAR

L'Ultima enquesta mundial realitzada per les Nacions Unides (ONU) I'any 2005
estimava que 100 milions de persones a tot el mén no tenien llar (84).
Estimacions més recents del 2019 van suggerir que al voltant de 150 milions
de persones no tenen llar. A més, estima que més d'1.800 milions de persones
a tot el mén no tenen un habitatge adequat, el nombre de persones que viuen
en assentaments informals ha superat els 1.000 milions i es calcula que 15
milions de persones sén desallotjades per la forca cada any (85). A nivell
d’Europa, s’estima que unes 700.000 persones s'enfronten al sensellarisme
cada nit ala Unié Europea, el que ha suposat un augment del 70% en deu anys.
No obstant aix0, durant la recent crisi sanitaria de la COVID-19, aquesta xifra
s’ha reduit gracies a les mesures d'emergéncia implementades a tots els paisos
europeus per donar refugi als més vulnerables (86).
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Algunes de les causes principals d’esdevenir una persona sense llar son: la
pobresa, les desigualtats de renda, la manca d’accés a una educacié de
qualitat, la manca d’accés a propietats, credits o financament, la falta
d’ocupacio, els llocs de treball precaris i vulnerables, la manca d'accés a la
proteccidé social, les migracions, els desnonaments, I'alt cost de |'energia o
I'assisteéncia sanitaria, la falta d'habitatge assequible, la violéncia i
maltractament domestic, la discriminacié i I’exclusio social (87). Les persones
sense llar tenen un pitjor estat de salut ja que viure al carrer porta a un
deteriorament de la salut molt més rapid, a un augment de les necessitats
d’hospitalitzacié i, a vegades, pot comportar la mort. S’ha determinat que les
persones sense llar tenen entre tres i quatre vegades més probabilitat de
morir que la poblacié general. Aquesta probabilitat podria augmentar en
aquells col-lectius de persones sense llar més vulnerables com persones amb
malalties mentals, dones joves o gent gran. Cal afegir que entre les persones
sense llar, els apats saludables i amb una bona aportacid nutricional sén
escassos, sovint no tenen accés a higiene i cures, rarament fan exercici, estan
constantment exposats a violéncia i sovint presenten comorbiditats.

Viure al carrer o en equipaments per a persones sense llar plens de gent pot
ser molt estressant i, a més, augmenta I'exposicié a malalties transmissibles
com la TB. Les malalties croniques com la hipertensié o la diabetis també
empitjoren en aquestes condicions i els problemes de salut conductuals com
les addicions o els problemes de salut mental apareixen facilment o
empitjoren en situacions tan dificils. Altres problemes de salut com ferides o
lesions derivades de violéncia o accidents es converteixen en problemes més
importants degut a la falta de higiene i cures adequades. Viure al carrer
complica el maneig de les malalties i I'adheréencia als tractaments i augmenta
les barreres amb el sistema sanitari. Sovint, les condicions de salut de les
persones sense llar sén una combinacié complexa de problemes greus de salut
fisica, mental, consum de substancies i socials (87,88).

Le persones sense llar presenten un major risc de desenvolupar TB que la
poblacié general. Aquest fet es deu a la presencia en aquest col-lectiu de
diversos factors de risc i determinants de la malaltia com les condicions de
vida, l'estat del sistema immunitari, el consum de substancies, les
comorbiditats i I'entorn dels equipaments per a persones sense llar en els que
hi coincideix molta gent i la ventilacié pot no ser adequada.

A les grans ciutats dels paisos industrialitzats, les persones sense llar tenen un
risc més gran de tenir TB, tenen taxes de no adheréncia més altes i pitjors
resultats del tractament (inclosa la mortalitat) que el public en general. En
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molts paisos industrialitzats, les taxes de TB poden ser fins a 20 vegades més
altes entre les persones sense llar que entre la poblacié general (36,89). A
nivell de Barcelona ciutat, I'any 2020 hi havia 20.525 persones sense llar, les
quals representen I'1,2% de la poblacié de la ciutat. Entre aquest col-lectiu, la
taxa d’incidéncia de TB durant I'any 2020 va ser 10 vegades superior a la de la
poblacié general (25).

Degut a les barreres d’accés al sistema sanitari, les persones sense llar
diagnosticades amb TB tenen un major risc de no iniciar, o no completar el
tractament (89,90). Les barreres inclouen la dificultat d’accés al sistema
sanitari, la mobilitat de les persones sense llar, que provoca pérdues en el
seguiment; la manca d’habitatge i de serveis socials; necessitats mediques
(comorbiditats) i socials més urgents; falta d’informacié sobre la malaltia,
estigma i discriminacid; i consum continuat d'alcohol i altres drogues
(36,89,91).
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Figura 14. Taxes estandarditzades de TB en poblacié sense llar (Sense
domicili fix: SDF), Barcelona, 2000-2020. Font: Programa de prevencid i
control de la tuberculosi de Barcelona (PPCTB). Agéncia de Salut Publica de
Barcelona; Ajuntament de Barcelona. Departament d'Estadistica i Difusi6 de
Dades. Lectura del Padré Municipal d'Habitants (1 de gener de cada any)
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3.3 JUSTIFICACIO DE LA TEMATICA DE LA TESI

Amb la visié d’avancar cap a l'eliminacié definitiva de la TB, I'OMS va
desenvolupar I'Estratégia END-TB, una estratégia global contra la TB per
millorar la prevencid, el control i 'atencio a la TB per a tota la poblacio a partir
del 2015. Aquesta estratégia es va aprovar a I’Assemblea Mundial de la Salut
del 2014, i compta amb ambiciosos objectius com la disminucié de la
mortalitat del 95% i de la incidéncia del 90% de cara al 2035, en comparacié
amb el 2015 (92). L’adaptacio dels objectius de I'estratégia global als paisos de
baixa incidéncia es va fer a través d’un treball conjunt entre I’'OMS, I'European
Respiratory Society, altres partners i experts mundials. A la conferéencia de
Roma de 2014, es va presentar el document marc que serviria com a
referéncia als paisos de baixa incidéncia per a intentar aconseguir I’eliminacié
de la malaltia el 2050. El document marc fa referéncia a aquells paisos del mén
gue han assolit incidencies de malaltia inferiors a 100 casos per milid
d’habitants i proposa vuit arees d’accié prioritaries per aconseguir arribar a
menys de 10 casos per milié (fase de preeliminacid) i eventualment a la
eliminacio de la malaltia (menys d’1 cas per milié d’habitants) (93).

L'epidemiologia de la TB a la majoria de paisos de baixa incidéncia es
caracteritza per una baixa taxa de transmissid a la poblacié general, brots
ocasionals, aparicié de casos com a resultat de la progressid de la infeccié
latent, concentracié de la malaltia en grups vulnerables amb determinats
factors de risc i el repte del maneig de la immigracio transfronterera (93-95).

Les accions prioritaries decretades per I'OMS inclouen assegurar el compromis
politic en relacio a la prestacié de serveis adequats per al maneig dels malalts
incloent serveis de salut publica que permetin la vigilancia, monitoritzacié i
avaluacié dels casos; prestar especial atencid a les poblacions amb majors
factors de risc d’evolucié a TB incloent-hi les persones immigrants acabades
d’arribar; realitzar cribratge de TB activa i d’ITL a contactes i grups d’alt risc
seleccionats i tractar-los adequadament; prevenir i tractar la TB resistent a
farmacs; i donar suport a I'accid global davant de la TB incloent inversions en
recerca (93).

L'objectiu principal de I'estrategia global de control de la TB de 'OMS és
garantir un diagnostic i tractament adequat de qualitat de la TB de manera
equitativa a tota la poblacié, perdo segueixen faltant estrategies per a la
prevencio de la malaltia. La prevencio i control de la TB a nivell mundial hauria
d’incloure una atencié especial a tots aquells col-lectius vulnerables i persones
de risc del territori.
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A nivell de Catalunya i Barcelona, tot i que les incidéncies de TB es mantenen
baixes, cada vegada augmenta més la complexitat dels casos ja que la TB
afecta de manera desproporcionada a poblacions vulnerables com persones
immigrants de paisos de baixa renda i alta endémia de TB, persones en risc
d’exclusié social o de marginalitat com les persones sense domicili fix, amb
problemes d’addiccions o amb barreres linglistiques o culturals. També sén
poblacions vulnerables les persones grans i els infants. Aquesta situacio
dificulta el maneig dels casos i pot provocar un augment del retard diagnostic
i, per tant, un augment de la transmissid de la malaltia a la comunitat. També
suposa una dificultat per aconseguir una correcta adheréncia i finalitzacié del
tractament i per a la realitzacié correcta de I'estudi de contactes d’aquelles
persones amb TBP, aixi com la deteccid i actuacié a temps enfront de brots
epidéemics (21,23,25).

Entenem com a poblacions vulnerables tots aquells col-lectius amb un major
risc de desenvolupar la malaltia, ja sigui perque acumulen factors de risc que
els fa més propensos a desenvolupar la malaltia (baixa renda, atur, persones
sense llar, persones vingudes de paisos endémics, persones amb antecedents
penals, fumadors, consum de risc d’alcohol, usuaris de drogues intravenoses,
persones infectades pel VIH, persones amb terapia immunosupressora,
persones amb diabetis, persones amb episodis anteriors de TB) o perqué
degut a aquests factors de risc o no, han estat contactes amb persones amb
TBP i han adquirit una ITL i, per tant, tenen una major probabilitat de
desenvolupar una TB activa (32,33,39).També considerem poblacions
vulnerables, aquelles que degut a alguns dels factors de risc mencionats o a
altres condicions economiques, socials o culturals o relacionades amb I'edat,
tenen problemes d’adherencia al tractament, presenten complicacions de
manera més freqlient i tenen una pitjor resposta i resultat al tractament
(96,97).

Per aquest motiu, amb els articles que composen aquesta tesi doctoral, s’han
estudiat i descrit en profunditat diferents col-lectius vulnerables per tal
d’augmentar el coneixement de la TB en aquests i poder desenvolupar un
major nombre d’accions preventives i de control de la malaltia. Aquestes ens
permetran evitar tant el desenvolupament de la malaltia, com les
complicacions o incidéncies derivades d’aquesta, i millorar aixi I'adheréncia al
tractament i la seva finalitzacio.

ARTICLE 1: Martin-Sanchez M, Brugueras S, de Andrés A, et al.
Tuberculosis incidence among infected contacts detected through contact
tracing of smear positive patients. PloS One. 2019 Apr 15;14(4):e0215322.
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Sabem que els contactes de persones amb TBP tenen un major risc
d’infectar-se i de desenvolupar la malaltia. Aquest article estudia el risc de
desenvolupar TB activa entre els contactes de persones amb TBP que
tenen ITL a la ciutat de Barcelona. Es important estudiar les
caracteristiques dels contactes per tal d’identificar aquells col-lectius que
tenen un major risc de desenvolupar la malaltia i per millorar les
indicacions de TITL. Coneixer els factors de risc de desenvolupar la malaltia
entre les persones amb ITL pot ajudar a generar estratégies preventives
per reduir la incidéncia de TB.

ARTICLE 2: Brugueras S, Molina VI, Casas X, Gonzalez YD, Forcada N,
Romero D, Rodés A, Altet MN, Maldonado J, Martin-Sanchez M, Cayla JA,
Orcau A, Rius C, Millet JP. Tuberculosis recurrences and predictive factors
in a vulnerable population in Catalonia. PloS One. 2020 Jan
15;15(1):e0227291.

Aguelles persones que ja han tingut un episodi anterior de TB també tenen
una major probabilitat de tornar a desenvolupar la malaltia. Es tracta de
persones que han estat tractades de manera adequada i han finalitzat el
tractament correctament. L’article estudia el risc de tenir una recurréncia
i els seus factors associats en poblacions vulnerables de Catalunya que van
finalitzar el tractament a Serveis Clinics, centre especialitzat en l'ingrés i
tractament de casos complicats de TB. Tot i existir un major risc de
desenvolupar la malaltia pel fet d’haver tingut un episodi anterior, aquest
risc es pot veure augmentat en determinats col-lectius vulnerables.
L'estudi pretén tenir aquest coneixement per tal d’identificar les
poblacions més susceptibles i amb un major risc de tenir una recurréncia
i poder actuar per evitar-ho.

ARTICLE 3: Soriano-Arandes A, Brugueras S, Rodriguez Chitiva A et al.
Clinical Presentations and Outcomes Related to Tuberculosis in Children
Younger Than 2 Years of Age in Catalonia. Front Pediatr. 2019 Jun
11;7:238.

Els infants menors de 2 anys tenen un major risc de desenvolupar
complicacions associades a la TB degut a la immaduresa de la resposta
immunitaria. Aquest article busca augmentar el coneixement en relacio a
les presentacions de la malaltia en els menors de dos anys i estudiar la
prevalenca de complicacions o resultats negatius del tractament i els

74



factors associats a aquestes complicacions. Obtenir aquesta informacio
d’una cohort de nens i nenes menors d’un any tractades als hospitals de
Catalunya, pot ajudar a idear i implementar noves accions preventives.

ARTICLE 4: Jové N, Masdeu E, Brugueras S, Millet JP, Ospina JE, Orcau A,
Rius C, Cayla JA, Sanchez F. Threats and Interventions During the
Treatment of Tuberculosis in an Inner-city District. Arch Bronconeumol.
2020 Jun 24:50300-2896(20)30179-4.

Degut a la llargada i les caracteristiques del tractament de la TB, es poden
donar problemes en l'adheréncia al tractament, i aquests son més
freqUents en certs col-lectius vulnerables. La facilitat d’adheréncia dels
pacients depen de la seva situacié socioeconomica, del sistema sanitari,
del tipus de tractament i d’altres caracteristiques individuals. A Barcelona,
existeixen Unitats Cliniques de TB (UCTB) dedicades exclusivament a
I'atencid i seguiment dels pacients amb TB. La UCTB del centre de la ciutat
atén poblacié de dos dels districtes de la ciutat amb major incidencia de
TB on hi resideixen un elevat percentatge de persones nascudes fora
d’Espanya i persones sense llar. S6n dels districtes de la ciutat més
desafavorits des del punt de vista social i economic. S’ha identificat que
aquest col-lectiu presenta més barreres a I’hora de seguir el tractament
de manera correcta. Aquest article pretén identificar els factors que
poden fer perillar I'adherencia al tractament i les diferents maneres
d’abordar-los, comparant aquells pacients nascuts fora amb els nascuts a
Espanya.

ARTICLE 5: Prats-Uribe A, Brugueras S, Comet D, AIamo-Junquera D,
Ortega Gutiérrez L, Orcau A, Cayla JA, Millet JP. Evidences supporting the
inclusion of immigrants in the universal healthcare coverage. Eur J Public
Health. 2020 Aug 1;30(4):785-787.

El 2012, en plena recessié economica, a Espanya, es van excloure tots
aquells immigrants indocumentats de la cobertura sanitaria gratuita.
Aguesta discriminacié s’explicava per tal de reduir els costos derivats de
I'atencié a immigrants i turistes sanitaris. A Catalunya i a altres comunitats
autonomes, aquesta exclusid no es va aplicar gracies a una legislacié
especial que cobria a aquells que els hauria tocat per Decret Llei, quedar
exclosos de cobertura del sistema sanitari. Malalties transmissibles com la
TB, son més incidents entre els col-lectius vulnerables, com les persones
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immigrants i indocumentades, que provenen de paisos amb una elevada
carrega de TB i, a més, presenten factors de risc socioeconomics que els
poden portar a ser una persona sense llar. Si el sistema sanitari no atén a
aquestes persones s’esta contribuint a la transmissié i disseminacio
d’aquestes malalties. Aquest estudi busca mostrar les implicacions que
hauria tingut en quant a morbiditat I'aplicacié d’aquesta normativa tant a
nivell de les malalties croniques com transmissibles com la TB.

ARTICLE 6: Brugueras S, Orcau A, Millet JP, Avellanes |, Masdeu E, Artigas
A, Clos R, de Andrés A, Prieto R, Cayla JA, Rius C. Characteristics of
homeless tuberculosis patients in a city with a low tuberculosis incidence.
PloS One 2022 [under review].

Un altre col-lectiu vulnerable sén les persones sense llar, afectats per la TB
de manera desproporcionada. La majoria de les persones sense llar tenen
situacions i necessitats molt complexes, aixi com problemes de salut
diversos. L’'objectiu d’aquest article és descriure les caracteristiques
sociodemografiques i cliniques dels pacients sense llar amb TB i
determinar quins son els factors associats per tal d’augmentar el
coneixement al respecte i poder abordar els casos de manera adequada i
realitzar accions preventives en aquest col-lectiu.

La millor manera d’abordar la tematica d’aquesta tesi és mitjancant la
realitzacié de diversos estudis, enfocats a descriure diferents situacions en
diferents col-lectius vulnerables i les diferents mesures d’abordatge en el seu
control des dels diferents components del Programa de prevencié i control de
la TB de Barcelona (PPCTB). Aquests estudis s’han realitzat de manera
paral-lela, utilitzant dissenys i metodologies diferents i perseguint uns
objectius diferents en cada cas. Aixo permet aplicar la metodologia especifica
per abordar cada un dels objectius i augmentar la riquesa i la diversitat de
perspectives de la tesi. En tots els casos es tracta d’estudis observacionals
transversals o estudis de cohorts. Es tracta de dos tipus de dissenys molt
utilitzats en recerca en salut publica on interessa fer una recerca molt aplicada
i representativa, més especificament en I'ambit de I'epidemiologia de les
malalties transmissibles i que permeten generar una forta evidéncia cientifica.
Molts d’ells sén de base poblacional.

Els estudis descriptius transversals permeten descriure les poblacions
d’interes i determinar la prevalenca de certs esdeveniments objectes d’estudi
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(Articles 3, 4 i 6). El estudis de cohorts permeten determinar la relacié causal
entre els factors d’exposicié estudiats i el desenvolupament de la malaltia. Es
tracta d’estudis en els que es segueix durant un temps de seguiment a un
conjunt de pacients o cohort que han estat exposats o no a una serie de factors
de risc o d’exposicid i es determina si es desenvolupa o no I'esdeveniment o
malaltia estudiada, en aquest cas, la TB (Articles 1, 2 i 5).

Coneixer els factors de risc associats al desenvolupament de la TB pot ajudar
a intervenir en aquests factors de risc i a enfocar les accions preventives en
determinats col-lectius de risc per tal de millorar el control dels casos i reduir
la incidencia de la malaltia en el nostre entorn. Tant a nivell de Catalunya com
de Barcelona es requereix més informacio sobre el comportament de la TB en
els diferents col-lectius de risc, i aquesta tesi pretén augmentar els
coneixements en aquest ambit i donar eines per prevenir i abordar la TB.

Un altre aspecte a destacar és que molts dels articles presentats en aquesta
tesi s6n estudis poblacionals i per tant representatius d’aquella poblacio i
moment determinat. Aquest tipus d’estudis sdn molt valuosos per estudiar
I’epidemiologia de la malaltia i tenen una important validesa externa per tal
d’extrapolar els resultats als diferents col-lectius. Per una banda requereixen
un gran esforg i dedicacio per fer una recollida de dades correcta i de qualitat
durant tot el periode d’estudi, perd per altra, permet establir mesures
d’intervencié dirigides especificament sobre aquets col-lectius. Per a tot aixo,
és de gran ajuda comptar, com ha estat el cas, amb bases de dades i registres
propis del sistema sanitari de Catalunya fiables i amb dades de qualitat.
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4.1 HIPOTESIS
HIPOTESI PRINCIPAL

La incidéncia de TB en arees en transicié cap a la baixa incidéncia com
Barcelona o Catalunya, entre 1997 i 2018, cada vegada es troba més
concentrada en col-lectius vulnerables i per tant, les estratégies més
efectives son aquelles que estan enfocades a identificar, tractar i seguir la ITL
i la TB en aquests col-lectius, aixi com aquelles accions adrecades a millorar
les condicions de vida de la poblacié i a incidir en els determinants socials de
la TB.

HIPOTESIS ESPECIFIQUES

H1. La incidencia de TB en persones-any de seguiment dels contactes amb ITL
sera com a minim quatre vegades més gran que la trobada a la poblacié
general. El risc de desenvolupar TB en els contactes infectats que no rebin
tractament els dos primers anys sera més gran que el calculat classicament
(5% als dos anys). El risc de desenvolupar TB estara influit per I'edat, el
compliment del tractament de la ITL i el pais de naixement.

H2. La incidencia de recurréncies de TB entre les persones curades sera fins a
20 vegades superior que la incidencia de TB en la poblacié general. Els factors
predictors de recurréncia seran aquells relacionats amb I'estat immunitarii les
comorbiditats (infeccid pel VIH, desnutricio, diabetis o malalties que debiliten
el sistema immunitari), el consum de risc d’alcohol, tabac i altres drogues i
I’edat avancada.

H3. La TB pulmonar sera la forma més predominant de TB entre els nens
menors de 2 anys i trobarem casos amb TB meningia. Les complicacions
degudes a la TB es donaran a un 15% dels casos. Un dels factors de risc
associats a les complicacions seran tenir una TB extrapulmonar o meningia i
tenir manifestacions cliniques durant més de dues setmanes.

H4. Més del 50% dels pacients amb TB seran nascuts fora d’Espanya. Els
incidents relacionats amb la mala adheréncia al tractament estaran
relacionats amb les barreres culturals i linglistiques dels pacients, amb els
problemes de mobilitat i accessibilitat a la Unitat Clinica i amb els afectes
adversos derivats del tractament antituberculds.
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H5. La poblacié immigrant indocumentada potencialment exclosa de la
cobertura sanitaria publica a Catalunya tindra un menor percentatge de
malalties no transmissibles i una major incidéncia de malalties transmissibles
com la TB o el VIH que la resta de la poblacié.

H6. Entre un 5iun 10% de les persones amb TB de la ciutat de Barcelona seran
persones sense llar. Els pacients sense Ilar amb TB tindran major prevalenga
de factors de risc que la resta de la poblacié com: consum de risc de tabac,
alcohol i altres drogues, antecedents de presd, haver nascut fora d’Espanya, i
tenir altres comorbiditats. També tindran pitjor clinica i un pitjor resultat del
tractament.

4.2 OBJECTIUS
OBJECTIU PRINCIPAL

Coneixer les caracteristiques, la incidencia i I'evolucié de la TB en poblacions
vulnerables entre els anys 1997 i 2018 i les estrategies per a la seva prevencio
i control en una area en transicid cap a una baixa incidéncia com Catalunya i
Barcelona.

OBJECTIUS ESPECIFICS

1. Calcular la incidéencia de TB i els factors de risc de desenvolupar la
malaltia entre una cohort de contactes amb ITL detectats mitjangant
I’estudi de contactes de casos de TB pulmonar amb bacil-loscopia
positiva.

2. Calcular la incidencia i els factors predictors de tenir una recurréncia
de TB en una cohort de pacients socialment vulnerables que han
completat el tractament antituberculds a un centre de referéencia de
TB de Catalunya especialitzat en l'ingrés i tractament de casos
complicats de TB.

3. Descriure la incidencia, les formes cliniques i els factors de risc
associats a complicacions a llarg termini en els pacients amb TB
menors de 2 anys a Catalunya.

4. Coneixer les caracteristiques epidemiologiques dels pacients amb TB
d’una Unitat Clinica de TB d'un hospital de referéncia del centre de
Barcelona. Identificar els escenaris que, per la seva complexitat, sén
una amenaga per a l'adheréncia al tractament antituberculds i
descriure les activitats coordinades realitzades des del sistema sanitari
per facilitar-ne el compliment terapeéutic.
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Coneixer I'impacte en la incidencia de TB, VIH i altres malalties del fet
d'excloure a la poblacié immigrant indocumentada de Catalunya de la
cobertura sanitaria publica.

Coneixer les caracteristiques demografiques, cliniques i d'evolucio i
els factors associats dels pacients sense llar amb TB de Barcelona.
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La metodologia utilitzada ha estat diferent en cada un dels articles presentats.
Els dissenys dels estudis han estat poblacionals en tots els casos pero I'ambit
d’estudi ha estat diferent en funcié dels objectius de cada un d’ells. Les
variables analitzades i les metodologies i tecniques d’analisi emprades s’han
adequat també als objectius de cada estudi.

La metodologia i els resultats obtinguts es troben descrits en els diferents
articles publicats que es presenten a continuacid.
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Abstract

Background

The contacts of people with pulmonary tuberculosis (PTB) have a high risk of becoming
infected and developing tuberculosis (TB). Our aim was to determine the incidence of TB
and its risk factors in a cohort of contacts with latent TB infection (LTBI) detected through
contact tracing of smear-positive PTB cases.

Methods and findings

We performed a population-based retrospective cohort study including contacts that had
LTBI, and were contacts of people with PTB who started treatment between 2008 and
2014. We followed up contacts until they developed TB or until the end date for follow-up
(81st December 2016). We used Kaplan-Meier curves to compute incidence at 2 and 5
years, and Cox regression to compute hazard ratios (HR) and their 95% confidence inter-
vals (Cl). We analyzed 3097 close contacts of 565 PTB cases. After exclusion of 81 co-
prevalent TB cases, 953 contacts had LTBI, of which 14 developed TB. Their risk of
developing TB after two and five years was 0.7% (CI: 0.3—-1.6) and 1.8% (CI: 1.1-3.1)
respectively. Contacts who had not been referred for LTBI treatment had a 1.0% (ClI: 0.2—
4.0) risk at 5 years. Risk of developing TB at 5 years was 1.2% (CI: 0.5-3.0) among peo-
ple who completed treatment, and 11.1% (Cl: 5.1-283.3) for those who did not. Risk fac-
tors for TB were not completing LTBI treatment (HR 9.4, Cl: 2.9-30.8) and being female
(HR 3.5,Cl: 1.1-11-3).
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Conclusions

LTBI treatment plays a fundamental role in decreasing the risk of developing TB. It is neces-
sary to achieve a maximum contact tracing coverage and the highest possible compliance
with LTBI treatment.

Introduction

The contacts of people with tuberculosis (TB) have higher risk of having a latent tuberculosis
infection (LTBI), and of developing TB than the general population. This is particularly true
among the contacts of people with sputum smear-positive pulmonary TB (SS+ PTB). [1]

People with LTBI have a 5-10% lifetime risk of developing TB if they do not receive LTBI
treatment. The risk is higher in the first two years after infection and decreases gradually there-
after.[2] Other factors can also increase the risk of developing TB, particularly diseases or con-
ditions that reduce or impair the function of the immune system.[3]

Recent studies performed in countries with a low incidence of the disease have shown that
the risk of developing TB within 5 years after contracting LTBI could be as high as 9.5%(4] or
even 15%]5]. Several studies performed in different settings have obtained different risks at the
population level.[1,4-8]

To decrease infected individuals’ risk of developing TB, LTBI treatment prescription is con-
sidered.[9] In our setting, this treatment usually consists of one of the following: (i) six- to
nine-month treatment with Isoniazid, or (ii) a 3-month treatment with a combination of
Rifampin and Isoniazid[10,11]. However, TB prevention among contacts with LTBI depends
on the acceptance and completion of a long-term treatment. While clinical trials have shown
that LTBI treatment has around 90% efficacy[12], there is broad variation in the observed rates
of treatment completion in our control program. In Barcelona city, completion rates reach 70-
80%]13], but are much lower in other areas [14], which reduces treatment effectiveness and
increases the risk of developing TB[15].

To improve LTBI treatment indication, and to more accurately identify population groups
at risk of developing TB, it is necessary to better understand the characteristics of the TB cases’
contacts[1]. The aim of this study was to determine the incidence of TB and its risk factors in a
cohort of patients with LTBI who were detected by tracing the contacts of SS+ PTB cases in the
city of Barcelona. This was achieved thanks to an established TB surveillance and control sys-
tem in a low-medium TB incidence European city[16].

Methods
Design

We performed a population-based retrospective cohort study of infected people who were con-
tacts (intensity of contact at least one hour per day) of SS+ PTB cases who had initiated treat-
ment between 2008 and 2014. Contacts were detected through the Barcelona TB Control
Program (PCTB). The analysis was carried out retrospectively and involved data collected on a
routine basis within the National Tuberculosis Plan approved by the Spanish Ministry of
Health. Therefore, informed consent was not required.
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Study population

We selected close and frequent contacts of SS+ PTB index cases obtained through the PCTB
contact registry. Potential contacts were excluded if their corresponding index case was not liv-
ing in Barcelona when the contacts were traced.

Data were collected for socio-demographic (sex, country of origin and date of birth) and
clinical and epidemiological variables (final result of contact tracing, prescription and comple-
tion of LTBI treatment) registered by the PCTB. Contacts were defined as having completed
treatment if they followed the prescribed treatment with good adherence as determined by the
corresponding physician until (i) the treatment was completed, or (ii) the end date for follow-
up was reached. Contacts were classified as non-completers if they refused the prescribed treat-
ment, dropped out voluntarily, or discontinued treatment for toxicity-related or unspecified
reasons. For contacts in which some results were missing, some socio-demographic data were
obtained from the city census. The final follow-up date for contacts who had left the city or
had died were also obtained from the city census. Other clinical variables of interest were
obtained by retrospectively reviewing hospital and primary care records using standardized
abstraction forms used by the PTCB. These included: (i) smoking habit, (ii) alcohol abuse
(alcohol consumption over 280 gr per week in men and over 140 gr in women), (iii) diabetes
mellitus (DM), and (iv) infection with human immunodeficiency virus (HIV).

Field methods

All newly diagnosed TB cases are notified to the PCTB for evaluation. Contact tracing is priori-
tized according to the following factors: (i) level of infectiousness of the index case; (ii) inten-
sity of exposure; (iii) characteristics of the place of exposure; (iv) the risk of developing TB.
Contact tracing is prioritized for SS+ PTB cases.

Contacts are classified as follows: (i) close contacts (in contact every day for >6 hours), (ii)
frequent contacts (in contact for at least 1 hour per day), (iii) non-daily contacts (in contact for
at least 6 hours a week), and (iv) sporadic contacts. For SS+ PTB cases, contact tracing was
stipulated for any contacts that occurred in the 3 months prior to the onset of symptoms in the
index case. The intensity of contact is matched with the risk of developing TB in order to create
high-, medium- and low- priority groups[17].

High-priority contact tracing is conducted as soon as possible after diagnosis of the index
case. Contact tracing at this stage involves collecting some basic socio-demographic data
(name, surname, country of origin, sex, date of birth), performing a brief anamnesis, and ana-
lyzing the presence of LTBI by performing a tuberculin skin test (TST) injection or by using
interferon gamma detection techniques (IGRA, QuantiFERON-TBJ[18]), depending on the
risk of infection or on the presence of immunosuppression. For contacts of TB patients, LTBI
treatment is considered if the TST results in a 5-mm induration (or higher), or if the Quanti-
feron-TB result is 0.35IU/ml or higher[19].

For all contacts traced, the test is repeated at weeks 8 and 12 -exceeding the window period-
if the most recent exposure to the index case occurred <8 weeks previously. This allows us to
detect any conversions in LTBI tests; conversions were defined as a change from a negative to
a positive value in the TST or IGRA, according to the thresholds defined above[19].

In all cases with an infection, the presence of the disease was assessed by evaluation of the
individual clinical history and a chest X-ray. The contacts diagnosed with active TB disease at
this stage were classified as co-prevalent TB cases. Once absence of disease is confirmed, the
clinician recommends either LTBI treatment or clinical follow-up. LTBI treatment is offered
to all infected contacts of TB cases, especially those aged <65 years. The corresponding

PLOS ONE | https://doi.org/10.1371/journal.pone.0215322  April 15,2019 3/16


https://doi.org/10.1371/journal.pone.0215322

@ PLOS | O N E Incidence of tuberculosis among infected contacts

clinician assesses each case individually, according to the epidemiological and clinical charac-
teristics of the person, in order to decide on the best treatment regimen, if any.

Follow-up of the study population

Contacts were followed up from the day the index case started treatment until they developed
TB, or until December 31%, 2016. Contacts who were lost to follow-up or who had left the
country were censored at the last date registered in the clinical history; contacts who had died
were censored at the date of death as recorded in the city census.

The dependent variable was time to TB diagnosis, which was obtained after subtracting the
final date of follow-up from the date at which the index case started treatment. It was obtained
by cross-checking the PCTB contacts register against the PCTB register of TB cases that has
started treatment between 2008 and 2016. To confirm that the data corresponded to the same
person, we created an individual coded variable including name, surname and date of birth in
both databases using a common algorithm. Afterwards, all matching cases were verified by the
PCTB staff. In addition, we searched for all contacts in electronic clinical records in order to
detect any case that could have developed TB outside Barcelona but within Catalonia.

Statistical analysis

We computed TB incidence at two and five years using Kaplan-Meier curves, globally and
stratified by sex, age (which was re-coded into two groups, <40 years and >40 years, in order
to eliminate empty categories), DM, smoking habit, HIV infection, risky alcohol consumption,
country of origin (born in Spain, or born in a another country), conversion of TST/IGRA, and
prescription and completion of LTBI treatment (treatment completers, non-completers, no
prescription, or unknown). We used the Log-Rank and Wilcoxon tests for hypothesis contrast-
ing, and set statistical significance at p<0.05.

We analysed missing values for the prescription and completion of LTBI treatment, com-
paring the known and missing values for this variable. For contacts who had been prescribed
LTBI treatment, we compared those who completed the treatment to those who did not using
the %* and Fisher exact tests, with statistical significance set at p<0.05. We used logistic regres-
sions to calculate the odds ratio (OR) and 95% confidence interval (CI), and fit multivariate
models for all variables, excluding (stepwise backwards) those with a larger p-value than 0.2.

We computed the density of incidence (and 95%CI) in 100,000 persons-year of follow-up
(PY), both globally and stratified by prescription and completion of LTBI treatment. To iden-
tify risk factors for developing TB, we used a multivariate Cox regression analysis to compute
adjusted hazard ratios (aHR) and the corresponding confidence intervals. We fit a model with
all variables, and then excluded (stepwise backward) those with a p-value of >0.2. Age and sex
were maintained in the model, as stipulated by the theoretical framework. For the variable
“prescription and completion of LTBI treatment”, all missing values were included in the
model as a category. The proportionality of the risk was tested over time using Schoenfeld
residuals[20].

Starting with the multivariate model, we used variance-normalizing and stabilizing- trans-
formations to compute the etiologic fraction for developing TB and its confidence intervals for
non-compliance with LTBI treatment[21].

All analysis were performed using STATA (13.0 Version; Stata Corp, College Station, TX).

Ethical considerations

This study was approved by the Clinical Research Ethics Committee of Parc de Salut Mar
(CEIC-IMASY) in Barcelona (Project number 2017/7443/1).
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To guarantee confidentiality of the data and records, we adhered to the regulations estab-
lished by Spanish Organic Law 15/1999 on the Protection of Personal Data, and to the Ethical
Principles for Human Research defined by the 1964 Declaration of Helsinki, revised and
updated by the World Medical Organization (Edinburgh 2000).

Results
Characteristics of the study population

A total of 2637 TB cases were detected in the study period, of which 697 had SS+ PTB. 565
cases (81.1%) were people who were living in Barcelona and had at least one close or frequent
contact captured by the contact tracing and for whom follow-up data were available. For these
565 cases, we captured 3,097 contacts, of whom 81 (2.6%) were found to have co-prevalent TB,
and 977 (31.6%) had LTBI; of the latter group, 92 had a TST or IGRA conversion (Fig 1).

Among the contacts with either co-prevalent TB or LTBI, the proportion of contacts that
had co-prevalent TB in each age group was as follows: 60.7% in <5 years, 20.9% in 5-14 years;
6.9% in 15-39 years and 2.2% in >40 years.

After excluding the co-prevalent cases, follow-up information was obtained from 953
(97.5%) contacts with LTBI who conformed our study cohort; of whom 57.2% were men,
56.5% had been born in a foreign country, and 58.8% were <40 years old. Most were close
contacts (792, (83.1%)) or household contacts (735 (77.1%)).

The prevalence of other clinical variables of interest was: smoking habit, 25.6%; diabetes,
5.6%; alcohol abuse, 5.1%, and HIV infection, 0.3%. In terms of LTBI treatment: this treatment
was not prescribed in 238 (25.0%) cases, treatment information was unavailable in 125 (13.1%)
cases, treatment was completed in 518 (54.4%) cases, and 72 (7.6%) of the cases did not comply
with treatment (Table 1).

The global rate of treatment completion among those commencing treatment was 87.8%,
with the highest rates observed in children aged 5-14 years (98.4%), followed by children aged
<5 years (90.9%), contacts aged >40 years (89.9%), and contacts aged 15-39 years old
(84.2%). Non-completion of LTBI treatment was due to treatment refusal by 16 (22.2%) con-
tacts, voluntary drop-out in 25 (34.7%) contacts, toxicity in 9 (12.5%) contacts, and non-speci-
fied reasons in 22 (30.6%) contacts.

The median age of people who completed LTBI treatment (treatment completers) was 34
years, and 34.6% of them were >40 years old. The median age of non-completers was 32.5
years, and 27.8% of them were >40 years old. The median age of people who were not given a
prescription for treatment was 45 years, and 63.0% of them were older than >40 years of age.

Most contacts for whom no data were available regarding prescription and completion of
LTBI treatment were foreign-born, non-household contacts and non-converters in the LTBI
tests (Table 2).

Among contacts who were prescribed LTBI treatment, those who did not complete it were
more often foreign-born than those who did (Table 3).

Incidence of tuberculosis

We detected 14 cases of TB with a median contact follow-up time of 5.3 years (interquartile
range = 2.9-7.7). The median age of the cases was 31 years (range, 19-72 years). The incidence
density was 290.1 TB cases/100.000 PY (CI: 171.8-489.9) and there were no significant differ-
ences between groups, except in terms of “prescription and completion of LTBI treatment”
(p<0.01): 185.7 cases/1000,000 PY (CI: 77.3-446.1) in treatment completers, 1969.9 (CIL:
885.0-4,384.9) in treatment non-completers, 161.0 (CI: 40.3-643.9) in contacts who had not
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Fig 1. Results obtained from tracing and follow-up of close and frequent contacts of sputum smear-positive pulmonary tuberculosis cases.
Barcelona, 2008-2016. (TB: tuberculosis, LTBI: latent tuberculosis infection).

https://doi.org/10.1371/journal.pone.0215322.g001

been prescribed treatment, 170.5 (CI: 24.0-1210.4) (Fig 2) in contacts for whom no informa-
tion was available regarding treatment prescription and completion.
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Table 1. Characteristics of the 953 infected contacts (close and frequent contacts) detected through contact trac-

ing of sputum smear-positive pulmonary tuberculosis cases. Barcelona 2008-2016.

n (%)
Age <5 years 11 (1.2)
5-14 years 66 (6.9)
15-39 years 483 (50.7)
>40 years 392 (41.1)
Unknown 1(0.1)
Sex Men 545 (57.2)
Women 408 (42.8)
Country of origin Spain 399 (41.9)
Foreign-born 539 (56.5)
Unknown 15 (1.6)
Type of contact Close 792 (83.1)
Frequent 161 (16.9)
Setting Home 735 (77.1)
Community 218 (22.9)
TST/IGRA Conversion Yes 92 (9.7)
No 861 (90.3)
Smoking habit Yes 244 (25.6)
No 481 (50.5)
Missing 228 (23.9)
DM Yes 53 (5.6)
No 732 (76.8)
Missing 168 (17.6)
HIV infection Yes 3(0.3)
No 788 (82.7)
Missing 162 (17.0)
Alcohol abuse Yes 49 (5.1)
No 668 (70.1)
Missing 236 (24.8)
Prescription and completion of LTBI treatment Completers 518 (54.4)
No prescription 238 (25.0)
Non-completers 72 (7.6)
Missing 125 (13.1)

TST/IGRA conversion: conversion in tuberculin screen test or IGRA seroconversion; DM: diabetes mellitus; LTBI:

latent tuberculosis infection

https://doi.org/10.1371/journal.pone.0215322.t001

At the univariate level, TB risk was significantly higher in individuals who had not com-
pleted LTBI treatment (HR 9.8, CI: 3.0-32.4, compared to treatment completers). Women
(HR 3.0; CI: 0.9-9.7) and foreign-born individuals (HR 3.3; CI: 0.9-11.8) had marginally sig-
nificantly greater risk of TB. Similar results were obtained in the multivariate analysis (aHR
9.4, CI:2.9-30.8 in treatment non-completers, and aHR 3.5 CI:1.1-11.3 in women; Table 4).

Cumulative incidence at 2 and 5 years

For all contacts, the overall probability of developing TB within two years was 0.7% (CI: 0.3—
1.6). There were no statistically significant differences in risk between categories, except in
relation to “prescription and completion of LTBI treatment”: 0.2% (CI: 0.1-1.4%) in treatment
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Table 2. Factors associated with missing data regarding prescription and completion of latent tuberculosis infection treatment. 953 infected contacts (close and fre-
quent contacts) detected through contact tracing of sputum smear-positive pulmonary tuberculosis cases. Barcelona 2008-2016.

Prescription and completion of LTBI

treatment
Missing Non-missing p-value** OR aOR
[n (%")] [n (%")]

Age <40 years 82 (14.6) 478 (85.4) 0.10 1

>40 years 43 (11.0) 349 (89.0) 0.7 (0.5-1.1)
Sex Man 77 (14.1) 468 (85.9) 0.29 1

Woman 48 (11.8) 360 (88.2) 0.8 (0.6-1.2)
Country of origin Spain 31(7.8) 368 (92.2) <0.01 1 1

Foreign-born 93 (17.3) 446 (82.7) 2.5 (1.6-3.8) 2.3 (1.3-3.8)
Type of contact Close 104 (13.1) 688 (86.9) 0.98 1

Frequent 21 (13.0) 140 (87.0) 1.0 (0.6-1.6)
Setting Home 89 (12.1) 646 (87.9) 0.09 1 1

Community 36 (16.5) 182 (83.5) 1.4 (0.9-2.2) 2.4 (1.4-4.1)
TST/IGRA conversion Yes 3(3.3) 89 (96.7) <0.01 1 1

No 122 (14.2) 739 (85.8) 4.9(1.5.15.7) 5.4 (1.3-22.9)
Smoking habit No 50 (10.4) 431 (89.6) 0.21 1 1

Yes 33 (13.5) 211 (86.5) 1.3 (0.8-2.1) 1.4 (0.9-2.4)
DM No 85 (11.6) 647 (88.4) 0.73 1

Yes 7(13.2) 46 (86.8) 1.2 (0.5-2.6)
HIV infection No 95 (12.1) 693 (87.9) 0.52

Yes 0(0.0) 3 (100)
Alcohol abuse No 78 (11.7) 590 (88.3) 0.74 1

Yes 5(10.2) 44 (89.8) 0.9 (0.3-2.2)

LTBI: latent tuberculosis infection; OR: odds ratio; aOR: odds ratio adjusted by country of origin, setting of contact, TST/IGRA conversion and smoking habit; TST/
IGRA conversion: conversion in tuberculin screen test or IGRA seroconversion; DM: diabetes mellitus.
*Percentage over the total without missing values;

**p-value for the univariate analyses.

https://doi.org/10.1371/journal.pone.0215322.t1002

completers; 0.5% (CI: 0.1-3.4%) in contacts who had not been prescribed treatment; 5.0% (CI:
1.6-14.7%) in non-completers; and 1.0% (CI: 0.1-6.8%) in contacts for whom no information
was available regarding the prescription and completion of LTBI treatment (Fig 3).

For all contacts, the overall probability of developing TB within five years was 1.8% (CI:
1.1-3.1). There were no statistically significant differences in risk between categories, except
for the prescription and completion of LTBI treatment: 1.2% (CI: 0.5-2.9%) in contacts who
completed LTBI treatment; 1.0% (CI: 0.2-4.0%) in contacts who had not been prescribed treat-
ment; 11.2% (CI: 5.1-23.3%) in non-completers; and 1.0% (CI: 0.1-6.8%) in contacts for
whom no information was available regarding the prescription and completion of LTBI treat-
ment (Table 4 and Fig 3).

In terms of TB development, the etiologic fraction of contacts who had not completed LTBI
treatment was 89.6% (CI: 65.7-96.9), i.e. 5 of the 6 TB cases who had not completed LTBI
treatment would have been avoided if they had completed their treatment.

Discussion

This study shows that contacts with LTBI who were detected by tracing contacts of SS+ PTB
patients have a high incidence of TB during follow-up, which makes them a high-risk group.
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Table 3. Factors associated with non-completion of latent tuberculosis infection treatment. 590 contacts (close and frequent contacts) to whom treatment had been
prescribed; contacts were detected through contact tracing of sputum smear-positive pulmonary tuberculosis cases. Barcelona 2008-2016.

LTBI treatment

Non-completion Completion p-value** OR aOR
n=72,n(%") n=518,n (%")
Age <40 years 52 (13.3) 338 (86.7) 0.25 1
>40 years 20 (10.1) 179 (89.9) 0.7 (0.4-1.3)
Sex Man 40 (12.1) 291 (87.9) 0.92 1
Woman 32(12.4) 227 (87.6) 1.0 (0.6-1.7)
Country of origin Spain 20 (8.3) 222 (91.7) 0.02 1 1
Foreign-born 50 (14.7) 290 (85.3) 1.9 (1.1-3.3) 2.0 (1.0-3.7)
Type of contact Close 58 (11.4) 452 (88.6) 0.12 1
Frequent 14 (17.5) 66 (82.5) 1.6 (0.9-3.1)
Setting Home 55 (10.9) 449 (89.1) 0.02 1 1
Community 17 (19.8) 69 (80.2) 2.0 (1.1-3.7) 1.8 (0.8-3.9)
TST/IGRA Conversion Yes 4(5.9) 64 (94.1) 0.09 1
No 68 (13.0) 454 (87.0) 2.4 (0.8-6.8)
Smoking habit No 34 (10.1) 303 (89.9) 0.59 1
Yes 16 (11.8) 120 (88.2) 1.2 (0.6-2.2)
DM No 48 (10.1) 428 (89.9) 0.25 1
Yes 5(16.7) 25 (83.3) 1.8 (0.6-4.9)
HIV infection No 53 (10.4) 456 (89.6) 0.07 1
Yes 1 (50.0) 1 (50.0) 8.6 (0.5-139.6)
Alcohol abuse No 48 (11.0) 389 (89.0) 0.53 1
Yes 2(7.1) 26 (92.9) 0.6 (0.1-2.7)

LTBI: latent tuberculosis infection; OR: odds ratio; aOR: odds ratio adjusted by country of origin and setting of contact; TST/IGRA conversion: conversion in tuberculin
screen test or IGRA seroconversion; DM: diabetes mellitus.
*Percentage over the total without missing values;

**p-value for the univariate analyses;.

https://doi.org/10.1371/journal.pone.0215322.t1003

In these cases, the incidence reached 290.1 cases per 100,000 PY, which is 17 times higher than
the global incidence in Barcelona in the year 2016 (16.2 cases per 100,000 PY[13]).

Of all the contacts mentioned above, the highest-risk group was composed of contacts who
had been prescribed LTBI treatment but did not complete it. Contacts in this group had
10-fold greater risk of developing TB than those who completed the treatment. In the contacts
who did not complete treatment, the risk of developing tuberculosis was 5% at 2 years, and
11.2% at 5 years. In contrast, the risk was close to 1% among contacts who had not been pre-
scribed treatment and in those who had completed LTBI treatment. These values are some-
what higher than estimated classically [2], and some of the results are comparable to those
obtained in recent studies performed in low- and medium-incidence countries [4,5,22]. For
instance, in our study we observed an incidence of 1969.9 cases/100,000 PY in contacts who
had not completed treatment, while a study performed in Canada found an incidence of 1494
cases/100,000 PY[22] in the same group.

Our results also confirm that prescription and completion of LTBI treatment are effective
in reducing the TB risk, since nearly 90% of the cases in which non-completer contacts devel-
oped TB would have been avoided if they had actually completed the treatment prescribed. In
addition to the cases that would have been prevented in the short term, secondary cases of
these contacts would also have been prevented, as contact tracing makes it possible to break
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Fig 2. Incidence of tuberculosis among 953 infected contacts (close and frequent contacts) detected through
contact tracing of sputum smear-positive pulmonary tuberculosis cases. Results stratified by prescription and
completion of latent tuberculosis infection treatment. Barcelona 2008-2016. Absolute value and 95% confidence
intervals; TB: tuberculosis; LTBI: latent tuberculosis infection.

https://doi.org/10.1371/journal.pone.0215322.9002

the chain of infection.[1] Remarkably, there were no differences in incidence between contacts
who had not been prescribed LTBI treatment and those who had been prescribed the treat-
ment and completed it. Even though all close contacts with LTBI are generally advised to fol-
low treatment, various factors may render treatment inappropriate for medical reasons, such
as: (i) suspected previous infection, which lowers the risk of reactivation [23]; (ii) co-morbidi-
ties that make the patient more vulnerable to the adverse effects of treatment[12]; and (iii) sus-
pected poor adherence to treatment where prescribed. In light of these results, the contacts to
whom treatment was not prescribed were generally older than those who were prescribed
treatment, and probably had previous TB infections with a much lower risk of disease
reactivation.

Another result of this study was the higher TB risk observed in women, even though this
result was marginally significant. Some TB cases in men may have occurred after the end of
the study period, since they had a shorter total follow-up than women; in fact, a single addi-
tional case of TB in men would have made the gender difference statistically non-significant.
Men and women may be expected to have a similar risk of TB after adjusting for clinical and
socio-demographical variables. Nevertheless, while at least one study reported higher risk in
women [24], others have reported higher risk in men [25,26]. More work is necessary to defin-
itively determine whether there is a real gender difference in risk and its determinants.
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Table 4. Risk factors for tuberculosis among 953 infected contacts (close and frequent contacts) detected through contact tracing of sputum smear-positive pulmo-

nary tuberculosis cases. Barcelona 2008-2016.

Age

Sex

Country of origin

TST/IGRA Conversion

Smoking habit

DM

HIV infection

Alcohol abuse

Prescription and completion of LTBI treatment

Incident TB cases (n) % TB risk at HR (CI95%) aHR (CI95%)
5 years (95% CI)
<40 years 10 2.4 (1.3-4.4) 1 1
>40 years 4 1.1 (0.4-3.0) 1.0 (0.9-1.0) 0.8 (0.5-1.5)
Man 4 1.1 (0.4-2.9) 1 1
Woman 10 2.8 (1.5-5.2) 3.0 (0.9-9.7) 3.5(1.1-11.3)
Spain 3 0.8 (0.3-2.4) 1
Foreign-born 11 3.0 (1.6-5.3) 3.3(0.9-11.8)
No 12 1.8 (1.0-3.1) 1
Yes 2 2.6 (0.7-10.0) 1.5 (0.3-6.8)
No 5 2.1(1.1-4.1) 1
Yes 9 2.3 (0.9-5.3) 1.1 (0.4-3.4)
No 12 1.9 (1.1-3.3) 1
Yes 2 4.1 (1.0-15.6) 2.2 (0.5-10.0)
No 14
Yes 0
No 14
Yes 0
Completers 5 1.2 (0.5-2.9) 1 1
No prescription 2 1.0 (0.3-4.0) 0.9 (0.2-4.5) 1.2 (0.2-6.3)
Non-completers 6 11.2 (5.1-23.3) 9.8 (3.0-32.2) 9.4 (2.9-30.8)
Missing 1 1.0 (0.1-6.8) 1.0 (0.1-8.2) 0.9 (0.1-7.7)

HR: hazard ratio; aHR: hazard ratio adjusted by age, sex and prescription and completion of LTBI treatment and stratified by country of origin as proportional hazards

assumption was not complied (N = 952); TST/IGRA conversion: tuberculin screen test conversion or IGRA seroconversion; DM: diabetes mellitus; LTBI: latent

tuberculosis infection.

https://doi.org/10.1371/journal.pone.0215322.1004

A detailed analysis of the prescription and completion of LTBI treatment showed that in
most cases contacts with missing values were foreign-born, community contacts of the index
case, or non-converters in LTBI tests. These contacts had a similar profile to that of contacts
who did not complete LTBI treatment, which could underestimate the incidence of TB in the
total number of contacts.

Among foreign-born contacts, the lower treatment completion and higher percentage of
individuals lost to follow-up suggest that this is an especially vulnerable group, for which spe-
cific strategies should be developed to improve follow-up and increase adherence. Programs
that encourage linguistically- and culturally- sensitive care, free access to treatment, shorter
treatments, and individualized care have proven useful in increasing compliance in this popu-
lation [14,27,28].

The study has several limitations. First, we had limited access to information related to sev-
eral factors that could have influenced the risk of TB such as the presence of immunosuppres-
sion due to diseases and other treatments [1]. Also, data were missing for some risk factors
such as smoking habit, alcohol abuse, HIV infection and diabetes, as these are not systemati-
cally registered in contact follow-up. This issue, along with the small number of incident cases,
may explain that none of the risk factors mentioned above increased TB risk in our cohort.
Specifically, none of the 14 incident TB cases had HIV infection or a history of alcohol abuse,
and while we found that DM was associated with a higher risk of TB, this association was not
statistically significant.
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Fig 3. Cumulative risk of tuberculosis in 953 infected contacts (close and frequent contacts) detected through
contact tracing of sputum smear-positive pulmonary tuberculosis cases stratified by prescription and completion
of latent tuberculosis infection treatment. Barcelona 2008-2016.
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Second, the sample size and the lack of incident TB cases among contacts under 15 years of
age only allowed us to create two age groups for the regression models. Even when risk is
higher in contacts aged <15 years, this was not shown in follow-up since they had already
appeared at the beginning of the contact tracing. Due to their vulnerability, TB cases in this
age group probably appear even before the diagnosis of the index case. In our study popula-
tion, a 60.7% of the contacts with either active TB or LTBI at the baseline contact tracing were
co-prevalent TB cases in <5 years old, as compared to the 2.2% in >40 years old.

Third, only infected contacts were followed up in this study. Even though TST and IGRA
are the recommended screening tests [19], they do not have optimal sensitivity [29] and some
infected contacts might be misclassified as non-infected and therefore excluded, when in fact
they are infected and have high TB risk.

Finally, the only contacts included were those of cases in which contact tracing was success-
ful. This means that we do not have information on the characteristics and the TB risk of con-
tacts that could not be traced or identified by the PCTB. Nevertheless, this proportion was low
in SS+PTB cases, and would likely have little influence on the results.

This study also has several strong points. First, it is one of the few population-based studies
to assess the incidence of TB at a community level. Second, it includes the complete records of
cases and contacts registered by the Barcelona PCTB, which is an organized, expert system
that ensures all new cases are registered, thus minimizing case loss and non-detection[16].
Third, we had access to shared clinical registers covering all of Catalonia, which allowed us to
double-check the cases. Fourth, we had a long follow-up period for contacts, which in most

cases included the periods in which TB risk was higher.
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This study tackles an especially relevant topic, as countries with low TB incidence have pro-
posed to achieve pre-elimination of this disease by 2035; according to the End-TB program
guidelines of the World Health Organization (WHO)[30], this disease should be eliminated by
2050. Modeling studies show that treating the active disease only is insufficient to reduce TB
incidence at a fast enough rate to eliminate it by 2050[31]. Unfortunately, LTBI treatment is
not the standard of care in some countries. Therefore, in addition to ensuring that new TB
cases are detected and treated, it is necessary to emphasize the importance of detecting and
treating new LTBI [32] cases, and to develop and promote strategies that increase adherence
[33]. In terms of TB research priorities for 2018, the WHO also focused on determining the
incidence in at-risk populations, as this is a crucial factor for determining the potential benefits
of LTBI treatment, and designing appropriate public health interventions[34].

This field requires a strong political commitment by each country to provide more
resources for research, control, and surveillance programs that reinforce the role of contact
tracing studies and LTBI treatment. Several strategies can be used to increase LTBI treatment
compliance, such as administering directly observed treatment at the community level, intro-
ducing community health workers, or organizing clinical TB units like the one implemented
in Barcelona [35-37]. Moreover, developing guidelines for new, more efficient, shorter, and
better tolerated LTBI treatment regimes will also bring us closer to the WHO objectives, which
now seem far away.
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Abstract

Background

Patients with a history of tuberculosis (TB) have a high probability of recurrence because
long-term cure is not always maintained in successfully treated patients. The aim of this
study was to identify the probability of TB recurrence and its predictive factors in a cohort of
socially vulnerable patients who completed treatment in the TB referral center in Catalonia,
which acts as the center for patients with social and health problems.

Methods

This retrospective open cohort study included all patients diagnosed with TB who were admit-
ted and successfully treated in Serveis Clinics between 2000 and 2016 and who remained
disease-free for a minimum of 1 year after treatment completion. We calculated the incidence
density of TB recurrences per person-years of follow-up. We also estimated the cumulative
incidence of TB recurrence at 1, 2, 5, and 10 years of follow-up. Bivariate analysis was con-
ducted using Kaplan-Meier curves. Multivariate analysis was conducted using Cox regres-
sion. Hazard ratios (HR) were calculated with their 95% confidence intervals (95%ClI).

Results

There were 839 patients and 24 recurrences (2.9%), representing 0.49 per 100 person-
years. The probability of a recurrence was 0.63% at 1 year of follow-up, 1.35% at 2 years,
and 3.69% at 5 years. The multivariate analysis showed that the predictive factors of recur-
rence were age older than 34 years (aHR = 3.90; Cl = 1.06—14.34 at age 3545 years and
aHR = 3.88; Cl = 1.02-14.80 at age >45 years) and resistance to at least one anti-TB drug
(aHR =2.91; Cl =1.11-7.65).
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Conclusions

Attention should be paid to socially vulnerable persons older than 34 years with a previous
episode of resistant TB. Surveillance resources should be directed toward adequately
treated patients who nevertheless have a high risk of recurrence.

Introduction

In 2017, there were an estimated 10 million people with tuberculosis (TB) worldwide.
Although considerable progress has been made in the last few years, the main obstacles to con-
trolling the infection are human immunodeficiency virus (HIV), the increase in antibiotic
resistance, and the problem of TB in large cities associated with socially vulnerable populations
at risk of social exclusion, such as drug users, alcoholics, and economic immigrants [1-4].
Interest in TB recurrences has been growing because, despite efforts to control the disease
globally, long-term cure is not maintained in all successfully treated patients [5,6]. Compared
with patients without a prior TB episode, those with a history of TB are at higher risk of con-
tracting the disease again [7].

Tuberculosis recurrence can be defined as a new episode occurring in adequately treated
patients who completed therapy [8]. Both the Centers for Disease Control and the Instituto de
Salud Carlos III (ISCIII) accept that all TB episodes occurring 1 year or later after treatment
completion in patients who were therefore disease-free should be considered as new TB cases
and consequently as recurrences [9,10].

In areas with a low incidence of TB, most recurrences are attributed to reactivation or
incomplete cure of the first TB episode, instead of a new infection due to repeat exposure. In
contrast, the latter is more common in countries with a high burden of the disease, where
transmission is highly frequent [5,11-13].

While the factors associated with poor treatment adherence are well known, there are few
reports of recurrence rates and their associated factors in vulnerable populations in countries
with a medium or low incidence [5,6,14,15]. Such knowledge would help to identify the popu-
lations that are most susceptible and which have the highest risk of recurrent TB. This would
allow the design of strategies and help to focus efforts and interventions on post-treatment fol-
low-up and application of public health measures to minimize the risk of a new episode.

In Catalonia, directly observed treatment (DOT) is not indicated in all TB patients. DOT is
indicated in patients with risk factors for treatment non-adherence (alcohol or substance
abuse, homelessness or immigration from countries with a high TB burden) or those with anti-
biotic resistance [16]. Serveis Clinics is a center providing community-based DOT and also
has a TB clinic that is the referral center for the whole of Catalonia and serves as the center for
patients with risk factors, poor adherence, multidrug resistant TB (MDR-TB) or extensively
drug-resistant TB (XDR).

The aim of this study was to determine the probability of TB recurrence and its predictive
factors in a cohort of especially vulnerable patients who completed treatment in Servies
Clinics.

Methods
Study design and setting

This retrospective, open cohort study included all patients with TB admitted to Serveis Clinics
and who started treatment between 2000 and 2016.
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Study population

The study population consisted of patients with a diagnosis of TB, who were successfully
treated and disease-free a minimum of 1 year after completing treatment and who started
treatment after 1st January, 2000. Patient inclusion ended with patients who were successfully
treated up to 30th October, 2016. The patients were retrospectively followed-up until 30th
October, 2017. Length of follow-up was calculated bearing in mind the time interval between
treatment end and 1 year until recurrence, death, change of address, or end of the study. A
flow diagram of included patients and recurrences is shown in S1 Fig.

Definitions

TB recurrence was defined as the presence of a new episode of the disease after completion of
adequate treatment in persons considered to have been successfully treated and disease-free
for a minimum of 1 year after the end of treatment [9,10].

A cured patient was a patient whose sputum smear or culture was positive at the beginning
of the treatment but who was smear- or culture-negative in the last month of treatment and on
at least one previous occasion. Patients who completed treatment but who did not have a nega-
tive sputum smear or culture result in the last month of treatment and on at least one previous
occasion were classified as having “completed treatment”. These two categories were consid-
ered as treatment success [17].

A homeless person was defined as a person living on the street or in municipal facilities
(with no fixed abode) and who could be at risk of homelessness at any moment.

Prison or legal problems were defined as persons with a history of incarceration in jail.

A smoker was defined as any person smoking any number of cigarettes every day during
the last month, including one.

Alcohol abuse was defined as alcohol consumption above 280 g per week in men and over
170 g in women.

Substance abuse was defined as harmful or hazardous use of psychoactive substances.

Information sources and variables

Information on cases was obtained from the clinical histories at Serveis Clinics. Cases were fol-
lowed-up by consulting the clinical histories at Serveis Clinics, the registry of TB cases of the
TB Control Programs of Barcelona and Catalonia, the Shared Clinical History of Catalonia,
the Central Registry of Insured Persons, and the Barcelona census. Epidemiological informa-
tion on the disease and the sociodemographic characteristics of cases were completed by using
these registries. The final follow-up date and status of TB patients who had left Catalonia or
had died were also obtained from these registries.

The dependent variable was the presence or absence of recurrence. The independent vari-
ables were age (tertiles), sex, country of origin (Spain/outside Spain), homelessness, prison or
legal problems, smoking, alcohol abuse, substance abuse, HIV infection, hepatitis C, diabetes,
pulmonary comorbidities, type of TB (pulmonary, extrapulmonary), chest x-ray (presence or
absence of cavitations), resistances, type of resistance (rifampicin, other drugs), treatment
length, and prior TB episodes.

Ethical considerations

All data were fully anonymized and were kept strictly confidential following the ethical princi-
ples of the Declaration of Helsinki [18], the Spanish Data Protection Law 3/2018 [19], and the
General Data Protection Regulation (EU) No. 2016/679 [20]. The project was approved by the
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ethics committee for clinical research of Vall d’Hebron University Hospital in Barcelona (no.
PR(AG)19/2016).

Data analysis

We analyzed the distribution of frequencies and calculated measures of central tendency, the
median and interquartile range (IQR). Univariate analysis was conducted with quantitative
and qualitative variables.

Incidence density was calculated both overall and stratified by age group, country of origin,
smoking, alcohol abuse, HIV infection, type of TB, prior episode of TB, and resistance to at
least one drug. Incidence density was expressed in 100 person-years of follow-up. The numera-
tor was the total number of TB recurrences in the study period and the denominator was the
sum of all the individual follow-up periods.

We calculated the cumulative incidence of TB recurrences at 1, 2, 5, and 10 years of follow-
up with 95% confidence intervals (95%CI). The risk of recurrence at 5 years was calculated
according to the various independent variables. The cumulative incidence of TB recurrence
was estimated by Kaplan-Meier curves both overall and stratified by country of origin, smok-
ing, age group, and prior TB episodes. Groups were compared using the log rank test, taking a
P-value less than 0.05 as statistically significant.

Based on Cox proportional hazards models, crude and adjusted hazard ratios (HR) for the
risk of recurrence and their 95% CI were calculated by multivariate analysis. A model was cre-
ated with all the variables and those with a P-value higher than 0.2 in the bivariate analysis
were progressively excluded. For each variable included in the model, we confirmed that the
risks were proportional through Shoenfeld’s partial residuals. To compare the Cox propor-
tional hazards models, we used Akaike’s information criterion and Bayesian information
criterion.

The statistical analysis was performed using the SPSS25 and STATA (Version 13.0; Stata
Corp, College Station, TX) programs.

Results

Between 2000 and 2016, a total of 1064 patients with TB were admitted to Serveis Clinics. Of
these, we excluded 225 patients from the cohort (55 lost to follow-up during treatment, 20
moved home, 77 had no health card number, and 73 did not have a minimum of 1 year of fol-
low-up after cure). In all, 839 successfully treated patients who were disease-free at a minimum
of 1 year were followed-up (S1 Fig).

Among the 839 patients, the median age was 40 years (IQR, 31-50), 727 (86.7%) were men
and 467 (55.7%) were immigrants. A total of 158 (18.8%) were homeless, 74 (8.8%) had been
in prison or had legal problems, 583 (69.5%) smoked, 379 (45.2%) showed risky alcohol con-
sumption, and 171 (20.4%) were drug users. In all, 185 (22.1%) had HIV infection and 141
(16.8%) had hepatitis C infection. Most (88.0%) had pulmonary TB, 40.9% had cavities on
chest x-ray, and 13.6% were resistant to at least one drug. There were 24 recurrences (2.9%)
during the follow-up period (2000-2017) (Table 1).

The mean length of follow-up in the 839 patients was 5.81 years and the median was 4.74
years (IQR 2.20-9.01). Among the 839 TB cases in the cohort, the Incidence density of recur-
rence was 0.49 per 100 person-years (492.65 per 100,000 PY). There were no significant differ-
ences between the groups in the variables analyzed. Even so, comparison of Incidence density
by age groups showed that it was higher among patients aged 35-45 years, followed by the
group aged 45 years, and lastly by that aged 15-34 years. Incidence density was higher in
patients born in Spain than in those born outside Spain, among smokers, patients with risky

PLOS ONE | https://doi.org/10.1371/journal.pone.0227291 January 15, 2020 4/18


https://doi.org/10.1371/journal.pone.0227291

@ PLOS | O N E Tuberculosis recurrences in vulnerable population

Table 1. Probability of recurrence by various sociodemographic, epidemiological and clinical factors in the 2000-2016 tuberculosis cohort of Serveis Clinics,
Catalonia.

Variables Categories Cases (N =839) N | Recurrences (N =24) No reccurrences cHR (95% P- aHR (95% P-
(%) N (%) (N =815) N (%) CI) value CI)** value
Age Median 40 (31-50) 43.5 (37-51) 40 (31-49)
Age groups 15-34 296 (35.3) 3 (12.5) 293 (36.0) 1 1
35-45 263 (31.3) 11 (45.8) 252 (30.9) 441 (1.23- 0.023 3.90 (1.06- 0.04
15.80) 14.34)
>45 280 (33.4) 10 (41.7) 270 (33.1) 3.81(1.05- | 0.042 | 3.88(1.02- | 0.047
13.86) 14.80)
Sex Men 727 (86.7) 23(95.8) 704 (86.4) 3.75(0.51- 0.195
27.80)
Women 112 (13.3) 1(42) 111 (13.6) 1
Country of origin Spain 372 (44.3) 15 (62.5) 357 (43.8) 2.06 (0.90- 0.086
4.71)
Outside Spain 467 (55.7) 9 (37.5) 458 (56.2) 1
Homelessness No 681 (81.2) 21 (87.5) 660 (81.0) 1
Yes 158 (18.8) 3 (12.5) 155 (19.0) 0.69 (0.21- 0.553
2.33)
Prison or legal No 765 (91.2) 22 (91.7) 743 (91.2) 1
problems
Yes 74 (8.8) 2 (8.3) 72 (8.8) 0.97 (0.23- 0.971
4.14)
Smoking No 256 (30.5) 2 (8.3) 254 (31.2) 1 1
Yes 583 (69.5) 22 (91.7) 561 (68.8) 4.54 (1.07- 0.04 3.51 (0.80- 0.095
19.32) 15.37)
Alcohol abuse No 460 (54.8) 9(37.5) 451 (55.3) 1
Yes 379 (45.2) 15 (62.5) 364 (44.7) 1.93(0.85- | 0.118
4.42)
Substance abuse No 668 (79.6) 18 (75.0) 650 (79.8) 1
Yes 171 (20.4) 6 (25.0) 165 (20.2) 129 (0.51- | 0.588
3.25)
HIV infection No 654 (77.9) 17 (70.8) 637 (78.2) 1
Yes 185 (22.1) 7 (29.2) 178 (21.8) 1.52 (0.63- 0.348
3.68)
Hepatitis C No 698 (83.2) 18 (75.0) 680 (83.4) 1
Yes 141 (16.8) 6 (25.0) 135 (16.6) 1.76 (0.70- 0.231
4.43)
Diabetes No 788 (93.9) 21(87.5) 767 (94.1) 1
Yes 51 (6.1) 3(12.5) 48 (5.9) 228 (0.68- | 0.182
7.64)
Pulmonary No 740 (88.2) 21 (87.5) 719 (88.2) 1
comorbidities Yes 99 (11.8) 3(12.5) 96 (11.8) 116 (0.35- | 0.809
3.89)
Type of TB Extrapulmonary 101 (12.0) 5(20.8) 96 (11.8) 1.90 (0.71- 0.201 2.57 (0.94- 0.065
5.10) 6.99)
Pulmonary 738 (88.0) 19 (79.2) 719 (88.2) 1 1
Chest x-ray Absence of 496 (59.1) 16 (66.7) 480 (58.9) 1
cavitations
Presence of 343 (40.9) 8 (33.3) 335 (41.1) 0.71 (0.30- | 0.419
cavitations 1.65)
Resistance No 725 (86.4) 18 (75.0) 707 (86.7) 1 1
Yes 114 (13.6) 6 (25.0) 108 (13.3) 2.26 (0.90- 0.083 291 (1.11- 0.031
5.71) 7.65)
(Continued)
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Table 1. (Continued)

Variables Categories Cases (N = 839) N | Recurrences (N = 24) No reccurrences cHR (95% P- aHR (95% P-
(%) N (%) (N =815) N (%) CI) value CI)** value
Type of resistance No 725 (86.4) 18 (2.5) 707 (97.5) 1
Rifampicin 60 (7.2) 3(5.0) 57 (95.0) 2.09 (0.61- 0.239
7.08)
Other resistances 54 (6.4) 3 (5.6) 51 (94.4) 2.48 (0.73- | 0.146
8.41)
Treatment length 6 months 397 (47.3) 7 (29.2) 390 (47.9) 1
9 months 238 (28.4) 11 (45.8) 227 (27.9) 2.76 (1.07- 0.036
7.11)
12 months 70 (8.3) 1(4.2) 69 (8.5) 0.83 (0.10- 0.863
6.76)
18-24 months 134 (16.0) 5(20.8) 129 (15.8) 2.28 (0.72- 0.16
7.18)
Prior TB episodes No 673 (80.2) 15 (62.5) 658 (80.7) 1 1
Yes 166 (19.8) 9 (37.5) 157 (19.3) 249 (1.09- | 0.031 | 2.12(0.91- | 0.081
5.69) 4.94)

** Schoenfeld Residuals Test chi-square = 6.13 p-value = 0.09

cHR: crude hazard ratio; aHR: adjusted hazard ratio; 95%CI: 95% confidence interval; HIV: human immunodeficiency virus; TB: tuberculosis.

https://doi.org/10.1371/journal.pone.0227291.t001

alcohol intake, and HIV-infected patients, as well as among patients with pulmonary TB,
patients with resistance to at least one drug, and those with a prior episode of TB (Table 2).

The probability of recurrence in patients with TB admitted to Serveis Clinic and success-
fully treated was 0.63% (95% CI: 0.26-1.51) at the end of 1 year of follow-up, and was 1.35% at
2 years (95% CI:0.73-2.49), 3.69% at 5 years (95% CI: 2.45-5.54) and 3.98% at 10 years (95%

Table 2. Incidence density of recurrence among tuberculosis patients in the 2000-2016 cohort of Serveis Clinics, Catalonia.

Variables Categories N ID per 100 PY 95%CI
Global 839 0.49 0.33-0.74
Age groups 15-34 296 0.16 0.05-0.51
35-45 263 0.73 0.40-1.32
>45 280 0.66 0.35-1.22
Country of origin Spain 372 0.66 0.40-1.10
Outside Spain 467 0.35 0.18-0.66
Smoking No 256 0.15 0.04-0.59
Yes 583 0.63 0.41-0.95
Alcohol abuse No 460 0.35 0.18-0.67
Yes 379 0.65 0.39-1.08
HIV infection No 654 0.45 0.28-0.72
Yes 185 0.66 0.32-1.39
TB localization Extrapulmonary 101 0.95 0.39-2.28
Pulmonary 738 0.44 0.28-0.69
Resistances No 725 0.42 0.27-0.67
Yes 114 0.97 0.44-2.16
Prior TB episodes No 673 0.39 0.23-0.64
Yes 166 0.92 0.48-1.77

ID: incidence density; PY: person-years of follow-up; 95%CI: 95% confidence intervals; HIV: human immunodeficiency virus; TB: tuberculosis

https://doi.org/10.1371/journal.pone.0227291.t1002
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Table 3. Cumulative incidence of tuberculosis recurrences at 1, 2, 5, and 10 years of follow-up.

Time (years of follow-up) Risk (%) 95%CI

1 year 0.63 0.26-1.51
2 years 1.35 0.73-2.49
5 years 3.69 2.45-5.54
10 years 3.98 2.65-5.95

95%CI: 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0227291.t003

CI: 2.65-5.95) (Table 3). No statistically significant differences were found in recurrence risk
at 5 years among the variables analyzed (Table 4).

The recurrence risk was higher among smokers (p = 0.024), patients older than 34 years
(p = 0.043), and those with a prior TB episode (p = 0.025) (Figs 1-6). The Schoenfeld test
showed that the risks were proportional over time for all variables.

On univariate analysis, the factors predictive of a subsequentTB episode were age between
35 and 45 years (cHR: 4.406 CI: 1.229-15.795) and age older than 45 years (cHR: 3.814 CI:
1.049-13.859), smoking (cHR: 4.542 CI: 1.068-19.317), having received treatment for 9
months (cHR: 2.755 CI: 1.068-7.108), and having had a prior TB episode (cHR: 2.49 CL:
1.089-5.689) (Table 1).

On multivariate analysis, the factors predictive of recurrence were age older than 34 years
(aHR = 3.90; CI = 1.06-14.34 in the group aged 35-45 years and aHR = 3.88; CI = 1.02-14.80
in that aged >45 years) and resistance to at least one anti-TB drug (aHR =2.91; CI = 1.11-
7.65) (Table 1).

Discussion

Among the 839 TB cases in the cohort, there were 24 recurrences (2.9%), representing a rate of
0.49 per 100 person-years (95%CI: 0.33-0.74), and indicating that, for every 200 TB patients
successfully treated and disease-free at 1 year, there was 1 recurrence. The factors predictive of
recurrence among patients admitted to Serveis Clinics and successfully treated between 2000
and 2016 were age and drug resistance in the first TB episode.

Considering that this study was conducted in vulnerable individuals with risk factors, we
believe that the incidence density of recurrences was low in comparison with incidence rates
of TB recurrence reported by other studies conducted in the city of Barcelona (0.53 per 100
person-years in the period 1995-1997 and 0.34 per 100 person-years between 2003-2006 since
one year after treatment completion) [14,21], in other European regions such as England and
Wales (0.41 per 100 person-years after 12 months from the initial notification from 1998-
2005) [22], New South Wales, Australia (71 per 100,000 person-years since treatment comple-
tion from 1994-2006) [23] and in countries with a low TB burden (1.8 per 100 person-years at
12 months of follow-up) [6].

This low recurrence rate, which is similar to recurrence rates reported in the general popu-
lation, could indicate that recurrence is not related to the sociodemographic and clinical risk
factors present in the population admitted to the TB clinic of Serveis Clinics. That is, that
patients with risk factors for poor adherence have the same recurrence risk as the general
population.

The incidence of TB in Catalonia during the study period oscillated between 27.6/100,000
inhabitants in the year 2000 and 13.3/100,000 inhabitants in 2016 [24]. The incidence rate for
recurrence in the clinic was between 17 and 36 times higher than that for TB in the general
population. As already indicated by other studies, the recurrence rate is higher than the rate of
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Table 4. Percentage of recurrence risk according to various clinical-epidemiological factors at 5 years of follow-up among tuberculosis patients in the 2000-2016

cohort, Serveis Clinics, Catalonia.

Variables Categories Recurrences N = 24 (%) Recurrence risk at 5 years (%) 95%CI
Age groups (years) 15-34 3(12.5) 1.55 0.49-4.83
35-45 11 (45.8) 5.61 3.11-9.99
>45 10 (41.7) 4.21 2.18-8.03
Sex Men 23 (95.8) 4.1 2.69-6.21
Women 1(4.2) 112 0.16-7.71
Country of origin Spain 15 (62.5) 4.76 2.82-7.97
Outside Spain 9 (37.5) 2.83 1.47-5.43
Homelessness No 21 (87.5) 3.77 2.43-5.81
Yes 3(12.5) 3.49 1.11-10.7
Prison or legal problems No 22 (91.7) 3.73 2.43-5.72
Yes 2(8.3) 3.08 0.77-11.82
Smoking No 2(8.3) 1.44 0.35-5.8
Yes 22 (91.7) 4.62 3.02-7.04
Alcohol abuse No 9 (37.5) 2.57 1.28-5.12
Yes 15 (62.5) 5 3.02-8.24
Substance abuse No 18 (75.0) 34 2.11-5.46
Yes 6 (25.0) 4.85 2.16-10.71
HIV infection No 17 (70.8) 3.22 1.97-5.25
Yes 7(29.2) 5.47 2.59-11.37
Hepatitis C No 18 (75.0) 3.24 2.01-5.19
Yes 6 (25.0) 6.2 2.74-13.74
Diabetes No 21 (87.5) 3.4 2.19-5.26
Yes 3(12.5) 7.87 2.56-22.86
Pulmonary comorbidities No 21 (87.5) 3.62 2.33-5.61
Yes 3(12.5) 4.09 1.32-12.28
TB localization Extrapulmonary 5(20.8) 7.77 3.23-18.07
Pulmonary 19 (79.2) 3.13 1.97-4.96
Chest x-ray Absence of 16 (66.7) 4.6 2.81-7.48
cavitations
Presence of 8(33.3) 2.45 1.17-5.1
cavitations
Resistance No 18 (75.0) 3.17 1.96-5.11
Yes 6 (25.0) 7.32 3.35-15.63
Treatment length 6 months 7 (29.2) 1.73 0.78-3.84
9 months 11 (45.8) 7.04 3.91-12.53
12 months 1(4.2) 1.79 0.25-12.01
18-24 months 5(20.8) 4.86 2.03-11.39
Prior TB episodes No 15 (62.5) 2.87 1.69-4.85
Yes 9 (37.5) 7.01 3.67-13.18

95%CI: 95% confidence intervals; HIV: human immunodeficiency virus; TB: tuberculosis.

https://doi.org/10.1371/journal.pone.0227291.t004

new TB cases [7]. A review by Rosser et al. also indicates that patients cured of a TB episode
have a higher risk of TB than those without prior infection. These authors estimated that the
TB rate was 31.5 times higher in recurrences than in new TB cases [5].
Recurrences include both endogenous reactivations and exogenous reinfections. Other
studies performed in areas with a low burden of the disease have concluded that relapses of a
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Fig 1. Kaplan-Meier curves of tuberculosis recurrence risk among all tuberculosis patients in the 2000-2016 cohort of Serveis Clinics, Catalonia.

https://doi.org/10.1371/journal.pone.0227291.9001

prior infection continue to be the most common cause of TB recurrences. Infections with new
Mycobacterium tuberculosis strains are possible but infrequent in low endemic areas
[5,12,23,25,26]. Nevertheless, two studies conducted in Spain highlight the importance of TB
infections in contexts with a low or moderate incidence [27,28]. El Sahly et al. also concluded
that reinfection with a new M. tuberculosis strain caused a significant proportion of TB recur-
rences in an area with a low incidence [29]. The possibility of exogenous reinfection increases
when the prevalence of the disease is higher [8,30,31].

In this study, factors predictive of recurrence were age between 35 and 45 years, age older
than 45 years, and resistance to at least one anti-TB drug in the prior TB episode.

Other studies have reported a relationship between age and TB recurrences, although the
results were not homogeneous. A study in England and Wales reported that children aged
0-14 years had a lower recurrence risk than patients aged 15-44 years [22]. In Brazil, the risk
was lower in HIV-infected patients aged 40-49 years than in those aged <30 years [32]. In a
13-year cohort of TB cases in the United States, recurrence risk was higher in patients > 65
years than in those aged <45 years [33]. A study performed in South Carolina also identified
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Fig 2. Kaplan-Meier curves of tuberculosis recurrence risk among all tuberculosis patients in the 2000-2016 cohort of Serveis Clinics, Catalonia, according to age

group (p value Log rank test = 0.043).
https://doi.org/10.1371/journal.pone.0227291.9002

age > 46 years as a risk factor for recurrence [34]. In 1980 in the United States, TB recurrences
were more common among patients aged > 30 years [35]. In South Africa, an association was
found between advanced age at the first diagnosis of TB and recurrence in HIV-negative
patients [36].

In addition to age, the other predictive factor for recurrence among TB patients treated in
Serveis Clinics was resistance to at least one anti-TB drug. In China and Vietnam, an associa-
tion was found between MDR and TB recurrence [37,38], while TB recurrences among South
African miners were associated with anti-TB drug resistance [39]. In Uzbekistan, resistance to
treatment was also found to substantially contribute to TB recurrences [40]. In southern India,
isoniacide and/or rifamicin resistance was a predictive factor for recurrence among pulmonary
TB patients under DOT [41].

In areas of low incidence, resistant TB was also identified as a risk factor for recurrence [5].
In California, pyrazinamide monoresistance was associated with TB recurrences [42]. Two
studies performed in Italy showed a higher risk of recurrence versus reinfection in patients
infected with MDR TB [25,43]. A meta-analysis concluded that one of the globally recognized
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Fig 3. Kaplan-Meier curves of tuberculosis recurrence risk among all tuberculosis patients in the 2000-2016 cohort of Serveis Clinics, Catalonia, according to

country of origin (p value Log rank test = 0.08).
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risk factors for TB recurrence was multidrug resistance [44]. Moreover, among patient with
resistant TB, recurrences were associated with a higher number of drugs and with resistance to
all injectable drugs [45].

Among lifestyle factors, although smoking was not a predictive factor for recurrence in this
study, smokers had a higher recurrence risk, with a lower CI limit close to 1, which was not sig-
nificant, possibly due to a lack of statistical power.

In this regard, a study conducted in Taipei concluded that the risk of TB recurrence among
persons smoking >10 cigarettes/day was twice that of nonsmokers and exsmokers [46].
Another study performed in the United Kingdom found that smoking was a predictive factor
for TB recurrence [47]. In Yemen, patients smoking > 20 cigarrettes/day had a higher risk of
TB recurrence than those smoking <20 cigarrettes/day [48]. In South India, smoking was a
predictive factor for recurrence [41].

Few studies have reported an association between treatment length and recurrences. While
a study conducted in Hong Kong showed that prolonging both the intensive phase of treat-
ment and general treatment by 50% or more protected against recurrence [49], another sutdy
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smoking (p value Log rank test = 0.024).
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conducted in South Carolina found an interraction between treatment length longer than 24
months and poor adherence, which was a predictive factor for recurrence [34]. In this line,
Thomas et al. concluded that patients taking their medication irregularly had twice the proba-
bility of experiencing a relapse (aOR = 2.5; 95%CI 1.4-4.6) [41]. This could be a cause of the
higher number of recurrences found in patients receiving treatment lasting for 9 months.

Few studies have analyzed the effect of a prior TB episode. A case-control study conducted
in Vietnam concluded that one of the factors associated with recurrence was having reported a
prior history of TB [38]. A previous study conducted in Barcelona reported that a history of
TB treatment before study inclusion was a risk factor for recurrence [14].

Using Kaplan-Meier curves, this study also revealed a tendency by country of origin, with
the percentage of recurrences being higher among Spanish-born patients. In line with these
results, a study conducted in California found that US-born patients had a higher recurrence
risk than those born outside the US [42]. In contrast, other studies reported an association
between foreign-born patients or immigrants and TB recurrences [21,47,50]. It has been
reported that immigrants usually have a higher association with TB recurrence caused by
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reinfection [25,43]. In the present study, some recurrences may not have been detected in
patients born outside Spain if they left Catalonia or returned to their country of origin.

Finally, patients with a disease or receiving treatment altering immune system functioning
are more susceptible to TB recurrence. However, in this study, no significant association was
found between diseases or treatments that could compromise the immune system and TB
recurrence.

This study could show a selection bias because we could not follow-up persons without a
health card number and they were excluded from the study (S1 Table). These persons could
have had different characteristics from those included in the study and more risk factors for
recurrence. Comparison of sociodemographic, epidemiological and clinical factors between
included and excluded persons revealed differences in the following variables: country of birth
(the percentage of individuals born outside Spain was higher among excluded patients), home-
lessness, having been in prison or having problems with the law, treatment length, and prior
TB treatment. Therefore, we may have underestimated some associations between these risk
factors and TB recurrences.
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We may also have missed recurrences that could have occurred outside Catalonia in those
patients who moved during treatment, at the end of treatment, or during follow-up. For these
patients we only have information on the final follow-up date and their status just before they
left Catalonia. Nevertheless, a strength of the study is that we were able to detect all recurrences
that occurred not only in Serveis Clinics but also throughout Catalonia.

Another limitation is the retrospective cohort design that did not consider variability over
time among the independent variables. The study was based on the baseline variables of each
patient gathered during the first TB episode. Finally, we could not ascertain whether recur-
rences were due to endogenous reactivation or exogenous reinfection.

The study cohort included all patients admitted to Serveis Clinics over a 16-year period and
with a long follow-up. The data sources are both reliable and diverse, allowing us to compare
and contrast the distinct sources and complete the database. To do this, we performed broad,
in-depth field work. We assessed the data quality, including the search and identification of
missing data to complete the database.
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Another strength of the study is its setting, especially the good functioning of the TB Pro-
gram of Barcelona and Catalonia and Serveis Clinics, which is specialized in TB, has more
than 25 years’ experience, and closely follows patients up until cure. DOT is carried out daily
in all patients.

Conclusions

This study shows that patients successfully treated in a TB referral clinic specialized in vulnera-
ble individuals have a not neglectablerecurrence risk, which is higher than that of TB disease
in the general population. More specifically, patients with older age and with resistance seem
to be at particularly high risk. These findings support the importance of close follow-up of per-
sons with a prior TB episode and of devoting surveillance resources to these individuals
because, despite successful treatment, they have a high risk of recurrent disease.
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Introduction: Children younger than 2 years have an increased risk of complications
associated with tuberculosis (TB) due to the immaturity of the innate and adaptive
immune response. We aimed to identify TB clinical presentations and outcomes as well
as risk factors for complications in this age group.

Materials and Methods: Multicenter, retrospective, cross-sectional study of TB cases
in children aged <2 years in Catalonia (2005-2013). Epidemiological and clinical data
were collected from the hospital medical records. TB complications, sequelae included,
were defined as any tissue damage generating functional or anatomical impairment
after being diagnosed or after TB treatment being completed. Statistical analyses were
based on bivariate chi-square and multivariate logistic regression, and it was carried
out with Stata® version 13.1. Odds ratios (OR) and its 95% confidence intervals were
calculated (Cl).

Results: A total of 134 patients were included, 50.7% were male, the median [IQR]
age was 13[8-18] months, and 18.7% (25/134) showed TB-associated complications.
Pulmonary TB was diagnosed in 94.0% (126/134) of children, and the most
common complications were lobar collapse (6/126). TB meningitis was diagnosed
in 14/134 (10.4%), and hydrocephalus and mental impairment occurred in 1 and 2
patients, respectively. Two patients with spinal TB developed vertebral destruction and
paraplegia, respectively. Only one of the patients died. At multivariate level, tachypnea
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(OR = 4.24; 95% CI 1.17-15.35) and meningeal (OR = 52.21; 95% CI 10.05-271.2) or
combined/extrapulmonary forms (OR = 11.3; 95% Cl 2.85-45.1) were associated with
the development of TB complications.

Discussion: TB complications are common in children under 2 vyears old.
Extrapulmonary TB forms in this pediatric age remain a challenge and require prompt
diagnosis and treatment in order to prevent them. The presence of tachypnea at
the time of TB diagnosis is an independent associated factor to the development of
TB complications in infants. This clinical sign should be closely monitored in patients
in this age group. It is necessary to perform further studies in this age group in a
prospective design in order to understand whether there are other factors associated

to TB complications.

Keywords: tuberculosis, infants, low-incidence country, complications, sequelae, risk factors

INTRODUCTION

An estimated one million children were diagnosed with
tuberculosis (TB) in 2016, according to World Health
Organization (WHO) data (1). In the European WHO region,
the European Centre for Disease Prevention and Control
(ECDC) estimated that Spain, the United Kingdom, Romania,
and France contributed 62% of pediatric TB cases occurring in
the European Union/European Economic Area countries (2).

However, the true global incidence and prevalence of
childhood TB remains uncertain due to lack of microbiological
confirmation of active TB in the majority of children (3).
Children typically have a paucibacillary disease, which hinders
the detection of Mpycobacterium tuberculosis in biological
samples. Also, respiratory specimens (i.e., sputum) are difficult
to obtain in young children and, consequently most children
with active TB worldwide are started on treatment based solely
on clinical history, clinical symptoms, and radiological signs
(3). Microscopic examination of sputum smears is the key to
diagnosis in most countries, but its usefulness is limited in
young children with paucibacillary disease who are also unable
to expectorate (4).

Children in whom M. tuberculosis infection is detected,
young children and those with recent exposure are at increased
risk for progression to disease (4). Knowledge of the child’s
status regarding exposure intensity to the index case modifies
the pre-test probability of disease and the positive predictive
value of subsequent investigations (4). In fact, children under
two account for the major part of the elevated morbidity and
mortality associated with TB (5). Moreover, the diversity of
the clinical presentation in infants and young children and the
non-specific nature of most signs and symptoms complicate TB
diagnosis at this age. Constitutional symptoms often include
failure to thrive and reduced playfulness (4). Non-specific
clinical manifestations, particularly in meningeal forms, further
complicate early recognition of the disease in these infants (6, 7).

Finally, the recognition of cellular immune response against
M. tuberculosis is based on two main tests, the tuberculin skin
test (TST) and the interferon-y release assays (IGRAs). However,
these tests fail to differentiate M. tuberculosis infection from

active disease, and their sensitivity is lower in this age group than
in older children, making it more difficult to establish diagnosis
of infection (4). The contribution of all these factors leads to delay
in diagnosis that can be crucial for the patient’s clinical outcome
and complication occurrence (6, 7).

Literature is scarce on treatment outcome, complications and
sequelae occurring in TB diagnosed in children under two.
Wiseman et al. (6) described complications as any infiltration
or compression of anatomical structures adjacent to the affected
site (i.e., neurologic, vascular, bronchial, cardiac, and bone
complications), with the potential to cause a functional deficit.

The aims of this study were: 1/ to determine the prevalence
rate of TB clinical presentations, outcomes and complications
occurring in a large cohort of children with TB under
two, and 2/ to investigate the factors associated with these
complications. Knowledge of these factors will help in applying
preventive measures.

MATERIALS AND METHODS
Design and Setting

This was a multicentric cross-sectional study of pediatric TB cases
diagnosed in children under 2 years of age from January 2005
to December 2013 in 10 hospitals which are part of the public
Healthcare Network of Catalonia, Spain.

During 2013, the last year of our period of inclusion in the
study, a total of 1,135TB cases were registered in Catalonia,
which represents a rate of 15.1 cases per 100,000 population;
pediatric patients, aged under 15 years old accounted for 8.5% of
the total'. In Barcelona, capital city of Catalonia, 1.2% (92 cases)
of the total TB registered during the period of 2000-2017 affected
children under 2 years of age, and incidence of TB showed a
progressive and declining trend from 45 to 11 cases per 100,000
population (Dr. A Orcau, TB Control Program Barcelona—as yet
unpublished data).

Data were retrospectively collected from the patient’s medical
history at the time of TB diagnosis (in hospital or healthcare

Uhttp://salutpublica.gencat.cat/ca/detalls/ Article/Publicacio-informe-TBC-2015
(accessed September 13, 2018).
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center). Data related to subsequent clinical evolution at follow-
up visits in the Primary Healthcare Centers was collected through
the ECAP system (“Estaci6 clinica d’atencié primaria”), which
is the computerized clinical history used by all professionals in
the primary care network of Catalonia, and the shared clinical
history of Catalonia. Any health professional working in any
of the Catalonian health-care centers can obtain information
on patient follow-up regardless of contact with the hospital
where the patient was diagnosed or treated for TB. Patients were
identified at each center by the local participating physician and
monitored at least until the end of TB treatment. They were
also monitored until the end of 2015 through data obtained
from patients’ clinical records. Data were collected at the time
of TB diagnosis, at completion of TB treatment again, and at
completion of follow-up procedure (December 31, 2015).

Variables
Demographical, epidemiological, and clinical data was collected.
Variables collected for the study were the following:

Demographical: Sex, date of birth, country of birth, and date
of arrival to Europe in the case of immigrant children.

Epidemiological: Household with TB cases, Bacillus Calmette-
Guérin (BCG) vaccination, contact tracing, and resistance test for
the index case.

Clinical: Duration of symptoms prior to diagnosis, poor
weight gain, respiratory distress, tachypnea, intensive
care admission, fever, hepatomegaly, splenomegaly, poor
nutrition, irritability, neurological symptoms, lymph nodes,
gastrointestinal symptoms, and vomiting.

Complementary exams: Chest X-ray (CXR), chest computed
tomography (CT), human immunodeficiency virus (HIV) test,
clinical TB form, microbiological diagnosis, diagnostic tests for
microbiological diagnosis, and tuberculin skin test (TST or
Mantoux test).

Treatment: type of TB treatment and date commenced, length
of therapy (months), and completion of treatment.

Outcome: Complications secondary to TB (yes/no), and site
of complications.

Definitions

- Case of tuberculosis was defined as patient meeting following
two criteria: (1) Presence of clinical or radiological signs
and/or symptoms compatible with TB disease of any location,
as long as there is no evidence of another disease to explain
their existence. (2) Prescription of standard anti-tuberculosis
treatment, generally using three or more drugs. This definition
includes confirmed and suspected cases (8, 9).

- TB complication was defined as any tissue injury leading
to functional or anatomical impairment after completion of
TB treatment or after TB diagnosis (7). TB sequelae were
also included as a specific type of complication and defined
as any anatomic lesion produced and maintained during a
long-term period (at least 2 years) after completion of TB
treatment. This includes cavitation, focal secondary fibrosis,
bronchiectasis, starchy or linear fibrous healing of a cured
cavity, destroyed lung on finalizing treatment, airway lesions
including bronchiectasis, bronchial stenosis, and even tracheal
deformities; In the vascular system: bronchial arteritis,

thrombosis, bronchial artery dilatations, aneurysms of the
bronchial arteries, pulmonary hypertension compromise
secondary to destruction of the pulmonary vascular bed
and chronic pulmonary heart; mediastinal lesions, with
displacement, mediastinal fibrosis, hilar, and mediastinal
lymph node calcifications, esophageal fistulas, chronic
pneumothorax, with or without fluid effusion; and lesions
of the thoracic walls, with costal retractions or alterations
produced by surgical procedures (10). TB meningitis
complications were included when any of the following
was present: tuberculoma, cavernous sinus syndrome,
cranial nerve palsy, stroke, cerebral edema/hydrocephalus,

mental impairment/memory loss, spinal involvement,
audiologic/visual impairment, epilepsy, and hypothalamic
syndrome (11).

- Low weight gain was defined as the inability to maintain an
adequate weight curve, established by a percentile drop during
the period prior to TB diagnosis on standardized age and sex
chart (12).

- Tachypnea was defined according to WHO (13) as following:
respiratory rate (RR) of > 60 per minute in children under
2 months, > 50 per minute in children between 2 and
12 months, and > 40 per minute in children older than
12 months.

- Household contact: when the index case lives in the same
flat/apartment/house as diagnosed child.

- TST was used to screen the subject under study with bacillary
antigens, which causes a delayed cellular immune response in
the infected individual. We used a dose of 2UT (0.1 ml) of
PPD RT 23 with Tween 80. The injection was given on the
inside forearm, and the test reading was carried out within 48—
72h. The transverse diameter of the induration produced in
the infected children marked the result of this test measured
in millimeters.

Analysis

A descriptive analysis of the variables was carried out. Categorical
variables were expressed in number and percentage. Continuous
variables were expressed as the median and interquartile range
(IQR). The distribution of the main variable was compared with
the remaining variables using the Fisher exact test (dichotomous
variables) or Mann-Whitney U-test (continuous variables).
Comparison between patients with and without complications
took place. At the bivariate level, associations were examined
using the odds ratio (OR) with its 95% confidence interval (CI).
The associated variables were analyzed at the multivariate level
by logistic regression following the Bayesian multiple imputation
methods. Significance was set at a p-value of < 0.05. The
statistical analysis was performed with the Stata® (version 13.1)
software package (College Station, Texas, USA).

Ethics

Confidentiality of data was maintained at all times in
accordance with the guidelines of Organic Law 15/1999
(Ley Organica 15/1999), “Protection of Personal Data.”
This study was evaluated and approved by the Clinical
Research Ethics Committee of the Hospital Universitari
Vall d’Hebron (CEIC—HUVH, project PR(AMI)349/2015),
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as the coordination center. In order to participate each
center obtained approval from the corresponding Ethics
Committee. As this was a retrospective study that did not
involve interventions other than usual clinical practice and
in accordance with national legislation informed consent was
not required.

RESULTS

A total of 134 patients was included and follow-up information
was collected until the end of 2015. The median duration
of follow-up was 86 months (range: 61-106 months).
Epidemiological and microbiological characteristics of the
study are described in Table 1. It was relevant that almost all of
them were Spanish-born, had a positive TST and the CXR or
thoracic CT were compatible with TB. Regarding CT, the test
was performed in 63 children, of which: 59 were compatible with
TB, 2 abnormal but unlikely TB and 2 were normal. All patients
except one completed TB treatment, and the BCG vaccination
coverage was low. Most of the children had an active TB case at
home (household adult TB contact). The cases in which there
were other TB cases in the home had more exclusively pulmonary
forms than those with no active TB cases in the home (p = 0.03).
Moreover, those with no TB cases in the home were older (>12
months of age: 73.9 vs. 45.3% p-value = 0.002), presented more
symptoms before diagnosis (87 vs. 44% p-value < 0.001) and
suffered more TB related complications (32.6 vs. 10.7% p-value =
0.003). Microbiological investigation was performed in 110/134
(82.1%) of the TB cases. Throughout all TB cases included in
the study, less than one third were confirmed by microbiology
diagnostic tests (44/134), 4/106 (3.8%) by acid-fast bacilli (AFB)
strain, 13/47 (27.7%) by GenXpert® MTB/RIF (Cepheid®) and
27/110 (24.5%) by culture. Among those with microbiological
study, 44/110 (40%) were confirmed with any of the tests (AFB
or GenXpert® MTB/RIF or culture). Two cases of multi-drug
resistance TB (MDR-TB) were detected. None of the children
tested positive for HIV co-infection. One patient died (case
fatality rate of 0.7%) due to neurological complications after
TB meningitis.

Table 2 shows a description of all TB-related clinical
manifestations of study subjects. Over one-third of the children
were asymptomatic (37.3%; 50/134) at the moment of TB
diagnosis. In pulmonary TB, this percentage was even higher
representing nearly half the cases. On the contrary, cases of TB
meningitis were almost uniformly symptomatic on TB diagnosis.
The most common clinical signs and symptoms on diagnosis
were fever >38°C, tachypnea, poor feeding, poor weight gain,
and irritability.

Pulmonary TB was the most common clinical form, but nearly
20% of the cases (25/126) had other organ or system involvement.
The most frequent extrapulmonary TB cases were meningeal,
lymphatic, pleural, miliary, osseous, and genitourinary (Table 3).

Among the 14 cases with TB meningitis, 12 were investigated
using AFB stain, GenXpert®, and culture, and 2 using
only AFB stain and culture. Ten (71.4%) of them were
microbiologically confirmed.

TABLE 1 | Epidemiological and clinical characteristics of 134 children with
tuberculosis under 2 years old during the 2005-2013 period in Catalonia.

Variable Frequency/total Frequency/only
TB cases (%) pulmonary TB cases (%)

Female 66/134 (49.3) 48/101 (47.5)
Age in months (median, IQR) 13 (8-18) 13 (9-18)
Age 0-12 months 56/134 (41.8) 42/101 (41.6)
Spanish born 127/134 (94.8) 94/101 (93.1)
Country of exposition (VFR) 10/134 (7.5) 4/101 (4.0)
BCG vaccination 3/134 (2.2) 3/101 (3.0)
TST positive 122/134 (91.0) 94/101 (93.1)
Chest XR or CT consistent with TB 113/134 (84.3) 89/101 (88.1)
Microbiological confirmation 44/134 (32.8) 27/101 (26.7)
DST of index case (known) 60/134 (44.8) 47/101 (46.5)
Sensitive to first line drugs 58/60 (96.7) 47/47 (100.0)
MDR-TB 2/60 (3.3) 0/47 (0.0)
Contact investigation completed 98/130 (75.4) 79/98 (80.6)
Active TB case at home* 75/121 (62.0) 62/92 (67.4)

Treatment completion 132/133 (99.3) 100/100 (100.0)

TB, tuberculosis; IQR, interquartile range; VFR, visiting friends and relatives; BCG, bacillus
Calmette-Guérin vaccine; TST, tuberculin skin test; XR, X-ray; CT, computed tomography;
MDR-TB, multi-drug resistant tuberculosis; DST, drug susceptibility testing.

‘It is statistically significant the association between the presence of active TB case at
home and the exclusively pulmonary TB forms (p = 0.03), the younger age (p = 0.002),
less symptomatology (p < 0.001), and less TB related complications (p = 0.003) when
compared to the cases with no active TB case at home.

Concerning TB-associated complications (Table 4), 18.7% of
the children had complications, but the highest percentage was
among TB meningitis cases followed by other TB cases and
pulmonary TB cases. Lung lobar collapse was the most common
pulmonary TB-related complication among the pulmonary TB
forms but also among all the TB cases. Bronchospasm was
considered a TB related complication as the episodes of wheezing
were temporarily correlated after TB diagnosis and none of
them had experienced any prior bronchiolitis or wheezing.
No paradoxical reactions have been reported among the 134
TB cases.

At the bivariate analysis level, to be symptomatic at diagnosis,
having extrapulmonary TB, including meningeal and mixed
forms, and tachypnea and fever >38°C at diagnosis were
associated with the development of TB complications (see
Table 5). In contrast, to have a household TB contact was a
protective factor for TB complications.

In the multivariate analysis, only extrapulmonary and
combined clinical TB forms, and the presence of tachypnea
at diagnosis remained risk factors for the development of
TB complications.

In the case of children suffering pulmonary TB, tachypnea
was found to be associated with complications in the bivariate
analysis (Table 6).

DISCUSSION

The presence of TB complications in this study carried out in
children under two in a low incidence country was relevant,
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TABLE 2 | Clinical characteristics at tuberculosis diagnosis in 134 children under 2 years old during the 2005-2013 period in Catalonia according to the clinical form.

Variable Pulmonary TB (N = 101) TB meningitis (N = 14) Total TB (N = 134)
N (%) N (%) N (%)
Clinical manifestations (signs or symptoms) 56 55.4 13 92.9 84 62.7
Symptoms duration 39 38.6 9 64.3 58 43.3
< 2 weeks
Duration 17 16.8 4 28.6 26 19.4
> 2 weeks
Respiratory distress 6 5.9 3 21.4 12 9.0
Tachypnea 30 29.7 6 42.9 41 30.6
Fever > 38°C 39 38.6 9 64.3 56 41.8
Poor feeding 9 8.9 3 21.4 16 11.9
Poor weight gain 7 6.9 3 21.4 13 9.7
Intensive care admission required 0 0.0 6 42.9 6 4.5
Hepatomegaly 3 3.0 1 71 6 4.5
Splenomegaly 0 0.0 1 71 3 2.2
Irritability 6 5.9 7 41.2 13 9.7
Neurological signs 0 0.0 6 42.9 7 5.2
Lymph nodes palpable 2 2.0 1 71 9 6.7
Gastrointestinal symptoms (diarrhea, abdominal distention) 7 6.9 2 14.3 9 6.7
Vomiting 5 5.0 3 21.4 8 6.0

TB, tuberculosis.

TABLE 3 | Clinical forms of tuberculosis in 134 patients under 2 years old
according to lung involvement.

Clinical presentation Total
NA %

Pulmonary 126 94.0
Meningeal 14 10.4
Lymphatic 13 9.7
Pleural 4 3.0
Miliary 4 3.0
Osseous 2 1.5
Genitourinary 1 0.7
Exclusively Pulmonary 101 75.4
Combined (Pulmonary and extrapulmonary) 25 18.7
Exclusively extrapulmonary 8 6.0

The same TB case may be in more than one category depending on the affected organs.
Bold values include all TB cases categorized according to lung involvement. Values without
bold type classify cases based on the affected organ.

affecting nearly one in five of the cases studied. Risk factors for TB
complications at the time of TB diagnosis were extrapulmonary
or combined forms and tachypnea.

Although especially younger children are found to have more
illnesses, to develop TB easily and also suffer the most severe
forms of the disease, there is a lack of information regarding
the incidence of TB complications in this age range. In existing
scientific databases such as MEDLINE through PubMed® free
search engine, most of the articles studying this issue are
limited to high-burden TB countries such as South Africa (14,
15), to specific clinical forms such as TB meningitis (16, 17),
or to reporting rare complications such as hypercalcemia as

an extrapulmonary TB complication (18). We found a study
undertaken among 80 children diagnosed with TB at a medical
center in southern Taiwan over a period of 24 years (1988-
2012) with a similar approach to our study (19). However, this
study, published in 2013, was also principally focused on central
nervous system (CNS) complications due to TB meningitis (19).
It would therefore be correct to say that factors related to TB
complications in children under 2 years old in country with
low-incidence TB remain a surprisingly under-studied aspect.

The World Health Organization estimated that more than
80% of TB cases in children under 14 are concentrated in 22
developing countries (1), mainly in Africa and South East Asia.
The difficulty of diagnosis, lack of resources for contact tracing
in many areas and limited pediatric surveillance data in TB
control programs (20) are some of the main reasons for lack of
knowledge on the real incidence of childhood TB worldwide and
subsequently to make an estimate of how many of these children
will develop TB complications after treatment.

Regarding the epidemiological characteristics of our sample
study, it is important to highlight that most of them were born in
Spain (94.8%). They were therefore infected in a low-incidence
TB environment; only 7.5% of them were exposed in high-
incidence TB countries overseas. The existence of a household
TB case was associated with pulmonary TB forms in children
when compared to disseminated, meningeal, or combined forms
(p = 0.03). This could be explained by earlier TB diagnosis when
children are included in the contact tracing study with the index
case in the same household. Consequently, delay in diagnosis
and development into more advanced forms of the disease tends
to diminish. Contact tracing investigation was completed in
75.4% of the cases, a higher percentage than that observed in
other studies in high-burden countries such as South Africa (14),
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TABLE 4 | Tuberculosis complications in 134 children under 2 years old during
the 2005-2013 period in Catalonia.

Variable Frequency/total TB Frequency/only Frequency/total TB
cases (%) pulmonary TB meningitis

cases (%) cases (%)

Development of complications

Yes 25/134 (18.7) 7/101 (6.9) 11/14 (78.6)
No 109/134 (81.3) 94/101 (93.1) 3/14 (21.4)
Pulmonary 13/134 (9.7) 7/101 (6.9) 4/14 (28.6)
TB-related

complications

Bronchiectasis 1/13(7.7) 0/7 (0.0) 1/4 (25.0)
Lobar collapse 6/13 (46.1) 6/7 (85.7) 3/4 (75.0)
Bronchial stenosis 118 (7.7) 1/7 (14.3) 0/4 (0.0)
(endobronchitis)

Episodes of 5/13 (38.5) 0/7 (0.0) 0/4 (0.0)
bronchospasm

Pleural TB-related 2/134 (1.5)

complications

Pleurisy* 2/2 (100.0)

Lymphatic 3/134 (2.2)

TB-related

complications

Ulceration 1/3 (33.3)

Cellulitis 1/3 (33.3)

Fistula 1/3 (33.3)

Meningeal 3/134 (2.2) 3/14 (21.4)
TB-related

complications

Hydrocephalus/ 1/3 (33.3) 1/3 (33.3)
Brain oedema

Mental disability/ 2/3 (66.7) 2/3 (66.7)
Psychomotor

retardation

Spinal TB-related 2/134 (1.5) 114 (7.1)
complications

Abscess/Vertebral 1/2 (50.0) 0/1 (0.0)
destruction

Paraplegia/ 1/2 (50.0) 1/1 (100.0)
Tetraplegia

TB, tuberculosis.

*Pleural TB complications were those requiring surgical intervention secondary to pleural
TB as lesions of the thoracic walls with costal retractions or alterations produced by
surgical procedures.

and similar to that observed in Barcelona (21). Microbiological
confirmation was achieved in nearly one-third of the children
(32.8%), representing a higher percentage of confirmed TB cases
when compared to other studies also from South Africa (15),
Mozambique (22), or Ethiopia (23). The percentage of cases
with microbiological confirmation was limited, due to the lower
performance of microbiological studies in children, especially in
younger ones (3), and partly due to the fact that good contact
investigations are done which favor early diagnosis and avoid
advanced and complicated forms. Finally, the rate of treatment
completion was achieved in nearly 100% of our patients which is
remarkable data compared to other studies (15, 22).

Regarding clinical manifestations, our study shows great
differences as compared to adult TB symptomatology. Fever was

absent in most of the recruited children when taking into account
total TB cases but was more prevalent in meningeal than in
pulmonary cases. Respiratory distress including tachypnea was
also more frequent in TB meningitis cases than in pulmonary
forms, presumably due to the CNS involvement in disseminated
or meningeal TB.

In our study, 18.7% of the TB patients developed TB-
associated complications, and one of them died (0.7%).
Comparisons with other studies are difficult due to the lack
of published data. The highest percentage of TB complications
was observed among patients with TB meningitis, followed by
the combined forms. A slightly higher rate of TB complications
was observed in a study among Spanish children diagnosed
with pulmonary TB (24). Lobar collapse was the most frequent
complication in children under 2 with pulmonary TB. The
same was observed in another study where lung collapse might
occur secondary to an endobronchial obstruction or an extrinsic
compression caused by lymphadenopathy (24). In our study,
bronchiectasis was found in only one case; this was likely to have
been caused by fibrosis of the bronchial wall occurring during
disease or by traction resulting from areas of scar tissue (10).
Regarding bronchospasm, it was possible to temporarily correlate
the episodes of wheezing after TB diagnosis. However, we were
not able to demonstrate whether these episodes were caused
by TB.

The incidence of the pleural involvement varies considerably,
being much higher in high-incidence TB areas, affecting up to
40% of cases in South Africa (25). In Canada (26), a country
with a lower TB incidence than Spain, Pineda et al. (27) detected
pleural involvement in 4% of 202 patients with pulmonary TB,
whereas in our study, only 1.5% of children showed pleural TB
related complications.

Peripheral lymphadenopathy is the most common clinical
sign in infants diagnosed with TB, seen in 25-35% of
extrathoracic TB cases, according to daita from the Spanish
Society of Pediatric Infectious Diseases (28). In our study,
10 children (7.5%) had extrapulmonary TB complications—
three of them were lymphatic TB-related (cellulitis, fistula,
and ulceration)—accounting for 40% of all TB-complications.
The explanation for this could be due to the greater risk of
disseminated and combined forms in infants when compared to
older children or adults.

TB meningitis is the most severe and life-threatening form
of the disease in infants (29). Prompt diagnosis and treatment
is essential to the improvement in prognosis of the disease
by decreasing the case fatality rate (CFR) and the incidence
of irreversible complications (30). The main risk factors for
an unfavorable prognosis, including death, are a low Glasgow
Coma Scale value at diagnosis, and age under 2 (30). Ten
percent of our children had TB meningitis, much lower than
in the under 3-year-old age-group of the largest cohort of
culture-confirmed childhood TB from South Africa (14). In a
study on TB meningitis in Romania, complications affected 36
and 14% of children and adults, respectively (31); illustrating
the greater risk in children with this condition. Otherwise,
we found TB-complications in 78.6% of the cases of TB
meningitis in our study, among which 21.4% (3/14) were
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TABLE 5 | Factors associated with tuberculosis complications in a cohort of 134 children under 2 years old.

Variable N complications/total p-value cOR 95% ClI p-value aOR 95% ClI
Gender
Male 11/68 (16.2) 1
Female 14/66 (21.2) 0.45 1.4 0.68-3.34
Age
0-1 9/56 (16.1) 1
1-2 16/78 (20.5) 0.51 1.35 0.55-3.32
Low weight gain
No 20/118 (16.9) 1
Yes 5/13 (38.5) 0.07 3.06 0.91-10.34
Active TB case at home
No 15/46 (32.6) 1 1
Yes 8/75 (10.7) 0.004 0.25 0.09-0.64 0.18 0.44 0.13-1.45
Unknown 2/13 (15.4) 0.24 0.38 0.07-1.91 0.30 0.29 0.03-3.03
Country of exposition/VFR
No 22/124 (17.7) 1
Yes 3/10 (30.0) 0.35 1.99 0.48-8.29
Duration of clinical manifestations
0 (No clinical manifestations) 2/50 (4.0) 1
0-2 weeks 16/58 (27.6) 0.005 9.14 1.98-42.10
>2 weeks 7/26 (26.9) 0.01 8.84 1.68-46.45
TB Localization
Pulmonary only 7/101 (6.9) 1 1
Meningeal 11/14 (78.6) <0.001 49.24 11.10-218.42 <0.001 52.21 10.056-271.2
Extra or mixt 7/19 (36.8) 0.001 7.83 2.341-26.209 0.001 1.3 2.85-45.1
Microbiologic confirmation
No 13/90 (14.4) 1
Yes 12/44 (27.3) 0.07 222 0.91-5.39
Chest XR or CT
Done and normal 4/11 (36.4) 1
Changes compatible with TB 18/113 (15.9) 0.10 0.33 0.09-1.25
Abnormal but unlikely TB 3/10 (30.0) 0.76 0.75 0.12-4.66
Tachypnea
No 12/92 (13.0) 1 1
Yes 13/41 (31.7) 0.01 3.09 1.26-7.57 0.03 4.24 1.17-156.35
Fever > 38°C
No 9/76 (11.8) 1
Yes 16/56 (28.6) 0.02 2.98 1.20-7.37
Poor feeding
No 19/114 (16.7) 1
Yes 5/16 (31.3) 0.17 2.27 0.71-7.29

Bivariate and multivariate analysis. cOR, crude Odds ratio; aOR, adjusted Odds ratio; CI, confidence interval; TB, tuberculosis; VFR, visiting friends and relatives; XR, X-ray; CT,
computed tomography.

related to CNS involvement, including psychomotor retardation =~ Otherwise, as mentioned above, having a household TB contact
and hydrocephalus. was a protective factor of these complications. At the multivariate

Lastly, musculoskeletal involvement has been described in 10-  level, tachypnea and extrapulmonary or combined forms were
20% of extrapulmonary TB cases, which would account for 1-2%  associated factors with TB complications. Nevertheless, when the
of all TB cases (32), data that is very similar to our results (25and  analysis was restricted to pulmonary TB cases, only tachypnea
1.5%, respectively). was an associated factor in TB complications.

Among all TB cases, at bivariate analysis, we found that The fact that tachypnea at the time of TB diagnosis was an
the presence of fever or tachypnea and the extrapulmonary independent variable associated to TB complications, could be
or combined forms were associated with TB complications.  explained by the fact that it is a compensatory response secondary
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TABLE 6 | Presence of TB complications in a cohort of children under 2 years old
with pulmonary TB.

Variable N complications p-value cOR 95% ClI
/total
Gender
Male 3/53 (6.7) 1
Female 4/48 (8.3) 06 151 0.32-7.14
Age
0-1 1/42 (2.4) 1
1-2 6/59 (10.2) 0.16  4.64 0.54-40.08
Low weight gain
No 7/91(7.7) 1
Yes 0/7 (0.0) 0.99 0
Active TB case at home
No 4/30 (13.3) 1
Yes 3/62 (4.8) 0.17 0.33 0.07-1.58
Unknown 0/9 (0.0) 0.99 0
Country of exposition/VFR
No 7/97 (7.2) 1
Yes 0/4 (0.0) 0.99 0
Duration of clinical manifestations
0 (No clinical manifestations) 1/45 (2.2) 1
0-2 weeks 5/39 (12.8) 0.09 6.47 0.72-58.00
>2 weeks 1/17 (6.9) 048 2.75 0.16-46.61
Microbiologic confirmation
No 7/74(9.5) 1
Yes 0/27 (0.0) 0.99 0
Chest XR or CT
Changes compatible with TB 6/89 (6.7) 1
Abnormal but unlikely TB 1/7 (14.3) 0.47 2.31 0.24-22.39
Done and normal 0/5 (0.0) 0.99 0
Tachypnea
No 1/70 (1.4) 1
Yes 6/30 (20.0) 0.01 17.25 1.97-150.68
Fever > 38°C
No 2/61(3.3) 1
Yes 5/39 (12.8) 0.09 4.34 0.80-23.59
Poor feeding
No 7/89 (7.9) 1
Yes 0/9 (0.0) 0.99 0

cOR, crude Odds ratio; ClI, confidence interval; TB, tuberculosis; VFR, visiting friends and
relatives; XR, X-ray; CT, computed tomography.

to hypoxemia for the small lung volume of restrictive lung disease
or metabolic acid mechanism of sis caused by advanced TB
disease. It is the earliest detectable clinical sign. Compensatory
mechanisms, such as tachypnea, also operate to maximize
gaseous exchange in diseased lungs (33). Moreover, tachypnea
is a useful sign for the diagnosis of childhood pneumonia. It is
more specific and reproducible than auscultatory signs (34) and
has been identified by the last British clinical updates for the
management of community-acquired pneumonia in children as
a sign of moderate or severe pneumonia in the risk assessment

algorithm (35). However, as a prognosis factor, tachypnea
has only been associated to worst outcome in adults with
community-acquired pneumonia (36), but not yet in children.

In contrast to the data from studies in areas with high
incidence of TB and HIV coinfection such as South Africa (CFR
21%) (37) or Myanmar (CFR 11.4%) (38), there was only one
death in our study representing a CFR of 0.7% over the total
TB cases. Other studies in Kenya (39) or among MDR TB
cases in children (40) showed CFR percentages of 4 and 21%,
respectively. Since this is a cross-sectional retrospective study,
the data collection process was subject to limitations, and the
possibility of missing information exists. It was difficult to obtain
long-term data since most of the patients were discharged from
the specialized medical unit at completion of treatment. Hence,
we cannot ensure that additional complications of the disease
did not develop at a later stage. The relatively high percentage of
TB meningitis (10.4%) in our sample might not be representative
of the childhood TB population, leading to selection bias due to
the hospital-based design of our study. However, this difference
was minimal if we take into consideration the data provided by
the TB Control Program of Barcelona / Public Health Agency
of Barcelona for this age-group of children with TB meningitis
during the 2000-2017 period (6.5%). Another limitation is that
we were able to determine if the children had complications
during and after TB treatment, but not when each of the events
occurred or how long it lasted. It is not possible to distinguish
between TB complications that lasted until the end of TB
treatment and long-lasting sequelae (maintained during at least
2 years after TB treatment completion).

In conclusion, our findings show that TB incidence in children
under 2-years of age is still relevant in developed countries, and
TB complications are frequent. Extrapulmonary TB forms in this
pediatric age remain a challenge and require prompt diagnosis
and treatment to prevent adverse outcomes. The presence of
tachypnea at the time of TB diagnosis is an independent
associated factor to the development of TB complications in
infants. Hence, this clinical sign should be closely monitored
in patients within this age group. It is necessary to perform
further studies in this group of children in a prospective study
designed to ascertain whether other factors associated with TB
complications exist.
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ABSTRACT

Background: Since there are active drugs against tuberculosis (TB), the most effective control measures
are to assure treatment adherence and to perform contact tracing. Given the long treatment duration and
characteristics of some TB patients, threats that put at risk treatment adherence may appear. Identify and
address them is essential to achieve the objectives of disease control.
Objectives: To identify the epidemiological characteristics of TB patients and the incidents and threats
occurring during treatment, to describe the interventions performed to enhance treatment adherence
and to determine if there are differences among native and foreign-born patients in the TB clinical unit
of a referral hospital in the inner city of Barcelona.
Methods: A descriptive, observational, cross-sectional study was performed. We recorded information
on sociodemographic and clinical characteristics, incidents and interventions during treatment in all
patients with TB diagnosed between September 2013 and August 2016.
Results: 172 patients were included, 62.2% were foreign-born. The most common incidents and threats
were medication-related complications (43.0%), missed follow-up visits (34.3%), communication prob-
lems (25.6%), comorbidities complications (23.8%), trips (19.2%), fear of social rejection (16.9%) and change
ofaddress (14.5%). The adherence-promoting interventions were: follow-up calls, directly observed treat-
ment, medical and humanitarian reports, extra visits and cultural mediation. Incidents and interventions
were more frequent in foreign-born patients, however there were no differences in treatment success
among Spanish and foreign-born.
Conclusion: In this inner city several incidents occurred during TB treatment that can threaten adherence
and are more common among foreign-born patients. Coordination among professionals from different
healthcare settings was able to overcome obstacles in most cases and achieve TB treatment completion.
© 2020 SEPAR. Published by Elsevier Espaiia, S.L.U. All rights reserved.

Abbreviations: ASPB, Barcelona Public Health Agency; CHW, Community health workers; DHI, disposable household income; DOT, directly observed treatment; HIV,
human immunodeficiency virus; IDU, intravenous drug us; IQR, interquartile range; PHN, public health nurses; PLHIV, persons living with HIV; TB, tuberculosis; TBCU,
tuberculosis clinical units; TBPCP, TB prevention and control program; WHO, World Health Organization.
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Factores de riesgo e intervenciones durante el tratamiento de la tuberculosis
en un barrio marginal

RESUMEN

Antecedentes: Dado que existen medicamentos activos contra la tuberculosis (TB), las medidas de control
mas efectivas son asegurar la adherencia al tratamiento y realizar un seguimiento cercano. Debido a la
larga duracién del tratamiento y las caracteristicas de algunos pacientes con TB, pueden entrar en juego
ciertos factores que hacen peligrar la adherencia al tratamiento. Identificar estos factores y abordarlos es
esencial para lograr los objetivos de control de la enfermedad.

Objetivos: Identificarlas caracteristicas epidemioldgicas de los pacientes con TBy los incidentes y factores
que tienen lugar durante el tratamiento, describir las intervenciones realizadas para mejorar la adherencia
al tratamiento y determinar si existen diferencias entre los pacientes nativos y extranjeros en la Unidad
Clinica de TB de un hospital de referencia en el centro de la ciudad de Barcelona.

Meétodos: Se realizé un estudio descriptivo, observacional y transversal. Registramos las caracteristicas
sociodemograficas y clinicas de todos los pacientes con TB diagnosticados entre septiembre de 2013 y
agosto de 2016, asi como los incidentes y las intervenciones realizadas durante el tratamiento.
Resultados: Se incluyeron 172 pacientes, el 62,2% eran nacidos en el extranjero. Los incidentes y los
factores de riesgo mas comunes fueron: complicaciones relacionadas con la medicacién (43,0%), visitas de
seguimiento perdidas (34,3%), problemas de comunicacién (25,6%), complicaciones de las comorbilidades
(23,8%), viajes (19,2%), miedo al rechazo social (16,9%) y cambio de domicilio (14,5%). Las intervenciones
para el fomento de la adherencia fueron: llamadas de seguimiento, tratamiento directamente observado,
informes médicos y humanitarios, visitas adicionales y mediacién cultural. Los incidentes e intervenciones
fueron mas frecuentes en pacientes nacidos en el extranjero; sin embargo, no hubo diferencias en el éxito
del tratamiento entre espafioles y nacidos en el extranjero.

Conclusion: Eneste barrio marginal ocurrieron varios incidentes durante el tratamiento de TB que pueden
poner en peligro la adherencia y que son mas frecuentes entre los pacientes nacidos en el extranjero. La
coordinacion entre profesionales de los diferentes entornos de atencién médica fue capaz de superar los

obstaculos en la mayoria de los casos y lograr la finalizacién del tratamiento de la TB.
© 2020 SEPAR. Publicado por Elsevier Espafia, S.L.U. Todos los derechos reservados.

Introduction

Tuberculosis (TB) continues to be a global public health problem
worldwide. According to the World Health Organization (WHO)
report of 2017, 10.4 million cases were diagnosed worldwide in
2016. A total of 65% of cases occurred in men, 10% in persons
living with HIV (PLHIV), and 56% were concentrated in 5 coun-
tries: India, Indonesia, China, the Philippines and Pakistan. In all,
3% of cases (290,000 cases) occurred in Europe, with an incidence
of 32 cases/100,000 inhabitants.! In the same period, the inci-
dence of notified cases was 10.7 and 13.3 cases/100,000 inhabitants
in Spain as a whole and in Catalonia, respectively and was 16.6
cases/100,000 inhabitants in the city of Barcelona.??

Since active drugs against Mycobacterium tuberculosis became
available, the most effective measures for TB control and treatment
success are early diagnoses and adherence to anti-TB therapy. Given
that treatments are long, even those shortened to 6 months, treat-
ment adherence is essential to achieve TB control targets. Indeed, as
observed with other chronic transmissible infections such as PLHIV,
non-adherence to treatment has a human, economic and very
important social cost. Treatment discontinuation reduces its effec-
tiveness, increases transmission, and causes drug resistance, thus
increasing morbidity, mortality and more widespread infection.
These diseases mainly affect economically and socially disadvan-
taged groups and may require complex treatment regimens. They
are thus a public health priority.*

According to the WHO report on long-term treatment adher-
ence, adherence can be defined as the extent to which a person’s
behavior corresponds to the recommendations agreed with the
health provider. The patient’s context is determined by factors

related to his or her socioeconomic status, the healthcare team
or health system, the disease, treatment, and individual char-
acteristics. Consequently, these factors need to be targeted in
interventions to prevent treatment discontinuation.”

The Barcelona TB prevention and control program (TBPCP) was
created in 1987, and public health nurses (PHN) played an essential
role in following-up TB cases and conducting contact tracing. In its
early beginnings, the program encouraged directly observed treat-
ment (DOT) for homeless persons with TB in the inner city (Ciutat
Vella) and progressively guaranteed community- or hospital-based
DOT for patients showing poor adherence.® Community health
workers (CHW) were incorporated in 2003 because of the increase
inimmigration from countries with a high TB burden, and their role
was to support public health nurses and act as cultural mediators
and translators.” Later, five TB clinical units (TBCU) were created,
located at the four large hospitals in Barcelona and in a specialist TB
outpatient unit. A key figure in these units is the nurse case man-
ager, who follows up TB patients, performs contact tracing, and
supervises treatments always in coordination with public health
nurses from TBPCP as well as with other professionals.® Therefore,
this has made it possible to increase TB treatment adherence until
88.5%.3

The aim of this study was to identify the sociodemographic and
epidemiological characteristics of TB cases, the incidents occurring
during treatment that could influence treatment adherence and
contact tracing, the interventions performed to promote adherence
comparing foreign-born and Spanish-born patients in a hospital
from the inner city of Barcelona with a TBCU, the Mar Hospital, with
a population reference of 336,900 inhabitants living in the districts
of Sant Marti and Ciutat Vella in Barcelona.
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Materials and methods
Design

A population based observational descriptive cross-sectional
study in a multidisciplinary specialist TBCU in Mar Hospital in
Barcelona from September 1, 2013 to August 31, 2016 was per-
formed. Follow-up of cases was closed in April 2018.

Setting

The TBCU has three medical specialties (pneumology, infectious
diseases and pediatrics), a nurse case manager and an adminis-
trative assistant. The unit is part of a university referral hospital
for the districts of Ciutat Vella and Sant Marti where there is very
important immigration from countries with a high TB burden (the
percentage of the foreign-born population registered in the dis-
tricts being 45% and 16.5%, respectively, during the study period).
The day to day work is coordinated by the TBPCP of Barcelona. These
programs are composed of PHN, CHW, DOT teams and a specialized
center for long-term inpatient care of TB patients.

Study participants

This study included all patients with TB diagnosed and under
follow-up by the TBCU of the hospital and notified to the Epidemi-
ology Service of the Barcelona Public Health Agency (ASPB) through
the circuits established for reporting notifiable diseases. TB cases
were defined as patients with a clinical and/or microbiological diag-
nosis of TB starting treatment within the study period.?

Data collection

A data collection form was designed for the registration of the
various threats that could jeopardize treatment adherence and
patient and contact follow-up, as well as the strategies applied
to maintain adherence. This form was complemented by an epi-
demiological survey of the Barcelona TBPCP, collected by PHN from
the Epidemiology Service of ASPB for each TB patient, obtaining
sociodemographic, clinical-epidemiological, microbiological treat-
ment variables and data on contact tracing. To complete all the
information, the patients’ clinical records, the follow-up forms of
the public health nurses and those of the CHW were also consulted.

Definitions

Homeless: persons living on the street or in municipal facilities,
centers or shelters (with no fixed abode) and who could be at risk
of rooflessness at any moment.

Disposable household income (DHI) index: variable constructed
by the Statistics Department of the Barcelona City Council to deter-
mine the socioeconomic position of TB patients based on the
postal address gathered in the survey, bearing in mind various
indicators.!?

TB risk factors: the following risk factors were collected in the
epidemiological survey of the Barcelona TB program: diabetes, sili-
cosis, renal insufficiency, pregnancy, immunosuppressive therapy,
gastrectomy, injecting drug use, HIV/AIDS infection, alcohol abuse,
tobacco use, homelessness, and problems with the law or prison.

Threat: event occurring during the treatment of TB that could
jeopardize their treatment adherence, follow-up or contact tracing.

Perception and fear of social rejection: includes the perception
reported by patients themselves and the variables “does not want
to tell co-habitants of his/her diagnosis”, “does not want people at
work to know of his/her diagnosis” and “refuses DOT".

Extravisit: anurse or physician visit scheduled before the routine
follow-up visit (30 days in our TBCU).

Extra report: a medical and/or social report containing an up-to-
date summary of the patient’s clinical and/or social situation and
which is not a discharge report. These reports include humanitarian
reports, which are medical reports specifying the patient’s disease
and stating that treatment cannot be ensured in his or her country
of origin.

Successful treatment: according to WHO definition, a cured
patient was a patient whose sputum smear or culture was positive
at the beginning of the treatment but who was smear- or culture-
negative in the last month of treatment and on at least one previous
occasion. Patients who completed treatment but who did not have
anegative sputum smear or culture result in the last month of treat-
ment and on at least one previous occasion were classified as having
“completed treatment”. These two categories were considered as
treatment success in this study.!! Therefore successful treatment
are cured TB patients plus patients that completed TB treatment.

Ethical considerations

In agreement with the ethical principles of the Declaration
of Helsinki'? on the autonomy and voluntary participation of
human research subjects, an informed consent form was signed
by all patients and the anonymity and confidentiality of the data
were maintained, in accordance with the Spanish Data Protection
Law 3/2018'3 and the General Data Protection Regulation (EU)
2016/679.'* The project was approved by the Clinical Research
Ethics Committee of Parc de Salut Mar (number 2014/5840/1).

Data analysis

A descriptive analysis of the data was performed. The median
and interquartile range (IQR) were calculated for quantitative
variables, as they did not follow a normal distribution, while
proportions were calculated for categorical variables. To com-
pare foreign with native-born patients, in the bivariate analysis,
categorical variables were compared with the chi-square test or
the corresponding non-parametric tests. We calculated 95% con-
fidence intervals (CI) and statistical significance was set at 5%
(p-value <0.05).

The percentage of patients attended in Mar Hospital from the
catchment areas of Ciutat Vella and Sant Marti was calculated and
the number of cases treated in the hospital was compared with the
total number of cases in the two districts and the number of new TB
cases in the city of Barcelona during the study period. The statistical
analysis was conducted using the SPSS 20.0 statistical package.

Validity and reliability

Based on the patients’ clinical records, a data collection form
was designed specifically for the study, which helped to ensure the
rigor of the registry and coherence of the information. In addition,
the information from the TB program was also used as a data source.
This program has more than 30 years of experience in TB control
and surveillance. From the initiation of the program, information
reaching it is validated and contrasted throughout treatment by
experienced epidemiologists.

Results

During the study period, 172 TB cases were treated in the TBCU
of Mar Hospital. A total of 40% and 55% occurred among residents of
Ciutat Vella and Sant Marti districts, respectively. The distribution
of cases and incidence of TB according to district are presented in
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Table 1
Distribution of cases and incidence of tuberculosis per 100,000 inhabitants in the districts of Ciutat Vella, Sant Marti and Barcelona per year. Mar Hospital, Barcelona,
2013-2016.

Year Ciutat Vella Sant Marti Barcelona

Cases Mar Hospital Total cases Incidence! Cases Mar Hospital Total cases Incidence’ Cases Mar Hospital Total cases Incidence

2013 8! 78 67.0 8! 48 21.6 174 329 20.4

2014 33 62 60.5 20 43 17.2 59 300 18.6

2015 27 58 58.7 18 44 19.6 54 280 17.4

2016 20! 42 43.8 8! 25 10.5 30¢ 260 16.2

Ref: Programa de Prevenci6 i Control de la Tuberculosi de Barcelona. La Tuberculosi a Barcelona. Informe. Barcelona: Agéncia de Salut Ptblica de Barcelona (2013-2016).

 Cases per 100,000 inhabitants.

i Study period: September 1, 2013-December 31, 2013 and January 1, 2016-August 31, 2016.

Table 1. The table shows a higher incidence of tuberculosis in Ciutat
Vella in relation to Sant Marti and Barcelona.

Of the 172 patients included, 106 (61.6%) were men. The median
age was43years (IQR: 32.2-56). Atotal of 107 (62.2%) were foreign-
born, of which 54 (31.3%) were born in the Indian subcontinent, 12
(6.9%) in Latin America, and 12 (6.9%) in Eastern Europe, while 9
patients were born in Morocco and 9 in the Philippines. Table 2
compares socio-demographic characteristics and clinical variables
among Spanish and foreign-born patients.

In all, 134 patients (78.0%) lived in low- or low-medium income
neighborhoods and 81 (47.1%) were employed. At least one risk fac-
tor for TB was present in 103 patients (59.9%). Disease localization
was pulmonary or mixed in 100 patients (58.1%) and resistance
to anti-TB drugs was detected in 12 patients (7%), one of whom
showed multiresistance. Treatment success was achieved in 150
patients (86.6%), 5 (2.9%) moved to other autonomous communi-
ties of Spain or abroad, 4 (2.3%) were lost to follow-up, and 13 (7.5%)
died (2 due to TB) (see Table 2).

Comparison of data from foreign and native-born patients
revealed statistically significant differences: foreign-born patients
contracted TB at younger ages, lived in neighborhoods with lower
incomes, and a higher percentage were unemployed. A larger
proportion of native-born patients were pensioners. Pulmonary
localization was more common among native-born patients. There
were no differences in treatment conclusion between the two
groups. A comparison of sociodemographic, clinical and epidemio-
logical factors between foreign and native-born patients is shown
in Table 2.

Incidents occurred during follow-upin 151 patients (87.8%) with
a median of 2 incidents per patient (IQR: 0-7). Medication-related
complications occurred in 74 patients (43%), and exacerbation of
comorbidities in 41 (23.8%).59 patients (34.3%) failed to attend
follow-up visits in at least one occasion, and 33 patients (19.2%)
reported traveling abroad during treatment (see Table 3).

Communication problems were detected in 44 patients (25.6%)
and 25 patients (14.5%) changed address; of these, 19 (76%) had
pulmonary TB. Another effect of TB diagnosis was stigmatization:
3 patients (1.7%) lost their jobs, 29 (16.9%) showed attitudes influ-
enced by fear of social rejection (not mentioning their diagnosis to
cohabitants or at work, not accepting DOT due to fear of rejection
by neighbors and/or discrimination in their environment). Com-
pared with Spanish-born, foreign-born patients showed a higher
number of threats during treatment, traveled more often, missed
more follow-up visits, and had more problems of unstable hous-
ing (p <0.05). A comparison of incidents during treatment between
native and foreign-born patients is shown in Table 3.

Various strategies were used to maintain adherence. DOT was
conducted in a specialized intermediate care center in 82 patients
(47.7%), either as long term inpatients or community based DOT
outpatients. Extra reports were issued for 85 patients (49.4%), and
additional visits were scheduled for 41 (23.8%). Cultural mediation
during hospital visits was provided for 27 patients (15.7%), while
CHW from the ASPB intervened in 40 patients (13.3%). The PHN

and the hospital-based nurse case manager made follow-up tele-
phone calls and coordinated with different healthcare levelsin 112
patients (65.1%). Contact tracing was conducted in 79 patients with
pulmonary TB (79%) and in 36 with non-pulmonary TB (50%). Eight
patients lived alone (4.7%) and 13 refused contact tracing (7.6%)
(see Table 4).

Foreign-born required more reports, additional visits and tele-
phone calls and were also more frequently referred to DOT centers.
There was no statistical differences between Spanish-born and
foreign-born patients regarding to contact tracing coverage. The
strategies used to maintain adherence by country of origin (native
or foreign-born) are shown in Table 4.

Discussion

The profile of persons diagnosed in this study corresponded to
young adults (median age, 43 years), from countries with a high
TB burden, especially the Indian subcontinent, of working age and
living in low-income neighborhoods. As in other countries in the
European Union, these patients had other risk factors in addition
to being immigrants, such as immunosuppression, alcohol abuse,
tobacco use, psychoactive substance use and, sometimes, prob-
lems with the law.'® Other risk factors were social vulnerability,
low socioeconomic position, precarious employment not covering
basic needs, unhealthy lifestyles and low individual perception of
risk, with little appreciation of the personal and community effects
of the disease.!® This at-risk population is most numerous in Ciu-
tat Vella,'” an inner city district of Barcelona that, as in London'8
or Rotterdam,'? is characterized by being situated in the city cen-
ter, with a large socially deprived population and an incidence of
TB three times higher than that of the city as a whole. Moreover, in
Ciutat Vella, there is a higher percentage of those foreign-born com-
pared to the city of Barcelona, as well as a higher incidence of TB due
to the high burden of disease in the foreign-born population.?37:17

In this study, we found that a lot and different social, eco-
nomic and treatment-related threats usually happen during the
long treatment period required in TB patients. In agreement with
the findings of studies conducted in other countries with a high TB
burden such as Colombia and Peru, medication-related complica-
tions (side effects) and the presence of comorbidities concurrent
with TB were highly common incidents that could provoke treat-
ment withdrawal.?%2! Adverse reactions were also associated with
having stopped treatment in a low incidence setting.>> Another
common threat was missing follow-up visits. Factors related to this
finding in other European cities were a lower perception of risk and
suboptimal working conditions.!”

Communication problems frequently occurred, due both to
patients’ language barriers and to the complexity of healthcare-
related information, which, as shown by the literature poses a
major threat to adherence in different settings.>>~2°> Therefore,
understanding health information is a requisite for correctly fol-
lowing treatment. Effective communication is essential for patients
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Table 2
Comparison of socio demographic and clinical variables between Spanish-born and foreign-born patients with tuberculosis. Mar Hospital, Barcelona, 2013-2016.
Variables Categories Spanish-born (N=65)N (%) Foreign-born (N=107)N (%) Total(N=172)N (%) p-Value
Sex Male 38 (58.5) 68 (63.6) 106 (61.6)
Female 27 (41.5) 9(36.4) 66 (38.4) 0.506
Age Median (IQR) 54 (42.5-72.5) 8(29-49) 43 (32.25-56) <0.001'
Age groups 0-14 5(7.7) 2(1.9) 7 (4.1) 0.106*
15-24 1(1.5) 2(11.2) 13(7.6) 0.019*
25-39 5(7.7) 45 (42.1) 50(29.1) <0.001
40-64 33 (50.8) 44 (41.1) 77 (44.8) 0.217
>64 21(32.3) 4(3.7) 25 (14.5) <0.001*
Income according to Low 26 (43.3) 68 (70.8) 94 (54.7) 0.003
DHI Low-medium 21(35.0) 9(19.8) 40 (23.3) 0.029
Medium-high 10(16.7) 7 (7.3) 17 (9.9) 0.060
High-very high 3(5.0) 2(2.1) 5(2.9) 0.367
Employment groupsw Unemployed 10 (16.7) 42 (3 ) 52 (30.2) 0.001
Student 2(3.3) 7(6.6) 9(5.2) 0.486
Retired 16 (26.7) 2(1.9) 18 (10.5) <0.001
Employed 29 (48.3) 52(49.1) 81(47.1) 0.612
Not known 3(5.0) 3(2.8) 6(3.5) 0.674
Tobacco use Yes 30(46.2) 36 (33.6) 66 (38.4)
No 35(53.8) 71 (66.4) 106 (61.6) 0.102
Alcohol abuse Yes 8(12.3) 0(9.3) 18(10.5)
No 57 (87.7) 97 (90.7) 154 (89.5) 0.538
IDU Yes 2(3.1) 5(4.7) 7(4.1)
No 63 (96.9) 102 (95.3) 165 (95.9) 0.711*
Homelessness Yes 4(6.2) 4(13.1) 18 (10.5)
No 61(93.8) 93 (86.9) 154 (89.5) 0.15
HIV Yes 5(7.7) 6(5.6) 11(6.4)
No 60 (92.3) 101 (94.4) 161(93.6) 0.749*
Immunosuppressive Yes 8(12.3) 5(4.7) 13(7.6)
therapy No 57 (87.7) 102 (95.3) 159 (92.4) 0.079*
Diabetes Yes 9(13.8) 0(9.3) 19(11.0)
No 56 (86.2) 97 (90.7) 153 (89.0) 0.361
TB localization Pulmonary 46 (70.8) 54 (50.5) 100 (58.1)
Extra pulmonary 19(29.2) 53(49.5) 72 (41.9) 0.009
1st line drug Yes 5(7.7) 7 (6.5) 12 (7.0)
resistance® No 40(61.5) 61 (57.0) 101 (58.7)
Unknown 20(30.8) 39 (36.4) 59 (34.3) 0.741*
Prison or problems Yes 1(1.5) 4(3.7) 5(2.9)
with the law No 64 (98.5) 103 (96.3) 167 (97.1) 0.651*
Treatment outcome Treatment success 56 (86.2) 93 (86.9) 149 (86.6) 0.887
TB death 2(3.1) 0(0.0) 2(1.2) 0.141
Other causes death 7(10.8) 4(3.7) 11(6.4) 0.105
Prolonged treatment 0(0.0) 1(0.9) 1(0.6) 1.000
Transfer 0(0.0) 5(4.7) 5(2.9) 0.158
Lost to follow-up 0(0.0) 4(3.7) 4(2.3) 0.299
Risk factors! Yes 44 (67.7) 59 (55.1) 103 (59.9)
No 21(32.3) 48 (44.9) 69 (40.1) 0.103

IQR: interquartile range; DHI: disposable household income index; IDU: intravenous drug use; HIV: human immunodeficiency virus; TB: tuberculosis.

t Median test (for two independent samples).
" Fisher’s exact test.
$ Any kind of 1st line drug resistance.

 Risk factors: diabetes, silicosis, renal insufficiency, pregnancy, immunosuppressive therapy, gastrectomy, intravenous drug use, HIV/AIDS infection, risky alcohol use,

smoking, homelessness, and problems with the law or having had a prison sentence.

™ Age groups: global p-value <0.001. Income according to DHI: global p-value =0.008. Employment groups: global p-value <0.001. Treatment conclusion: global p-value

<0.029.

to take informed decisions and participate in health-promoting
processes. As was already described among foreign-born TB
patients in Barcelona,” CHW strategy contributed to minimize this
problem also for TB patients for this hospital. Another obstacle
identified during TB treatment follow-up was traveling. Foreign-
born move aboard more often than the Spanish-born population.
Patients usually travel to their country of origin, which can lead to
losses to follow-up and TB treatment discontinuation.26-28

Nevertheless, the most important data in our study were
those related to the social discrimination affecting TB patients.
These findings prompt reflection on the fact that, despite all the
knowledge accumulated over the years, TB patients continue to
experience perception of social rejection.'® Factors detected in this
study were patients not mentioning their diagnosis to cohabitants
or in the workplace, not accepting supervised treatment for fear
of rejection in their environment, losing their Jobs or being at risk
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Table 3
Comparison of threats-related variables between Spanish and foreign-born patients with tuberculosis. Mar Hospital, Barcelona, 2013-2016.

Variables Categories Spanish-born(N=65)N (%) Foreign-born(N=107)N (%) Total(N=172)N (%) p-Value
Number of threats Median (IQR) 1(0-2) 3(2-4) 2(1-4) <0.001
Threats None 19(29.2) 2(1.9) 21(12.2)

One or more 46 (70.8) 105(98.1) 151 (87.8) <0.001
Medication-related Yes 30 (46.2) 44 (41.1) 74 (43.0)
complications No 35(53.8) 63 (58.9) 98 (57.0) 0.518
Type of Side effects or intolerance 16 (53.3) 23(52.3) 9(52.7)
medication-related Treatment prolongation 14 (46.7) 21(47.7) 5(47.3) 0.929

icati =74

e = Yes 20(30.8) 21(19.6) 41(23.8)
comorbidities No 45(69.2) 86 (80.4) 131(76.2) 0.096
Missing in some Yes 11(16.9) 48 (44.9) 59 (34.3)
follow-up visit No 54 (83.1) 59 (55.1) 113 (65.7) <0.001
Travel Yes 2(3.1) 31(29.0) 3(19.2)

No 63 (96.9) 76 (71.0) 139 (80.8) <0.001
Communication Yes 1(1.5) 43 (40.2) 44 (25.60)
problems No 64 (98.5) 64 (59.8) 128 (74.4) <0.001
Change of address Yes 6(9.2) 9(17.8) 25(14.5)

No 59(90.8) 88 (82.2) 147 (85.5) 0.124
Job loss Yes 1(1.5) 2(1.9) 3(1.7)

No 64 (98.5) 105 (98.1) 169 (98.3) 1"
Perception and fear of Yes 15(23.1) 4(13.1) 29(16.9)
social rejection No 50(76.9) 93 (86.9) 143 (83.1) 0.090
Problems of Yes 1(1.5) 4(13.1) 5(8.70)
unstable housing No 64 (98.5) 93 (86.9) 157 (91.3) 0.009
Health card Yes 65 (100) 95 (88.8) 160 (93.00)

No 0(0.0) 2(11.2) 2(7.0) 0.004*

IQR: interquartile range.
* Median test (for two independent samples).
" Fisher’s exact test.

Table 4
Comparison of variables related to adherence strategies used for Spanish-born and foreign-born tuberculosis patients. Mar Hospital, Barcelona, 2013-2016.
Variables Categories Spanish-born(N=65)N (%) Foreign-born(N=107)N (%) Total(N=172)N (%) p-Value
Contact tracing™ Conducted 40(61.5) 75(70.1) 115 (66.9) 0.248
Refused 2(3.1) 11(10.3) 13(7.6) 0.135
Live alone 5(7.7) 3(2.8) 8(4.7) 0.156
Not come 18 (27.7) 18 (16.8) 36(20.9) 0.089
DOT Yes 25 (38.5) 57 (53.3) 82 (47.7) GGEE
No 40 (61.5) 50 (46.7) 90 (52.3) :
Extra visits Yes 18(27.7) 23(21.5) 41(23.8) 1555
No 47 (72.3) 84 (78.5) 131(76.2) :
Extra reports Yes 17 (26.2) 68 (63.6) 85 (49.4) <0.001
No 48 (73.8) 39(36.4) 87 (50.6) )
Cultural mediation Yes 0(0.0) 27 (25.2) 27 (15.7) <0.001
No 65 (100.0) 80(74.8) 145 (84.3) )
CHW intervention Yes 3(4.6) 37(34.6) 40(23.3) <0.001
No 62 (95.4) 70 (65.4) 132(76.7) )
Follow-up calls Yes 33(50.8) 79 (73.8) 112 (65.1) A6
No 32(49.2) 28(26.2) 60 (34.9) :

DOT: directly observed treatment; CHW: Community health workers; TB: tuberculosis.

" Contact tracing: global p-value =0.056.

of having to change address because of their diagnosis. These fac-
tors directly impacted the therapeutic process and contact tracing.
A study conducted in India, the country of origin of many of the
patients in this study, supports this reflection and stresses that a
substantial proportion of opinion leaders and social representa-
tives show discriminatory behavior toward people who have had
TB.2? Another study from Colombia revealed that health profes-
sionals, despite having sufficient knowledge of the disease, hold
mistaken beliefs leading to discrimination against specific social

groups.>? Among countries with a low TB burden, studies have
been performed in the USA, Canada, the United Kingdom, Europe
and Australia that mention the association between TB, stigma and
immigrant communities and demonstrate the interaction between
social and cultural determinants and stigma.?! Therefore, a nega-
tive social response to TB is universal. While global investigation is
focused on treatment and diagnostic tools simplification, the avail-
able literature shows insufficient data on research, interventions
and recommendations on this topic.3233
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Numerous strategies have been reported in the literature
to enhance treatment adherence and contact tracing, including
reminders and food vouchers, adherence agreements, intensive
patient supervision and social support, the use of new technologies
such as an ingestible sensor-based system, video-calls, video DOT
etc., which seem to have some potential.>*>> However, broad con-
sensus in the literature is reserved for multi-pronged approaches
known as “intervention packages”. This approach is based on
patients’ needs and is effective in enhancing adherence.’6-*! The
combined use of all the strategies employed in this study—follow-
up calls and liaison between healthcare levels, medical and
humanitarian reports, DOT, extra visits, cultural mediation and
CHW—allowed completion of most anti-TB treatments and contact
tracing. The work performed in a network consisting of health-
care and non-healthcare professionals was essential to carry out
these activities. Among other elements, key factors configuring the
strategy implemented by the Barcelona TB Program are TB units
with nurse case managers, public health teams, DOT teams, CHW,
primary care and methadone maintenance programs.”#243 As in
other countries such as the United Kingdom, the cornerstones of
this strategy are flexible healthcare, multidisciplinary teams, and
the assignment of a health professional as a key worker to each
patient with TB.*4

This study found that, compared with Spanish-born, foreign-
born patients showed a higher number of threats and incidents
during treatment. However, foreign-born required more interven-
tions and finally had similar treatment evolution than Spanish-born
patients. Therefore, we can assume that the greater number of
interventions in the group with more incidents would be the cause
of the similar final evolution.

One of the strengths of this study is that it provides an over-
all view of the context of patients treated in a referral hospital
in Barcelona. The Spanish health system provides universal and
for-free coverage. Moreover, the Barcelona TB Program has broad
experience and there is clear coordination between the various
stakeholders involved in the management and control of TB. The
study designed a specific data collection form, favoring rigor in
registering data and coherence of the information. In addition, var-
ious data sources were used, ensuring the veracity of the data.
On the other hand, this study has the limitations characteristic
of observational designs such us little control of confounding fac-
tors. Moreover, under-registering of the activities reported by the
professionals involved in patient follow-up was possible. Another
limitation was the small number of cases, which did not allow for
more complex statistical analyzes.

Conclusion

Identifying the context and incidents occurring during TB treat-
ment allows the implementation of measures to enhance patients’
adherence. Moreover, coordinated interventions between profes-
sionals from different health fields allow to complete treatment:
interventions aiming to reduce stigma, improve the administrative
situation of the patients, and ensure adequate treatment during
trips. The most effective strategy is combining a package of mul-
tidisciplinary interventions responding to the particular needs of
each patient.
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In 2012, the Spanish government enforced a healthcare exclusion policy against undocumented immigrants.
The newly elected government has recently derogated this policy. To analyze how this decree could have
affected population health, we looked at primary health patients who would have been excluded and compared
with a matched sample of non-excluded patients. Potentially excluded patients had decreased odds of: depression,
chronic obstructive pulmonary disease, dyslipidaemia, heart failure and hypertension while diabetes mellitus
rates were similar to non-excluded. Infectious diseases were more frequent in potentially excluded population
(HIV, tuberculosis and syphilis). The exclusion of patients impedes the control of infectious diseases at a community

level.

220z AInf 10 uo 3senb Ad G68E€/6/58./7/0€/al0le/andina/wod dno olwapese//:sdyy woly papeojumod



786  European Journal of Public Health

Introduction

n the middle of the Great Recession, the Spanish universal health-
| care system was converted, by the Royal Decree 16/2012" (RD) to a
system that excluded undocumented migrants from free healthcare
services. The government enforced this decree, not subjected to par-
liamentary approval, with the pretext of ending the overspending
generated by migrants and health tourists. This law considered the
exceptions of children, pregnant women, communicable diseases
and acute life-threatening injuries. However, reports arose showing
healthcare assistance was denied to non-residents in the previous
exceptions. Discrimination, RD interpretation and red tape allegedly
prevented the necessary health care.”* This exclusion could have a
detrimental effect, also, in fully covered population by contributing
to spread infectious diseases like Human immunodeficiency virus
(HIV), hepatitis or tuberculosis (TB) and increase costs by only
treating acute consequences of cheap and easily treatable chronic
diseases.” Recent research found an increase in mortality in popu-
lation excluded from healthcare coverage.(’ In Catalonia, and other
autonomous communities of Spain, this exclusion was not fully
applied, as there was a special Catalan legislation to partially cover
those excluded.”®

The objective of this study was to assess if potentially excluded
patients in Catalonia suffered more chronic or infectious diseases
than those fully covered (Spanish born and documented
immigrants).

Methods

A retrospective population-based cohort study was performed fol-
lowing all undocumented migrants assigned to any primary health-
care centre in Catalonia (population of 7.5 million inhabitants) at
the end of December 2010, that would not have been covered if the
RD was fully applied in Catalonia (from now on, potentially non-
covered population). This cohort was matched 1:1 with the rest of
the population (Spanish and documented foreign born) by age (*+
5years), sex and socioeconomic status (MEDEA quintiles).” We
used a research-quality set of anonymized longitudinal patient
records from the Information System for the Development of

Research in Primary Care (SIDIAP), which contains data on ap-
proximately 6 million people (80% of the Catalan population, con-
stituting 10.2% of Spain’s population). The information recorded in
this dataset includes demographic and lifestyle factors relevant to
primary care settings and clinical diagnoses, outcomes and events,
coded by International Classification of Diseases, 10th revision
(ICD-10).

Ethics approval for observational research using SIDIAP data was
obtained from our local ethics committee.

We compared chronic disease prevalence at 31 December 2010
[diabetes, hypertension, dyslipidaemia, heart failure, depression and
chronic obstructive pulmonary disease (COPD)], alcohol and to-
bacco use at baseline, and infectious disease (HIV, TB, gonorrhoea
and syphilis) incidence during the follow-up period, January 2011 to
December 2013.

We used a conditional logistic regression model for each chron-
ic disease comparing the odds ratio (OR) and its 95% CIs of
having the disease between covered and potentially non-covered
population, conditioning on the matching pairs. We used a strati-
fied Cox regression model for each infectious disease comparing
the hazards of developing each infectious disease between
potentially non-covered and covered population [hazard ratio
(HR) and its CI].

Results

A total of 116 870 individuals were included in the analyses, 58 435
in each coverage group. Table 1 shows the number of cases and
prevalence results for non-communicable disease and toxic habits,
and number of cases and cumulative incidence for infectious
diseases.

In relation to chronic diseases, among potentially non-covered
population the highest prevalence was for hypertension, dyslipidae-
mia and diabetes. However, fully covered population presented an
increased odd of depression, COPD, dyslipidaemia, heart failure and
hypertension. Both covered and non-covered had similar odds of
diabetes. In addition, there was an increased risk of alcohol abuse
and smoking among those covered, but with an increased missing
rate for these variables in potentially non-covered.

Table 1 OR and HR of non-communicable diseases in covered and potentially non-covered population and of infectious diseases in po-

tentially non-covered and covered population

n (%) non-covered OR covered vs. non-covered (95% Cl) P-value

Chronic diseases

Diabetes 1095 (1.9) 1.03 (0.94-1.12) 0.56

Hypertension 2572 (4.4) 1.50 (1.42-1.60) <0.01

Dyslipidaemia 2273 (3.9) 2.31 (2.18-2.44) <0.01

Heart failure 68 (0.1) 1.51 (1.11-2.05) <0.01

Depression 706 (1.2) 4.64 (4.26-5.06) <0.01

COPD 114 (0.2) 3.56 (2.88-4.40) <0.01
Alcohol

Alcohol abuse 4120 (7.1) 1.66 (1.52-1.82) <0.01

Missing 41061 (70.3) 0.73 (0.71-0.75) <0.01
Tobacco

Tobacco use 5556 (9.5) 1.96 (1.85-2.07) <0.01

Former tobacco use 1091 (1.9) 2.11 (1.91-2.32) <0.01

Missing 37157 (63.6) 0.41 (0.40-0.42) <0.01

n (%) non-covered HR non-covered vs. covered (95% Cl) P-value

Infectious disease

HIV 78 (0.1) 2.33 (1.07-5.09) 0.03

Tuberculosis 292 (0.5) 4.09 (2.59-6.45) <0.01

Gonorrhoea 27 (0.05) 0.89 (0.52-1.53) 0.68

Syphilis 183 (0.3) 3.36 (2.2-5.12) <0.01

Matched by sex, age and socioeconomic status. Catalonia, 2011-13.

OR, odds ratio; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; HIV, human immunodeficiency virus.
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In relation to infectious diseases, TB, HIV and syphilis were the
diseases more frequent in potentially non-covered population. These
diseases had also increased risk of occurring in non-covered popu-
lation. There were no differences in the case of gonorrhoea.

Discussion

Potentially non-covered population suffer less non-communicable
diseases but have a higher incidence of infectious diseases. We found
a significant increase of TB, syphilis and HIV among non-covered
population. This is consistent with the high prevalence of this dis-
ease in the origin countries of foreign born excluded population,
and the migration process itself. This epidemiological situation
explains the highest incidences observed in Barcelona of tuberculosis
and syphilis among immigrants in comparison to Spanish born
people.

The access to health care favours the control of diseases, but it is
especially relevant for infectious diseases, at individual level as at
community level. The benefits are clear as, usually, infectious dis-
eases can be cheaply and easily treated. These infectious diseases can
be spread if not diagnosed and treated promptly, with the added
costs associated. This makes access to health care for non-covered
migrants essential to their health and all the community. For this
reason, the WHO End TB Strategy strongly recommends the imple-
mentation of the universal health coverage as a pillar to eliminate TB
as a public health problem in few years.

A previous study found that the reduction of access to health
care in Barcelona could affect to a great extent patients with in-
fectious diseases.* Our results corroborate that, and show that the
limitation of universal coverage and access to health care, that was
launched by the Spanish Government after RD implementation
could not be profitable nor for the patient nor for the community.
Moreover, many immigrants have precarious conditions and, if
they are not in the healthcare system, they will probably develop
more health problems, will have poorer quality of life and shorter
life expectancy.

Our results are in good agreement with Alamo-Junquera et al.,'’
where they showed that service use, chronic disease prevalence, and
drug spending was considerably lower in the potentially excluded in
a Catalonian region; and their infectious disease morbidity was
higher. Also, fits well with results of Peralta-Gallego et al.” where
incidence of infectious disease seems to increase after the implemen-
tation of this policy. This increase in infectious disease and decrease
in health service access could be one of the contributing causes to
the previously estimated excess mortality in undocumented migrant
workers.®

We conducted a population-based study on the autonomous
community of Catalonia including 3 years of data of all undocu-
mented migrants that attended any primary healthcare centre. We
were able to study vulnerable populations before they got excluded
from health care, but the most vulnerable or recently arrived immi-
grants may not have been reaching the health system due to beliefs,
lack of information or other access problems. Nonetheless, given the
high number of patients included in the study and the relevance of
the topic and the obtained results, we consider this to be a valid
study of considerable scientific and community interest.

Proper evaluation on costs and public health impact is needed
where healthcare exclusion policies have been enforced, to further
inform policy makers globally about the risks of non-universal
health care.
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Key points

e The derogation of the Spanish healthcare exclusion policy
favours a better control of infectious diseases and improves
health system access and population’s health.

o Infectious diseases, that can be cheaply and easily treated, were
more frequent in potentially excluded population.

e Chronic disease was considerably lower in undocumented
immigrants, suggesting lower service use and drug spending
in this population.
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Abstract

Background

Tuberculosis (TB) disproportionately affects homeless people. Our objective
was to describe the clinical-epidemiological characteristics of homeless
patients with TB and their associated factors in a cosmopolitan European city.

Methods

Population-based descriptive study among all TB cases reported to the
Barcelona TB Prevention and Control Program between 1997 and 2017.
Homeless patients were compared with the rest of TB patients in terms of
sociodemographic, clinical, and epidemiological variables. Statistical analysis
was based on logistic regression by calculating odds ratios (OR) and their 95%
confidence intervals (Cl).

Results

We detected 8739 cases, and 7% (626) occurred in homeless people. On
bivariate analysis, homeless patients were mostly men, aged 18-64 years, and
there was a higher percentage of cases among foreign-born persons, tobacco
users, alcohol users, people with a prison history, those with some drug
resistance, and poor treatment adherence. Homeless people were also more
likely to have pulmonary TB (PTB), abnormal chest radiograph, greater
lethality and less contact tracing. On multivariate analysis, the following
factors were associated: male sex (OR: 1.5; CI=1.2-1.9), birthplace outside
Spain (OR: 2.7; Cl=2.2-3.3), having a prison history (OR: 2.8; CI=2-3.9), tobacco
use (OR: 1.5; CI=1.2-1.9), alcohol consumption (OR: 1.8; CI=1, 4-2.2), injecting
drug use (OR: 2.1; CI=1.5-2.9), previous TB treatment (OR: 1.4; CI=1.1-1.8),
having PTB (OR: 1.5; CI=1.1-2.1), abnormal chest-radiograph (OR: 1.9; CI=1.3-
2.8), worse treatment outcomes (OR: 1.3 ; CI=1-1.6) and less contact tracing
(OR: 3.4; Cl=2.8-4.1).

Conclusions

Homeless patients with TB have multiple risk factors, with advanced clinical
forms and worse TB control indicators. There is a need to improve the primary
prevention of homelessness and the social and clinical follow-up of homeless
people.

147



Introduction

Tuberculosis (TB) continues to be a global public health concern.
According to the latest World Health Organization report, TB is a transmissible
disease representing one of the main causes of poor health, one of the first 10
causes of death worldwide, and the main cause of death due to a single
infectious agent (ahead of HIV/AIDS). The COVID-19 pandemic may increase
mortality from TB by a further 400,000 deaths. Worldwide, an estimated 10
million (range, 8.9-11.0 million) persons were infected with TB in 2019. This
infection is associated with poverty, marginalization and stigma and
disproportionately affects the most vulnerable populations, including
homeless people, who always have a much higher incidence than the rest of
the population [1].

The last global survey conducted by the United Nations (UN) in 2005
estimated that 100 million persons worldwide were homeless [2]. More recent
estimates in 2017 suggested that around 10 million persons are homeless,
representing approximately 2% of the global population [3]. Other reports
show that this phenomenon is increasing both in Europe [4] and in the United
States [5]. Most homeless persons have highly complex problems and needs,
as well as extremely poor health outcomes [6], and consequently the health
of homeless individuals continues to require attention and future
interventions. For example, a systematic review and meta-analysis of the
prevalence data for 2012 found studies reporting that between 0.3% and
21.1% of homeless people had HIV, between 3.9% and 36.2% had hepatitis C
infection, and between 0.2% and 7.7% had TB [7].

In the large cities of industrialized countries, homeless people are at
greater risk of TB, have higher non-adherence rates and worse treatment
outcomes (including mortality) than the general public. In many industrialized
countries, TB rates can be up to 20 times higher among homeless people than
among the general population [8]. Homeless people also have a higher
prevalence of latent tuberculosis infection (LTI) [9].

Homeless people accumulate a series of conditions that increase the
risk of TB, including substance abuse, HIV infection and staying in shelters, as
well as poor diet. This combination of conditions favours the propagation of
TB. Moreover, this collective often lack immediate access to the medical care
needed for an early diagnosis of the disease [1,10].
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A high percentage of homeless people diagnosed with TB or another
transmissible infectious disease do not start, or do not complete, treatment
[11-15]. Barriers include mobility among homeless people, leading to losses-
to-follow-up; more urgent medical and social needs [11]; failure to attend
follow-up [16]; stigma and discrimination; continuous alcohol and drug
consumption and criminalization of these behaviors; lack of a stable dwelling
[17]; prison stays; fear of invasive investigations such as liver biopsy; fear of
the secondary effects of treatment; transport and location of treatment
services; lack of flexible timetables for appointments; and difficulties in
remembering appointments [18,19]. With the political emphasis on global TB
elimination [20], it is essential to guarantee that strategies are implemented
to overcome these challenges to treatment success in this collective.

The aim of this study was to identify the demographic, clinical and
outcome characteristics of homeless patients with TB and their associated
factors in Barcelona, a cosmopolitan European city in transition to a low
incidence of TB [21].

Methods

Study design and setting

This was an observational, descriptive, cross-sectional, population-
based study of TB cases notified to the Barcelona TB Prevention and Control
Program between 1997 and 2017, with a mean incidence during the study
period of 28 cases/100,000 inhabitants.

The program was created in 1987 and public health nurses play an
essential role in the follow-up of people with TB and in contact tracing. From
the outset, the program encouraged directly observed treatment (DOT) for
homeless people with TB in the city center (the Ciutat Vella —old town-
neighborhood) and community- or hospital-based DOT was progressively
guaranteed for patients showing poor treatment adherence. To support
publish health nurses when attending patients from outside Spain, the
program also includes community health workers, who act as cultural
mediators and translators. The healthcare of patients with TB is centered in
five Clinical TB Units, situated in the four large hospitals of Barcelona and in
an outpatient unit specialized in TB, which perform the diagnosis, treatment
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and follow-up of patients and contact tracing in close coordination with the
public health unit of the city??%4.

Study population

The study population consisted of patients in the city of Barcelona
with a diagnosis of TB aged 18 years or older who started treatment after
January 1, 1997. Case inclusion ended with those patients who started
treatment on December 31, 2017.

Definitions

A TB case was defined a patient meeting the following criteria: 1)
presence of clinical or radiological signs and/or symptoms compatible with TB
infection in any location, as long as there was no evidence of any other disease
that could explain their presence; 2) prescription of standard anti-tubercular
treatment, generally using three or more drugs. This definition included both
confirmed and suspected cases [25,26].

A cured patient was defined as one whose sputum swab or culture
was positive at the start of treatment but was negative in the last month of
treatment and on at least one previous occasion. Patients not meeting these
conditions but who completed treatment were classified as having
“completed treatment”. These two categories were considered successful
treatment [27].

Homeless people were defined as persons living on the street or in
municipal social services establishments such as municipal centers or shelters
(with no fixed address) and who were at risk of rough sleeping at any moment.

Ethical considerations

This study is part of the epidemiological surveillance activities included
in the Barcelona Tuberculosis Prevention and Control Programme. Data were
collected retrospectively by the Public Health Epidemiological Surveillance to
characterize the homeless population and implement specific actions on this
vulnerable group. Data were collected for public health surveillance purposes
following the Decree 203/2015 (updated on 205/2019) [28], therefore, as part
of the Public Health Epidemiological Surveillance activities, this study did not
require any consent or approval of any ethics committee. Data were
aggregated and did not identify or contain personal information. The
confidentiality of the data was guaranteed at all times, following the ethical
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principles of the declaration of Helsinki [29], the Spanish law of Data
Protection 3/2018 [30], and the General Data Protection Regulation (EU) [31].

Data analysis

We analyzed the distribution of frequencies and calculated the
median and interquartile range as measures of central tendency. Univariate
analysis was performed of quantitative and qualitative data. Patients meeting
the criteria of homelessness were compared with the remaining patients in
the study period in terms of sociodemographic and clinical variables, drug
resistance, and treatment outcomes. The statistical analysis was based on
logistic regression with calculation of odds ratios (OR) and their 95%
confidence intervals (Cl).

Results

Between 1997 and 2017, a total of 8739 TB cases were detected in the
city of Barcelona, of which 7% (N= 626) were in homeless people. Of these,
most were men (83%), aged from 18-40 years (49%) and smokers (63%).
Nearly half (49%) had been born outside Spain, 41% abused alcohol, and 27%
had HIV coinfection. Smear-positive pulmonary TB was found in 41% and
cavitations on radiography in 24%. Of these, drug resistance was found in 8%.
Treatment adherence was noted in 475 patients (78%). Lethality was 11%. A
total of 41% of patient contacts could be screened. Table 1 shows a descriptive
analysis of patients with TB older than 17 years in Barcelona city between 1997
and 2017.

Table 1 shows the distribution of homeless patients versus the
remaining patients in each of the categories. Bivariate analysis showed
statistically significant differences between cases of TB in homeless persons
and in the remaining patients in some of the variables analyzed. Among
homeless patients, there was a higher percentage of patients aged between
18 and 64 years, male patients, and those born outside Spain. There was also
a significantly higher percentage of patients with prior prison sentences,
smokers, persons with risky alcohol consumption, persons who injected drugs,
persons with HIV coinfection, prior TB treatment, pulmonary TB and abnormal
radiographs. Finally, among homeless persons, there was also a higher
percentage of patients with an unsuccessful treatment outcome and those
whose contacts were not traced (Table 1).
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On multivariate analysis, the characteristics significantly associated
with homeless persons were: male sex (OR:1.5; Cl=1.2-1.9), place of birth
outside Spain (OR:2.7; Cl=2.2-3.3), prior prison stay (OR:2.8; CI=2-3.9),
smoking (OR:1.5; CI=1.2-1.9), risky alcohol consumption (OR:1.8; CI=1.4-2.2),
injecting drug use (OR:2.1; Cl=1.5-2.9), prior TB treatment (OR:1.4; CI=1.1-1.8)
and having pulmonary TB (OR:1.5; CI=1.1-2.1), with abnormal radiograph
(OR:1.9; CI=1.3-2.8). Homeless persons also had worse treatment outcomes
(OR:1.3; CI=1-1.6) and less contact tracing (OR:3.4; Cl=2.8-4.1) (Table 1).

Table 1. Comparative analysis of homeless patients with TB and the
remaining patients with TB in Barcelona between 1997 and 2017 (N= 8739)

N % N %
AGE (years)
18-40 306 49.0 4097 50.6 1.7 (1.3-2.2)
41-64 243 38.9 2310 28.5 2.4(1.8-3.1)

65 and above 75 12.0 1697 20.9 <0.001 1

SEX
Male 522 834 5095 628 3.0(2.4-3.7) 1.5(1.2-1.9)
Female 104 16.6 3018 372 <0.001 1 1

COUNTRY OF BIRTH
Spain 319 510 5219 64.3 1 1
Elsewhere 307 490 2894 357 <0.001 1.7(1.5-2.0) 2.7(2.2-3.3)

PRISON HISTORY

Yes 87 142 202 25 6.4(4.9-83) 2.8(2.0-3.9)
No 527 858 7794 975 <0.001 1 1

SMOKER

Yes 397  63.4 3247 400 2.6(2.2-3.1) 1.5(1.2-1.9)
No 229 366 4866 60.0 <0.001 1 1
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ALCOHOL ABUSE

Yes 259 414 1503 18.5

No 367 58.6 6610 815 <0.001
IDU

Yes 156 24.9 562 6.9

No 470 75.1 7551 93.1 <0.001
HIV INFECTION

Yes 167 26.7 904 111

No 459 73.3 7209 88.8 <0.001
DIABETES

Yes 28 4.5 503 6.2

No 598 95.5 7610 93.8 0.081

PRIOR TREATMENT
Yes 95 15.2 678 8.4
No 531 84.8 7435 91.6 <0.001

TB LOCALIZATION AND
BC
Pulmonary bc+ 253 40.6 2915 36.1

Pulmonary bc- 178 28.6 2123 26.3
Lung culture - 82 13.2 848 10.5
Extrapulmonary 110 17.7 2183 27.1 <0.001

RADIOLOGY
Normal 73 11.7 1465 18.1
Cavitated 152 24.4 1813 22.4

Non-cavitated 394 63.1 4674 57.7
Not performed 5 0.8 149 1.8 <0.01

RESISTENCE
Some resistance 50 8.0 609 7.5
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No resistance 353 56.4 4513 55.6

Antibiogram 65 10.4 1028 12.7

not performed

Negative 158  25.2 1962 242 0401

culture

TREATMENT SUCCESS

Yes 475 77.5 6945  86.3 1 1

No 138 225 1101 13.7 <0.001 1.8(1.5-2.2) 1.3(1.0-1.6)
CcT

Yes 254  40.6 5704 703 1 1

No 372 59.4 2409 29.7 <0.001 3.5(2.9-4.1) 3.4(2.8-4.1)

OR: Odds Ratio; IDU: Injecting drug use; BC: Bacilloscopy; CT: Contact tracing

Discussion

Between 1997 and 2017, a total of 8739 TB cases were notified in the
city of Barcelona, of which 7% occurred in homeless people. Due to their
situation, these patients had several risk factors distinguishing them from
other patients. These factors were male sex, birth place outside Spain, having
a prison history, smoking, risky alcohol consumption, injecting drug use, prior
anti-TB treatment and pulmonary TB with abnormal x-ray. This collective also
had worse treatment outcomes and their contacts were less frequently
screened.

Our results are in line with those observed in countries such as France,
the United Kingdom, and Portugal. A study conducted in France reported that
homeless patients with TB had a higher probability of being migrants,
engaging in frequent alcohol and illicit drug consumption and of showing
respiratory symptoms on admission. The authors suggest that this collective
has specific demographic characteristics and infectious disease patterns
compared with other patients and therefore require different management
[32].

In a study performed in the United Kingdom to determine the
association between social determinants of health and TB, the disease was
associated with lower educational level, smoking, drug use (especially
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injectable drugs), lack of a dwelling (homelessness) and area-level deprivation
[33]. These findings support the need to integrate social and health services in
at-risk collectives to improve TB control.

A study in Portugal showed how, although TB rates in the general
population decreased between 2008 and 2014, those among homeless
persons remained stable during the same period. The study also reported that
the TB incidence rate among homeless people was associated with HIV
coinfection and alcohol abuse [34].

The association between TB and lack of a dwelling has long been
acknowledged and, as observed in Barcelona, studies in the United States,
Portugal and London have shown a higher risk of TB and a lower rate of
treatment success in this patient group [35-37]. The factors predictive of
treatment failure among these patients were age, intravenous drug use, and
HIV coinfection[36].

In London (United Kingdom), which has a general TB prevalence of
27/100,000, an extremely high prevalence of TB was observed in homeless
people (788/100,000), persons with problem drug use (354/100 000) and
prisoners (208/100 000). Homelessness was associated with infectious TB (OR
1.6, p=0.05), multiple drug resistance (OR 2.1, p=0.03), poor adherence (OR
2.5, p=0.001), and losses to follow-up (OR 3.8, p=0.001) [37]. In addition, a
study conducted in Texas reported that the mortality rate due to TB was
higher in homeless people than in other patients with the disease. This
difference could be related to worse health status caused by factors such as
poverty, comorbidities, and lack of access to medical care [38].

Approaching the social determinants of TB is essential to achieve its
elimination, even in settings with a low incidence. The evidence supports the
importance of screening at-risk collectives. This strategy has been
implemented in several cities and urban areas in countries with a low
incidence of TB, such as Denmark, for example, where a very high incidence of
TB (2148/100,000) was found among socially marginalized collectives [39].In
Spain, screening is performed in homeless people attending community
canteens.

Exposure to communicable diseases is especially high in homeless
people due to close contact in large communities and variables in shelters and
municipal social services establishments [40]. In addition to the close contact,
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diagnosis at late disease stage has been described as an important risk factor
for continuous transmission among homeless people [41]. A study performed
in Poland found that the incidence rate of active TB in people with a positive
interferon gamma release assay (IGRA) test was higher in homeless persons
(30/1000 persons-year) than in the close contacts of index cases (18/1000
persons-year) [42].

A meta-analysis that included studies performed in the United States
revealed that targeted testing of persons experiencing homelessness seemed
to be effective in detecting latent TB infection and in connecting them to care
[43]. Similarly, a systematic review identified effective interventions to detect
and treat TB in at-risk populations. The analyses showed that TB detection
through (mobile) chest radiography improved the detection and identification
of TB, reduced diagnostic delay and was cost-effective among several hard-to-
reach populations. Moreover, financial incentives improved the identification
and treatment of TB among homeless people and those who used drugs. The
review also highlighted the effectiveness of the use of education on the
disease among persons experiencing homelessness, support during
treatment, and the involvement of community health workers. Treatment
adherence and outcomes were enhanced by improved case management,
effective cooperation between services, and DOT [44]. Finally, another
systematic review suggested that the most effective interventions for
homeless and immigrant populations would be a combination of at least one
financial incentive and better access to care [45].

One of the strengths of this work is that it is a population-based study
including a large number of persons and data gathered from a TB prevention
and control program in Barcelona from 1997 to 2017. This allowed us to obtain
solid information from Barcelona, a European city with a low incidence of TB.
The study is representative of the city of Barcelona and could be extrapolated
to other large cities with similar characteristics.

In conclusion, screening and early diagnosis of TB in homeless people
should be a public health priority in Barcelona. Despite the difficulties of the
primary prevention of homelessness, preventive activities should target the
risk factors described and social measures should be carried out to reduce the
vulnerability of this collective.
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6. DISCUSSIO

Els sis articles inclosos en aquesta tesi descriuen el comportament i I’evolucid
de la TB entre els anys 1997 i 2018 en diferents col-lectius vulnerables que
tenen un major risc de TB.

Les poblacions d’estudi dels articles han estat les persones amb TB de
Barcelona o de Catalunya, arees que es troben en transicié cap a la baixa
incidéncia de TB. Per tant, quan trobem una baixa incidencia de TB, aquesta
tendeix a concentrar-se als col-lectius més vulnerables i amb un major risc de
TB.

Aquesta tesi reafirma que col-lectius com els contactes de persones amb TB
pulmonar infectats, les persones que ja han tingut episodis anteriors de TB, els
infants menors de 2 anys, les persones immigrants i les persones sense llar,
tenen un major risc de TB que la resta de la poblacid, aixi com més probabilitat
de tenir problemes d’adheréncia o complicacions durant el tractament.

6.1 LA TUBERCULOSI EN CONTACTES DE PERSONES AMB TUBERCULOSI
PULMONAR (ARTICLE 1)

Aguest estudi mostra que els contactes amb ITL que es van detectar
mitjancant el seguiment de contactes de pacients amb TB pulmonar i
bacil-loscopia positiva tenen una alta incidéncia de TB durant el seguiment,
cosa que els converteix en un grup d'alt risc. La incidéncia de TB entre els
contactes amb ITL va ser de 290,1 casos per cada 100.000/persones-any, la
qual és 17 vegades superior a la incidéncia global a Barcelona I'any 2016 (16,2
casos per cada 100.000/persones-any) (98).

El risc de desenvolupar TB després de dos i cinc anys de la infeccid va ser del
0,7% i de 1'1,8% respectivament. El grup de contactes amb un major risc de
desenvolupar la malaltia van ser aquells contactes amb prescripcid de
tractament de la ITL pero que no el van completar. Aquests tenien un risc de
desenvolupar la TB 10 vegades més alt que aquells que completaven el
tractament. El risc era del 5% als 2 anys i del 11,2% als 5 anys i, en canvi, en els
contactes sense prescripcio del tractament i en els que el van finalitzar, el risc
estava al voltant de I'1%.

Aguests resultats son similars als d’altres estudis realitzats en arees de baixa
incidéncia de TB, on el risc de TB és més elevat que el calculat classicament i
és molt més baix en aquells contactes infectats que finalitzen el tractament
(50,51,99). El resultat que es diferencia d’altres estudis és que en aquest cas,

164



els contactes sense prescripcid de TITL també tenien un risc més baix de TB.
Tot i que el TITL es prescriu de forma general a tots els contactes amb ITL, hi
ha alguns factors i condicions que fan que es consideri inapropiat.

Aquests resultats reafirmen que les persones que estan en contacte amb
persones amb TB pulmonar tenen un major risc de desenvolupar TB i que, per
tant, s’ha de prioritzar I'ECC per tal de trencar la cadena de transmissié (49).
També confirmen I'eficacia del tractament de la ITL per reduir el risc de TB, ja
que el 90% dels casos de contactes que no van acabar el tractament i van
desenvolupar TB s’haurien evitat si haguessin finalitzat el tractament.

Els factors de risc per a la TB entre els contactes amb ITL estudiats van ser no
completar el tractament de la ITL (HR 9,4, IC: 2,9-30,8) i ser dona (HR 3,5, IC:
1,1-11-3). El fet de ser dona és un factor de risc que no s’ha descrit en altres
estudis similars i que no considerem rellevant, ja que el nivell de significacio
esta molt al limit. Alguns homes podrien haver desenvolupat TB després del
final del periode d'estudi, ja que van tenir un seguiment total més curt que les
dones; de fet, un Unic cas addicional de TB en homes hauria fet que la
diferéncia de génere no fos estadisticament significativa. El risc de no finalitzar
el tractament de la ITL ha estat descrit en molts altres estudis realitzats en
entorns similars (51,99—101). Aquests resultats reforcen la importancia de
prescriure, fer un bon seguiment i completar el tractament de la ITL per evitar
nous casos de TB.

6.2 LA TUBERCULOSI RECURRENT (ARTICLE 2)

Els resultats d’aquest estudi indiquen que la incidéncia de recurrencies entre
els pacients tractats a un centre de referencia de TB va ser de 0,49 per 100
persones-any. Aquesta incidéncia de recurréncia es entre 17 i 36 vegades
major que la incidencia de TB en la poblacié general de Catalunya durant el
mateix periode de temps (102). Per tant, i com jaindica la literatura, observem
que les persones que han tingut un episodi anterior de TB tenen un risc molt
més elevat de tornar a desenvolupar la malaltia (58). Cal destacar que tot i
tractar-se de poblacié socialment vulnerable (persones ingressades a la clinica
Serveis Clinics), la incidéncia de recurréncia no és més elevada que la que s’ha
trobat entre la poblacid general tant de Barcelona com d’altres regions
europees (62,69,103,104).

Un altre dels resultats destacats és que la probabilitat de recurrencia
augmenta amb els anys, observant una probabilitat de 0,63% a l'any de
seguiment, de 1,35% als 2 anys i de 3,69% als 5 anys. Aquests resultats van en
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la mateixa linia que altres estudis similars i remarquen la importancia
d'intensificar I'atencié a persones amb multiples recurréncies per entendre
millor el fracas de la immunitat protectora contra la TB (105).

Tot i que les recurrencies poden ser degudes tant a reinfeccions com a
reactivacions de la mateixa soca de MT que va causar el primer episodi, sabem
gue en les arees de baixa incidéncia sén més probables les reactivacions que
les reinfeccions. De fet, les reinfeccions son més freqlients en aquells entorns
on hi ha elevada prevalenca de TB i per tant, més exposicié al bacil
(58,104,106—108). El tractament de la TB és clau per erradicar poblacions de
bacils persistents i aconseguir una curacié duradora (és a dir, per prevenir
reactivacions). El risc de reactivacié sorgeix quan hi ha una resposta
bacteriologica suboptima al tractament del primer episodi; aixo pot ser degut
a una carrega bacteriologica elevada o a factors relacionats amb el tractament
com ara régims inadequats, mala adheréncia o factors
farmacocinétics/farmacodinamics del farmac que afecten els nivells
terapeutics dels farmacs en els pacients amb TB (109). Tot i aixi, la definicié de
recurréncia utilitzada en aquest estudi exclou a aquells pacients que no van
finalitzar el tractament o que van tenir un nou episodi de TB abans d’estar un
any lliures de malaltia i, per tant, podria excloure casos de reactivacions si es
donen durant el primer any després d’haver acabat el tractament o si es donen
en persones que no han realitzat el tractament correctament (110,111).

Finalment, I'estudi conclou que els factors predictius de recurrencia son tenir
més de 34 anys i resisténcia a almenys un farmac antituberculés en el primer
episodi de TB. Altres estudis conclouen que I'edat avangada és un factor de
risc per les recurrencies (62,67,105,109,112). L'associacié entre edat i
recurrencia podria estar influenciada per factors immunologics com el
deteriorament de la funcionalitat de les cel-lules T CD4+ protectores, que
poden contribuir a augmentar la susceptibilitat a la TB (105). En relacié a les
resistencies al tractament contra la TB durant el primer episodi, també s’ha
descrit com un factor de risc en altres estudis realitzats en diferents arees del
mon (113-115). La mala adheréncia al tractament és un factor de risc ja descrit
per a la recurréncia de la TB, i la resisténcia als medicaments podria portar a
una mala adherencia i a un major risc de recurréncia (66,69).

Tot i que no és significatiu, algunes variables mostren tendéncies tant en la
densitat de incidéncia de recaigudes com en la probabilitat de recaure als 5
anys. S’observen valors més elevats en aquelles persones nascudes a Espanya,
amb consum de risc de tabac i alcohol, amb TB extrapulmonar i amb episodis
anteriors de TB. Alguns d’aquests resultats han estat descrits en altres estudis
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(103,109,114-118). En relacié als diferents factors relacionats amb les
condicions socioeconomiques, les conductes de risc i la clinica de la malaltia,
sabem que tots ells poden afectar i comprometre al sistema immunitari de les
persones i, per tant, afavorir tant la reactivacié com una nova infeccié de TB.
A més, la TB s’ha associat sempre a la pobresa i a unes pitjors condicions de
vida. Seguir investigant els factors de risc de recurréncia de TB en diferents
col-lectius permetra la creacié de noves estratégies per centrar I'atencié als
col-lectius més vulnerables.

6.3 LA TUBERCULOSI EN INFANTS (ARTICLE 3)

Aguest estudi ha permes descriure les formes cliniques de TB i la incidéncia i
els factors de risc associats a complicacions a llarg termini en els pacients amb
TB menors de 2 anys. S’ha portat a terme a Catalunya, una area de mitjana-
baixa incidéncia de TB, on aquesta es concentra en els grups més vulnerables,
entre ells, els infants menors de 2 anys. Aquests, a part de tenir un major risc
de infecci6 i de progressié a malaltia activa, també tenen un risc més elevat
de presentar formes més severes de la TB i complicacions derivades de la TB
degut a laimmaduresa del seu sistema immunitari.

Els resultats indiquen que, tot i que la TB pulmonar és la presentacié més
freqlient (75,4%), també trobem formes mixtes (18,7%) i extrapulmonars (6%)
entre els pacients estudiats. Altres estudis han determinat que les formes
pulmonars representen un 60-80% entre els casos de TB en infants i les
extrapulmonars entre un 20 i un 30% (71).

Pel que fa a la simptomatologia, en els infants aquesta és molt variable i
inespecifica. Aquells casos amb una TB no severa acostumen a tenir
manifestacions cliniques més lleus i son més dificils de diagnosticar ja que els
cultius només sén positius en un 10-30% dels casos. En canvi, aquells pacients
amb TB més severes tenen més simptomatologia, que és diferent en funcié de
la localitzacid de la TB, i tenen més complicacions derivades de la malaltia. En
aquests casos, s'obté un resultat positiu del cultiu en un 30-70% dels casos
(72).

Els resultats d’aquest estudi indiquen que un 62,7% dels infants amb TB van
presentar manifestacions cliniques, sent aquest percentatge un 55,4% en els
casos amb TB pulmonar i 92,9% en ens casos amb TB meningia.

Els resultats també indiquen que es van produir complicacions en
aproximadament un de cada 5 casos amb TB, i que aquestes complicacions
van ser molt més freqlients en aquells casos amb TB meningia (78,6%). Entre
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els casos amb TB pulmonar la complicacié més freqiient va ser el col-lapse
lobar i entre els casos amb TB meningia va ser el col-lapse lobar i el
deteriorament mental o retard psicomotor. La TB meningia és la forma més
severa i potencialment mortal pels infants, de manera que cal invertir esforgos
en el seu diagnostic precog i inici del tractament per evitar complicacions
irreversibles (119).

L'ECC prestant especial atencio als contactes menors de 2 anys és clau per a la
deteccid dels casos tant amb ITL com amb TB i evitar aixi el retard diagnostic
gue pot portar al desenvolupament de formes més severes de la TB i a
I'aparicié de complicacions. De fet, els resultats de I'estudi indiquen que
aquells pacients que tenien un cas convivent a casa amb TB activa (62%) van
tenir un percentatge significativament més elevat de formes pulmonars,
menys simptomatologia i menys complicacions. Relacionat amb la transmissid
de la TB, observem que la major part dels casos (94,8%) son nascuts a Espanya,
i només el 7,5% dels casos van viatjar a un altre pais amb major incidéncia de
TB. Aquests resultats reafirmen I'evidencia de que la transmissio de la TB als
infants es dona de forma majoritaria a través de contactes convivents o
freqlents, i que I'aparicié de casos en infants és un indicador de la preséncia
de TB a I’'entorn (35,74).

Finalment, els resultats indiquen que tenir una TB extrapulmonar, mixta o
meningia i taquipnea al moment del diagnostic sén factors associats a
desenvolupar complicacions derivades de la TB. Com ja hem mencionat, la
literatura ja indica que les formes extrapulmonars de TB estan relacionades
amb la presentacid de més manifestacions cliniques i amb I'aparicié de
complicacions. Pel que fa a la taquipnea, es tracta d’una resposta de
I’organisme a I’hipoxémia causada per la malaltia, que pot servir com a senyal
de [l'aparicié de possibles complicacions i que per tant, s’hauria de
monitoritzar en pacients amb TB menors de 2 anys.

6.4 LA TUBERCULOSI EN PERSONES IMMIGRANTS (ARTICLES 4 1 5)

Les persones immigrants son un col-lectiu de risc per la TB per diversos motius.
Tenen una major probabilitat d’infectar-se i desenvolupar la TB degut a les
seves caracteristiques de mobilitat, condicions de vida, i estat del sistema
immunitari. La seva situacio al nou pais d’acollida els fa més susceptibles a
tenir un major retard diagnostic amb totes les implicacions que aixo
representa en la propia malaltia i en la transmissié a la comunitat. |, a més,
presenten una pitjor adherencia al tractament i, com a consequéncia, pitjors
resultats del tractament (32,77,83).
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Els estudis 4 i 5 d’aquesta tesi aborden el comportament de la TB en aquest
col-lectiu a dues arees de mitjana-baixa incidéncia de TB (Barcelona i
Catalunya), aixi com les estrategies per tal de millorar el maneig de la TB en
aquest grup de risc.

El primer estudi s’ha realitzat a la UCTB de I'Hospital del Mar de Barcelona, el
qual és I'hospital de referéncia per la poblacié dels districtes de Ciutat Vella i
Sant Marti. Aquests districtes compten amb un elevat percentatge de poblacié
immigrant (45 i 16,5% respectivament, durant el periode d’estudi), aixi com
de poblacié socialment vulnerable que acumula diversos factors de risc (120).
Al districte de Ciutat Vella és on hi viu un major nombre de poblacié
socialment desafavorida i hi trobem incidéncies de TB 3 vegades més elevades
gue a la ciutat de Barcelona. Pel que fa a la UCTB, el 62,2% dels casos atesos
amb TB durant el periode d’estudi eren nascuts fora d’Espanya. Aquests
presentaven més factors de risc que els pacients amb TB nascuts a Espanya:
tenien un nivell de renda més baix i un percentatge més elevat d’atur. Tal i
com indica la literatura, els col-lectius més vulnerables acostumen a tenir més
problemes d’adheréencia al tractament i per tant, requereixen més atencié i
actuacions enfocades a la millora d’aquesta adheréncia (77). Préviament, un
altre estudi va demostrar que el col-lectiu de persones immigrants de
Barcelona tenen una pitjor adheréncia al tractament que la resta de la
poblacié (97). Per millorar aquesta situacid, s’han d’adaptar les estratégies i
actuacions a les necessitats de cada individu tenint en compte factors com les
seves creences sobre la malaltia i el tractament, la facilitat d’accés al sistema
sanitari, els recursos disponibles i altres factors personals, socials i culturals
que afecten directament a I'adheréncia al tractament. A més, la durada del
tractament antituberculds pot dificultar la continuitat del tractament i el
seguiment d’aquests pacients (121).

La UCTB porta a terme diverses accions per millorar I'adheréncia i els resultats
del tractament de les persones amb TB. Aquest estudi descriu tant les
amenaces que apareixen i que poden ser una barrera per a la finalitzacié del
tractament, com les estrategies utilitzades per fer-hi front.

Entre les amenaces detectades hi ha aquelles relacionades amb la medicacio
com efectes secundaris, intolerancia o prolongacié del tractament. Una altra
amenaca és no assistir a les visites de seguiment, la qual és més freqiient entre
els pacients immigrants que entre els nascuts a Espanya, i podria ser degut a
una menor percepcié del risc i a temes derivats de les condicions laborals
(122,123). També son més freqiients els abandonaments del tractament
degut a viatges, sobretot als seus paisos d’origen (124). Una altra amenaca
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que es troba la poblacid immigrant son els problemes de comunicacié, els
qguals porten a no comprendre la informacié rebuda relacionada amb la
malaltia i el tractament i, per tant, a una administracié incorrecta d’aquest
(125). Aquest col-lectiu també es veu més afectat per problemes d’habitatge
inestable, que poden portar a una major mobilitat i més dificultats per accedir
al centre sanitari. Finalment també hi ha un major percentatge de persones
immigrants que no tenen targeta sanitaria i, tot i que a Catalunya aquestes
persones son ateses pel sistema sanitari, la falta de coneixement del
funcionament de la sanitat catalana pot portar a problemes en el seguiment
del tractament (82,126). Totes aquestes amenaces mencionades, a més de
dificultar I'adherencia al tractament tenen un impacte en la salut mental i el
benestar de les persones immigrants (127). Finalment, una amenaca
detectada en el conjunt dels pacients amb TB atesos és la percepcié i la por
del rebuig social. Els pacients amb TB es senten discriminats o tenen por de
ser estigmatitzats pel seu entorn i aix0 afecta directament al seguiment de la
malaltia i a 'adheréncia al tractament (82,123,128).

Per fer front a totes les amenaces mencionades, la UCTB porta a terme
diferents accions que faciliten el compliment del tractament i el seguiment
adequat dels pacients amb TB. Entre aquestes trobem I'administracié de TDO,
el qual permet fer un seguiment diari de I'administracié del tractament sense
haver d’anar al centre sanitari; la realitzacié de vistes extres en cas que sigui
necessari; els informes medics o socials extres; la utilitzacié de mediadors
culturals o d’agents comunitaris de salut; i les trucades de seguiment. Moltes
d’aquestes estratégies ja han estat descrites en la literatura com a accions
efectives per millorar 'adheréncia al tractament (129). Tot i aixi la clau per la
millora del seguiment i de I'adherencia al tractament sén les intervencions
combinades que inclouen diverses actuacions multisectorials i
multidisciplinars coordinades entre elles (130). De fet, la combinacid de les
diferents estrategies utilitzades a les UCTB, les quals han integrat diferents
ambits i professionals, han permés la finalitzacié del tractament de la gran
majoria dels pacients.

A més de tenir en compte les estrategies destinades a millorar el tractament,
cal assegurar que totes les persones tenen accés al sistema de salut publica.
L'any 2012, des d’Espanya es va aplicar un Reial Decret que excloia a les
persones immigrants indocumentades de I'assisténcia sanitaria gratuita. Per
sort, a Catalunya, aquest Decret no es va aplicar ja que la legislacid catalana
permetia cobrir I'assistencia d’aquest col-lectiu. L’article 5 mostra com hauria
afectat a la salut de la poblacid si aquestes persones s’haguessin exclos de la
cobertura sanitaria publica. L'estudi determina que el grup de persones no
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excloses presentava un major percentatge de casos amb hipertensio,
dislipémia, insuficiencia cardiaca, depressié i malaltia pulmonar obstructiva
cronica. Per contra, malalties infeccioses com la TB, el VIH i la sifilis eren més
freqlients en les persones potencialment excloses. Aquests resultats
coincideixen amb les majors incidéncies de TB en les persones immigrants i
demostren que no atendre a aquest col-lectiu pot portar a un increment de la
incidencia de la TB i d’altres malalties infeccioses i a un augment de la
transmissid a la resta de la poblacié (82). Les malalties infeccioses sén
prevenibles i facilment tractables, per tant, I'atencié al col-lectiu de persones
immigrants pot reduir la incidencia de TB a la comunitat.

A través d’aquests dos estudis s’ha corroborat la necessitat de la cobertura
sanitaria universal per a tota la poblacié i de politiques que garanteixin una
seguretat social adequada, un habitatge digne i un accés equitatiu a I'educacié
i al mercat laboral. A més, des de I'atencié sanitaria s’han d’abordar els
diferents determinants i factors que poden afectar I'accés i el seguiment dels
pacients immigrants amb TB. D’aquesta manera es reduiria el risc tant de
transmissié com d'activacio de la TB (82,127).

6.5 LA TUBERCULOSI EN PERSONES SENSE LLAR (ARTICLE 6)

Un altre col-lectiu vulnerable i amb elevat risc de TB sdn les persones sense
llar. Aquestes acumulen una serie de condicions que augmenten el risc de TB
com el consum de risc de drogues, viure al carrer o en refugis o equipaments
per a persones sense llar on hi ha molta gent i mala ventilacid, la mala
alimentacié i estat nutricional, l'estat del sistema immunitari i les
comorbiditats (33,87,88).

A I'article 6 s’ha estudiat el comportament de la TB en els pacients sense llar
de Barcelona des de I'any 1997 fins al 2017. S’ha vist que els pacients sense
llar amb TB acostumen a ser homes d’entre 18 i 64 anys. Comparat amb la
resta de la poblacié amb TB, entre els pacients sense llar hi ha un percentatge
significativament major de persones nascudes fora d’Espanya, fumadores,
amb un consum de risc d’alcohol i drogues injectables i amb antecedents de
presd. També hi ha més casos que havien tingut episodis de TB anteriors, un
major percentatge de casos amb TB pulmonar i amb radiografia de torax
anormal i, finalment, les persones sense llar presenten pitjors resultats del
tractament i menys estudis de contactes realitzats. Aquests resultats
reafirmen la presencia de multiples factors de risc entre aquest col-lectiu que
deriven en pitjors resultats en el tractament.
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Altres estudis que han descrit els factors de risc entre les persones sense llar
amb TB coincideixen amb els descrits a I'article 6. Una revisio sistematica va
concloure que els més comuns sén el consum de risc de drogues i la coinfeccié
pel VIH, tot i que va descriure també tots els que s’han detectat en aquest
estudi. També s’ha observat que les persones sense llar tenen formes més
avancades de la malaltia, problemes d’adherencia i pitjors resultats del
tractament de la TB (89,131,132).

Les persones sense llar sén molt vulnerables, tant degut a les caracteristiques
individuals vinculades al seu estat immunitari i a les condicions de vida, com
socialment degut a I'estigma i la relacié que tenen amb la resta de la societat.
Aquesta vulnerabilitat dificulta la recerca d’atencié sanitaria i per tant, el
diagnostic i tractament de la malaltia. Les barreres d’accés al sistema sanitari
guan ho necessiten, porten a un retard diagnostic, a un pitjor estat de la
malaltia i a dificultats en el seguiment i en I'adheréncia del tractament (87—
89,131). A més, aquest col-lectiu presenta dificultats afegides per a fer un bon
seguiment com la manca d’habitatge fix i la mobilitat, la falta de suport social,
I'estigma i discriminacid per part de la societat, la presencia d’altres
comorbiditats, el consum d’alcohol i drogues o la falta d’informacié sobre la
malaltia. Tot aix0 porta a una mala adherencia al tractament i a pitjors
resultats del tractament (89-91). Per part del sistema sanitari, és necessari
adaptar les actuacions i les estratégies de maneig de la TB a les
caracteristiques d’aquest grup de poblacié per tal d’evitar la manca
d’informacid, les dificultats d’accés i el fracas terapeutic.

Una de les estratégies per reduir la incidencia de TB en aquest col-lectiu és la
realitzacié de cribratges per tal de detectar aquelles persones amb ITL o amb
TB. Diversos estudis mostren I'efectivitat d’aquestes accions per detectar i
tractar els casos i reduir el retard diagnostic (133,134). Tot i que un diagnostic
preco¢ i un tractament efica¢ segueixen sent l'estratégia fonamental,
complementar aquest enfocament amb mesures preventives dirigides als
determinants socials i als factors de risc biologics i clinics, com els destacats
en aquest estudi, pot ser util per aconseguir I'objectiu d'eliminacié de la TB a
les arees de baixa carrega.

La situacid de vulnerabilitat i de poca integracié a la societat de les persones
sense llar, les obliga a seguir vivint en situacions precaries, amb barreres
d'accés a I'educacio, el treball i I'atencid i els serveis de salut, entre d'altres. A
més, la seva invisibilitat i sensacié d’'improductivitat els pot portar al consum
de drogues, a la prostitucid o al robatori (131). Per poder evitar I'acumulacié
de factors de risc en aquest col-lectiu i trencar la roda d’esdeveniments en la
que es troben cal invertir en recursos en salut i en politiques socials enfocades
a millorar I’atencié i les condicions de vida de les persones sense llar.
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6.6 DISCUSSIO GLOBAL

De manera global, aquesta tesi pretén descriure i estudiar aquelles poblacions
i col-lectius més vulnerables, ja que son aquells que presenten un major risc
de patir la malaltia, tenen més dificultat en el seguiment del tractament i en
moltes ocasions, en la realitzacio de I'ECC.

Hem pogut identificar que hi ha determinats grups que mereixen una especial
atencié tant per part del sistema sanitari i de les politiques de salut, com per
part de les politiques socials tant de Catalunya com de la ciutat de Barcelona.
Més concretament, en aquesta tesi ens hem centrat en els seglients grups de
risc: contactes de persones amb TBP, persones amb episodis de TB anteriors
(recurréncies), infants menors de 2 anys, persones immigrants i persones
sense llar.

Els resultats obtinguts determinen que els diferents col-lectius estudiats
presenten diversos factors de risc que els fa més susceptibles a la TB.

La vulnerabilitat d’aquests col-lectius esta reforcada per les barreres que
existeixen per diagnosticar i tractar la TB. En els estudis de la tesi hem vist com
els diferents col-lectius presenten factors de risc que dificulten I'accés al
sistema sanitari com poden ser el consum de risc d’alcohol i drogues, viure al
carrer, tenir una feina precaria, tenir problemes de comunicacié degut a la
procedencia, o I'estigma entre altres. Una revisid sistematica va concloure que
algunes de les barreres que es troben les poblacions vulnerables sén la baixa
percepcid de risc i de susceptibilitat, el qual porta a aquestes persones a no
buscar atencié sanitaria si presenten simptomes. També hi molta evidencia de
I'impacte que té 'estigmatitzacié de la malaltia a I’hora d’accedir al sistema
sanitari, sobretot en les persones immigrants i en les persones sense llar. Una
altra barrera és la propia organitzacio i gestio del sistema sanitari i I'atencio a
aquests col-lectius (123).

L’estratégia d’eliminacié de la TB de I’'OMS busca que totes les persones amb
TB tinguin accés equitatiu a un diagnostic, tractament, atencid i prevencio
d'alta qualitat. Es basa en 3 pilars fonamentals: Atencid i prevencio de la TB
integrades i centrades en el pacient; Politiques innovadores i valentes i
sistemes de suport; Intensificacié de la recerca i innovacié. Observant els
resultats obtinguts als diferents articles d’aquesta tesi, tot i que garantir un
diagnostic precog, un tractament adequat, i el cribratge de contactes i grups
de risc és essencial, tant a Barcelona com a Catalunya s’hauria de reforgar el
segon pilar de l'estratégia d’eliminacié de la TB de I'OMS. Aquest inclou
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compromis politic per tenir els recursos necessaris i adequats per la prevencié
i atencio de la TB; Implicacié de la comunitat, organitzacions de la societat civil
i tots els proveidors d'atencio publics i privats; Proteccid social, mitigacié de la
pobresa i accions sobre altres determinants de la TB; i Cobertura sanitaria
universal (92). Més concretament, i tenint en compte el document marc
enfocat als paisos de baixa incidencia per aconseguir |'eliminacié de la TB el
2050, entre les accions prioritaries a portar a terme en aquests paisos en
trobem 3 que encaixen amb els resultats de la tesi. Per una banda, atendre als
col-lectius més vulnerables i de dificil accés, com podrien ser totes les
poblacions estudiades als diferents articles presentats. Una altra accio clau és
atendre les necessitats especials de les persones immigrants i els problemes
transfronterers, ja que, com hem vist, aquest col-lectiu és especialment
vulnerable i de risc per la TB. |, finalment, realitzar la deteccié de la TB activa i
delaITLen contactes de TBi grups d'alt risc seleccionats, i oferir un tractament
adequat (93,135). El document remarca la necessitat d’adaptar les estrategies
a la situacid i context de cada pais o territori. Cal tenir en compte que
I'epidemiologia de la TB a la majoria de paisos de baixa incidéncia es
caracteritza per: una baixa taxa de transmissid a la poblacié general; brots
ocasionals; gran part dels casos de TB a causa de la progressio de la ITL; una
elevada carrega de TB en determinats grups d'alt risc; una contribucio
important de la migracid transfronterera; i canvis en la distribucid per edats,
amb més casos entre la gent gran, almenys en la poblacid no nascuda a
I'estranger.

Aquesta tesi ha permés estudiar la TB en diferents grups de risc a Catalunya i
a la ciutat de Barcelona i determinar els factors de risc de desenvolupar la
malaltia, de presentar complicacions o de presentar problemes d’adherencia
al tractament. El coneixement de la TB en els col-lectius estudiats permet
establir prioritats a I’'hora de plantejar noves intervencions per reduir i, fins i
tot, eliminar la TB. Un focus d’actuaci6 molt important per reduir la
vulnerabilitat de les persones és abordar els determinants socials de la TB i,
una de les accions per fer-ho és incloure i tenir en compte la salut a totes les
politiques.

No només I'OMS remarca la necessitat de prestar atencid als col-lectius
vulnerables. L'ECDC també ho considera una prioritat i destaca alguns principis
a seguir en relacio a les poblacions vulnerables i que tenen un impacte directe
enlaTB.Und’ells és reduir la pobresail'exclusié social. Com ja hem mencionat
anteriorment, la pobresa i la TB estan intimament lligades, per tant, millorar
les condicions de vida i lluitar contra I'exclusio social, porta a una reduccié de
la TB en la poblacid. Un altre principi és I'accés equitatiu als serveis sanitaris i

174



socials, el qual permet la deteccié precog de la TB i I'administracié i finalitzacié
del tractament. L'enfocament centrat en el pacient i basat en el respecte
també és un element clau. També ho sén arribar més enlla del sector sanitari
abordant els determinants socials de la TB i la integracié de serveis i de
personal de diferents ambits per atendre a les persones més vulnerables i
totes les problematiques i factors de risc que els afecten a més de la TB. Altres
principis mencionats sén la sensibilitat de genere i cultural, els quals han de
portar a una comunicacié efectiva i de confianca amb el pacient. La no
estigmatitzacié i el respecte sén claus perque el col-lectiu de poblacié
vulnerable accedeixi al sistema sanitari i, finalment, l'apoderament i
participacié de les persones vulnerables en la planificacié i execucié de noves
intervencions és de gran valor i utilitat (38). També és rellevant la
conscienciacié de la poblacié i la informacid adequada, aixi com el
reconeixement de les diferents percepcions per reduir el retard en la recerca
d’atencié sanitaria (123).

A nivell de Catalunya i Barcelona existeix un sistema sanitari format per
diferents centres amb unitats dedicades a la TB repartits pel territori i
professionals de diferents ambits que es coordinen entre ells i treballen
conjuntament per fer front a la TB (136). Aquesta manera de treballar
multidisciplinar i en xarxa permet assolir molts dels reptes plantejats en
aquesta tesi per tal d’atendre i fer un correcte seguiment dels col-lectius
vulnerables amb TB. L’existéncia de TDO a gran part del territori permet
arribar a aquelles persones amb problemes d’adheréncia al tractament per
diferents motius. Per altra banda, els agents comunitaris de salut faciliten la
relacidé entre aquells pacients que presenten barreres culturals o de llengua i
el sistema sanitari, afavorint aixi la correcta administracié del tractament. Les
infermeres de salut publica sén un element clau per a totes les activitats de
vigilancia epidemiologica de la malaltia aixi com pel seguiment dels casos amb
TB i per la realitzacid dels ECC. Finalment, els cribratges en poblacions
vulnerables sén una estrategia que serveix per a detectar i tractar la TB en
aquests col-lectius. De totes maneres, encara hi ha territoris de Catalunya on
no s’han incorporat alguns d’aquests elements i on s’ha de treballar per crear
circuits i coordinacié entre els diferents professionals implicats en la gestié de
la TB.

La pandemia de la COVID-19 ha tingut un gran impacte en la gestié de la TB al
territori ja que s’han hagut de redistribuir els recursos de molts centres i
serveis de salut per atendre els casos amb COVID-19. Aixo ha suposat canvis
organitzatius i operatius, fins i tot I'aturada del funcionament dels serveis de
diagnostic, tractament i seguiment de pacients amb TB (23). Aquesta situacié
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ha portat a una reduccid en les activitats preventives i en I'atencidé a les
poblacions vulnerables. En aquest sentit, cal reconduir la situacid per tornar a
prioritzar les activitats de prevencié i control de la TB, enfortir el treball
coordinat de la xarxa de vigilancia epidemiologica i de tota la xarxa assistencial
i treballar en la reduccié de les desigualtats per fer front a aquesta malaltia.
Els punts clau per aconseguir una reduccioé de la TB tant a nivell de la poblacié
general com en les poblacions més vulnerables sén el diagnostic i tractament
precoc¢ de la TB activa, els cribratges en poblacions vulnerables i de major
incidéncia i la deteccid i tractament de la ITL, aixi com |'abordatge dels
determinants socials de la TB.

6.7 LIMITACIONS | FORTALESES

Els estudis que conformen aquesta tesi presenten diverses limitacions que,
degut a les diferencies en la metodologia utilitzada en cada un d’ells, no sén
les mateixes ni estan presents en tots els estudis.

Per una banda existeix una limitacio en I'accés a la informacio ja que en molts
casos no s’ha pogut obtenir informacio relacionada amb alguns dels factors de
risc associats a la TB que hauria sigut interessant incloure en els estudis. En
I'article 1, per exemple, algunes de les variables incloses en I'estudi no es
troben als registres habituals i no es recullen de manera sistematica a I'ECC
(alcohol, tabac) i altres variables no s’han pogut incloure perqué no s’han
pogut obtenir de cap font fiable. En tots els articles presentats hi pot haver
valors perduts (missings) en algunes de les variables recollides i analitzades o
informacio no recollida.

Una altra limitacié ha estat la mida de les poblacions estudiades, ja que en
algun dels estudis pot no haver estat suficientment elevada com per extreure
conclusions més robustes. En l'article 1, per exemple, la mida de la poblacié
estudiada no ha permeés estratificar per edats els models de regressio. De la
mateixa manera, en l'article 4, el nombre reduit de casos no ha permés analisis
estadistics més complexos.

En els estudis realitzats, podria existir un biaix de seleccid, ja que només s’han
pogut incloure als estudis aquelles persones que accedien al sistema sanitari i
que seguien vinculades durant el tractament. Pel que fa a I'article 1, a I’hora
de registrar els contactes, només tenim informacié dels contactes d’aquells
casos als quals se’ls hi va fer 'ECC. Faltarien els contactes infectats dels casos
als quals no se’ls va realitzar ECC. Pel que fa a I’estudi de recurréncies (article
2), només hem pogut incloure a I’estudi i fer un seguiment d’aquells casos que
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tenien targeta sanitaria, per tant hi podria haver un biaix de seleccié. Aquest
I’'hem intentat explicar a través de la descripcié de les caracteristiques i
comparacié de variables essencials dels seguits respecte d’aquells casos que
no hem pogut seguir. També podem haver perdut recurrencies que es van
donar fora de Catalunya i per tant no tenim documentades. A I'article 5, sobre
les persones indocumentades potencialment excloses del sistema sanitari,
s’han perdut i no s’han inclos a I’estudi aquelles persones que no van accedir
al sistema sanitari tot i tenir cobertura, ja sigui per manca d’informacié o per
les seves creences. Per tant no s’ha pogut incloure a aquella poblacié més
vulnerable o recentment arribada. Per altra banda, a I'article 3, estudi de
complicacions en nens menors de dos anys, no es pot descartar que s’hagin
produit complicacions fora del temps de seguiment de I'estudi i, per tant, ja
no s’han tingut en compte en aquest analisi. A més, en aquest estudi, no
sabem quan es van produir les complicacions ni quant de temps van durar. De
totes maneres s’espera que la majoria de complicacions de la TB en infants
succeeixin durant el procés de malaltia i tractament i no més enlla.

Els estudis de cohorts (articles 1, 2 i 5) son estudis retrospectius i per tant, no
es té en compte la variabilitat al llarg del temps de les variables independents.
Aquesta limitacié forma part del tipus del disseny d’estudi utilitzat i per tant
no seria propiament de I'estudi. Per altra banda, els estudis transversals
retrospectius analitzen la informacié obtinguda durant el periode de temps
estudiat sense tenir en compte factor el temps. Aquesta seria també una
limitacié propia del disseny i no tant de I'estudi per se. Finalment, els diferents
estudis realitzats tenen les limitacions caracteristiques dels dissenys
observacionals com seria la dificultat per controlar els factors de confusid.

De totes maneres, tots els articles inclosos a la tesi, presenten fortaleses que
s’han de destacar. Per una banda, cal mencionar que es tracta d’estudis de
base poblacional, que avaluen la incidéncia de TB i d’altres esdeveniments
relacionats amb la malaltia a nivell poblacional. Aixd vol dir que son
representatius de I'ambit d’estudi de cada un dels articles i que es poden
extrapolar en poblacions i ambits amb caracteristiques similars als estudiats.
Per tant, podriem dir que els resultats obtinguts es podrien extrapolar a ciutats
o territoris de mitjana-baixa incidencia de TB i amb caracteristiques similars a
les arees estudiades.

Tots els estudis de la tesi permeten tenir una visié general del context de la TB
en poblacions vulnerables dels diferents ambits d’estudi (Catalunya,
Barcelona, UCTB de I'Hospital del Mar o Serveis Clinics). Per altra banda, en
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general, el nombre de casos inclosos ha estat elevat i suficient per donar
validesa a les conclusions dels estudis.

Pel que fa a la obtencid i recollida de dades, cal destacar que les fonts
utilitzades son d’elevada qualitat i altament fiables. Es tracta de registres
dinamics on s’incorporen dades de manera continuada i es validen
constantment. El registre de TB del PPCTB, el qual fa més de 35 anys que
funciona, té una organitzacié molt bona i consolidada i registra tots els casos
de TB de la ciutat des del 1987. A més, existeix coordinacié entre salut publica
i els diferents professionals que treballen en I'atencié i el control de la TB, el
qual facilita la recollida d’informacié de qualitat. S’han utilitzat fonts
d’informacié diverses per tal de completar i contrastar la informacié de cada
un dels pacients amb TB inclosos als estudis. S’ha realitzat un treball de camp
en profunditat i molt meticulds per obtenir cada una de les dades de tots els
pacients. Per altra banda, s’ha comptat amb la participacié de diversos
professionals del camp de la TB en la recollida de dades. Tant per I'article 3
com per |'article 4, es va dissenyar un formulari de recollida de dades especific
per a la realitzacid dels estudis, per assegurar I'obtencié de totes les dades
necessaries i el rigor en la recollida d’aquestes.

Per altra banda, els estudis de cohorts realitzats tenen temps de seguiment
llargs, de manera que augmenta la validesa i solidesa dels estudis, ja que
augmenta la probabilitat d’observar i detectar els esdeveniments objecte
d’estudi. Els estudis transversals inclosos a la tesi estudien esdeveniments
relacionats amb la TB durant periodes de temps forca llargs obtenint aixi una
visid global dels diferents elements estudiats.

També cal destacar que els temes tractats ens els diferents estudis son molt
rellevants en el camp de la TB des d’una visié de salut publica i epidemiologia
amb el que els seus resultats, conclusions i recomanacions podrien tenir una
aplicabilitat i per tant impacte sobre la poblacid si es realitzen les
intervencions adequades. Més encara, poden ser de gran utilitat per tenir més
informacid de la TB en poblacions vulnerables, que son aquelles poblacions
amb mésrisc de TB i a les que s’ha de prestar més atencié per complir amb els
objectius de I'OMS. També presenten politiques i estratégies que poden tenir
un gran impacte a I’hora de reduir la TB en arees de mitjana-baixa incidencia.
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7. CONCLUSIONS

1. Els contactes de persones amb TB pulmonar bacil-lifera tenen un risc 17
vegades major de desenvolupar TB activa que la resta de la poblacié. Aquest
risc és 10 vegades superior en aquelles persones que no completen el
tractament de la ITL en comparaciéo amb les que el completen. Entre aquells
contactes amb prescripcid del tractament de la ITL, haver nascut fora
d’Espanya és un factor de risc per no completar el tractament.

2. En la cohort de contactes infectats, al 25% no se’ls va indicar TITL (49% en
séries més llargues del PPCTB). Els que no se’ls indica TITL, no desenvolupen
TB els primers anys després del diagnostic d’ITL perdo no es descarta que
poguessin fer-ho més endavant. Per aix0, en contextos de baixa incidéncia de
TB, I'estrategia END TB de I'OMS aconsella testar i tractar el maxim nimero
de persones possible.

3. El TDO és una estrategia essencial per a millorar I'adheréncia. S'utilitza
sobretot per al tractament de la malaltia tuberculosa i molt ocasionalment en
el nostre context per al TITL dels contactes convivents del cas de TB.

4. Les persones que han tingut un episodi de TB anterior tenen un risc entre
17 i 36 vegades superior de tornar a desenvolupar la malaltia que la resta de
la poblacio, sobretot si son de més edat i si van tenir resisténcia a algun dels
farmacs antituberculosos en el primer episodi de TB.

5. Els infants menors de 2 anys tenen més probabilitat tant d’infectar-se com
de presentar TB activa. A més també presenten formes més severes de la TB i
més complicacions derivades de la malaltia. Aquestes complicacions estan
associades a la taquipnea al moment del diagnostic i a la TB meningia i
extrapulmonar o mixta.

6. L'ECC serveix per a facilitar la identificacio de la poblaciéd menor sobre la que
indicar des de Salut Publica la quimioprofilaxi primaria i el tractament de la
ITL.

7. La poblacié immigrant té un major risc de TB que la resta de la poblacid i
acumulen més factors de risc socioeconomics. També presenten més
amenaces i incidents que poden comprometre el compliment del tractament
i requereixen un major nombre d’intervencions per promoure I'adheréncia al
tractament.

8. La poblacié immigrant no documentada té una major incidencia de malalties
infeccioses transmissibles com la TB i una menor incidencia de malalties
croniques. Per tant, I'exclusié d’aquest col-lectiu de I’assistencia sanitaria
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publica i gratuita impediria el control de la TB i d’altres malalties infeccioses a
nivell comunitari.

9. Les persones sense llar tenen un major risc d’infectar-se i de desenvolupar
la TB que la resta de la poblacié. En comparacié amb la resta de pacients amb
TB, entre les persones sense llar hi ha un major percentatge de persones
immigrants, amb antecedents de presd, amb un consum de risc de tabac i
alcohol, usuaries de drogues injectables, que han tingut episodis de TB
anteriors, que presenten TB pulmonar bacil-lifera i que tenen una radiografia
de torax cavitada.

10. La situacié i les condicions de vida de les persones sense llar, juntament
amb els factors de risc que presenten, els fa especialment vulnerables a la TB,
presentar formes més severes de la TB, tenir pitjor compliment del tractament
i realitzar menys ECC.
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8. RECOMANACIONS

1. Es recomana indicar i prioritzar des de Salut Publica la realitzacié de
I’ECC de tots els casos amb TB pulmonar, bacil-lifera o no. Donat que
el tractament de la ITL és fonamental en la disminucié del risc de
desenvolupar TB, calen estrategies per aconseguir la maxima indicacié
de tractaments per part dels sanitaris i el maxim compliment possible
del tractament de la ITL per part dels pacients, parant especial atencio
a aquells col-lectius amb un pitjor compliment.

2. Cal indicar TITL al major nimero de contactes de casos de TB
identificats com a infectats possible. Cada programa de TB de cada
ciutat o CCAA hauria d’identificar els factors pels quals els seus clinics
no indiquen el TITL entre els contactes infectats diagnosticats i els
factors predictors d’'incompliment del tractament de la infeccié.

3. Es molt recomanable indicar TDO també del TITL per a les persones
gue tenen algun factor de risc associat a incompliment del tractament
(com les persones immigrants, persones UDIs o persones sense llar) o
gue tenen alt risc de progressié a malaltia com els menors o els
immunodeprimits.

4. En tots els casos de TB curats cal fer un seguiment clinic als 6 mesos
d’haver completat el tractament. Cal estendre aquest seguiment clinic
fins als 2 0 més anys si la persona ha presentat un cas de TB MDR o
XDR. Cal que tots els clinics augmentin el seu grau de sospita clinica
enfront de quadres compatibles en persones que ja han tingut un
episodi de TB en el passat.

5. Es recomana prestar especial atencid als infants contactes de casos
amb TB, ja que tenen un major risc d’infectar-se i desenvolupar TB. Cal
realitzar un seguiment proper tant per part de clinics com per SP,
entre els menors de 5 anys, especialment entre els menors de 2 anys,
ja que presenten un major risc de tenir complicacions derivades de la
TB. Es recomana que es controlin de prop alguns signes com la
taquipnea al diagnostic en pacients d'aquest grup d'edat.

6. Esfonamental indicar la quimioprofilaxi primaria el més aviat possible
en tots els menors de 5 anys que siguin contactes de casos amb TB
pulmonar, especialment els familiars i convivents.

7. En arees amb un elevat percentatge de persones immigrants cal
garantir I'accés al sistema sanitari i en el cas de tenir TB, garantir el
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10.

compliment del tractament indicant TDO. Els incidents que poden
amenacar I'adheréncia sén més freqlients entre els pacients nascuts a
I'estranger i per tant calen estratégies i una coordinacié enfocades
especificament a aquest col-lectiu.

Es necessaria la cobertura sanitaria universal i gratuita per reduir la
carrega de TB entre les persones immigrants indocumentades i evitar
la seva transmissié a la comunitat. Calen politiques sanitaries que
incloguin a tota la poblacid i que fomentin I'accés al sistema sanitari
entre aquells col-lectius més vulnerables.

Es recomana millorar la prevencié primaria del sensellarisme i el
seguiment social i clinic de les persones sense llar que tenen TB. A més
de millorar I'ECC entre persones sense llar, necessitem a nivell de
Catalunya un protocol de cribratge de la TB i ITL per a millorar el
control en aquest i altres col-lectius de risc.

Es recomana abordar els determinants socials de la TB per tal d’evitar
molts dels factors de risc que porten finalment a la infeccid i
desenvolupament de la malaltia, aixi com a problemes en el
compliment del tractament.
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