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RESUMEN DE LA TESIS (Castellano)

Introduccion

La tuberculosis multidrogorresistente (TB-MDR) esté incrementando su prevalencia a
escala mundial principalmente como consecuencia del mal manejo de los casos
sensibles. La transmision primaria de TB con resistencias a la comunidad esta poniendo
en grave riesgo el control global de la TB. La mayoria de pacientes proceden de paises
en desarrollo con sistemas de salud insuficientes para diagnosticar y tratar a sus
enfermos. Las herramientas diagnosticas y terapéuticas actuales estan obsoletas y las
herramientas futuras pueden tardar décadas en aparecer y usarse en contextos de escasos
recursos.

Objetivos

El objetivo generalde esta tesis doctoral es profundizar en el tema de la TB-MDR en
paises en desarrollo y aportar a la comunidad cientifica y clinica, nuevos conocimientos
gue colaboren en la prevencion de resistencias medicamentosas o a tratar con mejores
resultados a aquellos pacientes que ya tienen enfermedad con resistencias.

Hipoétesis

Auln con herramientas obsoletas, los resultados en prevencion y tratamiento de la TB-
MDR podrian ser mejores de lo que actualmente son en paises en desarrollo. El uso mas
eficiente de los actuales conocimientos y herramientas podria contribuir a la creacion de
estrategias de impacto en prevencion y mayor curacion de casos. Se identifican 3
posibles hipdtesis:

» Hipotesis 1. Los medicamentos combinados en dosis fijas (MCFs) pueden tener
similar eficacia que los medicamentos sueltos a un menor coste y con
potenciales ventajas operativas y en prevencién de resistencias.

* Hipotesis 2. Los tratamientos estandarizados para TB-MDR pueden aportar
similares resultados que los tratamientos individualizados también con ventajas
operativas y menor coste.

» Hipotesis 3Es posible crear herramientas y documentos de calidad técnica para
acelerar la auto-formacién y actualizacion de clinicos en el manejo de TB-MDR.
La mejor formacion puede estar vinculada a la obtencién de mejores resultados.

Métodos:
En funcion de los objetivos e hipétesis planteados, en esta tesis se ha trabajado en 3
lineas de investigacion principales:

1. Revision sistematica de la eficacia de los MCFs respecto a medicamentos
sueltos.

2. Estudio de cohortes de pacientes en tratamiento para TB-MDR y evaluaciéon de
eficacia, efectividad, recaidas y efectos adversos respecto al uso de tratamientos
estandarizados e individualizados.

3. Creacion de documentos sencillos de alta calidad técnica para aumentar el
acceso al conocimiento del manejo de la TB con resistencias orientado a los
clinicos de paises en desarrollo.

Resultados:
Estudio 1:Revisidon sistematica de eficacia de los MCFs. El 100% de los estudios
encontrados en que se comparan MCFs y medicacion separada, los resultados en



eficacia de conversion de cultivo y curacion son similares. Las recaidas parecen ser

similares en ambos grupos. Adherencia, aceptacion y capacidad para reducir resistencias
estan a favor de los MCFs. Otras ventajas operativas y precio también favorecen el uso

de MCFs.

Estudio 2: Estudio de cohortes y evaluacion de todos los pacientes con TB-MDR
tratados en Republica Dominicana entre agosto 2006 y junio 2010. No hubo diferencias
estadisticamente significativas entre regimenes estandarizados e individualizados en
cuanto a conversion de cultivo. En los pacientes con tratamientos terminados, los
estandarizados obtuvieron una tasa de éxito terapéutico del 74% respecto a un 66% de
los individualizados (p>0,05). Cada enfermo presenté una mediana de 5 efectos
adversos. La presencia de cavitacion en radiografia de térax y no negativizar el cultivo
antes del segundo mes fue encontrado como factor de riesgo para resultado desfavorable.
La tasa de recaidas fue aproximadamente de un 1% tras un afio de seguimiento en la
mayoria de los casos.

Estudio 3:Se llevo a cabo una revision critica acerca del manejo de pacientes con TB
resistente. Listado y presentacion de las bases bacterioldgicas del tratamiento y minimos
conocimientos a tener en cuenta para un correcto manejo de casos con altas tasas de
curacion.

Estudio 4:Elaboracion de un articulo cientifico abordando de forma simplificada el
correcto manejo de pacientes con coinfeccion TB-MDR y VIH en contextos africanos
de escasos recursos terapéuticos y diagndsticos.

Estudio 5: Se analizaron las diferencias en presentacion y manejo de pacientes con TB-
MDR procedentes de paises ricos y pobres. Las soluciones de paises ricos, actualmente
el gold standard probablemente no sean extrapolables a paises con escasos recursos.

Conclusion:
Los articulos cientificos incluidos en la presente tesis doctoral representan un conjunto
de medidas basicas de bajo coste que suponen un respaldo cientifico fundamental para:

» Politicas sanitarias de uso masivo de MCFs en el tratamiento para la TB
presentando similares tasas de curacion y recaidas, numerosas ventajas logisticas
y operativas y probablemente menor adquisiciéon de resistencias a menor precio
y mayor simplicidad de manejo.

* Uso de estrategias de tratamientos estandarizados para TB-MDR ya que son
capaces de obtener altas tasas de éxito terapéutico aun en paises de escasos
recursos con mayor simplicidad de manejo y menor coste.

* La formacion de clinicos en paises en vias de desarrollo se puede mejorar
mediante la elaboracion de articulos cientificos de calidad que de forma breve y
simplificada aborden el dificil manejo de la TB-MDR.

Los articulos resultantes de esta tesis doctoral aportan informacién cientifica relevante
para un mejor control de la tuberculosis multidrogoresistente en paises en desarrollo,
objetivo principal de esta tesis.

Palabras clave:
Tuberculosis, TB, Tuberculosis multidrogorresistente, TB-MDR, Combinaciones de
medicamentos fijos, Paises en vias de desarrollo



RESUM DE LA TESIS (Catald)

Introduccio

La Tuberculosi Multidrogoresistent (TB- MDR) esta incrementant la seva prevalencia a
nivell mundial com a consequéencia del mal maneig dels casos susceptibles. La
transmissié primaria de TB amb resistencies a la comunitat estan posant en risc el
control global de la TB. La majoria de malalts procedeixen de paisos en
desenvolupament amb sistemes de salut insuficients per a diagnosticar i tractar aquesta
enfermetat. Les eines diagnostiques i terapeutiques actuals estan obsoletes i les eines
futures poden trigar decades en apareixer i fer-se servir en context d’escassos recursos.

Objectius

L’objectiu general d’aquesta tesis doctoral és profunditzar en el tema de la TB-MDR en
paisos en desenvolupament i aportar a la comunitat cientifica i clinica, nous
coneixements que col-laborin en I'objectiu comu de prevenir I'adquisicio de resisténcies
I millora els resultats del tractament.

Hipotesi

Encara que es facin servir eines obsoletes, els resultats en prevencié i tractament de la
TB-MDR podrien ser millor del que actualment s6n en paisos en desenvolupament.
L’ds més eficient dels coneixements i eines actuals podria contribuir a la creacio
d’estratégies i activitats d’impacte en prevencio i major curacié de casos. S’identifiquen
tres possibles hipotesis:

* Hipotesi 1. Els medicaments combinats en dosis fixes (MCFs) poden tenir una
eficacia similar que els medicaments solts a menys cost i amb potencials
avantatges operatives i prevencio de resisténcies.

» Hipotesi 2. Els tractaments estandarditzats per a TB-MDR poden aportar uns
resultats similars que els tractaments individualitzats també amb avantatges
operatives i menor cost.

« Hipotesi 3. Es possible crear eines i documents de qualitat técnica per accelerar
la auto-formacié i I'actualitzacié de clinics en el maneig de TB-MDR i aixi
obtenir millors resultats derivats de millor formacio i maneig.

Metodologia
En funcié dels objectius i hipotesis plantejats, aquesta tesi ha treballat en tres linies
d’investigacio principals:

1. Revisio sistematica de I'eficacia dels MCFs respecte a medicaments solts.

2. Estudi de cohorts de pacients en tractament per a TB-MDR i avaluacié
d’eficacia, efectivitat, recaigudes i efectes adversos respecte a I'Us de
tractaments estandarditzats i individualitzats.

3. Creaci6 de documents senzills d’alta qualitat técnica per augmentar I'accés al
coneixement del maneig de la TB amb resisténcies, orientat a clinics en paisos
en desenvolupament.

Resultats

Estudi 1: Revisio sistematica d’eficacia dels MCFs. Els resultats en eficacia de
conversié de cultiu i cura son similars en el 100% dels estudis trobats en que es
comparen MCFs i medicacié separada. Les recaigudes semblen similars en ambdos
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grups. Adherencia, acceptacio i capacitat per reduir resistencies estan a favor dels MCFs.
Altres avantatges operatives també afavoreixen I'is de MCFs.

Estudi 2: Estudi de cohort i avaluacié de tots els pacients amb TB-MDR tractats a
Republica Dominicana entre agost 2006 i juny 2010. No va haver-hi diferencies
estadisticament significatives entre tractaments estandarditzats i individualitzats en
conversié de cultius. En pacients amb tractaments finalitzats, els estandarditzats van
obtenir una taxa d’'éxit terapeutic del 74% respecte a un 66% dels individualitzats
(p>0,05). Cada malalt va presentar una mediana de 5 efectes adversos. La preséncia de
cavitacio en radiografia de torax i no negativizar el cultiu abans del segon mes va ser
trobat com a factor de risc per a resultat desfavorable. La taxa de recaigudes va ser
aproximadament de un 1% després d’'un any de seguiment a la majoria de casos.

Estudi 3:Es va portar a terme una revisi6 critica sobre el maneig de pacients amb TB
resistent. Llistat i presentacié de les bases bacteriologiques del tractament i minims
coneixements a tenir en compte per un correcte maneig de casos amb altes taxes de cura.

Estudi 4: Elaboracié d'un article cientific abordant de forma simplificada el correcte
maneig de pacients amb coinfeccio TB-MDR i VIH en contexts africans d’escassos
recursos terapeutics i diagnostics.

Estudi 5:Es van analitzar les diferencies en presentacio i maneig de pacients amb TB-
MDR procedents de paisos rics i pobres. Les solucions de paisos rics, actualment el
gold standard probablement no siguin exportables a paisos amb escassos recursos.

Conclusio
Els articles cientifics inclosos en la present tesi doctoral presenta un conjunt de mesures
basiques de baix cost que suposen un recolzament cientific fonamental per:

» Politigues sanitaries d'ius massiu de MCFs en el tractament per la TB que
presenten taxes de cura i recaiguda similars, nombroses avantatges logistiques i
operatives i probablement menys adquisicié de resistencies a menor preu i major
simplicitat de maneig.

« Us d'estratégies de tractaments estandarditzats per TB-MDR ja que son capacos
d’obtenir alts index d’éxit terapéutic a paisos d’'escassos recursos economics
amb major simplicitat de maneig i menor cost.

» La formaci6 de clinics es pot millora mitjancant I'elaboracié d’articles cientifics
de qualitat que de manera breu i simplificada aborden el dificil maneig de la TB-
MDR orientat a paisos en desenvolupament.

Els articles resultants d’aquesta tesi doctoral aporten informacié cientifica rellevant per
un millor control de la tuberculosi multidrogoresistent en paisos en desenvolupament,
objectiu principal de la tesi.

Paraules clau

Tuberculosi, TB, Tuberculosi multidrogoresistent, TB-MDR, Combinacions de
medicaments fixes, Paisos en vies de desenvolupament.
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THESIS ABSTRACT (English)

Introduction

The prevalence of Multidrug resistant Tuberculosis (MDR-TB) is globally increasing
mainly as a result of mismanagement of susceptible TB cases. The transmission of
resistant strains into the community is jeopardizing global TB control. The vast majority
of cases are from developing countries where health systems are insufficient to diagnose,
treat and support the patients. Current diagnose and treatment tools are obsolete while
future tools may delay decades to appear and be used in scarce resource settings

Object

The main objective of this doctoral thesis is to analyze in deep the MDR-TB problem in
developing countries and provide to the clinical and scientific community new
knowledge that may support the common objective of TB resistance prevention and
better MDR-TB treatment results.

Hypothesis

Even with obsolete tools, results in prevention and MDR-TB treatment might be better
that currently are in developing countries. The more efficient use of current knowledge
and tools may contribute to the creation of health policies with impact on resistance
prevention and better cure rates. Three different hypotheses were identified:

* Hypothesis 1.The anti-TB fixed dose combinations (FDCs) may obtain similar
efficacy than single drugs with operative advantages, reduced cost and reducing
the resistance acquisition.

e Hypothesis 2. Standardized MDR-TB treatments may obtain similar results than
individualized also with operative advantages and less cost.

* Hypothesis 3. It is possible to create quality tools and documents for quick self-
training and up date of clinicians in the management of MDR-TB cases in order
to obtain better results due to better disease understanding.

Methods
According to the objective and hypothesis formulated, this thesis had worked in three
research lines:
1. Systematic review on the FDCs efficacy for the TB treatment respect to single
drugs
2. Cohort study and evaluation in terms of efficacy, effectiveness side effects and
relapses of MDR-TB patients under standardized and individualized regimens
3. Creation of simple but high quality documents to increase the access of
developing countries clinicians to most relevant knowledge regarding MDR-TB
to avoid therapeutic errors and resistance amplification.

Results

Study 1:Systematic review on FDCs efficacy. The 100% of the studies found revealed
equal efficacy in terms of culture convertion and cure. Relapses appear to be similar.
Adherence acceptance and capacity to reduce resistance acquisition go in favour of
FDCs. Other operative and logistic advantages and cost favour FDCs as well.

Study 2:Cohort study and evaluation of all MDR-TB patients treated in Dominican
Republic between august 2006 and June 2010. There were not found significative
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statistically differences in culture conversion regarding standardized or individualized
treatments. Concerning patients with ended treatments, standardized obtained a
treatment success rate of 74% whereas 66% was obtained for individualized. Each
patient presented a median of 5 side effects. Cavitation on the chest x ray and more than
2 months for culture conversion were found as risk factor for unfavourable result.
Relapse rate was close to 1%.

Study 3:Creation of a review article on the subject of drug resistant TB management.
List and presentation of the bacteriological bases for TB treatment and minimum
requirements and knowledge to take into account to achieve high cure rates.

Study 4:Scientific article addressing the simplification of the most correct and updated
management of co-infected patients with MDR-TB and HIV in African scarce
therapeutic and diagnose resource contexts.

Study 5: Perspective article showing the differences on the presentation and
management of MDR-TB patients coming from rich and poor countries. Solutions from
rich countries, usually the only ones available on the literature or the gold standard are
probably not the best solutions or can not be extrapolated to poor countries.

Conclusion
The articles included in this doctoral thesis represent a scientific back up of a
comprehensive package of basic and low cost interventions:

* Presenting similar efficacy and better profile regarding acceptance, adherence
and probably on resistance acquisition health policies on anti-TB FDCs for the
treatment of susceptible TB should be expanded and prioritized over single drug
use.

* The use of standardized MDR-TB treatments obtains high treatment success
rates even in scarce reduced settings comprising much more simple management
and less cost.

 The MDR-TB knowledge of clinicians in developing countries can be improved
through key and brief materials with simple and quality messages for the self
training on the difficult management of drug resistance TB.

The articles comprised in this doctoral thesis provide relevant scientific information
towards a better control of MDR-TB in developing countries, which was the main thesis
objective.

Key words:
Tuberculosis, TB, multidrug resistant tuberculosis (MDR-TB), fixed dose combinations
(FDCs), developing countries

Xiv



AGRADECIMIENTOS

A mi hijo Telmo por la alegria que regala cada dia y porque con tan solo con unos
meses es capaz de hacerme recordar lo que verdaderamente es importante. Por ser un
estimulo continuo para ser cada dia mejor persona.

A los enfermos de tuberculosis y especialmente TB-MDR que he conocido, a los cuales
he aprendido a admirar. No sé si seria capaz de aguantar lo que ellos aguantan. Son un
ejemplo de resilencia y superacion para todos nosotros.

A mis compafieros de la Union Internacional contra la Tuberculosis y Enfermedades

Respiratorias y sobre todo José A. Caminero (Pepe): coautor de casi todos los articulos
que forman esta tesis, mentor y compafiero en mis trabajos de la Unidn, que creyo y
aposté por mi, del cuél he aprendido casi todo lo que sé sobre la tuberculosis. Sin su
apoyo y ensefianzas esta tesis y sus articulos seguramente no hubieran salido adelante.

A todos lo coautores y colaboradores directos o indirectos de los articulos que
componen esta tesis, sin su ayuda sin duda no habria sido posible. Gracias al equipo de
Republica Dominicana que siempre me ha recibido con tanta alegria y disposicion.

A Joan Cayla director de esta tesis y promotor de estos estudios de doctorado. Fue quien
me sugirié hacerla y bajo el lema de “Tesis ya” durante estos afios me ha empujado y
me ha apoyado en todo su proceso. Gracias Joan!

A Rafa Vidal, co-director de la tesis por sus consejos, su buena disposicién, su
experiencia, sus historias divertidas y por abrirme las puertas de su consulta en Vall
d’Hebron. Todo un referente.

A mis amigos de la Universidad por todos los buenos ratos, por ayudarme a poner los
pies en el suelo, por saber como quitarle hierro a las cosas y sobre todo por ayudarme
siempre a reirme de mi mismo.

A mis compafieros de residencia y del centro de Salud El Greco (Getafe) con especial

mencion a José Marifio mi tutor de la residencia y excelente persona. Incluso pasados
muchos afios tras la especialidad sigue ensefiandome y aconsejandome con el mejor
criterio cuando tengo dudas.

A la gente de la Unidad de Investigacién de TB de Barcelona por su colaboracion desde
que apareci por alli. Especialmente agradecer a Joan Pau Millet y Olivia Horna por sus
consejos en la redaccién, formato y asuntos legales necesarios para esta tesis.

Finalmente quiero dar las gracias a todos los familiares, amigos, conocidos y hasta
desconocidos que de una forma u otra han intervenido en mi educacion no solo
académica sino especialmente personal. Gente generosa como Asad, mi tia Paqui, Sarita,
Marifio, Miriam, etc que la vida te pone en el camino para demostrarte que las cosas
pueden y deben ser de otra manera. Somos lo que dicta nuestros genes pero, es lo que
nos ha tocado vivir y lo que hemos aprendido quien nos hace ser las personas que
somos. Me siento afortunado de tantas buenas personas que me he encontrado por el
camino y de los que he ido aprendiendo. Un proceso que continda... A todos ellos

XV



XVi



PRODUCCION CIENTIFICA

Los resultados obtenidos durante el proceso de investigacion que ha llevado a la
elaboracion de esta tesis doctoral han sido publicados previamente en revistas
cientificas y de amplia divulgacion:

1. Evidence for promoting fixed-dose combination drugs in tuberculosis treatment
and control: a review. Monedero I, Caminero JA. Int J Tuberc Lung Dis. 2011
Apr;15(4):433-9
Publicado: Abril de 2011. Factor de impacto: 2.73

2. Successful management of multidrug-resistant tuberculosis under programme
conditions in the Dominican Republic. Rodriguez M, Monedero |, Caminero JA,
Encarnacion M, Dominguez Y, Acosta |, et al. Int J Tuberc Lung Dis. 2013
Apr;17(4):520-5.

Publicado: Marzo de 2013. Factor de impacto: 2.73

3. Management of multidrug-resistant tuberculosis: an update. Ignacio Monedero,
José A. Caminero. Ther Adv Respir Dis 2010 4: 117-127.
Publicado: Abril de 2010. Factor de impacto de acuerdo a Scopus: 6.85

4. A basis for the clinical management of complicated MDR-TB cases. Monedero
I, Holkar S. Africa Health. 2010 Sept; Vol 32 No 6: 20-25
Publicado: Septiembre de 2010. Impacto: Revista de la Asociacion Africana de
Medicina bajo auspicio del Fondo Mundial

5. Tuberculosis Multidrogorresistente: una enfermedad, dos realidades diferentes.
Monedero |, Caminero JA, Palomares FA, Alonso E, Mazario S. Enfermedades
Emergentes. 2011; 13(2):68-73
Publicado: Junio de 2011. Factor de impacto: 0.25

Estos 5 articulos cientificos cuerpo principal de esta tesis doctoral, estan reproducidos
integramente en la seccién resultados.

Produccion cientifica adicional

De forma adicional durante el tiempo de estudios de doctorado, el doctorando ha
participado en la creacion de otros 7 documentos cientificos, 5 de ellos publicados y
otros 2 pendientes de revisidn, todos ellos en relacion con temética y objetivos de esta
tesis. Dicho material cientifico se adjunta a esta tesis en forma de anexos e informacion
complementaria.

Articulos originales

6. Xpert® MTB/RIF for national tuberculosis programmes in low-income
countries: when, where and how? Trébucq A, Enarson D A, Chiang C Y, Van
Deun A, Harries A D, Boillot F, Detjen A, Fujiwara P |, Graham S, Monedero I,
Rusen | D, Rieder H L. Int J Tuberc Lung Dis 15(12):1567-1571
Publicado: Octubre 2011. Factor de impacto: 2.73

Xvil



7. Common errors in MDR-TB management and how to avoid them. I. Monedero,
JA. Caminero.
Sujeto a revision.

8. Treatment of Patients with multidrug-resistant/extensively drug-resistant
tuberculosis. Management of patients with M/XDR TB in Europe. A TBNET
consensus statement. Jose A. Caminero, Kwok-Chiu Chang, I. Monedero, A.
Scardigli, Wing-Wai Yew.

Sujeto a revision.

Coautor en Guias Internacionales de TB

9. Guideline for the Clinical and Operational Management of Drug Resistant
Tuberculosis. JA Caminero, A van Deun, PI. Fujiwara, | Monedero, CY Chiang,
HL Rieder, D Enarson, A Harries, E Heldal, A Trebucq, E Alarcén, R Armengol,
C Maceé, C Perrin, RA Dlodlo, NE. Billo Paris, France: Internacional Union
Against Tuberculosis and Lung Diseases.

En prensa 2013. Doctorando responsable de 3 capitulos de alta relevancia.

10.Management of Tuberculosis: A Guide to the Essentials of Good Clinical
Practice. Authors: N. Ait-Khaled, E. Alarcon, R. Armengol et al. Publisher:
International Union Against Tuberculosis and Lung Disease (The Union).
Edition: 6th edition (English), 5th edition (Other languages)
Publicado: Febrero 2010.
Acceso desde:
http://www.theunion.org/index.php/en/resources/scientific-
publications/tuberculosis

Colaboraciones en otras guias internacionales de TB y TB/VIH

11.Implementing collaborative TB-HIV activities: a programmatic guide. Fujiwara
Pl, Dlodlo RA, Ferrousier O, Nakanwagi-Mukwaya A, Cesari G, Boillot F. Paris,
France: International Union Against Tuberculosis and Lung Diseases, 2012.
Publicado: Abril de 2012
Acceso desde:
http://www.theunion.org/index.php/en/resources/technical-publications

12.Manual on use of Routine Data Quality Audit (RDQA) tool for TB monitoring.
WHO 2010.
Publicado: Junio de 2011

Acceso desde:
http://whglibdoc.who.int/publications/2011/9789241501248 eng.pdf

XVili



ABREVIATURAS

ARV:
DM:
DOTS:

E o EMB:

FQ:
FPL:
FSL:

H o INH:
[+D+I:

La Unidn:

MCFs
OMS:
PSF:
PVD:

R o RIF:
SIDA:
Sm:
TARGA:
B
TB-MDR
TB-XDR
TDO
VIH

Z

Antiretrovirales
Diabetes mellitus
Directly observed treatment short-course strategy
Etambutol
Fluoroquinolonas
Farmacos de primera linea
Farmacos de segunda linea
Isoniazida
Investigacion, desarrollo e innovacion
Unioén internacional contra la tuberculosis y enfermedades respiratorias
Medicamentos combinados en dosis fijas
Organizacion mundial de la salud
Prueba de sensibilidad a farmacos
Paises en vias de desarrollo
Rifampicina
Sindrome de inmunodeficiencia adquirida
Estreptomicina
Tratamiento antirretroviral de gran actividad
Tuberculosis
Tuberculosis multidrogorresistente
Tuberculosis extensamenterresistente
Tratamiento directamente observado
Virus de la inmunodeficiencia humana
Pirazinamida

XixX



XX



1. Introduccién

1. INTRODUCCION

La Tuberculosis (TB) sigue afectando a millones de personas en todo el mundo. Se
estima que cerca de 9 millones de personas enferman y aproximadamente 1.4 millones
fallecen cada afio (1, 2). Tratar la enfermedad cuando es sensible a farmacos de primera
linea (FPL) no es clinicamente complicado en la mayoria de los casos y la curacion es
posible en mas del 95%. Casi todos los medicamentos contra la TB de los que se
dispone hoy dia fueron descubiertos en las décadas de los afios 50 y 60. Por otro lado,
las medidas para el control comunitario de la enfermedad fueron disefiadas en los afios
50 y basicamente son las mismas en la actualidad (3). Sin embargo en el afio 2013,
todavia estamos lejos de poder controlar esta vieja enfermedad.

Para conseguir tasas de curacion adecuadas, la TB necesita un tratamiento de 6 meses,
en ocasiones con tratamiento directamente observado (TDO). Por lo tanto desde un
punto de vista de salud publica, requiere servicios de atencidbn meédica solidos. Sin
embargo, en los paises de rentas medias y bajas, de donde procede la mayoria de
pacientes, los servicios de atencidbn médica mas basicos no son universales o de una
calidad aceptable. Complementariamente, la TB esta fuertemente ligada a pobreza y a
su vez la pobreza esta fuertemente ligada a barreras en el acceso a servicios de salud (4).
Igualmente, las clases mas desfavorecidas, no son un grupo de presion importante que
pueda influenciar en la agenda internacional o acelerar la investigacion de nuevos
productos farmacéuticos. Con el uso masivo de la rifampicina (RIF) a finales de los
afios 60, la TB fue practicamente eliminada como un problema de salud publica en
muchos paises desarrollados con fuertes sistemas de salud. Consecuentemente, la
investigacibn en TB pard. Desde entonces, no ha habido grandes inversiones ni
investigacion dirigida hacia la TB (5).

Por lo tanto, los medicamentos mas especificos y efectivos contra la TB datan de los
afios 60. El tratamiento no es caro, (medicacion completa cuesta 22 € de media para
paises de escasos recursos a traves del Global Drug Facillity) y generalmente es bien
tolerado. Sin embargo, es un tratamiento largo que necesita 6 meses de toma diaria de
medicacion y un sistema de salud capaz de apoyar al enfermo durante todo el proceso.
Por otro lado, la herramienta diagndstica méas utilizada a nivel mundial, la baciloscopia
de esputo, fue disefiada por Robert Koch, el mismo bacteriélogo que descubrio el bacilo
causante de la dolencia en 1882. Es una prueba que desde el punto de vista técnico es
sencilla de realizar e interpretar, barata, relativamente rapida y especifica. Sin embargo
como prueba es muy poco sensible y apenas consigue diagnosticar al 65% de los
enfermos (3). Es decir uno de cada 3 pacientes puede quedar sin diagndstico. Esto es
especialmente relevante porque las formas clinicas de TB mas letales como la TB
meningea, la miliar o en el paciente severamente inmunodeprimido con frecuencia
presentan baciloscopias negativas.

En el momento actual y en comparacion con otras enfermedades, para luchar contra la
TB apenas se cuenta con herramientas obsoletas y desfasadas (5). Teniendo en cuenta el
namero de muertos y afectados por la TB, la baja inversion y la ausencia de nuevos
avances, sin duda la TB podria ser considerada como la enfermedad mas olvidada o
abandonada de nuestro tiempo (6). A pesar de constantes criticas de médicos, agentes de
salud publica y ONGs han sido practicamente 40 afios de inmovilismo (6). El resultado
de ausencia de innovaciones y escasez de interés politico internacional, es una
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enfermedad potencialmente curable que sigue acabando con la vida de millones de
personas y perpetuando un circulo vicioso de pobreza y baja salud mantenida.

Afortunadamente, parece que la TB vuelve a estar otra vez en la agenda internacional y
se preveén importantes cambios en los proximos 5-20 afos. Este renovado interés de los
paises desarrollados y la industria farmacéutica por la TB, no es fortuito. Tras afios de
uso de las pocas medicaciones disponibles para TB, la emergencia de resistencia
antibioticas esta poniendo en serias dificultades el control de la TB y no solo en paises
en vias de desarrollo (PVD) (7). Adicionalmente, el proceso conocido como
globalizacion y los movimientos poblacionales hace que una enfermedad de transmisién
aérea como la TB suponga un riesgo para cualquier nacion (8).

Ademas en estos ultimos 30 afios las dinamicas de la epidemia de TB se han visto
influenciadas fuertemente por una nueva enfermedad, el Sindrome de
Inmunodeficiencia Adquirida (SIDA) (9). El SIDA esta alterando la progresion de la
epidemia tuberculosa, cambiando las tendencias positivas de los afios anteriores y
creando epidemias de TB con alta letalidad (10). La presencia de virus de
Inmunodeficiencia adquirida (VIH), el cual reduce la capacidad de defensa contra del
cuerpo humano al ataque de otras infecciones ha actuado de forma sinérgica con la TB.
La complementariedad entre ambas enfermedades se explica entre otros, porque el VIH
destruye los macrofagos tisulares y los linfocitos CD4, que a su vez son las principales
barreras para frenar la infeccion tuberculosa y también para frenar la progresion de
infeccidn latente a enfermedad. Las personas viviendo con VIH tienen mas probabilidad
de quedar infectadas tras un contacto y de 100 a 140 veces mas probabilidad de
desarrollar la enfermedad y también mas probabilidad de morir por TB (3, 11, 12).

Durante los primeros afos de la epidemia de VIH en los paises desarrollados la sinergia
entre ambas enfermedades fue puesta de manifiesto y documentada (9). Los programas
de control de la TB fueron reforzados y al mismo tiempo hubo una introduccion
mantenida de tratamientos anti-retrovirales. Ademas se hicieron grandes esfuerzos en la
prevencion de VIH en grupos de riesgo (13). La situacion fue parcialmente controlada
mientras que en los paises en desarrollo poca o ninguna informacion existia al respecto.

Tanto es asi que en los paises de Africa Subsahariana con altos niveles de infeccion por
VIH, las tasas de TB se han multiplicado exponencialmente pasando de 100 casos por
cada 100.000 habitantes a niveles de 500 o incluso 1000 casos por cada 100.000 (14).
Un crecimiento de las tasas de TB que siguen en aumento y que ademas en casos no
tratados de VIH comporta un aumento considerable de la mortalidad. De hecho la TB es
actualmente la principal causa de muerte en pacientes infectados por el VIH (15). La
mortalidad por TB con resistencia a farmacos en pacientes seropositivos en paises
africanos ha llegado a ser el 98% en unas 2 semanas tras el diagnostico (10).

En PVD, hay otra enfermedad que puede a medio plazo condicionar seriamente las
dinamicas de la epidemia por TB y es la Diabetes Mellitus (DM). Los paises en vias de
desarrollo estan pasando por un proceso denominado transicién epidemioldgica. Es
decir apenas han conseguido superar las enfermedades infecciosas y sus paises ya
presentan enfermedades no comunicables hasta ahora principalmente observados en
paises occidentales, como la hipertension arterial, la obesidad y la DM. Las
proyecciones y tendencias actuales de obesidad y DM son particularmente alarmantes
en América Latina, Sudeste Asiatico y en general los paises con economias emergentes.
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La DM de una forma que pudiera compararse con el VIH aumenta la susceptibilidad de
los pacientes a infectarse y también a desarrollar TB (16, 17). Como factor de riesgo de
TB la DM es menos potente que el VIH, sin embrago su presencia en la poblacién es
mucho mas prevalente (17). Lo que podria implicar un incremento considerable de TB
en la poblacion general.

Ahora mas que nunca es necesario el trabajo conjunto y fondos dirigidos hacia
investigacion, desarrollo e innovacion (I+D+1) en TB. Sin embargo, tras todas estas
décadas de retraso por mucho empefio que se ponga las medidas probablemente van a
llegar tarde. La epidemia de TB sigue creciendo en paises en desarrollo, las formas de
TB en pacientes inmunocomprometidos (sea por VIH o DM) son mas dificiles de
diagnosticar y presentar peor prondstico mientras que las resistencias a medicamentos
reducen las opciones terapéuticas, complican el manejo y ensombrecen el prondstico.

Durante los afios que puede demorar la aparicion de soluciones definitivas (5) se deben
optimizar los actuales conocimientos y herramientas de que se disponen para aumentar
el acceso a diagndstico y tratamiento oportuno de pacientes, a la vez que reducir en la
medida de lo posible la aparicion de resistencias medicamentosas. Incluso con
herramientas obsoletas en paises de escasos recursos, hay todavia mucho por hacer.
Optimizar las herramientas y conocimientos actuales, principal objetivo de esta tesis,
pueden marcar una diferencia en la evolucion de la epidemia de TB sensible y resistente.

La TB resistente a farmacos

El tratamiento actual promulgado por la Organizacién mundial (OMS) para TB sensible
consta de 4 farmacos en la fase inicial de 2 meses de duracion y 2 farmacos en la fase de
continuacion que dura 4 meses (18). Se denomina tratamiento de Categoria | e incluye
los siguientes medicamentos considerados de primera linea: isoniazida (H o INH),
rifampicina (R o RIF), pirazinamida (Z) y etambutol (E o EMB). De forma abreviada se
escribe: 2RHZE / 4RH.

Los farmacos de primera linea (FPL), son actualmente los medicamentos mas potentes,
menos toxicos y de menor coste que existen. De ellos la INH y especialmente la RIF
son los mas importantes. La INH es el medicamento con mayor actividad bactericida, es
decir la que tiene mayor capacidad para destruir bacilos metabdlicamente activos con
una capacidad alta de replicacion. Por lo tanto, salva la vida del paciente y clinicamente
cura al enfermo. Sin embargo su capacidad para destruir bacilos metabdlicamente
inactivos o durmientes es muy limitada (3). Esta se denomina capacidad esterilizante y
determina curaciones sin recaidas de enfermedad. La RIF desarrollada en 1963 tiene
una fuerte capacidad bactericida y una inigualable capacidad esterilizante. De hecho, la
RIF es el medicamento fundamental para acortar el tratamiento y conseguir curaciones
sin posteriores nuevos episodios de enfermedad o recaidas (19). La duracion del
tratamiento se puede limitar a 6 meses debido a la potente accion esterilizante de la RIF.
Aunque 6 meses pudiera parecer un tratamiento largo, es la menor duracion de un
tratamiento de TB de alta eficacia sin recaidas posteriores (20). La RIF ha demostrado
ser una herramienta esencial en la curacién de enfermos. Tanto es asi que en paises con
fuertes sistemas de salud capaces de apoyar y supervisar al enfermo durante los 6 meses
de tratamiento ha conseguido controlar la epidemia y encaminarla hacia la eliminacion.
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La RIF es también la piedra angular del tratamiento de la TB en el paciente coinfectado
con VIH (15, 21). EI tratamiento diario con RIF es un factor pronéstico fundamental
para evitar muertes, fracaso de tratamiento y recaidas (21).

Sin embargo, después de décadas utilizando los FPL, se han ido seleccionando

poblaciones bacilares resistentes a estos antibioticos mediante un proceso de adaptacion
inter-especie y presion Darviniana. Las causas de emergencia y seleccion de bacilos

resistentes naturales se deben principalmente al uso de tratamientos inadecuados (22).
La monoterapia real o encubierta entre otros medicamentos no eficaces, es uno de los
principales mecanismos por los que se seleccionan cepas resistentes (22).

El uso de medicamentos en monoterapia en presencia de altas cantidades de bacilos
(10°*% hace que todos los bacilos susceptibles a dicho medicamento sean destruidos
pero una mimima proporcion de ellos (de 100 a 1000 bacilos) sobreviven por ser
mutantes resistentes naturales. Esos pocos bacilos supervivientes en los meses
siguientes creceran hasta formar ser otra v&2°teando enfermedad siendo todos los
bacilos resistentes al medicamento dado en monoterapia. Este proceso se conoce con el
nombre de “fall and rise”(23, 24) y es la base de la amplificacion de resistencias o
creacion de resistencias secundarias al tratamiento.

El uso masivo de INH en los ultimos 50 afios ha acabado por generar altas tasas de
resistencia inicial a INH (13% a nivel mundial) (25). Por este hecho a los tratamientos
de TB iniciales actualmente se asocia EMB en la fase de inicio. Sin embargo, las altas
tasas de resistencia a INH son un considerable peligro y una fuente de ampliacion de
resistencias. En el actual esquema de categoria | la fase continuacion se realiza solo con
INH y RIF. Por lo tanto, si hay resistencia inicial a INH de forma efectiva solo estamos
tratando con RIF en monoterapia. Si la carga bacilar es alta o las tomas son inadecuadas
existe un riesgo importante de desarrollar resistencia a RIF. Cuando surge resistencia a
los dos medicamentos mas potentes a la vez (RIF e INH), esta situacion se define como
multidrogorresistencia (MDR) (26). Sin la capacidad esterilizante de la RIF,
actualmente la duracion del tratamiento de la TB pasa de 6 al8 y 24 meses con
medicamentos mas caros, mas toxicos, menos eficaces (22). El manejo de la TB pasa a
ser mucho complejo, tanto que grupos como Médicos sin Fronteras lo han dado en
comparar con los tratamientos quimioterapeuticos contra el cancer. La TB-MDR esta
poniendo en peligro el control de la TB paises en desarrollo ya que las cifras de
pacientes son mucho mayores que las inicialmente pensadas (27). Se estima que para el
afio 2011 el numero de pacientes con TB-MDR ascendencia a 650.000 (1). Desde un
punto de vista epidemiologico, estos pacientes al no haber fallecido pero tampoco estar
curados contribuyen a una expansion primaria de la epidemia resistente en la comunidad
ya que los bacilos que expelen son resistentes.

A pesar de los vastos beneficios de la estrategia DOTS (del ingles Directly Observed
Treatment Short-course Strategy), introducida a nivel mundial por la OMS en 1992, la
preocupacion por una TB de dificil curacion no ha parado de crecer desde afios 90 (28).
Los tratamientos irregulares o de escasa calidad y otras circunstancidslflieea.1)

han convertido un problema de pacientes concretos en una preocupacion de salud
publica mundial (6). Esta situacién es particularmente alarmante en las republicas de la
antigua Union Soviética (29). A pesar de los progresos en el control de la TB-MDR (30)

y del desarrollo de politicas internacionales para tratar la enfermedad, han aparecido
formas con patrones de resistencias aun mas severas como la TB extensamente
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resistente (TB-XDR) (9, 10, 31, 32) y la TB totalmente resistente (33). TB-MDR mas
resistencia a alguna fluoroquinolona (FQ) y al menos a un inyectables de segunda linea,
es la actual definicion de TB-XDR (7). En estos casos, los pacientes tienen bacilos
resistentes a los farmacos mas potentes tanto de primera, como de segunda linea.
Obviamente los pacientes con TB-XDR tienen menos opciones terapéuticas y también
un pronostico peor (32).

Tabla 1: Causas frecuentes asociadas a la seleccién de resistencias en la comunidad (5,
34):

1. Mala implementacion de la estrategia DOTS:
Mala adherencia y supervision del tratamiento
Tratamientos no estandarizados
Historia frecuente de falta de suministros de medicacion en el pais
2. Mala calidad de los medicamentos anti-tuberculosos
3. Tratamiento de la TB principalmente en el sector privado
4. Deficientes condiciones de control de infeccion hospitalaria
5. Alta prevalencia de cepas de M. TB de alta virulencia
6. Virus de inmunodeficiencia humana en algunas areas concretas

El peligro de las epidemias de TB resistente entre pacientes VIH positivos salté a la
agenda internacional en el afio 2006 aunque ya se habian documentado numerosos casos
de epidemias en todo el mundo (35-37). En aquel afio se publico en la revista semanal
del Centro para el control de enfermedades de Atlanta (CDC) la aparicién de la TB-
XDR (38) y poco después, se publico un brote epidémico intrahospitalario de TB-XDR
con una alta letalidad en Sudafrica (10). La mortalidad fue del 98% en menos de 4
semanas tras el diagndéstico. Los estudios genotipicos revelaron que las cepas eran
practicamente las mismas, demostrando un patrén de transmision persona a persona
probablemente dentro de un centro sanitario. Parece que los colectivos de enfermos de
VIH y también la industria farmacéutica empieza a considerar que todos los éxitos
alcanzados con los tratamientos anti-retrovirales (ART) podrian convertirse en nada por
culpa de una TB intratable. Es necesario una aceleracion en 1+D+l antes de que la
emergencia de resistencias hagan el manejo aun mas dificil y econémicamente
inaccesible especialmente en paises pobres.

Factores de riesgo para la TB resistente

Hasta la fecha, el factor de riesgo mejor documentado para resistencia es haber sido
tratado previamente contra la TB (26, 29, 34, 39-41). En algunas areas geograficas, el
sector privado al trabajar fuera de los programas, sin realizar TDO y sin seguir los
estandares internacionales puede estar jugando un papel deletéreo (42, 43).

En cuanto a las resistencias primarias, es decir enfermos que primariamente se
infectaron con cepas resistentes, parece estar aumentando. De hecho, ser contacto
préximo de un paciente con enfermedad resistente es un también un importante factor
de riesgo (44, 45). Existen numerosas referencias a casos en nifios y convivientes en la
misma casa (46).
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A un nivel de datos agregados o individuales, actualmente la infeccion por VIH en si
mismo no se considera un factor de riesgo (26, 39, 47) . Contrariamente y teniendo en
cuenta datos mas recientes pero limitados, si podria ser considerado un factor de riesgo
(29) no por el virus en si, sino por factores ambientales como la transmision aérea en
lugares con grandes concentraciones de personas (salas de espera, hospitales...). ElI VIH
esta implicado en gran numero de epidemias nosocomiales de TB y TB resistente.
Segun algunas experiencias limitadas, la malabsorcion medicamentosa en pacientes con
SIDA avanzado puede condicionar un alto numero de fracasos terapéuticos y
amplificacion de resistencia (48). Los paises con alta carga de VIH tienen por tanto, un
mayor riesgo tanto de TB sensible como de TB resistente, todo ello en un contexto de
coinfeccién donde es mas dificil de diagnosticar y el tratamiento ofrece peores
resultados.

Desde otro punto de vista, mas social y menos clinico existen multiples razones para la
emergencia de resistencias a nivel internacional, especialmente asociadas a pobreza:
falta de acceso a servicios basicos de atencion primaria, programas nacionales de TB
subdptimos, rupturas de stock de medicamentos, tratamientos inadecuados, uso
irracional de medicamentos, amplia monorresistencia a INH, falta de investigacion en
nuevos medicamentos y pruebas diagnésticas, etc (26, 34, 49).

Diagndstico de la TB-MDR

Como ya se ha comentado, la TB-MDR se define como TB con resistencia a INH y RIF.
Es por tanto un diagndstico bacteriolégico. Desde un punto de vista, clinico,
radiografico o mediante baciloscopia de esputo la TB y la TB resistente a farmacos son
indistinguibles. A pesar de que los anteriores factores de riesgo puedan orientar el
diagndstico (50), este solo es de certeza realizando un antibiograma o prueba de
sensibilidad a farmacos (PSF). Consecuentemente, para diagnosticar un paciente de TB-
MDR es necesario la toma de una muestra biolégica (preferentemente esputo) cultivarlo
y una vez cultivado exponer distintas muestras a diferentes antibiéticos e incluso a
distintas concentraciones. Si el germen crece seria una cepa resistente a dicho
medicamento.

Mycobacterium tuberculosiss un bacilo de crecimiento lento que necesita de 15 a 40
dias para crear colonias en medio solido de Lowenstein-Jensen y de 5 a 20 dias en
medios liquidos. Este crecimiento lento condiciona una alta demora en los resultados
que limita el uso de rutina de los cultivos (3). Realizar la prueba de sensibilidad a
medicamentos puede doblar en el tiempo de duracion en la obtencién de resultados. Por
tanto el tiempo en laboratorio para obtener resultado puede ser entre uno y tres meses.
Posteriormente, hay que hacer llegar los resultados a los médicos y pacientes proceso
gue segun los sistemas y burocracia del pais puede ser inmediato en lugares trabajando
con intranets que comuniquen laboratorio y hospitales o puede ser de 6 meses si
funcionan con sistemas de cartas en papel con puesto intermedios. En el caso de la India,
de donde proceden gran parte de los pacientes con TB-MDR del mundo, de media se
puede tardar 5 meses en el diagnostico y otros 3 mas para iniciar el tratamiento tras la
confirmacién de las resistencias, total 8 meses (51). Es una demora inaceptable desde el
punto de vista clinico para el tratamiento de una enfermedad mortal y con importantes
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secuelas en caso de diagnostico tardio. Por otro lado, el actual gold estandar para el
diagndstico de resistencias que es el método de las proporciones de Cannetti tiene mas
de 50 afios y presenta importantes limitaciones técnicas que reducen su fiabilidad (52,
53). La fiabilidad de estas pruebas es mayor para RIF e INH. Fiabilidad y
reproducibilidad es mediana para FQs e inyectables pero muy escasa para el resto de
medicamentos presentando alto nUmero de falsos positivos y falsos negativos (53, 54).

Tabla 2. Limitantes de las pruebas de sensibilidad a farmacos anti-TB (22, 53-55):

El tamafiodel inoculo se correlaciona con la carga bacilar cultivada pudiendo modificar
los resultados

Una buenalispersion del inoculpor el medio, es necesaria para que todas las colonias
tengan contacto con el farmaco

Viabilidad de los bacilos dependiente de: retraso en envio de muestra o excesiva
decontaminacion

Representatividade la muestra respecto a la poblacion de bacilos que presenta el
enfermo.

Bacilos con grandes patrones de resistencias tienen un comportamipoboete
crecedoresPueden tardar mas de 5 semanas en crecer en cultivo

DEL INOCULO

Medio de Lowenstein-Jensan estandat con frecuencia elaborado en laboratorio. El

DEL MEDIO DE
CULTIVO Y
CAPACIDAD DEL
LABORATORIO

uso de huevos sin trazas de antibiéticos puede ser dificil

Tiempo de incubaciéprolongado

Suministro constante de energia eléctrica durante40 dias

Tasas de contaminacién excesivamente altas o excesivamente bajas segun
procedimientos

APLICACION Disoluciondel medicamento

DE LA . Falta deconcentracion critica@standar para asumir un umbral de resistencia
MEDICACION Almacenaje y calidade la medicacion

EFICACIA DE Mala correlacién in vivo — in vitroMalos valores predictivos

LA Dependiente de leida mediadel medicamento

MEDICACION Diferentes de Falso positivos y negativos en funcion dédacia de la medicacion.

Resultados mas fiables para las medicaciones mas efectivas: Isoniazida y Rifampicina

En conclusion, las PSF como test diagndstico presentan un importante retraso, no tienen
una buena correlacion clinica excepto para RIF e INH, son caras y precisan de
laboratorios de alta calidad y seguridad de los cuales tal vez carecen o son deficitarios
en gran numero de paises en desarrollo. Consecuentemente no se diagndstica a la
mayoria de enfermos con TB- MDR vy de los diagnosticados muchos mueren esperando
resultado o ya padecen enfermedad avanzada o no hay acceso a medicamentos (27, 51).
Actualmente la OMS limita la recomendacion de PSF a RIF e INH. En un segundo paso

si el pais lo considera oportuno se amplia a EMB, Estreptomicina (Sm), otros
inyectables de segunda linea y FQs (56). No se recomienda su uso para otros
medicamentos anti-TB.
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Segun lo mencionado anteriormente las resistencias emergen por la seleccion de bacilos
que de una forma natural presentan mutaciones espontaneas que les confieren
resistencias a determinados medicamentos. Por tanto mediante la identificacion de estas
mutaciones que determinan resistencia fenotipica se podrian utilizar para el diagnéstico
de resistencias medicamentosas. Esta es la tecnologia por la cual se llevan
diagnosticando las resistencias del VIH desde hace més de 15 afios. Sin embargo la
aplicacion en TB apenas estd empezando (57-61). Con toda la falta de [+D+I en el
campo de la TB de las ultimas décadas, hay un importante desconocimiento en cuanto a
las mutaciones que confieren resistencia a los medicamentos anti-TB. Sin duda es un
campo de trabajo donde se esperan cambios en un futuro cercano. Afortunadamente las
principales mutaciones que confieren resistencia a los principales medicamentos como
INH, RIF y las FQ son conocidas, (VEabla 3). Aungque es escaso el conocimiento del
papel que juegan las mutaciones de alto y bajo grado y se desconocen las mutaciones y
mecanismos que confieren resistencias al resto de medicamentos anti-TB.

Tabla 3. Bases moleculares de la resistencia medicamentoddy@avbacterium
tuberculosis (57):

MEDICAMENTO GEN FUNCION PREV&)ENC'A
Isoniazida kat G Catalasa-Peroxidasa 40-60
inh A enoil-ACP reductasa 25
ahp C Alfil-hidroperoxidasa 10
reductasa
kas A Sintetasa de la proteina
carrier cetoacil-acil
Rifampicina rpo B Subunidad 3 de la ARN 95
polimerasa
Pirazinamida pnc A Pirazinamidasa 95
Etambutol emb CAB Arabinosil transferasa 60
Estreptomicina rps L Proteina ribosomal S12 60
res ARNr 16S 20
Fluoroquinolonas gyr A, gyr ADN girasa 80-90
B
Amikacina/Kanamicina rrs ARNr 16S 70-90
Capreomicina res ARNTr 16S 90
tly A ARNr metiltransferasa

Si el laboratorio que hace pruebas fenotipicas clasicas no trabaja sobre altos estandares
de calidad, posiblemente las nuevas pruebas genotipicas sean mas sensibles y
especificas especialmente para RIF (62). Los nuevos test genotipicos para detecciéon de
resistencias ademas de tener un grado alto de fiabilidad son rapidos. Tanto es asi que
pueden aportar resultados entre 2 horas y 2 dias. Globalmente al necesitar menos tiempo
y personal pueden ser mas baratos que las PSF tradicionales (60).
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Las pruebas genotipicas actualmente en mayor uso $&enekperty el Genotype El
Genexpert es un test que realiza una deteccion de ADN de Mycobacterium tuberculosis
complex mediante una PCR a tiempo real. Demora solo 2 horas en dar resultados. Se
realiza directamente desde esputo y tiene una sensibilidad diagndstica cercana al cultivo
incluso en pruebas con baciloscopia negativa (63). Es capaz de diferenciar tuberculosis
de Mycobacterias atipicas y testar resistencia a rifampicina mediante deteccion de
mutaciones en el gen rpo B. La principal ventaja que presenta es su facil uso, muy
reducido riesgo de contagio para los trabajadores y sus escasos requerimientos
(electricidad constante y temperaturas menores de 25°C). Las limitaciones principales
para su implantacion en paises en desarrollo es su coste y re-calibracién anual (64).

El Genotype MDR-TB line probe assay es también una PCR pero necesita un
laboratorio de biologia molecular, personal altamente especializado y demora
aproximadamente 2 dias en ofrecer resultados. En cambio aporta informacion en cuanto
a resistencias a INH (deteccion de mutaciones en kat G y en inh A) y RIF (rpo B) e
identifica mas de 40 mycobacterias atipicas (58). Sus nuevas versiones aportan
informacion sobre resistencias a EMB, kanamicina y ofloxacina.

Manejo de la TB-MDR

En el manejo de la TB-MDR no existen fuertes evidencias cientificas ya que la gran
mayoria de pacientes tratados durante las décadas de los ‘60, ‘70, ‘80 y ‘90, lo fueron de
forma individual en los centros de referencia de los paises desarrollados. Por tanto, los
datos cientificos son limitados. EI manejo de estos pacientes suele estar basado en la
opiniébn de expertos, que con frecuencia muestran desacuerdo y controversia (30).
Existen muy pocos ensayos clinicos aleatorizados posteriores que evalten los distintos
esquemas de tratamiento. De hecho, ademéas de la mencionada falta de interés por la
comunidad cientifica e industria farmacéutica, el tratamiento prolongado de la MDR vy

la necesidad de evaluar las recaidas un afio tras el tratamiento hacen los estudios en TB-
MDR largos y costosos (5). EI marco basico sobre el que establecer el tratamiento
estandarizado de la TB-MDR son un éxito reciente (65) (22) y la eficacia de los mismos
sigue en entredicho por gran parte de los clinicos.

En paises desarrollados para tratar a estos escasos pacientes con resistencias se
utilizaron farmacos también desarrollados en los afios ‘50 y ‘60 antes del
descubrimiento de la RIF. De hecho con excepcion de las FQs, no han aparecido nuevos
farmacos contra la TB que pudieran ser utilizados en casos de resistencias. En paises en
vias de desarrollo estos enfermos eran denominados pacientes cronicos o directamente
casos incurables.

A largo de las décadas, el mal uso de las FPL, la inexistencia de medicacién para TB-
MDR o los tratamientos ineficientes para ésta han ampliado el patron de resistencias
aun mas. Anadido a la transmision de cepas resistentes en la comunidad, se ha creado
una situacion preocupante de alta prevalencia de casos resistentes en paises en
desarrollo. En estos paises no solo la capacidad diagndstica es reducida, también existe
un escaso numero de médicos formados para el manejo de la TB resistentes. Ademas los
sistemas de salud son insuficientes para la retencion y el TDO de pacientes en los 20 a
24 meses que duran los regimenes propuestos por la OMS (5, 66). Actualmente en



1. Introduccién

Bangladesh y ciertos paises de Africa se esta llevando a cabo tratamiento para pacientes
con TB-MDR de una duracion de 9 a 12 meses con tasas de curacion superiores al 85%
(67). La Union Internacional contra la TB y Enfermedades Respiratorias esta llevando a
cabo un ensayo clinico con estos regimenes acortados pero los resultados no seran
definitivos hasta el afio 2017.

Por otro lado, los farmacos de segunda linea (FSL) de los que se dispone son menos
eficaces, mas téxicos, peor tolerados y mucho mas caros (22). Estos medicamentos se
clasifican en 5 grupos principales (ver Tabla 4) (22).

Tabla 4. Clasificacion de OMS de medicamentos con actividad frente a la TB (5, 22, 30,
55):

GRUPO MEDICAMENTOS
Grupo 1:

Medicamentos orales de primera
linea

isoniazida (H); rifampicina (R); etambutol (E);
pirazinamida (2)

Grupo 2:

Medicamentos inyectables kanamicina (Km); amikacina (Am); capreomicina (Cm);

estreptomicina (Sm)

Grupo 3:

. ofloxacina (Ofx) moxifloxacina (Mfx); levofloxacina
Fluoroquinolonas

(Lfx); gatifloxacina (Gtx)

Grupo 4:

Bacteriostaticos orales etionamida (Eto); protionamida (Pto); cicloserina (Cs);

terizidona (Trd); a&cido para-aminosalicilico (PAS)

Grupo 5: clofazimina (Cfz); amoxicilina/clavulanico (Amx/Clv);
Medicamentos poco eficaces o ¢ linezolid (Lzd); imipenem/cilastatin (Ipm/Cln); altas dosis
escasa evidencias de isoniacida ( >H); tioacetazona (Thz); claritromicina

(Clr)
Medicamentos a estudio (fase Il
actualmente solo uso compasivo bedaquilina, delamanid

La base del tratamiento de la TB-MDR es crear esquemas con los siguientes
medicamentos mas activos tras los de primera linea. Estos son en primer lugar las
quinolonas de tercera y cuarta generacion y después los inyectables de segunda linea.
Quinolonas e inyectables son la base del tratamiento. Posteriormente hay que anadir
mas medicamentos potencialmente activos para proteger a los medicamentos anteriores
de la seleccién de resistencias (19). Finalmente los esquemas contaran con al menos 4
medicamentos efectivos. Ver mas informacion sobre buenas practicas en manejo de TB-
MDR en la Tabla 5.

Bajo esquemas inadecuados o con deficiente adherencia a la medicacion, existe la
posibilidad de ampliar los patrones de resistencia. Por eso cuando las cepas de bacilos
se hacen resistentes a quinolonas e inyectables, medicamentos que son la base del
tratamiento de la TB-MDR, el pronéstico se ensombrece y pasa a denominarse TB-
XDR. A finales de 2011, 77 paises habian reportado casos de TB- XDR (68). Pero la
existencia de casos TB-XDR permanece siendo una incognita en mas de 100 paises
debido a la poca capacidad de sus laboratorios. Por lo tanto, las estimaciones tienen un
considerable grado de incertidumbre y muy probablemente estan infraestimados (40).

10
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Para el manejo de la TB-XDR es necesario realizar esquemas individualizados, que a su
vez son aun mas caros y por lo tanto con menor acceso a tratamiento en paises de escasa
renta (5). Sin duda es necesario para un futuro proximo contar con nuevos
medicamentos y mejores y mas sencillos regimenes contra la TB.

Tabla 5. Resumen de buenas practicas actuales en el manejo de TB-MDR (55)

PASOS CONSIDERACIONES

1. Diagnéstico Tener en cuenta
e Historia de drogas: un mes de monoterapia es el indicador de
resistencia mas importante
e PSF: Mas fiable para RIF e INH; bastante fiable para Km y FQ;
Menos fiable para E y Z; muy poco fiable para drogas del grupo 4y 5.
No recomendado).
« Realizar test de VIH. Si es positivo iniciar cuanto antes co-trimoxazol

y ART
2. Numero de Al menos 4 medicamentos efectivos: nunca usados en el pasado o con
medicamentos susceptibilidad demostrada por PSF, teniendo en cuenta fiabilidad de la
PSF y resistencias cruzadas
3. Seleccion de e Usar medicamentos de primera linea si todavia son efectivos
medicamentos e Una quinolona de tercera o cuarta generacion (considerar doble dosis)

e Uninyectable de segunda linea
e Usar medicamentos del grupo 4 hasta completar las 4 drogas efectivas
e Si es necesario usar medicamentos del grupo 5 para reforzar el
esquema o cuando no se llega al numero de 4 drogas efectivas.
Actualmente se considera que cada 2 medicamentos del grupo 5
cuentan como 1 medicamento efectivo.
4. Duracion del * Al menos 4 meses tras la conversién del esputo o cultivo
inyectable e AUn mayor duracion si no hay 3 medicamentos efectivos en la fase
continuacion o son del grupo 5 o hay sospechas de resistencias a FQ

5. Cirugia Considerar solo si se cumplen todas las siguientes condiciones
e Se disponen de muy pocas drogas efectivas
* Lesiones localizadas
» Reserva respiratoria suficiente tras la reseccion

6.Régimen » Estandardizadosi no hay uso de medicamentos de segunda linea en
ideal el pasado
» Individualizado si hay uso de medicamentos de segunda linea en el
pasado o contacto con un paciente MDR que los ha usado (tratar con
el régimen que fue efectivo en el caso indice).

ART: tratamiento antirretroviral; PSF: prueba de sensibilidad a farmacos; E: Etambutol; FQ:
fluoroquinolonas; H: isoniacida; Km: kanamicina; R: rifampicina; Z: pirazinamida

Perspectivas en la TB con resistencias

Ante la ausencia de nuevos medicamentos, vacunas y pruebas diagnosticas, la TB-
MDR/XDR es una preocupacion real de salud publica global (69). Los modelos
matematicos indican ademas que existe un riesgo real de un cambio desde cepas

11
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susceptibles hacia resistentes (70). Dada la baja capacidad actual para diagnosticar y las
reducidas tasas de curacion de los casos TB-MDR, de acuerdo a otros modelos, cuanto
mas MDR se diagnostique, mas XDR se crea (71). Se predice un incremento
exponencial a nivel internacional de la TB-XDR como resultado sinérgico de la
interaccion entre la resistencia adquirida por un mal uso de medicamentos de segunda
linea mas las resistencia transmitidas por via aérea (71-73). Sin medidas de calidad, las
epidemias la TB-MDR y XDR puede llegar a ser incontrolable (71).

Este problema se podria solventar con un incremento sustancial de la monitorizacion y
evaluacion y creacion de capacidades locales. Sin embargo podria contribuir a otro
riesgo mayor: el desvio de recursos (humanos y economicos) desde los programas de
TB sensible a los de TB resistente. Si la implementacion de un programa de MDR viene
acompafado tan solo de un descenso del 5% en la efectividad de programa de TB
sensible, el nUmero de muertos totales se incrementaria considerablemente mas que si
solo se implementara DOTS y se crearian mas casos de TB-MDR como consecuencia
del fracaso del DOTS (73). De hecho, el éxito de abogacia y financiacién sobre los
programas de TB-MDR ha forzado a algunos gobiernos a iniciar de forma prematura
programas de TB-MDR sin tener previamente programas DOTS de calidad (74). La
falta de experiencia y conocimientos en el manejo de la TB-MDR en paises en
desarrollo es un serio problema. Un enfoque limitado en el tratamiento de la TB-MDR,
sin garantizar su calidad o altas tasas de curacion puede paradéjicamente convertir una
mala situacion en una aun peor (74, 75).

12
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2. JUSTIFICACION

Para cortar la cadena epidemiolégica de la TB-MDR la primera medida a tomar seria
lograr altas de tasas de diagnostico de TB sensible y después alcanzar altas tasas de
curacion que eviten la transmisibn pero ademas no generan resistencias a los
medicamentos utilizados (18, 76).

Una vez creadas las resistencias por tratamientos no efectivos (resistencias secundarias)
la TB-MDR se puede transmitir por via aérea. Por tanto el diagnostico precoz es
necesario en la comunidad y tratar aquellos casos de forma eficaz para evitar
transmision y aun mayor amplificacién de resistencias (5, 77). De una forma general
areas potenciales para reducir la epidemia de TB-MDR se podrian resumir en estos 3
grandes campos.

Campos de actuacion contra la epidemia de TB-MDR

A. TRABAJAR SOBRE CONDICIONANTES DE LA EPIDEMIA DE TB

1. Medidas sociales y econdmicadistéricamente el mayor declive en la epidemia
mundial de TB sucedi6é en Europa tras la revolucion industrial de la mano de los
cambios en los estandares de vida, mejora de la alimentacion y condiciones higiénico-
sanitarias tanto en grandes ciudades como en areas rurales (4). De hecho pobreza,
malnutricion y exclusién social son los mayores condicionantes de la epidemia de TB
(3) y tan solo actuando en este punto se podria limitar la epidemia de TB con o sin
resistencias e incluso encaminarla por si sola hacia la eliminacién (ver figura 1).
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5 30g l\'—-__ identified
i
a 20 | \\
- 3
i
g 200 |
= i W |
w150 ‘~-.‘ l WW I
=9 -"" -
—
E 100 TB skin testing \ &nl,;iuﬁ
z N
g N
$ 3
i i L 1 ] ] L | - - =

1860 1870 1880 1830 1900 18990 1820 1930 1940 13950

Figura 1. Descenso en la mortallidad por TB en Inglaterra y Gales entre los afios 1850 y
1960 (78)

2. Medidas sobre otras enfermedades que condicionan la epidemia @é$Bamente

la silicosis estaba fuertemente implicada en la TB (3). Sin embargo en el momento
actual las enfermedades que reducen la capacidad del sistema inmune estan
influenciando aun con mas fuerza la epidemia deddno se comento previamente la

13
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falta de control y tratamiento de la epidemia de VIH en paises de Africa Sub-sahariana
ha creado un incremento de las tasa de TB sin precedentes en la historia (9). En estos
paises con altas cifras de VIH, el control de la TB con medidas exclusivas centradas en
la TB sin tener en cuenta el control del VIH, es insuficiente. La DM en plena tendencia
alcista en paises en vias de desarrollo posiblemente en un futuro cercano puede traer de
la mano un incremento sustancial de las tasas de TB (17). Tanto VIH como DM vy falta
de acceso a su tratamiento estan fuertemente asociados con los factores anteriores de
pobreza y exclusion social presentes en los pacientes con TB-MDR (6, 50).

B. OPTIMIZACION DE HERRAMIENTAS Y CONOCIMIENTOS ACTUALES

Los conocimientos, estrategias y medicamentos actuales si fueran optimizados se
lograrian mejores resultados de los actualmente obtenidos tanto en prevencion de casos
con TB-MDR como en la curacion una vez aparecidos (5, 79). Algunas de las
principales medidas necesarias de optimizacién son (5):

1. Fortalecer la estrategia DOTS. La estrategia DOTS ha sido y sigue siendo uno de los
pilares basicos para el control de la epidemia de TB (18). Por si solo ha sido insuficiente
para controlar las resistencias pero también es cierto que su implementacion no ha sido
adecuada, precisamente en los paises donde mas resistencias existen. Ahora mas que
nunca es necesario un DOTS de calidad para encarar los nuevos retos que presenta la
epidemia de TB como la prevenciéon de casos de TB-MDR (34).

2. Uso global de loMedicamentos Combinados en dosis FijRECFs). Los MCFs

tienen ventajas clave a nivel logistico y practico (iadrla 6) y probablemente la
capacidad para evitar la monoterapia (80). Basado en un analisis de no inferioridad se
ha demostrado que los medicamentos sueltos y combinados en una sola pastilla,
obtienen similares resultados (81). Afiadido a un menor precio, facilidad de toma y
cumplimiento de esquemas estandar, facilidad de calculo de dosis, se puede especular
que si los MCFs se usaran a gran escala y especialmente en paises con escasos recursos
y mala supervision de la toma de tratamiento, los esquemas terapéuticos serian mas
curativos a la vez que una proporcion sustancial de resistencias podrian ser evitadas (5).
Sin embargo los MCFs siguen sin ser utilizados ampliamente a nivel internacional (82,
83).

Tabla 6. Ventajas operativas de los medicamentos combinados en dosis fijas (84) (80):

Prevencion de monoterapias y seleccion de resistencias

Prevencion de errores en el célculo de dosis

Simplificacidén y estandarizacion de los regimenes de quimioterapia
Facilita la educacion del paciente y cumplimiento de tratamiento

Mejora la aceptacion por pacientes y trabajadores de salud

Prevencion de escasez y ruptura de stock de medicaciones individuales
Mejora el manejo de medicamentos, pedidos, envios y suministro
Facilitan la planificacion y gestion de medicamentos.

N O QIR CORNY =

3. Involucrar a todos los proveedores de salad el tratamiento de la TB,
especialmente neumoélogos y médicos del sector privado. Por si solos los programas
nacionales no tienen capacidad en muchos paises para atajar la complejidad de la TB
por lo tanto el sector privado es importante para el control de la TB (85). Pero a su vez
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el sector privado a menudo trabajando fuera de las normativas, sin hacer TDO y con una
formacion muy heterogénea podria estar jugando un papel importante en la creacion de
TB-MDR (86). El uso de MCFs bajo protocolos adecuados y con sistema de referencia
efectivos, junto con la creaciébn de capacidades puede traer consigo importantes
beneficios en la curacidon de pacientes y en la reduccion de resistencias (5).

4. Aumentar la formacion en TB-MDR de los clinicos en paises en vias de desarrollo. El
manejo de la TB-MDR actualmente es complejo y la formacion de especialistas que
puedan hacerse cargo de estos pacientes es a menudo cara y reducida. Sin embargo la
carga de enfermedad es tal en paises en vias de desarrollo que la gran mayoria de
enfermos MDR son llevados por personal con poca experiencia en el uso de
medicaciones de segunda linea y muy poca formacién (87). Clinicos de todo el mundo
tienden a actuar en base a su propia experiencia, en muchos casos cometiendo
importantes errores clinicos y programaticos que se transfieren de unos a otros. La
capacidad de autoformacion es limitada y los materiales didacticos sencillos
practicamente no existen (5). En general los documentos y lineas guias que existen son
demasiado amplios (22) y por tanto se usan poco especialmente si los clinicos tienen
una gran presion asistencial.

5. Facilitar y estandarizar el manejo de la TB-MDR tanto a nivel clinico como
programatico. Los tratamientos de TB-MDR duran de 18 a 24 meses y se suelen usar 4

0 mas farmacos con importantes efectos adversos (22). Hoy por hoy los tratamientos
individualizados son el estandar de paises desarrollados con fuertes sistemas de salud.
Las escasas evidencias existentes son principalmente en tratamientos individualizados
(88, 89) a pesar de que la mayoria de enfermos son tratados en paises pobres con acceso
reducido a las necesidades de diagndstico y medicacion que exigen los individualizados.
No hay grandes evidencias en la literatura de la efectividad de tratamientos
estandarizados con medicamentos de segunda linea.

6. Nuevos regimenes de tratamiento con medicaciones actliale®. la TB sensible

como la TB resistente podrian beneficiarse de las medicaciones actuales si se
consiguieran esquemas de similar efectividad pero siendo mas cortos. Asi se podrian
reducir el numero de abandonos y efectos adversos (67). Si a su vez el acortamiento del
tiempo de tratamiento trae consigo un menor coste tanto en medicacidon como en uso de
los servicios de salud, permitiria una atencion de mayor calidad y un aumento de los

pacientes que podrian entrar en tratamiento y por tanto curar.

C. INNOVACIONES

1. Nuevos medicamentos. Existen varios farmacos prometedores en investigacion con
mecanismos de accion innovadores (90, 91) que podrian transformar el futuro de la
MDR. Actualmente en 2013 los medicamentos bedaquiigay delamanid (93han
demostrado una potente actividad frente a poblaciones metabdlicamente activas y
durmientesgestan en fase lll y se estdn empezando a utilizar en lugares concretos como
medicacion compasiva (93). También las nuevas Rifamicinas como el ri{IRxil-

1648) han demostrado buenos resultados preliminares. Otros compuestos como el
SQ109 vy los Nitrofuranylamidas han demostrado actividad in vitro (94). Sin embargo es
muy improbable que estas y otras moléculas estén preparadas para su uso masivo y a precio
accesible para paises de bajos recursos en menos de 10 o (B .afios
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2.Justificacién

2. Vacunas y otras lineas por descubrir. Se estan realizando esfuerzos significativos en
busca de una vacuna contra la TB, que podria ser la mejor herramienta para la lucha
contra la enfermedad. Sin embargo los recursos empleados en las mismas son escasos y
poniéndonos en el mejor escenario, es altamente improbable que una vacuna esté
ampliamente disponible en menos de 10 o 20 afos (95).

Justificacion del estudio

Generar resistencias y crear un paciente con TB-MDR puede llevar apenas 4-6 meses
de malas practicas terapéuticas. Curar a un paciente con TB-MDR puede llevar de 18 a
24 meses.

Tanto la pobreza como la exclusion social y las medidas alimentarias e higiénico-
sanitarias producidas en Europa tras la revolucidon industrial estan lejos de poder
cumplirse a corto o0 medio plazo en paises en desarrollo (4). Tanto el VIH como la DM
estan aumentando en paises pobres y su control necesitara grandes esfuerzos a lo largo
de las décadas venideras (17, 96). Los nuevos farmacos y vacunas, pueden tardar afios
en aparecer y décadas en salir al mercado y de momento no esta muy claro si seran
completamente accesibles para paises de escasos recursos (95). Los resultados del
STREAM trialde la Unidén con esquemas para TB-MDR de 9 meses apareceran en torno

a 2017.

Por todo ello en un futuro a corto/medio plazo no va a aparecer una Unica solucién que
controle la TB MDR/XDR (97). Teniendo en cuenta los retrasos en nuevas soluciones
contra la TB, probablemente uno de las mejores actitudes para frenar el avance de la
TB-MDR sea optimizar el manejo de la TB con las herramientas que contamos
actualmente. Simplificar y expandir al maximo los conocimientos que poseemos es
fundamental. Mediante la introduccion de medidas sencillas, baratas y de bajo riesgo se
podria reducir el dafio previniendo la emergencia de resistencia y una vez aparecidas
haciendo mas sencillo su manejo para mejorar los resultados actuales (5, 30).

Podrian ser medidas con impacto en vidas salvadas si se reduce la creacion de
resistencias y si se incrementa el acceso de pacientes a un tratamiento de calidad. Estas
medidas deben tener una base cientifica sélida y deben ser difundidas a clinicos y
tomadores de decisiones. Esta tesis, sus recursos y personal no permiten trabajar en los
puntos A y C pero si puede aportar nuevos conocimientos que apoyen medidas efectivas
en la optimizacion de las actuales herramientas (punto B) mientras soluciones mas
definitivas como las comentadas aparecen en los proximos 5 a 20 afios.
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3. OBJETIVOS

El objetivo generalde esta tesis doctoral es profundizar en el tema de la TB-MDR en
paises en desarrollo y aportar a la comunidad cientifica y clinica, nuevos conocimientos
que colaboren en el objetivo comun de prevenir la generalizacién de la epidemia y tratar
con mejores resultados a los enfermos en PVD.

Para llegar a este objetivo general esta tesis doctoral trabajara en la busqueda de dos
objetivos especificos:

» Objetivo especifico 1: Desarrollo o promocion de estrategias para mejorar el
control de la TB sensible y por tanto prevencion de la TB resistente.

* Objetivo especifico 2Aportar herramientas o evidencias cientificas que con una
similar eficacia ayuden a la simplificacion del manejo de la TB-MDR y por
tanto hagan su tratamiento mas accesible a un mayor nimero de enfermos en
PVD.
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4. HIPOTESIS

Como se ha comentado en la introduccion las soluciones que podrian ser definitivas
para la TB llevaran afios en poder implementarse en PVD mientras que las herramientas
actuales no obtienen resultados Optimos. Si las herramientas actuales no obtienen
resultados optimos en PVD es por la existencia de barreras o problemas de acceso tanto
a los principales conocimientos cientificos en las que podrian basarse mejores politicas
sanitarias como acceso a diagnostico y medicacion especifica. Durante el planteamiento
de esta tesis mediante la experiencia clinica y de salud publica de los directores de tesis
y la experiencia de cooperante en terreno del doctorando se han identificado algunas de
esas barreras. Los estudios que surgen de este trabajo pretenden aportar soluciones
concretas a esos problemas o barreras para llegar a un mejor control de la TB-MDR en
PVD.

Las barreras identificadasen las que se van a basar las hipotesis de trabajo para
alcanzar los objetivos propuestos son:

Barrera 1. Los medicamentos combinados en dosis fijas (MCFs) facilitan la
toma, cumplimiento y abastecimiento de medicacién anti-TB (80, 84) . Sin
embargo en muchos PVD los MCFs no se introducen en los programas
nacionales de TB argumentando falta de evidencias cientificas en cuanto a su
eficacia (98) (82).

Barrera 2. El manejo de la TB-MDR se basa en esquemas de tratamiento
complicados (22). Hay escasas evidencias respecto al manejo estandarizado mas
econdmico y sencillo de estos enfermos y que por tanto podria ser mas accesible
y sostenible en PVD.

Barrera 3. Con frecuencia los clinicos manejando casos en paises en desarrollo
carecen de entrenamiento especifico en TB-MDR (22). Hay una falta y
necesidad de documentos que de una forma breve y ordenada recojan la
informacion esencial en cuanto al manejo y tratamiento de estos pacientes
especiales (5).

En relacion a los objetivos planteados y las barreras identificadas para su consecucion
han surgido las siguientes hipoétesis de trabajo:

Hipodtesis 1. Los MCFs pueden tener similar eficacia que los medicamentos
sueltos a un menor coste y con potenciales ventajas operativas para el programa
y también para el paciente.

Hipotesis 2. Los tratamientos estandarizados pueden aportar similares resultados
gue los tratamientos individualizados.

Hipotesis 3Es posible crear herramientas y documentos de calidad técnica para
acelerar la auto-formacioén y actualizacion de clinicos en el manejo de TB-MDR.
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4. Hipétesis

De las previas hipotesis surgen 3 lineas de trabajwestigacion de los cuales surgiran
estudios cientificos que colaboren con el objetivo general establecido. Las lineas
investigacion son:

Linea 1:Aportar evidencias cientificas que evalten el papel real que puedan
tener los MCFs en cuanto a su eficacia y efectividad en el tratamiento de la TB
sensible y capacidad para evitar resistencias.

Linea 2: Aportar evidencias cientificas sobre la eficacia y efectividad de los
tratamientos estandarizados para tratar TB-MDR en paises en desarrollo.

Linea 3:Crear nuevas herramientas de calidad cientifica y técnica que mejoren
el acceso a informacion y simplifiquen formacion en manejo de pacientes con
TB-MDR en paises en desarrollo.

Objetivos, hipotesis y metodologia general de esta tesis doctoral pueden observarse de

forma resumida bajo matriz de marco légico etalda 7.

Tabla 7. Objetivos, hipoétesis, lineas de investigacion y resultados de la tesis doctoral
planteada mediante matriz de marco logico

OBJETIVO OBJETIVOS BARRERA HIPOTESIS Y METODOLOGIA
GENERAL ESPECIFICOS LINEA DE Y RESULTADO
INVESTIGACION
Aportar ala  1.Desarrollo o Dificultad para la inclusién 1. Los MCFs Estudio 1:
comunidad promocién de  de MCFs en los programas pueden tener Revisién
cientifica y estrategias para nacionales de TB similar eficacia sistematica y
clinica, mejor control  argumentando falta de que los Meta-andlisis de
nuevos delaTB evidencias en cuanto a su medicamentos la eficacia de los
conocimientos sensible y eficacia. sueltos y capacidad MCFs respecto
gue colaboren prevencion de para evitar medicacion suelta
enla resistencias resistencias.
prevencion y
tratamiento 2. Aportar El manejo de la TB-MDR 2. Los tratamientos Estudio 2:
de los herramientas 0 consta de esquemas estandarizados Estudio de
pacientes con evidencias complicados. Hay escasas pueden aportar cohortes
TB-MDR. cientificas que evidencias respecto al similar resultados retrospectivo
aigualdad de manejo estandarizado ma: que los comparando
eficacia ayuden econdémico y sencillo individualizados  tratamientos
ala en paises en estandarizado
simplificacién desarrollo. respecto a
el manejo de la individualizados
TB-MDR Los clinicos en paises en 3. Se pueden crear Estudios 3, 4y 5:
desarrollo carecen de herramientas de  Revision critica
entrenamiento especifico calidad técnica de TB-MDR, TB-

en TB-MDR. Falta de para simplificary =~ MDR/VIH
documentos breves que  acelerar la

recojan una forma global la formacion de

informacion esencial para clinicos en TB-

el manejo de pacientes  MDR

MCFs: Medicamentos combinados en dosis fija; TB-MDR: Tuberculosis Multidrogorresistente; VIH:
virus de la inmunodeficiencia humana
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5. METODOLOGIA

Metodologia especifica de cada estudio concreto

En elestudio 1 mediante una revisidén sistematica se evalla la eficacia y tolerancia de
los MCFs para el tratamiento de la TB sensible y la capacidad de prevencion de
resistencias. Se realiz6 una revision sistematica siguiendo los criterios de declaracion
PRISMA (99). Fue llevada a cabo por 2 investigadores (doctorando y coautor) a través
de PubMed. Se buscaron los términos: “Tuberculosis”, “fixed-dose combination”, “drug
resistance”, “multidrug-resistance”, “risk factor” y/o “private sector”. La eleccién de
estudios fue basada en titulo y abstract segun relevancia con la pregunta de
investigacion. En cuanto a los criterios de inclusion se aceptaron estudios publicados en
revistas revisadas por pares que fueran ensayos clinicos aleatorizados, cuasi-
aleatorizados o ensayos sobre terreno (field trials) e incluyeran pacientes adultos con TB.
La intervencién debia ser comparacion entre MCFs y medicamentos sueltos y que las
medidas de resultado comprendieran: conversion de esputo o cultivo, curacion, recaida,
adherencia, efectos adversos, adquisiciobn de resistencia o0 coste. Se aceptaron
publicaciones en cualquier idioma. Inicialmente se planteo como un metanalisis pero la
heterogeneidad de los estudios no lo permitio.

En el estudio 2 con metodologia de cohortes retrospectiva procedié a caracterizar y
comparar los resultados de todos los tratamientos estandarizados vs. individualizados en
el manejo de la TB-MDR en Republica Dominicana. Se incluyeron en el estudio todos
los pacientes con TB-MDR diagnosticados por laboratorio y que empezaron tratamiento
en el pais entre Agosto de 2006 y hasta el final de Junio de 2010. Fueron excluidos
segundas o terceras entradas del mismo paciente en tratamiento. La muestra fue descrita
en términos socio-demograficos y clinicos. Se evalu6 el tiempo de conversion del
cultivo en relacion a haber recibido tratamiento estandarizado o individualizado. Para
los pacientes de las cohortes 2006-08 (un afio de seguimiento tras finalizacion del
tratamiento) también se evaluaron resultados de tratamiento, efectos secundarios,
factores de riesgo de mal prondstico y recaidas al afio de curacion.

Como fuentes se informacién se utilizaron los datos de rutina del programa nacional de
TB: registros clinicos y documentos operativos del programa de acuerdo a los formatos
y definiciones de la guias de la OMS. La recogida de datos fue llevada a cabo entre
Enero y Junio de 2011 por personal del programa nacional. Los principales datos de
resultado fueron cotejados por 3 investigadores usando 3 fuentes distintas de
informacion. El estudio cumple criterios de calidad de la declaracion STROBE (100).
Los andlisis estadisticos fueron realizados en Marzo-Julio de 2011. El valor p
considerado significativo fue al nivel igual a 0.05. El calculo estadistico fue realizado
usando los program&PSS 18.0 y R statistical packgg@.12.1). En cuanto al célculo

de factores de riesgo clinico o socio-demograficos se emplearon modelos de riesgos
proporcionales de Cox: asociacién de variables con resultado desfavorable e intervalos
de confianza del 95%. La proporcionalidad de los riesgos en los modelos fueron
verificados graficamente usando residuos de Schoenfeld.
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En elestudio 3 se procede a crear un compendio simplificado de buenas préacticas en el
manejo de la TB-MDR en paises en desarrollo orientado a la docencia mediante una
revision critica de la literatura.

El estudio 4de manera similar aborda de manera simplificada y didactica el manejo de
la TB-MDR en pacientes con infeccion por el VIH en contextos africanos de alta carga
de coinfeccion.

El estudio 5 explora las diferencias existentes entre el manejo de la TB-MDR en paises
desarrollados y paises en vias de desarrollo a través de revision de la literatura y
experiencias personales de trabajo cooperante en terreno, poniendo de manifiesto
barreras que dificultan el manejo adecuado de esta enfermedad en paises en desarrollo.

Para mas detalles sobre la metodologia especifica de cada estudio, acceda directamente
a la seccion de metodologia en los estudios originales publicados (ver en la seccion de
Resultadosle esta tesis)

Consideraciones éticas

En los estudios en que se han usado datos del dominio publico sin interaccion directa
con pacientes, no existen consideraciones éticas ya que no hay posibilidad de
identificacién o potencial agravio. En los estudios que han necesitado datos concretos
de pacientes se ha solicitado y obtenido aprobacién del estudio por las autoridades y
comités de bioética locales asi como del comité de bioética de La Union Internacional
contra la Tuberculosis y Enfermedades Respiratorias (101) y en todos los casos se ha
guardado la confidencialidad de datos personales o que pudieran identificar personas.

Fuentes de financiacién y conflictos de interés

La presente tesis doctoral y los articulos cientificos que la componen se han llevado a
cabo sin ninguna fuente externa de financiacion. No existen ningun tipo de conflicto de
interés por parte del doctorando, directores de tesis o0 co-autores de los estudios que la
componen.
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6. RESULTADOS

Partiendo de las hipotesis de trabajo, se ha llegado a 3 lineas de investigacion
principales que han dado como resultado 5 estudios publicados que son la base de la
presente tesis doctoral (102) (103) (55) (104) (105) . Como resultados complementarios
se afladen en los anexos la siguiente produccién cientifica donde el doctorando ha sido
co-autor durante el tiempo de los estudios de doctorado: una publicacion en revista de
segundo cuartil (64), dos articulos pendientes de revision y 2 guias clinicas
internacionales (76, 106). De forma también complementaria el doctorando ha sido
colaborador de otros dos guias internacionales (107, 108) y otros documentos de interés
cientificos relacionados con el tema de la tesis. Tanto las publicaciones principales
como las complementarias (afiadidas en los anexos) tratan de dar respuesta a los
objetivos planteados.
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Estudio 1

INT ] TUBERC LUNG DIS 15(41:433-435
G011 The Union
dok:10.5580jtld.09.0429

UNRESOLVED ISSUES

Evidence for promoting fixed-dose combination drugs
in tuberculosis treatment and control: a review

I. Manedero,*t J, A. Caminera®*!

*MDR-TE Unit. Tuberculosis Diviskon, International Unlon Against Tuberculosis and Lung Disease, Parls, France;
'Departament de Pediatria, Ginecologla | Medicina Preventiva, Universitat Auténoma de Barcelona, Barcelona,
tServicio de Neumalagia, Hospital General de Gran Canarla ‘Dr Megrin®, Las Palmas de Gran Canaria, Spain

SUMMARY

Uptake of fived-dosed combinations (FDCs) of anti-
tuberculonis drugs remains low worldwide, despire de-
cades of recommendations. FIMCs are thooght to be im-
portant tools for meberculosis (TH) comral and drug
resistance (DR} prevention. However, evidence relating
to this is limived. This article provides a critical review
of the maost relevant stodies on ant-tuberculosis FINCs.
The majoriey of published studies have sought to demon-
strate that FDCs and single drugs have similar efficacy.
This hypothesis has been proved with relation to similar

sputum conversion, cure and relapse rates in a range of
studies over the lasg 20 years vang FIXCs of mwo, three
and four anti-tuberculosis drugs, However, one of the
mvost relevant features of FIMCs, the prevention of DR,
has been adidressed in only one study. Nevertheless, based
on their similar efficacy, user-friendliness, lower costs,
and operational and logistical advantages, generalised
wse of FIMCs showld continue to be recommended.

KEY WORDS: wberculosis; TH fixed-dose combina-
tions; FONC: multidrug resistance; MDR

THE FIRST and most important intervention in fu-
berculosis (TH) control in the community is the at-
tainment of high cure rates, To cure as many patients
as possible, two equally important measures are nec-
essary: 1) short-course standardised trearment regi-
mens, which are highly effective, particularly if nfam-
prcin (RMP) 15 used throughowts! and 2) ensuring that
all patients complete treatment correctly. The greatest
challenge for all National Tuberculosis Programmes
{NTPs) is ensuring treatment adherence, Poor adher-
ence not only reduces cure rates, it also creates a selec-
tion of naturally resistane mutant bacilli.* Several meth-
ods have been adopted to ensure and facilitate the
correct intake of medicarions during the 6-8 months
of antistuberculosis treatment. OF these, the DOTS
straregy is one of the most effective.’ Another widely
recommended intervention is the use of fixed-dose
combinarions (FD{Cs) of two ant-tuberculosis drogs
(2FDCs, usually RMP + isoniazid [INH]), three drugs
{3FDCs, RMP + INH + pyrazinamide [PZA]} and
four drugs (4FDCs, RMP + INH + PEA + etham-
butal [EMB]).

During the 1980s and 1990s, the quality of FDICs
was a matter of concern, as substandard FINCs and
relatively poor bioavailability of RMP were docu-
mented in the global marker.®' However, current
FDCs are fully bioeguivalent to single-drug reference
products,“* with stable efficacy cven after & months
in tropical condinions.!®12

The rationale for recommending FDCs* 1514 s that
if all drugs are provided in the same tablet, drug se-
lestion by the patient and consequent monotherapy
can be avoided. Furthermore, FD'Cs facilitare dosage
calculation and prevent preseription errors due to
the simplified, standardised chemotherapy regimens.
The pill burden s also drastucally reduced, inereasing
acceptance by patients while facilitating health edu-
cation and adherence. FDCs offer several logistical
advantages for NTPs, such as the facilitanon of drug
planning, ordering, storage and management. These
improve drug handling and delivery and reduce the
likelihood of drug shortages. If widely applicd in the
field, FDXCs result in improved TH outcomes and pre-
vent anti-tuberculosis drug resistance (DR,

As the logic that FDCs prevent selection of resis-
tance in the field was considered unequivocal, very
few doubes have been expressed abour this aspect;
studies undertaken in the 19805 and 19905 did not
seck to demonstrate the prevention of resistance, but
only their similar efficacy.

This article provides a eritical review of available
evidence on the efficacy and other aspects of anti-
ruibercilosis FDCs in comparison with separare drugs.

METHODS

A review of the literature was conducted berween May
and July 2009 using PubMed. The rerms ‘muberculosis’,

Correspondence to: Ignacio Monedero, Tuberculosis Division, International Union Against Toberculosis and Lung Dis-
eade, 68 bd Saint-Michel, 75006 Parw, France. Tel: |+ 34) 928 450 563, Fax: (+34) 928 4350 085, e-mail: imopederold

theunion.ong
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*fixed-dose combination”, *drug resistance’, *mulidrug
resistance’, ‘nisk facror” and *private sector” were used
in a range of combinations. Two researchers selected
articles by ritle and abstract according 1o ther rele-
vance to the rescarch question. Randomised or quas:-
randomised controlled tnals (RCTs) and feld trials
that met the following review incluston criteria were
included: adult TB patients, comparisons of FDCs
and single drugs and study sutcome measure, includ-
ing ar leasy one of the following: smear conversion,
culture, cure, relapse, adherence, side effects, acquisi-
tion of drug resistance and cost. Mo measures of
methodolomgical quality, language or date were applied
in the selection of studies.

RESULTS

OFf 15 arnicles published between 1987 and 2009
identified,'*-2* 12 were original research studies and
the remainder were re-evaluations of previous studies
ar different points in rime,"222¢ The key resules and
methodology of these articles are summansed in Ta-
bles 1 and 2, Almost all studies were unblinded and
involved smear-positive and new, probably susceptible
citses. Three studies were conducted under programme
condirions, wirthour complere directly observed rrear-
ment ([HOT) or self supervision. 42" [nformation
on treatment modality was not available for two arti-
cles, 2 2* while the remaming studies were performed
under DOT and controlled study conditions, 151511245
Of these, one was an unpublished RCT.® with only
preliminary results available.® Mo studies measur-
ing the possible impact of FIXCs in the privare sector
were found,

Studbes comparing the efficacy of FDCS .

single drugs

All the 11 original trials comparing efficacy, all of
which compared sputum conversion, culmre and
cure rates, ohtained similar results regardless of the
drug formulation (no statistically significant dif-
ference at P = 0.05 or non-inferionty o single
drigs). 1182020 18252730 OO these, only three studies
compared 4FDCs, recommended in the current stan-
dard treatment regimen, 21252

Studies compartng relapses with FDCs vs.

single drugs

Relapses are probably the most controversial ssue in
FIXC use. OF the seven original studies thar address
this issue, six (85% ) obtained a statistically (" > 0,05)
similar mumber of relapses or non-mfenority after
& maonthe, 1517 12 months, 2% 24 months, ' 30 monthe
and 4.3 years 224 Only one trial using 3FDCS! found
staristically significant differences (P = (0L04) in re-
lapse rates 18 months after treatment initation (6%
relapses with FDCs vs. 1% with separate drogs). How-
ever, absolute numbers were small (310 total patients:
B relapses with FDCs wvs. 2 with separare drugs) and
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Table 2 Other owicomes and methodological diued in the studied reviewed

inbervention, FOCEvi
Study, Felerence, COOTIATT0N (BT,
YR, CouUnRny Other pulcomes Separaie dnags Falua Msthodologecal and resulis Biues
Gefter et al " 1987,  Adhersncs meatunes fuine At 2 montha =005  Treatmen] and comparison groups enmndied
Usa tessting, pll couintsng, 96.5% vi BB.1% >005 1 different time
sell reportig) At 6 montha: Enchuaon and kots to Sollovweup =30%
BAL% v BT 3% ITT arsbysis not reported
Bellabas ef al "™ 1080,  Side effecs 0% vi. 36% <00 T analyshs ned reporied
Algiers Fatwnit satrsfachon interview 7% v 5% >00% Exchnacn and loss to follove-up >20%
Agounitestane of 8,7 Mol measuned ITT arabyi net eported
1990, Algier Lo 16 Tl =80% in chrcal outcome
{cantinuation of
previous studly '™
Chaubet of al ™= 1995,  Side sfects 81 2 monitha 19% v 6% =002 T anabni not reported
Algieri Exchunion and ks to Solkovweup > 20%
Hesnig Eong Chist Chirical side effects 3E% ve 39% >005 T ansbsi not reported
1 L Ditfacuiiny svaalicnainig % vi. 5% =005
1280, China Brmught creen drink to 1% v 45% =0
snallow pilh
Hong Kong Chest Mot measuned Treatmend and comparison groups inmlied
n 2 different times
1581, China Enchuriacn and boss to follow-up >=30%
ITT anadysi nod reported
Singapone Tuberouicn  Side effects 21 3 month B%ow T =005 1T anabed not reported
H
¥, Srgapon
Tea, £ 1959, Mot masiured Re-mrlection not evahaated despie
SN, korg-term (22 years) relapse asaasment
{pontingasan of HIV ol measusted in onganal fudy and
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Lorwer rumbee of pelagres: 13 s 3
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el {7.9%, 95014 114 T v 2 2%,
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L =
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Grawndesl ot al .o Complaints. durmg initial
2003, phass
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e Sy Aelygrse - orginal design,
chegst inchrson oritenia
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wertial autopsy
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Moulding e al ;" Rt measured condiions. Failure fo find cases
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mlnl\r.lhlnld Fumbsers baned on
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Mﬂmmwmm
primary drug msstance (7125 patients:
wiith acquired drug esktance were
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FOC = fhwed-trug combsrution, ITT = inenton-io-tresl pogsdstion. B = Brtinh Medical Eesspch Councl, WY = human meapnodelicency s, O =
prspulabin,

conhadenci nservsl, PP = perprotocsl
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just one addinon relapse could have atfected the sta-
tistical significance, A re=cvaluation of the cohort af-
ter 60 montha?! found greater differences (' = 0,03,
with 12 cases on FIMs va_ 3 on separate drugs. How-
ever, the 95% confidence intervals (Cls) overlapped
within the estimated proportions (7.9%, 25%C1 4.1-
14.7 ws, 2.2%, 959%.C1 0.7-6.4). Despite a long-term
assessment of relapse (=2 vears), re-infection and hu-
man immunodeficiency virus (HIV) status were not
evaluated. As in the original study, slight differences
could have affected the statistical significance,

The role of re-infection confirmed by DNA fnger-
printing was mentoned i only one study ™ Accord-
ing to the studies reviewed, FIMCs and separate drugs
have similar efficacy in rerms of spurum conversion,
cure and probably relapse rates.

DISCUSSION

Efficacy and other secondary outcomes were eval-
pated in the studies reviewed. Acceptability, side
cffects and adherence were measured in nine
stupdies; ! I IRIRIZAILIRS 4] gheained similar or bet-
ter results m patients treated with FDCs. Only one
study reported on the possible role of FDNCs in the
prevention of drug resistance, one of the principal
motives for recommending FDCs worldwide, ™ This
study reported lower levels of acquired DR (0.47%
vs, 1%} in patients taking self-administered 2FD{Cs
or mostly 2FDCs. Despite its Limitations i method-
ology (Table 2), the main advantage of this study is
that ir reproduces the real circumsrances of a well-
performed NTP, without wsing DOT. Although all
studies reported similar efficacy regardless of drug
formulation, studies that mcluded DOTisas-21212
obtained outstanding cure rates (between 93% and
100%). Efficacy results differ widely hetween con-
trolled studies and those conducted under real condi-
tions. For example, an RCT comparing trial results
with national rares found highly disparare reatment
success rates (95% vs. Td%, P < 0.011L.2% As it was
unlikely thar patients enrolled in DOT-based studies
would be subjected to drug shortages, prescription
errors, monotherapy or allowed to select drugs, such
studies measured efficacy rather than the effective-
ness of FICs as compared 1o single drugs.

Ten of the 22 high-burden countries reported
shortages of first-line drugs ro the World Health Or-
ganization (WHO) in 2007, and rhe logistical benefirs
of FDCs, which remain an unresolved issue, could
play a crucial role ar the policy level. ™ However, it is
likely that the key issue is not the type of formulation
administered, but the kind of formulation used in set-
tings with substandard [HOT,

The anly study 1o report slightly poorer results on
FDCs (relapsesh, mentions that when DOT s defi-
cient, the other advantages of FDC-based regimens
would probably compensare for the small difference
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in efficacy.® The WHO estimates that 37% of inci-
dent TB cases are not being treated in DOTS-based
programmes. ! It is well known, howeves, thar DOT
is incorrectly applied in many counrries thar apply
the DMOTS strategy. Moreover, DOT 15 rarely per-
formed in the private sector, which covers more than
15% of the global TB burden® and is associated
with substandard TB care.™" Most low- and middle-
income countrics have a large and growing privare
sectorn™ Under suboptimal DOTS conditions, FDCs
are likely to play a relevant role in cure rates and pre-
vention of DR, However, no evidence was found
this regard. Furthermare, evidence of the prevennon
of DR in treatment with FDXOs was limited 1o one
study,®” and no RCTs have been conducted 1o sup-
port this hypothesis. Mevertheless, effectiveness could
be key in the applicanon of this intervention given
the similar efficacy of the two approaches.

Global uptake of FDCs

Although many countries have adopred FDCs over
the past decades, uptake remains extremely low, de-
spite international recommendarions.* According o
the Global Dirug Faality {GDFL* FOCs were being
used by only half of the 1386 countries reporting TB
to the WHO i 2007, Moreover, globally only 15%
of new cases were being treated with FDCs. Trear-
ment with FIMCs was infrequent not only in develop-
ing countrics but also in the United States, where in
2006 the rato of money spent on RMP was 1 1o 10
for single formulations.” Infrequent use of FDCs in
the private sector is also thoughr to be an imporcant
and neglected cause of DR.27F

There 15 a multtude of potennial reasons for this
low uptake. lssues such as the perceived inferionity of
treatment and the need for separate drugs in case of
roxicity during FIXC use may have discouraged NTPs.,
At least 2% of adults experience adverse reactions,
requiring cessation of treatment and the subsequent
reintroducnion of trearment using separare drugs.™
NTPs therefore always retain a certain supply of single
drugs for this limited bat constant number of cases,

As a disease of the poor, for many decades TH has
been considered an unprofitable market, and ‘old’
tools such as FDCs are stll unavailable m many set-
tings. Conversely, such a prevalent disease has a po-
rentially large ereatment marker, especially for FINC. ™
A full FDC-based rreatment regimen for susceptible
T patients boughr through the GDF currently cosrs
abour US$22 404 According vo 2000 dara, the cost
of FDCs was approximately 50% less than for single
drugs.® As this appears to still hold true, use of FDCs
could increase access to quality TH treatment for even

the poorest programmes,

Limitatrons

The findings of this review are subject o limiea-
rions, as most of the studies faced methodological
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constraints {see Table 2), while one of the best studies™
reported only prelimimary results, Muost of the studies
were published 10=20 vears ago and some of the
compounds tested are no longer on the market in the
same dosages. As the logistical advantages of FDCs
remain unevaluated, it s probable thar RCTs com-
paring FDCs and single drugs under self-administered
treatmient, family supervised DOT or the private sec-
tor would provide stronger evidence of their impact
in terms of effectiveness and averted DR.

CONCLUSIONS

According to the smudies reviewed, and taking into
account their important limitations, anti-tuberculosis
FIM s appear to have similar clinical rﬂiﬂq o sepa-
rate drugs in terms of sputum conversion, cure and
probably relapse rates. The role of FDNCs in averting
drug resstance by preventing monotherapy and pa-
tent ion remains unclear, and evidence was re-
duced to a simgle, limited study, Other issues, such as
acceprability, adherence, logistical or operational
advantages and costs, make FDCs a berer oprion
than single drugs. Mevertheless, global uptake of anti-
tuberculosis FDCs remains extremely low. If FDCs
and separate drugs deliver the same outcomes and
secondary msues favour FDCs, global access 1o FDCs
should be advocated. Promation should be particu-
larly strongg in those setrings where DOT is not fully
puaranteed, such as the private sector and weaker
hiealth care systems.
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RESUME

En depit de decennmies de recommandanions, Punilisanion
de combinaisens de médicaments antitaberculenx & dose
fixe (FDHC) reste Eaible au niveau mondial. Les FDC sont
considerces commie des outils importants pour la lutte
antituberculeuse et la prévention de la résistance aux
medicaments, Towtefos, les dements probants sont limi-
fes e supet, Cet arficle constitue une revoe crifigue des
études les plus pertinentes concernant les FDO anti-
tuberculeuses. La grande majonte des etudes poblices
ont cherche a demontrer gue les FINC et les medicaments
isoles ont une efficacite similaire, Cette hypothise a éte

demontrée par une négativation similaire des expectora-
tions of des tamx similaires de guérison of de rechute
dans une série dexperiences an cours des 20 dernicres
annees atilisant des FIDNC avee desx, trois ou quatre me-
dicamients antituberouleux. Toutelois, une des caractéri-
stigques les plus importantes des FIOC est deviter la ré-
sistanee 3 celle-ci n'a dte envisagee que dans une seule
ctude. Neanmoins, en s¢ basant sur une efficacite simi-
lare, la facilite d'emplod, bes coats plus Gibles, les avan-
tagpes operationnels ef logistiques, il ¥ a lico de continuer
A recommander la generalisanion des FIXC,

RESUMERN

A pesar de décadas de recomendaciones, el aso de medi-
cacion anti-fuberculoss en combinaciones de dosis fijas
{FDC) sigue siendo bajo a pivel mundial. S¢ cree que bos
FIXC son herramientas mmaportantes en el control de la
tuberculosis ¥ en bl prevencion de resistencias. Sin em-
brarge. kas evidencias al respecto son limitadas. Este arn-
citls proporciona una revision critica de los estudios
mas relevantes sobre lis FDO de medicamentos anti-
tuberculosos. Lo gran mavoria de los estudios publica-
dis ha buscado demostrar que los FDDC v los medica-
mentos sueltos tienen Lo misma elcicia, Esta hipitesis

s¢ ha comprobade en relacion a la conversion del esputo,
tasas de coracion ¥ recaidas en distintas experiencins
durante los altimios 20 afos wsando FDNC de dos, tres v
cuamre medicamentos anti-tuberculosos, No obstane,
una de Las caracreristicas mas relevanies de bos FIMC, La
capackdad para evitar resistencirs medicamentosas, solo
ha side ratada en un csmdio. A pesar de ello, basado
en similar eficacia, wso sencills, menor coste v ventajas
logisticas v operacionales, e wso generalizado de los
FIMC deberia contimuar recomendandose,
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SUMMARY

SETTING: The Dominican Republic is a high-inadence
ares for mubtidrug-resisvtant tuberculoss | MDR-TE:
6% of initial cases ). Sandardined treatment regimens
for MDR-TE may be a potential solution.

ORIECTIVE: To presenr the effectivencss of standard
regimens under routine national cenditions.

DESIGH: We reviewed all MDR-TE paticnis treated
ander routine conditions from 29 August 20 10
30 June 2000, showing inferim and final outeomes. Pa-
tients were treated with regimens that were standardiscd
or individualised based on previowsly received second-
lime anti-tuberculosis drugs.

RESULTS: Population descriprion and culmire conver-
sion dara are reported for the 2539 MDR-TE paticnis.
The median parient age was 311 years. Most had failed
first-line treatment (T2L6%) Culwre negativity was

inbdatned within 4 months (median 2 months) in 78.6%.
Among the 150 paticnts treated berween 2006 and 200K,
TA% had Favourable results on standardised and 66"
on individualised regimens (P = 0,211} The efficacy of
thie standardised and individualised regimens was respec-
tively 92.8% and 817 (P = L054A). The relapse raie
wats approximately 1%, A median of five drog side cffects
occurred per patient. More than 2 months o cultare
comversion and bilateral cavitation on chest X-ray were
foumd o be unfavourable oarcomnie risk factors.
coMcLUSIONS: Standardised MDR-TE regimens may
e effective ar the national level, even in resource-poos
setrings.

KEY WORDS: Dominican Republic; multidneg-resistant
berculosis; MDR-TE; standardised treatment; rubser-
cubosis; TH

MULTIDREUG-RESISTANT TUBERCULOSIS (MDR-
TR, defined as Mycobacterivm tubercnlosis sirains
with in vitro resistance to the two most effective anii-
mberculosis drugs, isoniazid (INH) and rifampicin
{RMP), has become a major barrier to achieving susc-
cesaful muberculosis (TH) control.! Among  the
estimated 500000 new MDR-TB cases emerging an-
nually worldwide, most are from low- and middle-
income countrics. ' There are no randomised clinical
erials showing the best drug combinations o achieve
cure. Anti-tuberculosis treatment based on second-
line drugs (L) is less effective, more costly and as-
sociated with more adverse events than Arst-line regi-
mens. A These difficulries areclearly greater in low- and
middle-income countrics, which have less access o
care and affordable drugs. Even when SLDs are sub-
sidised, programmatc challenges can prevent the

completion of the required 18-24 months of trear-
mene.? Despate these limitations, by following clinical
management pranciples and with sufficient pro-
gramme support, MDR-TB can be rreared sucoess-
fully.*# Treamment success can vary from <50%7™* o
= T =02

The Dominican Republic s a Caribbean middle-
income country with high raves of human immino-
deficiency virus (HIV) co-infection (4.27%-8.3%) in
the adult population.t The only survey available on
drug resistance was published in 1998, where MIDR-
Th was diagnosed in 6.6% of new TB pagients. In
April 2005, the World Health Organizarion (WHO)
Stop TB Parmnership’s Green Light Commimmee (GLC)
approved an MDR-TB project in the country, The
firsr parients inimiated trearment ar the end of August
L1

Corees

Mlichel, 75006 Pans, France. e-mail: imonederodftheunion.org
Article subwnitted 22 June 2012, Final version accepted 2 November 2012
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The present article assesses the implementation
of MDR-TR rrearment under rourine low-resource
programme conditions in the Dominican Republic in
terms of effectiveness, side effects and risk factors as-
soctated with poor outcomes,

METHODS

This was a retrospective cohort study of all 289 MDR-
TR laboratory-confirmed patients who started treat-
ment in the Dominican Republic from 29 August 2006
until 30 June 2010, Only patients starting MDR-TE
treatment within the programme for the first time
were considered, Socio-demographic and clinical fea-
tures are reported and the time to coulture conversion
is evaluared. Final treatment outcome {favourable or
unfavourable] was available for the 150 patients en-
tering treatment in 2006-2008, For those with favour-
able outcome, relapse ar 6 months after trearment
completion was assessed. Other variables evaluated
included adverse drug reactions and risk factors for
unfavourable outcome. The flow chart of enrolment
of smdy patients is shown in Figure 1.

Drug susceptibality testing (DST) results were avail-
able only for failures on Category | or 1l treatment or
cases with persistent TB after treatment in the privare
sector, Before 2011, the national reference laboratory

only had the capacity to test resistance to first-line
drugs. Spurum samples were treated with a modified
Petroff method and cultured on Liwenstem- Jensen
media. DST was performed using the proportion
method according o Canetti et al.'* At baseline,
M. tutrerculosis isolates were tested for suscepribalicy
to INH (0.2 pgfml), RMP (40 pgfml), ethamburol
(EMB; 2.0 pe/ml) and streptomycin (4 pg/ml).

Two rrearment regimens were used for MDR-TH:
11 the standardised regimen, for patients who had
never previously received SLDs, comprised kanamyein
(KM}, ofloxacin (OFX), echionamide, cvcloserine and
prrazinamide.’ EMB was added if DST showed sus-
ceptibility, In 20010, OFX was replaced by levofloxacn
and KM by capreomycin (CPM). 2} Individualised
regimens were given 1o those who had received SLDs
or if they were in contact with a case who had re-
cewved SLDs. All individualised regimens were based
on at least four drugs that had not been used previ-
ously. As many patients had received flusroquinolones,
only 19 regimens incorporated fluorogquinolones. All
individualised regimens included one injectable (KM
aor CPM), and most included para-aminosalicylic
acid. 2295 All trearments were supplemented with
vitamin B& (50 mg). Drugs with unclear efficacy
{Group § drugs)*+* and surgery were unavailable.

The length of treatment of both regmens was

250 MOR-TE patents dingnosad
and staried on roaémend from
Augusl 2008 1o June X010,
Denificin Mapublic
1 ] 1
138 pabents without final oustcome or 100 petlenks wilh fingl culcome and.
ariadarpnl in J000-2010 cohon Filipcied @idasarmant in 2006-2008 cohort
Culiura commesion: n = 118 (84.5%) Culiura conversion: n = 129 (86%)

A2 ronthes: S0 18 (58.5%)

22 months; T2M129 (35.8%)

=2 months: 67118 (41.5%) »2 moniha: STHZE (44 2%)
I
I I I
131 patianis recevesd B poteriy feceyed 105 pabanis recahed A5 pliandy roceived
SnncaTand indiviapksng ianCiandsn ndfivcdiunlsaed
reatment rmatmaent Ermsairmage reatmraEnt
Farvouradils Undavaur, Farvouraisn Uinkavoy
n =T [T4 %) f = 27 [25.0% w30 {0E%) =15 4%
Efficacy 02 A% Efficacy 1%
L I ']
108 palients with Favourabiles
Sulcorma Byvalused fof relapss 8
rranimesm of & months afer
treatment complesicn
|
1 final relapsa in &n
HINV-positsee pabiend

Figure 1 Enrolment, cutcome and folow-up of study patients. MDR-TE = multidrug-rsstant

fubprguloges; HIV = human immunodeliciency virus
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18=24 menths., All bur four of the patients began
hospital-based treatment. Anti-tuberculosis medica-
tions were given under directly observed treatment
(DOT) in the moming withour splitting the doses,
Patients remained hospitalined uneil they became spu-
tum smear-negative, and tolerance o drugs was ob-
served. All patients received ar least & months of an
intravenous injectable given daily in the inital phase.
Depending on time to culure conversion or lack of
adherence to treatment, some cases receved the in-
jectable for a longer period. Oral agents were contin-
wed throughout the continuation phase. Afrer dis-
charge, patients continued treatment in selected primary
health care centres with staff trained in MDR-TB
management.

Each parient underwent clinical and laborarory
evaluanons before enrolment, monthly during the
initial phase of reatment, including smear and cul-
ture, and bimonthly during the continuation phase.
Basic baseline laboratory tests included a complete
blood count, hepatic and renal function and HIV
testing (Determine®, Abborn Dhagnostic Division,
Hoofddorp, The Netherlands). Avdiomerric, psychi-
arric and ophrthalmaological evaluations and thyroid
stimulating hormone tests were niot available,

The main study owtcomes were time to culiure
conversion and whether the patient was cured or
completed treatment (favourable outcome) according
o definitions in intermational MDR-TB guidelines.
A relapse assessment was performed by clinical and
bacteriological screening at 3, 6 and 12 months after
cure of completion of rreatment.

All informarion used was routine dara from clini-
cal records and operational files, in accordance with
WHO guideline forms and definitions.? Information
was retrospectively reviewed, and data were collected
and entered into Excel 2003 (Microsoft, Redmond,
WA, USA) by programme staff from January to June
201 1. All reported P values were two-saded., P = 0,05
wis considered staristically significant. Clinically rele-
vant risk factors were analysed applying Cox propar-
tional hazards model to generate association estimates
with unfavourable outcome and 95% conhdence in-
tervals {Cls), The proportionality of risks in the Cax
models were verified using Schoenfeld plots.!” Analy-
ses were performed using B statistical package, ver
siom 2121 (R Foundation for Seatistical Conpuring,
Vienna, Austrial.

Ethics committee approval
Erhical approval was provided by the local authon-

ties and by the Ethics Advisory Group of the Interna-
tional Union Against Tuberculosis and Lung Discase,

RESULTS

A total of 289 MDR-TB patients were included. The
median age was 31 vears {(interquartile range [IQR]

Table 1 Charadledstics of & oohoft of 289 pationts with
FDR-TH at treatment inftiation, Domenican Republic

Patipnts
Characteristic n (%) Rbedian [K1R]
Tew
Hlale 156 [54)
Firmale 133 (b
e, yess 31 [24.5-40.0]
Dhabetes melitus 307
H 12 0%5)
Incarceration MEN
Substance s ECTRRE- 1]
MDR-TE cohlacis 45 (15.9)
Use o S10% i the past JF(h2.8
Geoup condition
Faikure on Category Il reabment 101 (34.9)
Failure on Category | teatment 109 (37.7)
Others 190566
Ralapie 2BH.N
How 22 (7.8
D fault 1035
BMI, kgin? (n = T1)
din 2096 18523
WWinmeEn 18.18 |15.6-23.6
Wen wath BMI <20 172123
‘Women with BA < 185 14 (0
Haerraogicbin, gédl*
hen 125 [11.3-12.5]
Womaen 107 [10=12]
haen with <13 gidi 65 (43.3)
Women with = 12 gidl B2 {B1.TH
xR patiern i = 2700
Bilsteral caatation 128 (44,5}
Lindlateral cavitation 68 (33.9)
Abnormal CXR without cavitation 46 (15.9)
ErB-suncoptible (n = 274) 146 (50,5}
Delay in treatment from the time
of diagnot, months T3 M.2-12.00
Musnbser of patisnilsy achuded
et e
2006 istating end of August)  J4E3
2007 570197}
2008 L IrER
2009 B9 (30.8)
2010 furil the end of hune) 0175
Type of treatment
tardardeed 136 (26.T)
Sranlarfised + EMB 107 (34.9)
Iniinclualised S3(18.3}
Time 10 culture corversion, monifs I[2-3r
0-2 141 (8.3}
-4 B (1
56 22(7.8)
=7 a0
Hipaer cormertied” (135
Total 2843 (100
* Daka ony wome of the charactemiss wars menang for soemee patenis. Dats
o ol haeemoghoben brvels were avaslable For 90 patents; nomal o sbror-
mal bt vitte aalabie Tod 259 panenes
"Wedan tme bo oo i montha. includes only thowe sdhiesng
TR G,

t Patients wha never culfure conwerted: early deaths and defaul plos. seal
traatrme fluee,

MDE-TE = g betidonn 10N = i et it
rurman immuncisficency weui, WD = sectedHire drugi: BLE = body mass
ndes; TR = chet X-tuy, EME = sthamibnisl
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Table 2 Cutcomes of a cobort of 150 patients with multidrug-resstant tubsrculods by year of antry into teatment and

type of treatment, Dominican Repubkbic
Teeatmeni  Treatment
Sotal Cure SLCCRSE Failure Depath Default  Treatment
Characteristic (%) Yl n (%) %) n{%) (%) %) rﬁiﬂq" Palue’
Rarsults by year of
treatment entry 0.656
2006 24 (16} 1875 1} 18 {75) INnas afnas) o
2007 57 (38} ao(ray  11E 4105 6(10.5) S8 588}
2008 &5 (46) 4506520 45E 481 458 a1 T
Results by type
of treatment azm
&0 standardied 105 (700 TAERS) S04.7) TR(74.2) 6(5.7) 12{11.4) 9 18.8) 228
Standardeed 55 (36T AT A4 43080 473 G109 236 1.5
Standardmed + EME 301(33.3) 33 1661 2[4y 35 () 2 1) 612 4] Q4.6
&0 indeidualised 45 (30.3) 30 (58 o 30 (65 1156 5101 6.7 -1
Total 150 103{686) S(3.3) 10B(72) 13 (8.6) 170113 12 {B) 3]
*Caloulated s oueed + treatment completedfoured = treatment completed + {slures)

FRearion’y y 18
EKE = etharbotol

24.5=40.0, with similar sex proportions {$4% men).
Most of the patients were from Santo Domingo, the
capital ciry (71.6%). Most (72.6%) had previously
failed reatment, 9.7% had relapsed and 3.5% had
defaulted from treatment: 7.6% were new incident
MDR-TB cases. A high proportion of the sample pop-
ulation (15.99) were contacts of MDR-TE patients.
Approcamately 7% had no information on previous
treatment, as most were from the private sector.

Ar least 37 parients had used SLDs in the past,
particularly fluorogquinolones. Twelve [(4.5%) were
HIV-infected. llicit substance abuse was recorded tor
34011.8%) and 24 (8.3%) had a history of incarcer-
ation, On chest X-ray, 78.2% of the patients had cav-
itation, and for the 259 with an available hae o~
bin rest, levels were low in 57.1% (<13 g/dl for men
and <12 g/dl for women, Table 1),

The median time between requesting DST and
starting treatment was 7.3 months (IQR 5.4-14.2);
however, this delay steadily decreased over the vears.
Mosr patients were treated using a standardised regi-
men (81.7%), Culture conversion was obtained in
250 patients (86.5%). The median time to culture
conversion was 2 months (IQR 2-3), and 78.6% of
patients had achieved culture negativity by the fourth
month. There were no statistically significant differ-
ences in speed of conversion as regards type of regi-
men of year of treatment. Among the 39 cases
(13.5%) who did not convert, 17 were early deaths,
10 detaulted from anti-uberculosis reamment, and
one completed treatment (MDR-TB confirmed by bi-
opsyl. Only 11 of those who did not convert were
assumed to be failures (nine of these were from the
early cohorts, 2006-2008).

Final outcome data were available for all 150 pa-
tients who entered into treatment during 2006-2008.
OF these, 129 (86%) achieved culture comversion,
Owverall, 72% (n = 108) achieved a favourable out-
come within a median rreatment time of 2007 months

(IR 19-22). Table 2 summarises these results by vear
of entry and type of treatment. Among the 105 MDR-
TR partients who received the standardised regimen, a
favourable outcome (cured or completed rrearment)
was achieved by 74.2% (782% standardised wvs,
T0% standardised + EMB). OF the 45 (30%) patients
who receved individualised regimens, 66% had
favourable outcomes, There were no stanistically sig-
nificant differences in outcome or survival time by type
of rrearment or previous use of SLDs. Appendix Fig-
ure A.1 shows the survival curve by type of MDR-TR
regimen.®

Treatment efficacy was calculated as the sum of
cured + treatment completed divided by the sum of
cured + treatment completed + failures, According
to the results for the 150 panents with final ourcomes,
overall trearment efficacy was £89%, The efficacy of the
individualised regimen was 81%, while the efficacy
of the standardised regimen was 22.8% (' = 0.055).

Unfavourable outcomes (defined as dearh, failure
or default) occurred in 28% of the 150 panens:
11.3% died, 8.7% failed and 8% defaulied. Death
owcurred at a median of T months after inftiating treat-
ment (IR 3-7), defaul mostly oocurred at 7.5 months
(IQR 3.25-17), and failure occurred mainly ar
14 months (IQR 12.5-20.5). Among the two HIV-
infected cases, one was cured and the other defaulied.

In univariate analysis (Appendix Table A.1), cul-
ture conversion after =2 months was found to pre-
dicr an unfavourable ourcome, with a hazard rano of
165 (959%0C) 1.37=-5.29, P = 0.005). Low haemaglo-
bin and bilateral cavitation on chest X-ray were alsa
predicrive of an unfavourable ourcome, bur with
borderline significance. Afrer adjusting for potential
confounders in the final multiple regression model,

*The Appondix is available i the online version of this article ar

hetpifwwwmprntaconnect comoonbent/ st b el 200 KKK 77
M D000 ™
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conversion after =2 months (P = 0,011} and bilat-
eral cavities (" = 0.031) were significantly associared
with unfavourable outcome (Appendix Table A1),

All but two patients reported some kind of ad-
verse event, with o median of five side effects per
patienit (IR 3-6). Most cases presented mild and
manageable adverse events, mainly gastrointestinal
disturbances. In only one case did the causanive ann-
tuberculosis medication need 1o be suspended (pay-
chotic episode); treatment was resumed withow cyelo.
serine once the patient’s condition had stabilised, A
complete description and frequency of the side effects
are shown in Appendix Table A.2 and Figure A.2.

A relapse assessment was performed in the 108 pa-
nents with a favourable outcome. At least & months of
felow-up was considered acceptable;™ however, 83.3%
were followed for =1 vear (range 8=34 montha). Of
these patients, 100 were asymptomatic, 4 died, 2 were
symptomatc and 2 were lost to follow-up. Overall,
oaly one case was confirmed as an MDR-TE relapse.

DISCUSSION

The question of whether national TB programmes
should invest in SLDs and MDR-TB management has
been wadely discussed. ' Only when MDR-TB was
recognised as a global epidemic was there a need to
face this problem under programme conditions.
Owur experience in the Dominican Republic, working
under programme conditions with many limitations,
can be considered encouraging, as the country has
achieved treatment successes (72%) comparable to
the best experiences published to date with individu-
alised managemenr in reference and  high-resource
sermings. =212 Mareover, the success rates are higher
than that estimated for GLC-approved programmes
(609,22 and higher than those gathered in the two
meta-analyses analysing MDR-TB treatment out-
comes.** In the meta-analysis published by Johnston
et al.,” including 31 programmes from 21 countries, a
treatment success rate of 62% (959%C1 57-67) was
achieved, while in the meta-analysis published by
Oirenstein et al., studies thar combined rreatment du-
ration of at least 18 months and DOT throughour
had significantly higher pooled success rares (#9%)
than those who did not (58% ). Our experience seems
to confirm these resulrs, as the use of DOT and pro-
longed treatment achieved a similar outcome (T2%).
Conversely, our experience achieved higher resuls
with standardised regimens than those reported in
the meta-analysis [74.2% vs. 54%), while patients in
our study who received individualised treatment
achieved similar ourcomes (6% vs. 64%:). Ar the
time of the study, access to some SLDs was limired
and high-dose fluoroquinolones were not indicated.
Patients receiving individualised treatment may have
had M. tbevendosis strains with a more extensive
partern of resistance. All of these factors could have
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contributed to the relanively reduced effectivencss of
individualised regimens.

Before 2000, patients waited many months to enter
into treatment. Some died during the delay, and the
rest were aware of that. This may be why our pa-
tienes were particularly adherent and able to endure
side effects. In addition, as these patients had lived
with the disease for many years, some kind of sur-
vival effect may have exisred,

Regarding the efficacy of the regimens used, our
overall result of 89% is among the highest published.”
The median time to achieve cultire neganivity, also a
reflection of efficacy, was as early as 2 months (IQR
2-3), similar o the 58-9% days published in the
TBNET (Tuberculosis European Network) system-
atic review.™ The effectiveniess of the regimen might
have been even berter, with fewer deaths and defaults,
had mtensive care and social support accompanied
the treatment.

In the multivariate analysis, only conversions that
took place after 2 months (P = 0008} and bilareral
cavities (' = 0.032), facrors not usually analysed in
other studics, were significantly associared wirh unfa-
vourable outcome, Bilateral cavitation was linked o
dearh (15%) and failures {100 ), while cubure con-
version after 2 months was found to be an even
stronger nisk factor for both (15.6% death, 16.9%
failires). Borderling significance was obtained for
low haemoglobin (P = 0.075), which has been shown
to be a worse outcome predictor in other studies, /02
Using an EMB-containing standardised regimen alsa
acted as a borderline significant risk factor (P =
0,054}, Monetheless, we believe thar adding EMB
was not in itself a nsk factor for defaulting, but a re-
sult of residual confounding,

The anarchic use of SLDs in the past was notably
frequent in the carly years of implementation. The
use of individualised regimens fell from 58.3% in
2006 to anly 16% in 2000, It appears thar the intro-
duction of MDR-TB treatment by the Manonal Tu-
berculosis Contral Programme has reduced the un-
controlled use of anti-tuberculosis SLDs, making
individualised regimens, which are often more lengthy
and much more expensive, less necessary. The pro-
portion of side effecrs (median five per parient) ob-
served was grearer than in other studies, 2722 bur trear-
ment had o be iterrupted for only one patient.
Aggressive treatment of side effects and correct drug
dosages might have been crucial in preserving treat-
ment actvity.

The current study s subject to several imitabions,
maimnly due to use of routine dara and resource con-
straints. Some key informarion, such as the number
of drugs to which each patient was resistant and other
potential risk factors, is missing, and data on specific
causes of death or default during treatment were un-
available. However, other typical factors associated
with worse outcome in MDR-TB management were
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probably not significant due to the size of our popu-
lation. The relapse assessment was pe Wi
many restrictions and with inconsistent availability
of culture confirmation in asympromanc patients.
Furthermore, the lack of funding made it impossible
o assess the role of reinfection. Nonetheless, the use
of routine data and Reld limitations do noe diminish
the interest of the Andingss on the contrary, they bring
them closer to the reality of MDR-TB in low- and
middle-income countries,

In conclusion, based on programme conditions
and with effective standardised treatment, sucoessful,
loww-cost MDR-TE management can be achieved even
in resource-constramed  seftl with high initial
MDB-TB rates. The overall B6.4% culiure conver-
sion and 74.3% treatment success rates achieved
with standardised treatment regimens in the Domim-

can Republic are good examples.
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Table A.1 Unmvarate and muftnaniate analysis of nsk factors associated with unfavourable
outcome disting treaiment in a cohart of 150 patients with mulbdrug-resistant tubsroubosts,
Republic
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Mo IENEI 265 1
e TR (IR G) 1.6000.71-361) 03261 —_
Cortact with MOR-TE case
Mo R ae 1
Ve TR@AT 079(035=1.751 05T —
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M EEH
AL VI [A2 A 105(051-21% 0889 —
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Mormal G40 (22 5) 1
Lo 13737 (1.9 183082450 @13 _
Haemaogiobin
Hormal 109 (0 1
Lizwad 29743y 204004200 0051 21300093492
CHA findings
Abnormal CXR without cavitation 426 015.4) 1
Unilxteral canilatian TS (I75) 1.77(058-542 0315 —
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Enl-mnoeplible
Ve JHB0 (27 5) 1
o 0285 069048165 G718 —
Diedary in troatment after
dHariss,
=10 1975 (25.3) 1
=10 23T (30T 119 (0652781 584 —
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Sandandised 1255 21 8) 1
Standandited + EME 1SS0 (300 156(073-33%) Q25F 262 (098700
Irstfivadualised IS5 (33) 13.46 (0.68-3.171 0334 —_
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Lo 053 1 -
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Sihe effecty
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Table A2 Adverss events reporied per case in a cohort of
150 patients with multidnig-resistant tubenculosis,

Diominican Rapulblic
Organ of Frequency
'l-]ﬂlmal‘llcﬁrd Descrpbion of side eftect n (%)
G inletinal  Mlausea 14448 9]
Vomiting 104 (8. 3
Loss of appetie 5134)
Gastridis A7 (31.3)
Abdoranal pain 46 (30.8)
[rarrhoea T 4.6
Constipaticn 1107
Cao-vestipar Drazirsess imaoicn sckness) 54 (38)
Heedtinng loess repodted by patient 31 (20.6)
Tirmibus 1.2 (8}
Otsbgia @
bhmoiosketetal  Arthealge (joni paing 46 [30.6)
heurologeal P-'mlrummﬂrg 41 27.3)
a5 30
mmwm 30
Vision ks confimmed by physician 1007
Convuisions 1107
Meuro-prychiatng -H-nliﬂy Eﬂ;gil!l
I
Mmimﬂdbfﬂ'ﬁm 73
Prpchotic episodes with vaual
o audiory hallucinations 4{28
Dermal Desrnatitis and cutareoun eruption 21 (14)
Alopascia 1@
Renal Hypokalemes
(podassium < 3.5 mEg) Bi53)
Fiesnal fakire
[eneatinine =141 mmobT) & [4)
Hyponalrasmia
(sodum < 136 mEgt) 1107
Cardicwvascular Tactyramda andior palpitations
reported by the patssnt with
or without findings on ECG IS
Endooning Mantalga and gynaecomastia
and metabolic {breast pain of inoreass n wize
reporied by patiend) 3
HypegiyC e
Ighpcaemes =120 mgedl 10,7
Arnenarthoes 17
Hipatic Elevaticn of Serum ransamineses
(=5 trnes normal kevels withoul
ather sigrs of hepatits 2Ly
Ganitourmary Drpria 1187

ECG = eleciencardogram
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RESUME

COMTEXTE : Lincidence de la tuborculise multirsistanic
(TE-MIR) s elevie en Republique Dominicaine |6,6%
de cas imitiaux ) Des regimes standardings de iradtement
de la TE-MDR penvent constituer une solution.
OBJECTIF: Exposer elficience des regimes standards
dans les conditions nationales de routine.

SCHEMA : Nows avons revu ensemble des patients TB-
MDE rraites dons des conditiens de routine entre le
29 goit 2006 et e 30 juin 2000 xinsi que les résultats
intermédiaires ot finaux. Les paticnes ont bénéficie de
regimes standardisés oo individualisés en fonction de
Parilisation antéricure de médicaments antituberculeux
de deuxienie ligne.

RESULTATS : Mows mpportons la description de la paopu-
lation <t les donndes de negatvation des cultures che
les 259 patients TE-MDHR. Lige median des patients était
de 31 ans ¢ cher la plupart d'entre cux, le traitement par

bes mcdicaments de premicre ligne avait échoue (72,6% ).
On a obicao une négativation des culmres dans 75,6%
des cas a4 mois (valenr médiane 2 maois), Parmi les 150
patients tradtes entre 2006 ¢t 2008, les résultars ong ete
favorables chez 74% avee un régime standardisé et cher
60 avee un regime individualise (= 02110 Les effi-
cacites respectives du regime standardise et indiwvidvalise
ont &t de 92,8% et de 81% (P = 0,056), Le wox de
rechote a ¢té d'environ 1%. On o noté une valeur meé-
diane de cing effers eollatéraux des médicaments par
patient. Les factears de fsque de résultan défavorables
ol ¢t une durce supericure 3 1 mols avant la négativa-
tion des coltures et la presence de cavites hilaterales ao
cliche thomcique,

CONCLUSIONS: Les regimes TH-MDR  standardises
peuvent ére efficaces au niveau national, méme dans
des contextes a ressources limitées.

RESUMERN

MARCO DE REFERENCIA: La Repiblica Dominicana os
un pais de alta tasa de uberculosis multidrogorresistenne
I TH-MDK: 6.6% de los casos imdaiales). Los tratamacntos
estandarizados. pueden ser una potencial solucaon para
la TH-MDR.

OBJETIVO: Presentar la clectividad de los regimences es-
tandarizados en condiciones rutinarias a nivel nacional.
DISERG: S revisarom los pacientes matados de TH-
MDE en condiciones de programa desde el 29 de agosin
de 2006 al 30 de junio de 2000 mostrando resuliados
prowisionales v finales. Los pacientes recibieron trata-
nientos estandarizados o mdwidoalizados segun ¢l v
previo de medicomentos antituberculosos de segunda
linea.

RESULTADOS: S¢ deseribe una poblacion de 289 paci-
entes con TH-MDR v se repaorta su ticmpo de conversion
de coltive, La mediana de edad de los pacientes fue de

31 afos, la mayorna procedentes de rracamienies fallidos
con medicaciones de primiera linea (72,6% ). La negari-
vizacion del cultive fuc obtenida en 4 mees por e 75.6%
(mediina 2 meses). De los 150 pacientes tratados enire
200 v 2008, obtuvieron resultados favorables ¢l 74%
de los que recibieron tratamiente estandarizade v«
66 de los que recibicron individualizados (= 0211).
La eficacia de los regimenes estandarizados ¢ individoa-
lizados fue 92.58% v 81% respectivamenie (P = 0,056).
La vasa de recaidas fue aproximadamente del 1%, Hubo
una mwdiana de cineo cfectos adversos por cada paci-
ente, Mas de 2 mieses en negativizar el culeve v b presen-
cio de cavitacion bilateral en lo radivgrafia de orax
resultaron come factores de riesgo independientes.
CONCLUSION: Los regimencs estandarizados pucden
ser efectivis para of ratamicnto de la TE-MDE a nivel
nacional, incluso en patses de cseasos recursos.
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L] Therapeutic Advances in Respiratory Disease

Management of multidrug-resistant

tuberculosis: an update

Ignacio Monedero and Jose A. Caminero

Abstract: Multidrug-resistant tuberculosis [MDR-TB] is threatening control of TB in many
parts of the world. As a result of limited treatment options, patients have a poor prognosis
and low chances of cure. This situation can be exacerbated by HIV epidemics. |n some cases,
the risk exists of a real shift from susceptible to resistant strains, Despile its relevance,
currently there are more contradictions and confusion surrounding MOR-TE than hard
evidence. Mo randomized controlled trials have been performed and published evidence is
limited, Rather than just the selection of expensive drugs, MDR-TE management requires
well-structured programmes with a comprehensive approach, which involve the actions of a
wide range of participants, Even with current investments in research and development, new
drugs and vaccines will take many years to be applied in low and middle income countries. The
mast successful results will depand on the optimization of existing tools. The majority of the
patients, even those with extensive patterns of bacilli resistance, have a possibility of cure if
current clinical knowledge and effective logistics are applied. This paper is a crilical review of
current best practice regarding the diagnosis and treatment of MDR-TB.

Keywords: tuberculosis, multidrug resistance, extensive drug resistance, review, treatment

Background

Tuberculosts [TH) =till affects more than % mul-
lion people every vear and kills nearly 2 mallion
[WHO, 2009h]. At present, in 2010, we are still
for bevond from controlling this old disease. The
mest concerning fact i that treating TB s not
clinically complicmed and a cure i possible for
more than 95% of patients with first-line drugs
(FLDs}. FLIDs were discovered in the 1950s and
1 946i0s, whilst community control measures have
been well known since the 1950z [Caminero
Luna, 20:04].

FLDs are currently the most potent and least
woxic remedies for weating TB, The new cose
standard treatment B based on the use of four
FLID¥% for & months [WHO, 20d19¢]). The dura-
ton can be hmited o 6 months because of the
poweriul sterilizing capacity of nfampicin (RIF},
which is the quickest effective TR treatment
[Fox, 198]1]. From a public health perspective,
a G-month treatment thar needs full supervision
requires strong primary health services. In 2010
however, basic primary health services are not
universal, particwdarly i low- and middle-
income countries (LMICs). Moreover, TB is

a disease sirongly linked o poverty, whilkst
poverty is strongly linked o bammers in nocess
to health services.

The result 1 that o curable disesse with cheap
{the average cost of full drug treawment s
LUS520) and well-tolerated drugs is sull rampa-
ging through many societics. Furthermore, being
a discase of the poor, litle rescarch and funding
have been directed to TH since it was clminated
as a public health problem in developed countries
[Monedero and Caminero Luna, 20009]. It is
notable that the most effective drugs date from
the 1960s and the most common dingnosis ool
the sputum smear, was discovered by Robert
Koch hirmself.

After decades of FLID use, resistant bacilli
popalations are being sclected mainly due 1w
innppropriate trentments, such as monotherpy
or masked monotherapy [WHO, 2008a). The
major problem arises when resistance w RIF
and isoniazd (INH) occurs. This situntion is
defined a8 mulodrug-resistant  tuberculoss
(MDR-TB). INH is the drug with the quickest
and most bactericidal acvvity, thus it climically
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cures and saves patents’ lives. RIF is a sirong
bactercide. On top of it has the most effectve
sterilizing activity, killing the dormant and semi-
dommant bacili population [Caminero, 2005].
Accordingly, this results in a cure almost free of
relapses. Once resistance o RIF  occurs,
18—24-month treatments are required o kill doe-
mant populatons and achieve a cure without
relapses,

MDE-TE used o be a limited problem localized
in THE reference centres. However, after decades
of use and misuse of FLDs, more than 500,000
MDRB-TB cases emerge anmually [WHO, 2008a).
This rend is rising in many semings. MDR-TH
status remmins unknown in more than 100 coun-
tries as a result of restricted labomory capacity.
Therefiore, these estimates hove a considerable
degree of uncertainty and are most probably an
underestimation [Zignol & al  2006].
Mathematcal models indicate that & change in
strains from susceptible to resisitant s possible
[Blower and Chouw, 2004). In the absence of
widely avalable new drugs, vaccines and diagno-
sis toods, MDR-TB 15 a major global public
health concern.

As mentioned above, 0 cure an MDR patient
takes 18=24 months with second-line drugs
(51135}, which are less efficacious, more toxic,
kess tolerated and considerably more expensive
[WHO, 2008b]. Nevertheless, with improper
treatment schedules or under certain circum-
stanges, resstnce could be amplified o SLDs.
If fusrequinolones (FQs) and second  inject-
ables, which are the most powerful SLDs, are
lost, the prognosis of the patient & severcly
undermined. "This pattern of bacilli resistance
(MDR plus one of the FOQs and at least one
second-line injectable) is the current definition
of extensive dnug resstance TB (XDR-TH)
[WHO, 2007). Obviously patentss  with
XDR-TE have fewer drugs available for their
treatment amd their prognosis tends 1o be poorer.

In Seprember 2009, XDR-THE woas repomed in 37
countries [WHO, 2004a]. Given the current low
capacity to diagnose and the reduced MDR-TE
cure rates according to mathematical models, i is
possible that the more MDR-TB is diagnosed,
the more XDR-TB s creaed [Blower and
Supervie, 2007]. There is a real risk of o TE dif-
ficult to cure and expensive. This should be con-
sidered o call w arms for bewer MDR
management worldwide,

Thix article is a comprehensive and critical review
of the most relevant and valid evidence in
MDR-TB according o two independent resen-
rchers working  internatonally in this  field.
The aim of this paper is w provide a range of
updated practices m MDR-TH management.

Approach to diagnosis

Unfortunately the curment wols for MDR-TB
confirmation are nof easy o use, nor are they
completely reliable, cheap or quick [Kam, 2005).
Hence diagnoses need o be optimized, especially
in LMICs. To make a diagnosis more cost effec-
tve, the suspicion (the frst step in diagnosis)
shouwld be based on a padent presenting the
main risk factors for MDE-TB [Caminero,
2010]. To date the maypr nsk factor is having
had previous weamment for TH. The key risk fac-
tors in contracung MDR are fatlure o WHO
Category 1 treamment and chronic cases (more
than two cvcles of RIF-contaiming treatment with-
out getting cured) [WHO, 2008b]. The subse-
quent rsk group corresponds 1o patients who are
WHO Category [ faillures and TB patients proba-
bly infected by an MDRE-TE index case. The third
risk group in MDR-TB is represented by relapses,
defaulters, patients who are smear positive at the
end of the second month and have previously been
treated in the private sector, those working in
institutions  with MDR  outbreaks, patents
coming from high primary MDR areas or patients
treated under poor Natonal Tuberculosizs Control
Programme {NTT") conditions [Caminers, 2010].
See Table 1 for more information regarding indi-
widual nsk factors for TB resistance.

HIV & known to be linked to MDR-TB out-
breaks but is not isell a risk factor [Suchindran
et al. 2009], Given that HIV is a disease that
destrows the CD4 and macrophage {prncipal
barriers to TB discase progression); the suscepti-
bility of HIV patients towards TB disease
increases by a hundred [Caminers Luna Ja.
Paris, 2004; Selwyn er al 1989]. A sigmificant
number of MDR-TE and even XDR-TE our-
breaks with high mortality rates among HIV
patients have been documented [Gandhi er all
2006; Samper o ol 1997, CDC, 1994,
Coronado & al 1993],

Once the risk groups have been identified, it s
important o note that sputum  smear, chest
X-may or clinical facs do not differ from sus-
ceptible to resistant TB, MDR-TB is just a dis-
onctive form of TB, which cannot be cured

migpalfiar sagepub. com
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Table 1. Individual risk factors for resistance.

with RIF and INH MDR diagnose can,
therefore, only be based on 2 bacteniological
AESCRRTICTIL.

The most common way to determine resistance 5
specimen culture and subsequently to confront
the bacilli with different antbiotics, known as
drug sensitivity testing (DST). DST can be per-
formed in sold or more rapid liguid culire
meédia, These types of techniques are still consid-
ered the gold standard. Nevermtheless, DST in
cither modality presents important lmitatons
[Kim ¢ al. 2004], Fimstly westng could ke
from 10 days to 2 months, which for clinical pur-
poses and decision making = cleardy (oo long. In
many instances, this period is frequently subject
to further delays due o information, logistical
and resource deficiencies [Yagui & al. 2006;
Caminero Luna 2004]. Secondly, DST is a diffi-
cult and expensive technique. Regular DST
should be performed only at quality-assured
laboratories with safe facihioes. Finally, w o
DST often shows poor inter-labormtory reprodus-
cibility and low correlation with clinical response,
In vire and i vroe correlation is not opamal,
especially for S1IDs [Kim e al  2004].
Fortunately, INH and REMP give the most
reliable resulis [Caminero, 2005, 2006; Kim,
2005].

To complement the mformation given by DST, a
compléte history of the ant-TB drugs used by
the patient and their avadabibity in the country
iz needed. This is paruculary relevant as the
use of an anti<TB drug monotherapy for more
than | month is theught to be one of the main
predictors of resistance [Caminers, 2003, 2006;
Kim, 2005].

To solve these disadvaniages, new genorypic
echniques are being designed. Fundamentally,
these techniques identify mutabons lnked
phenomypic resistance. For instance, rpoll gene
mutaton 1s responsible for 95% of RIF resistance
[Telenti er @l 1993). The main advantage of gen-
otypic DST is that it provides results in under 24
hours. In addinon, it is relatvely cheap and iden-
tifies resistance with a high level of reliability
[Richter er al 2008]. RIF resistance isell s a
strong indicator of MDR, especially in patienis
previously treated for TH [Asz er ol 2006;
Skenders ef al 2005]. With knowledge of RIF
status, an appropoate treatment can be rapidly
identified, improving a patient’s prognosis, avoid-
ing amplificavon and interrupung MDR-TH
ansmission [WHO, 2008b]. These inmovatve
methods have the potential to change practices
in the tremment of MDR-TB.

Current  evidence supports  these  fndings
[Barmard er af. 2008; Miotto er al. 2008]. As an
example, in a busy TB chnic in South Africa,
genotypic DST was wested under routine condi-
dons. The study obtained high sensitvity
(98.8%), specificity (100%) and positve
{100%:) and negative (99.7%) predictive values
for MIDR detection compared with conventional
procedures. However, resulis for INH are not
very sensitive as resistance can be linked to
many different mutations [Richter e al 2009],

Raopid tesung, not only for INH and RIF, but also
for ethambutol, FQ ond second-line mjectable
resistance mutations, is available and curremtly
under research. Initial publications on this issue
revenl a high level of agreement with reference
wechniques, ar least for FQ and injectables
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[Hillemann er al 2009]. By the tme all gene
mutations linked to resisance are identified and
techniques are standardized, genotvpic DET will
probably be the best practice, due to its accuracy,
relinbility, quick resulis and cost effectiveness,
Nevertheless, good quality and proficient labora-
tories are needed o perform genotypic DST,
which could be a barmer for high burden
COUnIries.

Focusing on  high burden LMICs, nowvel
culture-based DST rechniques are being devel-
oped and have been demonstrated o be highly
cost effective. Principally these are the nivrare-
reduction assay and the microscopic observation
drug-susceptibility assay (MODS), which have
obtained good results in several studies with
regard o accuracy, sensinvity and specificity
[Richier er al. 200M]. These are noncommercial
and cheap laboratory techniques. However, rele-
vant work on standardizaoon and biosafery vali-
dation remains 1o be performed.

Approach to treatment

On the whole, either from a clinical or public
health perspectve, managing MDR-TB requires
the applicanon af the same principles as those for
an susceptible TB. There are two main require-
ments for an cffecive TB wreamment: multple
drugs to avoid further resistance ond lengthy
treatments to kill dormant forms and thus avoid
relapses [Caminero, 2003]. Find in Table 3 the
main agpects for correct MDR-TB management.
Consequently, management of MDRXDR-TB is
long lastng and complicated. Experienced stafll
should ke responsibility for these cases.
However, given the high number of cases in
LMICs, it & wnrealistic for only specialists o
treat such cases. Thus a standardized manage-
ment approach s necessary [Caminero, 2003,
20m; Cominero  Luna, 2004]. Standardized
SLD regimens are fully appropriove #f the
MDR-TB patient has received only FLDs in
the past. On the other hand, if the patent
received FLIDs and 5Lk, an individualized
SLD regimen could be more appropriate.

As mentioned above, TH i= one of the most
neglected diseases in terms of research and devel-
opment. This s especially true for MDR-TH. In
fact there are probably more contradictions than
evndence [Caminero, 2006]. Randomized con-
trofled wials (RCTS) on which the main clinical
and control measures should be based should be
simply nonexistent. In fact, the vast majority of

research  knowledge was  obtained from
[NH-resistamt TB studies carmied out during the
19505 and 1960s prior 1o the discovery of RIF
and FQs. However, once a patient is diagnosed
with MDEXDE-TH, a treatment schedule based
on the following logical steps, or similar, should
be followed [Monedero and Caminers Luna,
2004; Caminero, 2006].

Step 1. Selection of number of drugs

T cure and avoid resistance amplification, a pagient
requires a reatment based on new and effective
drugs. This relates o the application of ani-TB
drugs that have not previously been applied i neal
of mizked monotherapy or with effectvensss
assured by DST. From a bacteriological perspective,
three new and effective drugs would be sufficient o
cure and avoid amplification. However, in the fidd,
not infrequently the effecivencss of the drugs s
compromised, especially with SLIDs that have a
reduced capacity 1o reach high tissue concentrations
and hove weak bacieniostanc actvity [Caminero,
2006). Thus, at least four new and effective drugs
are necessary o remaove all probability of amplifica-
gon [WHO, 2008k Caminers, 2006]. Cnoe o
patent hos MDRE-TE; in many seumg the only
availsble SLD schedule represent the wvery lost
chance of cure. Hence, treatment should not be
started unl four effecve drugs are available for
the whole durntion of the reatment.

Step 2. Drugs to use

Not all anti-TB drugs have the same effectiveness
and teecicity and thus are classified into five differ-
ent groups [WHO, 2008b; Caminero, 2006] (see
Table 2}. A mtonal way to select use is to employ
drugs from the most poweriul and least toxic o the
least powerful and most toxic. For instance, bo use
as many drugs as possible from group 1 (FLDs),
only one drug from group 2 (FQ), only one drug
from the group 3 (Gnjectables) and whatever else s
needed untl reaching four effective drugs from
group 4 (toxic and low actuvity drugs). Finally,
use group 3 drugs (low evidence or very low activ-
iy} if four effective drugs were not reached with
the previous groups. Nevertheless, being very low
acuiviry drugs, use 2 group 3 drugs every tme you
need one exira effective drug.

There is significant controversy on the role of
FLID in MDRXDR-TE wweatment, including
high dosages of INH. A recent RCT has demon-
strated quicker smear negativation in MDR cases
with same stde effect profile | Kativar er all 2008].
Different mutations are inked to [INH resistance
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Table 2. Rational classification of antiluberculosis drugs.

Table 3. Fundamenial aspects of mullidrug-resistant tuberculosis management.

and cross resistance with ethionamide through an
intricate process. It is becoming clear that a high
INH dosage could play a relevant role in MDR
treatment [Schaaf & al 2000; Van Deun o af
2004). In addinon, there 15 a bick of consensus
regarding the role of other FLDs such as pyrasina-
mide (£} and ethambutod (E) on MDRXDR-TE,
especally mking into account that their DST & not
very reliable. Nonetheless, some amicles have
reported good outcomes in patients using £ and E
when they have susceptible DST [Mighior e al
2007; Mimmck er al 2003]. Thus, it is probably jus-
tified to mclude these drugs in the MDRXDE-TH
treatment when the DST demonstmtes susceptibil-
ity. However, they should not be counted as part of

the four new effective drugs as they had been admin-
Htered for more than | month in o trearment that
did not cure the patient.

Only one FQ should be used, gven that all FOs
have the same phenotypic target. Hence, no ben-
efit is achieved by adding more than one while
toxicity and cost are increased. The same reason-
ing applies w second-line injectables. With refer-
CNoe 0 CPoss resistance, 0 is imMpormnt o
consider that old generation FOs probably have
complete cross resistance with other FQs of
the same generation, but not with other newer
). The s particularly important for ofloxacin
(Ofx), the FO most frequently used 1o date.
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Iis resistance added to injectable resstance
defines XDR-TE, but with the limited evidence
available it is probable thar 50% of Cifx-resistant
cases are still susceptible to levolloxacin (Lfx)
and moxifloxacin (Mix) [Kam e of 2006;
Cheng er al. 2004]. There are clinical experences
reporting good outcomes with Lix even in proven
Ofx-resistant patents [Yew e al 2003].

Another kev msue is an awareness of the best FOQ
o use in MDREXDR-TB patents. After a major
review it s commonly accepted that ciprofloxacin
s a very weak drug in TB and should no longer
be recommended in MDR-TB management
[Ziganshina and Squire, 2008]. Evidence is
scarce regarding other FO generations as the pre-
vious study is the only one that compared Ofx
and Lix in MDR patients [Yew & al 2003].
Resulis were clearly in favour of Lix. Criiven the
lack of RCTs, there are two pharmacodynanic
and pharmacokinetic studies comparing several
FQs in wirro [Peloquin e af, 2008; Johnson e al.
2006], which have reported the best effectiveness
surrogate  parameters to  high dosage Lix
(1000mg). This is superior even w© Mix.
Probably in terms of cost effectivencss the best
drug to use is Lix ar 750—1000 mg per day.

The inital approach with regard to imectables s
unclear. Probably, sccording to the limited liter-
ature availlable, the best choice of mjectable in
terms of cross resismance and voxicity could be
the following sequence: capreomyein, then kana-
mycin and finally amikacin [Tsukamura and
Mizuno, 1980 Tsukamura, 1969]): however,
capreamyan is usually very expensive and diffi-
cult to acquire. Strepiomycin is no longer recom-
mended in MDRE treatment mainly  doe 1o
worldwide high levels of primary resistance and
linked INH resistance [WHO, 2004, 2008b].

Step 3. Length of infectable treatment fintensie
and continuation phases/

Basically, the difference between the intensive
and confinuation phases 5 inpectable  use.
Together with FQs, injectables are the most pow-
erful drugs for use in MDRE-TB, although the
longer they are used, the higher the toxicity
becomes. In theory, it s safe to suspend the
injectable and pass to the continuation phase
when the bacilli burden has been reduced to an
almost undetectable level. This oocurs when the
microscopic observations are negative and speaif-
ically when there are two negative microscopic
observatons wath | month o berween.

However, in the field, a more prudent approach
is recommended o preserve the effectivencss of
the contnuanion phase: retain the injectable for
at lesst & months and av least 4 months after
negative culture [WHO, 2008b]. In this way,
the cure s mmamized and resistance amplifica-
tion probabilities are muinimized. The imectable
can be withdrawn safely only when at least three
effective drugs remain in the regmen. Lengihy
treatments with injectables should be considered
if fewer than three effective drugs remain in the
continuanon phase or are very weak drugs
[Caminers, 2006]. This could be relevant in
XDR management where if the mjectable is with-
drawn, the remaining treatment schedule is weak.
The risk of ressiance amplification exisis on 4
weak cominuation weatment schedule, In such
cases bong mjectable treatments of &, 12 or even
15 months are to be assumed. Intermittent ther-
apy (three mmes a week) can be considered in
very long treatments or where there s a high
sk of woxicity [WHO, 2008b). When smears
and cultures turn pegative, the bacillary load &
notably reduced. After two negative cultures or
smcars separated by 1 month, the intensive phase
of treatment can be stopped. The continuanon
phase without imjectables ought to last for 18
months.

Step 4. Surgery
The role of the surgery in MDR-TB & Hmited to
exceptional  circumstances [WHO,  2008b;

Caminers, 2006]. These are mainly cases with
fewer than four effective drugs available for
their schedule (mostly XDR), if lestons are iso-
lated and localzed and where there is sufficient
respiratory  reserve [WHO, 2008b; Caminero,
2006]. The appropnate selection of candidates
was the key factor for good performance in the
only smudy carried our in LMICs [Somocurcio
ef al. 2007]; however, morbidity and mortality
were often considerable.

Special cases

Ciiven that the evidence for standard cases 15 lm-
ied, the approach for special caaes is particularly
controversial. At the moment the same rules as
for adults are applied to children [WHO, 2008b].
Apparently children have lower levels of
side effects with SLDs. Many professionals
have significant doubts abour use of FOs in chil-
dren, but current evidence has proved thee FCs
were safe in more than 7000 cases |Burkharde
eral. 1997].
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Special consideration should be given to preg-
nant women. Nowadays, the best practice is 1o
ovord pregnancy during TB disease; but if this
occurs, ideally MDR treasiment should be
deloyved unnl  after the second tmester.
Injectables have proven to be teratogenic drugs
and doubts remain about thivamides (ethiona-
mide and protionamade). If possble, both
groups should be svoided. If there 15 no other
option, the best recommendation i o use
capreomycin out of the injectables because of
its Jower teratogenic profile [WHO, 2008b].

Linle informanon is available regarding comor-
bidity conditions common o0 MDR-TB such as
diabetes mellitus. However, some publications
have reported worse outcomes and greater rates
of relapse [Bashar & al 2001]. Conceming
MDR-TB and HIV, there are contradictory opi-
nions as regards additve toxicities, malnutrition
and other crtical comorbidities. Probably the
most controversial issues concern when (o sgarg
anurerroviral therapy, how best manage (IRIS)
and prevent immune reconstitution syndrome.
There is as well a great lack of knowledge, for
instance concerning drug to drug interaction
while funding is very limited for these pro-
grammes in LMICs [Harries et al. 2009; Scano
ef al, 2008]). However, mwore is starting to become
known about the interactions between SLD= and
antirecroviral agents [Coyne e al. 2000]; and it is
expected that some of these questions will be
answered in the near future.

In the case of new TB patients being MDE close
contacts, treatment should be based on the same
pattern of bacilli resistance of the index case if
known, or on the effective regimen given o the
former [Caminers, 2006]. Amendments can be
made after DST results in case of suscepiibility.

One important and unresolved ssue is what to do
with MDR-infected contacts (latent TH infec-
von). Once again, evidence 1s limited (o expert
opinions [Fraser er al 2006]. This could be cru-
cial in HIV HBCs. To date there & no approved
chemoprophylaxis schedule for contacts and the
current recommendation s to be under close
supervision [WHO, 2008h].

Mo clear puidelines exist for XDR cases since no
RCTs are available. In addition, XDR conditions
can be gquite different from patient to patient
depending on the pattern of resistance and previ-
ous drugs used. As well as =sues relating to the

patient, the TB programme, resotirces, avallability
of drugs and social support prognosis will have an
impact. In fact there are settngs where XDR cases
have obmined similar cure rates than MDR cases,
Conversely, in other settings, XDR cure rates were
extrmordimary low [Sotgiu o ol 2009]. As a
common approach, previous guidance for MDR
disgnosis and treatment & suitable o perform
diognose and  treatment  for XDRE cases.
However, in XDR management, as four effective
drugs are often not available, the use of muliple
drugs {more than 6=8 in some settings), lengthy
reatments (often more than 24-30 months),
lengthy impectable use, surgery and others have to
be considered [Sotgiu e al 2000; WHO, 2008h].

Other key tools for MDR-TB success
Something thar might seem obwious, vet B cru-
cial, is the presence of a strong TB programme.
It 15 thought thar iniroduecton of an MDE com-
penent nte a weak Tuberculosis  Directly
Observed Treamment Short-course (DOTS) pro-
gramane could quickly lead 1o the development of
XDR with decreasing effectivencss of the suscep-
tikle TB programme [Sterling e ol 2003].
Clinical experiences and mathematical models
conclude that poor tresmments paradoxically are
worse than no tremment. A narrow focus on
MDR-THE therapy could make a bad situation
worse by increasing the number and pattern of
resistance of circulating strains in the community
[Coker, 2004; Pablos-Mendez e al. 2002].

Without an integrated programme structure, all the
approaches mentioned here are likely to fail. The
DOTS strategy is ar present the best framework for
managing susceptible and resistant TH. Without a
good DOTS framework, failures, defauls and drug
shortages are more hkely to occur. At the same ume
MDR commitices compnsing laboratory sff,
pharmacists, clinicians and social workers are
necded 1o increase the chances of success
[Mathanson e al 2004]), mmprove decimon
making and ensure a coordinated approach. On
the other hand, strong side effect management &
necded since many of the S1.Ds have o toxic profile.
Ancillary drugs need 1o be easily available. In add-
ton, o avoid defaults, regular monitonng visits
with basic clmical blood wsis, and mreatment sup-
port are required and ancillary drugs need 1o be
easily available [WHO, 2008b].

At the same time, having a strong DOTS pro-
gramane limits the creation of new MDRE cases.
Actions to limit the creatton of MDE cases under
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programme condifions are esenoal [Caminero,
2008]. For instance, in the case of an interminent
continuation phase, adherence w the maximum
and assuring at least three intakes per week is
necessary, Other basic practices o avert MDR
15 the use of anti-THB fixed-dose combinations,
and exiend the intensive phase by 1| month in
the case of smear positdvity at the end of the
second month [Caminero, 2008].

Another kev ool in lmmiting the burden of MDR
XDR-TB is the use of infection control measures,
The mporance of infecion conteol was high-
lighted after the Tugela Ferry deadly XDR out-
break among HIV-positive patents [Gandhi ef al.
2006]. Ir was discovered that most of the cases
were infected at health facilities. In fact, not all
hospitals are prepared 0 admir MDRXDR
cases. [n many sertings the most simple, essendal
and effective administravve infection control
mensures are pot followed [WHO, 2000d]. In
terms of nsk reduction, simply separating the
MDRXDR patients into a different  room,
which is well ventilated and has natueal lighe,
can make a vast difference [Bock a all 2007).

Finally, it is important o mention that TH, and
especially MDE-TB, is more than a clinical prob-
fem. Programmes have 1o deal with patents with
social difficultics and poverty [Atre and Mistry,
200% Yong Kim e al. 2005]. Behind an MDR
patient, there & alvays a sad =story, Clinicians
should open theirr minds to social diseases ond
social solugons. Supportive nurses, counsellors
and socml workers play a relevant roke in
MDR-TB [Farmer o af 1998). Economic aid
and food support sz well a5 comprehensive and
psychosocial approaches are strongly linked to pos-
itve outcormes in these lengthy and tosxc treamments
[Mimnick e al 2008; WHO, 2008b). It makes no
sense to spend thousands of dollars en an expensie
drug cockmil if the panent defaulis because of
hunger. Unfortunately, this tends o happen in
many MDE programmes all around the word.

Promising approaches and tools
Conceming current drugs, an important ssue to
solve is the robe of new gpeneration FOs such as gati-
floxacin and Mix. IF these have a similar sterilzing
activity to RIF it should be possible to shorten MDR
treatments. Ongoing RCTs wall provide answers o
some of these questions in the near future,

Another promising approach, as previously men-
noned, 15 the use of high dosages of INH, which

proved effective inan RCT on MDR-TB [Kauyar
eral 2008]. In another study, a treatment using a
schedule of high INH dosages and clofazimine
demonzirated optimal cure resuliz [Van Deun
et al 2004). Clofzimine could be a relevant
MDR drug in the near future according to clin-
wcal experiences, although to date, hmited pub-
lished evidence is available,

Linezobd (Lzd) a group 5 drug, could be a poten-
tial tool, especially in XDR-TB treatment
[Condos er al. 2008; Niziora and Falagas, 2007].
More evidence of its benefits is emenging, espe-
cially when wsed in lower and safer dosages
[Migliori er al 2009; Park o al. 2006]. Lad is suir-
able for XDR and MDR cases, but its use should
probably be limited o severe cases, for example,
those resistant o more than seven drugs [Miglion
et al. 2009), However, Lxd has only proved so far
to have poor bactericidal actvity [Dictze & al
2001]. In addition, due w s price and wxiciy
profile (lactic acidoss and optic or penpheral neu-
ropathy and others) [De Vriese e al 2006], it is
not a suitable drug for most LMICs, where the
majonty of MDR cases exist.

There are several drugs emerging with innovative
actions [Coyne of ol 2009; Yan Den Boogaard
et al. 2000], which could mansform the MDR
landscape in the future. New Rifamycins, such
as rifalazil, hove had good preliminary results.
New family drugs such as diarvigquinolines have
demonsirated early bactencidal acoity aganst
susceptible and MDRE-TB. From these, the com-
ponent TMEC207 is one of the most promising
future TB drugs [Diacon & al  2009].
Nitredmidazoles, snother new class of drugs,
have candidate molecules such as PA-824 and
OPC-6T683, which have demonstrated potent
gcovity against actve and dormant forms.
Others compounds such as SO 109 and nitrofur-
anylamides have demonstrated activity m o
[@"Brien and Spigelman, 2005]. Nevertheless
these and other molecules are unlikely w be
ready at an affordable price for clinkcal use in
LMICs in the next 10—15 vears [Monedero and
Caminero Luna, 2009],

Significant efforts have been made towards a vac-
cination, which would probably be the best tool
for tackling TB. Likewise, this scenarss would
take no less than 10—20 years o be miroduced
ito LMICs, In 2000, wking into account the
delays in the introduction of new solutions, prob-
ably the wiest approach im TB and MDR-TH
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management & o opumize the current tools
through low-cost and low-risk policies such as
those mentoned i this paper o prevent an
increase in drug resistance and, once it has
appeared, 0 mmprove s MAnagement
[Monedero and Caminero Luna, 2004],
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A basis for the clinical management of
complicated MDR-TB cases

Ignacio Monedero and Sandya Holkar summarise best practice in the often

lengthy and complex managemenet of multidrug-resistant tuberculosis

Summary

Suceessiul mulddrug-reststant ubecubosis (MDR-TBI
meatment and programime periaimance i possible even
in complex circumstances, Covemments are subject

to strong pressure from donors concening both DOTS
idirectly ohserved treatment,
short course ERpANLION ini-
tiatrves and especially MDR
management.' Nevertheless,
aryone assuming an MDR
peogramme can be launched
jurst with money and drugs

is probably [abouring under
a grave misapprehension, A
sound understanding of the
elinical management al bath
susceplible and resistant TB
s ane of the basic fndamen-
taks. The substandard wse of
secand-line drugs is nat only
measured in low cure rates
bt b elrug reststance amplif-
cation in the community, and
hence potentially circulating
extensively diug-reiktant
(XDE} T strains.

Frem a clinkcal point of view, MDRE management &
lengihy and complicated, involving the entire range of
problems attendant vpon chonic disease plus the high
towicity profile of second-line diugs. In addition, in de-
veloping countries with high HIVITB co-infection levels,
the complexity in terms of clinical and drug manage-
ment Bsues increases. Poverty and Lack of access to
care and treatment can reduce adherence and furiher
complicate the recovery process. This paper piovides a
bwief summary of the best practice in MOR-TH patients
including the mont frequent side-effects and practical
adhvice on managing TBHIV co-infection based upon
the most recent evidence.

Background

Multidrug-resistant tuberculosis (MDR-TE), defined
a5 TB resistant to isoniazid (H) and ritampicin (B} is a
miajor concern in ghobal TH contiol. 1t is thought that

Igracin Monedero, MODE-TH Unit. Tuberculioais Diviaion. interma-
tesnal Unicn againit Tubsertulou and Ling Diveans [The Union),
Parta, France aned Linhsenitat At de Barcelona (UAR],

Departament de Pedisiria, Gineccksgia | Medema Préventiva

Barvelons, Lpain; and Sandys Holkar, Clinkal Mentor. |-TECH

(International Trainirg & Education Center for Health) Univendty
of Wmhington
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meore than half a million MDR-TB cases emeige per
year,” The issue it more sevious taking inlo account the
length and cost of treatment, the serioun side-effects and
the low cure rates compared with susceptible cases
Unfertunately, low cune tates are especially comman in
those countries with high TB/
HIV co-infection rabes.* HIV
peer s ot 2 visk tactor for
MOR-TB ' However, it is has
beeen widehy linked to MDR
oi even XDR-TB outhreaks *”
People Hving with HIV. by
reason of their impaied
immunity, are more likely
to become imected with TH,
mate than 100 tinwes mone
likely to develop TH disease
from infection, and also more
likely to die from i® Due
ta this symergy of HIV and
T8, Adrica demonstrates an
unrual seenaria whershy
the total member of MDE
cases rermaing relatively low
bt the Encidence of new
eases s partscularly high ®
It is thought that aithome XDR/MODR-TB tramimission
to primary cases s plaving a erucial rede in high HIV
burden countrbes. The deadly XDR-TB epidemic of Kwa-
Lulu Matal in South Adrica is probably the most studied
examphe* Around 98% of the patients died within 2
weeks of diagnosis: mast having been infected by the
sarmee source. Major efionts towands infection contiol and
appropiiate MDE-TE management are urgently needed.
Tackling HIV Iz not easy, and neither i combatting
MDEXDR-TH. Managing both at the same time i even
mste comples. New anti-TB medications and ideally an
effective TB vaccine are desperately needed, but they
will not be ready for use in developing countries within
the mext 10=15 years."™

There is a pressing need for iraining of healthcare
workers since subaptimal elinical management of a
patient can amplity resistance inte MDR within a cou-
ple of months. However, cuning that same patient once
they have developed MDR-TB can take up to I yvears."
Furthermore, the cure rates for MDR-TB and speciall
KDR-TB tend 1o be less than 60%% 2 and failure and
mtality rates are high."

In addition to these challenges. wide-scale MDR-TB
management is comparatively a new field, Comequent-
Iy, not many randomised controlled trials IRCTs) exis

T |
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and ta sone extent this has generated more controversics
than wseful evidence. " It is only recently that a robust
CONSENELS On Correct management is being achieved,"
However, even in low-income settings with limited ha-
man fesources, there are many effective measures which
can be applied, just wsing the cument knowledge and
public health tools.

The aim of this papes is to provide a short catalogue
of pood practices to manage the majonity of complicat-
ed MDR cases, describing the most common problems
and the mast likely solutions sccording o cuwnent lit-
erature. Given the wigent need for practical and simple
approaches o managing MDR complex conditions, this
paper ainm 1o provide rapid and suceinet guidance on
management of MDR-TB and aveldance of common
enors even where resowrces ane most scarce, It is also
hoped that it will serve as an starting point for fusther
reading of more specialised MDR-TB guidelines and
literature.

Basis for susceptible TB managoment

Susceptible TB ks mainly diagmosed by spatum smear,

which is cheap, quick and easy to aceamplish even in

resource-scarce settings.' ' |t is not anly highly specifc
but alwo intormes whether of not a patient s contaghous
ispecicity al 93%). However, it is nol very semitive,

as it can only detect approximately 70%% of active TB

cases in optimal conditions, In high-HIV settings this

figure can be futher redeced as many people lving
with HIV (PLHIV) with active TB develop smear-negative
torms. Culture offers a considerable increase in sensitiv-
ity idiagnoses up to B5% of cases) but in most high-

prevalence settings results are unavailable before 1-3

months, aivd hence are of no use for immediate clinical

management,
There are two basie principles tor ettective TH beat-
nLJ.I"

1. Use of several drugs to avold reslstance amglifica-
tion. It a bacillary population is exposed to only one
d'rug, then just by chance and spontaneous mulatbon
I out | million of the bacilli will be a natural mutant
resbstant. In a pathent with cavitary disease, the
numiber of bacilli within the patient B approximately
1000million, Hence if exposed to monotherapy,
almest all of those bacilli will die bat from 100 10
1000 natural mutant resistants will remain. After a
couple of months there will again be 1000 million
bacilli but now all will be of resistant strains. To
avoid this circumstance, it s recommended that the
initial phase of TB teatment contains at least o
druigs. Fisst-line drugs are to date the most powerful
drugs available to treat TB.

2. Lengthy treatments: Mycobacteriinn Tebercoloss i a
very slow growing bacterium. Furthermore, depend-
Ing on pH and oxygen conditions on the lesions,
bacilli could present different metabolic 3
tion:, Some of them are metabolically active, like
in the cavities. wheee the bacilli divide and create
disease. Conversely without oxygen and favowrable
pH conditions bacilli turn metabolically inactive o
dormant. Dormant bacilli are not easy to kil snd
if they turn active will eventually create relapses.

September 2010

Rifampicin (R is to date the drug with the greatest

capacity ta kill dormant forms. Thanks to rifampicin,

treatment length can be reduced to & months, With-
ot its powvertul stesilising effect, the duration of TB
treatment stretches to 18-24 months. "

Cumrent treatment recommendations ' are 2 months
with foar diugs (R, H, pyazinamide (£ and ethambatol
(EN} phss 4 months with two drugs IRH), Daily beatment
is predened, especially in high-HIV settings wheie there
are demonstrably better catcomes and reduced relapse
aned death rates."'® For susceptible disease, this eat-
ment eombinathon can cure up o 37% of patients. ¥

Bases for MDR-TE management

MDR-TB iz simply TE disease that can not be cured with
the mont effective drugs to date, i.e. nonjazid and -
fampicin, Diagnosis can not be confirmed with sputum,
clinical picture or chest X ray ICXR) but only from drug
ssceptibility testing (DST), This can ke done via culture
{liquid or salidi, with, however, a likely delay of 1 to 4
meiths or moee. Usually liguid culture s quicker but
contamination rates tend to be higher. DST, a technique
developed more than 50 years ago, is most reliable for
R and H.*® For flusreguinalones iFOs) and second-line
injectables it is very reproducible bt less rellable.”
This means resulis can be conmaistent between ditier-

et laboratories, however the clinical relevance of the
result can be inaccurate, Untortunately, regular DST &
nat very reliable for other second-line drugs (5L0k) and
i the particular case of £, cycloserin (Cs), ethionamide
{Eth) and PAS, DST can confuse clinicians more than

it helps.""* Consequently, having a detailed history of
the previous diug history of the patient s crecial. An
impodtant issoe o keep in mind i that cumently the
best predictor of resistance in TB is the use of a drug

a5 monatheragy for more than 1 month,'” In clinical
practice this translates o the mot common emod in
TB elinkcal practice leading to diug resistance; adding
one doeg to a iailing regimen.

Fostunately. new raphd DST technigues based on PCR
techiology and genetic mutation detection are able to
provide susceptibility results within 2 hoars to 5 dave,
Being not only rapid bat also offering more reliable re-
wilts, these new technigues are starting to be intioduced
in many different settings with good results under real
conditions.

Betore starting MDR-TB treatment. a D5T result dem-
onsrating resistance o R and H plus an accurate history
of dnugs is mandatory."! Also, identification of Myco-
bacterium species s lundamental. Mycobacterium other
than Tudbercubosis (MOTTzi can have a DST pattein of
diseaze of MDR. These difterent soets of bacilli regquire
a ditterent treatment that s less toxie, less expenave.
and shorter than MDR-TB treatment. It is thought that i
many MDR-TB programmes, a substantial propartion of
the patients actually have MOTT rathes than MDR-TB
especially in high-HIV settings.

The principles for MDR-TB treatment ate the same as
for susceptible TB:"

1. At least four effective dyegs: drugs should be chosen
starting from the most effective and beast toxic (FLDs)
and sealing-up to the least eifective and more toxie.
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Tabdle | Rarional clissivcarion of ant-tuberculosis drugs. Adspted trom reterences 10, 11, and 14

Grouping Drugs

=

Groug 4

P-amincsa acid (PAS)
Group3 .
Agents with unclear efficacy mmmmwmmlmmm
high-de 'i'I'EIIII g
Anti-TH drugs are classified acconding into five dif- A mutation). Old generation FOs iciprofloxacin-ofloxa-
ferent groups (see Table 11, The pillans of category 1V cin) are generally cross resistant within them. However,
treatmient are FO and secomd-line injectables, which some activity may still remain using new generation
are by far the most bactericidal diugs among second- Fs ilevefloxacin, gatifloxacin, mosifloxacing even if
line drugs. Add drugs from group 4 (weak and toxic resistance (o old generation FOs exists. Mote than cipro-
drigsi until complete four efiective diugs and se tlaxackn is eurrently not recommended to treat MDE-TE
all possible first-line diugs to which the patient is o due to reduced efficacy.™
might be susceptible, When over an MDR-TB case, Dhee 10 the considerations of toxicity and cross
resistance 1o one FO or one second-ling injectable resistance, the order of peeference for second-line in-
emerges, the disease is defined a5 XDR-TBE In that jectables becomes: cagrecmyvein, them kananmyvcin, and
case. diugs available are less and consequently progne- lastly amidkacin ™ Streptonmycin is not recommended
s b8 worst. Usually the use of group 5 diues B neces- currendly for MADR-TB treatment given the high resis-
saiy to treat XDR-TB cases. However, as dougs from this tance kevels among initial H resistant shains,
group are very weak or have litthe evidence hase, use Although clinfeal Iprovement is wietul, monitonng of
two drugs from this group, o scoound one pew ‘effec- MDR a2 a dizease can only be done theough'by bacteriol-
tive diug’."! oy, Follow-up of treatment should preferably be based on
1. Long treatment: because the sterilisation power of culture, " The nurmbses of colanies Solid cultusel can be help

R s lost, restments are extended to 24 months. 1o showy progeess of risk of fabhee during the treatment.
Injectables are recommiended to be used for at least
4 months after culture turns negative and wually & Drug side-effects and possible solutions
manths.!! If theve |s resistance to FOQs the continua- Firsa-lisve drugs
tion phase is weak aftes injectable withdrawal and The: most common side-effects from first-line drugs is
longer treatment with injectables might be needed hepatoxicity* High levels of liver enaymes (particularky

given the lack of a powerful dng in the continuation ALT) should be an alert. Having bevels four times higher
phase. than notmal is considered as hepatitis and teatment
1. The choice between using individualised versus stan- should be stopped until liver enzymes return to norimal,

dasdised regimens is a long and hotly debated issue. The drugs should be reintroduced one by one with
Though in developing countries, for patients who gracually increasing dosage over 2 weeks, stasting from
have never used SLDs in the past, standardised regi- the lexst hepatotoxie. " In this sense the rational order
mens can achieve good levels of eatment success af intraductian is E-R-H-Z.
with lower cost, less specific training, and reduced Rifamgicin s an inducer of cytocrome p450, hence
risk of treatment improvisations, ' can reduce the levels of other drugs including oral con-
Surgery i anather issue to consider, This option, tracepiive, proteasa inhibitors, and nevirapine, Specific
with the high associated mortality and morbidity, is only advice should be grven on this in TRHIV patient recom-
indicated in a limited number of patients wha meet the mending ARV treatments based on efavirenz of tenofo-
tallowing conditions: fewer than three of lour ebective wir phus two NRETEY
diugs mvailable o reatment. single and localised le- Oiptie euritis s an infregquent (less than | in 300
shon, and sufficient respiratory feseive after the iesec- treatmentsh but concerning side-effect of ethambutol
tion, "™ Few patients fulfil these criteria. (L It uswally starts with colour distortion and blurred
Clinicians should be alert to the problem of cross-re- vision, If this happens, treatment should be stopped
sistance among anti TR dugs."'=* Rifampicin has almost immediately, The use of E among childien has being an
full eross resistance with other rifamycins, Boniazid and issue of moch debate.™ Currently it i widely recom-
ethionamide may also have cross resistance if theie is mended to them at a 15-20mg/kg/day dosage, where
monlazid resistance at low Boniazid eoncentration {inh- the occurrence of optic nearitls is bess frequent
22 Africa Health September 2010
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Second-line drugs

Cunent evidence indicates that FO5, have a relatively
safe profile even i children

Infectables, including streptamyein, have quite a toxic
piuiile, and can cause vestibular toxicity (vertigol,
hearing loss and renal insuffsciency, plus terntogenic
isatety class © for Cm and class D for Sm, Am, Kml."'
Tosictty is mainly by cumaiative dosage hence for long
treatment, adminkstration can be reduced to thiee times
weekly, Where conditions are suitable, the drug should
be admindstered intravenously te svobd painful injec-
tiong especially among malnourished patients,
Cycloserin can cowse disturbances of the central ner-
wOLiE SyStEm ranging from nightmares to depeession,
pivechotic syndreme and suicidal tendencies. These
symptoms are raely but increasingly described.
Ethionamide (Etol or prothionamide (pto): these ef-
fectively identical drugs are badly tolerated because of
nausea, vomiting, viomach ache, and diarthoea.

FPAS: prabably the worst-tolerated drug
Iy unpleasant (although not lde-threatening}

thnal symploms. If given with Eio'fo toletance side-
efiects are even worse. Concomitant use can also lead
1o alteration of the equilibrivm of thyroid hormones.

Tips for most frequent side-efiects

Using category IV treatment, we can peedict that side-
etiects will occur; hence clinicians miust be alert fo
their occurience, Nevertheless, despite the wide range
of athere events among second-line drugs, the most

frequent ones which have the greatest impact on adher-
ence are eaty to diagnose and reas "'
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Taz MDE-TB management. Fundamental aspects. Adapted from references 10, 11, and 14

1. Mawsea, vomitimg. and diarrhoea are the most com-
mon side-efiects and are relatively easv to control if
omeprazol or similar dregs are used at high doses,
Antacids aie not recammended due b interactions with
cani be given with foods such as

FOs
niﬂ:wmqrtlf&m&tm while
improving tolerance and possibly adhesence it given foe
free at facilities. Drugs that are posoely tolerated wech as
PAS, lu?m,mﬁﬁmhmuﬂ:rdyﬂuhﬂw
ramping). "Thepaﬂuﬂﬂuhm’;‘m-lhhdn
It s inereased every 4-5 days, beving ful dm.#
within 2 weeks. »
2. Arthralgia, which is also a common side-sitect, can
be easily tackled with pasacetamol or non-sterodd anti-
inflammatony diugs.
3, Dizziness, vertigo, and hearing lois are most com-
monly caused by second-line injectables, If early symip-
toms appear, particularly hearing loss idescribed by the
p:dhiorhvuﬂm“ﬁrw.m-:nmidﬂrﬂﬂmﬂt
treatment to thies times weekly, Regrettably,
he.u'h‘hﬂ.hhmmhh. Heowever, eatly withdrnval
of injectable would be a mistake if the continuation
phase is weak or the smears o cultures remain positive,
since the patient would prahably develop amplification
of resistance in the continuation phase and failure. Keep
in mind that Category IV is. especially in developing
countries, the last chance for this patient to achicve
cure,

Ot less common side-efiects inchude numbness and
paresthesia. A suitable approach for these is to provide
from 50-150mg of pyridexine (Vit B6). To prevent
central and peripheral nervois syatem alieration it ks
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curmently recommended to use 50 mg pyridoxine for
each 230 mg of evcloserine (750 mg average Cs dosel,
In case of seizures, even 300 mg of pyridoxine plus
regular anticonvulshve therapy can be used,"” Behav-
ioural changes are also common, especially depression,
in which Cz prabably plavs a major rale but neverthe-
less, other important iactors like chronie ill health

and poor sechoeconomic condibons alse contribute.
Tieatment with an antidepressant plus payvchotherapy
and socboeconomic suppont impeeves the quality of life
of the patient and this Increases adherence to teatment.
Regarding psyehotic disardeis. neuroleplics such as
haloperidal on risperidone plis pyridosine can be used
In caze of hvpothyroidism, replace thyroid hosmones
when necessary. At the end of the treatment and Eio/Pro
and PAS discoentinuation, hormane levels tend io returm
to porrmal, !

Bases for MDR-TE and HIV management
Managemend of these two diseases conoumently is one
ai the major challenges for TB control, However, this is
the certain reality for many sub-5aharan African coun-
tries. Patients are usually disgnosed Late in the coume
of HIV infection with a bow C04 count, presenting with
malnutrition and several opportunistic diseases, TH
amang them,

According to current evidence the best clinical
questions to screen for TB among HIV indected patients
are: asking about cough of any duration, fever of avy
duration and night sweats in the Last 3 weeks o more.™
Nutrition treatrvent and vitamin supplementation (esp-
ectally witamin B6) should st a5 soon as possible
together with cotrimaxazole preventive thesapy which
should continue at least until the end of TH treatrmsent. '
Cithey opportunistic disesses thould be ewcluded of
treated, especially Cryptococcus meningitis, Treatment
ol epportunistie disease alse avoids development af im-
mune ieconstitution inflarmmatery syndrome (IRIS) when
ARV treatment s commenced,

TB teatrment should stast as soon as possible 1o avoid
patient death, if patient has snsceptible TB disease then
Category | treatment bs to be order. HiV-inlected patients
often have problems of malabsortion hence daily treat.
ment with 1ifampacin is preferred and leads to better
cute rabes and fewer relapses LR

ARV initiation ts mandatory whenever TB is pres-
ent, regardless of the CO4 count.™ The timing for ARV
initiation has been a subject of much debate, although
cumently the best cure and lowest death rates have be-
ing demomtrated among those starting ARV shontly after
2 weeks) or concomitant with TB treatment initiatbon, ™
Preventing and treating IRES (1-2 mg of peedniBonekg’
day) resulted in no deaths or serbous side-efiects in pa-
thends b the integrated treatment group. The only excep-
tean Bo this cccurs with immune recomstitution due o
eryptococeal meningitis: which must be treated simul-
tameushy with TB. while in all other cases, the sooner
ARVE are staited, the better the cure rates obtained

Regarding drug interactions between TB and HIV,
the key issue is rifamgpicin which is both the best anti-
TB drug ever and a poweniul inducior of evtochiome
P450. Cytochiome P450 reduces the concentration of

24 Africa Health
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many ARV especially protease inhibiioes (Pl and MVP,
Cunently the recommendation while using ritampicin
are 2 nrti inucleoside reverse transcriptase inhibitors)
plus efavirenz, or alternatively 3 NRTL Where protease
inhibitors are unavoidsble, the rionavir boosting dose
should be increased fom 100 mg to $00mg but this
reglme is alten pootly tolerated ™

MDR beatment lacking rifamphein svolds the painci-
pal interaction problems. Mevertheless, clinical eomplexi-
ties and second-line drug toxicities are added. MDRE-TB
patients tend to be in the worst clinkeal sibuation having
spent longer in a deteriomniing stale. mode so if they are
HIV indected. Gastrodntestinal intolerance b often severe
due to malnutrition and parasitic diseases: electiolyie
abterations like hypokalasmia (especially when on
capreomycin treatment! and overall renal imsdficiency
are mare fiequent. Overall, evidence on diug to doug
interactions between second-line drugs and ARV are still
limited.*”

Pasticular care and monitosing of these patients is
needed especially at the beginning of weatment where
other opportunistic diseases, serious clinical conditions
imalnutrition, cavitary, meningeal and miliary TB), drug
intolerance. side-effects. addiive toxicities, and RIS are
all eccurring within a short time frame. See a basic ap-
proach for TRHIV patients in Box 1.

However, implementing these measures af the
commumity level i nol useful if patients and visitor
are getting MDR-TB infected duting their stay at the hos-
pital. Good undesstanding of the dizsase plus effective
administratbve infection cantiol measures are strongly
needed in high-HIV-prevalence countries ™

Other special conditions

Regarding management of children. the same rules
apply as for adults. Given that the bacillary load in
children is lower, prabably thiee effective drugs and
shorter treatments could be used." However, there B no
nobust evidence to suppont these statements. In terms of

Box | Rrﬂumﬂmﬂmﬂm’pﬁﬂtwm

lnh!n‘t! w-mnmﬁk-ﬂnﬂl
2 hﬂu{’.ﬂ'ﬂﬂpﬂpﬂh ﬁ‘;&mnm
7 hﬂnﬁﬂhﬂw
+. Mmﬂhﬂuﬁwm
5. mm’ in all PLHIV with TB independently of
~ the C04 count.
6 hﬂ?um-pﬂiﬂllﬂhqm
warlier than 8 weeks from TE treatment initiation.
mm mh case of susceptible T8

8 nmnt mnzwhz
B, Closely monitor for side-eliects and toxicities.

Mmﬂwmhwm
thbli living with HIV.
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side-efiects, it appears that 510 are better tolerated in
children,

O the subject of pregnancy and MDE, pregnancy
should be avaided b pessible. A pregnancy test should
be requested at the beginning of tieatrment and family
planning discussed and strongly encouraged. Dederral
of treatrment to the second srimester is suggested if the
clinical condition allows it Almost all fiust- and tecond-
line drugs can be wed during pregnancy with different
lewels of saiety. Mevertheless, injectables should be
avoided (S5m, Km, Am of it necessary, use caprearmyein
where available as it has a less tevatogenic profile.'”

Diabretes mellitus is becoming a nvwore cominan
condition in developing countries and even among
MDR-TB cases. Among diabetes patients imsmunity is
slightly reduced, thas creating a greater chance of worse
cutcomes. Moreover, treatment can be mose compli-
cated if a baseline of neuropathy and renal failure exists
in addition 1o potential drug toxcitses.

Conclusions

MDRE-TB management an a lage wcale i new fod

marst NTPs, In addition, many countries have to face
undarnental challenges such as scace ecanamic and
human resources, weak healthcare svstems and high
HIV rates. by these challenging conditions clinfcal and
programmatic eroes can cccur frequently. In that sense,
improper TB or MOR-TE schemes are a waste of money
and lves. Moseover, it leads to an mcrease in resistant
straing circulating in the community.

Mow, more than ever, good cute tates among sus-
ceptible coses are vital. Prevention of MDR with good
inatial reatments and follow-up se the roots of the
problem and the solution. This is certainly true if HIV
rates are high and mfection contral measuies are not
in place. Inappeopiiate MDR-TB wchemes lead to bow
cure rates and a hagh number of tatlures. On the other
hand approptiate SMADR-TH schemes, which are the last
chance for the patient. will result in bad adhevence, un-
less side eftects are managed promgptly and the continu-
aticn phase is

Clinkcal MDR-TB m.:n.:gemerl i challenging but
teasible even in resowrce constramned settings. Cherall,
clinical knowledge i not anly erucial but the waning
pobnt o an MOR-TB programme. A good working un-
detstanding of the disease process is essential.
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Tuberculosis
Multidrogorresistente:

una enfermedad, dos realidades diferentes

Intreducecidn

La tubsculosia malidnrogomresistania (TE-HMDOR) no a8
problama ey, La exisiencia de resistancias y packnbes
INCurabhos s rarmoribs o ko peEmieros. Bormipos o by ors snki-

110 | Bl B SOV0CY IR 10-114

s Libsrudoms [TER-MDIF) &6 Lna 09 06 enismmedades emapenies que
mds skarta et causando el muncial inrnascamente lgads a pobresa, la TB-MDR esti
afuctando di lorma diererme & pases desarolasos y on viss doe desarclio La dosgun dsir-
st o6 by enformnadan formna da IAMHTRETID ¥ SEpEEIGnie Drondsiog, eEth
SOOI CEA TS e GpROerTES cehnss.  POSar o BRI TR ebolagin y petogen
Ery il Articuls S rrusdal 0 DU SO0 DUk ks cilidencand y demilfhasos snitro e prosonticin
08 13 enfarmadsd &n Dalses Noos ¥ pobies
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g i compéebely diferont opsdomes dynamecs. Along e aficle ane shown n delaled srmdan-
o and dioreniogs ibebwon devaloped and developing counines desess Dresentabon

Ky warde: Tubsrouesns Mol Diug Reestance MOR. Eoenarssly Diug Resstancs XDR
Chmcal Powarty

biotica’. S embargo ka visihiicad y rmesdica de la magndied
dinl problama a nel mundial, s es reclants y st oraando
una gean alarma an & comunided clentifica y clinica. La T8-
MDA sa dafine comd ubarculosis realstenta a rilampicing
) o moniarida (HY. Estos madicamentos dascubiloros an
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los afcs 80, son hasta dia e hoy 0S8 mias potontes para
curar ka anfarmasdad ¢ on casos sensibles sa consiguon tmsas
de curacion supariores al 85% do los casos an 8 masos oe
tratamianto?®. Son madicamentos biéen olerados v el cosla
an foima de combinacionas an doets Tias a nival mundial es
aproximadameants de 20 euros por tratamisnic®, Cuando kos
bacios se hacen resigtentes a esics meaedicamentos ag nece-
BAr U=Sar esquemas de tratamiento comglejos con miiiples
farmacoe, Mmencs allcaces, mas oxXicoa Yy Mmas carts oon
wuna duracisn media ds 2 afos’. Saqun s medicansntos
oS ol costo putca variar e 2,000 a 80,000 aurcs afo.
Cuands sobre wna TB-MDR o patrdn de mslsiencins e
amplia, perdiandad la afecthvidad de quinolonas & inyectabdas
de segunda Bnea, la enfermedad pasa a denominarsa TE
sxtensivamsanta resistents (TE-XDR)P v tene paor prondstl-
oo, Debiedo a au complejidad, aleciog achersos ¥ auracion,
&l fratamianio da la TE-MDA v 08 sa tends 8 conysarar
con la quirmsotermpia onooldgica,

La TB es una enfemmedad ligada a pobreza que afecta
mas a palses de escasos recursos’. En ellos, la capacidad

o los sistomas sanilanos pam atajar la enfarmedad son
tarmbildn mias limitedos. & nivel poblacional [as dficultades
panra lograr Budnas tasas do curacion on a TB sensiblo, astl
condicicnando la aparcion de msistencias a nivel individual
¥ comunitarko, hecho Que agrava conelderablemente af
problema®.

A nivel eapacilico cada pats thene sus particuandades,
Paro de forma general la TB-MDR tlens el potencial de
afectar contundentemeanta a pobres a pesar de una mkEma
aliologia ¥ patopenia® Como so analizach madas adelanie, a
TB-MDR esth poniendo in palign al oontrol de ln TB, aSpe
cladrmanto an Clertos paises on vias oo dasarmolla®.

Epidemioclogia y distribucion de la
enfermedad

Sa aslima que cada ano aparscen unos 8,27 millones
da casds nueves da TB an el mundo'™®. En tomo al BO-90%
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Elcéogin y paiogonan. A Tubenoulosis

OANLIGITD Esfuad oe
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En genaral imuy por
e e o PESURACcS o8
Trednrmesnio de ia TS sensie

Prioncinimanio muy sl

TH o5 una enfermedad nvinsecamenie sgada
8 potrera La TH-MOA axste més aill donss
Ny Miss T O PeOr ITRNGio nceicual o

L=t =it

oo TH sansine
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COpBCIN 08 105 MDOMIoNOS Y SFemas oo
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ApArBEEN &N paises de renta media o baja. Ds ellos, aprod-
rrfclimionte 2 milicnes da pacEndes rmuoenen, principalrmssnte
tarmbian an palses pobres. En cuanic a la TE-LMDA, unos
BO0.000 nuevos Casos aparecsn por afo, casl todos elios
Incalizados tambidn en esios paises®, Dada la halarogene-
dad de contexios, b apidemiologia oe A TB-MDR posts
sor visla de 3 formias diferantos con diforonbes patrones die
riesgo y dificultades®

- For ndrmens absoluto de pacikenias con TE-MDR. Casl
ol BO% de chddd de TB-MDR esthn on Chinag v India,
paisan qQue prosentan ol mayor NUmen O casos dae
TE chal miunao Con SRS un milldn O andammos al alks
an cada pais.

- For proporcion de TE-MDA respecio al fofal de ca-
a8 der TH Los paises de la antigua Linkdn Sovidtica
prosanitan on goneral proponcicnas por encima del 3
o B%. Mo obstante hay regionss donds 1a progorsion
i TEB-MDA arird K nudeod cascs ronda o 28% dis
los casos Indciples,

= Por lendencias o incroynanto oe incidencie. Los paisons
de Africa dal Sur estin exparimentando un aumants
dramdtics do casocs de TB-MOR, La epidemia da VIH
¥ uED oe tratameanto contra la TB donda anies no
exitian poesdon esstar contribuyendo o este o
avanco do la TE-MDAM,

En cusiquisra da os cascos, b TB-MDR emarga alla
dhonda hay mas TB y dondas s obikanen peores resuliados
da tratamisnio. En kos pases deswrmolindos comparatiens-
meente hay' poca carga da T8 junio a majores sistemas doe
salud v por kB tanio B presancis de TE-MDA tambdan e
rrsenor. o obstants:, so han doscrito epidemias do TB-MDOR
BN personEs con baja inmunidad nclusc en Nuesino pais"?,

Eticlegia y patogenia

La T asta causada por bacllos pertenecienies al com-
phegn AMypcobaciamvm LDarcuioais,

El milsrmo agenta noscldgico alecta a odos los onfor-
meoE. Con todo, e factones 0o resgo de axpaaicion, dae
inteccion v anfermedad son Mayores on paises pobras™,
Las condiclonos da hacinamesnto y contacio estrecho con
onfanmos baciliforcs, favodecido por condicionoes de pobaara
crea condicionas Kdneas Dara 18 axposiclon & 1 enfermedad
y pasterior infeceion®. La malnutriclon, sdasdes axtrsmas
comorbilidades como al WiH y la diabastes mailitus fasorscen
&l paso desde infeccion a enfermedad®. Estas condiciones
son similanes a las doe poblacion inmigrants an malas situe-
Clonss BOchaoOnomicos ¥ poblaciin marginalkes en palses
desanmolindos que son procisamento ke principales focos
e T8 an asiEs Areas.

El WIH 86 comporia como un facior de fesgo de TB a
cios ol dvalast ', De hachhn la combinacisn de aimibag
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anfarrmsdades esth Bnisndo un lecln davaBtadnr &n rne-
ghomes con alta carga de VIFH'=*, Sin embasgo, of electo ViH
sobre palses desarmoliadoa pusde estar mitigado por i baja
incldencia de TB v porgue 1n mayoria de infectados tenen
mcceso & ratamanto antimetoviral gratuito en sistemas de
satud de ala calidad™,

En cueanto a patocgania, ba TE v la TB-MDA, se cormpaos-
tan de formna sEmilar, Por 1o Ants CUaNas mas cepas de
TE-MDB circulanben hn'a an la comunidad, mayor sech a
transmisibilidad o cason doe TE-MDR primaria. Pero an la
QPR Mayona o6 paises 1o TB-MDR emearnge como resllado
o o saheockin do los bacilos mutantes resislentes naturm-
lag®, Estos DAclos BOn SelaccionBoos mediants un procescs
de prasion ambiental por Makons eSquemas Terapsuticos,
mala calidad do medicamsantos o loma inconsistents de
MSCRTSN0Es sniie Olros, PORISTHGIes MOonoleraplas inan
sekrccionando bacios cada vaz mas resistentes amplian-
o el patntn oS resistencing v reduciendo s poal il aoes
terapduticas del packenta’ ™,

Las Daimeras dé AcCeso Tanto o diagnosten pescoz o
o a un atamento da Calidad

&N palEES &N desanmolo urans GScadas Ran conmbuldo
al bajo control da L epkdarmia i al Auments de 1as rosislin-
clas, process que RChuslimants continuea™?,

Clinica

El patrin de enfemmedad doe i TB-MDR en indistingu-
bie el do la TH sensibie™, A posar de ollo, I0s casos do
TE-MDR adquirida, aimban S DuCkanies Quss Nan Cormmvieos
oon i enformedad tuberculosa duranie ahos, racasando
A Cistintos rRtAMENLoS Y Con und Svoleckon depida. Por o
Lifib, i prodanlncidn clinicn ¥ especlalimants s ol disgnost-
oo sa retrasa, tendae a sar o de una TB pulmonar avancada
S rEMGGE Datnoned de JestiUcCion, Cof PE0f D omdatico
aungue puddan recibir un tratamento edecusdo’.

Diagnostico

Al gor clnicamante indistinguibde da la TR sensible, ol
diagnostico da TE-MDAR debs gar stempere DactorodSgico
s Rt chy sonsiliickad & Bermacos (TEF) prosontando moss.
tencia a RIF @ INH?, Bl TSF as basicameants un antiblograma
realirads sobre wn culive 3 Af. TH. La pruaba palrin aro
a5 ol TEF an medio kquido o sblido de Lowesiasin-Jongon,
prusha gquea tiens mas da 50 ahos do antighedad y prasania
Importantes Emitaciones™ ™, Ex una prusba costosa, abo-
rosa, ¥ prockEa o un labomtono de blessgunidad gradao 2
o 3 con perscnal Hen entrenado, No obstants, la prncipal
lireiac ki o B prosha a0 M cemord o lod iesaltados®, La
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pruabn an madio adlido, mdas barata
y sancilla y por 1o Lo MAs ussda an
paisas pobras, pusds lagar a tandar
dae 2 a4 meses on dar resulindoa™,
Aatraso qiss S0 NCrsmonta oon al an-
via da resuliados. Incheso para palsas
comiz Pani & retraso en ol diagndstco
puadas legar hasta los 8 meses™, Con
todo, la senabibdad y especiicidad
o 18 prisba no supecan & B5% para
dateciasr resistencias an RIF o INMH",
L finbalciacd o ba provetsa se roduco do
forma Imposrtante pam el diagndstico
di resistencias a medicamantos de
safunda Enea®, hecho que Bmita da
foammea Importante U recomendaciion®.

Las nuras tecnologias desans-
lladas reciantamenis y disponibles en
PAIESE Mcos puUSdan pressntar resk-
tacios antro 2 dins y 2-3 horas con una
sansibiidad similar & inchuso supsaror,
espacialments para la resistencia
a RIFLE Bn muchas naclones da
ascasa mnta, la capacidad de los la-
boratorios y de Sus recursos humanos
ag miy limitada®. En muchos casos al
TEF no eedsta o o6 do baja calidad, o
la capacidad &s nsuficiento para in
nissasidad neal, gQussdandd kod packan-
tes sin diagndstico o diagnosticados
ity tarciarmento. Somo ojemiplo cabas
destacar la escasn notlficaciksn da TB
exiensvaments resistents (TB-XDR)
an paises africancs donda muy prota-
bdisrmasn i axiste paro sus boratonios
B0 INcapaces da diagnosticana™,

Bl diagnostico tardio o b ausencia
el miamo tane un impacto consl-
derable an ol prondstico dal amfenmo
¥ la administracion de iralamdsntos
inadacuados™. Todo allo faviiece &
transmisidn de la enfemmedad en In
comunidad ¥ la amplificacidn de los
patronss de resistancias circulantas.

En paises desarmoliados e tra-
tamienta do la infeccidn latants ¥ on
el caso de la TB-MDOR, &l egludio da
contactos, lmitan la expansisn do
la anfermedad®. Mianiras quse &n loa
palpes de escasa renta realizar eatas
actividades ofreco sorias dificultadas
acondmicas, IGgIEHcas ¥ e recursns
hiemanos disponibsas,

Ei mayor numaro di copas do TR
circulantas, b escasa capackdad de
Ioa laboraborhss Irachucita an reirasos
diagnisiicos y ol escaso ashudio da
Ccasos haoe muy limitada la capacidad
para cortar la cadena epidemiclbgica
da la TB-MDR an los paises con mas
naCasidad,

Tratamianto

Desde un punto de vista DIokiQi-
co al ratamiento de la enfarmadad
dabaria ser ol mismo an ambos Wm-
bitos. Contrariuments, |a realidad y
dificultades an & emanos hacan qus
al manajo aea diferente, Bn palses da
alos mcursos ol ndmeeno die eniormos
a4 s reducion, adate disponibcdacd
casl coimpleta da wdos os medica-
manios de segunda linea y o parsonal
oo sadud @t altarments cualificads o
tiane oporunidades para 1a formackin
an al ratamiento o Satos CRmE Coim-
plajos. En la mayonia o woecoes, on b-
tos pacienios s opta por raitanmientos
indivichinlizados, disshados on funcidn
s TSF y la historia de madicarmanios
usados an al pasado por el anfermme™.

Par ol contrario an paes pobros
la escan mversion scondamica an los
glsiemas sanitanos, Bmita al accesn
a muchos do los madicamantos da
sagunca Bnoa, Ademds, of pensonal
sanitano fommado &8 may lmitado v
con frecusncia no adecuasdamanta
pagado, Surmado a que o namro da
pacisntas con TB-MDR os cuantioas,
al manags o pusde ser defado axclu-
shvamants A cango de espaclalisins™.
Asimisme shendD ka presion asisiancial
habitualmsents mayor Y los fondos parm
forrndcidn limitacos, las oporunidados
de un enttenamianto de calidad o
tiempo de ashudso son My reducidas.

Por todo ello, 82 susle optar por
tralamientos estandarizados con
msdicarnsnios de sagunda linsa que
abaratan @l cosio, faclitan & padedo,
distribucion y las necesidades da
formacidn contribuyendo & un mayon
impacto colactivo de curackon dae
pacientest ¥, En muchos casos
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mmn ratamients estandarizado os la
(lEma opounidad para o anfarmo.
Con ido, a8 18588 de curacksn gio-
balmenta en los ugares reportando
Informackon a4 prdsdma a un BoRs=,
Parece sar qua & patndn da resistan-
cias Incial dal pacients es uno da los
principales factores asoclado con al
dxite dol asguarmn™,

Inclugo &@n ko8 palses capaces
do llovar a cabo tratamisntos dae
paciantes con TB-MDA y su subsai-
guante seguiments dians durante
24 meses, desgraciadaments ol des-
abastecimibonto da madicamantos die
sagunda linga y olros problamas aon
frecuanies,

En paises pobres donds al secior
publico fio a6 suficienta por &l soko para
lidiar con |a complajidad de a TS,
papal del sector priviedo tanto an la
crasachin, como o ratamients de o
TE-MDR sigue sin estar aclarado™.

Mo chstanto, an oa ugans dondas
por ascasa formackn o dificultades
Incihvichaithas o cobactivas, axdsten malas
prciicas an TB o TB-MDOR o8 patronaes
e repkatencia tendan a ampliarss', Sa
pasa a8l oo wnae siluackin mala, a obra
Inciuss peor precisando ratamienios
Mas complejos y econdrmicanmente
inviabies. Do hecho la TB-XDR se asta
oxpanciando por todo of mundo®,

Los nuevos medicamantos tam-
POCO parecen ser una sclucihin a corio
plazo parm kos palsos pobras', blodi-
camaenios con aciividad anti-TB como
linezolid @ mipenan sados en paises
ricos, tanan un coste que los hace
tolalmaento inapropiados para paisos
pobaas, Igualmants, pars de s e
vas Moleculas contra k& TB a astudic
por primara ver on décadas coma al
TRASZOTS torwn paterls privacda y 66
cussiiona la accasiblidad de los pai-
888 pobres, pars estos ratamientoa’®,

Lo Tabla 2 incluys la clasificacitn
e ko e dicarmenios: aayiinuDercLSooog
aceptados actualmants v la Tabla 3
prosenta un resurnen sobis busnas
practcas an ol ralamiento de a T8-
MDR.
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Tabls B, Climifc ko racsorusl de om mesdc areeion. anfibofuecbosos . AcdapEeco de (2T y (3

Gupo 1
Firacos O pivmeds inea  Honicnda (Hy riampcina (7). etemibulol (Bl prasninmida &)
Grupo -
FrIroqurosones. evoficemong (Lix). mostioxacnod i) gaifiouacmno G,
ofoxacnolCrx)
Grupa 3
Iryecanbies oo Segunaa inea  CapiESMIGnA [Trr); KararmicT (K amdcacna (A
estrapiomcng {5
H:ﬂh:- stonameialing; [ e
ormeEs : : fennoon
e SagLNa lnsa Trel), Bowio parn-smin sscioo (PAS)
Grupo B:
Msmcamentns de baja

aficaon o no comprobada {Lzd),

Taiim 3. Fasuimen SEie Dusrss ricicas on ol maneio de @ Tulsicososs R torogoryeshtenio.

Adapiacs o (17)

Dsagndshon

FulCprraie) Kl
[ ]

Taner an cusn
HESIONA c GG LN e 8 MonNCIenania & & ndcacon de
ressiancn mas

THE Miks Rokbs pafm BT o M. bastarse hatse parn Ky G
Mencs fates parm Ey 2. sy Dooo Rabie B GFogas oel grued 4
¥ & Fao recomenaaco).

m#-nw 1 9 PORIG Inscer CLIBNIS ANSES COlMGKEET
¥

Al menos 4 | PRLINCE LSA00S B 6 Do
dermoErnon por TEF, Senendg en cusnia
Lt ]

O S ra A
Fabssas g TEF ¢ ressiencas

Lisar mechcamenios o prrran inoa = iodevin son elecives

Ll FOy

LI Frpecinbin

LS MachCRmanicn O QDo 4 Masa COmy-otar ias 4 Ofogas eectvas
5 9 NECHRANG LSRN MBGCAMmSnIcs el grupo 5 parn reforzar ol
ESOUBITSE B CLNGO MO 56 BV Al NUmers o8 4 Bregas Mechas

Caca 3 risccarmenios o gRupo S cusnkan cor 1 rrsdcarmenic

Al mencs 4 (meses e I8 comverstn o8 ssoult o cuto
AR mayor Surestn 8 no 3 meccartanos slecives en i fass
cortruscin o son ol grupo S o hay sospechas o8 ressisnces 8 FO

COMGOeTRE B0 &

S CIBDONGN 0 MLl DOCES OMOQaES miecivis

LEOras OOETIOnE

Resarys resgrmain sulcinin TS 0 msoccin

ESIMACIFTIIIOG. B 10 Nl LSO O TICCRT o O BEgLrca inea on
# IS N LSO 08 IMBCACSmonion &6 SaguUnca inoa an &l

[PER0 © contncks Con L pace e WMOF g M Ny Lo (rear
£on o nicpren gus fus ofect on o cnss incios).

AAT tratorrienio anbreirovral TOF ot e sevbhaciod a Abmmacos: £ Bmiuiol PO Aucmsos.
IEONAs M SO AT EAnareeng B AfiTpscend. O DEnineaTichy

Pronastico & impacto
poblacional

ascasta. A nivel clinico, los pacientes
con TE-MDR son diagnosticados
res lands con ung enfammedad mibs

Por todng ks razonaes anles man-
clonadas ¥ a pesar de |las pocas
raferancias Moerarias o resultlado de
In TR y aspaciaimants da la TA-MDR
Banla sl D0 BN PDalses de reclsos

I14| il i SO0 1ETECT 10-114

evolucionada ¥ con una capacidnd
iy ralimiento mas Emilada. & Nl
poblacional, todas las dificultades v
limdtachones meancionadas contribu-
yon a que la capachiad oo roaccitn

63

6. Resultados

anis la spiosmia s TE-MDR sa8 mas
lamta y desorganizada en los paises
CON MoNoE MMCUrEos ¥ MAs canga
da enfermadad, Por e momeanio &l
conatimiants dal pronosics a largs
pliro da s paclnies cursdos tras
ura TE-MDR a8 imdtado.

Contraraments, la epidemia de
TH-MDA st por ol momeanto kjos de
estar controlada. Be hecho, del medio
ik chiy PG ke rlad sdtnm o o aho,
lan soio @l 1% han sido notificacdos o
han anirado an reiRmMENo con los
criterios de calidad de ln Organlzacidn
Rundial de la Salud®. So eatima gue
ol 98% de ko casos mundiales doe TB-
MDA no son dingnosticados®. En cual-
puiber cas, al Nl de pacienias en
tratamiEnto on s pasess pobross as
tan soko la punta del kebarg, Se cres
el mavpcrin fllisco on la Comunidiad
iras varnos afos de anfermedad. Es
Pl i, Cjues @l ETpRclo oa B andar-
merdad o nivel poblacionsl puode sor
DEEMMEELIrAdanEne May an passas
peobres Gue AooE. Charmamenta, an al-
LR [TWROE0E MATSrMaiicos D sntos
on ko siluacién actual do capacidad
da dingndstico v tasas de curmcksn
efeciiva, B8 angumenta o esgo qus
B o alguros paisos del carmisio dae
capei sensblos o copas resktoanias
¥ cronciin masiva de TB-XDRM>, B
VIH sin tratamiento en palsss aficancs
Pl COMmipIC Al (TS L SiTsCEn
por s ya complaja’. Las epldemias
conjuntas de VIH y TE-XDR presontan
urd gran ketalidad rohdando & 87T%
aen algunos casos™. Bl ratameanto
antirrstroviral y s maedidas de contral
0 EVInC i WO BRSO TG & B R e b
precoz y elective de la enfermedad se
consideran cada ver mas relevaniss
puera limidaer al impacio do o opsdo-

rka ",

A pasar de odos estos datos,
sxistan motlvos para ol optimismo.
Hay documsaiacdas expeiencias axiio-
san an Amdnca Latina, Sucdests Assiil-
oo @ INCiLso an regiones comphsjns de
Rusla donds con e Emplsamantachin
oy programas s tés oo TB-MOR e
ha conseguido rovartir s tondanclas
e iIncidancla®



6. Resultados

Conclusiones

La TB-MDRA es una anfermedad smergants kgada a pobreza, muy madiada

pof la capacidad econdémica y sandtaria, tano cinkca como de salud publica de las
nacionas. De no ser conlenida a empo la epidemia de TB-MDR pueds suponar
ruavos mios para o control giobal da la TB incluyando palses de allos mowrsos,
Reparmnds on |a desigual presentacian do b enfermedad v lns diforontos pos-
Bilidades di diagndsticoo ¥ ratamienio en o temend, B dindmica do |a epdemia
da TB-MDR an paibes pobres y rioos a8 pracicamaents distinta.

El ratamianio ¥ la contencion de la TB-MDR es positée inciuso &n pases con

grandas dificultades, Sn embango, pusda gue las soluclones empleadas para la
TE-MDR an palsos ricos no sean iotalmaents axdrapolables & palses pobres. Musyvos
efusrzos ¥y solucionss proplas y adaptadas a cada oscanatio son nocasanios,
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7. Discusion

7. DISCUSION

La exposicion de la discusion se estructurard en 2 partes. Primeramente se analiza de
forma especifica que aporta cada uno de los estudios principales al conocimiento
cientifico del manejo de la TB y la TB-MDR. Posteriormente se discute de forma global
que aporta esta tesis en su conjunto para un mejor control de la tuberculosis
multidrogoresistente en paises en desarrollo, objetivo general de esta tesis.

7.1 Discusién especifica de cada estudio realizado

Estudio 1

Evidence for promoting fixed-dose combination drugs in tuberculosis treatment and
control: a review. Monedero |, Caminero JA. Int J Tuberc Lung Dis. 2011
Apr;15(4):433-9

Este articulo cientifico revisa el papel que pueden tener los medicamentos combinados
en dosis fijas (MCFs) para mejorar el tratamiento de la TB sensible y su capacidad para
prevenir TB-MDR. A pesar del amplio uso de los MCFs, no existia en el momento
ninguna revision extensa de la materia. Los MCFs presentan importantes ventajas
logisticas y operativas respecto al uso de medicamentos sueltos (80): se evita
monoterapia o seleccion de farmacos por el paciente, facilitan el calculo de dosis por
peso evitando asi fallos en la prescripcion, reducen considerablemente el nimero de
pastillas que ha de tomar el paciente, son sensiblemente mas baratas, faciles de
almacenar, de pedir y de distribuir previniendo asi rupturas de stock. Los pocos estudios
y ensayos clinicos que existen confieren un papel similar en cuanto a tasas de curaciéon y
recaidas. Sin embrago, no son muchos los paises que los utilizan y a nivel mundial la
compra de medicamentos anti-TB sueltos es similar o superior al de medicamentos
combinados (82). Con similar efectividad terapéutica y presentando otros aspectos
positivos (ver Tabla 7), los MCFs deberian ser usados a gran escala. Sin embargo
muchos paises y directores de programas nacionales argumentan falta de evidencias
cientificas que soporten el cambio en las politicas nacionales. Este estudio pretende
demostrar, todo lo anteriormente referido y vincularlo ademas a la reduccion de
resistencias observados en paises que por largo tiempo han usado MCFs.

De los 127 articulos seleccionados inicialmente, 15 estudios fueron incluidos en la
revision aunque solo 12 eran estudios originales y 3 eran re-evaluaciones de estudios
previos en distintos puntos en el tiempo. Existieron problemas para la realizacion formal
de un meta-andlisis ya que solo 2 cumplian con criterios PRISMA (99). La metodologia
usada en los estudios fue muy heterogénea, el tipo de medicamentos incluidos como
MCFs y las dosis fueron muy variables de unos estudios a otros limitando la
comparacion estricta para llevar a cabo un metandlisis.

La eficacia fue considerada como variable de interés en 11 de los 12 estudios originales
En el 100% se obtuvieron similares resultados en eficacia. (p<0.05 o no inferioridad).
Solo 3 estudios compararon la asociacion de 4 medicamentos (4MCFs) actual estandar
de tratamiento anti-TB. A pesar de haber sido el principal argumento en contra de la
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introduccion masiva de los MCFs como politicas nacionales, este estudio muestra que
toda la evidencia cientifica encontrada apoya que entre los MCFs y medicacién suelta
no existen diferencias estadisticamente significativas en términos de eficacia con
similares tasas de curacion. Sin embargo llama la atencién que fuera de las condiciones
de estudio los resultados de curacion pueden variar enormemente. Por ejemplo en uno
de los estudios incluidos en la revision (109) la tasa de curacién fue del 95% mientras
gue en condiciones de programa nacional la curacion era del 74% (p< 0.01).

Relativo a laaceptacion,efectos adversoy adherencia usando MCFs, fueron tratados

en 9 estudios en los que el 100% obtuvieron similares 0 mejores resultados en los
pacientes usando MCFs respecto a medicacion suelta. De nuevo es una variable que en
ensayos clinicos controlados puede no tener un gran valor pero que en situaciones reales
en PVD donde el enfermo recibe un apoyo muy basico, la diferencia entre tomar de 12 a
18 pastillas o tomar solo 3 (calculado para paciente en torno a 50-60 kg) puede
significar la diferencia entre curacién o abandono de tratamiento e incluso resistencias
por mala adherencia.

Por lo tanto en condiciones de terreno la efectividad del tratamiento puede aumentar
mediante el uso de los MCFs debido a las mencionadas ventajas operacionales y de
aceptacion. Sirvase como ejemplo los resultados obtenidos en Taiwan donde las dosis
de prescripcidon eran con frecuencia inadecuadas o no adaptadas al peso en un nimero
considerable de enfermos usando medicaciones sueltas mientras que era correcto en la
mayoria de enfermos usando MCFs (110). Posiblemente en condiciones reales donde el
TDO es inadecuado o los sistemas de salud son débiles la simplificacion mediante el
uso MCFs favorece la curacion de enfermos. Muy posiblemente a igual eficacia, debido

a las ventajas operativas en condiciones reales, los MCFs presentan mayor efectividad
que los medicamentos sueltos.

En cuanto a lasecaidas fueron consideradas solo en 7 estudios. De ellos, en 6 (85%)
no se obtuvieron diferencias significativas o fueron no inferiores tras 6 meses, 24 meses,
30 meses y 4.3 afios de seguimiento. Un estudio usando MCFs con 3 medicamentos,
encontrd diferencias significativas al nivel de p=0.04 (8 recaidas vs. 2 en medicamento
sueltos) tras 18 meses de seguimiento (111). Las recaidas han sido el tema mas
controvertido en el uso de los MCFs. A pesar de los resultados en contra de este estudio,
el tamafo poblacional fue muy reducido (310 enfermos), no se cuantifico el rol de la
reinfeccion, ni infeccion por VIH u otras inmunodeficiencias y tan solo un paciente mas
en cualquiera de los grupos podria haber hecho cambiar la significacion del estudio.

La capacidad de los MCFs papaevenir la aparicion de resistenciassolo fue
explorado en un estudio (112). En él se obtuvieron menores niveles de adquisicion de
resistencias (0.47 vs. 1%) en pacientes tomando tratamiento auto-administrado con
MCFs gque incluian principalmente 2 medicamentos (2MCFs). Cuanto mayor el nimero
de medicamentos combinados en una pastilla, menor fue el nimero de resistencias
obtenido, de hecho los pacientes que solo usaron MCFs presentaron solo un 0.1% de
resistencias. A pesar de lo reducido de las evidencias, se trata de un estudio realizado en
condiciones reales en Estados Unidos que tiene un programa de control de la TB fuerte.
Por lo tanto si en programa fuerte los MCFs han demostrado capacidad para reducir la
incidencia de resistencias es de esperar que en paises con menor capacidad los MCFs
sean un factor protector aun mayor frente a la adquisicion de resistencias. Uno de los
ejemplos mas claros esta en nuestro pais o Brasil, que a pesar de no realizar TDO o no
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tener en el pasado un programa nhacional contra la TB fuerte, las resistencias
permanecen bajas. Posiblemente el uso generalizado de MCFs desde hace décadas entre
otros factores haya podido contribuir. El uso de MCFs en el sector privado de los paises
en vias de desarrollo donde no hay TDO y muchas veces no se usan los estandares o
guias internacionales podria contribuir a la reduccion de resistencias de forma muy
considerable.

A pesar de que muchos paises han adoptado politicas de introduccién de MCFs en las
ultimas décadas, el uso no es generalizado. De acuerdo a da&dsbad¢lDrug Facility

el uso de MCFs fue reportado solo por la mitad de los 136 paises que reportan TB a la
OMS en el afio 2007. De forma mas general solo el 15% de los enfermos con TB a nivel
mundial son tratados con MCFs (82). Y no solo en paises en vias de desarrollo, datos de
Estados Unidos del afio 2006 confirman que la tasa de dinero gastado en Rifampicina es
de 1 a 10 a favor de medicacién suelta y no combinada. Resulta curioso ademas que con
datos del afio 2000 el costo del tratamiento de la TB en MCFs era la mitad que
comprando las medicaciones por separado (83). Con datos mas actuales el costo
aproximado de un tratamiento de primera linea comprado a travé&alaiel Drug

Facility en MCFs es de 22,4 do6lares americanos (113).

Por lo tanto a pesar de las limitaciones que presentan los estudios de esta revision
sistematica, basandose en las evidencias sobre similar eficacia, uso mas sencillo, menor
coste y ventajas tanto logisticas como operacionales, el uso generalizado de los MCFs
debe continuar siendo recomendado. Bajo condiciones de tratamiento sub-6ptimo como

es la realidad en muchos de los paises de alta carga de TB, los MCFs pueden jugar un
papel muy relevante a la hora de aumentar las tasas de curacion, descender los
abandonos y reducir la adquisicién de resistencias.

Con todo lo aportado en cuanto a similar eficacia y una muy posible mayor efectividad

afladido a un probable descenso en el numero de resistencias, no deben existir
impedimentos para hacer uso de los medicamentos combinados de forma sistematica.
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Estudio 2

Successful management of multidrug-resistant tuberculosis under programme
conditions in the Dominican RepublicRodriguez M, Monedero |, Caminero JA,
Encarnacion M, Dominguez Y, Acosta I, et al. Int J Tuberc Lung Dis. 2013
Apr;17(4):520-5.

De forma tradicional los tratamientos de la TB-MDR han sido manejados por
neumologos especialistas en centros de referencia en paises desarrollados mediante
tratamientos individualizados, es decir disefiados a la necesidad del enfermo en funcion
su historia clinica y test de resistencia (30). De hecho las principales evidencias
cientificas en el manejo de la TB-MDR proceden de paises ricos con tratamientos
individualizados (88, 89). Los esquemas estandarizados para TB-MDR se han percibido
con frecuencia como un régimen de inferior eficacia o inadecuado.

Por otro lado el manejo de la TB con resistencias es un suceso que ha empezado a
generalizarse en paises en vias de desarrollo en los ultimos afios dado el numero
considerablemente alto de enfermos (mucho mayor del inicialmente esperado) y su
potencial transmision primaria a la comunidad (1).

Este estudio cientifico analiza de forma retrospectiva una cohorte de 289 pacientes con
TB-MDR en Republica Dominicana en condiciones reales de programa. La cohorte
comprende todos los enfermos confirmados mediante cultivo y test de sensibilidad que
entraron en tratamiento entre agosto de 2006 y Junio de 2010. Las caracteristicas de la
muestra poblacional son similares a la de otros paises con incidencia alta de TB con
resistencias. Se trata de pacientes jévenes (mediana 31 afios, rango 24.5- 40.0) del que
54% eran hombres. Gran parte de ellos (72,6%) procedian de fracasos a tratamientos de
primera linea. La mediana del tiempo de conversion del cultivo sucedioé fue a los 2
meses de tratamiento aunque para el cuarto mes de tratamiento la mayoria (78.6%)
presentaron cultivos negativos. No hubo diferencias estadisticamente significativas en
cuanto a la velocidad de conversion entre pacientes recibiendo diferentes regimenes, lo
gue habla de una adecuada tasa de conversién en los estandarizados.

Entre los 150 pacientes que habian terminado el tratamiento y presentaban al menos un
afo de seguimiento, los resultados favorables (curacion y tratamiento completado)
fueron del 72%. De ellos los 105 casos que recibieron un esguema estandarizado
obtuvieron un resultado favorable en un 74% mientras que los 45 pacientes con
regimenes individualizados lo obtuvieron con un 66%, sin diferencias estadisticamente
significativas (p=0.211). Tampoco hubo diferencias significativas en funcién del uso
previo de medicamentos de segunda linea ni afio de entrada en tratamiento. Estas altas
tasas dexito terapéutico (72%) son similares a las obtenidas en paises ricos mediante
tratamientos individualizados (114-118) y mayores a la media de 60% obtenida en los
programas deGreen Light Committe@5). También fue mayor que la media de éxito
obtenida en los 2 recientes meta-analisis sobre tratamientos de TB-MDR de los cuales
las mayores tasas de éxito eran presentados en centros usando mas de 18 meses y TDO
(88, 89). Estas 2 condiciones son similares a nuestro estudio y apoyan los resultados
obtenidos. La menor efectividad de los tratamientos individualizados presentada en
nuestro estudio puede estar relacionada con un mayor patron de resistencias de estos
enfermos, menor uso de quinolonas, enfermedad mas avanzada y escasa disponibilidad
de medicamentos del grupo 5. De forma adicional, previamente al afio 2010, los
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pacientes con TB-MDR debian aguardar en una lista de espera para iniciar tratamiento.
Muchos pacientes diagnosticados murieron durante ese tiempo y pudo condicionar un
sesgo de supervivencia por el cual los pacientes de estas cohortes eran especialmente
adherentes incluso con un nimero importante de efectos adversos.

La eficacia global de tratamientos estandarizados e individualizados fue 92.8 y 81%
respectivamente (p=0.056), una de las mayores publicadas hasta ahora. Posiblemente la
efectividad habria sido menor presentando menos muertes y abandonos de haber podido
contar con unidad de cuidados intensivos y medidas de apoyo social.

En cuanto a logfectos adverspsada paciente presentd aproximadamente 5 efectos
adversos diferentes, que es mayor que en otros estudios sobre el tema (119, 120). No
obstante solo fue necesario suspender 1 tratamiento y en ningun otro caso fue necesario
retirar medicamentos. Es posible que el manejo agresivo de los efectos adversos y ajuste
adecuado de las dosis haya colaborado a la mantener la efectividad de los tratamientos.

En el andlisis multivariante, Idactores de riesgo independientes encontrados para el
desarrollo de un resultado desfavorable fueron mas de 2 meses para negativizar el
cultivo (Riesgo relativo (RR) =2.693 (1.254-5.784, intervalo de confianza del 95% (IC)

y la presencia de cavitacion bilateral en la radiografia de térax (RR= 3.616 (1.122-
11.647, IC). La presencia de cavidades se relacion6 con un exceso de mortalidad (15%)
y fracaso (10%). Estos factores de riesgo encontrados no han sido explorados en
profundidad por otros estudios y establece una diferencia con anteriores publicaciones.
En cambio, los niveles bajos de hemoglobina, conocido factor de mal pronostico, se
relacionaron con peores resultados con una significacion estadistica limite (P=0.075).

En cuanto a lasecaidas de los 108 pacientes tratados con éxito terapéutico, tan solo un
paciente VIH positivo fue confirmado como recaida en nuestro estudio. Los pacientes
fueron reevaluados entre 6 y 34 meses tras el fin del tratamiento aunque 83.3% tenian
mas de un afio de seguimiento. De ellos 100 estaban asintomaticos, cuatro murieron
presentando cultivos negativos, dos sintomaticos también con cultivos negativos y otros
dos en que no fue posible su localizacion. Los resultados correspondientes en cuanto a
recaidas hablan de tasa de recaidas bastante baja y similar a la encontrada en
tratamientos para TB sensible.

Las principales limitacionesque presenta este estudio fueron las propias del uso de
informacion de rutina y escasez de recursos. Algunos datos importantes como numero
de medicamentos al que era resistente cada paciente y otros potenciales factores de
riesgo eran desconocidos asi como las causas especificas de muerte durante el
tratamiento. También algunos factores de riesgo pudieron pasar inadvertidos durante el
analisis debido al reducido niumero de la poblacion. La evaluacién de las recaidas se
realizd con numerosas restricciones y la el papel de las re-infecciones no fue posible por
falta de fondos aunque se realizo test de sensibilidad a medicamentos a todos los
sospechosos de recaida.

Creemos que el uso de datos de rutina y las limitaciones propias del trabajo sobre el
terreno no hacen perder el interés de los hallazgos. Es mas los ponen en relacion con la
realidad de la TB-MDR de los paises en desarrollo y por tanto son especialmente utiles
y posiblemente extrapolables. Mostrar las experiencias y resultados exitosos de
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Republica Dominicana en sus primeros afios de implantacion puede servir como
ejemplo positivo a exportar a otros paises también en circunstancias de escasos recursos.
La buena marcha del programa ha permitido que actualmente los pacientes sean
diagnosticados y tratados mas tempranamente. Este es un dato importante ya que
condiciona no solo un mejor prondéstico del enfermo sino también puede contribuir a
mejorar la capacidad del programa para frenar la transmision comunitaria. Este hecho
tiene una correlacion directa con datos que se extraen del propio estudio como la mejora
en el perfil clinico de los enfermos y menor uso de medicamentos de segunda linea de
forma descontrolada. De los pacientes tratados en 2010 muy pocos habian usado
farmacos de segunda linea y esto a su vez puede estar ligado a un hecho interesante: si
el programa funciona bien, los enfermos no van al privado reduciendo el riesgo de
epidemias de TB-XDR.

De forma indirecta la realizacion de este estudio ha contribuido a la mejora del sistema
de informacion en Republica Dominicana. La busqueda de datos ha permitido que la
calidad de la informacion haya mejorado tras ser cotejada mudltiples veces.
Adicionalmente, ha servido para la promocion de la investigacion operativa.
Actualmente el personal local recurre a su propia informacién para hacer politicas
sanitarias. Y a su vez, ha permitido la identificacion de nuevos problemas como la alta
mortalidad en pacientes con TB/VIH en el pais y la relevancia de actualizar el programa
a las altas tasas de VIH que presenta. Sin duda también el reconocimiento a nivel
internacional puede servir de estimulo para motivar al equipo y a su vez la atraccion de
fondos de financiacion. Fruto de todo este esfuerzo y la nueva orientacion hacia la
investigacién operativa van a salir a la luz al menos otros 3 estudios de los cuales el
propio pais y otros paises se podrian beneficiar.

De forma general este estudio muestra que los tratamientos estandarizados para TB-
MDR son eficaces y presenta un menor coste que los tratamientos individualizados. Por

lo tanto, son especialmente Utiles en situaciones de escasos recursos bajos. Con un
manejo clinico y programético adecuado, es posible tratar con buenos resultados

pacientes con TB-MDR en paises pobres. El 72% de éxito terapéutico obtenido en

Republica Dominicana es un buen ejemplo.

En conclusion, las lecciones aprendidas durante los primeros pasos de implementacion

del programa de TB-MDR de Republica Dominicana podrian ser aplicables a otros
paises en similares condiciones socioeconémicas.
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Estudios 3y 4

Estudio 3. Management of multidrug-resistant tuberculosis: an update. Ignacio
Monedero, José A. Caminero. Ther Adv Respir Dis 2010 4: 117-127.

Estudio 4: A basis for the clinical management of complicated MDR-TB cases.
Monedero I, Holkar S. Africa Health. 2010 Sept; Vol 32 No 6: 20-25

Estos dos articulos de revision se crearon para llenar un hueco en la literatura cientifica
manifestado por médicos de paises en desarrollo. Actualmente la guia més utilizada de
manejo de TB-MDR consta de 272 paginas (22). Aunque es un documento muy
completo, con frecuencia los clinicos en paises de desarrollo no tienen acceso a él o no
es leido o solo partes concretas. De esta manera los clinicos aprenden unos de otros y en
funcion de la propia experiencia. EI manejo de la TB-MDR y XDR es lo
suficientemente complicada como para no ser aprendida de forma empirica. Con
frecuencia los errores en su manejo se traducen en muertes o en amplificacién de
resistencias. Por otro lado los cursos clinicos internacionales en TB-MDR como los
llevados a cabo por la Unién ofrecen una formacién de calidad. Pero el costo de los
mismos es alto y la capacidad para formar médicos es insuficiente para la gran demanda
y la necesidad existente en paises en desarrollo. La creacién de guias clinicas nacionales
en el manejo de TB-MDR es un proceso aun incipiente en muchos paises que a su vez
corre a cargo de personal de programas nacionales o clinicos que no han recibido
formacion especifica y de nuevo se recurre a documentos muy extensos o incluso a
experiencias personales para sus recomendaciones.

La existencia de documentos sencillos que de una forma holistica aborden la TB-MDR
como un punto de partida por el que formar a los médicos atendiendo enfermos con TB-
MDR en PVD era necesaria. Durante la experiencia profesional como asistente técnico
en PVD del doctorando fue una necesidad identificada y mencionada multiples veces.

Durante el proceso de esta tesis no se encontraron revisiones que de una forma breve
sencilla y ordenada incluyeran todos los aspectos basicos del manejo de la TB-MDR
orientado a paises de escasos recursos. Mediante una aproximacion en forma de
requerimientos minimos, los estudios 3 y 4 abordan el manejo de estas complicadas
condiciones.

El Estudio 3 condensa en tan solo 8 paginas las bases fundamentales y los minimos
conocimientos para asegurar la curaciéon de enfermos con TB-MDR. El texto incluye
tablas donde se esquematiza el manejo intentando simplificar al maximo los
conocimientos necesarios para tratar esta complicada dolencia. Se afronta el manejo de
la TB-MDR de una forma comprensiva desde la sospecha clinica, pasando por el
diagnéstico y la construccién de regimenes terapéuticos curativos, efectos adversos y
monitorizacion de estos enfermos. La simplicidad del texto crea una diferencia
comparativa con la mayoria de textos y revisiones de MDR-TB donde se muestran
aspectos muy especificos de forma muy amplia. Generalmente el conocimiento de esta
enfermedad ha sido habitualmente orientado a super especialistas en el tema. Sin
embargo, siendo un problema tan prevalente en paises pobres y la existencia de
especialistas tan escasa, la super especializacion probablemente no es la respuesta para
atajar esta enfermedad mortal. Con formacién o sin ella los médicos van a intentar
aportar soluciones por tanto cuanto mayor acceso a formacion sencilla y de calidad,
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mejor sera el prondstico de los pacientes. El estudio 3 pretende apoyar este hecho y
divulgar los conocimientos minimos para obtener buenos resultados.

Con similar orientacion, dtstudio 4 afronta el manejo de la TB-MDR pero desde un
enfoque a paises Africanos con altas tasas de coinfeccion TB-VIH. En Africa sub-
sahariana el VIH esta incrementando la epidemia de TB de una forma sin precedentes.
En el momento actual la TB es la principal causa de muerte en el mundo en personas
viviendo con VIH. Cada afio mueren aproximadamente 350,000 personas por la
coinfeccion TB-VIH (1). Y no solo eso la TB-MDR y también la XDR se esta
transmitiendo con rapidez en poblaciones con altas tasas de VIH dando lugar a formas
de TB con una letalidad muy alta (por encima del 90%) y donde la enfermedad se
presenta de forma muy agresiva con rapida progresion a muerte. Por lo tanto la TB con
resistencias es una amenaza importante no solo para el control de la TB sino también
para la efectividad de los programas de VIH. Recientes investigaciones han encontrado
altas tasas de TB-MDR en la region de Africa del Sur altamente asociadas con la
epidemia de VIH.

Esta situacion es preocupante y desafortunadamente la tendencia se esta incrementando
(1). La TB-MDR es al menos 2 veces mas frecuente en pacientes con TB que también
tienen VIH frente a los no infectado por el VIH (121). La necesidad de un texto sencillo
para la formacion de clinicos en paises de Africa subsahariana en el manejo de la TB-
MDR en el paciente con VIH era necesaria. De igual manera en 6 paginas se condensa
el conocimiento minimo y necesario para construir tratamientos de TB-MDR con las
precauciones necesarias en el caso de la existencia de VIH. En este caso se decidio
publicar el articulo en una revista que a pesar de carecer de factor de impacto es de
acceso gratuito a través de Internet y también en la base de datos de la regién AFRO de
la OMS.

Ambos articulos suponen herramientas sencillas para el autoaprendizaje de manejo de

de la TB en circunstancias complejas de resistencias y aun mas complicadas cuando se
asocian resistencias en TB con infeccion por VIH.
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Estudio 5

Tuberculosis Multidrogorresistente: una enfermedad, dos realidades diferentes.
Monedero I, Caminero JA, Palomares FA, Alonso E, Mazario S. Enfermedades
Emergentes. 2011; 13(2):68-73

En el estudio 5 se abordan de una forma global las diferencias encontradas en cuanto al
manejo de casos con TB-MDR en paises ricos y pobres asi como el diferente impacto de
la epidemia en ambos. El articulo de una forma sistematica analiza las principales
diferencias existentes en la presentacion de la TB con resistencias en paises ricos o
pobres. Se evalia de forma comparativa epidemiologia, etiopatogenia, clinica,
diagndstico, tratamiento, prondstico e impacto poblacional de la TB con resistencias.

A pesar de que las citas a cuestiones de pobreza y desigualdad son frecuentes en la
literatura en relacién a la TB (4), este articulo cientifico trata de forma monogréfica y
especifica el problema de la diferente capacidad de paises ricos y pobres para el
abordaje de la TB con resistencias.

El estudio surgié como una prolongacion l6gica de la metodologia general de esta tesis
doctoral. Los objetivos de esta tesis y parte de las barreras identificadas para la
optimizacién del manejo de la TB-MDR en paises de escasos recursos son analizados a
lo largo del estudio. Siendo la misma enfermedad, las barreras tanto de diagndstico y
tratamiento como d&now-how” o conocimientos en el manejo, condicionan de forma
determinante el prondstico de los enfermos de unos y otros paises. No solamente a nivel
individual, las dificultades para el manejo de pacientes crean una respuesta inadecuada
frente a la epidemia en paises de mayor carga de enfermedad y menor capacidad para
evitar la progresion sobre la comunidad.

La TB-MDR es una enfermedad emergente ligada a pobreza, muy mediada por la
capacidad econOmica y sanitaria, tanto clinica como de salud publica de las naciones.
De no ser contenida a tiempo la epidemia de TB-MDR puede suponer nuevos retos para
el control global de la TB incluyendo paises de altos recursos. Teniendo en cuenta la
desigual presentacion de la enfermedad y las diferentes posibilidades de diagndstico y
tratamiento en el terreno, la dinamica de la epidemia de TB-MDR en paises pobres y
ricos, es distinta.

A nivel clinico, los pacientes con TB-MDR son diagnosticados méas tarde con una
enfermedad mas evolucionada y con una capacidad de tratamiento mas limitada. Otro
de los grandes problemas es que las evidencias cientificas y en gran medida las lineas
guia de tratamiento estan orientadas hacia paises con altos recursos, problema tratado en
los estudios 2, 3y 4. Por otro lado el diagndstico de la TB con resistencias en muchos
lugares permanece inaccesible, tema abordado en otro estudio disponible en el Anexo 1.

A nivel poblacional, todas las dificultades y limitaciones mencionadas contribuyen a

que la capacidad de reaccion ante la epidemia de TB-MDR sea mas lenta y
desorganizada en los paises con menos recursos y ademas con mas carga de enfermedad.
Sin embargo el tratamiento y la contencién de la TB-MDR son posibles incluso en
paises con grandes dificultades, como viene a confirmar el estudio 2 presentado en esta
misma tesis. En cualquier caso, el niumero de pacientes en tratamiento en los paises
pobres es tan solo la punta del iceberg. Se cree que la mayoria fallece en la comunidad
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tras varios afos de enfermedad. Es por ello que el impacto de la enfermedad a nivel
poblacional puede ser desmesuradamente mayor en paises pobres que ricos.

Puede que las soluciones actualmente empleadas para la TB-MDR en paises ricos y
posteriormente usadas en paises pobres no sean totalmente extrapolables. Nuevos
esfuerzos y soluciones propias y adaptadas a cada escenario son necesarios.

7.2 Discusién general del estudio de doctorado

La presente tesis doctoral aporta desde los 5 articulos referidos un conjunto de medidas
basicas de bajo coste que permiten aumentar la calidad de la atencién de los enfermos
con TB. Los articulos presentados suponen un respaldo cientifico a las estrategias de
uso de medicamentos combinados para tratar TB sensible y las estrategias de
tratamiento estandarizado para TB-MDR en paises de escasos recursos obteniendo una
alta tasa de éxito terapéutico. También en esta tesis se ha conseguido la elaboracion de
articulos que de forma sencilla, breve, actualizada y gratuita favorecen el acceso a
conocimiento y autoaprendizaje en el manejo de la TB con resistencias en paises en
desarrollo.

La TB carece de un lobby o grupo de presion fuerte y lleva décadas de retraso en la
investigacion de nuevas formas de diagndstico y tratamiento. Mientras aparecen nuevas
soluciones, optimizar las herramientas actuales y difundir el conocimiento lo mas
posible para un manejo adecuado puede suponer una diferencia para un numero
considerable de enfermos y a su vez reducir el riesgo de resistencias. En consonancia
con esta tesis, otros colectivos como, el Consorcio Alto a la Tuberculosis, RESIST TB,
ONGs y grupos independientes también buscan hacer mas con los medicamentos y
medios diagnosticos actualmente disponibles. Uno de los mejores exponentes es el
trabajo que Médicos Sin Fronteras lleva a cabo desde hace tiempo trabajando en
aumentar el acceso a medicamentos de segunda linea contra la TB (122). La escasez de
medicamentos y su alto precio es otra de las grandes barreras para llegar a un mejor
control de la TB-MDR en paises en desarrollo.

Optimizar los recursos cientificos actuales es una de las respuestas mas légicas, aunque
es claramente insuficiente. Sin embargo en el momento actual y de forma casi sin
precedentes en los ultimos 50 afios, estamos siendo testigos de un nuevo empuje en la
[+D+1 en el campo de la TB. La amenaza de una TB resistente o virtualmente incurable
tanto en paises pobres como ricos y una especial afectacién en las personas viviendo
con VIH ha hecho que grupos como FINDQmbal TB Alliance universidades como

la London School of Hygiene and Tropical Medicypdaboratorios internacionales

como Otsuka o Johnson & Johnson estén poniendo atencion en la busqueda de nuevas
soluciones contra la TB. Los nuevos tests basados en PCR a tiempo real que aportan un
diagndstico de TB en 2 horas con el afiadido del diagndéstico de resistencias a RIF, son
probablemente el mayor avance en el campo del diagndstico de la TB en los ultimos
100 afios. Sin embargo esta tecnologia sigue siendo demasiado cara para la mayoria de
paises de alta carga de enfermedad (64). Por tanto estan lejos de ser test diagndsticos
sencillos, econdmicos y rapidos que se puedan hacer en el mismo lugar donde se
atienden pacientes.
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Por otro lado en diciembre de 2012 se ha aprobado por primera vez en 50 afios un nuevo
medicamento en la Agencia de la Alimentacion y el Medicamento de Estados Unidos
(FDA, en sus siglas en inglés). De forma acelerada se aprobd para uso en humanos la
bedaquilina (Sirturo™, antes conocido como TMC207) como parte del tratamiento de
TB-MDR (123). La aprobacion de una nueva medicacion sin duda habla de un renovado
interés en esta enfermedad en la agenda internacional (124). Otros nuevos
medicamentos estan en camino y posiblemente seran aprobados en los proximos afnos.
Los cambios que estamos viviendo ofrecen una nueva luz al viejo, grande y olvidado
problema de la TB.

Potencial impacto internacional de esta tesis doctoral

Los presentes estudios de doctorado se plantearon como potenciales respuesta a
problemas concretos para el manejo correcto de la TB-MDR. Los contenidos
englobados en esta tesis doctoral son claramente insuficientes para atajar el problema
global de las resistencias en paises en desarrollo. Sin embargo, aporta nuevos
conocimientos y herramientas con potencial para un mejor control de la TB-MDR en
paises en desarrollo.

El estudio 1 cierra una vieja pregunta en cuanto a la eficiencia de los MCFs. Desde su
publicaciéon a un nivel cientifico no se cuestiona la eficacia de su uso y actualmente el
uso preferente de los MCFs es una estrategia basica asumida por las principales
autoridades sanitarias internacionales. Tanto es asi que los grupo de presion incluyen el
uso de los MCFs como parte de las medidas basicas para el buen control y manejo de la
TB a nivel nacional. De hecho el estudio 1 se encuentra mencionado en foros de debate
y blogs de abogacia de pacientes con TB (125). Quizas una de las medidas del impacto
de esta tesis que se han podido objetivar ha sido el uso del estudio 1 como justificacion
cientifica para la implantacion de los MCFs en el programa Nacional de TB de
Sudafrica. Médicos Sin Fronteras y otros grupos de presion usaron el estudio en el afio
2011 como argumento para la implantacion inmediata de los MCFs en el pais.
Actualmente el programa de Sudéfrica trata a casi todos sus enfermos con
medicamentos combinados (126).

El estudio 2cierra también una polémica cuestion en cuanto a la eficacia y efectividad

de los tratamientos estandarizados frente a individualizados para la TB-MDR. La
experiencia en Republica Dominicana demuestra que con un menor costo se puede
tratar casos previamente catalogados como incurables con esqguemas estandar aun en
situacion de escasos recursos. Es un estudio a nivel nacional por lo tanto presenta
efectividad en un pais pobre y no eficacia como muestran los estudios realizados, a su
vez casi siempre en paises ricos. Presenta ademas altas tasas de éxito terapéutico. Por lo
tanto, este estudio y otros que iran surgiendo, abren la puerta al tratamiento masivo de
enfermos con TB-MDR en otros paises. También es un estudio que complementa
nuevas estrategias que a medio plazo puedan ser mas importantes como el esquema
acortado de Bangladesh donde también con un esquema estandarizado se trata TB-MDR
en 9 meses.

Los estudios 3, 4 y 5 recogen también una necesidad sentida por una parte considerable
de clinicos en paises en desarrollo, que es la simplificacion de conocimientos en el
complejo manejo de la TB-MDR vy el reconocimiento de que las estrategias seguidas en
paises ricos no siempre son extrapolables a los paises pobestudid 3 de hecho es
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un documento donde hay constancia que se utiliza para la formacion de médicos en
lugares tan variados como la Facultad de Medicina de Islamabad (Pakistan), en
unidades de TB-MDR del Libano, Jordania, Indonesia, varios paises de America Latina
y Africa e incluso Nueva Zelanda.

Como medida de impacto destudio 4mencionar que con la basqueda del titulo en
Google se accede al documento en formato PDF en el primer encuentro. También en la
basqueda por las palabras clawtirfical management MDR-TRel articulo original
aparece en la primera pagina de las busquedas. Esto es un indicador indirecto de que la
gente accede y busca el articulo. El acceso gratuito y de calidad marca una diferencia en
el uso de la informacion cientifica en paises en desarrollo donde muchos de los clinicos
no tienen acceso a las revistas de impacto y mayor calidad, utilizadas y creadas en
occidente. Difundir informacion de calidad, en las revista gratuitas leidas por los
médicos de en paises pobres, significa acercar el conocimiento y la capacidad de manejo
o “know-how” a quien mas lo necesita, uno de los objetivos especificos de esta tesis
doctoral.

Asi pues, los aportes de los articulos incluidos en esta tesis doctoral se considera que
son de gran interés para mejorar el control de la TB-MDR en paises en desarrollo.

Implicaciones en investigaciones futuras

El trabajo llevado a cabo en esta tesis doctoral no supone un fin en si mismo sino que
marca el inicio de nuevas investigaciones cientificas. En el caso de los tratamientos
estandarizados para TB-MDR, se ha iniciado con el mismo grupo de Republica
Dominicana un nuevo estudio que permitird evaluar el uso de la Capreomicina
(inyectable) 3 veces por semana en lugar de tratamiento diario. Los potenciales
beneficios si se demuestra similar eficacia es una reduccion en el costo de tratamientos
y por lo tanto mayor acceso, una reduccion de toxicidad tanto vestibular como ética y
renal. A su vez se reduce el numero de pinchazos que en el caso de pacientes
desnutridos con poca masa muscular son muy dolorosos. Los resultados preliminares
son positivos y ofrecen una similar tasa de conversion del cultivo que los tratamientos
inyectados diarios.

También con el mismo grupo de médicos se esta trabajando en una cuantificacion de
pacientes muertos esperando el tratamiento MDR durante los primeros afos de
implementacion y el papel que el VIH esta pudiendo tener en la epidemia de TB del

pais. Conjuntamente se va a trabajar en la caracterizacion de los pacientes que
abandonan el tratamiento de la TB con resistencias para intentar orientar politicas
sanitarias para reducir el impacto de este gran problema.

Por otro lado, de forma similar al planteamiento de esta tesis, se esta trabajando en la
identificacién de barreras para la optimizacion de los actuales tratamientos de TB y VIH
en paises en desarrollo, del cual se esperan surjan nuevos estudios. También la aparicion
de nuevos medicamentos en TB abre la puerta a nuevas investigaciones y a la
evaluacion de nuevos esquemas para TB sensible usando quinolonas. Se exploraran las
potenciales consecuencias e impacto de la perdida de eficacia de las quinolonas en
paises en desarrollo.

76



7. Discusion

Produccion cientifica adicional

Aparte de los otros 5 estudios que componen el cuerpo principal de esta tesis durante el
tiempo de la tesis doctoral la TB-MDR en paises en desarrollo ha sido tratada por el
doctorando ampliamente en otros documentos afladidos como complemento. Los otros 7
documentos cientificos que componen la produccion adicional complementaria son
explicados brevemente en esta seccion y ampliados en la seccion de anexos. Se trata de
una publicacién en una revista de segundo cuartil (64), dos articulos pendientes de
revision y 2 guias clinicas internacionales (76, 106). De forma adicional también se ha
colaborado en otras dos guias internacionales (107) (108).

6. Xpert® MTB/RIF for national tuberculosis programmes in low-income countries:
when, where and how7rébucg A, Enarson D A, Chiang C Y, Van Deun A, Harries A

D, Boillot F, Detjen A, Fujiwara P |, Graham S, Monedero |, Rusen | D, Rieder H L. Int

J Tuberc Lung Dis 15(12):1567-1571. Factor de impacto: 2.73

Se trata de un articulo original donde se exploran las ventajas y desventajas del uso del
Genexpert como medio diagnostico para la TB y la TB-MDR y su implantacién masiva
en paises en vias de desarrollo. Ver articulo completo en anexo 1 (64).

7. Common errors in MDR-TB management and how to avoid thénMonedero, JA.
Caminero. Sujeto a revision.

Este estudio pendiente de revisién, es un compendio de errores en el manejo de la TB-
MDR recopilados durante el trabajo como asistente técnico del doctorando en distintos
puntos del mundo. Se identificaron 7 errores altamente frecuentes en el manejo de
pacientes que de forma repetitiva sucedian en paises con contextos socio-econdémicos
muy dispares. Con un objetivo similar al que guia los estudios 3, 4 y 5 de esta tesis, se
busca acercar el conocimiento en manejo adecuado de pacientes con TB-MDR pero esta
vez con una orientacion diferente: se intenta que los errores altamente prevalentes no se
repitan y puedan ser evitados. Ver articulo completo en anexo 2.

8. Treatment of patients with multidrug-resistant/extensively drug-resistant
tuberculosis. Management of patients with M/XDR TB in Europe. A TBNET
consensus statement. Jose A. Caminero, Kwok-Chiu Chang, I. Monedero, A. Scardigli,
Wing-Wai Yew. Sujeto a revision.

Este articulo sujeto a revision es un documento de consenso para el manejo de la TB-
MDR y XDR en contextos europeos. Comprende las mejores practicas actualizadas en
el manejo de la TB orientado a paises de altos recursos. Ver articulo complexen

3.

9. Guideline for the Clinical and Operational Management of Drug Resistant
Tuberculosis. JA Caminero, A van Deun, PI. Fujiwara, | Monedero, CY Chiang, HL
Rieder, D Enarson, A Harries, E Heldal, A Trebucq, E Alarcon, R Armengol, C Macé,

C Perrin, RA Dlodlo, NE. Billo Paris, France: Internacional Union Against
Tuberculosis and Lung Diseases. En prensa 2013

Este documento son las guias internacionales de la Union Internacional contra la TB y
Enfermedades Respiratorias en relacion al manejo de la TB con resistencias (106).
Suponen la primera edicion de unas guias de TB-MDR orientadas a paises en desarrollo.
El doctorando contribuyé como autor de 3 capitulos de alta relevancia: TB con
resistencias e VIH, control de infeccion y manejo de la TB con resistencias en casos
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especiales. Los tres capitulos estan disponibles anegb 4. La guia sera publicada a
mediados de 2013y estara disponible on line con acceso gratuito desde:
http://www.theunion.org/images/stories/resources/PUB/MDR-
TBGuide_20Mar2013.pdf

10. Management of Tuberculosis: A Guide to the Essentials of Good Clinical Practice.
Authors: N. Ait-Khaled, E. Alarcon, R. Armengol et al. Publisher: International Union
Against Tuberculosis and Lung Disease (The Union). Edition: 6th edition (English), 5th
edition (Other languages) 2010.

Se trata de las guias Internacionales de la Union Internacional contra la TB vy
enfermedades respiratorias en relacion al manejo general y programatico de la TB en
paises en desarrollo. Es un documento de consenso donde el doctorando que aparece
como co-autor (76). Esta disponibles on Iline con acceso gratuito desde:
http://www.theunion.org/index.php/en/resources/scientific-publications/tuberculosis

11. Implementing collaborative TB-HIV activities: a programmatic guidéujiwara

Pl, Dlodlo RA, Ferrousier O, Nakanwagi-Mukwaya A, Cesari G, Boillot F. Paris,
France: International Union Against Tuberculosis and Lung Diseases, 2012.

Se trata de las guias Internacionales de la Union Internacional contra la TB y
Enfermedades Respiratorias en relacién al manejo programatico de la TB y el HIV en
paises en desarrollo (107). El doctorando aparece como colaborador y trabajo en las
revisiones iniciales y finales del texto. La guia esta disponibles on line con acceso
gratuito desde: http://www.theunion.org/index.php/en/resources/technical-publications

12. Manual on use of Routine Data Quality Audit (RDQA) tool for TB monitoring.
WHO 2011. WHO/HTM/TB/2011.1

Este documento es un manual de la OMS donde de una forma breve se aborda el
manejo de una herramienta sencilla para verificar la calidad de la informacién de los
programas de salud de TB. EIl doctorando aparece como colaborador y trabajo en el
disefio inicial del documento y las revisiones finales del mismo (108). Se puede acceder
a él de forma gratuita desde la pagina:
http://whglibdoc.who.int/publications/2011/9789241501248 eng.pdf
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8. CONCLUSIONES

Las resistencias a medicamentos de primera y segunda linea estan poniendo en peligro
los progresos previos en TB, especialmente en paises de escasos recursos y alta carga de
VIH. Los nuevos medicamentos o vacunas pueden tardar décadas en ser utilizados de
forma rutinaria en PVD. Por lo tanto se necesitan nuevas formas de enfrentarse a la TB
con las herramientas que ahora disponemos. Basado en los objetivos planteados se han
disefiado 5 estudios mediante los cuales podemos concluir:

1. Estudio 1

De acuerdo a los estudios revisados y teniendo en cuenta sus limitaciones los MCFs
contra la TB tienen una similar eficacia respecto a los medicamentos sueltos en
términos de conversion de esputo, curacion y probablemente recaidas. El papel que
pueden jugar los MCFs para prevenir monoterapia y amplificaciéon de resistencias
permanece sin esclarecer y esta limitada a un estudio. Otras caracteristicas como
aceptabilidad, adherencia, ventajas logisticas y operacionales y costo hacen a los MCFs
mejores opciones de tratamiento que los medicamentos sueltos. Sin embrago el uso de
los MCFs sigue siendo muy reducido a nivel mundial.

2. Estudio 2

Basado en condiciones de programa, los tratamientos estandarizados para el manejo de
TB-MDR son efectivos incluso en PVD. El 86.4% de conversion de esputo y el 74.3%
de éxito terapéutico obtenido a nivel de programa en Republica Dominicana son buenos
ejemplos. Ademas los tratamientos estandarizados son mas sencillos de monitorizar, es
mas facil formar al personal involucrado y presentan menor coste que los
individualizados. En términos economicos Yy logisticos a igual efectividad los
tratamientos estandarizados para tratar TB-MDR son convenientes especialmente en
paises con alta carga de enfermedad y escasos recursos.

3. Estudios 3,4y 5:

La formacion en TB-MDR sigue siendo compleja y costosa para médicos en paises en
desarrollo que tienen una alta carga de enfermos. El acceso a la informacion y
formacion de calidad en cuanto al manejo de la TB-MDR es fundamental y puede ser
clave para la obtencion de buenos resultados terapéuticos. Se han creado herramientas
sencillas para la formacién rapida en manejo clinico de TB-MDR que actualmente estan
siendo usadas en programas nacionales y en distintas universidades del mundo.

Finalmente, los articulos incluidos en esta tesis doctoral se considera que aportan
informacion cientifica relevante para una mejor prevencion y control de la TB-MDR en
paises de escasos recursos, principal objetivo de esta tesis doctoral.
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9. RECOMENDACIONES

Basado en las conclusiones obtenidas de los articulos presentados como resultados de
esta tesis y sus objetivos, se procede a hacer las siguientes recomendaciones:

1. Existe suficiente evidencia acumulada para afirmar que los MCFs tienen la misma
eficacia y superior efectividad para curar TB que los medicamentos sueltos. Ademas
probablemente reducen el riesgo de resistencias a nivel poblacional. En consecuencia,
los MCFs deben ser parte de las estrategias nacionales e internacionales para tratar
pacientes con TB sensible y evitar adquisicidn resistencias.

2. Los esquemas estandarizados para el tratamiento de la TB-MDR tienen una eficacia
alta y elevada efectividad en PVD. Por lo tanto su uso debe ser expandido
especialmente en programas de escasos recursos y alta carga de enfermedad que tengan
capacidad para el manejo de pacientes con TB-MDR.

3. Es necesario simplificar y difundir de forma directa o indirecta y a ser posible de
forma también gratuita las bases cientificas del manejo de los casos con TB-MDR,
sobre todo a los paises mas afectados por este problema que ademas suelen tener un
menor acceso a formacion cientifica y mayores dificultades econdémicas para financiar
tanto formacion como tratamientos y medidas preventivas.
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Anexo 1. Xpert MTB/RIF for national TB programmes in low income
countries: when, where and how?
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Xpert® MTB/RIF for national tuberculosis programmes
in low-income countries: when, where and how?

A, Trebucg, D. A. Enarson, C. Y. Chiang. A, Van Deun, A, D, Harries, F. Boillot, A, Detjen,
P I. Fujiwara, 5. M. Graham, |. Monedero, I. D. Rusen, H. L. Rieder

Institute of the International Union Against Tuberculosis and Lung Disease, Paris, France

SUMMARY

Npert® MTERIF offers new and impasrtant possibsili-
ties for the diagnosis of spatam smsear-negative tuberou-
losis (TB) andfor rifampicin (KM resistance, and
many are encouraging rapid and widespread implemen-
tation, This simple test can be implemented almost every-
where, and it provides resulis within a few hours, In
lome-income countries (LICs), however, its cost, environ-
mental hmitations (stable and regular eleciricary, ade-
queate room temperature) and difficoltics involved in
sapply and maintenance are major obstades. While i
may be switable for major relerence hospitals, opera-
tional rescarch i needed 10 evaluare the test and i ad-
dirienal vield above high-quality smear microscopy and
clendeal algorithmes before s wse at the peripheral level.

In the meantime, direct microscopy should remain the

initial dizgnostic test for TH suspects, In mast LICs, the
prevalenes of RMIF resistamce among new TH patients is
very low: an Xpert MTRRIF resule indicaring BMP re-
ststance Wil thos alwias need confirmation by another
test. In a population at bigh risk of RMP resitance
(== 15% ), however, the positive prediciive value for EMP
resistance by Xpert MTRRIF is high, and senification
of RMP resistance is an excellent proxy for multidrog.
resistani TH (MDR-TB), The assay should be widely
wsed for this purpose if, and oaly if, excellent MDR-TR
management 1 availabile, both for cthical reasons and 1o
redfuce the risk of extensively drug-ressstam TI,

KEY WoRDS: mberoulosis: disgnostics; GeneX pert; bow-
income countrics; Xpert® MTHRRIF

RECENT YEARS have seen a heightened interest i
and outpar of rescarch intm new wols for the diagno-
sts of ruberoulosis [TB) An avtomared nucleic acid am-
phification test, the Xpert® MTRRIF tese (GeneXpert,
Cephesd, Sunnyvale, CA, USA), has recently been de-
veloped, which scems very promising for use at the
peripheral level of the health services for the diag-
nosis of TH and detection of Afampicin (RMP) resis-
tance.’ Since the approval of this test by the Serate-
gic and Technical Advisory Groop for TB (STAG-TE)
in September 2000, the World Health Organization
{WHO) has been stromgly advocating ies swift and
large-scale implemientation.

The MTBRIF test s a disposable cartridpge-based
assay that can operate m temperatures of 15=30°C,
even m high-humidity environments, It is easy o tran
health workers in its use;? there is virmually no risk of
sample eross-cantamination and there is no need for
a specific baobogical safety environment.® Examina-
tiens for diseases other than TH can be performed us-
ing the same GeneXpert platform, such as Stapldo-
o aurens mfection and enteroviral menmmgits, and
ather applications are under develospment. The sim-

plicity of the test allows s implementation almess
amywhere; this is not the case for culmre wechniques,
which require a specific and expensive laboratory en-
vironment, The rest provides results within o few
hours, o tremendous advantage compared to culoure,

However, some characteristics of this tool can cawse
operational problems: the shelf-life of the carridges
is only 18 months, a very stable electricity supply
required, the instrument needs to be recalibrated an-
nieally, the temperature ceiling is critical, the subsi-
dised cost of one test, including the cost of the equip-
ment and recalibration, is about USS20, and the safe
disposal of large volumes of plastic cartridges may be
problemaric.t

Crucial guestrons need 1o be addressed to denve
maximum beneft from this test for truly better TB
and mulndrug-resistant TR (MDR-TB) control. These
questions are principally ‘when, where and how
should the MTRRIF test be promated for uwse in Ma-
ttonal Tuberculosis Mrogrammes {NTPs), and speaifi-
cally i low-income countries (LICs)F" A clear dis-
mnction based on the objective of the test i needed:
dingmassas of TB, or disgnosis of RMP resistance,

Correspondence to: Arnand Trébucg, International Union Agains Tubercudoais and Lung Dinease, 68 Blvd Saime Michel,
TH0MM; Paris, Framce. Tel: [+313) 1 44 32 01 80, e-mail: atrebucg@theunson.org
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TB DIAGNOSIS WITH XPERT MTB/RIF

The specificity of the MTRRIF test in the diagnosis
of TR has been shown to be very high (97=100M%) in
demonstranion studies coordinared by the Founda-
tion for Innovative New Diagnostics (FIND)LAT The
sensitivity differed between pulmonary TB patients
whose sputum was positive on smear microscopy and
culture and those who were positive on culture only.
Taking culture as the gold standard, the sensitivity is
=95% for direct sputum smear-positive samples, and
varies between 65% and 77% if direct sputum smear
microscopy is negative,*” with an incremental gain
in sensitivity when the number of rests is increased
from one to three. While a negative MTB/RIF test re-
sult does not exclude a diagnosis of TB, the test is
much more sensitive than smear microscopy i de-
tecting bacteriologically positive pulmonary TR, This
is particularly important among human immunodef-
ciency virus (HIV) infected patienis.

The STAG-TB supported the WHO Expert Group
findings," stating thar ‘the MTRRIF rest should be
used as the initial diagnostic test in individuals sus-
p:tl:cd of h:win[: (MR or) HIV-associated TR [our
italics and parentheses].

Does this statement imply thar in sub-Saharan Af-
rica, where HIV infection among TB patients is partic-
ularly frequent and where two thirds of LICs are situ-
ated (Table), every TB suspect should have an MTH
RIF rest? Although the WHO MTERIF implementa-
tion document states upfront that the microscopy net-
work necds to be maintained,? smear microscopy is
curiously assigned as a second choice after the MTB/

Table Estimated % of all new TB cases with MOR-TE per
low-income country?t

MORE-TE MOR-TE

Low-income country™ % Low-income country® %
Adghanistan 2B  LaoPeoples
Bangladesh 2.2 Democratic Republic 1.9
Birmi 03 Libsinia o9
Burkina Faso 08  Madagascas a5
Busriinsdy 18 BAalran 18
Cambocha 0.0 EAaki ]
Central African Republic 1.1 Raumania 0.8
Chad 0.9 BAoramibigue is
Comoros 08  Myanmar 4.2
Ciongo, Demacratic Hepal 29

Republic 1.8 Miger 0.8
Eritrea ] Fwanida £
Ethiopia 1.6  Sedra Leone 0
Gambia s Solomaon islanids 14
Ghana 0.9 Somaka ()
Guinga 0& Tajiistan 165
Gidinada-Beiian o8 TanEaniy 1.1
Haiti 1.0 Togo 0.9
Kemya oo mida 05
Kgm DCiemocratic U.Eg:'rbﬁ 18

Republic 22 Jmbakeye 19
Kyriyz Republ: 12.5
*Growy Adtional income < USE99S per capila. ‘World Bank, Mitpotdata
weorldbank orgtakout/countny-clanifaticemioounin:-and-lending-grouen.
T = ubesraloan; MDE-TE = TH
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RIF test, or even radiographic screeningg it remains
the frst choice only for rrearment follow-up resrs.
Mevertheless, even in LICs with high HIV prevalence,
it would be unwise ar this stage to try to replace
smiear microscopy in penipheral healeh facilines by
the MTRRIF resr, for several reasons:

o The use of the assay 15 limited 1o laboratories
where the emperature is constantly below 30°C.
In most rropical countries, this makes permanent
air<conditioning equipment a prerequisite, which
is not currently the case in the majonty of periph.
eral laborarories in LICs,

o US520 for one MTRRIF rest? is far too expensive,
and substantially (40-foald) greater than the USS0.5
for two SpUthm sfhear examinations {this corre-
sponds to capital and runming costs; it does not ke
into account labour and the gain in effectiveness,
which are possibly in favour of GeneXpert). Gov-
emments or patients will face greae difficulties in
financing such an amount, and, thus, if exvernal
funding sources are no longer available, all labora-
tory TH diagnostics would stop.

» Even if funds were available {and for how long?),
regular provision and uninterrupted availability
will prove challenging for many peripheral health
facilities die to the short shelf-lhife of the test car-
tridges (18 months), These consumables must be
imported regularly, while microscopy staining so-
lutions are easily prepared at the regional level.

o Spsraining its implementation may be challenging:
electricity supplies are frequently interrupred and
unstable in most LICs. It will be difficult to send the
modules mside the machine for annual calibration,
the cartridges are bulky and their mamenance at a
maximal storage temperature of 28°C is unfeasible
in most peripheral centres in tropical countries,

While the widespread availabilicy of the MTBE/RIF
test at peripheral health facility level may be challeng-
ing, it should be possible to offer the test fairly rapidly
at the main provincial or regional referral hospirals,
where more services can and should be offered to pa-
tients. Subsequent to a negative sputum smear result,
the MTBMRIF test could be useful in the diagnostic
process if patients under mvestigation are still strongly
suspected of TH, based on clinical presentation and/
or an abnormal chest radiograph. This is especially
true of children, provided an appropriate sputum
sample can be obtamned.!? The molecular technology
also makes it easier to rransport sputum from one pe-
ripheral health facility 1o a reference centre.

Always beginning with smear microscopy examina-
tion in referral hospitals will keep laboratory techni-
cians tramned to recogmise acid-fast bacilli on smears,
which is essential for the identification of failure cases
{tor which the MTBRIF test cannot be used). The
usc of the test at a more peripheral level, i.e., a district
hospital serving a population of S0000 1w 150000,
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will require carefully conducted operational research
to evaluate the feasibility and effectiveness of this new
technology compared with the combination of rou-
tine and optimised smear microscopy and a clinical
algorithm as the first-line diagnosis. The recently de-
'|.':|npcc| Impact Assessment Framework (IAF) which,
for new diagnostic tools, leoks at effectivencss, equity,
health systems, scale-up and policy analysis, could
guide such research.' It will also be important to
convince donors, and particularly the Global Fund 1o
Fight AIDS, Tuberculosis and Malaria, 1o assist i
scaling up the use of this rool, ™

IDENTIFICATION OF RIFAMPICIN RESISTANCE
WITH XPERT MTE/RIF

From a technical point of view, the MTBRIF test
lends itself to decentralisation of the identification
of RMP-resistant TB, a sufficient indication for initi-
ating MDR-TE treatment (isoniazid should always be
added to such a regimen, unless resistance is proven
to be due to mutations in the katG gene)." This rep-
resents important progress, as the centralised system
for MDR-TE diagnosis has been an important im-
pediment in scaling up the fight against MDR-TH.
STAG-TB supports the WHO Expert Group find-
ings'" that ‘the MTRRIF test should be used as the
imitial diagnostic test in imdividuals suspected of hav-
ing MDR-TB {(or HIVeassociated TH) Jour italics and
parentheses].

The phrase ‘individuals suspected of having MDR-
TB' needs to be seruninised and precisely defined. Any
test result needs to be interpreted according to the
prevalence of MDR-TB. Given the #5% sensitiviry
and 98% specificity of the MTBRIF test in the detec-
tion of RMP resistance,” the positive predictive value
of the test 15 =M% if the prevalence of RMP resis-
tance is =15%, but only 32% if the prevalence is
1%, and 49% if it is 2%. In all LICs, the prevalence
of RMP resistance is less than 5% among patients
who have never pu'n'im;slf been treated for TB (with
two exceptions: Kyrgyz Republic and Tajikistan) and,
for the most part, even less than 2% (Table)." For
these ‘naive” TH patients, any MTB/RIF rest resulr re-
quires an alternative confirmatory test for a definitive
diagnosis of RMP resistance. Among patients previ-
ously treared for TE, such as relapses or those return-
ing after defaulr, the prevalence of resistance is often
arcund 10%. Whether or not a positive RMP resis-
tance result will need confirmation will depend on
the level of RMP resistance in the country for these
specific groups. On the other hand, among patients
with treatment failure or with disease after contact
with MDR-TB, the prevalence of RMP resistance
commonly exceeds 15%, and the MTB/RIF test re-
sule alone should usually suffice to decide to rreat for
MDR-TB.

Sub-Saharan African countries have the highest
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prevalence of HIV infection in the world; the situa-
tion is gravest in southern Africa. Throughout the
continent, the prevalence of RMP resistance among
never previously treated TH cases is less than 4%,
whatever the income level."! Evidence supporting an
association between MDR-TB and HIV is conflicring
at best ' b:lr:ing some dramatic institutional out-
breaks.' The precautions required for interpreting a
resiilt for RMP resistance therefore remain the same,
irrespective of whether the TB patient is HIV-infected
or non-infected.

Confirmation of an RMP-resistant resulr will thus
often be necessary, The categories of patients for whom
an MTBERIF rest result indicaring RMP resistance re-
quires confirmation and the technique for obraining
it must be clearly defined and accurarely described.
The algorithms will depend both on the distribution
of the risk groups and existing reference laboratory
possibilitics in each country. If a sputum specimen
must be sent to a reference laboratory, an important
advantage of the test s lost, unless rescarch demon-
strates that confirmation obtained by repeating the
MTRRIF test in the same laboratory on another spu-
tum specimen enhances its accuracy.

Another facror should be considered before extend-
ing the use of the MTB/RIF resr, and consequently
the identification of MDR-TB cases: according to cur-
rent logic, NTPs should ensure thae they achieve high
cure rates before focusing on expanding case detec-
tiom, to avord a potential worsening of the siruation, '™
This is also appropriately reflected in the WHO'S
stated priority listing, where the frst objective is o
cure 5% of sputum smear-positive cases and the
second objective 15 o detect 70% of such cases.'® If
we derect more MDR-TB cases, it is an ethical obli-
gation to build capacity for good treatment from the
start; moreover, as stated in recent WHO guidclirbc-s,
‘individuals should not be given diagnostic testing in
1."'!! a.bm D‘ treatmient 'LH'IJESE I'l'lfy' I'II\"-E Pl'ﬂ'l'llitil
specific informed consent’.®

This is a very real cha"rngr: programmatic man-
agement of MDR-TB is hard to implrmmt.. and scal-
ing up of good MDR-TB treatment is very difficule,
fior the following reasons,

»  Access to quality-assured second-line drugs (SLDs)
is a huge challemge. Shortages of SLDs in NTPs are
common. These constraints are not solely arrribur-
able ro management problems ar the national level:
the problem is much more fundamentally linked
to the fact that SLDs are not currently produced in
sufficient quantities to meet market needs. This
dire situation could become even worse if there is
a sudden rise in demand due to increased case de-
tection related to the availability of new tests. In-
tensified advocacy is needed to maintain pressure
on manufacturers to invest in development andfor
increase their production capacity,
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* The prices of SLDs are increasing, resulting in
constraints on NTP budgers, and institurional
arrangements such as the Global Fund Board's
Market Dynamics and Commaodities Ad-Hoc Com-
mittee need to become involved,

# Delay in the development of new, effective drugs for
MDR-TB partients: despite the efforts of the Glo-
bal Alliance for TB Drug Development, too littdle
funding is available for drug development. NMew
potential compounds such as TMC-207, PA-824,
and OPC-67683 are unlikely to be available for
general use in the near future.2!

» Success with the current WHO-recommended
MDR-TB regimens rarely exceeds 60%; defauls,
failure and dearh are all too frequent adverse rreat-
ment outcomes.'® This is true even in sertings
where considerable efforts have been made to han-
dle MDR-TB treatments seriously. New, shorter
regimens with better efficacy are needed.

As a result of these serious constraints and the se-
vere limitations in providing curative treatment for
MDR-TB, more and more countries are reporting ex-
rensively drug-resistant TH (XDR-TH) cases, and the
number of XDR-TB cases is increasing. 2 The clear
imperative of scaling up MDR-TBE diagnosis is simul-
taneously seriously challenged by inefficient case man-
agement. The situation can only worsen if there is no
link between the diagnosis of MDR-TE and good
management of those cases diagnosed. Poor manage-
ment of MDR-TE is the direct precursor of XDR-TB,
just as poor management of new TB cases leads ro
the development of MDR-TB.?

If we accept the premise thar high-quality MDR-
TE treatment is a non-negotiable prereguisite,”® we
must then identify those settings where the NTP 15
able to treat these patients correctly; only then should
we ask for the best methods of performing drug sus-
ceptibility resting.

The answer o this question will vary berween
countries, depending on the capacity of the NTP and
on the country’s possibilities of providing qualiey-
assired MDR-TB treatment. The situation must then
be analysed separately and specifically for each coun-
try, and indeed for each intermediate level; decisions
should be taken according to the result of the analy-
sis in the perspective of scaling up quality services.
Extension of MDR-TB treatment sites should always
be planned very carefully, and very gradually.*

CONCLUSION

To scale up MDR-TB control, we must focus, as a
priority, on avoiding the creation of further MDR-TB
cases. A well-performing NTP must be the first rule,
and this prerequisite should be repeated constanely.
Treatment of MDR-TE cases should not divert the
MNTPs from their main focus, which is 1o cure TB pa-
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tients, thus preventng the development of RMP
resistance.

In L1Cs, case detection based on sputum smear mi-
croscopy and a clinical algorithm must remain the
cornerstone for TB diagnosis at all levels. In most
settings, the MTIVRIF test must be considered as a
follow-up test o microscopy ar this stage, and irs use
should be particularly encouraged in settings where
HIY is highly prevalent, for a better diagnosis of TH
among sputum smear-negative cases, While the assay
could be implemented rapidly in major referral hos-
pitals in LICs, given its limitations, its cost {even if
this decreases as expected), the supply difficulties, and
the problems of mantenance, for now the obstacles
outweigh the advantages in implementing the test ar
a more peripheral level. Operanonal rescarch with
the MTE/RIF test is urgently needed to carefully mea-
sure the pros and cons of more decentralised use ar
the district level.

Although a positive resule for Mycofacteriom b=
Brerenlasis 1s sufficient for the diagnosis of TR, for the
diagnosis of RMT* resistance the results must be care-
fully interpreted taking into account the expected
prevalence, including a thorough assessment of indi-
vidual and population risk for RMP resistance. It
should then be confirmed by another test if the pa-
tient docs not belong to a high-risk group for MDR-
TB. Extension of the diagnosis of RMP resistance
must be linked to the implementation of high-quality
MDRE-TB treatment services, for ethical reasons and
tor prevent the development of XDR-TB. This is a cru-
cial point for efficient TR control.

Progress made in molecular technology with tests
such as Xpert MTB/RIF, which do not need a sophis-
ticated environment, brings huge expectations for m-
provements in TB diagnostics and the identification
of MDR-TB. We can hope that, in the not too distant
future, the limitations of the vest described here will be
overcome, and that ir will be possible ro use this new
technology everywhere, even in the most remote areas
of LICs where the main burden of disease occurs.
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RESUME

Le test Xpert® MTE/RIF offre de nowvelles et impor-
tantes possibilites pour le diagnostic des taberculoses
[TB) pulmonaires & microscopie négative etfou pour
I'identification de la résistance 3 la rifampicine (EMP).
Beavcoup de personnes of dinsttutions plaident en fa-
veur de sa rapide disseminarion et de sa large utilisation,
Ce test simple peut étre installe pratiquement n'importe
o et donne un résultar en quelques hewres. Cependanr,
dans bes pavs & faibles revenus (LIC), son codt, ses limi-
tations environnementales (ectricite regulicre et stable,
temperature correcte), les difficultes lices a Papprovi-
stopnement en tests et a s mamntenance de appareil
sont des obstackes majeurs. Tandis qu'il semble éore une
possible rechnologic adaptee aux hiopitaox majeurs de
reference, des recherches operationnelles restent neces-
saires pour evaluer ce test et mesurer oo qu'il apporte de
plus qu'nne microscopic de qualité en utilisant différents

algorithmes, avant de consadérer sa diffusion a un nivean
periphenique. En anendant, Pexamen microscopique di-
rect deveain rester le test diagnostic inital pour mwut pa-
tient suspect de tuberculose, Dans la plupart des LIC, la
prevalence de la resistance & la EMIP parmi les nouveaux
cas o5t tres faible 3 un test Xpert MTB/RIF indiguant
une résistance devea towjours ctre confirme par un autre
rest. Cependant, dans une population a hawt nsque de
résistance (= 15%), la valeur prédictive positive d'un ré-
sultat indiquant une résistance a la RMP est clevie, et
est une trés bonne approximation pour détecter la TH
multiresastante [TE-MDR), Ce test devear etre large-
ment utilise pour ce diagnostic si, ef seulement si, une
excellente prise en charge do patient TH-MDR est dis-
ponible, i L fois pour des raisons éthiques et pour limi-
ter le developperent d’une TH altrarésistante.

RESUMERN

La prucha Xpert® MTE/RIF ofrece nuevas ¢ interssantes
posibilidades al diagndstico de Ly wberculosis (TEB) con
baciloscopia neganiva v la TH resistente a rifampicina
(RMI") v muchas de ellas favorecen su pronta v amplia
aplicacion. Esta prucha sencilla s¢ puede ejecutar casi en
toudas partes v sus resultados se obticnen en un lapso de
procas horas. Sin embargo, en los paises de bajos ingresos
[LICY, el costo, las limitaciones del medio ambiente (la
estabilidad v contimuidad de Ly corriente electrica v la
adecuacion de la remperaturs ambiente) v las dificuliades
relacionadas con los suministros ¥ el mantenimicnto
constituven obstaculos mavores a su utilizacion. 5i bien
la prueha se considera apta en los princpales hospitales
de referencia, antes de wrilizarla en el nivel periférico es
preciso llevar a cabo nuevas investigaciones aperativas
con ¢l fin de evaluar su procedimiento v el rendimiento
adicional que aportana, on Comparacion con un exXmmen

microscopico de gran calidad v los algoritmos dinicos.
Entretanto, la microscopia directa debe segor siendo la
prucha diagnostica inicial en wdos los pacientes con
presuncion de TH. En la maveria de los LIC, la prevalen-
cia de reststencia a BMP en los casos nocvos de TB e
muy baja: un resultado de la prucha Xpert MTBE/RIF
que indique resistencia a RMP exige una confirmacion
con otra prucha. No obstante, en una poblacion con
alto ricsgo de resistencia a RMIP (> 15%) este método
ofrece un alto valor propostico positivo ¥ constituye un
indicador dptimo de la TH mulidrogorresistente (TH-
MDR) La prucha Xpert MTB/RIF® se deberia utilizar
ampliamente con este fin, pero solo cuando se cuente con
un excelente tratamiento de la TB-MDR, v esto por ra-
zones de caricter ¢tion v con el fin de disminuir ¢l ricsgo
de aparicion de TE extremadamente drogorresistente,
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Anexo 2. Common errors in MDR-TB management and how to avoid
them.
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SUMMARY:

Background

Multi-drug resistant tuberculosis (MDR-TB) defined as resistant to Rifampicine and
Isoniazid, has an increasing burden and threats TB control. Diagnose is limited and
usually delayed while treatment is long-lasting, toxic and less effective. MDR-TB cure
rates usually do not exceed 60%. MDR-TB management is something new for many TB
programs. In this challenging scenario clinical and programmatic errors are prone to
happen.

Methods

The present article is a compilation of archetypal errors repeatedly observed by the
authors in a wide range of countries during technical assistant missions and trainings.
Findings

Clinical and programmatic errors are often intriaflic linked. Regarding error in
diagnose, over diagnose of MDR based on clinical facts and conferring full credibility
to drug susceptibility test by proportion methods was frequently found. Adding a single
drug to a failing regimen and improvisation after a drug stock were sources of error in
regimen designing. The most commonly observed errors were found at treatment
delivery. Errors were mainly failure to apply direct observation of treatment, incorrect
dosage of second line drugs, early injectable withdrawal and lack of attention to side

effect management.
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Conclusion

Curing MDR-TB patients will remain difficult in resource-constrain settings. Point of
care test, new drugs and simplification of regimens are necessary to limit the MDR-TB
epidemic. MDR-TB management in scarce-resource settings is challenging but feasible
and necessary. Nonetheless frequent errors can be prevented with appropriate training.
Avoiding or putting especial attention on the common errors may benefit patients and

programs in scarce resource settings.

Background
Multidrug-resistant tuberculosis (MDR-TB) is defined as TB that is resistant to

Isoniazid (INH) and Rifampicin (RIF). It is estimated that over half a million new cases
emerge annually (1). Uprising in resistance is currently a major concern in global TB
control (2). The most cost-effective strategy to control MDR-TB is to prevent its
emergence achieving high cure rates on the susceptible cases. But once resistance exist,
treatment of patients is necessary from an humanitarian point of view but also as a way
to reduce primary resistance transmission. Other measures like infection control and

antiretroviral therapy (ART) might be relevant to control MDR-TB in high HIV settings
(3).

Resistance has put TB again in the international agenda with an unprecedented increase
in research and development (R&D) and funding. Nonetheless, given the magnitude of
the problem and the decades of delay in R&D current funding and efforts are
insufficient (1). The number of clinical trials is reduced and there is not a clear
consensus on the best way to treat these patients (4). As a result of it MDR-TB patients
in low and middle income countries (LMICs) presents success rates rounding 60% (5).

The increasing visibility of the problem, success in advocacy and funds available for
drugs has created an unprecedented increase in MDR-TB management (6). Second line
drugs (SLDs) more toxic and less effective (3), is certainly something new in LMICs
even for physicians with vast experience in TB (7). MDR-TB treatment is more
complex and lengthy and learning by doing is a situations regularly found in LMICs.
Apart from drugs, it requires a health systems able to monitor side effects and the daily
intake of drug for 18 to 24 months. Certainly curing MDR-TB in LMICs is not easy.
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Most often only one standardized SLD regimen is available and it represents the one

and only chance for cure. In this challenging scenario, errors are bound to occur.

Clinical and programmatic complexities merge in untrained staff and novel MDR-TB
programs. Not only the low efficacy regimens but also these circumstances play a
significant role in the aforementioned low cure rates. In addition, the substandard use of
SLD contributes to drug resistance amplification in the community, reducing future cure
possibilities (8). Putting attention on frequent errors in MDR-TB management found in

different settings might be a logical approach to avoid them others.

The aim of this article is to describe and warn against a number of archetypal mistakes
found in MDR-TB clinical and programmatic management which have been repeatedly
observed by the authors in a wide range of countries. The ultimate goal is to provide

guidance to prevent avoidable errors even in the most resource-constrained settings.

Methodology

The authors expose in this article the most frequently observed erroneous practices
(individual or countrywide) according to current scientific knowledge. The description

of these errors is based on the gathered experience of the authors during technical
assistances evaluations missions as MDR-TB consultants in the field between 2000 and
December 2012 in more than 35 countries from Latin America, Africa, Middle East,
Asia and Europe. All authors are being involved in MDR-TB trainings and technical
assistance for more than 5 years. Instances of common mistakes in MDR-TB
management were tallied but this article only includes those observed in at least five
different MDR-TB settings.

Findings

Common errors found could be described in terms of clinical or programmatic level.
Nonetheless, both are inherently related and consequences of mismanagement in one
level affect the other. Therefore an exposition divided in errors at diagnose, regimen
designing and treatment delivery was preferred. Surprisingly, main errors were the

basically same in the different socio-economic countries visited.
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Common errors in diagnose

Two major errors are usually observed in MDR-TB diagnose. The first one avé¢he
diagnose of MDR based on clinical facks that sense many clinicians label as MDR-
TB all patients that are not cured at the standard time or are out of the normal
presentation and are put under SLDs without resistance confirmation.

The second error at diagnose level wamferring complete credibility to drug
susceptibility test (DSTHo other drugs apart from RIF and INH in the detriment of
patient history of drugs. This was particularly conflictive when designing MDR-TB or

extensively drug resistant TB (XDR-TB) individual regimens.

Common errors in regimen designing

In this regard two errors had been frequently found. First one is the well known of
adding a single drug to a failing regimen. This is in reality a monotherapy, masked by
the presence of other drugs which may be ineffective due to previous resistance (9).
Regimen designing is a purely clinical issue but it is influenced by programmatic
weaknesses. Ordering SLDs is troublesome and quite frequently LMICs experience
stock outs. When SLDs are scarce clinicians only have two options: stopping treatments
or change the regimen according to the drugs availabjgovisation after SLDs stock-

outsoften results in weaker regimens that may end up with resistance amplification.

Common errors in treatment delivery.

Errors in treatment delivery were the most frequently found with severe implications in
unfavourable results. Not infrequently there are long lasting backlogs due to
unavailability of drugs or beds at the hospital or even dying while waiting for the results
to come. Not all patients diagnosed are finally put on treatment. Moreover for those
enteringancillary drugs for the treatment of SLDs side effestsally do not exits. At a

time the people delivering the treatment can be not used to side effects or simply do not
know what to do. This error leads to probably the most common and deleterious error
found at the clinical level that imcorrect dosage of SLDaccording to international
standards by weight. Similarly due to the painful daily injection or hearing loss, it was
found early interruptions of injectableefore smears or cultures were negative.

We also regularly found that during the continuation phase the pdtenot receive
direct observation of treatment (DO®) the especial support received during the initial

phase.
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Discussion
For decades the management of resistant TB cases was only delivered in referral centers

in rich countries by a few number of specialized clinicians (10). In LMICs these patients
were classified as chronics or incurable. Waiting for the death was the only thing to do.
Conversely no research in TB is being maid for decades (7). The consequences of this
neglect in R&D are the lack of point of care tests, new drugs and simple and low
toxicity regimens. The cost of this neglect is dragging us into complex solutions for

MDR-TB from rich countries which are sometimes difficult to extrapolate in LMICs.

The fact is simply, with the current outdated tools, low trained staff and under weak
health systems, cure MDR-TB is not that straightforward. Not surprising cure rates of
MDR-TB in LMICs are low. To improve cure rates it is necessary new and simpler

tools in addition to better access to SLDs and training. In this complex scenario errors

being clinical or programmatic, are prone to happen at several levels.

Errors in diagnose
Drug resistance detection is difficult and usually delayed. MDR-TB diagnose rate is

minimal compared to the expected numbers (1). Many patients start SLDs treatments
while waiting for the results (11) and sometimes there are good reasons for that: lack of
access to appropriate diagnose and/or delays in laboratory reporting system (sometimes
4-8 months (12). Reference laboratories are usually far from the patients and busy.
Clinicians are forced to take empiric decisions that are might be life saving in
circumstances like severe clinical conditions or TB/HIV. But it can happen all the way
round, after 6-8 months of treatment a full susceptible DST arrives. Once started the
MDR-TB treatment, it can be hard give a step back to first line drugs (FLDs). There are
a number of reasons that may explain why a failure to FLDs may not be an MDR-TB
patient (13) (8):

1. Late negatives and dead bacilli: patients vatlateral and extensive disease present
greater bacillary load. In addition fibrotic lesions present worst drug biodisponibility
and lower drug concentration levels. These cases usually need longer than 6 months
treatments or more time is needed to clear the airways of dead bacilli (14).

2. Poor adherenceThis is probably the most common condition in susceptible TB
failures. It is also the most difficult to document. Poor adherence can be manifested as
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inconstant intake (stopping medication from time to time) or constant intake but in a
lower dose or only of certain drugs or only on selected days.

For these reasons WHO category Il treatment, a bad treatment for MDR-TB, is able to
cure a high proportion of failures. Conversely, if surveys show high proportion of
MDR-TB among failures, starting SLDs treatment might be justified. The use of SLDs
for non MDR-TB patients consumes necessary and scarce resources while expose
patients to unnecessary toxicity and suffering. Whenever possible bacteriological
confirmation of RIF and INH resistance and specie differentiation is always advisable (4,
15, 16). Accelerate the information systems between reference laboratories and

clinicians through telephone or email is basic to avoid deaths on the back log.

To date the major predictor of anti-TB drug resistance is still considered the use of
drugs in monotherapy for more than one month (4, 9, 15-17). The DST for TB by
proportion methods was described more than four decades ago (18) and is still the most
used technique though its interpretation is troublesome. Reliability to RIF and INH is
high but is much limited for SLDs (16, 19-22). Routinely performing DST is only
recommend by WHO for FLDs, FQ and injectables (22, 23). Unexpectedly, many
national guidelines stipulate that MDR-TB treatment is to be adjusted after DST results.
The authors observed multiple mistakes leading to resistance amplification when strictly
using DST for designing individualized regimens. For example if a result was resistant
to Cycloserine (Cs), the drugs was not used despite never been used by the patient or in
the country. Knowing that reliability of DST for Cs is poor, this can be considered an
error. Others findings like RIF resistance but INH susceptible on a high MDR-TB risk
patient can be misleading. In such a case the probability of MDR-TB is high. INH false
susceptible can occur in 15-20% of the cases. Hence, considering INH as an essential
drug and providing a RIF monoresistant treatment, would risk FQ susceptibility and
limit cure chances. Providing an MDR-TB adding INH is probably a better option for
these patients. In other settings, several DSTs are performed for the same patient,
showing discordant results driving to unnecessary therapy switches. DST might be
performed only after assuming failure similarly that it is done in HIV contexts.

A recent error found in the use of Genexpert especially in the private sector is using the

test for all TB suspects without phenotypic DST confirmation. The positive predictive
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value for low MDR-TB risk groups is quite low (32.4% ). Hence rounding 1 in 3
positive resistant tests when applied to a non high risk resistance group will be a false
positive contributing again to over diagnosing MDR-TB. Calls for advances in gene-
based technology are not motivated only to shorten delays but also to increase reliability
(20, 21, 23). The understanding of mutations conferring resistance to TB is still

exiguous.

Errors in regimen designing
With the advent of standard treatments for MDR-TB the likelihood of errors had

decreased. But the accessibility to treatment is still reduced even for those already
diagnosed. Backlogs for treatment are frequent especially in poor countries where
treatment is only available in one centre. The indirect and emotional costs are high and
can discourage patients to start in the formal sector and care is seek in the private sector.
Not only, but in these conditions the classical errdiadfling a single drug to a falling
regimen” tends to happen. This approach is valid for other infectious diseases but for
TB or HIV drives to resistance amplification (24, 25). This practice seems to thrive in
under trained clinicians. In addition, variants of this error where found for
compassionate reasons. Often the same previously unsuccessful treatment (RHZE) is
prescribed with the only one or two newly available drugs (E.g. Ofloxacin +
Ethionamide). Resistance may emerge in months. When the rest of the treatment arrives
in the country (e.g. Kanamycin + Cs), these drugs are added to the previous regimen to
which the bacilli population is already resistant. After all these sequential
monotherapies or weak combinations, patients end up developing resistance to all drugs
given. In many countries in the past, quinolones and Amikacin were the only SLDs
available. These practices might be among the causes of the current XDR-TB epidemic
(3). MDR-TB treatment should be basedaireast four effective drugshich are new

drugs or drugs with susceptibility confirmed by DST (3). All drugs should be gitven

the same timeSequential addition of drugs over the course of several months will result

in opportunities for resistance amplification. Avoid whenever possible to start treatment
if 3 or 4 effective drugs are not available. In any case a new generation quinolone
(preferentially high dose) and an injectable should be the core of the regimen (26).

Availability of SLDs is a neglected issue. Once stock-outs occur, clinicians must

manage the best they can to offer a solution sometimes leading to inappropriate drug
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regimens and switches (4). Stock outs are unfortunately frequent even for FLDs (27).
Well-organized MDR-TB programmes often have to struggle to procure SLDs.
Expiration dates are reduced and shipment delays high. Reliable information systems
are critically needed for meticulous forecasting. SLDs supply chain is highly complex,
new for most programs and sometimes overlooked. Innovative strategies, such as the
creation of regional SLD banks or formal inter-country procurement and distribution

networks, would help.

Errors in treatment delivery
Treatment delivery in LMICs usually relays in already overburden and low trained

physicians or nurses. According to our observations, errors in treatment delivery seem
to be increasing and might be a key factor for the high default, failure and death rates
among MDR-TB patients. The close follow up during the 20-24 months of treatment is

difficult to maintain, especially in resource constrained health systems.

Not only the length but side effects are another major cause of default (28). Currently,
side effects are always to be expected when treating MDR-TB. Fortunately, most are
easily treatable and rarely life-threatening (3). Prescribe ancillary treatment (mostly
proton pump inhibitors or anti-H2), provide drugs with light meals, and drug ramping
are suitable approaches (29). In many MDR-TB sites visited, ancillary drugs simply do
not exist or patient can not afford them. In these situations the approach to reduce side
effects is to reduce drug dosage especially group 4 drugs (see Table 1). Definitely side
effects are reduced but treatment efficacy is reduced too. Decreasing dosage even by
just one third, dramatically reduces effectiveness (3). Sub-therapeutic dosage of
companion drugs end up creating masked monotherapies of quinolones in the
continuation phase. Failure with quinolone resistance was observed under these
circumstances.

In some programmes, clinicians were reluctant to use injectables. Certainly, irreversible
hearing loss is a real and frequent limitation. Additionally, intramuscular injections in
malnourished patients can be very painful. Renal insufficiency and electrolyte
abnormalities can be dangerous on the HIV patients. However, not using or very early
injectable withdrawal without culture conversion dramatically reduces cure chances (3,
30). We have observed withdrawals after 1 or 2 moths from initiation due to patient

complain. In many instances these practices led to quinolones and other drugs resistance
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amplification during the continuation phase. To avoid toxicity and reduce cost,

injectables can be use three times per week instead of daily (3). Though, whether
effectiveness is fully comparable remains controversial (31, 32). Capreomycin, less
ototoxic and not teratogenic, can be used in patients with personal or family history of
hearing loss (3). To avoid painful shots, intravenous application through peripheral

catheter is safely and effectively used in many programmes. The current recommended
length of injectable varies from 4 to 8 months (3, 30). More studies are needed to

ascertain the earliest moment to stop the injectable.

Generally, clinicians have to make a pragmatic decision whether to prioritize side
effects or MDR-TB management: if the patient is not correctly treated from TB most

likely will die by TB. More attention has to be put in side effect management.

Another issue deserving more attention is adherence during the continuation phase. It
was recurrently observed poor or no DOT for MDR-TB cases. Another variation of this
error is having DOT on the continuation phase but keep drug delivery split as it was
when the patient was in the hospital (e.g. drugs every 8 hours) ending up with DOT
only for a part of the regimen. In some settings, MDR-TB cases were referred to
untrained units with just a short letter and a box of pills. Health centre staff was afraid
of these patients and unable to manage their side effects. Careful communication
between hospital, peripheral centres and social workers are strong pre-requisites for a
successful MDR-TB programme. Side-effects management and training for the staff
delivering the continuation phase is rarely included in budgets. There is no sense in
starting an expensive and toxic MDR-TB treatment if the continuation phase can not be

assured.

Infection control conditions in peripheral centres tend to be poor or inexistent. A strong
impulse in prevention through infection control is as well need especially in setting with
high HIV or DM prevalence. Drug-drug interaction is something that may require major
awareness in HIV-MDR-TB coinfected patients as communication between the
different experts.

Overall, there is a great need for less toxic and shorter treatments for MDR-TB.

Experiences with 9 months MDR-TB regimens are encouraging. With high efficacy and
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being more simple and shorter, would probably reduce delivery errors and may increase

the final effectiveness (28).

Conclusions
MDR-TB management in LMICs is challenging but feasible and necessary. Throughout

visits to programmes both clinical and programmatic errors were often detected. MDR-
TB management is something new for most TB programs and is demanding for

countries with scarce economic and human resources. Nonetheless, the starting point of
many of these errors is a lack of training. To avoid preventable deaths, drug resistance
amplification and primary resistance spread into the community, comprehensive
understanding of TB disease is needed. Several mistakes are linked to misconceptions in
diagnose, regimen design and especially treatment delivery. Rising awareness on the
common errors observed may benefit patients and programs in scarce resource settings.
Nonetheless, until MDR-TB diagnosed and treatments are much more simplified similar

errors will continue be observed in field technical assistance visits.
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Box 1. Common errors in MDR-TB management and potential ways solved them

ERROR

| PROBLEM / REASONING

| WHAT TO DO

Errors in diagnose

1. Over- «  Chronic cases and failures to category Il treatmgn¢  Before starting MDR-TB treatment, perform a good clinical
diagnose of are the main risk groups for MDR-TB. history including adherence and drugs used in the past.
MDR based |+  Frequently, complicated cases are labelled as | »  Whenever possible, perform smear, culture, DST and specie
on clinical MDR-TB, and SLDs treatment is started without identification to rule out all differential diagnosis possibilities
facts resistance confirmation. « In severe clinical conditions and HIV infection on a high risk
MDR-TB patient staring SLDs treatment while waiting the results
might be life-saving
2.Complete | « Regular DST is most reliable for R and H and » DST interpretation should be done according to patient history of
credibility to acceptable for FQ and injectables. drugs taken in past, searching for real or covered monotherapjes.
DST e ltis currently not recommended for group 4 and b«  New genotypic DST are an advance in terms of rapidity and
drugs. probably reliability at least for RIF resistance
* Perform DST only ones when assuming failure
Errors in regimen designing
3.Adding a To create resistance, two conditions are necessary: [L  Start treatment with at least 3-4 effective drugs (always including
single drug a | High bacillary load (e.g. cavitary lesions, bilateral a new generation quinolone and an injectable)
failing disease). 2. Monotherapy. At ambient pressure, natural  Avoid sequential introduction of drugs
regimen mutant resistant bacilli are selected among the bacillary
load. Often, over a non-curative treatment, a single drug
is added resulting in a masked monotherapy.
4. stock out | SLDs shortages are frequent. Sometimes clinicians gre  Careful planning and drug provision may be done by
and further forced to change treatments based on drug availabilify. ~ pharmacologists or specialist.
improvisation | Treatment shifts and improvisations are not always | «  Avoid treatment improvisations as possible. The drug selection
adequate and in many instances lead to amplification) of  should follow a rational order.
the resistance pattern.
Errors in treatment delivery
5. Lack Lack of ancillary drugs or training in side effects * Intensive use of ancillary drugs
adequate recognition especially during the intensive phase «  Provide treatment with light meals
management «  Drug ramping
of SLDs side
effects
6. Suboptimal | Due to side effects, sometimes dosage is reduced e Maintain drugs all drugs at recommended dosage unless there are
dosage especially for group 4 drugs. When dosages are sub- life-threatening side effects
therapeutic become ineffective, leading to masked | «  Take into account drug-drug interaction especial in TB/HIV
monotherapy coinfected patients
7. Early When the injectable is withdrawn too early, the bacillary ~ Maintain injectable for 4-6 months or until culture conversion.
injectable load could remain high which is one of the premises to.  In conditions like hearing loss or pregnancy capreomycin use |s
withdrawal resistance amplification. Without injectablea and with preferred.
high bacillary burden treatment turns less effective and If shot are painful, intravenous infusion can be used.
eventually resulting in further resistances and failure.| « |y case of toxicity injectable 3 times per weak instead of weekly
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may offer similar effectiveness

8. No DOT

DOT, adherence and side effect management tend tg ke Train the staff managing the continuation phase and provide

acceptable during hospitalisation. Conversely, all carj be ancillary treatment and socio-economic support during

suboptimal during the ambulatory phase, leading to continuation phase.

default.

centres.

e Strengthen the communication between hospital and health c¢3

\re

DST: drug susceptibility test; FLDs: first line drugs; FQ: fluoroquinolones; H: isoniazid; R: rifampicin; SLDs: second

line drugs; Sm: streptomycin

Table 1. Rational classification of anti-tuberculosis drugs. Adapted from: (3, 4, 7)

Fluoroquinolones

GROUPING DRUGS

Group 1: Isoniazid; rifampicin; ethambutol; pyrazinamide
First line oral agents

Group 2: levofloxacin; moxifloxacin; gatifloxacin; ofloxacin

Group 3: Injectable
agents

Capreomycin; kanamycin; amikacin streptomycin

Group 4:
Oral bacteriostatic
second-line agents

ethionamide; protionamide; cycloserine; terizidone; p+
aminosalicylic acid (PAS)

Group 5:
Agents with unclear
efficacy

clofazimine; amoxicillin/clavulanate; linezolid,;
imipenem/cilastatin; thioacetazone; clarithromycin; hig
dose isoniazid

Jh-

New agents

bedaquiline, delamanid

108



11. Anexos

REFERENCES

1. WHO. Global tuberculosis report 2012. Geneva,

Switzerland. WHO/HTM/TB/2012.6 2012.

2. Raviglione MC, Smith IM. XDR tuberculosis--implications for global public
health. N Engl J Med. 2007 Feb 15;356(7):656-9.

3. WHO. Guidelines for the programmatic management of drug-resistant
tuberculosis. An Emergency Update. WHO/HTM/TB/2008.402. Geneva. Switzerland:
WHO; 2008.

4. Caminero JA. Treatment of multidrug-resistant tuberculosis: evidence and
controversies. Int J Tuberc Lung Dis. 2006 Aug;10(8):829-37.

5. WHO. Multidrug and extensively drug-resistant TB (M/XDR-TB): 2010 global
report on surveillance and response.

WHO/HTM/TB/2010.3; 2010.

6. Seita A. The critical challenge in tuberculosis programmes: are we thinking
critically? Int J Tuberc Lung Dis. 2009 Dec;13(12):1444-6.

7. Monedero I, Caminero JA. MDR-/XDR-TB management: what it was, current
standards and what is ahead. Expert Rev Respir Med. 2009 Apr;3(2):133-45.

8. IUATLD. Management of Tuberculosis. A guide to the essentials of good
practice. Sixth edition ed. Paris, France: nternacional Union Against Tuberculosis and
Lung Diseases (The Union); 2010.

9. Mitchison DA DJ. Bactericidal mechanisms in short-course chemotherapy. Bull
Int Union Tuberc. 1978;53:254-9.

10. Keshavjee S, Farmer PE. Tuberculosis, drug resistance, and the history of
modern medicine. N Engl J Med. 2012 Sep 6;367(10):931-6.

11. Caminero JA. Multidrug-resistant tuberculosis: epidemiology, risk factors and
case finding. Int J Tuberc Lung Dis. 2010 Apr;14(4):382-90.

12. Yagui M, Perales MT, Asencios L, Vergara L, Suarez C, Yale G, et al. Timely
diagnosis of MDR-TB under program conditions: is rapid drug susceptibility testing
sufficient? Int J Tuberc Lung Dis. 2006 Aug;10(8):838-43.

13. WHO. Treatment of tuberculosis: guidelines — 4th ed. WHO/HTM/TB/2009.420
Geneva, Switzerland; 2009.

14. Menzies D, Benedetti A, Paydar A, Martin |, Royce S, Pai M, et al. Effect of
duration and intermittency of rifampin on tuberculosis treatment outcomes: a systematic
review and meta-analysis. PLoS Med. 2009 Sep;6(9):e1000146.

15. Caminero JA. Management of multidrug-resistant tuberculosis and patients in
retreatment. Eur Respir J. 2005 May;25(5):928-36.

16. Kim SJ. Drug-susceptibility testing in tuberculosis: methods and reliability of
results. Eur Respir J. 2005 Mar;25(3):564-9.

17. Iseman MD. Treatment of multidrug-resistant tuberculosis. N Engl J Med. 1993
Sep 9;329(11):784-91.

18.  Canetti G. Present aspects of bacterial resistance in tuberculosis. Am Rev Respir
Dis. 1965 Nov;92(5):687-703.

19. Kim SJ, Espinal MA, Abe C, Bai GH, Boulahbal F, Fattorin L, et al. Is second-
line anti-tuberculosis drug susceptibility testing reliable? Int J Tuberc Lung Dis. 2004
Sep;8(9):1157-8.

20. Van Deun A, Matrtin A, Palomino JC. Diagnosis of drug-resistant tuberculosis:
reliability and rapidity of detection. Int J Tuberc Lung Dis. 2010 Feb;14(2):131-40.

21. Richter E, Rusch-Gerdes S, Hillemann D. Drug-susceptibility testing in TB:
current status and future prospects. Expert Rev Resp Med. 2009;3(5):497-510.

109



11. Anexos

22.  WHO. Policy guidelines on drug-susceptibility testing (DST) of second-line
antituberculosis drugs. WHO/HTM/2008.392

Geneva; 2008.

23. WHO. Prepublication: Framework for Implementing New Tuberculosis
Diagnostics. 2010 [cited 1st of September 2010]; Available from:
http://www.who.int/tb/dots/laboratory/whopolicyframerk july10.pdf

24.  Caminero Luna JA. Paris. A tuberculosis guide for specialist physicians Ref
Type: Serial (Book,Monograph) ed. Paris, France Imprimerie Chirat. : International
Union Against Tuberculosis and lung Diseases 2004.

25.  Caminero JA. Likelihood of generating MDR-TB and XDR-TB under adequate
National Tuberculosis Control Programme implementation. Int J Tuberc Lung Dis.
2008 Aug;12(8):869-77.

26.  WHO. Guidelines for the programmatic management of drug-resistant
tuberculosis - 2011 update. WHO/HTM/TB/2011.6. Geneva, Switzerland; 2011.

27. Rusen ID, Harries AD, Heldal E, Mace C. Drug supply shortages in 2010: the
inexcusable failure of global tuberculosis control. Int J Tuberc Lung Dis. 2010
Mar;14(3):253-4.

28. Van Deun A, Maug AK, Salim MA, Das PK, Sarker MR, Daru P, et al. Short,
Highly Effective, and Inexpensive Standardized Treatment of Multidrug-resistant
Tuberculosis. Am J Respir Crit Care Med. 2010 Sep 1;182(5):684-92.

29. PIH. Guide for the treatment and Management of MDR-TB. Boston,
Massachusetts Partners In Health; 2003.

30. IUATLD. Management of tuberculosis. A guide to essentials of good practice.
Sixth ed. Paris; 2010.

31. Peloquin CA, Berning SE, Nitta AT, Simone PM, Goble M, Huitt GA, et al.
Aminoglycoside toxicity: daily versus thrice-weekly dosing for treatment of
mycobacterial diseases. Clin Infect Dis. 2004 Jun 1;38(11):1538-44.

32. de Jager P, van Altena R. Hearing loss and nephrotoxicity in long-term
aminoglycoside treatment in patients with tuberculosis. Int J Tuberc Lung Dis. 2002
Jul;6(7):622-7.

110



11. Anexos

Anexo 3. Treatment of patients with M/ XDR-TB. Management of
patients with M/XDR TB in Europe. A TBNET consensus statement.

Jose A. Caminero, ME,
Kwok-Chiu Chang, MD, MSt
Ignacio Monedero, MD, MP#&*
Anna Scardigli, MD?
Wing-Wai Yew, MD®

! Department of Pneumology. Universitary Hospital of Gran Canaria “Dr.Negrin”.Las
Palmas de GC. Spain;

2 Multidrug-Resistant Tuberculosis Unit. International Union against Tuberculosis and
Lung Disease (The Union)

% Tuberculosis and Chest Service, Department of Health, Hong Kong, China

“ Universitat Autdbnoma de Barcelona (UAB)/Departament de Pediatria, Ginecologia i
Medicina Preventiva

® Department of Microbiology, The Chinese University of Hong Kong, Hong Kong,
China

Running Head: Treatment of MDR-TB/XDR-TB
Key words: MDR-TB, multidrug-resistant, treatment, tuberculosis, XDR-TB
Main Text Word count (without bullet points): 1565

Introduction

Drug-resistant tuberculosis (DR-TB), especially rifampicin-resistant TB, has
become a major challenge of TB control worldwide. With high bactericidal and
sterilizing activities, rifampicin is by far the least toxic and most active TB drug that
also plays an important role in preventing drug resistance. When it is not possible to use
rifampicin, the treatment duration should be prolonged to 12-18 months, and the
prognosis may be less favorabl@®wing to the importance of rifampicin, bacillary
resistance to rifampicin is included in the definition of multidrug-resistant TB (MDR-
TB), which denotes bacillary resistance to both isoniazid and rifampicin. As rifampicin
monoresistance is rare except in HIV-infected patients, rifampicin resiggenegally
serves as a surrogate marker of MDR-TB (1). Among second-line drugs (SLD), newer-
generation fluoroquinolones (FQs) have demonstrated prominent bactericidal (2) and
sterilizing activities (3). Bacillary resistance to FQs clearly influences the prognosis in
extensively drug-resistant-TB (XDR-TB) (4;5), which is MDR-TB with additional
resistance to any FQ and at least one second-line injectable drug (SLID).

Regardless of the drug resistance pattern, all TB forms should be treated with a

combination of drugs (to avoid drug resistance) for a sufficient duration (to avoid
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treatment failure or relapse). The number of drugs in a multidrug regimen and the total
treatment duration depend on the bactericidal and sterilizing activities of the TB drugs
included (4). Availability of drugs that are likely to be effective decreases as drug
resistance becomes more extensive.

In this chapter we will provide some principles in the treatment of MDR-TB/XDR-
TB.

Number of Drugs for Treating MDR-TB/XDR-TB

If M.tuberculosisis fully susceptible to all the TB drugs used in a regimen, two
active drugs (core drugs), such as isoniazid and rifampin or FQ and SLID, are probably
adequate for cure (4). In the treatment of MDR-TB, it is advisable to give at least four
drugs that are known or likely to be effective against the drug-residtamiberculosis
strain harboured by the patient. If possible, at least two of these should be core drugs
(FQ and SLID), with the rest being accompanying drugs that may help protect the core
drugs in the initial phase when bacillary load is high (5).

What Drugs to Treat MDR-TB/XDR-TB

Drugs not previously used by the patient or those mithitro activity based on
drug susceptibility testing (DST) results are more likely to be effective. For this reason,
a detailed drug history is important for formulating the MDR-TB regimen (6). It is very
important to highlight that the clinical reliability of DST (concordance between in vitro
andin vivo’ activity) is very good for isoniazid and rifampicin, good for FQs and SLID,
and low or uncertain for the other drugs (6-8). Drugs that are likely to be effective are
then included in the MDR-TB treatment regimen according to the hierarchy described in
Table 1.1t is not necessary to choose more than one drug from each of Group 2 (newer-
generation fluoroquinolones) and Group 3 (SLID) (1;11).

In case of FQ-resistant MDR-TB and XDR-TB, Group 5 drugs, notably high-
dose isoniazid and linezolid, are likely required. High-dose isoniazid (16-20 mg/kg) is
likely effective when isoniazid minimal inhibitory concentration (MIC) < 1 mg/L, and
probably beneficial when isoniazid MIC < 5 mg/L. Linezolid is a oxazolidinone that has
been used off-label in the treatment of FQ-resistant MDR-TB and XDR-TB (Table 1)
(11-14). Despite high costs and substantial toxicity (especially neurotoxicity after

prolonged use) (14;15), a recent meta-analysis demonstrated that 81.8% among 121

112



11. Anexos

MDR/XDR-TB patients given linezolid-containing regimens were successfully treated
(9). Price is a practical problem that may be partly resolved by using a non-proprietary
source (10), provided that drug quality can be assured. Neurotoxicity may be
ameliorated by reducing the dosage (11), although the best dosing schedule of linezolid
in the treatment of MDR-TB is still uncertain(17;18).

Treatment duration of an MDR-TB Treatment Regimen

In the treatment of MDR-TB, the initial phase is defined by the duration of
treatment with a SLID, which has lately been recommended by the World Health
Organization (WHO) to be at least 8 months on the basis of very low level of evidence
(19;20). In practice, the duration may also vary according to the potency of other drugs
in the regimen, the bacteriological status of the disease, and tolerance by the patient. If a
regimen also contains three effective drugs from Groups 1, 2 and 4 (Table 1),
respectively, the SLID may be stopped after confirming sputum culture conversion (2
consecutive negative cultures with a month of difference) , especially when there are
signs of otovestibular or renal toxicity. In case of delayed culture conversion (> 3
months), the IP may be prolonged up to 6 months after culture conversion.

WHO has recommended that the total treatment duration be at least 20 months
(12;13). This is consistent with giving treatment in the continuation phase for 12-18
months after culture conversion.

The possibility of shortening the total treatment duration to a minimum of nine
months has been suggested by a recent publication from Bangladesh, which showed
high relapse-free cure rates approaching 88% by a gatifloxacin-based regimen (14).

However, these patients were predominantly SLD naive.

Ideal treatment regimen for MDR-TB/XDR-TB

Due to the complexity of the decisions, the choice of a MDR-TB
treatment regimen is preferably formulated under the guidance of experienced clinicians
with due reference to internationally accepted guidelines (1;12;13). In several countries,
secure websites have been established and hosted by experienced health care
professionals to discuss treatment decisions and clinical course of MDR-TB/XDR-TB

patients with “consilia” via emails (15).
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Treatment of MDR-TB/XDR-TB can be standardized with individualization
according to contact history, drug history and DST. Based on clinical evidence from
non-XDR MDR-TB patients, WHO has recommended a standardized MDR-TB
treatment regimen that consists of pyrazinamide plus four drugs, namely, a FQ (such as
moxifloxacin or high-dose levofloxacin), a SLID, a thioamide (ethionamide or
prothionamide), and one more oral bacteriostatic drug (preferably cycloserine)
(1;7;11;19;20). WHO has recommended use of pyrazinamide (conditional
recommendation, very low quality evidence) without pyrazinamide susceptibility testing,

which is technically difficult and often not performed.

To facilitate formulation of second-line treatment regimens, DR-TB patients can
be classified into three subgroups: (A) new patients with a contact history of DR-TB, (B)
new patients with no contact history or previously treated patients with exposure to only
first-line drugs (FLD), and (C) previously treated patients with exposure to both FLD
and SLD.

(A) New patients with a contact history of DR-TB
With a contact history of DR-TB, new DR-TB patients should initially receive
the same regimen as the putative index case (5;16;17), with possible individualization

according to the patient’s DST results.

(B) New patients with no contact history or previously treated patients with
exposure to only FLD

These patients should receive the WHO MDR-TB standardized regimen, which
can be individualized according to the patient’'s DST results. However, in MDR-TB
high-prevalence settings, it may be necessary to modify the WHO MDR-TB
standardized regimen according to the local drug resistance pattern, especially when the

prevalence of bacillary resistance to FQ/ SLID is high.

(C) Previously treated patients with exposure to both FLD and SLD

Treatment should always be individualized with reference to the drug history
and the patient’'s DST. Drugs from Group 5, notably linezolid and high-dose isoniazid,
and perhaps clofazimine, should be duly considered in the treatment of XDR-TB/ FQ-
resistant MDR-TB.
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All TB patients including those with XDR-TB have a chance to be cured (18).
The chance of cure increases with rapid diagnosis and prompt treatment using effective
multidrug regimens in a well-functioning TB program that is built on the DOTS strategy

and drug-resistance programmes (1;19).

New drugs

New drugs that have been evaluated for the treatment against TB in clinical
phase II-lll include linezolid, bedaquiline (TMC207), delamanid (OPC-67683) and PA-
824 (20). Of the new compounds, delamanid and PA-824 are two nitroimidazopyrans
with encouraging trial results to date (25-27). Delamanid is promising with a good early
bactericidal activity in the phase 1 studies (21). It also demonstrated efficacy as an add-
on to a MDR-TB backbone treatment regimen in one recently published randomized
placebo controlled phase llb study(22). Another very promising compound in clinical
phase llIb is the diarylquinoline bedaquiline, which inhibits the proton pump ATP
synthase oM. tuberculosisBedaquiline and is active against drug-sensitive and drug-
resistant strains d¥l. tuberculosian pre-clinical evaluations. The published results of a
phase llbclinical trial with bedaquiline as add-on to a MDB-backbone treatment
regimen showed significant improvement in the rate of culture conversion by 2 months
(29).

Surgery in the treatment of MDR-TB/XDR-TB
In the great majority of patients with pulmonary T&irgery is not indicated.

Adjunctive lung resection should be considered when these critera are all met: (1) a
fairly localized lesion with an adequate postoperative respiratory reserve; (2) drug
therapy per se cannot ensure cure, and (3) effective drugs are available to facilitate
postoperative healing of the bronchial stump (23). Thus adjunctive surgery may be
justifiable in carefully selected patients with XDR-TB/ FQ-resistant MDR-TB. It cannot
be overemphasized that surgery should be performed by experts with support by

intensive care units to reduce perioperative morbidity and mortailty (5;16).

Conclusions
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The majority of patients with MDR-TB can be cured. With the emergence of
FQ-resistant MDR-TB and XDR-TB, treatment has become more difficult and costly
with favorable outcomes rarely exceeding 50-60%. Early diagnosis and appropriate

treatment are urgently needed to improve the treatment of MDR-TB/XDR-TB.

Bullet point statements

1. All TB patients including XDR-TB have a chance to be cured. The chance of
cure increases with rapid diagnosis and prompt treatment using effective
multidrug regimens in a well-functioning TB program that is built on the DOTS
strategy and drug-resistance programs.

2. Treatment of MDR-TB/XDR-TB can be standardized with individualization
according to contact history, drug history and DST.

3. At least four TB drugs that are known or likely to be effective should be given.
Drugs not previously used by the patient or those imitvitro activity based on
reliable DST results are more likely to be effective.

4. The selection of effective TB drugs to be included in a DR-TB regimen should
follow a hierarchy of drug groups (Table 1).

5. In MDR-TB high-prevalence settings, it may be necessary to modify the WHO
MDR-TB treatment regimen according to the local drug resistance pattern,

especially when the prevalence of bacillary resistance to FQ/ SLID is high.
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Table 1. Rational and sequential categorisation of drugs used in the treatment
of DR-TB
Daily dosage unless specified otherwise
1. First-line oral antituberculosis drugs *
* Use all possible drugs.

- Ethambutol (E) 15-25 mg/kg

- Pyrazinamide (2) 25-35 mg/kg
2. Newer-generationFluoroquinolones **

** Use only one, since they share genetic targets.

- Levofloxacin (Lfx) 15 mg/kg (750-1000 mg)
- Moxifloxacin (Mfx) 7.5-10 mg/kg (400 mg)
3. Second-line Injectable drugs (SLID) ***

*** Jse only one, since they share very similar genetic targets.

- Amikacin (Am) 15 mg/kg
- Capreomycin (Cm) 15 mg/kg
- Kanamycin (Km) 15 mg/kg

4. Oral bacteriostatic second-line agents ****
**xx Use all possible drugs when necessary.
- Ethionamide (Eto)/Prothionamide (Pto) 15 mg/kg
- Cycloserine (Cs)/Terizidone(Trd) 15 mg/kg
- para-aminosalicylic acid (PAS) 200 mg/kg (split into 2-3 doses per day)

5. Other less effective drugs or drugs with limited clinical experience *****
*xxk Use all possible drugs if necessary, especially linezolid, clofazimine and

consider high-dose isoniazid.

- Linezolid (Lzd) 600 mg

- Clofazimine (Cfz) 100 mg

- High-dose isoniazid (hdH) 16-20 mg/kg

- Amoxicillin (Amx)/Clavulanate (Clv) 875/125 mg BD
- Meropenem/Clavulanante 500-1000 mg TID
- Clarithromycin (Clr) 500 mg BD

- Thioacetazone (Thz) 150 mg

& adapted from Caminero JA, Sotgiu G, Zumla A, Migliori GB.Best drug treatment for multidrug-

resistant and extensively drug-resistant tuberculosis. Lancet Infect Dis 2010;10:621-9
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Anexo 4. Guideline for the Clinical and Operational Management of
Drug Resistant Tuberculosis.

Chapter 7. TB infection control - minimal requirements given
limited resources

Ignacio Monedero, Paula I. Fujiwara, Riitta A. Dlodlo

Abstract
Infection control is a package of measures focused on stopping the transmission of TB

in hospital or other congregating settings. It comprises 3 key measures: administrative,
environmental and protective measures. Administrative measures the most important
and preventive ones, covers a variety of public health activities like accurate and timely
TB diagnosis, isolation of TB patients or suspects, prompt initiation of anti-TB
treatment and development of risk assessment and infection control plans and staff and
patient education. Usually this measures yield great benefit in TB infection prevention
at a much reduced cost and able to be done even in the most difficult scenarios.
Environmental measures tend to reduce the concentration of infective particles in the
facilities where TB patients or suspect are. Protective measures are aimed to reduce the
likelihood of infection in settings where the other two packages of measures can not
reduce infection risk. Usually seen as the most important by health care workers,
protective measures presents several caveats that turn down their effectiveness in the
field. Prevention of TB through infection control should be prioritized, especially in
health facilities where HIV-positive, children or patients with other
immumodeficiencies are attended. Considering the suffering and prices of MDR-TB
treatments just avoiding 1 MDR-TB case turns infection control into extraordinary cost

effective (especially administrative measures).

Introduction
TB infection control is a combination of measures aimed at minimizing the risk of

transmission of TB bacilli within populations. Despite having wide evidence of the
important role of transmission of TB especially in hospitals it wasn't after the deathly
outbreaks of XDR-TB in HIV populations in South Africa that this aspect achieved the
relevance that have nowadays. Infection control is currently one of the crucial points in

the package of measures to prevent MDR-TB and is as well included among the
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measures to reduce the burden of TB among the HIV patients. Transmission of TB
bacilli is a frequent problem in congested health facilities with poor infection control
measures and it is a big concern in settings with a high TB prevalence. TB infection
control has become a major challenge in the era of multidrug-resistant (MDR) or
extensively drug-resistant (XDR) TB that are serious conditions with limited treatment
options. It was previously though that resistant strains presented a much reduced
capacity of transmission. However, many studies alert of similar risk of transmission on
MDR-TB and even XDR-TB strains on immune competent but especially in immune-
comprise population. But, the recent outbreaks of XDR-TB among HIV infected
patients with high death rates have highlighted the relevance of primary resistance
transmission on resistant strains and the importance of these non-purely clinical
preventive measures. Not only among the HIV-infected but also other immune-
compromised patients, such as individuals with Diabetes Mellitus (DM) seem to present
higher likelihood of becoming infected during a contact with a TB patients and have as

well greater risk of developing an active TB disease after being infected with M. tb .

The key activities for TB infection control are: administrative, environmental and
respiratory protection. This is the hierarchy of the control measures and indicate the

activities to be carried out in their order of priority.

* Administrative controls are managerial and work practices aimed at reducing
the risk of exposure of TB bacilli to patients and health care workers. These
include putting in place policies and plans for infection control; changing the
manner in which tasks are performed at health facilities e.g. screening patients
for TB and triaging them for fast tracking or separation; screening and
protecting health care workers from TB and monitoring and evaluation of TB
infection control interventions.

* Environmental controls aim at reducing the concentration of infectious
particles in the air space shared by patients and health workers. These include
natural ventilation, use of fans, ultra-violent germicidal irradiation (UVGI) and
the use of filters.

* Respiratory protection/personal protection means personal protective
equipment used to protect health workers working in high risk areas for

transmission of TB bacill. These include use of respirators that have the
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capacity to block entry by particles of the size of aerosoliMgdobacterium

tuberculosis

Prevention of TB through infection control should be prioritized, especially in health
facilities for HIV-positive patients and persons with diabetes mellitus (DM) and other
immumodeficiencies, congregate settings (places where people are brought together, for
example, for health services or incarceration). This chapter focuses on TB infection
control within health care facilities but many of the measures are applicable to other
congregated settings. Considering the suffering and prices of MDR-TB treatments just
avoiding 1 MDR-TB case turns these activities into extraordinary cost effective

(specially administrative measures).

Basic concepts regarding propagation of Mycobacterium tuberculosis
TB propagation is not solely a pathogenic issue, but is widely influenced by other

factors. Same basic knowledge on how infection happens is valuable to understand how
it can be controlled.
* Virulence: the capacity of the pathogen to cause disease from infection. This
depends mainly on a pathogen’s ability to escape the human immune system.
» Transmissibility: the capacity for an index case to infect other persons. It
depends on patient’s behaviour and contact opportunities, disease presentations
(a person with a cavitary TB disease is more likely to transmit TB bacilli to
another person than a person without a cavitary TB) and environmental
conditions
* Fitness: These concepts merge the concepts of virulence and transmissibility
and try to reflect the infectiousness of a determinate TB strain. Similar to the
basic reproductive number, fitness measures the number of secondary cases
caused by an individual infected soon after disease introduction into a
population with no pre-existing immunity to the disease in the absence of

interventions to control the infection.

Based on laboratory experiences, previously it was thought that MDR-TB strains, being
a mutant sub-selection of bacillary poppulation, had a much reduced fithess compared
to drug susceptible strains. However, according to recent studies, it appears that fithess

of MDR-TB strains are at least similar to susceptible ones. In fact, similar fithess was
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found among susceptible and MDR-TB strains in settings were MDR-TB was common.
At the same time, highly virulent strains like Beijing are associated with MDR-TB in

many areas.

In addition patients with MDR-TB in many parts of the world receive inappropriate
treatment regimens that do not cure the patient but prolong their lives and amplify the

resistant pattern in the community.

To appreciate the prevention of TB, of which TB infection control is one of the
measures, the basics of thele of transmission of TB bacilli needs to be understood:

1. The source of TB bacilli is a coughing person. Individuals with the most frequent and
strongest cough are the ones with the highest capacity to infect others. In addition, those
who have smear-positive tuberculosis especially with cavitary disease and are not on
effective anti-TB treatment have an increased chance to spread TB bacilli.

e To reduce the opportunity for transmission Mf tuberculosis, a mask or
handkerchief should be offered to patients, who should be educated to cover
their mouths and noses when coughing. This is called ‘cough hygiene’ or ‘cough
etiquette’ and it is one of the simplest, cheapest and most effective measures to
limit the number of droplet nuclei in the environment. Also, coughing patients
should be quickly identified and separated from others. Rapid diagnosis and
early and correct treatment lead to a quick decrease in the bacillary burden and
limit the patient’s infectious capacity and thus the number of contacts that may
get infected.

2. After being released into the air in tiny droplets, TB bacilli remain infectious for 2-8
hours depending on the environmental conditions, such as ventilation and availability of
sun light. In conditions with poor ventilation and insufficient sun light, the bacilli may
remain in the air for many hours.

* It is therefore necessary to create environmental conditions that are conducive
for removal or destruction of infectious particles. These conditions include
improved ventilation, natural light or ultra violet, UV light exposure and filters.

3. Once in the environment, the infectious particles and the potential host get in contact
through breathing.

» It is necessary to limit the opportunities for contact between infectious particles

and the potential hosts. Separation of coughing individuals from others is one
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way to achieve this. Personal protection with respirators can also be used by the
health care workers in high risk areas.

4. Once after TB bacilli and potential host have had contact, depending on the virulence
of the strain and potential host immune system, there are two possibilities. i) The
contact may have been effective one and the host infected with TB bacilli or ii) the
contact may have been ineffective and the infection avoided. The risk of infection in
each contact with the TB bacilli depends mainly on host factors that include his/her
immune competence (mainly through the macrophage capacity) and his/her nutritional
status.

e Ideally, persons at risk, such as PLHs and individuals with DM or other
inmunodeficiencies should maintain an adequate nutrition, blood glucose
balance and immune responses due early and effective antidiabetic and
antiretroviral treatment.

5. From the time of infection witiM. Tuberculosis approximately 10% develop TB
disease in their life time though the half of them develop TB disease during the first 2
years after infection. Again immunessgm status play an important role to keep the
infection on a latent state.

* As an individual health measure, TB preventive therapies can be used to prevent
development of active TB disease in persons who have been infected, also said
to have a latent TB infection (LTBI). Whenever possible, optimize nutritional
status, immune status and adequately manage other co-morbidities. In many
instances, like that of recent converters, HIV +ve and children, they may benefit
from treatment for latent TB infection (LTBI). Most current evidence on
treatment of LTBI is based on the use of isoniazid (INH) or INH-rifampicin
(RIF). However, it should be noted that persons infected with MDR-TB strains,

these treatment modalities are unlikely to provide good results.

Infection control measures discussed below play a fundamental role in prevention at

different stages of the transmission cycle of TB.
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1. ADMINISTRATIVE CONTROL MEASURES
Administrative measures are the first priority in TB infection control. They are:

1.1 Accurate and timely TB diagnosis
Identification of suspected TB patients should begin as soon as the patient enters

the clinic or an out-patient clinic in a hospital. Clerks registering patients should be
trained to ask simple questions that identify a TB suspect. These questions include
whether the person has a cough of any duration. Patients with symptoms and signs of
TB should immediately be referred to the nurse overseeing these patients in the clinic.
They should also have access to a designated, well ventilated waiting area. In high HIV
burden countries and settings, apart from cough fever, weight loss and night sweats
should be asked in initial screening for TB. The nurse responsible for triaging may use a
written questionnaire with more detailed questions to identify patients suspected or
confirmed to have TB and the investigations or treatments given to them. The nurse
should ask patients with a cough to cover their mouths and noses with a handkerchief or
tissue paper while coughing and take them to another part of the health facility to
separate them from other patients.

To reduce as much as possible the exposure to others from a potential TB source,
the first thing to do is to identify the potential TB patient with capacity to infect others.

In this way, diagnosing TB as early as possible avoids further risk to the community and

better outcomes for the patient. A fast-tracking system should be put in place to ensure
that TB suspects in need of a medical test or procedure are accompanied to other
departments and not made to wait in the occupied waiting rooms. The receiving

department should be informed in time to minimize delays having the procedures

performed. Whenever possible, tests or procedures that can be done in the isolation
rooms should be done there to minimize the risk of transmission to other patients and
staff.

One of the tests the TB suspects will need is sputum smear microscopy. Patients
should be guided on how to produce the specimen and taken to a ventilated or open air
space to produce the sputum. The specimen should be taken to the laboratory for
microscopy. A system should be put in place to ensure that results are promptly
received and acted on. The patients found to have one or more sputum smear
microscopy results positive should be started on correct anti-TB treatment without delay.

The patients should be provided with a health education session on why this is
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necessary and how it should be done. Frequently patients will indoors mingle with
others during leisure activities (eg watching Television). Ensure they wear a mask

during these times while being smear +ve.

1.2 Separation/isolation of TB patients and persons suspected to have
TB

Persons suspected of having TB should be separated / isolated whenever
possible and a designated waiting area should be arranged, for example, in health
facilities. This is one of the most effective measures to reduce the risk of infection and
propagation of TB in health care facilities. The role of undiagnosed patient in TB

transmission, especially in the emergency services has been largely underestimated.

For patients diagnosed at the community and not treated at the hospital, the same
measures of infection control should be observed at home, especially when babys,
children, elder or HIV infected people is living in the same house hold. Isolation of the
patient in a well ventilated room should be promoted and the use of mask or

handkerchief whenever possible during the two first week of treatment.

1.3 Prompt start of anti-TB treatment
Starting appropriate anti-TB treatment quickly reduces infectiousness. Normally

when the bacilloscopy is negative the transmission is considerably reduced and in this
way, early treatment is one of the most effective ways to reduce the risk of infection in
others. Currently it is thought that in less than 15 days from the start of an effective

treatment transmissibility reduces considerably even when the smear is still positive.

Nonetheless, TB patients should cover their mouths and noses using a surgical
mask or handkerchief when visiting health and other congregate settings for a period of
2 weeks if no drug-resistant TB is suspected. On a practical way, problem arrives when
primary MDR-TB patients receive first-line anti-TB medications. They do not cure their
condition and thus do not stop the transmission of M. tb. In this situation, the smears
and culture will remain positive. Molecular based technology for the diagnosis of TB

and resistance may eventually reduce the time for appropriate treatment initiation.
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1.4 Health facility risk assessment
A risk assessment should be performed in each TB facility and especially in those

managing MDR or XDR-TB patients. This assessment should include the TB

epidemiological indicators (district and health centre) to determine the level of risk.

Also time the actions and procedures that affect risk of infection (time need to perform
and deliver results from sputa time that the patients wait in the waiting areas, etc) while
evaluating the areas of major risk which are usually the diagnostic areas (sputum
collection, sputum induction, bronchoscope, CXR, etc). Perform a sketch of the facility
to analyse how the air, the TB patients and their samples flow helps to identify the risky

areas where infection control has to be improved.

1.5 Development of a TB infection control plan
It is recommended that health facilities have an infection control committee and a

person responsible for infection control, a so called IC focal point or person. This could
be an experienced nurse. Based on the intra-hospital risk transmission evaluation
(previous point) the committee elaborates an action plan that the infection control
responsible has to turn into reality. In each facility, previous to the creation of the
infection control plan, the current practices on each facility should be evaluated to know

what and how practices should be changed.

A proficient infection plan includes a realistic package of specific infection control
activities (starting from administrative control measures) necessary to each particular
setting, while indicate when the activities have to be done and by whom. Basic contents
of an infection plan should comprise:
* How suspected or confirmed infectious TB cases are identified and isolated from
other clients.
» Triaging TB suspects/cases for expedited care.
* How TB suspects will receive TB diagnosis, either at site or through referral
* How the facility minimizes employee exposure to TB.
 How staff are trained and educated on TB symptoms and signs, TB control and
TB infection control.
* The environmental controls that reduce the likelihood of TB exposure and how
they are maintained.

* How employees are protected from TB during high-risk procedures.
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* How employees are screened for TB and how often this is done.
* How follow-ups for employees exposed to TB are conducted.
* How monitoring will be done for TB infection control interventions (include

indicators of process and impact of the activities)

The infection control plan should be written and each health care worker should know
and understand it. For all actions to be performed, a staff person should be assigned the
responsibility to follow up and the staff person’s name should be included next to each

action or set of actions within the TB infection control plan.

1.6 Staff, patient and visitors education
Upon entering a facility with a high risk of TB and especially X MDR-TB, patients,

staff and visitors should understand the risks involved. Both verbal and written
information should be made available to visitors at every visit. Posters depicting basic
TB infection control measures should be displayed in the waiting areas and wards.

Administrative infection control measures should be followed also in emergency

services, medical and other wards where PLHs and patients with DM may be admitted.

2. ENVIRONMENTAL CONTROL MEASURES
Environmental measures are aimed at reducing the number of infectious

particles in the environment where patients or others are. The basic measures to achieve
this include ventilation (natural or mechanical), in full (UVGI) radiation (whether
natural or artificial) and the use of filters. Despite the benefit of environmental
measures, they are not likely to be useful if the fundamental administrative measures are

not followed.

2.1 Ventilation
Ventilation, whether natural or mechanical, allows fresh air to enter a room, which

dilutes the concentration of airborne infectious particles. Thus, ventilation reduces the
likelihood that a person in a room will breathe in air that contains infectious droplet
nuclei. In any ventilated area, the fresh air that enters the room mixes with the air
already in the room. The more effective the mixing of the air, the better the dilution of
airborne pollutants and the higher the reduction in the risk of airborne pathogen

transmission.
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NATURAL VENTILATION: Natural ventilation can be ensured by keeping the doors
and windows open. Since the doors for consultation rooms of health facilities are
usually closed to observe privacy, the windows should be considered for this purpose.
To ensure adequate natural ventilation, the total area of the windows that are opened to
let in or out air should represent the equivalent of 20% of the floor area. Managers of
health facilities should make an assessment of the adequacy of natural ventilation.

Renovations to improve natural ventilation may also be considered if resources allow.

If natural ventilation is not adequate, propeller fans can be used to increase its
effectiveness. Propeller fans mix the air in the room, causing a dilution of infectious
particles by spreading them throughout the room. However, this dilution effect needs to
be combined with a mechanism that continuously allows fresh air to enter the room and
the existing air to leave the room. Replacing room air with fresh air can be adequately
done by keeping windows or doors open. The overall effect is fewer infectious particles
within the room and therefore much reduced risk of TB transmission. A room with an
open window and a fan provides a much safer environment for both the health workers
and the patients. Because propeller fans can be used to encourage air movement in and
out of the room, their positioning is important to maximize their benefit. To determine
the direction of the air movement a smoke test could be done. A smoke test consist in
the use of visible smoke as a monitoring tool to observe the air flow. It can be done for
example burning a bar of incense on an indoor setting. Wherever the smoke goes is
where the air flow and where the potential infective particles go. The clinic staff should

be trained on how to do and interpret a smoke test.

MECHANICAL VENTILATION AND AIR FILTERS: Fans and other devices can be
used to enhance ventilation in settings where natural ventilation is inadequate. Fans
should facilitate quick movement of contaminated air to the outside and the entrance or
fresh air in the facility. The staff and the patients that need to be protected from TB
should be placed in the area of the room where air enters. The patients who are
coughing and likely to spread TB should be placed in the area the air is exhausting by
natural ventilation airstreams or fans. High technology and negative pressure devices
are expensive and need regular maintenance. Hence in developing countries are only

indicated in especial settings like National reference laboratories. Air filters are fixed or
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mobile devices that can clean the air of small settings. HEPA (High-Efficiency
Particulate Air) filters satisfy the main international quality standards and are the ones
recommended in TB settings. Nonetheless, their application in low and middle income
countries offer similar problems as Ultraviolet germicidal irradiation and high-tech
mechanical ventilation as they tend to be expensive, delicate and needing regular and

expensive maintenance by specialist technicians.

2.2 Ultraviolet germicidal irradiation (UVGI)
Ultraviolet radiation being from natural sun light and created by special UV

lamps, inactivates M. tuberculosis containing droplet nuclei in the air. Good natural
lighting of rooms that are visited by patients suspected and confirmed to have TB is
desirable. UVGI devices are special lamps that emit this specific wave length of
radiation. UVGI may be used in a return or exhaust air duct to kill the TB germs so that
the recirculated air is cleaned of infectious organisms. The lamps must be installed at a
height of about 7 feet from the floor to the ceiling. Room fans or a ventilation system
are recommended to mix the disinfected air in the upper portion of the room with the
contaminated air below. When installing UVGI equipment, there should be strict
compliance with the guidelines on the use of UVGI as UVGI may cause temporary
harm to the eyes and the skin. Facility staff should also receive adequate education on
the benefits and risks of UVGI and maintenance of the equipment. Facility staff should
observe strict maintenance of the equipment to minimize the dangers of UVGI and to
ensure that the UVGI is working properly all the time. Although upper air UVGI helps
to dilute the overall room concentration of TB germs, it has little benefit to the health
worker who is in close proximity with the patient, especially in high-ceiling rooms.
Despite being effective the usefulness of these devices in low and middle
income countries is limited as the cost of it is high and the maintenance complicated. In
many countries observed, the maintenance was poor (expired lamps, inappropriate
allocation, dirty...) leading to ineffective germicidal capacity and false sense of security

among the staff.

2.3 Architectural design of new health facilities renovated for DR-TB
To date the best architectural design for DR-TB wards still being the classical

sanatoria model with high roofs, big windows and room for less than 4 patients. This
classical design has demonstrate to present extraordinary for ventilation and bacilli

inactivation by natural and no extra cost measures. In many settings visited, funds were
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allocated for MDR-TB new wards. Conversely, these wards were low ventilated and
enclosed places with a small UV lamp where TB transmission for health care workers

and visitors was higher than in regular TB patient’s wards in old sanatoria style ward.

3. RESPIRATORY PROTECTION/PERSONAL PROTECTION
MEASURES

Personal protective equipment is used in situations where administrative and
environmental control measures are not sufficient to prevent transmission of TB bacilli
to the staff. Staff working in health facilities with low risk of TB transmission do not
need to use personal protective equipment because administrative and environmental
controls are sufficient to protect them.

The correct personal protective equipment for prevention of TB transmission to
health workers is respirators, which are capable of filtering particles of 3 microns
(similar to M. tuberculosissize) with at least a 95% of efficiency. These are the most
commonly used respirators are denominated N95.

Respirators should be used by health workers who are in contact with infectious
TB patients. There are many different types and sizes of respirators. It is important to do
a fit test for the health workers before issuing the respirator. Surgical masks should not
be worn by health workers because they do not protect them from inhaling aerosolized
droplet nuclei.

At the same time, respirators are often bend, crush or simple improperly fit
reducing their effectiveness. Working during hours with a respirator is very
uncomfortable especially when it turns wet and health care workers tend to stop using it.
As not all faces are the same but all users need a respirator that seals with the face
different sizes an models of respirators exist. Use of respirators need te festiseal
capacity. It is commonly known as fit-test where the air leakage should be less than 10%.
However in the field hardly any MDR-TB workers have ever under come a fit —test and usually
only one size of respirators exist if it really exisBverall respiratory protection is often
perceived by the staff as the most important infection control measure but present
important limitations and in the absence of administrative and environmental control
measures, its benefits are limited. As an example in one country visited, all staff used a
respirator when entering the MDR-TB wards, but the wards were connected to other

wards and the medical student’s lecture room by two usually widely opened doors. In
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addition, patients freely moved in the hospital without using a mask. Hence, the

infectious areas were not restricted to the TB wards where clinicians use respirators.

Monitoring and evaluation of Infection control activities
The TB infection control plan is the basis for monitoring and evaluating TB

infection control interventions. Implementation of the infection control plan should be
monitored on a daily basis to ensure that activities written in the plan are implemented.
Each activity within the infection control plan should have a staff assigned to monitor
its implementation.

Implementation of the planned activities should be evaluated and a reassessment
of the level of risk of the health facility should be conducted to determine if the
activities are appropriate or if there is a need to revise the plan in order to reduce the
risk of transmission of TB. The effectiveness of the infection control plan should be
evaluated annually and a responsible of the task named.

Monitoring latent TB infection and TB disease among health care
workers
It is important to monitor the incidence of latent TB infection and active TB disease

among health professional and other staff who work in health facilities. Latent TB
infection can be detected using tuberculin skin test (TST) or PPD (Mantoux test) or
IGRAs if the country have enough economic resources. Comparing the number of
persons with positive reactions over several years gives an overview of nosocomial TB
infection. However, there are limitations to this measurement in that i) its accuracy is
reduced by the fact that staff working in high TB burden countries tend to have positive
TST/ PPDs test results. On the other hand, PPD —ve health care workers should be
especially cautious while working on MDR-TB wards for the risk it involves.

All health workers should be screened for TB symptoms at the time of
recruitment and at least annually. In high-burden settings, all health workers should be
educated about TB symptoms and be encouraged to come forward for evaluation if they
experience any of the symptoms. Health workers that have symptoms of TB should be
investigated without delay. Sputum microscopy examination should be carried out
followed by molecular diagnostic test (if available), chest X-ray and other tests, as
necessary. Health workers diagnosed with TB disease should be started on TB treatment
according to the national guidelines and should be supported to adhere to the treatment.
Knowing one’s HIV status facilitates i) health worker requests to be transferred to less
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risky working areas and ii) health workers to IPT, if found to be HIV-positive. HIV-
positive health workers should also be supported to access antiretroviral treatment. In
addition, clinicians caring for patients with DM should ensure that their patients’
glucose levels are well controlled.

Another useful measure is to calculate the TB rate among health care workers
and the compare it with national TB or MDR-TB rates. If the rate in the hospital is
higher than the national one, it usually means that working in the facility is a risk factor
for TB. This can be easily calculated multiplying the number of patients by 100.000 and
dividing them by the total number of health care workers. From a real example, in a
facility visited from a country with a TB rate less than 80 TB cases per 100,000
population?? 10cases, 2 TB cases (1 susceptible TB and 1 MDR) appeared during the
year. The hospital had an approximate staff of 86 workers. Although two cases per year
do not look like a high number, if calculated as a rate, the hospital had a TB case rate of
2,325 cases per 10B, which was 29 times the country’s rate. The MDR-TB rate was

1,163 cases per 1@hich was probably more 100 times the country’s rate.
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Summary
Tuberculosis (TB) and human immunodeficiency virus (HIV) infection are conditions
that may cause challenges in diagnosis and treatment. TB can present in HIV-infected
individuals with a range of atypical symptoms. In addition, diagnosis with front-line
tests, such as sputum smear microscopy and chest X-rays, is not always reliable when
the immune system is compromised. Without treatment, TB may evolve rapidly in
people living with HIV (PLH) due to immunosuppression and may frequently result in
meningeal, milliary or disseminated TB. These types of TB are associated with poor
prognosis. Additionally, HIV-infected patients are more likely to be affected by MDR
or XDR-TB outbreaks. DR-TB treatment in PLH and in HIV-negative individuals is, in
principle, the same. Certain challenges could arise though when managing PLH with
DR-TB. They include high pill burden, TB-Immune Reconstitution Inflammatory
Syndrome (TB-IRIS), drug-drug interactions and overlapping toxicities and other
opportunistic infections or conditions. DR-TB-HIV patients need prompt diagnosis and
prompt commencement of anti-TB treatment, co-trimoxazole preventive therapy (CPT)
and antiretroviral therapy (ART).

Drug-resistant tuberculosis and HIV: reasons for and consequences of
association of the two diseases

HIV infection leads progressively to extensive destruction of the immune defence
mechanisms of the body. HIV grows mainly in certain cells called CD4+ T lymphocytes,
or CD4 cells. These cells are an important part of the immune defence mechanisms
responsible for protecting individuals against various infections and cancers. As a result,
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PLH become ill with severe and often deadly infections to which HIV-negative persons
are not usually vulnerable. These are called opportunistic infections. When the
immune system weakenb]. tuberculosis(either from a new infection or previously
dormant state of infection) may begin to multiply causing TB disease. TB is the most
common opportunistic infection in PLH in countries with a high TB prevalence, and
also the leading cause of death among PLH in these communities. It follows, that in
these settings, PLHs should be regularly screened for TB. All patients who do not know
their current HIV status should be routinely offered HIV testing and counselling.

Although HIV infection is the strongest known risk factor for TB to develop in persons
with latent TB infection, HIV is not currently considered as a risk factor for developing
DR-TB. Nonetheless, PLH are prone to infectipnM. tuberculosisand development

of active TB disease, whether drug-susceptible or resistant. There is also evidence that
PLH may have decreased anti-TB drug absorption, especially for rifampicin (R). Low
drug levels in the blood may eventually lead to the acquisition of drug-resistant strains
of M. tuberculosisin fact, there are many documented examples of MDR and XDR-TB
thriving among PLH. It follows that preventing the spread of TB bacilli in health,
congregate and other settings that may be frequented by PLHs is an essential step
towards preventing DR-TB. There is no doubt that the combination of DR-TB and HIV
puts patients at a great risk: not only are their lives threatened, but TB control also faces
severe challenges in high HIV burden countries.

Drug-resistant tuberculosis and HIV: typical and atypical clinical
presentation

Symptoms and signs suggestive of TB do not differ among patients with drug-
susceptible or —resistant-TB. However, the clinical presentation of TB in PLH depends
largely on the degree of immunosuppression. In early HIV infection, when the immune
defence mechanisms of the body are almost normal, TB presents with symptoms and
signs similar to those in HIV-negative persons, with a high proportion of adult cases
being smear-positive. When the body’s immune defence mechanisms weaken, clinical
presentation of TB becomes atypical. Patients with pulmonary disease may present with
no respiratory complaints and may have extreme fatigue, fevers, night sweats, loss of
appetite and weight and anaemia. Extra-pulmonary forms of TB occur more frequently
in PLHs. TB should be suspected whenever a PLH with any of the following
symptoms: cough of any duration, fever, weight loss or night sweats.

Diagnosing tuberculosis and drug-resistant tuberculosis in PLH

All TB patients should be offered testing for HIV unless they already know their recent
HIV status. As explained above, diagnosis of TB is more difficult in persons with
severe immunosuppression when sputum microscopy and chest X-rays are less sensitive.
The steps for early diagnosis of TB in PLHs include:
» Step 1: Clinical presentation. The first step in the diagnosis of TB or DR-TB is
to suspect the presence of TB. Clinical staff should always maintain a high
degree of clinical suspicion and conduct symptomatic TB screening at every
contact with a PLH. The best symptom screening to date includes evaluation for
presence of the aforementioned four clinical symptoms (cough of any duration,
fever of any duration, weight loss and night sweats). The presence of any one of
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these four symptoms has TB diagnostic sensitivity of more than 90% and
specificity of almost 35%. If a patient does not have any of these symptoms, a
TB diagnosis can be not completely but reasonably rule out.

Step 2: Sputum smear examination.This step plays a vital role in the
diagnosis of infectious TB cases, even in countries where HIV infection is
prevalent. For known HIV-positive patients, induced sputum, sputum
concentration methods and LED microscopy may increase the sensitivity of
microscopy. Note that many TB-HIV patients will be AFB smear-positive if
their immune and nutritional statuses are satisfactory.

Step 3: Chest X-ray (CXR).The CXR remains very relevant in PLH because its
sensitivity is greater than that of sputum microscopy. Unfortunately, specificity
is much reduced with atypical radiological patterns and possible presence of
several other conditions. As CD4 count declines, also the diagnostic value of
CXR is reduced.

Step 4: Detection of TB LAMs. Lipoarabinomannans or LAMs are very
specific membrane glycolipids from the cellular wall of M. tuberculosis. TB
LAMs can be detected in urine of patients with highly disseminated TB disease.
The novel test for detecting TB LAMs consist on a strip (similar to rapid HIV
test) that react with the patient urine (no need for sample process) in less than 30
minutes. No laboratory of highly train technician so it is probably the first rapid
point of care test for TB. The sensibility is thought to be about 56% while the
specificity rounds 91-95%. Nevertheless, these low sensibility increases when
CD4 decrease and in that way is able to quick diagnose at a very affordable price
those patients who are at greatest risk of dying if do not receive treatment. At the
same time LAM positive patients seems to be linked to TB-IRIS and worst
prognosis. The use of TB LAMs detection being a low price and point of care
test may help to increase the access to TB/HIV diagnose while reducing the cost
by rationalizing the techniques and resources.

Step 5: Molecular technologies.The introduction of molecular technologies
may lead to improvement of diagnosis of both drug-susceptible and —resistant-
TB in PLH. These techniques are highly specific and sensitive diagnostic tests
for detection ofM.tb, especially in smear-negative persons. They can also
provide results rapidly. If resources allowed, molecular techniques could
become first-line investigations for TB in PLH. Results indicating rifampicin
resistance are proxy measures for MDR-TB diagnosis.

Step 6: Bacteriological testsCulture and drug susceptibility testing (DST) is
the next step to assess the possibility of DR-TB. Unfortunately, these tests are
not routinely available in many resource-limited countries. The results may also
take several weeks and, since rapid clinical decisions may be vital in TB HIV
patients, their role is frequently limited. However, culture and DST are essential
in confirming the diagnosis of DR-TB.
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Management of drug-resistant tuberculosis in PLH

HIV-infected TB patients (with drug-susceptible or -resistant strains) may face an
accelerated course of HIV infection and even die without appropriate early treatment.
Presence of TB in an HIV-positive patient indicates the need to start treatment with
antiretroviral (ARV) medicines. Pulmonary TB in a PLH leads to the WHO clinical
stage 3 and extra-pulmonary TB is indicative of presence of a WHO clinical stage 4.
This classification is also applicable to patients with DR-TB. A severely immune
compromised patient may have other concomitant conditions, both infectious and non-
infectious, making their management complicated.

The following steps are recommended:
1. Immediate initiation of anti-TB treatmentegardless of whether TB is of a

susceptible or resistant strain, the patient needs anti-TB treatment as soon as
possible to prevent death.

2. Co-trimoxazole preventive therapy should be offered for at least the duration of the
anti-TB treatment co-trimoxazole is a well tolerated and inexpensive fixed-drug
combination consisting of trimethoprim and sulfamethoxazole. It has been shown to
considerably reduce morbidity and mortality among symptomatic PLHSs.

3. Consideration of diagnosis and treatment of any other opportunistic diseases,
especially those affecting the central nervous system (CNS), prior to the start of
ART. In patients with neurological symptoms, it is important to carry out
investigations for an opportunistic CNS infection, such as TB meningitis,
cryptococcal meningitis and toxoplasmosis, and defer ART until the condition has
been treated. The rational behind is treating all that conditions that if ARVs are
introduce may evolved into a potentially deadly IRIS.

4. Start ART as soon as the patient tolerates the anti-TB treatment and at the latest, at
completion of the intensive phase of anti-TB treatniéetv evidence demonstrates
the need for early treatment (ART within two weeks of anti-TB treatment start),
especially in persons with CD4<50/ml. For those with >50cel/ml CD4 counts
benefits from starting within the first 2 weeks are not that clear, but starting during
the first 8 week after TB treatment initiation offers great survival benefit. Not only
the CD4 count is important but the disease location. Whenever any opportunistic
disease is affecting CNS or in the event of of IRIS it may turn into a life-threatening
situation ARVs introduction might be delayed.

Treatment of MDR-TB is more complex, more toxic and less effective than treatment of
drug-susceptible TB. Treatment interruptions can occur due to a high pill burden, drug-
drug interactions and toxicities in patients who receive concomitant treatment for both
HIV infection and MDR-TB. Patients must be counselled, and they and their families
should be offered information and support regarding importance of taking medications
as scheduled, possible adverse medication effects, and how to take the medication.
Patients must also be informed about the possibility of TB-IRIS (see below) to prevent
treatment interruption.
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Management of DR-TB in PLH

Initiation of anti-TB treatment is a priority when TB has been diagnosed. If DR- or
MDR-TB is suspected, empiric MDR-TB treatment may be a suitable option due to
possible long delays in receiving definitive results (2-6 months in many settings) and
the risk of death in immunosuppressed patients. The anti-TB treatment regimens are in
principle the same for patients with and without HIV infection and the
recommendations made in the previous chapters should be followed. It is important to
include rifampicin throughout the entire treatment in patients with a rifampicin-
susceptible M. tuberculosis strain, especially in PLH.

Antiretroviral treatment in DR-TBpatient

The WHO MDR-TB guidelines state: ‘Antiretroviral therapy is recommended for all patients
with HIV and drug-resistant TB requiring second-line anti-tuberculosis drugs, irrespective of
CD4 cell-count, as early as possible (within the first eight weeks, see above) following initiation
of anti-tuberculosis treatment.” Evidence confirms the beneficial effects, even though mortality
remains high. Recent evidence indicates that the earlier ARVs are introduced in PLH with TB,
especially in severely immune compromised patients, the better the survival is. ART is a life-
long treatment is all PLH.

ART, called also ‘highly active antiretroviral treatment (HAART)’, is a combination of

at least three medicines administered with the goal of restoring and maintaining immune
defence mechanisms by restoring the immunity and slowing the replication of HIV in
the body, thereby decreasing occurrence of opportunistic infections and cancers. As in
anti-TB treatment, ART regimens consisting of at least three ARV medicines decrease
the risk of development of drug resistance. ARV medicines improve anti-TB treatment
outcomes and also enhance quality of life in PLH. Lastly, by decreasing the HIV load in
plasma and other body fluids, efficacious ART can decrease the risk of HIV
transmission to a sexual partner and from an infected mother to baby during pregnancy,
delivery and breastfeeding. At the same time by treating and eliminating the persistent
inflammatory process created by the virus, long term cardiovascular risk is reduced.

Good ART adherence is most important and it is advisable to use fixed-dose
combinations where possible to simplify the dosing of medicines and lighten the pill
burden.

Issues and challenges of concomitant anti-TB and HIV treatment

Several issues and challenges can arise when treating TB HIV patients. The following
may complicate TB HIV patient management:

TB Immune Reconstitution Inflammatory Syndrome (IRIS)

IRIS is an exaggerated immune response against living or dead pathogens, and occurs
when the immune system returns to normal after having been depressed. IRIS is one of
the most frequent complications in TB HIV patients. They may develop IRIS after
commencement of anti-TB treatment and/or ART, especially when ART follows soon
after the start of anti-TB treatment. HIV-infected patients whose immune status is very
low are at a higher risk of developing this syndrome than those with better immune
status. A short interval between the start of anti-TB treatment and initiation of ART
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increases the risk of IRIS, though this must be weighed against delaying ART which

increases the risk of death. Additionally, patients with disseminated TB disease are
prone to develop IRIS. Patients with secondary or acquired MDR-TB are more likely to

develop IRIS after the introduction of ART because they have had the disease for a
longer period and have widely dispersed bacilli in their bodies.

There are two main types of TB-IRIS:

» Paradoxical TB-IRIS develops mainly in PLH with TB and who are already
receiving anti-TB treatment and sometime later receive ART. They improve
initially but after two to four weeks of ART, paradoxical worsening of previous
lesions (of TB or other opportunistic disease) occurs. Patients develop fever,
enlarged lymph nodes, pulmonary infiltrates, meningitis and other symptoms. In
other words, a previously sub-clinical/latent opportunistic infection became very
symptomatic mediated by the immune system now recovered. In addition, the
iImmune system reacts with inflammation not only against living pathogens but also
against antigens of unviable pathogens. Paradoxical TB-IRIS is thought to happen
in at least 10% of PLHs starting ARVs and especially among those with severe
immune suppression.

e« Unmasking TB-IRIS occurs in patients who have been started on ART with
undiagnosed TB. Patients may be initially symptom-free or pauci-symptomatic and
then reproduce strong TB symptoms at an abnormally quick evolution. The
recovered immune system suddenly unmask a previous TB. Patients need anti-TB
treatment as soon as the condition is suspected, if not patients may die of TB.

TB-IRIS is a clinical diagnosis. The differential diagnosis consists of:
1. Recent history of irregular intake of anti-TB or ARV medicines

2. Progression of TB, HIV infection or a new opportunistic infection/ disease.

3. Drug-resistant TB: this is a frequently condition in certain southern African
countries

4. Adverse drug effects of anti-TB and/ or ARV medicines.

Management of TB-IRIS
The current standard management of TB-IRIS includes NSAIDs and other support
measures, such as an abscess aspiration. A short course of oral corticosteroids is also
recommended for patients with severe IRIS. Prednisone at a dose of 1.5mg/kg/day for
two weeks followed by 0.75mg/kg/dayfor two weeks is recommended for adults. Anti-
TB treatment and ART should be continued. ARVs can be discontinued in life-
threatening situations, especially if severe neurological symptoms appear. Anti-TB
treatment should not be stopped.

TB-IRIS may lead to multiple visits to emergency departments, hospital admissions and
frequent treatment default.
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Drug-drug interactions and toxicities

Concomitant management of TB and HIV infection requires multiple medicines. This
frequently leads to occurrence of adverse drug effects and overlapping toxicities,
especially when second-line anti-TB medicines are used. Vigilant monitoring is
recommended and careful informing of patients are recommended so that treatment
interruption can be prevented. Several other conditions, such as malnutrition,
dehydration and advanced HIV wasting or opportunistic infections, may complicate
management further.

The classical drug-drug interaction occurs between rifampicin (R) and several ARVs. R
induces the cytochrome P450 enzymes and reduces the serum concentration of protease
inhibitors, nevirapine, efavirenz and others. This is a lesser problem in patients with
MDR-TB because, by definition, the strains are resistant to rifampicin and it is not
included into the treatment regimen. However, for all drug-susceptible cases, daily
treatment with R remains the cornerstone of TB treatment, and therefore the ART
regimen should consist of ARV medicines with lesser or no interaction with R. New
medicines, such as TMC207, may be also metabolized by cytochrome P450.
Clarithromycin, sometimes used in XDR-TB patients, can also produce cytochrome
induction.

Unfortunately, limited information on drug-drug interactions between second-line anti-
TB drugs (SLDs) and ARVs is available though some evidence has recently started to
emerge (see Table 11.2). The vast majority of toxicities and side effects of SLDs in the
immune competent patient are disturbing but not life-threatening (see Chapter 10).
Currently used ARVs combinations and new ARVs present considerably less side
effects compared to those commonly use only 5 years ago.

Problems arise whenever there are major side effects, such as hypersensitivity or severe
skin reactions, severe hepatitis or severe neurological reactions. In these situations, it is
difficult to determine the medicine(s) that is/are responsible for interactions and adverse
reactions. At the same time, clinical diagnosis is complicated with the added possibility
of TB-IRIS, non-response to anti-TB or ARV medicines, or presentation of an
unsuspected opportunistic infection or disease. Prompt and focused evaluation of
adverse drug events and other conditions mentioned here should be given priority to
prevent adverse treatment outcomes.

The following typical and life-threatening circumstances in TB HIV patients due to

SLDs should be noted:

* Hypokalaemia and electrolyte wasting can occur in severely immune compromised
PLH who are dehydrated due to diarrhoea or vomiting when ethionamide or
capreomycin is used with tenofovir. Patients may present with muscle pain and are
at risk of lethal arrhythmia. Potassium and sometimes magnesium levels must be
replenished intravenously in the most severe cases. A component of renal
insufficiency might also be present in these patients.

» Peripheral neuropathy, which may be disabling, in a malnourished PLH who takes
stavudine and cycloserine or H in high doses. High doses of vitamin B6 and
switching stavudine to, for example, zidovudine or tenofovir, is frequently indicated.
Treating with carbamazepine, amitriptyline or gabapentin might be also necessary.
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« Commonly, the presence of a psychiatric disorder may be exacerbated by efavirenz
or cycloserine, or both. Again, vitamin B6 is recommended in addition to the
treatment of the psychiatric disease. Depression is very common and apart from
medical treatment, the use of social measures to alleviate difficult circumstances can
help to prevent treatment interruptions.

* PLH have frequently chronic hepatitis B or C infection. In these patients, Z or H at
high doses and an hepatotoxic ARV medicine, such as efavirenz or nevirapine,
increase significantly the risk drug-induced hepatitis, especially in patients who
also consume large quantities of alcohol. Tenofovir and emtricitabine can be
helpful in treating chronic hepatitis B infection. It is also advisable to consider the
hepatotoxic profile of the anti-TB drugs use. Patients should receive support to stop
or reduce alcohol intake.

Other: presence of other opportunistic infections, treatment adherence
and high pill burden

In TB HIV patients, mortality during the early months of treatment is considerable, even
in drug-susceptible TB. Anti-TB treatment might not be fully effective if other frequents
conditions, such as malnutrition, are not properly addressed. Extraordinarily high pill
burden that MDR-TB-HIV patients may face also need attention. Some patients may be
taking Lix+Km+Eth+Cs+Zfor MDR-TB, EFV-3TC-TDF for HIV infection, and co-
trimoxazole and possibly fluconazole preventive treatments. Even if they wish to adhere
the treatment regimens well, it may be difficult to understand when and how to take the
various medicines. Depending on the formulation, patients may have to take more than
30 pills and one injection per day. Directly observed treatment (DOT) is essential to
ensure proper ingestion of medicines. The use of fixed-dose combinations (FDCs) and
treatment simplification is highly recommended.

During follow up visits, active screening of possible adverse drug events and provision
of constant support are crucial to avoid defaulting and dying. Role of health care
workers and importance of psycho-social support of patients by their families and
communities’ throughout treatment is indispensable. Many of these patients might be
facing not only the two diseases but loss of employment, low income, stigma,
discrimination, gender violence, family separation etc. This means that additional
resources may be required, especially in settings with a high burden of both HIV
infection and DR-TB, to achieve good DR-TB-HIV treatment results.

Special points in management of MDR-TB in PLH
Special care must be taken of MDR-TB-HIV patients:

v' During DR-TB treatment, most patients will receive an injectable medication
daily. Strict observation of the principles of the universal precautions for HIV
infection control is essential. These include: use of a sterile needle and syringe
for each injection in each individual patient, followed by destruction of the
syringe and needle, and appropriate management of clinical waste.

v' Among all in-patients, there is a high risk of nosocomial transmission and MDR-
TB outbreaks. This is especially true for HIV-infected patients. Avoid placing
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HIV-positive patients in MDR-TB wards after cure, as they may become re-
infected (see infection control chapter for more information).

v' After TB cure, patients on ARVs should be screened regularly for the presence
of any symptoms suggestive of TB because of the risk of TB relapse and
reinfection may be greater in PLHs than in the immune competent persons.

v' Considering the higher risk of non-tuberculous mycobacteria (NTM) in HIV-
positive populations, all TB suspects should undergo species identification or at
least species differentiation. For countries with low-resource laboratories,
Runyon’s classification is sufficient to differentiate TB from NTM for the
purposes of treatment. New molecular techniques are able to differentiate and
identify NTM, marking a great advance in early identification and proper
treatment.

Collaborative TB-HIV activities and Implementing Collaborative TB-HIV
Activities, a Programmatic Guide of The Union

Given the complexity of managing TB HIV patients, and particularly PLHs with DR-
TB, clinical activities on their own are likely to fail if not guided by national policies
and guidelines, and supported by national TB and AIDS control programmes. Strong
political commitment is also required.

The WHO recommendations on collaborative TB-HIV activities provide a well-
established framework to guide national programmes in their response to HIV-related
TB. The objectives of collaborative TB-HIV activities outlined in the
2012WHOguidelines on collaborative TB-HIV activities are to:

- Establish mechanisms between AIDS and tuberculosis programmes for the delivery

of integrated TB and HIV services at the same place and time whenever possible.

- Decrease the burden of TB for PLHs, their families and communities by ensuring
the delivery of the Three I'snflensified case findingnfection control, $oniazid
Preventive Therapy) to HIV/TB patients and through earlier initiation of ART.

- Decrease the burden of HIV in presumptive and confirmed TB patients, their
families and communities through the provision of HIV prevention, diagnosis and
treatment.

With the exception of isoniazid preventive therapy, all HIV-positive MDR-TB patients
and their contacts benefit from the implementation of the above measures (see Annex
X). The Union has published a TB-HIV programmatic guide based on its country-level
experiences on the best ways to make these policies operational in the field.
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Table 11.1 Potential overlapping toxicity from ARVs and anti-TB medicines
(adapted from WHO Guidelines for the programmatic management of drug-
resistant tuberculosis: 2011 update)

Potential toxicity Antiretroviral therapy Anti-tuberculosis therapy
Peripheral stavudine, didanosine cycloserine, isoniazid, ethambutol,
neuropathy fluoroquinolones, streptomycin,
kanamycin, amikacin, capreomycin,
viomycin,
ethionamide/prothionamide, linezolid
Psychiatric efavirenz cycloserine, isoniazid,
symptoms fluoroquinolones,
ethionamide/prothionamide
Hepatitis nevirapine, ritonavir- pyrazinamide,isoniazid,
boosted protease inhibitors, rifampicin/rifabutin,p-
efavirenz etravirine, aminosalicylic acid,
maraviroc ethionamide/prothionamide,
fluoroquinolones
Gastrointestinal zidovudine, protease ethionamide/prothionamide, p-
intolerance inhibitors, didanosine aminosalicylic acid, pyrazinamide,
isoniazid, rifampicin, ethambutol,
clofazimine
Renal toxicity tenofovir, indinavir, streptomycin, kanamycin
capreomycin amikacin,
viomycin, rifampicin
Bone marrow zidovudine linezolid, rifampicin/rifabutin
toxicity
Lactic acidosis stavudine, didanosine linezolid
zidovudine
Stevens-Johnson | nevirapine, efavirenz, thiacetazone, cycloserine,
syndrome etravirine linezolid, ethambutol streptomycin
Arrhythmias / QT | atazanavir/ritonavir, fluoroquinolones
prolongation saquinavir/ritonavir,
lopinavir/ritonavir
Rash / pruritus Nevirapine, rifampicin/rifabutin, pyrazinamide
efavirenz,etravirine,abacavir
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Chapter 12. Management of the DR-TB in special

situations
Ignacio Monedero, MD, MPH

Summary

In the following chapter, a wide variety of DR-TB cases with special situations are
going to be presented. Despite being patients out of the standard, special cases are
certainly frequent nowadays that DR-TB treatment is getting more available for those
who need it. Usually especial groups need a slightly different approach from clinical or
social perspective to achieve positive outcomes. The chapter comprises the management
of DR-TB in pregnancy and children where most of the management rules follows the
same rational than adults. The appearance of DR-TB in patients with frequent
comorbidities like diabetes mellitus is increasingly recognized. Indeed, diabetes induce
a relative immunedeficiency status that makes TB appear in an atypical way that make
diagnosis and sometimes treatment harder. Renal failure on the other hand, require
changes and adjustments in anti-TB drugs dosages. The management of DR contacts is
one of the most open to discussion matters. Nonetheless, the number of potential DR
contacts can be extraordinary high and the appropriate care may be key in the future.
Finally the chapter will address with examples how best approach DR-TB patients from
vulnerable groups. Often excluded, vulnerable groups represent a considerable
proportion of the DR-TB patients. Not only increased access to prompt diagnosis and
correct TB treatment but also follow-up of outreach or excluded populations is essential
to prevent and cope with the ongoing DR-TB epidemic.

If drug resistance TB management presents in occasions more controversies than
evidence, this is especially true for especial cases. An exercise of flexilibility and extra
care is need for them.

1. DR-TB management during pregnancy

Introduction

Being TB a disease affecting mainly young people, it is not infrequent finding DR-TB
on childbearing age women. Managing DR-TB during pregnancy creates anxiety not
only among the patients but also among clinicians especially considering the toxicity of
the drugs used. Nonetheless, aggressive management of gestational DR-TB may benefit
both mother and child.

All women in childbearing age who are diagnosed of DR-TB, should be tested for
pregnancy (and HIV) previous to treatment. If the test is negative, it is highly

recommend family planning during the length of treatment and should be inform about
the potential problems of pregnancy while receiving DR-TB treatment.

If the test is positive all the regular prenatal care used in the country should be followed.
Pregnancy is not a contraindication for DR-TB management. Moreover, not treating DR
or susceptible TB during pregnancy put in risk the mother and the foetus. The clinical
presentation of TB during pregnancy does not differ. On the other hand, pregnancy does
not increase the likelihood of resistance or worst results. Nonetheless, if TB remains
untreated, maternal mortality increases as do low birth weight, premature birth, foetal
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loss, and transmission to child. When DR-TB is adequately treated, these maternal-child
risk are much reduced.

Fundaments of DR-TB treatment during pregnancy

After revealed the DR-TB condition in a pregnant woman, treatment strategy must
weigh risks and benefits for mother and foetus. There is a large experience in the use of
firsts line drugs (FLDs) during pregnancy but it is limited on safety of second line drugs
(SLDs).

Ideally, it is preferred starting DR-TB treatment within the second pregnancy trimester
in the HIV -ve patient and if the clinical conditions are stable. Deferring the treatment,
reduces the risks of teratogenesis or toxicity which are is greater during the first
trimester of pregnancy and allows enough time during thargd & for the mother to
achieve sputum or culture negativisation previous to the delivery. Thus, the risk of
transmission mother to child is reduced.

In life-threatening situations (respiratory failure, advanced disease, HIV+, etc) it is
recommended TB treatment straight away even being in the 1st trimester provided the
risk that exist for both (mother and child) (3). The patient should be informed and
understand the risks and benefits of treatment or absence of it. She should understand
and be involved on the clinical decisions.

Pregnancy and anti-TB drugs

There is vast evidence on the secure use of FLDs during pregnancy being all but
streptomycin permitted and recommended. Indeed most of SLDs are quite secure during
pregnancy as well with exception of aminoglicosydes.

Aminoglycosidesnamely streptomycin (Sm), kanamycin (Km) and amikacin (Am) are
potentially teratogenic drugs and care is need to be put on the use of them. These drugs
are pregnancy safety class D according to FDA (US Food and Drug Administration)
classification ¢ee table n 1) and are not recommended during the pregnancy especially
during the first 20 weeks. It is thought that around 10% of the cases Sm can induce
ototoxicity and malformation on the foetus. Km and Ak could very probably induce
similar teratogenic effects than Sm and Km.

If there is no other option they can be used, but preferably after thevéék and

always balancing with the patient risks and benefits. It use should be limited to patients
whose poor clinical state and resistance pattern justify it use.

Capreomycin(Cm) is an injectable drug that belongs to the family of polipetides and
has a similar action but no teratogenic effect. Capreomycin is a positive alternative to
aminoglicosydes as the toxic profiles is much reduced in terms of ototoxicity and
present safety class C (equal to most of the SLDs used). Capreomycin has no document
teratogenic effect for the foetus and is commonly used in pregnant DR-TB women all
around the world.

Fluoroquinolones (FQ), are considered Safety class C. No documented teratogenicity
in human studies, although average treatment duration was 2-4 weeks. Data on
prolonged use in pregnancy is limited but is currently used in all GLC approved DR-TB
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programs. Being the best drugs for DR-TB given their high bactericidal activity,
benefits are likely to exceed risk.

All drugs from group 4(Ethionamide (Eto), Cycloserine (CS), PAS) are safety class C
with no evidence of foetal toxicity. Nonetheless, Ethionamide creating greater vomiting
and can exacerbate the usual nausea and vomiting presented on pregnancy

Group 5 drugsare all considered safe with no documented foetal toxicity but yet again
with limited evidence.

DR-TB treatment in pregnancy

Pregnant DR-TB women should received a similar regimen than other patients,
receiving at least 4 effective drugs with one fluoroquinolon as the core drugs in the
treatment. The main difference relays in the useapreomycinas the injectable of
election. If this is not possible or available use Km but preferably starting during the
second trimester. Consider the use of Km 3 times weekly instead of daily during the
first trimester.

Overall, it would be a great mistake not adding an injectable even during pregnancy.
Not doing it can compromise the effectiveness of the treatment and increase the
likelihood of DR amplification making virtually impossible a curative treatment.

Vitamin B6 (pyridoxine) should be used in all pregnant women with TB in dose not
higher than 150 mg. Higher dosages may interact with FQ absorption and after birth the
child can experiment Vitamin B6 deprivation with seizures and other neurological
presentations.

Table 1. FDA classification on drug safety during pregnancy

CATEGORY | INTERPRETATION

A Adequate, well-controlled studies in pregnant women have not
shown an increased risk of fetal abnormalities to the fetus in any
trimester of pregnancy.

B Animal studies have revealed no evidence of harm to the fetus,
however, there are no adequate and well-controlled studies in
pregnant women.

OR

Animal studies have shown an adverse effect, but adequate and
well-controlled studies in pregnant women have failed to
demonstrate a risk to the fetus in any trimester.

C Animal studies have shown an adverse effect and there are no
adequate and well-controlled studies in pregnant women.

OR

No animal studies have been conducted and there are no
adequate and well-controlled studies in pregnant women.

D Adequate well-controlled or observational studies in pregnant
women have demonstrated a risk to the fetus.

However, the benefits of therapy may outweigh the potential risk.
For example, the drug may be acceptable if needed in a life-
threatening situation or serious disease for which safer drugs canno
be used or are ineffective.
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X Adequate well-controlled or observational studies in animals or
pregnant women have demonstrated positive evidence of fetal
abnormalities or risks.

The use of the product is contraindicated in women who are or may
become pregnant.

Box 1. Pregnancy drugs safety of the current anti-TB according to FDA classification:

» Safety class A--

» Safety class BE, Amx/Cla

» Safety class CRIF, INH, Z, FQs, Cm, Cs, PAS, Eth/Pto, CIf, Clr, Lzd
» Safety class DSm, Am, Km

» Safety class %-

Box 2. Recommendations for management of DR-TB and Pregnancy

Initial screening to all childbearing age women
* Encourage family planning if not pregnant

IF PREGNANT:
» Close follow up of the pregnancy with at least regular care
* Involve patient in therapeutic decisions
e Individualized management
o ldeally avoid treatment during first-trimester If life-threatening
symptoms, consider treatment regardless of trimester
o During first 20 weeks, avoid injectables if possible or use preferentially
Capreomicyn
o Initiate DR-TB therapy during second or third trimester to achieve smear
conversion prior to delivery
o Consider risks & benefits to mother and foetus
* Use Pyridoxine (<150mg) in all patients on ETH and/or Cs or INH

Especial care to be taken after birth and during breastfeed

Afterbirth one of the most important issue to be considered is the risk of TB
transmission from the mother to the child. Unlike HIV, transmission mother to child
congenital TB may exist via haematogenous contagion or during the partum is
extraordinarily rare. Infection due to breast milk is extraordinarily rare as well. The
source of contagion is by far airborne transmission. If the mother is not under an
appropriate treatment or still culture positive the contacts among them should be limited
for the wellbeing of the child. Contact might be in an open air space if possible and the
mother using surgical mask or N95 respirator.

Breastfeeding is permitted especially when the mother is smear negative (and ideally
culture-negative). If the mother is smear positive, separate mother from child (different
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bedrooms) and use preferably formula feeds or extracted breast milk to avoid the close
contact. Breast milk will present certain levels of anti-TB drugs but currently are not
though to be deleterious for the child but also not enough to protect children against TB
infection. All children born from a TB mother should be closely followed up and
monitored to assure no TB symptoms or in case of them provide early TB treatment (see
section on DR-TB contacts).

2. DR-TB management in children

Introduction

DR-TB in children is most often a primary DR-TB, in that sense is usually a resistant
TB transmitted from an adult. Generally (>90%of the cases) TB in children is
developed within the first 12 months of infection. As with susceptible TB, children tend
to have pauci-bacillary forms of TB. The pauci-bacillary forms of TB in the children
makes diagnose more difficult given the higher number of pauci-symptomatic disease
and the atypical presentations. Even culture can be negative in 50% of the children with
active TB.

Hence, even if children can develop and increase the pattern of resistance the same way
adults do, it is less likely due to reduced number of TB bacilli even in the management
is not completely correct. DR amplification only happens in grown children with
cavitary forms (high number of bacilli) and failing to previous treatment. In that sense
the number of children with DR-TB indirectly reflects the transmission of DR in the
community. Infection control at family level turns crucial for children but it is even
more important in families in high HIV settings. Despite having reduced evidences
prognosis in DR children might be similar or better than in adults when treatment is
adequate and completely taken

Main differences in diagnose of DR-TB children

Several issues make the confirmation of TB more difficult in the children: lower
bacillary load, less forceful cough and more extra pulmonary cases especially in
children younger than 5 years. Considering that DR-TB is mainly a bacteriological
diagnose through culture and DST the complete diagnose is sometimes unavailable. In
children other less specific but more sensitive diagnose tools achieve greater relevance.
In that sense, the chest X ray CT scan may support. Medical image tests just inform
about the likelihood of presenting TB but can not discriminate whether this TB is
resistant or susceptible. In that sense, clinical symptoms added to the existence of a
close contact having TB or DR-TB turns highly significant. New tools like Genexpert
may in a near future support the diagnosis of TB and DR-TB even in extrapulmonary
samples.

According to current evidences in a high proportion of cases, child contacts of known
DR-TB index case are often presenting DR-TB. On line with it, if the children do not
improve with regular TB treatment and is a contact of a high risk group (failure to
category Il or | or other conditions) DR-TB should be always considered.
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Initial management of children suspect or presenting DR-TB

Despite the difficulties, try to confirm DR-TB whenever is possible but this should not
represent a delay in treatment for the child. The management should preferentially be at
a specialized DR TB clinic and parents should understand the risk of the disease and the
importance of the complete DR-TB treatment. Parents are going to grant the treatment
of the children, hence should be involved in all clinical decisions and support should be
offered to them. In that sense DOT and parents involvement is fundamental.

DR-TB regimen for children

With little evidences, the same principals for adult DR-TB treatment should be applied
than for adults with some minor differences:

« Given the lower bacillary load and the reduce risk of drug resistance acquisition
probably with 3 effective drugs may be enough

* Use the adult index case’s isolate DST pattern if no isolate from child is
available. Most often the treatment that is curing the index case will work well
with the children.

* Use as many first line drugs that they child might be susceptible.

« Injectables and quinolones should remain as the core drugs for DR-TB treatment.
Fluroquinolones despite presenting teratogenic effect in the murine model has
not demonstrate being toxic for creating defects in the development of children
and is currently used for long period in presenting DR-TB and cystic fibrosis.

e Add 1 or 2 drugs from group 4 (Eth, Cs). Be aware of different drug groups and
cross-resistance.

The treatment can be given for 6 days per week for 12-18 months. The optimal duration
of treatment in children is still uncertain, for cavitary or extensive pulmonary TB the
proposed length is similar than for adults. For primary, non-cavitary DR-TB probably
12 months or less treatment is sufficient. Currently there are no evidence regarding the
effectiveness of “Bangladesh regimen” with 9 months of treatment in children but may
appear soon and from a bacteriological point of view there is no reason way it can work
in adults but not in children. It has been frequently observed reluctances on the use of
FQ, injectables and ethambutol in DR children. Nonetheless all have proved to be
secure and necessary of the cure of adults and children.

Monitoring and follow up of children with DR-TB

For the patient monitoring use clinical symptoms and chest X ray plus cultures and
sputum and the regular blood test whenever possible. Children should be very closely
monitored. Monthly visit during the intensive phase are recommended to check for side
effects, counsel parents about possible adverse events recognition and the importance of
adherence and to weight the children. As the child gains weight, the doses will have to
be adjusted. Treatment adverse reactions appear to be less frequent than in the adult but
also might be more difficult to perceive.
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Table 2. Recommended dosages for anti-TB drugs in children

Drug Daily F requency Ma ximum da
dose(mg/kg ) ily dose

streptomycin 20-40 Once daily 1lg
kanamycin 15-30 Once daily 19
amikacin 15-22.5 Once daily 19
capreomycin  15-30 Once daily 1lg
ofloxacin 15-20 Twice daily 800 mg
levofloxacin 7.5-10 Once daily 750 mg
moxifloxacin 7.5-10 Once daily 400 mg
ethionamide 15-20 Twice daily 19
protionamide 15-20 Twice daily 19
cycloserine 10-20 Once or twice 1 g

daily
p- 150 Twice or thrice 12 g
aminosalicylic daily
acid

Ethambutol: Recent comprehensive review showed ocular complications to be rare in children in doses
up to 25 mg/kg/d. the currently recommended dosage for children is 15mg/Kg/d

3. DR-TB management in DM

Introduction

DM which is a disease leading to high levels in blood sugar creates as well a state of
relatively impairment of immune system. To some extent and with many similarities
DM and TB interact in milder but similar way than HIV and TB. The precise
mechanisms by which DM predisposes to TB are still not clear but it is though that the
high blood sugar levels interact with the activation of macrophages, monocytes and
lymphocytes which play a pivotal role in combating the TB pathogen. In fact DM
patients present a risk of TB development from two to three times higher than in
persons without DM. DM patients with poorer glycaemic control appear to be at higher
risk for TB, demonstrating a dose-response relationship between the degree and
duration of hyperglycaemia and vulnerability to TB, rather similar to that observed
with HIV and TB.

The combination of these two diseases turns highly relevant and will be even more in
the future as the burden of DM in the world is continuously increasing not only
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developed but in developing countries. The much larger, and rapidly growing, pool of
DM patients makes the global and population attributable fraction of TB due to DM
very similar to that seen with HIV. Currently there are not enough evidence to affirm
that DM present more risk of pharmacological failures and thus greater creation of DR-
TB. But in the same way HIV patients do, are probably more prone to present primary
DR-TB even with strains will lower fitness . In fact the proportion of patient with DM
among the DR-TB cohorts is higher than the regular populations in many middle
Income countries.

Not many precise studies on the DR-TB/DM outcomes exist so far. However for
susceptible TB there is an increased risk not only for poor outcomes but also for
present almost 4 times more risk of relapse or TB recurrence.

Main differences in diagnose of DR-TB in the diabetic patient

As happening with HIV infected and children, the relatively immune impairment
existing on DM patient creates a lesser inflammatory response to TB bacilli. Hence, the
typical symptoms of TB might be milder or even none existing. Classical existing
screening diagnose test like smears can be less sensitive and this lead to a delayed
diagnosis. Prompt diagnosis and initiation of adequate therapy are key in immune-
compromised patients. In fact, the poor the glycaemia control is, the more likely the
presentation with atypical symptoms (smear-negative, atypical chest x ray findings and
extra-pulmonary disseminated). It is relevant to mention that most of the diabetic
patients in developing countries do not know their disease status and thus it is likely that
their glycaemia controls might be poor.

Probably cough for more than 2 weeks and smear test might be not enough to diagnose
TB in the diabetic as it not enough in the HIV patient. A similar approach searching for
cough of any duration, fever, weight loss and night sweats might be more sensitive.
Investigation with smears, chest x ray and culture or new technologies might be an ideal
approach when presenting the symptoms above. Regarding DR-TB, DM might be
considered as an additional risk factor when presenting an DR-TB contact or the patient
is not responding correctly to the standard therapy. The profit of culture and DST
probably do not differ than the non-DM patients.

Management of DR-TB with DM

For susceptible TB some authors argument and increase in the length of treatment to 8
or 10 months to reduce the risk of relapses. Nonetheless, there is still no evidence in this
regard and The Union and WHO still recommend 6 months of treatment until sound
evidences appear.

Initially the DR-TB management does not differ from the non-DM patient and the same

principles exposed along these Guidelines are valid. Regarding if the optimal length of
DR-TB treatment should be similar or not than the non-DM is still uncertain and more

evidences are needed to establish the most appropriate DR-TB treatment for the DM.

On the other hand the management of these DR-TB/DM can be challenging and more
complicated provided the increased risk of toxicities from anti-TB drug added to typical
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DM conditions. Neuropathy, renal failure and older age are conditions frequently found
in advanced DM patients that can complicate TB treatment.

At the same time, glycaemia control may become an important issue to increase the
immune system capacities and avoid further complications. Some author support the
interest of DOT not only for anti-TB medication but also for anti-diabetic medication
(oral or injectable) to improve the patient’s outcome.

Close monitoring for adverse effects, especially renal failure and glycaemia, are highly
recommended. Whenever possible, creatinine and potassium levels should be monitored
weekly for the first month and then at least monthly thereatfter.

4. DR-TB management in other frequent co-morbidities

DR-TB management in renal dysfunction

Renal dysfunction may lead as well to worst immunity and likewise the previous
conditions lead to TB with atypical presentation. As mentioned, renal dysfunction is
extraordinarily linked to DM and the aforementioned complications may overlap.

Nonetheless, the main problem related to renal failure relays in the fact that the levels
on drugs might remain high in blood being the kidneys unable to filter them. Drugs
levels may increase into toxic levels creating worsening of the renal condition and the
likelihood of other toxicities. In addition aminoglicosydes have a toxic profile badly
affecting the kidneys. At the same time tenofovir (TDF) an ARV commonly used, can
create renal toxicity especially in the much deteriorated HIV patient. In case of acute
renal failure consider stopping nephrotoxic medication. At the same time, the
combination of TDF and Cm can lead in the advanced HIV patient into an electrolyte
wasting syndrome breaking with a highly mortal hypokalemia. Drugs should be stopped
until patient recovery and potassium should be replaced.

In many occasions most of the anti-TB drugs dosages have to be adjusted and whenever
possible the opinion of a nephrologist is recommended. However, the integrity of the
SLDs regimen should be maintained as much as possible to avoid compromising the
efficacy of the anti-TB treatment and dying by TB. In the absence of an specialist one of
the approaches recommended is shifting the daily treatment into a three times weekly
while monitoring renal function and potassium.

DR-TB management in liver dysfunction

Hepatotoxicity is one of the main issues regarding toxicity to first line drugs. Isoniazid,
rifampicin and pyrazinamide are all associated with hepatotoxicity. Of the three,
Pyrazinamide is the most hepatotoxic (associated with liver destruction) and rifampicin
the less (associated with cholestatic jaundice).

From the SLDs the most hepatotoxic might be Eto/Pro due the fact of being a molecule
similar to Isoniazid. As well PAS and fluoroquinolones could be hepatotoxic but much
less than FLDs. As in the example of renal failure DR-TB patients presenting liver
dysfunction should received anti-TB treatment but with closer monitoring of liver
enzymes and other liver function test and active searching of the classical liver
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dysfunction clinical presentations: nausea, vomiting, fever, jaundice, dark urine,
abdominal pain, increase of liver size and confusion.

The source of the potential previous liver disorder should be treated or address (virus,
alcohol consumption, others) to avoid further complications during treatment. As well,
whenever presenting severe chronic liver disease or acute viral hepatitis especially on
the HIV patient the consultation of a liver expert or screening for hepatitis B and C is
recommended.

Special care is to the drugs use is to be taken when the patient breaks with acute liver
failure or have a pre-existing liver dysfunction. In severe hepatitis or dysfunction and if
the clinical condition allow it remove the most suspicious responsible drug and give
time for the liver function to restore or improve before anti-TB treatment re-initiation.
Defer antituberculosis treatment until the acute hepatitis has been resolved. The
combination of four non-hepatotoxic drugs is the safest option but whenever possible in
the DR-TB try to include a fluoroquinolon to assure the efficacy of the regimen (10).

5. Management DR-TB contacts

The management of DR-TB contacts is one of the most controversial issues in DR-TB
management as more uncertainties that evidences exist. Nonetheless this issue is
fundamental given the potentially large number of DR-TB infected people. Several
uncertainties not only in DR-TB infection diagnose but also in management exist.

A. Has the Contact been Infected?

Currently we lack of full reliable diagnose tools. IGRAs and PPD present many false
positives and false negatives and so far non complete superiority has been proven by
IGRAs. Moreover these diagnosis test only detect TB infection but not if the strain is a
resistant or susceptible one. In addition, not all contacts have necessarily to be infected.
The likelihood of an infective contact depends especially on transmissibility and the
immune status of the potential host.

B. Who is the Source of the Infection? Susceptible or DR?

At the same time, knowing precisely who was the source of infection is difficult to
ascertain. Was it the suppose contact or it was any other?

In the case of secondary DR-TB, the susceptibility pattern depends on the moment of
the infection. For example, when the index case infect the contact was the index case
still susceptible or was already resistant? Usually, secondary DR-TB patient start being
susceptible and after several cycles of inappropriate treatment or other conditions, that
can take months or years, the patient develop resistances. In that sense, the precise
moment of the infective contact turns crucial. Nevertheless according to studies,
especially done in children contacts, most of the DR-TB contacts have indeed DR-TB
strains.

C. Which is the Ideal Chemoprophylaxis for the infected cases?

On susceptible infection, more and more evidences are arising on the profit of
preventive therapy and treatment of latent TB infection (TLTI) especially over highly
susceptible population like HIV patients. Nonetheless, many uncertainties remain
regarding the most appropriate drug, for whole long and also policies have to be adapted
to local infection transmission rates and risks.
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For DR-TB the uncertainties are even greater. Several attempts have been done to
ascertain an appropriate drug regimen for resistance infection. The combination of Ofx-
Z was tried by a CDC study that had to be stopped due to high hepatotoxicity rates. As
well INH was tried resulting in no protection. Other complex combinations were used in
children resulting in protection but were almost true DR-TB treatment for infection.
Currently there is under study in murine models the potential use of TM207 and
Rifapentine for DR and XDR-TB contacts. Given the absence of evidence on which
drugs and how long to use them, the current recommendation is close monitoring of the
contact cases.

D. If the Contact Develop TB Disease, which is the Ideal Treatment?

After the previous statement, the secondary case will present TB but whether it is
resistant or susceptible will not completely be known after DST. According to the
reduced number of studies the likelihood of presenting a TB disease is greater. This is
especially important for children with TB for whom culture and DST might be difficult

to obtain or might delay too much the treatment start. According to this reduce evidence
and on a patient orientated approach probably the best to do is give the patient the same
treatment that is curing the index case while waiting for the DST result.

6. Management DR-TB in vulnerable and marginalized populations

If TB is a disease of the poor, certainly DR-TB tends to be a disease of the poor among
the poorest and the most marginalized or discriminated. The creation of DR-TB is
intrinsically linked to difficulties in accessing an appropriate susceptible TB treatment
or ensuring proper follow up. This is probably the reason why DR-TB thrives among
the most vulnerable and discriminated groups.

Socially neglected or excluded populations present higher rates of TB and worst access
to treatment and health care assistance for several reasons. With an adequate approach
in increasing access to susceptible TB treatment probably many of these DR-TB cases
can be prevented. Considering the bulk of patients in a high burden country, the
absolute numbers of TB cases in the marginalized groups may appear reduced
(excluding regions where girls and women are discriminated with regard to access to
health care). But the proportion of DR-TB in these groups tends to be much higher than
in other groups. These untreated or badly treated patients act as remaining pockets of
disease. If there is no political will to treat correctly these susceptible TB patients,
surely DR-TB will emerge among them and will be later transmitted to others. As the
recommendations from WHO are to pursue Intensified Case Finding (ICF) to increase
the Case Detection Rate, these marginalized populations cannot be left aside.

Migrants (internal, legal, undocumented, refugees), indigenous and outcast populations
usually face difficulties in accessing TB treatment and care. When they manage to
access TB treatment and care, it is often in an inconsistent way given their high mobility.

On the other hand, other vulnerable patients who try to access to treatment and care
through established channels are denied the care they need and deserve. When men
who have sex with men, transgender persons, ethnic minorities, sex workers, drug users,
PLWHIV and in some settings women and children are diagnosed, they may be treated
with rude manners or discriminated in other ways by the health care workers or others.
Hence, they present an increased risk of default and DR-TB development. In these cases,
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disease stigma is added to social stigma and makes treatment completion even more
complicated. Beside, after experiencing such discrimination the patients may return to
their community and discourage others to get diagnosed when sick. This results in
individuals remaining infectious at the community level instead of seeking appropriate
care. So not only the default rate and DR-TB increase, but also the Case Detection Rate
decreases (we lose those potential cases) and TB incidence overall may increase.

The usual argument for not reaching these populations is logistical and difficulties in
accessing them. If NTPs wish to reach those patients, their structures, guidelines and
procedures need to be more flexible in order to properly address these more complicated
cases. On the other hand, lack of human resources is a real limitation in NTPs in
developing countries. Nonetheless, the cost of neglecting these groups is economically
and socially higher in the end. And discrimination and stigma are amplifying the DR-
TB epidemic.

TB and DR-TB diagnostic and treatment for vulnerable groups do not differ from
regular population. The key issue is how to make these patients come to the health
centers when they are sick and take their medication on the long run. Obviously this
varies widely from population to population and from country to country depending on
their socio-economic circumstances and depending on the level of stigma and
discrimination these groups encounter. Taking that into account, sometimes access to
this vulnerable population it is just an issue of negotiation, flexibility and health care
workers education.

A positive example in how thinking out of the “one fits all strategy” can increase access
to vulnerable groups was recently presented in Namibia (Southern African country)
(Uukunde, et al., 2011; (Ruswa, Uukunde, Platt, & Mavhunga, 2011)). The country was
presenting high rates of DR-TB among the indigenous San population who are a
nomadic group practising a hunter-gatherer lifestyle in the wilderness with a very
traditional and unique social structure. Many DR-TB patients were put on treatment and
hospitalised according to the national guidelines in the district TB ward situated in a
town more than 300 kilometres from their conservancy. There were very high defaulter
rates among the San when this treatment approach was being used. The reason was that
according to their culture being separated from the family entity was considered a form
of punishment. Once this was acknowledged, the NTP negotiated with the group
representatives and trained the local community members in DOT and treatment
delivery. Adherence improved remarkably and cure rates increased considerably.

For bacteriological, ethical and public health reasons, susceptible and multidrug
resistant treatment should be available for ALL vulnerable populations even if this
requires more flexibility from the NTPs. Increased access to a correct TB treatment and
care and follow-up of outreach or excluded populations is essential to prevent and cope
with the ongoing DR-TB epidemic.
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