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RESUMEN

Tuberculosis, enfermedad infecto-contagiosa producida por micobacterias del complejo

Mycobacterium tuberculosis (M. hominis, M. bovis, M. africanum). Se calcula que en
2014 contrajeron la enfermedad 9 millones de personas, El diagnéstico de tuberculosis
se sospecha por el cuadro clinico-radiol6gico- epidemiolégico, pero debe ser confirmado
por la identificacion de Mycobacterium tuberculosis. En el Ecuador se realizan 3 pruebas
de esputo a sintomaticos respiratorios, con lo cual se diagnostico el 80% de tuberculosis
pulmonar, el 20% restante debe ser destinado a diagndstico mediante cultivo ya que a
pesar de ser un método costoso y demorado (2-8 semanas) es el Gold estandar en el
diagnéstico y seguimiento de los pacientes con tuberculosis al presentar excelente
especificidad y sensibilidad como prueba diagndstica.

ABSTRACT

Tuberculosis, contagious disease caused by mycobacteria of Mycobacterium
tuberculosis complex (M. hominis , M. bovis , M. africanum ) . It is estimated that in 2014
contracted the disease 9 million people , the diagnosis of tuberculosis is suspected by the
epidemiological - radiol6gico- clinician picture but should be confirmed by identification of
Mycobacterium tuberculosis. In Ecuador three sputum tests are performed to respiratory
symptoms , which 80% of pulmonary tuberculosis was diagnosed , the remaining 20 %
must be intended for diagnosis by culture since despite being an expensive and time
consuming method (2- 8 weeks) is the gold standard in the diagnosis and management
of TB patients presenting excellent specificity and sensitivity as a diagnostic test .
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1.- Introduccion.

Tuberculosis pulmonar (TBP), enfermedad infecto-contagiosa producida por micobacterias del
complejo Mycobacterium tuberculosis (M. hominis, M. bovis, M. africanum). Se adquiere
principalmente por via aérea, afectando principalmente al sistema respiratorio. Aunque se trata
principalmente de una enfermedad pulmonar (85%), afecta también a otros 6rganos y tejidos.
Puede ser mortal si el paciente no recibe el tratamiento adecuado. El diagndstico de tuberculosis
se sospecha por el cuadro clinico-radioldgico, pero debe ser confirmado por la identificacion de
Mycobacterium tuberculosis. El hallazgo de bacilos acido-alcohol-resistentes (BAAR) en el
examen directo del esputo es altamente aproximativo del diagndstico etiolégico y suficiente para
iniciar el tratamiento especifico.

2.- Historia.

Palabra tuberculosis fue empleada por primera vez en 1834 cuando aun el diagndstico de la
enfermedad seguia basandose en sus sintomas, en 1865 Villemin demostré la contagiosidad
de la enfermedad mediante experiencias observadas en animales obtenidos de enfermos
conocidos. El descubrimiento del bacilo productor de tuberculosis en el afio 1842 por el sabio
aleméan Robert Koch.

3.- Epidemiologia

La tuberculosis (TB) actualmente sigue siendo una de las enfermedades transmisibles més
mortales. Se calcula que en 2014 contrajeron la enfermedad 9 millones de personas y que 1,5
millones, de los cuales 360 000 eran VIH-positivos, fallecieron por esta causa.

En el Ecuador la tasa de mortalidad ha ido disminuyendo progresivamente desde el afio 2005,
en gue fue de 5,88 por 100 mil habitantes, hasta los 2,43 reportados en 2013; la meta a 2015 es
alcanzar una tasa de mortalidad de 2 por cada 100 mil habitantes.

4.-Etiologia.

Proviene de el género Mycobacterium, dentro de la familia Mycobacteriaceae, comprende a
bacterias aerObicas grampositivas débiles, acido alcohol resistentes, inmoéviles, no
esporuladas, ubicuas en agua y suelos.: Mycobacterium tuberculosis, M. bovis, M. africanum,
M.m microti, y M. canettii son miembros del complejo M. tuberculosis (mt). Las micobacterias no
tuberculosas (MNT), ubicuas, pueden aislarse de tierra, agua, polvo, leche, diversos animales y
se asocian a enfermedad, sobre todo, el complejo Mycobacterium avium (MAC), Mycobacterium
kansasii y Mycobacterium marinum.

5.- La cadena epidemioldgica de transmision



5. 1.- Agente causal: La tuberculosis es una enfermedad producida por el
Mycobacterium tuberculosis, el denominado Complejo M. Tuberculosis con gran diferencia el de
mayor frecuencia es el M. tuberculosis.

5.2.- Reservorio y fuente de infeccion: El reservorio mas importante de la enfermedad
tuberculosa es el hombre sano infectado, es decir, la persona que tiene en su organismo de
manera latente el bacilo sin aquejar ningun sintoma o signo externo que lo pueda identificar.
Unicamente cuando el hombre sano infectado desarrolla la enfermedad es cuando se convierte
en fuente de infeccion.

5.3.- Mecanismo de transmisién: El mecanismo mas habitual es la via aer6gena, sobre
todo con las pequefias gotas aerosolizadas de 1-5 micras de diametro; estas pequefias gotas
cargadas con pocos bacilos (entre 1 y 5 en cada gotita) Ademas existen de manera anecdética
las vias urogenital, cutdneo-mucosa, transplacentaria (tuberculosis congénita) y por inoculo.

5.4.- Huésped susceptible de enfermar: La susceptibilidad del huésped esta
condicionada por el estado de sus mecanismos de resistencia inespecificos y especificos
(inmunidad).

5.5.-Puerta de entrada: Aparato Respiratorio: Nariz, boca, piel.

5. 6.- Puerta de Salida: Aparato Respiratorio: Nariz, boca
6.- Historia natural.

6. 1.- PERIODO DE INDUCCION: Los enfermos de tuberculosis pulmonar
activa producen aerosoles contaminantes, que en el exterior pierden parte de su
contenido acuoso por evaporacion y dejan un nucleo con uno o pocos bacilos. Los
mecanismos de defensa del arbol respiratorio son incapaces de impedir que, cuando
estos nucleos contaminantes son inhalados, lleguen hasta los alveélos pulmonares,
donde los bacilos encuentran las condiciones adecuadas para multiplicarse. Una vez que
el microorganismo llega al pulmén, suele dirigirse a I6bulos inferiores, que son los que
proporcionalmente tienen mas ventilacion. El bacilo produce en los alvedlos una reaccion
inflamatoria inespecifica, inicialmente minima. Los macréfagos alveolares lo fagocitan y
lo transportan a los ganglios hiliares. Los bacilos se multiplican en los macrofagos,
destruyendo un gran numero de ellos, y se liberan al medio extracelular del ganglio, desde
donde pasan a la sangre y se diseminan por todo el organismo. Esta primoinfeccion suele
ser asintomatica y se desarrolla en 3-10 semanas

MEDIDAS DE PREVENCION PRIMARIA: Mejora de condiciones socioeconomicas
Quimioprofilaxis primaria y BCG muy discutido su uso en la actualidad.



6.2.- PERIODO DE LATENCIA: Mayoria de los bacilos de la infeccion inicial son
destruidos, algunos quedan en estado latente en el interior de los macréfagos y son capaces de
provocar, meses o afios después de la infeccién, enfermedad clinica por exacerbacién
endogena. La presencia de bacilos persistentes en el individuo infectado indica un notable riesgo
para el futuro. El riesgo de desarrollar enfermedad tuberculosa clinica es mayor durante los
primeros 5 afios después de la primo infeccion. MEDIDAS DE PREVENCION SECUNDARIA:
Busqueda y quimioprofilaxis secundaria de los individuos infectados que actian de reservorio
del bacilo. Aislamiento respiratorio de pacientes baciliferos. Estudio de los contactos y
convivientes de enfermos tuberculosos.

6. 3.- PERIODO DE EXPRESION: Comprende desde la aparicion de los signos y
sintomas de la enfermedad hasta el desenlace (curacién, muerte, recaida, recidiva...). La
baciloscopia y el cultivo de esputo, del aspirado bronquial o gastrico son casi siempre positivos.
La tendencia evolutiva de la tuberculosis del adulto es hacia la fibrosis como forma de limitacién
y curacion de la infeccién. PREVENCION TERCIARIA: Tratamiento de los casos de tuberculosis.
Rehabilitacion social y laboral del enfermo.

7.- Factores de riesgo de infeccion y de enfermedad

Por lo general para contraer la infeccion de TB se requiere un contacto intenso y prolongado
con una persona bacilifera. En el contagio influyen factores como la cantidad de bacilos
presentes en la expectoracion del enfermo, el grado de intimidad, la duracion de la exposicién,
la edad del contacto (mayor riesgo en nifios) y el estado inmunolégico del mismo. Los infectados
con mayor riesgo de desarrollar la enfermedad son: a) los conversores recientes de la tuberculina
(la maxima probabilidad se da en el primer afio, es de alrededor del 5-8% en los 2 primeros afios
y después disminuye progresivamente; en coinfectados por el HIV sin tratamiento antirretroviral
aumenta al 5-10% anual); b) los individuos con infeccién por el HIV y otros inmunodeprimidos
(por enfermedades o por tratamientos inmunodepresores, asi como por tratamientos bioldgicos,
entre los que cabe destacar, por la importancia que han adquirido, los farmacos contra el factor
de necrosis tumoral alfa); c) los que tienen lesiones tuberculosas pulmonares residuales que
nunca han sido tratadas, y d) los nifios menores de 5 afios. A esta relacion aun deberian afiadirse
las personas con silicosis o pérdida ponderal importante.

8.- Cuadro clinico.

Aproximadamente el 10% de los individuos infectados suelen desarrollan la enfermedad
activa, la mayor parte en el transcurso de los dos primeros afios posteriores a la adquisicion de
la infeccion. Tuberculosis primaria: es la enfermedad de los sujetos que se infectan por primera
vez. En general es leve vy frecuentemente asintomatica. Se ubica generalmente en el aparato
respiratorio inferior. Sus caracteristicas peculiares son tos productiva crénica, fiebre en picos,
sudoracién nocturna, decaimiento, anorexia y pérdida de peso. El tubérculo puede sufrir fibrosis
y calcificacion, aunque algunas bacterias no proliferativas pueden persistir. De manera
alternativa, una lesion caseosa (en licuefaccion) puede abrirse y descargar su contenido,



creando una cavidad que puede facilitar la dispersion, a través de las vias linfaticas y
hematdgena a tejidos diversos: higado, bazo, rifiones, hueso o meninges.

9-Diagnastico.
9.1. - Historia clinica

Lo primordial para diagnosticar la tuberculosis es mantener siempre un alto indice de sospecha
sobre esta enfermedad. Relacionar epidemiologia con la clinica del paciente.

El diagnostico de tuberculosis se sospecha por el cuadro clinico-radiolégico, pero debe ser
confirmado por la identificacibn de Mycobacterium tuberculosis. El hallazgo de bacilos
acidoalcohol-resistentes (BAAR) en el examen directo del esputo es altamente aproximativo del
diagndstico etioldgico y suficiente para iniciar el tratamiento especifico.

10.- Métodos Diagnosticos

10.1.- Baciloscopia directa. La baciloscopia mediante la técnica de Ziehl-Neelsen
continla siendo la base del diagnéstico y seguimiento de la TB por su sencillez, rapidez,
reproducibilidad en todos los ambitos y bajo coste, y porque detecta los casos contagiosos de la
comunidad, lo que constituye la base del diagndstico y seguimiento de la TB. Su principal
inconveniente es su moderada sensibilidad ya que se requieren al menos 5 000 bacilos/ml de
esputo para que la microscopia resulte positiva, que esta condicionada por la localizacion y el
grado de afectacion de la enfermedad, la calidad de la muestra y el tiempo que dedica el
observador para determinar que una baciloscopia es negativa. La sensibilidad puede
incrementarse mediante la concentracion de la muestra. Sin embargo, su especificidad es muy
elevada, superior al 95%, tan soélo limitada por los falsos positivos que pueden aportar otras
micobacterias ambientales o por otras causas técnicas muy infrecuentes. Por consiguiente, una
baciloscopia negativa no descarta la TB, pero una baciloscopia positiva practicamente la
confirma en mas del 95% de los casos y es indicacion de iniciar tratamiento. Las tinciones con
fluorocromos. Emplean como primer colorante la auramina-rodamina. Se tifien en frio y, como
en el caso anterior, tampoco se decolora con la mezcla de alcohol-clorhidrico. Al observarlos en
un microscopio de fluorescencia, las micobacterias emiten una luz fluorescente. Esta luz emitida
puede ser detectada rapidamente.

Ventajas: Técnica sencilla. Bajo costo. Rapidos resultados. No requiere equipo especial. Amplia
cobertura. Gran utilidad para diagnosticar pacientes baciliferos.

Desventajas Poca sensibilidad, Poca especificidad. 95%

11.2.- Radiografia de térax

El patron radiolégico es de tipo nodular difuso, con predominio en campos pulmonares
superiores. Los nodulos son de mediano tamafio, teniendo pocos milimetros de diametro. En
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algunas de las radiografias se observan cavidades de halo fino, que son caracteristicas de esta
forma de tuberculosis. Las mismas se constituyen por insuflacién de una pequefa cavidad,
creada al eliminarse por via bronquial el caseum contenido en uno de los multiples nédulos
descritos.

10.3.- Cultivo de las micobacterias.
Es el "patron de oro" en el diagndstico y seguimiento de los casos de TB. Permite el aislamiento
y la identificacion del germen y la posterior determinacion de sensibilidad a farmacos.

UTILIDAD DEL CULTIVO
El cultivo produce resultados tardiamente pero es mas sensible que la baciloscopia.

Puede evidenciar un minimo de 10 a 100 bacilos acido alcohol resistentes (BAAR) presentes en
una muestra, si es realizado en forma adecuada. Permite detectar los casos antes de que lleguen
a ser infecciosos Mediante el cultivo es posible incrementar la confirmacion del diagnéstico de
tuberculosis en aproximadamente 15-20% del total de casos y en 20-30% de los casos de
tuberculosis pulmonar. Si se considera el total de casos con diagndstico de tuberculosis
pulmonar confirmado bacterioldgicamente, la baciloscopia detecta el 70-80% y el cultivo 20-30%
el restante. Estas cifras estan condicionadas por la situacion epidemiologica. Entre los casos con
tuberculosis extrapulmonar el aporte del cultivo al diagnostico es muy variable segun la
localizacion de la patologia. Aun con un resultado negativo del cultivo es posible que se
establezca o se mantenga el diagndstico de tuberculosis sobre la base de las evidencias clinicas
y epidemioldgicas. Cuando es necesario priorizar el uso de recursos, el cultivo es reservado para
los sintomaticos que no han podido ser diagnosticados por baciloscopia. Con este criterio, se
siembran principalmente las muestras de sintomaticos adultos con enfermedad pulmonar poco
avanzada, las de los nifios y todas las muestras extrapulmonares. En ciertas circunstancias, el
cultivo permite dar seguridad al resultado de la baciloscopia positiva.Es preciso hacerlo cuando
se procesan muestras provenientes de pacientes infectados por HIV que pueden estar afectados
por tuberculosis pero también, con mayor frecuencia que los pacientes inmunocompetentes,por
una micobacteriosis. También es necesario en el caso de muestras en las que puede haber
micobacterias ambientales colonizantes (lavado gastrico, orina). Por su sensibilidad y porque
detecta Unicamente bacilos vivos, el cultivo es el mejor método para demostrar la curacién de un
paciente al finalizar el esquema terapéutico.

Sin embargo, es dificil asegurar el acceso al cultivo a todos los pacientes a los que se les da el
alta, por lo que generalmente las normas requieren el simple control con una baciloscopia en
favor de que puedan ser cumplidas, toda vez que la evolucién clinica del paciente sea buena. El
cultivo permite realizar la prueba de sensibilidad a los antibiéticos, identificar a los casos que
necesitan una reformulacion de la quimioterapia y orientar la conformacion de un nuevo esquema
de tratamiento. Para este fin, es necesario cultivar las muestras de pacientes que tienen riesgo
deestar afectados por tuberculosis resistente al esquema estandarizado de primera linea. Son
los pacientes que tienen antecedentes de tratamiento antituberculoso, sospecha de falla de
tratamiento o de contagio con un bacilo resistente a las drogas. El cultivo es el mejor método
disponible para cerciorar falla de tratamiento. Para detectarlos, evitando demoras, se cultivan las
muestras de casos bajo tratamiento con baciloscopia positiva al finalizar el segundo mes de



quimioterapia, y se realiza la prueba de sensibilidad inmediatamente después de desarrollado el
cultivo en el caso en que la baciloscopia persista positiva en el siguiente control.

VENTAJAS Mayor sensibilidad. Mayor especificidad.

DESVENTAJAS Mayor tiempo para obtener resultados. Mas costoso. Necesita equipo especial.
Mayor preparacion de personal

11.- Indicaciones para el cultivo de mycobacterium Tuberculosis

11. 1.- En el momento del diagndstico: Cultivar todas las muestras de pacientes
sintométicos, con signos clinicos y/o radiograficos u otras imagenes compatibles con
tuberculosis y alguna de las siguientes caracteristicas:

11.1.1.- Baciloscopia negativa de 3 muestras respiratorias

La sensibilidad de la baciloscopia esta entre 50% y 60% , de aquellos tuberculosos que se
diagnostican por baciloscopia positica el 80% resultan positivos en la primera muestra 15% mas
en la segunda y poco menos de 5% solo resultan positivos en la tercera muestra, sin embargo
la concentracion mas baja de bacilos que se pueden detectar por baciloscopia es de 5.000 a
10000 por ml de muestra, lo que hace dificil su utilidad en paciente paubacilares al no tener muy
buena sensibilidad, por lo cual el cultivo sigue siendo el GOLD STANDARD para el diagndstico
y seguimiento de la tuberculosis a pesar de ser un procedimiento lento (4 -8 semanas) y mas
costoso , la concentracion mas baja que se pueden detectar es de 500 por ml de muestra, lo que
le confiere mucha mayor sensibilidad ( 90% - 100%) que la baciloscopia, siendo indispensable
Su uso en sospecha clinica de moderada — alta de tuberculosis.

11.1.2.- Localizacion extrapulmonar de las enfermedades: biopsias

Lo recomendado es realizar baciloscopia y cultivo de las muestras que se sospechen de tuberculosis
extrapulmonar, Los estudios Bacteriolégico de localizaciones extrapulmonares son muestras
paucibacilares por lo cual presentan baja rentabilidad para examen directo y cultivo.

Estudios anatomopatolégicos de las muestras de biopsia: Ante la presencia de granulomas con
células gigantes de Langerhans y necrosis caseosa: Alta sospecha de TBC. Estas muestras
deben cultivarse para llegar al diagnostico especifico.

11.1.3- Nifios
Debido a que habitualmente la TB infantil presenta formas cerradas (no bacilifera) y

paucibacilares, en los nifios es dificil obtener muestras clinicas adecuadas para la microbiologia,
el cultivo aumenta la rentabilidad del diagnéstico bacteriologico en el 20% o mas de los casos,



pues se consigue su positividad con muestras que contienen 10 bacilos/ml. Permite la
identificacion del bacilo y practicar antibiogramas.

11.1.4.- Inmunocomprometidos, particularmente HIV positivos

El rendimiento diagndstico de la baciloscopia de esputo no parece estar disminuido en los
pacientes infectados por el VIH, aunque es significativa una mayor carga bacilifera en las
tuberculosis pulmonares de los pacientes sin esta coinfeccion. Dada la elevada incidencia de
localizacion diseminada, es necesario tomar muestras de orina, sangre y heces para su estudio
bacteriolégico

En el escenario planteado de alta resistencia en este grupo de pacientes debe exigirse a todo
paciente un cultivo y prueba de susceptibilidad al 100% de pacientes con TB VIH. Del mismo
modo debe insistirse en la aplicacion de pruebas rapidas para la deteccion de TB MDR.

11.1.5.- Baciloscopia positiva en lavado géstrico

Es recomendable realizar cultivo para mejorar la sensibilidad y especificidad del diagnéstico,
dado que la obtencién de la muestra puede ser contaminada, paubacilar o alterada.

11.1.6.-Lavado bronquial o hisopado

Es recomendable realizar cultivo para mejorar la sensibilidad y especificidad del diagnéstico,
dado que la obtencién de la muestra puede ser contaminada, paubacilar o alterada.

11.1.7.-Antecedentes de tratamiento antituberculoso especialmente si se registré
Abandono o fracaso

Para ademas de confirmar el diagndstico, también realizar una prueba de sensibilidad para
asegurar que los bacilos no hayan desarrollado resistencia al primer esquema de tratamiento.

11.1.8.-Exposicion ainfeccién por bacilos resistentes alas drogas (contacto de casos
con Tuberculosis resistente, internados o trabajadores de la salud o prisiones)

Para comprobar o descartar el desarrollo de resistencia a farmacos usados en el tratamiento de
la tuberculosis.

12.2.- Durante el control del tratamiento: Cultivar muestras de:

11.2.1.- Casos de tuberculosis crénicos o con baciloscopia positiva en el control

del segundo mes de quimioterapia o en un control posterior.



Durante el control de tratamiento de categoria |, la baciloscopia identifica a los pacientes que no
negatividad segun lo esperado y que por lo tanto deben ser investigados mediante cultivo para
conocer si los bacilos observados estan vivos y si son resistentes a las drogas.

Para el control de tratamiento se recomienda realizar una baciloscopia mensual, si luego de
finalizado el segundo mes dos 0 mas baciloscopias mensuales consecutivas resultan positivas
es necesario realizar nuevamente cultivo y prueba de sensibilidad para verificar si los bacilos
eliminados contindan vivos y comparar el perfil de resistencia con el perfil inicial.

11.2.2.-Casos diagnosticados con baciloscopia negativa y que convierten a

positiva su baciloscopia durante el tratamiento

Para corroborar la falla en la terapéutica, y realizar prueba de sensibilidad para determinar el
grado y perfil de resistencia.

11.2.3.-Para la vigilancia de la resistencia a drogas antituberculosas

Cultivar las muestras de casos bajo estudio o vigilancia segun lo establecido en el Protocolo de
trabajo.

12.- Tratamiento.

En la mayoria de los paises de Latinoameérica se utiliza como tratamiento estandar de la TB el
esquema denominado Categoria | por OMS/OPS. Este comprende una fase inicial (2 meses) de
H+R+Z+E y una fase de continuacion (diaria o intermitente) con H+R (4meses, excepto en
formas diseminadas, meningitis y enfermedad de Pott, donde se indican 7 meses). En ciertas
condiciones (recaidas, abandono), OMS/OPS aconseja un esquema ampliado denominado
Categoria Il (2 meses de H+R+Z+E+S; 1 mes de H+R+Z+E y 5 meses de H+R+E diario o
trisemanal).

13.- Conclusion: Tuberculosis: enfermedad infectocontagiosa prevalente en nuestro medio,
causada por el género micobacterium tuberculosis, se transmite por el aparato respiratorio a
través de los aerosoles, todos las personas son susceptibles, pero existe poblacién con mayor
riesgo de infeccion como son los inmunodeprimidos (HIV), para evitar la propagacién debemos
revisar y actuar sobre la cadena epidemioldgica, controlando a los pacientes baciliferos que son
las fuentes de infeccion, para un diagnostico correcto debe sospecharse en todo paciente
sintomatico respiratorio, realizandose un diagnéstico epidemioldgico — clinico- apoyado en la
microbiologia, en donde juega un papel importante la baciloscopia que se encarga de
diagnosticar el 80 % de la tuberculosis pulmonar, mientras que el cultivo aporta el 20% restante
principalmente en las formas paubacilares, y a pesar de ser costoso y demorado (2-8 semanas)
es el metodo con mayor senbilidad y especificidad tanto como para diagnostico, seguimiento y
sensibilidad. Existen casos en donde el cultivo es mandatorio y no opcional cuyos casos integran



las INDICACIONES PARA CULTIVO DE MYCOBACTERIUM TUBERCULOSIS. El tratamiento
debe ser estrictamente supervisado, para lograr la cura y evitar la presencia de resistencia.

14.- Recomendaciones: La tuberculosis es un enfermedad prevalente y emergente en nuestro
pais, por lo cual es de vital importancia cortar la cadena de transmisiébn descubriendo
precozmente a los pacientes baciliferos los cuales son la principal fuente de contagio, para lo
cual debemos utilizar herramientas disponibles en nuestro medio como son la baciloscopia y
cultivo, seria muy recomendable en el pais el uso de diagnéstico molecular de la tuberculosis,
para de esta manera continuar disminuyendo los indices de tuberculosis en nuestro medio.
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ANEXOS

Tuberculosis Diagnostics in 2015: Landscape,
Priorities, Needs, and Prospects
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In 2015, tuberculosis remains a major global health problem, and drug-resistant tuberculosis is a growing
threat. Although tuberculosis diagnosis in many countries is still reliant on older tools, new diagnostics are
changing the landscape. Stimulated, in part, by the success and roll out of Xpert MTB/RIF, there is now con-
siderable interest in new technologies. The landscape looks promising, with a robust pipeline of new tools, par-
ticularly molecular diagnostics, and well over 50 companies actively engaged in product development. However,
new diagnostics are yet to reach scale, and there needs to be greater convergence between diagnostics develop-
ment and development of shorter-duration tuberculosis drug regimens. Another concern is the relative absence
of non—sputum-based diagnostics in the pipeline for children and of biomarker tests for triage, cure, and pro-
gression of latent Mycobacterium tuberculosis infection. Several initiatives, described in this supplement, have
been launched to further stimulate product development and policy, including assessment of needs and prior-
ities, development of target product profiles, compilation of data on resistance-associated mutations, and assess-
ment of market size and potential for new diagnostics. Advocacy is needed to increase funding for tuberculosis
research and development, and governments in high-burden countries must invest more in tuberculosis control
to meet post-2015 targets for care, control, and prevention.

Keywords. tuberculosis; diagnostics; pipeline; unmet needs; market potential.

While much progress has been made with tuberculosis © The Author 2014. Published by Oxford University Press on behalf of the Infectious Diseases Society of
. . America. Allrights reserved. For Permissions, please e-mail: journals.permissions@oup.com.

control, the World Health Organization (WHQO) esti-

mates that 9 million people developed tuberculosis in DOI: 10.1093/infdis/jiug03

2013 and that 1.5 million died, including 360 000 people
who were infected with human immunodeficiency virus
(HIV; Figure 1) [1]. Rapid, accurate diagnosis is critical
for timely initiation of antituberculosis treatment, but
many people with tuberculosis (or tuberculosis symp-
toms) do not have access to adequate initial diagnosis.
In 2013, >3 million cases were missed by the health sys-
tem, either because they were not diagnosed or were not
notified to national tuberculosis programs [1].

Access to adequate diagnosis is particularly poor for
patients with multidrug-resistant (MDR) tuberculosis
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and in cases of childhood
tuberculosis. Globally, in

2013, the WHO estimated that 480 000
people devel- oped MDR tuberculosis
[1]. However, only 136 000

MDR  tuberculosis cases were
detected, with second- line treatment
initiated for 97 000. Also, in 2013, an es-
timated 535 000 children developed
tuberculosis, but the true case burden
of childhood tuberculosis is likely
higher. A model-based estimate suggests
that the num- ber was closer to 1
million children in 2010 [2]. Child-
hood tuberculosis is very difficult to
diagnose, and most conventional
tuberculosis tests perform poorly in
this high-risk population.

In 2014, the WHO and partners
announced a post-

2015 tuberculosis  strategy and
accompanying targets with the goal of
ending the global tuberculosis epidemic
[3]. This ambitious strategy aims to
reduce the tubercu- losis incidence by
90% by 2035 (compared with the

2015 incidence). Early diagnosis of
tuberculosis, includ- ing universal drug-
susceptibility testing (DST), and sys-
tematic screening (active case finding)
of contacts and high-risk groups are key
components of this new strat- egy.
Discovery, development, and rapid
uptake of new
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Figure1l. Status of the tuberculosis problem in 2014. The graphic is re-
produced with permission from the World Health Organization (http:/
www.who.int/th/features_archive/globaltb_report2014/en/).

tools, interventions, and strategies are also highlighted as im-

portant components [3].

LANDSCAPE AND PIPELINE OF
TUBERCULOSIS DIAGNOSTIC TECHNOLOGIES

Although tuberculosis diagnosis in 2014 is still reliant on older
tools such as smear microscopy and culture, new diagnostics are
changing the tuberculosis diagnostics landscape. Worldwide, the

Stimulated, in part, by the success and roll out of Xpert MTB/
RIF, there is now considerable interest in new tuberculosis diag-
nostics. The 2014 UNITAID TB Diagnostics Technology and
Market Landscape report summarized the technologies that
have been endorsed by the WHO and described the pipeline
of novel tools that are on or likelyto enter the market [6]. As
described in the UNITAID report and summarized by stake-
holders such as the Foundation for Innovative New Diagnostics,
the landscape looks promising, with a robust pipeline of new
tools and well over 50 companies actively engaged in product
development. Figure 2 shows the pipeline of tools and the ex-
pected complexity of the products under development.

In the short term, the most impressive trend is the expansion
of the range of molecular technologies that could potentially re-
place smear microscopy [6]. As shown in Figure 3, new molec-
ular products on the market (or in the pipeline) will compete
with the Xpert technology, and some may be deployable in pe-
ripheral microscopy centers, where millions of patients are test-
ed. This level of decentralized deployment is feasible but
challenging with the Xpert technology because of technical
and infrastructure issues [7—10].

In addition to rapid case detection, newer molecular tools
will have the capacity to identify drug-resistance mutations
and thereby help countries reach the post-2015 target of univer-
sal DST for all patients with tuberculosis, at the time of detec-
tion. With the impending introduction of new tuberculosis drug
regimens (described below), this is of great significance. New
drug regimens will require companion diagnostics to ensure
rapid completion of the so-called test and treat approach.
While newer molecular diagnostics are ideally suited to serve
the role of companion diagnostics to new drug regimens, a
major hurdle is the lack of high-quality validation studies of

newer molecular tests. Several assays are now on the market
with virtually no validation trials published on their accuracy

ongoing roll out of Xpert MTB/RIF (Cepheid, Sunnyvale, Califor-
nia) continues to be the most important, measurable shift in the
tuberculosis diagnostics landscape. According to the WHO, as of

30 September 2014, 3553 GeneXpert instruments (comprising

>17 000 modules) and 8.8 million Xpert MTB/RIF cartridges
had been procured by the public sector in 110 of 145 countries
eligible for concessional pricing [4]. The Xpert technology is signi-
ficantly more sensitive than sputum smear microscopy and can
also rapidly detect rifampicin resistance with high accuracy [5].
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and performance. This suggeststhe need for ensuring global
and country-level systems for rapid validation of new tools, to
ensure that such evidence is translated into policies.

In the medium term, the need for a biomarker-based, low-
cost, non-sputum-based test remains an important priority
for tuberculosis diagnostics at the primary care level, where
the majority of people first seek care [6]. Although biomarker
discovery is an active area and several potential products (eg,
antigen or antibody detection tests, volatile organic compound
analysis, and enzymatic detection) are under development, no
test under development is likely to be on the market with policy
endorsements within the next 3-5 years [11].

In the longer term, a breakthrough in biomarker discovery is
necessary to identify those with latent Mycobacterium tubercu-
losis infection who are at the highest risk of progressing to tu-
berculosis, so that the vast pool of latently infected individuals
can be successfully reduced [6]. Since molecular tests are usually
not helpful for treatment monitoring, a biomarker-based test
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Figure 2. Current tuberculosis diagnostics pipeline listing the development phases and the types of technologies in development or evaluation. Com-
plexity categorization was based on criteria that are used for similar diagnostics by the US Food and Drug Administration. Early development refers to
prototype development after the proof-of-concept stage. Late-stage development refers to turning the prototype into a design-locked, manufacturable prod-
uct. The graphic is reproduced with permission from the Foundation for Innovative New Diagnostics.

for cure will also be enormously helpful. The pipeline for such NEEDS AND PRIORITIES

tests is currently weak, with few companies working on bio-

marker discovery to support research and development of

such products. However, governmental and nongovernment or- The ongoing roll out of Xpert MTB/RIF has had a positive in-
ganizations continue to fund the search for new biomarkers
useful to meet the diagnostic, prognostic, and treatment moni-
toring needs.

fluence on the tuberculosis diagnostics landscape, has attracted
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new investments and product developers, and has created a ro-
bust pipeline of technologies [6]. It has also ploughed the way
for wider access to molecular tests and universal DST and pre-
pared the ground for the next wave of innovative technologies.
Lessons learned from Xpert implementation will be invaluable
for scaling up next-generation technologies[9, 10].

However, the Xpert technology was not designed to reach
lower tiers of the healthcare system or to meet all needs (eg, it
cannot detect latent M. tuberculosisinfection or resistance
against multiple drugs). Despite initiatives to reduce the price,
high cost continues to be a hurdle for underfunded national tu-
berculosis programs [12]. A recent survey of 22 countries with a
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Figure 3. Pipeline of molecular diagnostics for tuberculosis, by level of deployment (ie, reference, intermediate, and peripheral microscopy laboratories).

The graphic is reproduced with permission from the UNITAID (http:/unitaid.org/images/marketdynamics/publications/UNITAID_TB_Diagnostics_

Landscape_3rd-edition.pdf).

high tuberculosis burden (HBCs) showed that, while a majority
(86%) of these countries have a policy or algorithm for use of
Xpert technology, current implementation is mostly donor
funded, largely dependent on testing in centralized laboratories,
and primarily involves patients with presumed drug-resistance
or HIV infection [13]. The survey used the ratio of smear vol-
umes for initial diagnosis to the number of Xpert cartridges
procured during a roughly similar period as an approximate
index of Xpert market penetration in the public sector. The
ratio in South Africa was 1.6, significantly lower than most
other HBCs, where approximately 40—70 smears were per-
formed for each Xpert cartridge [13]. This suggests that wide-
scale implementation of Xpert technology has mostly occurred
in South Africa, while other HBCs continue to rely heavily on
smear microscopy.

A recent published study of various stakeholders helped esta-
blish the most important unmet needs and identify tools that
are of highest importance. Kik et al conducted a priority-setting
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exercise to identify the highest priority tests for target product
profile (TPP) development and investment in research and de-
velopment [14]. For each of the potential TPPs, 10 criteria were
used to set priorities, including prioritization by key stakehold-
ers (eg, managers of national tuberculosis programs), potential
impact of the test on tuberculosis transmission, morbidity and
mortality, market potential, and implementation and scalability
of the test. On the basis of this analysis, the following were
identified as the highest priorities: (1) a point-of-care sputum-
based test as a replacement for smear microscopy (ie, a smear-
replacement test); (2) a point-of-care, non—sputum-based test
capable of detecting all forms of tuberculosis via the identifica-
tion of characteristic biomarkers or biosignatures (ie, a non—
sputum based biomarker test); (3) a point-of-care triage test,
which should be a simple, low-cost test for use by first-contact
healthcare providers as a test for ruling out tuberculosis (ie, a
triage test); and (4) rapid DST at microscopy centers (ie, a
rapid DST).



Given the variety of unmet needs [14] and the diversity of
sites where testing can occur [15], it is important for product
developers to have access to (1) a clearly identified list of diagnos-
tics that are considered high priority by the tuberculosis commu-
nity; (2) well-developed, detailed TPPs for priority diagnostics,
based on a consensus-building process; and (3) up-to-date mar-
ket size estimations for the priority TPPs [16, 17]. These issues
are addressed in subsequent articles in this supplement. The ar-
ticle by Denkinger et al [18, 19] describes the final TPPs that
have been developed for the highest priority tests and reviewed
in a consensus meeting hosted by the WHO and partners, while
the articles by Kik et al [20] and Pantoja et al [21] describe the
potential future market for new assays the and affordability of
new tests by countries, respectively.

ALIGNMENT OF DIAGNOSTICS WITH NOVEL
TUBERCULOSIS TREATMENT REGIMENS

In a recent analysis, Wells et al outlined the need for a better
alignment (or convergence) between new tuberculosis diagnos-
tics with the likely tuberculosis treatment landscape in the next

3-4 years [22]. Because of promising results in phase 2 trials, the
Global Alliance for TB Drug Development and partners have
launched the Shortening Treatment by Advancing Novel
Drugs trial of the PaMZ drug regimen, which contains preto-
manid (previously called PA-824), moxifloxacin, and pyrazina-
mide. If the trial is successful, by 2018, this could reduce the
duration of tuberculosis therapy to 4 months [23].

For the PaMZ regimen to be implemented successfully, it is
important to ensure that existing molecular diagnostics are
more widely used and to develop next-generation molecular as-
says that can detect resistance to markers that are aligned with
novel regimens such as PaMZ. This means that product devel-
opers will need better data about the molecular mechanisms of
resistance. Efforts are underway (described elsewhere in this
supplement by Solomon et al [24]) to develop a database of mu-
tations associated with drug resistance and to develop strain col-
lections to enable assessment of new diagnostic assays.

There are other new drugs, such as bedaquiline and delama-
nid, that have already received partial regulatory approval for
use in treating MDR tuberculosis [25]. Linezolid, although not
approved for MDR tuberculosis, is already being used in the
field [26]. Phenotypic resistance tests for these drugs have not
been established, and careful monitoring needs to take place be-
fore critical concentrations are selected on the basis of clinical
data. Even though these may be new drugs to treat tuberculosis,
the mechanisms of action are either similar to those of existing
drugs (as is the case between bedaquiline and clofazimine),

background resistance already exists (as in the case of linezolid),
or they are in the same class of drugs (eg, nitroimidazoles).
Thus, it will be important to monitor for drug resistance during
treatment. This will be especially important for treatment of
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extensively drug-resistant (XDR) tuberculosis, since the number
of effective drugs available is much smaller. With such limited
choices, the likelihood of treating patients with XDR or pre-
XDR tuberculosis with a suboptimal regimen becomes much
higher. As a result, this also increases the chance of developing
resistance to the remaining active drug(s), thus reducing the ef-
fectiveness of new compounds in our toolbox.

Also, as part of prelaunch activities, it is important for coun-
tries to establish sample collection and transport systems, labo-
ratory information management systems, mechanisms for
external quality assurance for molecular and DST tools, and in-
formation and communication technologies for rapid reporting
of results, case notification and linkages to care, and supply
chain and logistics management [27]. Greater use of existing
tests (like Xpert technology, liquid cultures, and line probe
assays) and drug regimens will enable national tuberculosis
programs to develop and fine-tune these systems and then tran-
sition to newer drug regimens and companion diagnostics
by 2018.

ONGOING EFFORTS TO IMPROVE CHILDHOOD
TUBERCULOSIS DIAGNOSIS

Although identifying tuberculosis cases continues to be a chal-
lenge in adults, active tuberculosis in several special populations,
including pediatric patients, is more difficult to diagnose be-
cause of extrapulmonary involvement, paucibacillary aspects,
or nonspecific presentation. In low-income and middle-income
countries, difficulties arise towing to the similarity of symp-
toms to other common diseases, including bacterial pneumo-
nia and viral infections, and to comorbid conditions, such as
malnutrition. As a result, tuberculosis treatment is often per-
formed empirically, which leads to underdiagnosis or, in
some cases, to overdiagnosis and subsequent inappropriate pre-
scription of drugs to patients without infection. Underdiagnosis
leads to increased morbidity and mortality due to tuberculosis.
Overdiagnosis results higher treatment costs to tuberculosis
programs and potentially contributes to the development of
drug resistance due to poor adherence. This is further compli-
cated by the fact that the time to symptom resolution in young
children treated for tuberculosis requires >2 months in the ma-
jority of cases [28]. As a result, symptom-based diagnosis may
not resolve when these patients are receiving tuberculosis treat-
ment and may suggest MDR tuberculosis. Additional clinical
evaluations would be needed to determine the etiology or
whether to consider switching to a drug-resistant tuberculosis
regimen.

Despite the need for better diagnostics, funding for pediatric
diagnostics is woefully inadequate compared with that for adult

diagnostics, which itself continues to lag behind funding for
HIV diagnostics. Unfortunately, diagnosis and treatment is
not a priority for many funding organizations since pediatric



tuberculosis has a limited impact on disease at the population
level. Therefore, control of tuberculosis in children is considered to
be of limited programmatic value. The original directly observed
treatment, short-course strategy was heavily focused on identify-
ing infectious cases by use of sputum smears, and this led to na-
tional tuberculosis programs placing greater emphasis on adults.

Despite these challenges, interest in diagnosing and treating
tuberculosis in children has gained momentum over the past
few years. This includes standardizing case definitions of tu-
berculosis in children [29], developing and manufacturing
first-line tuberculosis drugs in appropriate child-friendly for-
mulations (through the Global Drug Facility), and inclusion of
children in clinical trials [30]. This last point is significant be-
cause disease end points, pathogenesis, and drug metabolism
is different in children and infants, compared with adults [30].
Several funding institutions have recently supported research
initiatives to identify new biomarkers that could be used to di-
agnose tuberculosis in children. These biomarkers include a
combination of biological measurements at the protein or ge-
nomic level that reflectan interaction between the host and the

pathogen [31, 32].

As the results of these investments become available, a
greater need will be placed on further evaluating potential bio-
markers, using a set of well-characterized and highly pedigreed
samples. Unfortunately, standard sets of samples from chil-
dren exposed to and suspected of having tuberculosis are not
widely available. Although many private collections exist,
standardized definitions, collection, processing, and storage
of samples have not been adopted. Consequently, evaluations
of potential diagnostic biomarkers may be discrepant despite
the use of existing pediatric samples. Moreover, additional
challenges in documenting tuberculosis exposures with clini-
cal symptoms consistent with infection and lack of funding
have hampered current efforts to store these samples in biore-
positories. In addition, low sample volumes typically obtained
from children and infants prevent wide dissemination of ma-
terial to large numbers of investigators. Finally, there is a need
not only for well-defined samples from children with tubercu-
losis, but of samples from children in tuberculosis-endemic
areas who have clinical signs consistent with tuberculosis but
are free of the disease. This is most critical because the perfor-
mance of a biomarker will need to be able to differentiate
M. tuberculosis infection from a number of other conditions
that typically present with similar clinical signs in tuberculosis-
endemic areas.

MARKET FOR NEW TECHNOLOGIES

Product developers need information on market size and poten-
tial, to make investment decisions [17]. A recent series of studies
have tried to quantify the current served available market value
of tuberculosis diagnostics. A survey of 22 HBCs showed that
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they performed 77.6 million sputum smears in >42 000 micros-
copy centers annually, with a cost of $137 million [33].
Of these, 61% were performed in the BRICS countries. A de-
tailed analysis of what Brazil spent on tuberculosis diagnosis
showed that, during 2012, an estimated 2.4 million tuberculo-
sis diagnostic tests were conducted, resulting in an estimated
overall market value of $17.2 million [34]. The public sector
accounted for 91% of the test volume and 88% of the market
value. Smear microscopy was the most commonly used test
(2.3 million tests [55%]), with an estimated cost of $3.7 mil-
lion. A total of 302 761 cultures were performed, representing

13% of the test volume and 40% ($6.9 million) of the market
value. On average, $208 was spent on tuberculosis diagnostics
for every Brazilian patient with notified tuberculosis during

2012 [34].

Another analysis estimated the expenditure on tuberculosis
diagnosis in South Africa during 2012-2013 [35]. This study
showed that South Africa has a sizeable tuberculosis diagnostic
market in terms of volume and value. In 2012, during Xpert
scale-up, the public and private sectors performed 9.2 million
tuberculosis diagnostic tests, with an estimated total cost of

$98 million. The public sector accounted for 93% of the overall
test volume and value, with microscopy and culture account-
ing for the majority of tests performed. In 2013, the public sec-
tor market value increased to $101 million (a 10% increase
over 2012). While Xpert volumes increased by 166%, total tu-
berculosis test volumes decreased by 12%, compared with 2012
values [35]. Similar analyses are being completed for China
and India.

On the basis of these analyses, Kik et al [20] made projections
about the potential available market for the 4 priority TPPs that
have been developed. They found that, of the 4 TPPs, the great-
est potential available market in terms of value would be for a
sputum-based tuberculosis detection and DST upfront test. A
test that can be deployed at lower levels of the healthcare system
and used for detecting (or ruling out) all forms of tuberculosis,
such as a biomarker test or a triage test, would have the largest
potential market volume.

The publication of technology and market landscape reports,
TPPs, and market size estimates are all intended to stimulate in-
creased investments in the area of tuberculosis diagnostics.
While the overall trend is positive (as seen in the number of
products and companies), tuberculosis research and develop-
ment as a whole continues to be severely underfunded.

FUNDING FOR TUBERCULOSIS RESEARCH
AND DEVELOPMENT AND FOR PRODUCT
EVALUATION

A 2014 annual research and development funding report by
Treatment Action Group, showed that the world invested only
one third of the required $2 billion needed every year for new



drugs, diagnostics, and vaccines to fight the global tuberculosis
epidemic effectively [11]. In 2013, $676.6 million was spent on
tuberculosis research. Of the $9.8 billion in funding required for
tuberculosis research during 2011-2015, as estimated by The
Global Plan to Stop TB, only 20% of this amount has been mus-
tered at the end of 2013. The Treatment Action Group report
registered a significant funding shortfall across every category
of tuberculosis research: basic science, diagnostics, drugs, vac-
cines, and operational research. The report also showed that,
during 2013, research and development spending by pharma-
ceutical companies for tuberculosis was among the lowest re-
corded levels. These funding trends have great consequences
for biomarker and basic research work that is critically impor-
tant for novel tuberculosis tests and biomarkers for childhood
and extrapulmonary tuberculosis, markers for treatment mon-
itoring, and markers for predicting progression from latent
M. tuberculosis infection to tuberculosis. In addition to incre-
asing funding for research and development, donors, gov-
ernments, and private industry must find a way to increase
funding for product evaluation. Otherwise, we may see a pleth-
ora of new tools with few data to support or refute their incor-
poration into policy.

CONCLUSIONS

In 2015, the tuberculosis diagnostics landscape looks promising,
with a robust pipeline and several companies actively engaged.
However, new diagnostics have yet to reach scale, and there
needs to be greater alignment between diagnostics and novel tu-
berculosis drug regimens. While the pipeline is robust for mo-
lecular tools, the pipeline is less robust for other products,
especially biomarker-based tests for cure, triage, and predicting
progression of latent M. tuberculosis infection. Several initi-
atives, described in this supplement, are ongoing to stimu-
late product development and policy, including assessment
of needs and priorities, development of TPPs, compilation of
data on resistance-associated mutations, and assessment of
market potential for new diagnostics. If these initiatives are
complemented with increased advocacy for funding for tuber-
culosis research and development with greater engagement of
countries in evaluation of new tools, and if governments in
HBCs actively scale-up new diagnostics and drug regimens, it
will help make the post-2015 vision of a tuberculosis-free
world a reality.
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espite the availability of a cheap and effective
treatment, tu- berculosis still accounts for millions of cases of
active disease and deaths worldwide. The  disease
disproportionately affects the poorest persons in

both high-income and developing countries.! However, recent advances in
diagnos-

tics, drugs, and vaccines and enhanced implementation of existing
interventions have increased the prospects for improved clinical care and
global tuberculosis control.

Epidemiology

In 2011, there were 8.7 million new cases of active tuberculosis worldwide
(13%

of which involved coinfection with the human immunodef iciency virus [HIV])
and

1.4 million deaths, including 430,000 deaths among HIV-infected patients!

repre- senting a slight decrease from peak numbers in the mid-2000s (Fig.
The New England Journal of Medicine

1). It has been estimated
that there were 310,000
incident cases of multidrug-
resistant tuberculo- sis,
caused by organisms resistant
to at least isoniazid and
rifampin, among patients
who were reported to have
tuberculosis in 2011 (Fig. 2).
More than 60% of these
patients were in China, India,
the Russian  Federation,
Pakistan, and South Africa.l2

A total of 84 countries have
reported cases of extensively
drug-resistant tuberculosis, a
subset of multidrug-resistant
tuberculosis  with  added
resistance to all fluoroquin-
olones plus any of the three
injectable  antituberculosis
drugs, kanamycin, amikacin,
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and capreomycin.’3 Sub-Saharan Africa has the highest rates of active
tuberculosis per capita, driven primarily by the HIV epidemic.! The absolute
number of cases is highest in Asia, with India and China having the greatest
burden of disease glob- ally.! In the United States and most Western
European countries, the majority of cases occur in foreign-born residents

and recent immigrants from countries in which tuberculosis is endemic.*
6

Pathogenesis

Patients with active pulmonary tuberculosis are the source of Mycobacterium
tubercu- losis. In more than 90% of persons infected with M. tuberculosis,
the pathogen is contained as asymptomatic latent infection. Recent studies
raise the possibility that some persons acquire and eliminate acute
infection with M. tuberculosis.” The risk of active disease is estimated to be
approximately 5% in the 18 months after initial in- fection and then
approximately 5% for the remaining lifetime.#8 An estimated 2 bil- lion
persons worldwide have latent infection and are at risk for reactivation.!
Con- tained latent infection reduces the risk of reinfection on repeated
exposure, whereas active tuberculosis is associated with an increased risk
of a second episode of tuberculosis on reexposure (Fig. S1 in the
Supplementary Appendix, available with the full text of this article at
NE/M.org).810
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Figure 1. Global Incidence of Tuberculosis.

Panel A shows global trends in the estimated incidence of tuberculosis from 1990 through 2011 among all patients, those with human
immunodeficiency virus (HIV) coinfection, and without HIV coinfection. The shading around the data curves indicates uncertainty inter-
vals on the basis of available data. Panel Bshows the estimated global incidence of tuberculosis in 2011.
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Drug-resistant strains of M. tuberculosis
arise from spontaneous  chromosomal
mutations at a predictable low frequency.
Selection pressure that is caused by misuse
of antituberculosis drugs, such as
monotherapy or the addition of single
drugs to failing regimens, results in the
emer- gence of resistant mutants (acquired
resistance). Transmission of such resistant
strains to another

person may result in infection and eventually
disease (primary resistance). Outbreaks of
highly fatal drug-resistant infection have
been docu- mented in several settings,
especially those in which the prevalence of
HIV infection is high.11-13

Recent reports describing totally drug-
resistant tuberculosis require  conf
irmation.*’> The fail- ure to detect drug
resistance results in the pre-
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Figure 2. Global Numbers of Cases of Multidrug-Resistant Tuberculosis.

Shown are the estimated numbers of cases of multidrug-resistant disease (including extensively drug-resistant disease) among cases
of pulmonary tuberculosis that were officially reported in 2011.

scription of inappropriate regimens,
treatment failure, increased mortality, and
further transmis- sion of drug-resistant
tuberculosis.1®

Clinical Features
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The classic clinical features of pulmonary
tuber- culosis include chronic cough,
sputum produc- tion, appetite loss, weight
loss, fever, night sweats, and hemoptysis.’”
Extrapulmonary tuberculosis occurs in 10 to
42% of patients, depending on race or
ethnic background, age, presence or ab-
sence of underlying disease, genotype of
the M. tuberculosis strain, and immune
status.’® Extra- pulmonary tuberculosis can
affect any organ in the body, has varied and
protean clinical mani- festations, and
therefore requires a high index of clinical
suspicion.

HIV coinfection poses special challenges
to clinical management in patients with active
tuber- culosis. The risk of active tuberculosis
increases soon after infection with HIV,1®
and the man- ifestations of pulmonary
tuberculosis at this stage are similar to
those in HIV-negative per- sons. At CD4
counts of less than 200 per cubic

millimeter, the presentation of tuberculosis
may be atypical, with subtle infiltrates,
pleural effu- sions, hilar lymphadenopathy,
and other forms of extrapulmonary
tuberculosis in as many as 50% of patients.
At CD4 counts of less than 75 per cubic
millimeter, pulmonary findings may be ab-
sent, and disseminated tuberculosis,
manifested as a nonspecific, chronic febrile
illness with wide- spread organ involvement
and mycobacteremia, is more frequent, with
high early mortality; poly- clonal disease has
also been described.?® Such cases may be
mistakenly diagnosed as other in- fectious
diseases and are often identified only on
autopsy.!

Asymptomatic, subclinical tuberculosis,
with negative findings on a sputum smear
and chest radiography and positive culture
results, is a common feature of HIV-
associated tuberculosis and may account for
10% of cases in regions in which tuberculosis
is endemic.t72223 Up to 25% of patients
presenting for HIV care in such re- gions
have undiagnosed active tuberculosis.!

Therefore, screening for tuberculosis s
recom- mended for all patients with HIV
infection to identify patients with active
disease and before

n engljmed 368;8 nejm.org february 21, 2013
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instituting isoniazid preventive therapy in
the remainder. The presence of any one of
four symptoms (cough, fever, night sweats,
or weight loss) has been shown to have
sensitivity in the range of 80% for identifying
patients in whom further diagnostic
evaluation is warranted, even in resource-
constrained regions.2* Proactive screen- ing for
tuberculosis is recommended in areas where
the disease is highly endemic, since sub-
clinical tuberculosis in patients with HIV
infec- tion or noncommunicable diseases
(e.g., diabetes mellitus and tobacco-related
chronic lung dis- ease) may otherwise be
missed.?%%>

Diagnosis

Latent Infection

Screening and treatment for latent M.
tuberculosis infection are indicated for groups
in which the prevalence of latent infection is
high (e.g., foreign- born persons from regions
in which tuberculosis is endemic), those in
whom the risk of reactivat- ed disease is high
(e.g., patients with HIV infec- tion or diabetes
and patients receiving immuno- suppressive
therapy), and those with both factors (e.g.,
recent contacts of patients with tuberculo-
sis).2627 Latent infection can be diagnosed
with either a tuberculin skin test (Fig. S2 in
the Sup- plementary Appendix) or an
interferon-gamma release assay. Specif ic
guidelines from the Cen- ters for Disease
Control and Prevention in the United
States,?® the National Institute for Health
and Clinical Excellence in the United
Kingdom,?® and the European Centre for
Disease Prevention and Control30
recommend the use of the interfer- on-
gamma release assay and tuberculin skin
test for screening for latent M. tuberculosis
infection in various age and risk groups. The
tuberculin skin test is less expensive and is
therefore preferred in low-income regions. It

The New England Journal of Medicine

is as sensitive as the inter-
feron-gamma release assay
but less specific.3!

Acti
ve
Tub
erc
ulo
sis
Sputum  microscopy and
culture in liquid medium with
subsequent drug-
susceptibility testing are
currently recommended as
standard methods for
diagnosing active tuberculosis.
The use of solid cul- ture
medium is more  cost-
effective in resource- poor
countries. Interferon-gamma
release assays and tuberculin
skin tests have no role in the

di-  agnosis of  active
disease.?®33  Nucleic acid
ampli- f ication tests,
imaging, and

histopathological
examination of  biopsy
samples supplement these
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evaluations. In resource-constrained settings with a high
prevalence of tuberculosis and HIV infec- tion, an estimated
30% of all patients with tuber- culosis and more than 90%
of those with multi- drug-resistant and extensively drug-
resistant tuberculosis do not receive a diagnosis.’3

A new molecular diagnostic test called Xpert MTB/RIF
assay detects M. tuberculosis complex with- in 2 hours, with an
assay sensitivity that is much higher than that of smear
microscopy.3* In HIV- infected patients, the test has a rate of
case de- tection that is increased by 45%, as compared
with smear microscopy.3> This molecular assay has the
potential to improve the performance of national
tuberculosis programs and is currently being implemented
in district-level laboratories in 67 countries with a high
prevalence of tuber- culosis.! It is available in Europe and is
being examined for approval in the United States.

Drug-Resistant Tuberculosis

The current standard for first-line drug-suscepti- bility
testing is an automated liquid culture sys- tem, which
requires 4 to 13 days for results. Commercial molecular
line-probe assays can yield results in 24 hours, once they
have been validated against automated liquid culture.3%-38

Within 2 hours, the Xpert MTB/RIF assay concur- rently gives
results on rifampin resistance, a proxy of multidrug-resistant
tuberculosis in settings in which there is a high prevalence

748

of drug resis- tance, since rifampin
resistance in the absence of isoniazid
resistance is uncommon. Assay modif i-

cations have been introduced to reduce false
positive results with respect to rifampin
resis- tance.3® The World Health Organization
(WHO) recommends that standard drug-
susceptibility testing be performed at the
same time that the Xpert MTB/RIF assay is
performed to confirm rifampin resistance
and the susceptibility of the M. tuberculosis
isolate to other drugs.*® Other screen- ing tests
for drug resistance include the micro- scopic-
observation drug-susceptibility (MODS) as-
say, the nitrate reductase assay, and
colorimetric reductase methods. The MODS
assay simultane- ously detects M. tuberculosis
bacilli, on the basis of cording formation,
and isoniazid and rifampin resistance.*
Since most of these methods are not
currently available in countries in which
tubercu- losis is highly endemic, it is
estimated that only

10% of cases of multidrug-resistant
tuberculosis are currently diagnosed
worldwide and only half of them receive
appropriate treatment.3

n engljmed 368;8 nejm.org february 21,2013



current concepts

Table 1. Current Recommendations for Tuberculosis Treatment.

Type of Infection Recommended Regimen
Active disease

Newly diagnosed cases that are not
to multidrug-resistant

Isoniazid, rifampin, ethambutol, and pyra-
zinamide for 2 mo (intensive phase),

followed byisoniazid and rifampin for

Multidrug-resistant disease Four second-line antituberculosis drugs

(as well as pyrazinamide), including
fluoroquinolone, a parenteral agent,
ethionamide or prothionamide, and

Latent infection

6 mo and preferably for 9 mo

observed therapy)

a dose of 600 mg daily for 3 mo

a dose of 600 mg twice weekly for 3 mo

either cycloserine or para-aminosalicylic

Isoniazid at a dose of 300 mg daily for at least

Rifampin at a dose of 600 mg daily for 4 mo

Comments

Pyridoxine supplementation recommended
prevent isoniazid-induced neuropathy

Initial treatment based on local disease patterns

and pending drug-susceptibility results; a
later-generation fluoroquinolones (e.g.,
moxifloxacin or levofloxacin) preferred

Recommended for 9 mo or more in HIV-

infected persons; daily administration
for 6 mo also an option but with lower
efficacy; extension to 36 mo further re-
duces risk among HIV-positive patients
in regions in which tuberculosis is

Isoniazid at a dose of 900 mg plus rifapentine Studied with directly observed therapy in pre-
at a dose of 900 mg weekly for 3 mo (directly

dominantly HIV-uninfected persons; higher
completion rates and equal efficacy, as

T SRUIONE JIHE U 7 Y

|

Shown to be effective in persons with silicosis

Isoniazid at a dose of 300 mg plus rifampin at Effective alternative for HIV-infected persons

Isoniazid at a dose of 900 mg plus rifampin at Another effective alternative for HIV-infected

persons

Treatment

latent Infection

Persons with latent M. tuberculosis infection

The trial is continuing to assess safety and effectiveness in
children and HIV-infected persons.

Current WHO guidelines** recommend that all

HIV-infected persons with positive or unknown results on

who are at increased risk for active
tuberculosis re- quire preventive
treatment.2842  The preferred regimen is
isoniazid alone for 9 months or for a longer
duration in HIV-infected persons in areas
with a high prevalence of tuberculosis.*34
Re- cently, directly observed weekly
administration of isoniazid and rifapentine
for 12 weeks has been shown to be as
effective as isoniazid alone in adults without
HIV infection in countries with a low burden
of tuberculosis. This regimen was associated
with fewer serious adverse events than

are living in resource-

9 months of isoniazid alone, although
treatment discontinuation because of an
adverse event was more common (Table 1).45
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constrained, high-burden
countries receive preven- tive
therapy with isoniazid for at
least 6 months. Three
regimens are effective for
the prevention of active
tuberculosis in HIV-infected
persons: daily isoniazid for 6
to 9 months, daily rifampin
and isoniazid for 3 months,
and rifampin and iso- niazid
twice weekly for 3
months.43:44 Rifampin-
containing regimens have
higher rates of drug toxicity
than those that do not
include rifam- pin.**4 The

difficulty of diagnosing active tuber- culosis in
patients with HIV coinfection accounts in
part for the slow adoption of isoniazid pre-
ventive therapy in clinical practice. Only
patients with a positive tuberculin skin test
who are re- ceiving preventive therapy with
isoniazid have de- creased rates of active
tuberculosis and death,*® and protection
against tuberculosis wanes within a few
months after cessation of isoniazid thera-
py. A trial in Botswana recently showed that
36 months of preventive therapy with
isoniazid, as compared with 6 months of
therapy, reduced the subsequent rate of
tuberculosis by 43%.% How- ever, compliance
with such a long-term regimen may be
poor.** A daily regimen of rifapentine
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Table 2. Status of Selected Trials of Tuberculosis Treatments.*

Trial or Investigational Drug Description Comments

Treatment of drug-sensitive active disease

REMox Standard 6-mo regimen vs. two 4-mo regimens including moxifloxacin  Results in 2014 have potential to shorten standard therapyto 4 mo
OFLOTUB I Standard 6-mo regimen vs. 4-mo regimen including gatifloxacin Results by mid-2013 have potential to shorten standard therapyto 4 mo
RIFAQUIN Two experimental groups in which moxifloxacin is substituted for Results expected by mid-2013

ethambutol for 2 mo, followed by moxifloxacin plus rifapentine
twice weekly for 2 mo or moxifloxacin plus rifapentine weekly

for4 mo
Multiple trials Increased doses of rifampin and rifapentine Higher doses of rifamycins may permit shorter regimens with stan-
dard drugs
Treatment of drug-resistant active disease
Bedaquiline (TMC207) Background therapy for multidrug-resistant disease plus bedaquiline Mycobacterial ATP synthase inhibitor shown to improve sputum
conversion at 8 wk; also to be studied in new regimens for
drug- sensitive tuberculosis
Delamanid (OPC-67683) Background therapy for multidrug-resistant disease plus delamanid A nitroimidazole with activity against replicating bacilli through inhibi- tion
of mycolic acid synthesis; active against nonreplicating bacilli
through generation of reactive nitrogen intermediates; shown
to improve sputum-culture conversion at 8 wk
PA-824 PA-824 combined with moxifloxacin and pyrazinamide is being studied A nitroimidazole with the same mechanism of action as delamanid;
in a phase 2b trial (8 wk) for treatment of drug-sensitive and when combined with moxifloxacin and pyrazinamide, has high
) ) bactericidal activity at 14 days, suggesting promise for
drug-resistant disease treatment of sensitive and resistant disease
A marketed oxazolidinone that improved sputum-culture conversion
at 4 mo in a group receivingimmediate versus delayed linezolid;
Linezolid Background therapy plus linezolid added immediately or 2 mo later for both linezolid regimens, 89% of patients had sputum-culture
in patients with extensively drug-resistant disease conversion on solid medium by 6 mo; high rate of peripheral neu-

ropathy, including some cases of optic neuropathy

Sutezolid Dose-ranging phase 2a trial completed Analogue of linezolid that may have improved activity
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and isoniazid for 1 month is also being
studied (Table 2). Studies have been
suggested to inves- tigate targeted use of
preventive therapy with isoniazid on a
continuous or recurring basis in persons
with HIV infection who have a positive
tuberculin skin test.*®

Drug-Sensitive Active Tuberculosis

Effective tuberculosis treatment requires
accurate and early diagnosis, screening for
drug resistance and HIV, the administration
of effective regimens under supervision, and
the provision of support to patients for
compliance throughout the course of
treatment. The current standard four-drug
treat- ment regimen of first-line drugs
(isoniazid, rif- ampin, pyrazinamide, and
ethambutol) achieves cure rates of more
than 95% in trial conditions and more than
90% in treatment under the over- sight of
tuberculosis-control  programs.4® Treat-
ment requires a minimum of 6 months in
two phases: 2 months of all four drugs in the
inten- sive phase and 4 months of isoniazid
and rifam- pin in the continuation stage
(Table 1). Risk fac- tors for relapse include
cavitation, extensive disease,
immunosuppression, and a sputum cul-ture
that remains positive at 8 weeks. If any of
these risk factors is present, therapy may be
ex- tended for up to 9 months. Challenges
with cur- rent therapy include inconsistent
drug quality, the need to ensure that drug
administration is directly observed and that
other support is pro- vided to patients,
treatment interruptions and changes in
regimen because of side effects, toxic
effects, pharmacokinetic interactions
(particu- larly with antiretroviral therapy in
patients with HIV coinfection),’® and
compliance issues owing to the lengthy

infected patients

infected patients
Designed to reduce mortality from undiagnosed tuberculosis in HIV-

Designed to reduce mortality from undiagnosed tuberculosis in HIV-

Designed to determine whether shorter treatment is effective in HIV-
positive patients

therapy in patients with CD4+ cell count of <50/mm?3and body-

mass index of <18.5
therapy in patients with CD4+ cell count of <50/mm?

Empirical therapy provided within 7 days after start of antiretroviral
Daily rifapentine plus isoniazid for 4 wk vs. daily isoniazid for 9 mo

Empirical therapy provided within 2 wk after start of antiretroviral

Prevention of Active Tuberculosis in HIV-Infected Individuals with Latent Tuberculosis Infection, OFLOTUB Randomized, Open-Label, Controlled Trial of a 4-Month Gatifloxacin-Containing
Regimen versus Standard Regimen for the treatment of Adult Patients with Pulmonary Tuberculosis, PROMPT Prevention of Early Mortality by Presumptive Tuberculosis Treatment,

REMEMBER Reducing Early Mortality and Morbidity by Empiric Tuberculosis Treatment, REMox Rapid Evaluation of Moxifloxacin in Tuberculosis, and RIFAQUIN International

Multicenter Trialto Evaluate High-Dose Rifapentine and a Quinolone in the Treatment of Pulmonary Tuberculosis.

treatment period. Several trials in progress
are adding or substituting f luoroquino-
lones or testing higher doses of rifamycins in
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with latent infection

Prevention of active disease in patients
CTG 5279

Downloaded fri

>



Empirical treatment of active disease

PROMPT

REMEMBER

an attempt to shorten standard therapy to
4 months (Table 2).

Tuberculosis and HIV Coinfection

Tuberculosis leads to an increase in HIV
replica- tion and accelerates progression of
HIV infection, with attendant high mortality.
Early initiation of antiretroviral therapy
results in a reduction in mortality; among
patients with tuberculosis who do not
receive antiretroviral therapy, those with
very low numbers of CD4+ cells have a
high short-term risk of death.>>2 WHO
recommends that antiretroviral therapy be
started within the
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first 8 weeks after the initiation of
tuberculosis treatment and that patients
with a CD4+ cell count of less than 50 per
cubic millimeter receive antiretroviral
therapy within the first 2 weeks.*

One exception is patients with tuberculous
men- ingitis, in whom the early initiation of
antiretro- viral therapy does not improve
outcomes and re- sults in an increased risk of
adverse events.*

The immune reconstitution inf
lammatory syndrome (IRIS) occurs in at
least 10% of HIV- infected patients who start
antiretroviral therapy during tuberculosis
treatment. These cases of IRISinclude both
new cases of active tuberculo- sis detected
after the initiation of antiretroviral therapy
(called unmasking IRIS) and clinical
worsening during tuberculosis treatment
after the initiation of antiretroviral therapy
(called para- doxical IRIS).>®* The most
common manifesta- tions of IRIS are new-
onset or worsening respi- ratorysymptoms
and increased lymphadenopathy. IRIS is
more common in patients who have a
reduced number of CD4+ cells and those
in whom antiretroviral therapy was
initiated earlyin the course of tuberculosis
treatment, with rates approaching 50%
among patients with a CD4+ cell count of
less than 50 per cubic milli- meter who
started to receive antiretroviral ther- apy
within 4 weeks after the start of tuberculosis
treatment.>® For antiretroviral therapy in
pa- tients with active tuberculosis,
regimens  with non-nucleoside  reverse
transcriptase inhibitors are preferred, and
efavirenz is the drug of first choice.>

The use of rifampin significantly reduces
se- rum concentrations of protease
inhibitors.>>

Studies of the substitution of rifabutin for
rifam- pin and increased doses of boosted
protease in- hibitors to avoid this reduction
are under way.®

The New England Journal of Medicine

Patients with HIV-associated
tuberculosis  should also
receive  prophylaxis  with
trimethoprim-—

sulfamethoxazole. In two
clinical  trials —  the
Prevention of Early Mortality
by Presumptive Tuberculosis
Treatment (PROMPT) study®®
and the Reducing Early
Mortality and Morbidity by

Empiric Tuberculosis
Treatment (REMEMBER)
study>” — investigators are
evaluating the use of early
empirical tuberculosis

therapy to reduce the high
rate of death among patients
living in tuberculosis-endemic
countries who have a CD4+
cell count of less than 50
per cubic millimeter
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but who do not have probable or confirmed tu- berculosis
(Table 2).

Multidrug-Resistant Tuberculosis

The treatment of multidrug-resistant tuberculo- sis is
based on expert opinion and requires the creation of
combination drug regimens chosen from five hierarchical
groups of first-line and second-line drugs®®*® (Table S1 in
the Supple- mentary Appendix). Such therapy is associated
with a high risk of intolerance and serious toxic effects.
Regimens may be chosen on a standard- ized or empirical
basis and then switched to in- dividualized therapy after
data regarding  drug- susceptibility testing become
available. However, reliable drug-susceptibility testing is not
widely available in regions in which tuberculosis is en- demic,
particularly for second-line drugs. WHO treatment
guidelines for  multidrug-resistant tu- berculosis
recommend that the intensive phase of therapy be
administered for at least 8 months.585°

A fluoroquinolone and an injectable agent should routinely
be included to provide a regimen with at least four second-
line drugs that will have cer- tain or nearly certain
effectiveness, as well as pyrazinamide.

Such therapy should be administered for at least 20
months in patients who have not re- ceived previous

752

treatment for multidrug-resis- tant
tuberculosis and for up to 30 months in
those who have received previous
treatment. An observational study showed
that a shorter regi- men, with treatment
given for 9 to 12 months (the so-called
Bangladesh regimen), had accept- able eff
icacy with fewer adverse reactions®® in a
population with no previous exposure to
second- line drugs. This regimen is being
more widely evaluated in the ongoing
Standardized  Treat- ment Regimen of
Antituberculosis Drugs for Patients with
Multidrug-Resistant Tuberculosis (STREAM)
trial.®* Since most of the recommend- ed
drugs have serious side effects that render
treatment particularly diff icult, expert
consulta- tion is always advised for the
treatment of  mul- tidrug-resistant
tuberculosis (Table S2 in the Supplementary
Appendix).

Extensively drug-resistant tuberculosis is
ex- tremely difficult to diagnose and treat
in coun- tries in which the disease is
endemic. The condi- tion has been associated
with death rates as high
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as 98%
pe r50n5.12'13'62'63

among HIV-infected

Several new drugs with activity against
multi- drug-resistant and extensively drug-
resistant tu- berculosis have shown promise
in early trials and are being investigated

further (Table S3 in the Supplementary
Appendix).
New Drugs
Five classes of new drugs are being

investigated in trials. Of these drugs, two
classes (nitroimid- azoles and
oxazolidinones) and two drugs (beda- quiline
and SQ-109) have new mechanisms of
action for tuberculosis (Table S3 in the
Supple- mentary Appendix). Phase 2 trials of
bedaquiline or delamanid added to
background therapy for multidrug-resistant
tuberculosis have shown a sig- nificant
increase in the rate of sputum-culture

conversion at 8 weeks of treatment (Table
2)_64,65

Phase 3 trials of each drug are being

initiated, and each manufacturer has
applied for acceler- ated marketing
approvals by regulatory agencies.

Accelerated approval was recently granted by
the Food and Drug Administration for the
use of be- daquiline in multidrug-resistant
tuberculosis.

Several studies of combination drugs are
be- ing conducted or are being planned,
although these trials face barriers that
include pharmaco- kinetic interactions, the
reliance on clinical rather than surrogate end
points, and the relatively low f inancial
incentive for drug companies to per- form
such trials. The efficient evaluation of new
drug combinations will require close
cooperation among the drug companies and
nonprof it spon- sors of clinical trials. The
three-drug combina- tion of moxifloxacin,
pyrazinamide, and PA-824 has 14-day

bactericidal activity similar to that of standard four-drug
therapy.%® Linezolid has re- cently been shown to achieve
sputum-culture conversion in patients with extensively drug-
resistant tuberculosis, and further evaluations are under
way.5

BCG and New Vaccines

M. bovis bacilli Calmette—Guérin (BCG) vaccine continues to
be administered in infants at birth in most regions where
tuberculosis is endemic. On the basis of a meta-analysis of
controlled clinical trials, the vaccine has an estimated
overall effi- cacy of approximately 50% for the prevention of
tuberculosis.®® Since the BCG vaccine can cause
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fatal disseminated infection
in  immunosup- pressed
patients, it should not be
administered in HIV-infected
newborns.  Although the
BCG vac- cine has never been
routinely used in the United
States, it is increasingly being
considered for use in
tuberculin-negative  adults
who are planning to travel
to areas with a high
prevalence of mul- tidrug-
resistant  tuberculosis in
order to provide medical
care.

Through a major
international effort, a range
of vaccines, both as primary
immunogens to replace BCG
and as boosters for BCG, are
being studied, with more
than 30 vaccines in develop-
ment. Twelve vaccines have
entered clinical trials (Fig. S3
in the Supplementary
Appendix).5® A poly- antigenic
inactivated whole-cell
vaccine showed

39% efficacy in a phase 3 trial
for the prevention of
tuberculosis among  HIV-
infected adults who had
received previous BCG
immunization.”

Conclusions

Tuberculosis remains a major cause of death
worldwide. The rise and spread of drug
resistance and synergistic interaction with
the HIV epidem- ic are posing diff icult
challenges and threatening global efforts at
tuberculosis control. New mo- lecular
diagnostics have made earlier and im-
proved diagnosis of active disease possible.
Lab- oratory expertise and resources are
required for these tests to become available
throughout the developing world. Newer
antituberculosis drugs offer the promise of
shortened treatment regi- mens for drug-
sensitive disease and more effec- tive
treatment for drug-resistant disease and la-
tent infection. New vaccines against
tuberculosis in advanced clinical trials offer
hope for future tuberculosis control.
Although these scientific developments are
promising, the global econom- ic crises
continue to hinder tuberculosis-control
programs. Strong political and financial
com- mitments’”*  will be required to
achieve global control of tuberculosis and
avert millions of un- necessary deaths.
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OBJECTIVE: To assess the increased diagnostic yield for pulmonary
tuberculosis using bronchial washing cultures compared with sputum cultures.

METHODS: Study conducted with 61 adults in Lima, Peru, from January 2006 to
December 2007. The yield of sputum cultures was compared with the yield of
acid-fast bacilli smears and cultures of bronchial washing for diagnosing
pulmonary tuberculosisin suspected cases of clinical tuberculosis with negative
acid fast bacilli sputum smears.

RESULTS: Twenty seven (95%Cl 32;58) of the cases were eventually diagnosed
with smear-negative pulmonary tuberculosis. Bronchial washing samples
detected 23 (95%Cl 72;99) of the smear-negative pulmonary tuberculosis
cases compared with 15 (95%Cl 37;74) for sputum cultures (p = 0.02). The
incremental diagnostic yield of acid fast bacilli smear and culture of bronchial
washing specimens over sputum culture was 44% (95%Cl 25;65).

CONCLUSIONS: In function of the epidemiological context and the resources
available, bronchoscopy should be deployed as part of a comprehensive work up
thatoptimizes smear-negative pulmonary tuberculosis diagnosisand minimizes
risk and costs.

DESCRIPTORS: Bronchoalveolar Lavage. Tuberculosis, diagnosis.
Diagnostic Techniques and Procedures. Sensitivity and Specificity.
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RESUMO

OBJETIVO: Avaliar o aumento do rendimento do diagndstico de tuberculose
pulmonar mediante cultura de lavado bronquico em comparagdo ao
rendimento da cultura de escarro.

METODOS: Estudo realizado com 61 adultos da cidade de Lima, Peru, a partir
de janeiro de 2006 a dezembro de 2007. Foi comparado o rendimento de
culturas de escarro com o de esfregaco de bacilos acido-resistentes e cultura
de amostras de lavado bronquico para diagndstico de tuberculose pulmonar,
em casos suspeitos de tuberculose clinica, com esfregaco de escarro de bacilos
acido-resistentes negativo.

RESULTADOS: Vinte e sete (IC95% 32;58) dos casos foram diagnosticados com
tuberculose pulmonar de baciloscopia negativa. As amostras de lavabo
brénquio detectaram 23 (95%; 1C95% 72;99) dos casos de tuberculose pulmonar
de baciloscopia negativa, comparados com 15 (IC95% 37;74) de cultura de
escarro (p =0.02). O diagndstico da tuberculose pulmonar mediante o uso do
esfregaco de bacilos acido-resistentes e da cultura de lavado brénquico
tiveram um rendimento adicional de 44% (1C95% 25;65) em relagdo a cultura de
escarro.

CONCLUSOES: Em funcdo do contexto epidemioldgico e dos recursos
disponiveis, a broncoscopia deve ser adotada como parte de trabalho
abrangente que otimize o diagndstico de tuberculose pulmonar de
baciloscopia negativa e minimize riscos e custos.

DESCRITORES: Lavagem Broncoalveolar. Tuberculose, diagnédstico.
Técnicas e Procedimentos Diagndsticos. Sensibilidade e Especificidade.

INTRODUCTION

According to World Health Organization (WHO),
smear negative pulmonary tuberculosis (SNPT) is
defined as a case with at least two negative sputum
acid fast bacilli (AFB) smears and either a positive
culture or radiographic abnormalities consistent with
tuberculosis and failure to respond to an antibiotic trial.®

Microbiological tests on flexible bronchoscopy samples
are considered useful for the diagnosis of SNPT, but
their indication is not standardized. The procedure is
performed on the premise that the bacillary load is
higher in samples from bronchial secretions than in
sputum. However, bronchoscopy is not without risk
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for patients and may be associated with nosocomial
transmission of tuberculosis.

The reported sensitivity in patients with clinical suspi-
cion of tuberculosis varies from as low as 6.5% to up to

Further evaluation of the yield of bronchoscopy is needed
in order to generate evidence-based recommendations
for the use of the procedure in patients with clinical
suspicion of SNPT. This study aimed to prospectively
assess the incremental diagnostic yield of acid fast
bacilli (AFB) smear and culture of a bronchial washing
sample over the yield of sputum sample culture in such
patients. We also compared the yield of liquid culture
compared to conventional solid culture in bronchial
washing samples.

METHODS

Study conducted in adults that attended the Hospital
Nacional Hipdlito Unanue, a tuberculosis reference
hospitalin Lima, Peru, fromJanuary 2006 to December

2007. We included patients with clinical suspicion of
pulmonary tuberculosis (cough for 14 days or more)
and two or more negative AFB sputum smears and one
additional negative concentrated smear, who did not
improve after atwo week antibiotic trial. Patients with
high clinical suspicion of tuberculosis who were put
on anti-tuberculous treatment without further inves-
tigation by the treating pneumologist were excluded
from the analysis.
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All patients underwent bronchoscopy with bron-
chial washing, without bronchoalveolar lavage. The
procedures were executed by trained pneumologists.
Patients were pre-medicated with 0.5 mg atropine
and then sedated with midazolam. Bronchial washing
was performed by instilling 20 to 50 ml of 0.9%
isotonic

saline in the tracheobronchial tree up to the sub-
seg-

mental level. The sample was obtained by aspiration
into a trap connected to a suction tube.

The sputum sample taken prior to the procedure was
concentrated, decontaminated and cultured in solid
Ogawa medium using standard methodology! and in
mycobacteria growth indicator tube, manually read as
previously described.® Bronchial washing samples were
concentrated, directly examined for AFB and cultured
in the same way.

We classified patients as SNPT cases when they had
a positive bacteriological result in cultures of sputum
or in AFB smears or cultures of bronchial washing
specimens. We calculated the overall diagnostic yields
of the different sputum and bronchial washing exam-
inations. Incremental diagnostic yield was defined as
[(number of additional cases diagnosed by the test / all
detected cases)*100)]. The McNemar test was used for
comparing the proportion of positive results.

Written informed consent was obtained from all
participants. Patients were offered HIV counseling and
voluntary testing. The study followed the Declaration
of Helsinki principles and was approved by the Ethics
Committee of the Hospital Nacional Hipdlito Unanue
and of the Institute of Tropical Medicine of Antwerp
(Registration number 4525842, July 5 2005).

RESULTS

Sixty-one patients were recruited. The median age was

815

Table. Comparison of the diagnostic yield in sputum smear-
negative pulmonary tuberculosis suspects of sputum culture,
bronchial washing smear acid fast bacilli staining and
bronchial washing culture. Lima, Peru, 2006 to 2007.

Bronchial washing AFB smear

and culture

Variable Any Both

33 (interquartile range 26 to 43 years old) and 52%
were males; 21% had a previous history of tuberculosis.
Fourteen patients refused HIV testing and one out of
the 47 patients tested had a positive test. SNPT was
diagnosed in 27/61 (95%Cl 32;58) suspected cases.
There were no complications from the procedure and
bronchial washing samples were able to be obtained
from all recruited patients.

Bronchial washing AFB smears and cultures detected

23/27 cases of SNPT (95%Cl 72;99), a significantly
higher proportion (p = 0.02) than the 15/27 (95%ClI

37;74) cases detected by sputum cultures (Table 1).
Nine of the 27 SNPT patients (95%Cl 17;54) had a
positive solid sputum culture and 13/27 (95%Cl 29;68)
a positive liquid sputum culture. This difference was not
significant (p = 0.16). The incremental diagnostic yield
of bronchial washing examinations over sputum cultures
was 12/27 (95%Cl 25;65). AFB smears from bronchial
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Total

positive negative
Sputum culture
Positive 11 4 15
Negative 10 33 43
Contaminated 2 1 3
Total 23 38 61

Bronchial washing culture

Positive Negative Total
Bronchial washing AFB
Positive 10 1 11
Negative 12 38 50
Total 22 39 61

AFB: acid fast bacilli

washings were already positive in 6/15 (95%Cl 16;68)

cases eventually detected by sputum
culture.

Bronchial washing AFB smears were positive in 11 of
the 23 (95%Cl 27;69) SNPT cases detected through
bronchoscopy while cultures of bronchial washing
specimens were positive in 22 of these cases (95%Cl

78;100) (p < 0.001). The incremental diagnostic yield
of culture over AFB smears in bronchial washing spec-
imens was 12/23 (95%CI 31;73).

Positivity of bronchial washing culture was higher in
liquid media (19/22; 95%Cl 65;97) than in solid media
(14/22; 95%Cl 41;83) (p = 0.06). The incremental diag-
nostic yield of liquid culture from bronchial washing
over solid cultures was 8/22 (95%Cl 17;59).

DISCUSSION

The incremental yield of AFB smear and culture of
bronchial washing specimens over sputum cultures
(44.0%) is substantial in suspected cases of SNPT, and
the diagnostic yield (85.0%) is high. The latter finding

is consistent with the literature, but yield is highly
dependent on the setting. Nevertheless, a few
patients with positive sputum cultures have negative
bronchial washing examinations. This may be due to
the bacte- riostatic effect of the local anesthetic,
xylocaine? or to delays in processing the bronchial
washing samples. Bronchoalveolar lavage could
possibly result in an even better diagnostic yield but is
not frequently performed in resource constrained
settings.
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A considerable proportion of bronchoscopies could
be foregone if the results of sputum cultures became
more rapidly available: half of patients with SNPT
diagnosed through bronchoscopy eventually had a
positive sputum culture. Liquid media cultures give
faster results and are more sensitive than culture in
stan- dard solid media and should be made more
generally available.* The diagnostic yield of bronchial
washing samples is better than that of sputum
samples, but they are complementary and should be
included in the work-up
epidemiological context, patient presentation and
resources available. Sputum post-
bronchoscopicsputum samples and the deployment of
molecular techniques could all further

in function of the

induction,
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tests of clinical samples
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Methods: Using sputum samples from 572 individuals as a self-selected pop-
ulation, both ZiehleNeelsen staining and culturing on Lowensteinelensen
medium were carried out as diagnostic procedures. Using Bayes’ rule, the
obtained data set was analyzed.

Results: Of the 572 samples, 33 (0.05769) were true positive (results of both tests
positive) cases; 22 samples (0.03846) were false positive (smear test positive and
culture test negative) cases; 62 samples (0.10839) were false negative (smear
test negativeand culture test positive) cases; and 455 samples (0.79545) were
true negative (results of both tests negative) cases. Values of test statistics,
sensitivity, and specificity were used to compute several inherent other Bayesian
test statistics. The a priori probability or prevalence value of tuberculosis in the
targeted population was 0.166. The a posteriori probability value computed
arithmetically was 0.6614 and that obtained by the graphical method was 0.62.
Conclusions: The smear test was found to be dependable for 95.4% with stable
TBinfections, and it was not dependable for 34.7% without stable TBinfections.
The culturetest could be regarded as the gold standard for 96.15% as seen with
the dataset, which was obtained after the implementation of the DOTS program.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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1. Introduction

Tuberculosis, caused by tubercle bacilli (TB),
spreads by droplet infection, via an aerosol sneezed
by a patient. In immune-compromised/aged
individuals, those with poor health, those infected
with HIV, and those living in poor hygienic
conditions, TB attacks through the upper respi-
ratory tract (URT), and after a dormant period, the
disease is expressed [1]. Sometimes, a TB strain
causes URT infections , and when consulting a
clinician the infected individual is routinely advised
to undergo a rapid diag- nostic testdthe acid-fast
bacillus (AFB) staining or ZiehleNeelsen staining
(ZN staining or smear test, cited herein). Typically,
this method requires a critical pop- ulation of bacilli
(5e10 10° bacilli/mL) in the clinical (sputum)
sample from an infected person for the positivity of
the test result [2]. However, a smear test can turn
up a negative result, if there is only a small number of
bacilli in the sputum sample. Concomitant to
diagnosis by a smear test, sputum samples are
routinely sent for culturing in

Lowensteinelensen (Lel) medium. Unfortunately,
in TB it takes 3e4 weeks for colonies to develop,
during which time the disease becomes stable in the
infected individual. Indeed, this test (culture test,
cited herein) is regarded as the gold standard,
because viable bacilli in the sputum sample grow
into colonies in the Le) medium [3].

The unfortunate situation is that false negative
(FN) cases (results where the smear test is negative
and the culture test is positive) lead to cryptic
invasions of bacilli that progress toward the
establishment of the disease, as a negative smear
test result prompts the decision for nontreatment
(to control the infection), and when culture test
results become available later (after 1 month or so),
the person has already contracted the disease [4].
There- fore, to prevent this, clinicians usually
recommend for patients to undergo empirical TB
chemotherapy. When a patient is on
chemotherapy, he/she may sometimes have a
sufficient amount of dead bacilli to yield “smear
test positivity along with culture test negativity”,
givingriseto false positive (FP) cases. The other two
obvious possi- bilities are the positivity of both
tests, i.e., true positive (TP) cases (smear test
positivity and culture test posi- tivity) and the

negative results of both tests, i.e., true negative
(TN) cases (smear test negativity and culture test
negativity), which can be suitably taken care of by
the clinician. The confusing ambivalence of FN and
FP cases creates clinical ambiguity, i.e., persons with
FN cases are notgiven chemotherapy unless multiple
comorbidities are evident, leading to the
establishment of the disease. By contrast, FP
patients, particularly those with a small number
of bacilli, are unnecessarily subjected to a
rigorous regimen of chemotherapy. In addition, FP
cases may arise from infection from mycobacteria
other than tuberculosis (MOTT).

This hospital was converted into a teaching
hospital in 2007, and the Revised National TB
Control Program
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was launched in the same year; however, the

program only became effective from December

2009 onward. The samples were collected from
suspected patients, who at times had been treated
with the directly observed treatment short-course
(DOTS) protocol, which was instituted by the World
Health Organization [5]. The DOTS strategy involves
the treatment of TB patients for the first 2 months
with the first-line drugs of chemo- therapy [6].

There were also provisions for intermediate dosing

of drugs three times weekly, and at times twice

weekly, although this was not recommended by
the World Health Organization, because margins of

error stemming from accidentally omitting one
dose per week may result in once-weekly dosing,
which would virtu- ally render the treatment
ineffective. It had been recor- ded that the
implementation of DOTS has a success rate
exceeding 95% and that it prevented the
emergence of further MDR-TB strains [7]. It should

be noted that the DOTS-plus program meant for

MDR-TB was not introduced in this study, because
it involves drug sensitivity testing as a routine

procedure; thus, patients were treated under

resource-limited settings. Data pre- sented here
were from a period of 19 months, as recorded
from patients in areas where the DOTS program

was implemented. This work is an extension of our

previous work of 5 years [8], which was conducted
in a community where the DOTS program was not

used. This report describes the prevalence of

tuberculosis after the program has been
implemented. Thus, this work substantiates, with
a reasonable interval after the previous study, the
use of the DOTS program in and around this TB
center with a view toward examining its aftermath
in a typical state of India.

1.1. Why Bayesian analysis?

In a population of suspected patients who
donated sputum samples, four types of situations

were noted. Obviously, a clinician would be eager

to know numer- ically about the errors of each
test, which gave rise to FN and FP cases.
Therefore, degrees of fallibility of both tests need

analysis can be used [9]. As with any disease, for
TB, an affirmative diagnostic procedure becomes
essential in order to determine the
presence/absence of a disease in a patient. Two
types of false cases, FN and FP cases, arise as
errors unbeknown to the clin- iciandthe first
type of error is the treatment of healthy people
suspected of being infected, and the second is
allowing infected patients to go untreated in a
commu- nity of healthy individuals [10]. The first
type of error results in morbidity linked to first-line
and second-line drugs [6], whereas the impact of
the second type is even more grave, in that the
infection subtly spreads to the rest of the patient’s
body as well as to the commu- nity. This situation
could lead to serious consternation in issues of
public health [6]. Thus, a suitable test to
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resolve the ambivalence of supporting smear tests
or culture test results is essential.

Data could be presented in a 2 2 generic
format, for which only the Bayesian concept can be
used, as the culture test is considered the gold
standard [11]. The data set could then be used to
assess the prevalence of tuberculosis in the
targeted population as a post hoc trial from 572
samples; in addition, the digital assessment of the
credibility of the smear test could be performed. As
the culture test also has its degree of fallibility,
i.e., unviable bacilli as discussed above may give
rise to positivity in the smear test and negativity in
the culture test, its quantification also remains an
obvious quest.

Diagnostic tests are used to reveal the
occurrence of

a disease in a population consisting of randomly
distributed diseased and disease-free individuals,
and the accuracy of a diagnostic test can be
measured by comparing the test results to the
true condition of patients individually. Herein, the
ambivalence of smear and culture tests could be
resolved with the account of data as evidenced by
an appropriate statistical analysis involving
probabilitydas the extent of how dependable each
test is. Obviously, an ideally based truth is required
with which the second test can be compareddthe
smear test is to be assessed. Therefore, with care,
the Bayesian analysis based on evidence could
measure the degree of belief/assumption: first, at
what percentage can the culture test be taken as
the gold standard, and second, to what extent,
numerically, can the smear test be consid- ered
dependable for the start of TB chemotherapy?

To evaluate the inherent probability of each test,
the prior probability (a priori probability or
prevalence or the prevalence of disease in the
targeted population) is determined before using
the data. Prevalence is computed as (TP p FN)/N,
where N is the total number of samples.
Additionally, several test statistics are associated in
the analysis:

1. The sensitivity (TP rate) is the proportion of
people with the disease who will have positive
smear test results, computed by [TP/(TP p
FN)]. This value is the ability of the smear test
to detect the infection status, when it is truly

present, i.e., it is the proba- bility of a positive
test result, given that the samples were taken
from sick individuals.

2. The specificity (TN rate) is the proportion of
people

without the disease who will have negative
smear test results, obtained by [TN/(FP b TN)].
This value is the ability of the smear test to yield
a negative result with samples from disease-
free individuals, i.e., it is the probability of a
negative test result.

3. The FP rate is the probability of errors in the
culture test, computed as [FP/(FP p TN)].

4. The FN rate is the probability of errors in the
smear

test, computed as FN/(TP b
FN).

5. The positive predictivity is the posttest
probability

of the disease that yielded a positive test
result, or
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the probability of the portion of people with
positive test results who actually had the
disease, computed as [TP/(TP b FP)].

6. The negative predictivity is the posttest
probability of the disease that gave a negative
test result, or the probability of the proportion
of people with nega- tive test results who
actually did not have the disease, computed as
[TN/(FN b TN)I.

7. The diagnostic accuracy (inherent validity
or predictive validity) is the ability of the smear
test to be correctly positive or negative, among
the binary results of the culture test, computed
as [(TP b TN)/ N]. Additionally, this value
estimates the accuracy of smear and culture
tests together.

8. The positive likelihood ratio (LR) is the
ratio between the TP rate and the FP rate,
computed as [sensitivity/(1 specificity)],
when the smear test result was positive.

9. The negative LR is the ratio between the FN rate
and the TN rate, computed as [(1
sensitivity)/speci- ficity], when the smear test
result was negative. In fact, the larger is the
positive LR value, the greater the likelihood of
infection, and similarly, the lesser is the
negative LR value, the lesser the likelihood of
infection in a population.

10. The a posteriori probability is the value
from posttest arithmetic computation of the
data set for the diagnostic efficiency, and it
clarifies the dependability of each test
independently, with a numerical probability
value in arriving at the truth, i.e., the sought-
after conclusions from both tests.

11. The area under the receiver

characteristic

operating

(ROC) curve, drawn with values of sensitivity
and

1 specificity, gives a graphical analysis for
diag- nostic efficiency. The graphical method
additionally examines the predicti¥r(]ee ﬁ%%bi it

as another value of a posteriori probability,
independent of the arithmetic computation.

2. Materials and Methods

Sum Hospital, Bhubaneswar, is a philanthropic
clinical teaching hospital with a recognized TB
center. During the

18 months of study, persons of all age groups
suspected of having pulmonary tuberculosis
contributed fresh sputum samples, which were
subjected to AFB/smear test and culturing in the
LeJ) medium on the same day. An aliquot of 5 mL of
asamplewasaddedtoavolume of 10 mLof4% NaOH
in a centrifuge tube that was placed for 15 minutes
in a water bath at 37 C, for the digestion of mucus.
The tube was centrifuged at 3000 g for 20
minutes; the supernatant was discarded, and the
residue was washed three times with sterile
distilled water [12]. A smear was prepared using
two droplets of the suspension on a glass slide, and
this was air dried; drops of 1% carbol-fuchsin were
poured onto the smear. Next, the slide was heated
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gently and was allowed to stand for 10 minutes for
the coloration of the smear. The slide was gently
washed with water and was decolorized with drops
of 25% H,SO,. The smear was further
counterstained with 0.1% methylene blue solution
for 1 minute, and was gently washed before air-
drying. At least 200e300 fields under an oil immer-
sion objective were screened for red/pink AFB, and
results were recorded as Oel, 1e9, or 1099 or
more AFB per field (Figure 1). Results were
reported, viewing under 100 fields, as follows: (1)
negative with no red/pink bacteria, (2) scanty for
1le9 bacilli, (3) p for 10e99 bacilli, (4) pp for
more than 100 bacilli, or (5) b for bacilli more
than 100 per field [13]. Furthermore, dupli- cate
tubes of the LeJ medium were inoculated from the
prepared suspension and were incubated at 37 C
for the growth of colonies that were checked later,
in 6e8 weeks with weekly intervals.

3. Results

Diagnostic analyses of 572 sputum samples
(NZ1.0) obtained in a period of 19 months (March
2010 to September 2012) were performed with a
smear test and culture test, in a parallel manner. It
was found that from a total of 572 samples (N Z
1.0), 33 samples (0.05769) were TP cases; 22
samples (0.03846) were FP cases; 62 samples
(0.10839) were FN cases; and 455 samples
(0.79545) were TN cases. It was evident that there
was mismatch of results in the two tests, so FN and
FP cases arose (Table 1). Applying the Bayesian
concept with the recorded data (Table 1), several
other test statistics described earlier could be
computed for additional prob- ability values, with
95% confidence interval (Cl) values (Table 2).

3.1. Computation of a posteriori probability
mathematically and by ROC curve analysis

The a posteriori probability or P(EjE ), the
proba- bility value of a sample to be truly
positive, can be

calculated using the

formula,

Bayesian

Figure 1. Photomicrograph of smear slide with
ZiehleNeelsen staining with pink bacilli of Mycobacterium
tuberculosis. An arrow indicates a bacillus.
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POE,JEP Z PSE,Pp  POEE,P=IPSE,P  PBEjE,P

b PSE'P  PIEJE'P;

1 1

where E is the event that the smear test result is
positive; E, is the event that the result of the culture
test involving the same sample is positive; E,’is the
partition of the sample space for all clinical samples
from noninfected individuals, and it is a

hypothetical value. This yields several probability

values:

PGE P Z probability of smear test
positives

Z 0:09615

P3E,p Z probability of
culture test positives

Z 0:16608

POEjE, P Z 0:09615=0:16608 Z
0:5789

P3E'p Z probability of TP Z 0:05789

POEJE,P Z probability of TP p TNZ 0:8531

Because we seek the mathematical value of a
poste- riori probability, substituting the above
values in its formula, we obtain

POE,jEP Z §0:16608P  §0:5789p=4§0:16608p

00:5789p b 80:0577P  §0:8531p

Z 0:6614895%Cl; 0:562e0:758p:

The population of 572 samples was grouped into
six fractional populations, and values of prevalence
remained at the mean value of 0.23 0.12 (the
original prevalence value was 0.16608). Values of
sensitivity, specificity, and a posteriori probability
were determined before drawing the graph for the
ROC curve, and these values gave an idea that for
all possible values of pop- ulation and prevalence,
the sensitivity patterns changed with a mean
present value of 0.30 0.13 (the original sensitivity
value was 0.347), but the specificity values
remained unchanged at 0.99 throughout. Values
of a posteriori probability also remained in the
range at the mean value of 0.59 0.05 (the
original a posteriori probability value was 0.6614)
(Table 3).

Values of both sensitivity and specificity were
used to

determine another value of a posteriori
probability by the ROC curve (Figure 2), which was
drawn by joining the cut-points represented by six
values of each: sensi- tivity versus 1  specificity;
and the diagonal chance line, (45 line) through the
coordinates (0, 0) and (1, 1), was drawn as the lower
limit. The area of the upper triangle above the 45
diagonal line (called the chance line) was taken as
the total value Z 1.0, out of which the AUC (area
under the ROC curve) was found to be 0.62 (95%
Cl, 0.473e0.767), determined by using the
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Table 1. The generic 2

and culture test during TB diagnosis

2 table with number of samples assigned to positive and negative results, based on smear test

Culture test results

Smear test results Infection present

Infection absent Total

Positive TP Z 33 (0.05769)
Negative FN Z 62 (0.10839)
Total (TP b EN) Z 95 (0.1669)

FP Z 22 (0.03846)
TN Z 455 (0.79545)

(FP b TN) Z 477 (0.8339)

(TP b FP) Z 55 (0.09615)
(FN b TN) Z 517 (0.90385)

N Z 572 (1.0, approx.)

TP Z 33 samples were true-positives (smear test positive, culture test positive); FP Z 22 samples were false-positives (smear test positive, culture test

negative); FN Z 62 samples were false negatives (smear test negative, culture test positive); and TN Z 455 samples were true-negatives (smear test
negative, culture test negative); N Z population size or total number of samples Z 572. Corresponding fraction values are given in parentheses.

Prevalence of TB Z 0.1669.

trapezoidal rule [14]. This means that the smear
test has a 62% chance of correctly distinguishing a
sample from an infected person and a sample
from a noninfected individual. This is the second
value of a posteriori probability, the first one being
0.6614 or 66.14%.

4. Discussion

The presence of the disease in this population of
572 suspected individuals or the prevalence or a
priori probability value of the test was 0.16608
or 16.6%, computed according to Zhou et al [15].
There were 95 positives (TP and FN cases) out of
the total sputum samples, based on culture test
results. Moreover, from both types of false cases
(FN and FP), it was clear that each test was
insufficient for the prognosis. Positive predictivity
is the conditional probability that a patient had the
disease, given that the smear test result was
positive. Similarly, negative predictivity is the
condi- tional probability, where the sample does
not have the infection, given that the smear test
result was negative. The positive predictivity value,
0.6, and the negative predictivity value, 0.88,
computed herein are far from

Table 2.

the absolute values of 0.4 and 0.12, respectively.
However, both are dependable in terms of
determining the prevalence of the disease [16]. In
other words, the negative predictivity value is
dependable for the smear test.

Sensitivity and specificity are two important test
statistics that are conditional to the situation of the
stable TB infection with the sample donor, but both
of these values are not affected by the prevalence
of the disease. In this study, the sensitivity of
the smear test was

0.347da value that strongly undermines the
effectivity of the smear test for TB diagnosis in the
presence of stable TB infections. However, the
specificity value was

0.954, which suggests an absolute dependability of
the smear test in the absence of an infection. The
correct rather cumulative value of these two test
statistics would be [(1 0.347) b (1 0.954)] Z
0.696. Therefore, the smear test was dependable
for a correct prognosis of the disease in either way,
absence/presence of the disease, by 69.6% only,
with or without a stable infection. This cumulative
value of 69.6% was not at par with the diagnostic
accuracy value of 0.853 (85.3%), which signifies
how commonly dependable the smear test is, in
cases where the result of the culture test was
still

Computed probability values of different Bayesian test statistics of TB diagnosis

Test statistic Formula

Value 95% ClI
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Prevalence or a priori

probability

Sensitivity (true positive rate)
Specificity (true negative rate)
Diagnostic accuracy

Positive predictivity

Negative predictivity

False positive rate

False negative rate

Positive likelihood ratio
Negative likelihood ratio

A posteriori probability

Area under the ROC curve or

ernately,
see text.

sensitivity){prevalence

(TP b FN)/N 0.166
TP/(TP b FN) 0.347
TN/(FP b TN) 0.954

(TP b TN)/N? 0.853
TP/(TP b FP) 0.6
TN/(FN b TN) 0.88
FP/(FP b TN) Z 0.046
(1 specificity)

T it 0652

Sensitivity/(1  specificity) 7.543

(1 sensitivity)/specificity 0.685

P(E4E ) 0.6614

AUC (a posteriori probability) 0.62

speciticity prevalence). For a

reviations, see lable 1; Tor the detaile

Cl Z confidence interval; FN Z false negative; FP Z false positive; TN Z true negative; TP Z true positive.
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0.248e1.0

0.6144e1.0

0.0008e€0.0792

0.4648e€0.9352

0.464e17.556

0.524e0.916

0.562e0.758
0.473e0.767

ormula or a posteriori probabllity,



Table 3. Different values of sensitivity, specificity and posteriori probability for six values of population and prevalence

tard-doviati : (NZ 5721

Population fraction Prevalence Sensitivity Specificity Posteriori probability
100 0.17 0.35 0.02 0.612

100 0.37 0.22 0.03 0.638

100 0.33 0.12 1.0 0.6

100 0.10 0.4 0.06 0.714

100 0.15 0.47 0.09 0.706

72 0.111 0.25 0.03 0.692

Mean SD 0.23 0.12 0.30 0.13 0.21 0.39 0.66 0.05

unknown. The difference between the above
values (69.6% vs. 85.3%) could be attributable to
the inveterate advice of a clinician for the smear
test, when copious cough is present in the URT with
other doubtful symptoms, as a preemptive
practice, or the limited fallibility of the culture test.
However, 455 (79.5%) TN cases from a total 572
are justified for the habitual advice by clinicians
for the smear test, as noted.

The 62 (10.84%) FN cases of the total smear test
result could be attributable to samples from a
healthy person without any bacilli, from newly
infected indi- viduals with a paucity of organisms,
and unviable infection with Mycobacterium
paratuberculosis  [17], including MOTT or prior
Bacillus CalmetteeGuérin vaccination, as noted
[18]. A high value of FN cases (10.84%) should
actually induce a progress in the infection that is
present in the body, and it is matter of concern
because TB chemotherapy has not been initi- ated
in FN cases. Obviously, error in TB prognosis would
cause an individual to become an outcast,
because of drug-resistant infections, especially
due to FN cases. Nevertheless, samples are
concentrated before diagnostic steps are
undertaken by default. Indeed, at
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Figure 2. The receiver operating characteristic (ROC) curve.
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least, 510 10° bacilli/mL must be present
in a sample for a smear test result to be considered
positive [2,19]. Thus, the insufficiency of the smear
test could be attributed to the small number of
bacilli in the sample. The pragmatic approach to TB
prognosis would defi- nitely be the nucleic acid
amplification test with isola- tion of DNA from
bacilli, meant for drug-resistant bacilli, which is
not usually followed in resource-limited settings.
Thus, a smear test would be inadequate in
distinguishing a sick from a nonsick person with
latent TB, as the latter would promote evasive FN
or FP cases. The dependability of the culture test is
challenged by the

22 FP cases; in other words, this test is
dependable as

the gold standard for 96.15% only. Virtually, the
prob- ability of the culture test result being positive
would never be zero, but the probability of the
smear test to be totally negative cannot be ruled
out, when each sample contains an insufficient
amount of bacilli. Moreover, the FP cases are 22
(3.85%), which suggests that the erro- neous smear
test results may be attributable to a patient
undergoing chemotherapy, leading to unviable
bacilli for the culture test, but the smear test would
be positive because of the presence of dead bacilli.
Thus, the FP rate is 0.046 or 4.6%.

With  double-checking  (arithmetic  and
graphical), the posttest analysis of the data could
be done for numerical assessments with two values
of a posteriori probability. The graphical
representation value is 0.62 and the arithmetic
value is 0.6648. Both values are in close
proximity with a distance of 0.4% in derivation.
Thus, statistically this signifies the dependability of
the smear test with this binocular vision.
Moreover, the values of associated test statistics
generated in the Bayesian analysis clump around
the data set facilitate a multiple evaluation of the
ambivalence. Thus, this analysis would provide a
methodological framework of quantitative
assessment of two test results of diagnosis of
pulmonary tuberculosis.

of infection would have a positive smear test result.
Second, both sensitivity and specificity are not
affected by the prev- alence of the disease, but
they are well affected by the inherent fallibility of
each test. For example, when the

The limitations of this analysis REedMMEFRYS mal of Medicine
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sensitivity value is higher, it would be easier to detect positivity in a population by the smear test; however, it could also be
attributable to individuals with a more advanced stage of the disease [15]. Third, these two test statistics do not directly help
in assessing the test results of individual patients as both are based on the data set of the population. Lastly, the habitual advice
of clinicians to individuals with URT infections to undergo a smear test promotes ambiguous FN cases.

This Bayesian analysis on test results could represent an opportunity for the numerical assessment of two diagnostic methods
by generation of a set of values of test statistics, which cumulatively qualify the smear test to be moderately dependable
(69.6e85.3%), i.e., lesser dependability when the infection is present in the indi- vidual, and greater only when the infection
is not present. The gold standard culture test was found to be almost exquisitely dependable for the prognosis of pulmonary
tuberculosis, as known. The posttest or post hoc analysis of the data set generating two values of a posteriori probability,
falling within 62.0% and

66.48%, however, neither advocates strongly for, nor

undermines both diagnostic methods. It should be noted, however, the recent outbreak of multidrug-resistant TB worldwide
must be controlled with more rigorous measures, for which both these methods are insufficient.
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resumen

La tuberculosis (TB) es una de las enfermedades infecciosas con mayor nimero de casos, sobre todo en
paises de bajarenta. A pesar de tener un tratamiento eficaz, su control es dificil debido a las caracteristicas
de la bacteria y al mecanismo de transmision de la enfermedad. El diagnéstico microbiolégico establece
la etiologia y la confirmacion de la enfermedad. Se basa en la microscopia con tinciones especificas, el
cultivo de micobacterias, sobre todo en medios liquidos, y la amplificacion génica cuando el grado de
sospecha es moderado-alto. Es necesario identificar siempre los cultivos positivos, debido a que en los
Gltimos afos se observaun aumento de micobacteriasno tuberculosas contratamiento distinto a la TB. El
tratamiento de los casos resistentes es complejo y con pocos farmacos alternativos. Por ello debe hacerse
antibiograma sistematico de todos los pacientes con aislamientos positivos. Las pruebas de deteccion
de mutaciones de resistencia adelantan la informacién de la resistencia de 3-4 semanas a 2-3 dias. Estan
indicadas cuando se sospeche resistencia en pacientes previamente tratados, contactos de resistentes,
fracasos clinicos, recidivas y originarios de paises de alta prevalencia de TB.

Se necesitan nuevas pruebas diagnoésticas que incidan en las limitaciones de las actuales, como son la
sensibilidad y la lentitud en crecer de Mycobacterium tuberculosis.

© 2014 SER. Publicado por Elsevier Espafia, S.L. Todos|los, qe__%_ﬁggjeservados.

Microbiology of tuberculosis

abstract

Tuberculosis (TB) is one of the infectious diseases with a larger number of cases, especially in low-income
countries. Despite having an effective treatment, its control is difficultdue to the characteristics of the
bacterium and the transmission mechanism of the disease. The microbiological diagnosis establishes
the etiology and confirms the disease. It is based on specific staining microscopy, mycobacterial
culture, especially liquid media, and gene amplification, when the suspicion is moderate to high. It is
always necessary to identify positive cultures, since in the recent years an increase in non-tuberculous
Mycobacteria (NMT), with different TB treatment, has been observed. The treatment of resistant cases
is complicated and also limited due to the lack of alternative drugs. Therefore, systematic susceptibility
testing should be performed on all patients with positive isolates. The screening of the mutations
associated with resistance provides information in 2-3days instead of 3-4 weeks. It is indicated in
previously treated patients, contacts with resistant cases, in clinical failures or recurrences, and in

patients originating from countries with a high incidence of TB.
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Introduccion

La tuberculosis (TB) es una de las enfermedades infecciosas con
mayor numero de casos responsabilidad de un dnico agente. Junto
con la malariay la infeccion por el VIH, estd considerada una prio-
ridad por la OMS. En 2012 se comunicaron 8,6 millones de casos

Correo electrénico: gonzalez@clinic.ub.es

nuevos en el mundo, con 1,2 millones de muertos, més del 95% en
paises de baja renta'. La transmision aérea, la instauracion pro-
gresiva de la clinica y la capacidad latente del bacilo de Koch son
algunas de las causas que explican su dificil control. Factores como
el VIH y la resistencia a los farmacos agravan la clinica y compli-
can su manejo. Durante la década de 1980 hubo un aumento en
la incidencia de casos debidos a la inmunodepresion por el VIH,
llegando a ser VIH+ el 25-50% de los pacientes con TB.La introduc-
cion de los tratamientos antirretrovirales de alta eficacia disminuy6

1577-3566/% — see front matter © 2014 SER. Publicado por Elsevier Espafia, S.L. Todos los derechos reservados.
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esta influencia y en 2012 se comunicé VIH+ en el 12,7% de los
pacientes®.

La OMS y los programas nacionales de control recomiendan un
tratamiento basadoen la administracion de 3 o 4 farmacos durante

6 meses, con curacion tedrica superior al 95%. Sin embargo, la apa-
ricion de resistenciaa uno o mas farmacos requiere modificaciones
terapéuticas complejas por el escaso numero de antibidticos alter-
nativos, y conlleva mayor duracién del tratamiento, mas efectos
adversos y menos garantias de curacién. A pesar de que hace mas
de 50 ahos que existen tratamientos eficaces,en 2012 se comuni-
caron 450.000 casos de TB multirresistente (MDR TB), de los que el

9% fueron de resistencia extrema (XDR TB)*.

La distribucion de casos de TB no es homogénea en todo el
mundo, con incidenciamayor en los paises de bajarenta, indirecta-
mente proporcional al desarrollo econémico. Por este motivo, mas
del 80% de los casos se concentran en 20 paises, como China, India,
Pakistan, la Federaciéon Rusa y Sudéfrica, entre otros. En Estados
Unidos y Europa Occidental la mayoria corresponden a pacientes
inmigrantes de lugares con elevada incidencia. La incidenciaen
Espana durante 20122 ha sido de 13,10/100.000 habitantes, el 8,8%
coinfectados por el VIH.

La TB se transmite por via aéreay la fuente son pacientes con TB
pulmonar. Tras la exposicién y contagio ocurre una respuesta local
de la inmunidad celular, que resulta en la formacién de granulomas,
en cuyo interior un ndmero limitado de bacterias se mantienen
latentes, en mas del 90% de casos de forma indefinida. Esta situa-
cién se conoce como infeccién tuberculosa o tuberculosis latente
(TBL). El 10% de estas personas desarrollaran la enfermedad tuber-
culosaen algiin momento de su vida, la mitad durante los primeros

18 meses, siendo en el resto impredecible. Existen 2 billones de per-
sonascon TBL. Eldiagnoéstico precozy el control del tratamiento son

2 de los factores mas importantes para disminuir la incidencia de

TB.

El agente causal

Mycobacterium tuberculosis fue descubierto por Robert Koch en
1882. Pertenece al género Mycobacterium, que agrupa a mas de

120 especies, la mayoria de ellas ambientales y no patégenas, y
a las que se conoce como micobacterias no tuberculosas (MNT).
M. tuberculosis esta integrado en el complejo M. tuberculosis (MTC),
con otras 5 especies: M.bovis, M.africanum, M. caprae, M. microti
y M.canetti®>. M. tuberculosis es, con mucho, la mas frecuente.
M.bovis BCG es una variedad de M.bovis que en 1921 dio lugar
a la vacuna BCG (bacilo de Calmette y Guerin), aun utilizada en
algunos paises. M. tuberculosis es un bacilo grampositivo, aerobio,
con preferencia por tejidos bien oxigenados. Es un patégeno intra-
celular obligado y desencadena respuesta de la inmunidad celular.
Aunque también afecta a animales domésticos o salvajes, los
humanos son el hospedador preferente. Se divide lentamente, cada

18-20h, en comparacién a los 20 min de la mayoria de bacterias.
La pared celular es rica en lipidos, con una capaﬁ]ar@:tegs
acidos micalicos, qlﬂe

tinciones. Las 2 ultlmas prople
entrar en metabolismo latente cuan agre con

una especificidad que explica la cll'nlca y la respuesta a las prue-
bas diagnésticas y al tratamiento. En la practica diagnostica, los

integrantes de MTC son dificilmente diferenciables entre
si por caracteristicas fenotipicas, por lo que se identifican
como MTC sin diferenciar, aunque en mas del 95% se trata de
M. tuberculosis.

En 1998 se secuencié el genoma completo de M.
tuberculosis, dando inicio a numerosas investigaciones.
Entre otras cosas, han evidenciado la diversidad genética de
M. tuberculosis®, con 6 linajes, predominando cada uno de
ellos en distintos lugares del mundo. Esta diversidad se
traduciria también en caracteristicas fenotipi- cas, con
repercusiones clinicas y diagnoésticas. Se han observado
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diferencias entre linajes en el tropismo por localizaciones y en la
virulencia. Las cepas de las familias genéticas Beijin y W, predomi- nantes
en Asia, se asocian a mayor transmisién y virulencia.

Obtencién de las muestras

Las muestras deben ser representativasde la localizacién. En las formas
pulmonares son las secreciones respiratorias. La mas habi- tual es el
esputo. Para obtener el maximo rendimiento ha de ser de buena calidad.
Los pacientes deben ser instruidos en la produc- ciéon de secreciones
profundas, con predominio de neutréfilosy sin saliva. En pacientes que no
expectoran, el aspirado gastrico o el esputo inducido pueden ser
alternativas, como sucede en menores de 12 an os. Las muestras por
broncoscopio estan indicadas cuando las anteriores no son posibles o
cuando esta indicado diagnosticar otras causas infecciosas. Un volumen de
3-10 ml es adecuado para la mayoria de muestras respiratorias. Para el
jugo gastrico puede bastar con 3-5 ml. Debe procesarse con rapidez o
neutralizar el pH acido para evitar dafar a las micobacterias. En nuestra
drea geo- grafica la TB extrarrespiratoria supone alrededor del 15-20%2.
Las localizaciones méas frecuentes son la pleural y la ganglionar. En las
adenitis, la muestra adecuada es la puncién con aguja fina (PAAF) si
fluctian y son superficiales, 0 la biopsia. En la pleuritis tubercu- losa la
muestra mas rentable es la biopsia, aunque la mas usual es el liquido
obtenido por toracocentesis. Entre 5 y 10 ml seran suficientes. ldéntico
volumen es adecuado para la ascitis tubercu- losa. En otras serositis
tuberculosas, como meningitis o artritis, en que el volumen de liquido
dificilmente puede alcanzar 5-10 ml, un minimo de 1 ml es necesario.
Cuando los volumenes son insuficien- tes es preferible obviar la
microscopia. Aproximadamente el 10% de las TB extrapulmonares son
esqueléticas, y de estas, el 50% en la columna vertebral®®. El dolor es el
sintoma mas comudn (80% de los casos). El diagndstico y tratamiento
precoz son esenciales para el buen pronéstico funcional. La muestra
adecuada puede obtenerse por biopsia o drenaje, a través de puncién
guiada por TAC o cirugia. Si las muestras son 6ptimas el rendimiento de
puncion o biopsia son equivalentes’® . El hallazgo en la histologia de
inflamacion granulo- matosa con necrosis caseosa se considera
diagndstico y suficiente para iniciar el tratamiento® , aunque la
confirmacion microbiolé- gica es el diagnéstico definitivo y permite,
ademas, comprobar la sensibilidad a los farmacos. Una revisién reciente®
indica sensibi- lidad del 59,3% para el cultivo y del 452% para la
baciloscopia, asi como el hallazgo de cepas resistentes en el 58% de los
pacientes, que estaria relacionado con la procedencia de los estudios
anali- zados, en mayor proporcion de paises con elevada incidenciade
TB y de resistencia. El cultivo de sangre es poco Gtil en pacientes no
inmunodeprimidos, ya que el MTC es poco bacteriémico. Si se procesa,
son suficientes 5-10 ml de sangre total con heparina. No se realiza la
microscopia, ya que los hematies no permiten diferen- ciar bien los
colorantes y la sensibilidad es muy baja. Las muestras de heces pueden ser
utiles en formas diseminadas, aunque es fre- cuente que el cultivo se
contamine con la elevada cantidad de flora intestinal. Las muestras deben
obtenerse en recipientes estériles, adecuados al volumen y sin aditivos.
Muestras s6lidas como biop- sias y tejidos deben mantenerse himedas con
agua destilada estéril. Es importante evitar introducir las muestras en
formol, que inactiva totalmente la viabilidad de los microorganismos. Por
este motivo es aconsejable usar recipientes separados para las muestras
destina- das a estudio microbiolégicoy anatomopatolégico. También es de
suma importancia que el volumen sea adecuado, sobre todo en las
muestras obtenidas de forma traumatica y dificilmente repetibles. Un
diagnostico diferencial adecuado priorizara las pruebas. Atomi- zar las
muestras para alcanzar mas pruebas Unicamente consigue disminuir la
sensibilidad del diagnéstico real. Las muestras conser- vadas en parafina
pueden ser utilizadas para amplificacion génica,
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después de ser desparafinadas; la sensibilidad es menor que en las El resultado de la tincién se expresa en una
muestras frescas, por lo que deben usarse como ultimo recurso. escala de 0 a

4 cruces, una aproximacién semicuantitativa a la carga

bacteriana. En la TB pulmonar la intensidad de la

baciloscopiatiene un triple uso: diagndstico y extensién
Meétodos diagndsticos establecidos de la TB, monitorizacion de la res- puesta al tratamiento
e indicador de contagiosidad del paciente. Dependiendo
de la intensidad de la positividad al inicio del trata-
miento, la negativizacion serd& mas o menos rapida,
generalmente durante el primer mes, aunque con
intensidad 4+ y lesiones exten- sas puede requerir hasta 2
meses 0 mas, sin que signifique evolucion

El diagnostico de la TB se establece a partir de signosy sintomas
clinicos de sospecha, pruebas de imagen y confirmaciéon microbio-
légica. El diagnéstico microbiolégico se basa en la utilizacién de la
microscopiay el cultivo. En los Gltimos an os se han incorporado téc-
nicas de amplificacion genética. Ningin método consigue el 100%
de diagnosticos, por lo que el 10-15% de casos de TB pulmonar y
hasta el 50% en algunas formas de TB extrapulmonar no tendran
confirmacién microbioldgicay se apoyaran en la clinicay en la res-
puesta al tratamiento. Aunque su sensibilidad no alcance el 100%,
el cultivo se considera la prueba de referencia.

Microscopia

Es la demostracion de MTC por técnicas de tincidon especifica. La
composicion lipidica de la pared micobacteriana le permite rete-
ner los colorantes de tincidn, resistiendo la accién de decolorantes
como la combinacién de un &cido (sulfdrico o nitrico) con alco-
hol. La &cido-alcohol resistencia diferencia especificamente a las
micobacterias (bacilos acido-alcohol resistentes [BAAR]) del resto
de bacterias. La tincién mas utilizada es la descrita por Zhiel y
Neelsen, que tifie las micobacterias de rojo sobre fondo azul, en
contraposicion a las demaés bacterias, que se tifien de azul. En los
paises de alta renta se usan ampliamente las tinciones basadas en
colorantes fluorescentes, en que las micobacterias son luminosas
sobre fondo oscuro. La mas conocida es la tincién de auramina-
rodamina. La sensibilidad de las tinciones fluorescentes es un 10%
superior. Requieren mayor experiencia del observador y disponer
de microscopio de fluorescencia. Recientemente se han disefiado
microscopios basados en tecnologia light-emitting diode (LED), mas
econdmicos y con menor mantenimiento, que permiten su instau-
racion en paises de bajarenta.

La microscopia o baciloscopiaes la prueba mas rapida, posibleen
menos de 2 h, y la mas econémica. En muchos paises de baja renta
es la Unica prueba diagnéstica. Su principal limitacion es la sen-
sibilidad. Requiere en la muestra 5.000-10.000 bacterias/ml para
ser positiva®. La sensibilidad esta relacionada con la carga bacte-
riana en las lesiones. El retraso diagndstico y la evolucién de la

enfermedad influyen sobre la carga bacteriana. Por este motivo, la
sensibilidad de la tincién en paises de incidencia elevada es mayor.
En nuestro entorno, la sensibilidad en la TB pulmonar esta alrede-
dor del 55-60%. En la TB extrapulmonar varia segun la localizacion.
En formas ganglionares es similar a la TB pulmonar, siendo infe-
rior al 15% en liquidos biolégicos, como liquido pleural, articular,
ascitico, peritoneal o LCR. En pacientes con TBe infeccién por VIH
con inmunodepresion severa el rendimiento de la microscopiaes
menor.

La especificidad de la tincidn es muy elevatie dilesy oiglendadainal of Medicine
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inadecuada. No deben esperarse que baciloscopias intensamente positivas
se negativicen en pocos dias. Como recomendaciéon gene- ral, las muestras
para evaluar la negativizacion no deben cursarse con intervalos inferiores a
una semana.

La tincion también evalUa la contagiosidad del paciente, y es uno de los
criterios utilizados para cesar el aislamiento de los pacientes, estén o no
ingresados. El riesgo de transmision es muy reducido cuando la tincion se ha
negativizado o después de 2-3 semanas de tratamiento efectivo aunque
persista positiva, con excepciénde que se sospeche resistencia a farmacos del
tratamiento. No obstante, este es un aspecto controvertido sobre el que no
hay un acuerdo total.

Cultivo

Es la prueba diagndstica mas sensible y la considerada de refe- rencia. El
dintel de positividad esta en 100-1.000 bacterias/ml, de

50-100 veces mas sensible que la microscopia. Debido al creci- miento
lento de las micobacterias, las muestra debe someterse a un proceso previo de
eliminacion de la flora bacteriana acompafi ante, conocido como
descontaminacion, especialmente importante en esputo, en el que siempre
estan presentes bacterias de la floraoral. La descontaminacién se consigue
sometiendo la muestra a pH intensamente alcalino con NaOH durante 20
min, en los que la mayoriade bacterias presentes se lisaran. Transcurrido este
tiempo, se reviertea pH neutroy se concentra. Las micobacterias sobreviven a
la descontaminacion gracias a la estructura de su pared bacte- riana. Sin
embargo, la descontaminacién tampoco es inocua para ellas. Debe seguirse
un especial cuidado en neutralizar el pH y en centrifugar la muestra en
condiciones de refrigeracion. Aun asi, se calcula que hasta el 30% de las
micobacterias en la muestra moriran, por lo que es conveniente evitar la
descontaminacion en muestras estériles. Este proceso confiere al cultivo una
complejidad especi- fica y exige condiciones de seguridad superiores a las
necesarias para la mayoria de los microorganismos.

Los medios para cultivar micobacterias son especificos. Los mas conocidos
son los sélidos que incorporan huevo entre sus compo- nentes, como el de
Loweénstein-Jensen, disefiado durante el primer tercio del siglo xx. Con menor
difusion también se utilizan otros sélidos, como Coletsos, Trudeau, Ogawa,
etc. Entre los medios soOli- dos con agar y sin huevo los mas usados son
Middlebrook 7H10y

7H11. Durante décadas no se han usado medios de cultivo liquidos, mas
sensibles que los so6lidos, debido a la dificultad en interpre- tarlos
macroscopicamente, ya que el MTC no enturbia los medios liquidos. En los
altimos 25 anh os se han desarrollado diferentes sis- temas que permiten
detectar el crecimiento de los cultivos liquidos. El primero fue el método
radiométrico BACTEC 460TB (Becton Dic- kinson, MD, EE. UU.), basado en la
utilizacion de medio liquido 12B

que contiene acido palmitico marcado con C!*.En presenciade cre-

cimiento se metaboliza este sustrato y las micobacterias liberan C* como
producto de excrecién. El sistema dispone de un lector que detecta C*
cuando el crecimiento es precoz. Posteriormente se han desarrollo métodos
mas automaticos, basados en fluorescencia, que evitan los inconvenientes de
la radiactividad. Estos incorporan en cada tubo de cultivo un marcador de
fluorescencia sensible a cambios en la presién de oxigeno o en la
concentracion de COjen el recipiente del cultivo y que expresan crecimiento
bacteriano. Los recipientes con las muestras se introducen en incubadoras
a

35-37 °C que monitorizan cada hora los sensores de cada cultivo

a través de un laser, de forma que el equipo incubador indica la
presencia de cultivos positivos, asi como de los negativos que han
cumplido el protocolo de incubacién. Actualmente se dispone de

3 sistemas fluorimétricos validados: BACTEC MGIT960 (Becton Dic-
kinson, MD, EE.UU.), MB BacT (BioMerieux, Francia) y VersaTREK
(Termo Fisher, MA, EE. UU.).
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El rendimiento de los cultivos liquidos es superior a los sélidos,
por lo que deben hacerse siempre.

El cultivo es positivo en alrededor del 85-90% de las TB pulmona-
res. En localizaciones extrapulmonares el rendimiento es mas bajo,
raramente superior al 50%, exceptuando la localizacion linfatica o
en 6érganos sélidos, similares a la pulmonar®.

Una limitacion importante del cultivo es la lentitud del resul-
tado, que puede requerir varias semanas. Las muestras en las que
la tincion ha sido positiva suelen crecer en 3-12dias, mientras
que en las tinciones negativas puede tardar 15-30dias. Los cul-
tivos liquidos suelen positivizarse antes, en la franja inferior de
estos intervalos. La sensibilidad de los cultivos liquidos es lige-
ramente superior a la de los sélidos, sobre todo en las muestras
extrapulmonares y en el aislamiento de MNT. El protocolo de cul-
tivo internacionalmente aceptado mantiene la incubacién de los

cultivos hasta 42 dias%1,

Cuando los cultivos se positivizan es necesario identificar la
especie de la micobacteria. En nuestro entorno, MTC supone alre-
dedor del 80% de los aislamientos. No obstante, el aislamiento
de MNT es creciente debido en parte a la mejora de las técni-
cas de laboratorio y también a la mayor proporciéon de pacientes
susceptibles a estas infecciones, como son los pacientes inmuno-
deprimidos o con patologia pulmonar crénica. Hasta hace unos
anos la identificacidén se apoyaba en caracteristicas morfologicas
y en lentas pruebas bioquimicas que requerian semanas. Actual-
mente la identificacion se basa en pruebas mas rapidas, muchas
de ellas moleculares. La morfologia macroscépica y microscopica
de los cultivos orienta los sucesivos tests a utilizar. La identi-
ficacion de MTC puede realizarse con diversas aproximaciones.
Recientemente se ha introducido una prueba rapida de inmuno-
cromatografia capaz de detectar el antigeno MPT64 de MTC'?.
A partir de un cultivo positivo puede confirmarse la identificacion
de MTC en 15 min sin infraestructura ni equipos adicionales. Su
limite de deteccion son 100.000 bacterias/ml, por lo que la sensi-
bilidad de la prueba es superior al 95% de los cultivos positivos.
Existen varias presentaciones comerciales validadas (Becton Dic-
kinson MGIT TBc Identification Test, MD, EE. UU., y SD Bioline TB
Ag MTP64 Rapid, Standard Diagnostics, Corea del Sur). Asimismo,
se han descrito numerosas opciones caseras o comerciales para
identificar MTC sobre todo por PCR. La mayoria amplifican frag-
mentos de la secuenciade insercién 1S6110. No suele ser necesario
diferenciar las especies del complejo MTC dada la elevada propor-
cion de casos en que corresponde a M. tuberculosis. No obstante, se
requiere en algunas situaciones. Cuando se observa resistencia a la
pirazinamida es importante descartar M. bovis, ya que la mayoriade
las cepas son resistentes a este farmaco. También estaria indicado
en pacientes sometidos a terapia antitumoral con BCGen neopla-
sias de vejiga y con sospecha de infeccion por M.bovis BCG o en
pacientes de Africa del Oestecon sospechade M. africanum. En estas
situaciones puede utilizarse una técnica Line Probe Assay (LiPA) de
diferenciacion de las especies del complejo basada en amplificacion
por PCRde varias zonas genéticas, como son el gen 23S, la zona RD1
y diversos polimorfismos de GyrB'®. En las técnicas de LiPAel pro-
ducto de la amplificacién se incuba sobre una tira de nitrocelulosa
en la que estan inmovilizadas diversas sondas que identifican de
forma especifica a cada una de las especies. El producto de amplifi-
cacion hibrida con su sonda complementaria y el resultado puede
evidenciarse con un revelado enzimatico parecido a una técnica de
EIA. Estan disponibles versiones comercializadas de esta técnica,
utilizadas ampliamente en laboratorios de muchos paises para la
identificacion de especies de micobacterias'®'°. La identificacion

En la identificacion de especie la prueba de referencia actual es la
secuenciacion de genes que contienen zonas conservadas diferen-
ciales de cada especie. Los genes mas utilizados son 16S, 23S, rpoB y
hsp65'°. Actualmente la identificacion de especies distintas a MTC
puede realizarse en 4-7 dias en condiciones de rutina asistencial.

Deteccion genética directa en las muestras

Se basa en la amplificacion de &acidos nucleicos de secuencias
especificas de MTC, generalmente por PCR u otras técnicas de
amplificaciéon. La mayoria de técnicas amplifican ADN, y la diana
genética mas frecuente es la secuencia de insercion 1S6110. El paso
previo a la amplificacion es la extraccién de ADN del interior de
las micobacterias. Este es un aspecto de suma importancia debido
a la dificultad en romper la pared y separar los acidos nucleicos
del resto de componentes celulares, a diferencia de lo que ocurre
con las restantes bacterias. Se utilizan técnicas manuales de extrac-
cion y también métodos automatizados o semiautomatizados. Los
métodos manuales pueden conseguir una extraccion mas eficiente,
aunque comportan manipulacién y dedicacién importante y el
riesgo de contaminaciones cruzadas entre las muestras.

Se han descrito numerosos métodos caseros (home made) con
variantes en las dianas elegidas (1S6110, HSP-65KD, rpoB), en el
método de amplificacion (heminested, nested, real time) o en el sis-
tema de revelado o lectura (electroforesis de gel de agarosa, ELISA,
real time). También estan disponibles métodos comerciales vali-
dados, como son Amplified MT Direct Test MTD (GenProbe, CA,
EE. UU.), Amplicor MT (Roche Molecular Diagnosis (CA, EE.UU.) y
BD Probe TEC ET Assay (Becton Dickinson Biosciences, MD, EE. UU.).
Los tests caseros se utilizaron ampliamente en la etapa de desarro-
llo de las técnicas y se usan aun en el &mbito de la investigacion
y en paises de baja renta debido a su menor coste econémico. Se
acepta que los métodos caseros son mas sensibles, por ser mas
adaptables a cada situacion, pero también son mas inconsisten-
tes y variables. La conviccidn general es que debe tenderse a la
utilizacién de métodos comerciales, que deben ser sencillos, robus-

tos y con requerimiento de experiencia minima'’. En los estudios

iniciales se estableci6 el limite de sensibilidad de las técnicas de
amplificacion en el genoma de 2-3 bacterias en condiciones idea-
les. Sin embargo, en las muestras clinicas reales existen obstaculos a
la extraccién, como puede ser el mocoy detritus celulares, asi como
sustancias tales como iones, proteinas 0 compuestos de mayor
tamano, que inhiben total o parcialmente la amplificacion. Por este
motivo, en la practica dificilmente se consigue amplificar muestras
con menos de 3.000-5.000 bacterias/ml. Esta sensibilidad sitla a
las pruebas de amplificacion en una posicidn intermedia entre la
microscopia y el cultivo, con una rapidez parecidaa la primera. En
general, en las muestras con microscopia positiva la sensibilidad es
del 97-98%, y en muestras con microscopianegativa, alrededor del

65-70%.

La especificidad de las pruebas de amplificacion es elevada
cuando el grado de sospecha clinica de TB también lo es. Sin
embargo, disminuye cuando el grado de sospecha es bajo.

6 " . ) . .,
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para MTC, y puede identificar alrededor de 35 especies distintas
con la aplicacién secuencial de diversas modalidades de la prueba.
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1. Sensibilidad inferior al cultivo, que sigue siendo la prueba de
referencia, sobre todo en muestras con microscopia negativa.

2. No sustituyen a ninguna de las pruebas establecidas.

3. La manipulacion comporta el riesgo de contaminaciones cruza- das
entre las muestras, con la génesis de falsos positivos.

4. Requieren instalaciones adecuadas que permitan separar fisica- mente
las zonas de extraccionde las de amplificacion y revelado. Es frecuente
que en paises y areas con mayor incidenciade TB
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se carezca de esta infraestructura, y a menudo tampoco puede macos. Esta es una poblacién elevada poco frecuente de
garantizarse mantener la cadena de frio de los reactivos. alcanzar en las lesiones. Con la administracién conjunta

de 3 farmacos se eleva hasta 10%° a 1018 bacterias/ml el
5. El nivel de experiencia del personal técnico que realiza las téc- nGmero necesario para gene- rar una mutante a los 3
nicas debe ser elevado. farmacos. Es una poblacién imposible de alcanzar. Por

tanto, administrar 3 farmacos eficaces es el objetivo. La
> pauta de 4 farmacos se justifica por la posibilidad de
tacion de estas pruebas. contagio de una cepa resistente a uno de ellos.

6. No se ha establecido claramente el coste/beneficio de la implan-

Los farmacos actian sobre dianas diferentes para
evitar las resistencias cruzadas. Asi R y estreptomicina
Actualmente las indicaciones de las técnicas de amplificacion (S) inciden sobre la sintesis de proteinas, aunque en
serian las siguientes: distintos puntos de accion. H, Ey Z bloquean diferentes
pasos metabolicos de la sintesis de la pared bacteriana.

De gran importancia es que los farmacos tengan

1. Sospechaelevada o medianamente elevadade TB. Debe evitarse
su utilizacién como prueba de cribado o como apoyo para des-
cartar el diagnostico.

2. Confirmacion de microscopia positiva.

En paises con alta incidencia, la baciloscopia positiva es siné-
nimo de TB. En nuestro entorno geografico estd justificada la
confirmacion por la creciente incidencia de infecciones por MNT.
El resultado comportara decisiones importantes respecto al aisla-
miento del pacientey a la pauta de tratamiento elegida.

Recientemente, en 2010, la OMS ha avalado la utilizacién del
método GenXpert'® como técnica de diagnéstico de TBy de detec-
cién de resistencia a la rifampicina. Se describe méas adelante en
esta revision.

Pruebas de sensibilidad a los farmacos

La TB es una de las pocas enfermedades infecciosas con un
tratamiento claramente establecido a nivel mundial. La recomen-
dacion actual de la OMS para todos los paises es la indicacion de

4 farmacos administrados en un periodo de 6 meses, de acuerdo
con el siguiente esquema: isoniazida (H), rifampicina (R), etambu-
tol (E) y pirazinamida (Z) durante 2 meses,y H masRen los 4 meses
restantes (2HREZ/4HR)!. Diversas sociedades cientificas espafolas
recomiendan la misma pauta®®.

Bases del tratamiento de la tuberculosis

La estreptomicina fue el primer farmaco antituberculoso eficaz
que se utilizé en el tratamiento, en 1946. Poco tiempo después se
observé que los pacientes experimentaban una mejoria inicial con
una rapida recaida como consecuencia del desarrollo de resisten-
cia al farmaco. M. tuberculosis presenta mutaciones espontaneas en
los genes que regulan las dianas de los antibioticos. Estas mutacio-
nes son cromosémicas e irreversibles. Se estima que una poblacién
de alrededor de 1 x 108 bacterias/ml puede generar una bacteria
mutante frente a un farmaco. Por ello, si se administra un dnic

o]
farmaco es seguro que se desarrollara resistentl M@ﬁﬁ&g?'{%@%{‘al of Medicine ] o
poblacién de ba&gwap%%qugo%gpérﬁé)é’%a?)gregt%@géer ¥ (Hlpgrsonal use only. No other uses without permission.
una vez el farmaco haya eliminadePREiGEABIMaskachyseia dertical Society. All rights reserved.

regenerara de nuevo. Si se administran 2 farmacos de formasimul-

tanea, sera preciso que haya una poblacién bacteriana alrededor

de 10 a 102 bacterias/ml para generar una mutante a ambos far-
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actividad sobre distintos estados metabdlicos de la bacteria, dada su
facilidad para pasar a situacién de latencia en la que es refrac- taria a la
accion de los farmacos. Atitulo de ejemplo, H tiene su maxima eficacia sobre
la poblacion en fase exponencial de cre- cimiento, mientras que Z actia
sobre la poblacién semilatente. R tiene un espectro de accién amplio, desde
la fase de crecimiento exponencial hasta la fase de crecimiento estacionario.

Concepto de resistencia a los farmacos

La resistencia a los farmacos antituberculosos es debida a mutaciones
cromosémicas permanentes. Desde un punto de vista epidemiolégico se
distinguen 2 tipos de resistencia: a) la observada en pacientes que han recibido
tratamiento previo, en los que podria haberse generado debido a un uso,
indicacién u absorcién inadecua- dos de los farmacos; b) la asociada a
pacientes que no han recibido tratamiento antesy que podria ser debidaal
contagio de un paciente con TB resistente o ser generada en el propio
paciente de forma espontanea. Las primeras pueden evitarse con un control
adecuado del tratamiento. Las segundas deben detectarse lo antes posible®.

Respecto al numero de farmacos afectados, distinguimos entre: a)
monorresistencia: cuando afectaa un solo farmaco; los mas fre- cuentes en
nuestro entorno son H y S; b) polirresistencia: afectaa 2 o mas farmacos,
pero nunca simultdneamente a H y R;c) multirresistencia (MDR): afecta
simultdneamente a Ry a H, con o sin otras resistencias asociadas, y d)
resistencia extrema (XDR): afecta Ry a H, y ademas al menos a un farmaco
inyectable y a las fluoroquinolonas?.

La resistencia MDR, y especialmente la XDR, representan un grave
problema de tratamiento que con frecuenciano puede resol- verse, sobre todo
en paises de alta incidenciay pocos recursos.

La distribucién de la resistencia en el mundo es variable segun los paises,
aunque podria superponerse a un mapa de desarrollo econémico, con una
relacion inversamente proporcional. Global- mente son resistentes mas del
10% de los casos nuevos, pero con amplias diferencias entre paises, como
Holanday los Paises Escan- dinavos, con menos del 1%, hasta porcentajes
superiores a 15-30% en China, en Indiao en los Paises Balticos. Ochenta y siete
paises ya han comunicado al menos un caso de resistencia XDR. Aunque no se
conocen con exactitud, el porcentaje de resistencia en Espafa esta- ria
alrededor del 8,3%, con el 1,3%de casos MDR. EI 33,6% de los casos

resistentes corresponderian a nacidos en otros paises?®. Los anti-

biogramas resistentes deben confirmarse repitiéndolos y, si esta disponible,
usar una técnica genética de deteccion de resistencia.

Deteccion fenotipica de resistencia. El antibiograma

Desde un punto de visto microbiolégico, una cepa de MTC es resistente
a un antibiético cuando el 1% 0 mas de la poblacién bac- terianade un cultivo
es capaz de crecer y multiplicarse en presencia de una concentracion
determinada de este farmaco. Para detectar la resistencia se establece la
proporcioén de bacterias resistentes comparando el crecimiento de la cepacon
antibiotico con unadilu- cién 1/100 de la cepasin antibidtico que actiia como
control. Esta interpretacién se conoce como método de las proporciones y
las concentraciones criticas, y fue establecido por Cannetti y Grosseten 1963.
Todos los sistemas de antibiograma desarrollados poste- riormente se basan
en este principio. Hasta la segunda mitad de la década de 1980 los
antibiogramas se realizaron utilizando medio de cultivo sélido, siendo los mas
utilizados Lowenstein-Jensen y Midd- lebrook 7H10. La dificultad residia en
preparar adecuadamente el in6culo de MTC para poder calcular la proporcién

de micobacterias resistentes. Estos métodos requerian ademas 4
semanas de incuba- cién antes de llegar a un resultado.

Actualmente se usan los mismos métodos semiautomatizados
de los cultivos liquidos mencionados anteriormente, aplicandose
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idéntico principio de deteccion. Para cada antibiético o cada con- intensidad al final de la primera fase del tratamiento o
centracién se utiliza un tubo (o botella, dependiendo del método) pacientes contactos de casos con resistencia probada.

al que se ahaden concentraciones prefijadas del antibidtico y
un inéculo alrededor de 5 x 10°bacterias/ml. Se utilizan tantos
tubos como concentraciones de antibidticos a estudiar. También se
incluye un tubo control, con un indculo 100 veces menor. El anti-
biograma se incubaentre 5 y 12 dias y se interpreta de acuerdo a
algoritmos establecidos por el sistema. El antibiograma estandar
incluye los 5 farmacos considerados de primera linea (H, R,E, Sy Z).
Los 4 primeros se analizan simultaneamente utilizando un control
comun. LaZ inicamentees activaa pH acido alrededor de 5, in vivo e
in vitro, por lo que debe testarse en un medio de cultivo acidificado.
Debido a que una proporcion de cepas podrian tener dificultades de
crecimientoen estas condiciones, el medio de cultivo se sitdaa pH 6,
incrementando hasta 4 veces la concentracion de antibiotico para
compensar la proporcidn de este que sera inactivaa este pH e inclu-
yendo un control con un inéculo 10 veces menor. Durante 20 ah os
el método mas utilizado para la realizacion del antibiograma en
medio liquido fue el sistema radiométrico BACTEC 460TB, convir-
tiéndose en el método de referencia. Recientemente se ha retirado
del mercado, siendo los métodos més utilizados BACTEC MGIT960,
MB BacT y VersaTREK. Se han realizado numerosos estudios compa-
rativos que concluyen que los 3 sistemas son equivalentes entre si
y también respecto al radiométrico?"?2, Como excepcion, MB BacT
no incorpora la tecnologia para estudiar la sensibilidad a la Z.

La correlacién entre los resultados del antibiogramay la clinica
es muy alta, sobre todo para H y R, por lo que un resultado de
resistencia implica una modificacién del tratamiento. Actualmente
el antibiograma incluye 2 concentraciones fijas para 3 de los
farmacos: H 0,1 g/ml, 1 g/ml), E (25 g /ml, 5 g/ml)y S
1 g/ml,4 g/ml),yunaparaR (1 g/ml)y Z (100 g/ml). Segun
el sistema utilizado, pueden variar ligeramente. Se consideran
resistencias de bajo nivel las que solo afectan a las concentraciones
menores, y de alto nivel las que afectan a ambas. La implicacién
practica del nivel de resistencia es que probablemente no sea
necesario retirar los farmacos cuando es de bajo nivel, aunque
si deben anadirse otros. Tradicionalmente no se ha utilizado
el concepto de concentracion minima inhibitoria (CMI) para el
antibiograma de MTC, por lo que es muy importante que el resul-
tado sea fiable. A nivel practico, cuando los laboratorios detectan
resistencia en el antibiograma se comprueba una segunda vez o
se confirma con una prueba genética. La resistencia a la Z es poco
frecuente, por lo que es usual en este caso descartar si se trata de
M. bovis.

El antibiograma frente a farmacos de primera linea esta ple-
namente estandarizado y validado. Por este motivo es realizado
en muchos laboratorios que disponen de cultivos liquidos. Cuando
se detecta resistencia, esta indicado analizar la sensibilidad para
farmacos de segunda linea. En este caso no hay protocolos uni-
ficados respecto al procedimiento ni tampoco referente a los
farmacos y concentraciones a estudiar, aunque se han realizado

algunas propuestas®®. Es frecuente incluir gran parte de los siguien-

tes: rifabutina, amikacina, tobramicina, kanamicina, capreomicina,
etionamida, cicloserina, ofloxacino (u otras fluoroquinolonas como
levofloxacino 0 moxifloxacino), clofazimina y linezolid. Es reco-
mendable que los antibiogramas de segunda linea se realicen en
laboratorios con experiencia. Asimismo, la interpretacién debe
hacerse con cautela.

Elantibiogramade primera lineaesta indicadoen todos los aisla-
mientos de casos nuevos. Esta es la formamas frecoasiede Eigfiaatalournal of Medicine
resistencias de bajoDoiveloadeddruninesjiatenodassepteniterse8 015 Vor personal use only. No other uses without permission.
denciado durante la primera fase delC@jajaghted t13iNassaciusbieedical Society. All rights reserved.
realizado, es imprescindible ante fracasos clinicosdel tratamiento,
recidivas o persistencia de la baciloscopia positiva sin disminuir su
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Deteccion genotipica de resistencia

La lentitud del antibiograma ha estimulado en los ultimos an os el
desarrollo de métodos rapidos de deteccion molecular de la resistencia.
Se basan en la premisa de que el mecanismo princi- pal de resistencia a
los farmacos son mutaciones cromosomicas irreversibles, por lo que
detectando las mutaciones se diagnostica la resistencia. Las principales
mutaciones de resistencia a los far- macos se describen en la tabla 1. La
ventaja mas importante de los métodos genéticos de deteccion de
resistencias es la rapidez. En condiciones de rutina asistencial permite
obtener resultados en 2-3 dias. Cuando se aplica sobre cultivos positivos,
la sensibili- dad es cercanaal 100% para detectar las mutaciones incluidas
en el disefio de la técnica. También puede utilizarse directamente sobre
muestras clinicas. La sensibilidad dependerd de la concentracién de
bacterias en la muestra, siendo mayor en las muestras con micro- scopia
positiva intensa y menor en las muestras con baciloscopia negativa.
Existen numerosos métodos comerciales y caseros para detectar las
mutaciones de resistencia, sobre todo las relacionadas con Hy con R.Los
maés usados son los métodos de LiPA, basados en los mismos principios
descritos para los test de identificacion de especies: amplificacion por PCR
de los genes diana, hibridacion del amplificado con diversas sondas
inmovilizadas sobre un soporte de nitrocelulosay revelado colorimétrico
que indica la hibridacién especifica en formade franjas transversales sobre
la tira de nitro- celulosa. Esta tecnologia ha sido recomendada por la OMS
para ser utilizada por los programas nacionales de TB. Hasta el momento
existen 3 presentaciones comerciales. InnoLiPA Rif TB (Biomerieux,
Francia) esta disenado para detectar el 95-98% de las mutaciones de
resistencia a R, y un metaanalisis reciente’® indica sensibilidad global del
80-100%. GenoType MTBDRplus (HAIN, Alemania) per- mite la deteccién
del 95-98% de mutaciones de resistencia a la Ry también las asociadas
a los genes katG e inhA de resistencia ala H, que cubren el 85-87% de las
resistencias a este fa&rmaco. Este método ha demostrado una sensibilidad
del 84% para detectar resis- tencia a H y del 98% para la resistencia de R.
La especificidad en ambos casos es cercana al 100%. Recientemente el
mismo fabricante ha disefiado un nuevo kit, MTBDRsl, para estudiar las
mutaciones de otros farmacos. Permite detectar aminoglucésidos de
segunda linea, etambutol y quinolonas. Funciona bastante bien para
detectar resistencias a amikacina y quinolonas. Capreomicina y
kanamicina comparten el mismo mecanismo de resistencia que amikacina,
aun- que el método es menos eficaz para estos farmacos. Esto ultimo es
extensible también para etambutol®®.

Recientemente ha aparecido en el mercado el sistema GenXpert dirigido
a detectar la resistencia a la R, considerada como marca- dor de TB
multirresistente?®. En 2010 la OMS aval6 su utilizacién en el diagnéstico
de la TBy en la deteccidn de resistencia a la R. En 2 anos, dos tercios de
los paises con mas TB del mundo ya lo adoptaron en sus programas de
control de TB'®. GenXpert es una plataforma integrada que puede usarse
con manipulacion y expe- riencia minimas. A diferencia del resto de
métodos, el kit consiste en un cartucho cerrado en el que se introduce la
muestra, tratada previamente para el cultivo, o directamente después de
diluirla con un tampén. El cartucho incluye todos los reactivos necesarios
para lisar las bacterias, extraer y purificar el ADN, amplificar los frag-
mentos diana, con una técnica de PCR a tiempo real que incorpora sondas
especificas que cubren toda la zona de mutaciones de resis- tenciade Ren
el gen rpoB. El cartucho es introducido en el equipo, que controla la
secuencia de acciones que ocurren en su interior. El resultado, presentado
a través del software informatico, indica presencia o ausencia de ADN de
MTC y también si se detectan o no mutaciones de resistencia a la R. Este
sistema, también apli- cado a otros microorganismos como gripe,
estreptococos grupo B o Staphylococcus aureus resistente a la meticilina,
ha supuesto un cambio muy importante en la utilizacién de las pruebas
de
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Tabla1l

Mecanismo de acciény mutaciones de resistencia mas conocidosde los farmacos antituberculosos

Nombre del farmaco Accioén del farmaco Gende la Consecuenciade la Frecuencia® Tipo de resistencia Mutaciones
mutacion mutacion mas frecuentes
Isoniazida (H) Inhibe sintesis de katG No se activa el 55% Alto nivel >1 g/ml Codén 315
acidos micélicos de profarmaco
pared celular
inhA Alteraenzima en la 32% Bajonivel <1 g/ml Posiciones -15,
sintesis de pared -17
ahpC Disminuye actividad — Posible mutacion —
de inhA o elimina compensatoria. Acompana
profarmaco activo a otras mutaciones
kasA — — Posible mutacién —

compensatoria. Acompana
a otras mutaciones

Rifampicina (R) Inhibe ARN rpoB Altera la diana 95-98% En general alto nivel Codones 526
polimerasa en sintesis del farmaco y 531
de proteinas
Etambutol (E) Inhibe sintesis de embB Altera la diana 50-68% — Codones 306
arabinogalactano de del farmaco y 406
pared
Pirazinamida (Z) Inhibe sintesis de pncA No se altera el 74-94% — Mutaciones a lo
4cidos micoélicos. profarmaco largo del gen,
Alteraequilibrio sin predominio
energético
transmembrana
Estreptomicina (S) Inhibe proteina rposL Alteradiana ribosomal 24% Altonivel Codones 43
ribosomal y 16rRNA S12 y 88
en sintesis de
proteinas
s 16 rRNA 13% Nivel moderado Regiones 530
y 516
Amikacina (AK), Sintesis de proteinas rrs, tlyA (CAP) 16 rRNA — — Region 1400
Kanamicina (KM), eis (KM)
Capreomicina (CAP)
Fluorquinolonas (FQ) Inhibe ADN girasa en gyrA Altera la diana 55-80% Variable Codones 90
sintesis de ADN del farmaco y 94

Datos de Coll et al.*? y Ramaswamy y Musser“’.

@ La frecuencia varia segun el area geografica.

amplificacion genética en el diagnéstico de la TB, ya que la ha hecho Existe la percepcion de que los métodos clasicos de
accesible a entornos de laboratorio que no pueden acceder a otros tinciéon y cultivo no pueden progresar mas alld de su
métodos. En un estudio de la Foundation for Innovative New Diag- situacion actual®>2?” | mientras que las técnicas de
nostics (FIND)?’ se observé una sensibilidad del 98% para casos con amplificaciéon genética tendrian aun recorrido, sobre
microscopia positiva y del 72% para microscopia negativa. El ren- todo mejorando la extraccién de acidos nucleicos de la
dimiento aumenta si se estudian 3 muestras en lugar de una (72% célula bacteriana, disminuyendo las contaminaciones
una muestra respecto al 90,2% con 3). El aspecto mas problematico cru- zadas y simplificando la técnica. Parte de estas
de este método es el coste econémico. FIND negoci6 con el fabri- mejoras las estan

cante un precio reducido para los 145 paises con mas incidencia,
que actualmente se situa alrededor de los 10 dolares. El coste en
nuestro entorno esta en el orden de 60-65D.

En nuestro entorno la deteccién de mutaciones de resistencia
en pacientes con TB estaria indicada en las situaciones siguientes:
TB previa, sobre todo si es reciente, ser contacto de pacientes con
resistencia, ser originario de un paiscon tasade resistencia superior
al nuestro, y fracaso en el tratamiento. Puede realizarse cuando el
cultivo es positivo o a partir de muestras con microscopia positiva.
Cuando el grado de sospecha sea muy elevado, esta indicado reali-
zarla sobre muestras con microscopia negativa. La deteccién precoz
de resistencia permite iniciar el tratamiento adecuado desde el ini-
cio y reducir la morbilidad, la mortalidad y la transmisién a otras
personas del circulo del paciente.

The New England Journal of Medicine
Downloaded from nejm.org on September 28, 2015. For personal use only. No other uses without permission.
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aportando los métodos con presentaciones compactas e integradas, como
GenXpert. Otra opcion interesante es la técnica LAMP (loop mediated
isothermal amplification), desarrollada en 20012°. Se basa en la amplificacion
isotérmica de 6 regiones genéticas utilizando diversos iniciadores. La
deteccidén es visual, por la observacién de un precipitado blanco de
pirofosfato, generado como subproducto durante la amplificacion. Se han
disefiado variantes para deteccion fluorescente. Como infraestructura podria
requerir Unicamente un bafo maria o un bloque térmico. Su sensibilidad
seria adecuada para muestras con microscopia positiva (> 97%), aunque
discreta para muestras con microscopia negativa (alrededor de 48%).

Aun siendo una técnica basada en metodologia de cultivo, merece ser
comentado el método MODS (microscopic observation drug susceptibility
assay). Se basa en un cultivo en medio liquido

7H9 monitorizado a través de observacién microscépica (microsco- pio
invertido) observando la formacion de cuerdas, que son visibles antes que las
colonias, en una mediade 8 dias. Tecnolégicamente es barato y aplicable a
paises de alta incidenciay bajos recursos®’. Su futuro pasa por encontrar un
sistema de lectura que permita evitar el microscopio y el tiempo que
consume, sobre todo pensando en

el procesamiento de un elevado nimero de muestras.

Una variante muy interesante de la amplificacion son los bio- chips de
microarrays de ADN, basados en obtener en wuna Unica reaccién la
amplificaciéon de numerosos genes, identificando o detectando mutaciones
de resistencia. Se han desarrollado diversos intentos, pero después de una
década no han cuajado, sobre todo debido a limitaciones con la
sensibilidad®%2,

Otra limitacién importante en el diagndstico convencional es la ausencia
de una muestra universal, como pudiera ser suero u orina, independiente de
variacionesy facil de obtener. Un esfuerzoen este sentido es la deteccion de
lipoarabinomanano (LAM) de la pared
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Tabla 2

Prestaciones que pueden ofrecer los laboratorios de microbiologiaen relaciéon a la
tuberculosis

Prestacion Comentarios

Observacion microscopica Ofrecera todas las muestras (excepto
sangre, ya que los hematies dificultan una
tincion adecuada)

Nuncarealizar microscopiacomo Unica
técnica, es poco sensible

Proporcionar respuesta en las primeras
24 h. Implicacionesen el diagndstico y la
prevencion de la transmision. Si no es
posible, maximo a las 48 h

Todotipo de muestra es cultivable. Sobre
todo incluir cultivos liquidos.
Complementar con sélidos aumenta la
sensibilidad. El protocolo de incubacion
dura 42dias

Cultivo

Identificacion Minimo el complejo M. tuberculosis. Si es
posible, las micobacterias no tuberculosas

(MNT) mas frecuentes

Amplificacién génica (por PCR Indicado si el grado de sospecha es

o similar) moderado-alto. Usar junto a microscopia
y cultivo, nunca exclusivamente. Utilizar

métodos comerciales, son méas robustos

Antibiograma de primera linea Realizar en todos los pacientes con cultivo

positivo. Utilizar un sistema

semiautomatizado con medio de cultivo

liquido. Si se detectan resistencias, repetir

para confirmar y/o usar un método de

deteccion de mutaciones de resistencias
Antibiograma de segunda linea No esta al alcance muchos laboratorios. Si
no es posible, debe utilizarse un

laboratorio de referencia

Deteccién de mutaciones
de resistencia

Indicado en pacientes con tratamiento
previo, fracasos clinicos, recidivas
recientes, contactos de pacientes
resistentes, originarios de paises con
mayor frecuencia de resistencias. Usar
métodos comerciales: GenXpert

y/o métodos de LiPA

Pruebas IGRA Quantiferon o Spot TB en pacientes que se

beneficiaran de tratamiento segun

resultado: contactos de pacientes,

inmunosupresion de la inmunidad celular,

tratamiento con anti-TNF
Informacioén de resultados A través del sistema informatico.
Comunicacién personalizada de la
microscopia positiva

The New England Journal of Medidoe pacientes y seria méas sen- sible en

Tabla 3

Requerimientos para obtener el maximo rendimiento de las pruebas de microbio-
logiaen relaciéon a la tuberculosis

Actividad Comentarios

Muestras adecuadas Representativas del lugar de la infeccién.
Cantidad adecuada. Transporte rapido
con minimo de aditivos

Diagnéstico diferencial lo méas exacto
posible. Dividir las muestras
excesivamente para satisfacer muchas
pruebas disminuye la sensibilidad
Comunicar y comentar los casos mas
probables para dirigir y optimizar la
rentabilidad de las pruebas.
Preferentemente antes de obtenerlas

Diagnostico

Comunicacion

inmunosupresion severay en pacientes de patologias que requie-

ren tratamiento con farmacos con actividad anti-TNF. Los 2 Gltimos
grupos son tributarios de quimioprofilaxis. Se dispone de 2 tipos

de test: la prueba de tuberculina (PT) y las técnicas de deteccion
de produccion de interferon gamma (IGRA). Estas Gltimas han
aparecido durante la reciente década. Hay 2 métodos comerciali-

zados: Quantiferon TB Gold in Tube (Celestis, Australia) y T Spot TB
(Oxford Immunotec, Reino Unido). Ambas detectan la produccion
de interferon gamma por parte de los linfocitos después de ser
estimulados con antigenos especificos de M. tuberculosis, como
son ESAT-6, CFP-10 y TB7.7, sin que existan reacciones cruzadas
con M.bovis BCG ni con las otras micobacterias®®. Las 2 ventajas

mas importantes respecto a la PT son que no estan influidas por la

vacunacion BCGy que son mas sensibles en pacientes inmunode-

primidos. Quantiferon TB se basa en una técnica de ELISAy T Spot
TBes la técnicade ELISPOT, por lo que la primera es sensiblemente
mas asequible a la mayoria de laboratorios de microbiologia. La
sensibilidad en el diagnéstico de la TBL es desconocida por la
inexistencia de una prueba gold standard con la que comparar.

Por este motivo es dificil saber su sensibilidad respecto a la PT. En
2005, los CDC de Estados Unidos recomendaron la realizacion de

37

IGRA en lugar de PT . En 2006 el National Institute of Health and

micobacteriana  en orina, por técnica  de
inmunocromatografia®?. Podria detectarse en dos tercios de
pacientes

Declaracién de casos Downloaded=fgrragjanorgandepienthercdd, 2015. For personal use oimyn locxdkgrrisesdash@arpksnojegquodria ser como un marcador

muestrags gASHTHAT €L RRA S Ehusetts Medical Society. dRII riljsgmeiseagdén en

cultivo)

pacientes con estado inmunitario
deficiente. Otra potencialidad interesante es la deteccion de
anti- genos volatiles de la bacteria en el aliento®, o
presentes en las muestras, utilizando detectores quimicos, lo
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quese ha llamado nari- ces electrénicas®®. Aunque necesitan mas
desarrollo, abren nuevas vias en la busqueda de métodos
diagndsticos, por lo que se ini- cia un periodo cientificamente muy
interesante. No obstante, en la practica actual del dia a dia es
necesario optimizar y rentabilizar al maximo las pruebas
diagnoésticas, tanto desde la oferta de los laboratorios (tabla 2)
como desde la clinica en obtener muestras adecuadas y compartir
informacioén relevante (tabla 3).

Diagnéstico de la tuberculosis latente

El diagnostico de la tuberculosis latente (TBL) o infeccion
tuberculosa estd indicado fundamentalmente en 3 situaciones:
el estudio de contactos de pacientes con TB, en pacientes con

Clinical Excelence, de Gran Bretafia, recomendo utilizar las pruebas

de forma secuencial, primero PT y después IGRA. En Espafa se
ha recomendado también la utilizacidon secuencial, realizando
inicialmente la PT. Si es positiva y el paciente estd vacunado o
se desconoce, se recomienda la prueba IGRA. Si es negativa y el
paciente estd inmunodeprimido, se indica IGRA, por su mayor
sensibilidad en este colectivo'®. No est4d muy claraen la literatura la
interpretacion de las discrepancias entre la PTy las pruebas IGRA.

IGRA no pueden diferenciar entre TBL y enfermedad TB. Puede
tener cierto valor de descarte una prueba negativa en paises de
baja incidencia y en inmunocompetentes. No obstante, la sensi-
bilidad en los casos de TBes de alrededor del 85% (ligeramente
superior para T Spot TB)®. Algunosautores han sugerido que los
casos con IGRA positivos tendrian mas probabilidad de progresar a
enfermedad tuberculosa®®.
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