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Abstract

The number of children globally who develop drug-resistant tuberculosis is unclear, in part due
to diagnostic challenges and limited resistance testing, and in part because recording and
reporting is not comprehensive. Large numbers of children, however, are exposed to drug-
resistant bacilli each year and it is clear that the very young and those immune-compromised

are vulnerable to developing disease.

Few studies have looked at the progression from exposure to infection or from infection to
disease in the child contacts of adults with drug-resistant tuberculosis. It is uncertain which
factors influence this progression and also whether any interventions can prevent it. Finally,

few studies have analysed the presentation, treatment and outcome of children with disease.

This thesis starts by reviewing what is published regarding drug-resistant tuberculosis in
children. This includes systematic reviews of the management of children exposed to drug-
resistant tuberculosis as well as the management of those with multidrug-resistant
tuberculosis disease. It reviews what is known regarding the second-line tuberculosis drugs in

children and then clarifies the definitions that are used throughout the rest of the work.

The thesis then systematically examines each of the stages from infection to disease with a
series of inter-related studies. The first study attempts to quantify the burden of drug-
resistance in the context that the work is carried out. The following study investigates the risk
factors for infection and prevalent disease in children exposed to a multidrug-resistant
tuberculosis source case. This is followed by two studies which explore the transmission of
drug-resistant bacilli from adults to children. The identification and referral patterns and
obstacles to referral for exposed children are examined through operational studies that
include qualitative and quantitative components. A descriptive cohort study assesses the
toxicity and efficacy of a standardised preventive treatment regimen given to child contacts.
The final part of the thesis includes a series of studies to investigate the treatment of drug-
resistant tuberculosis disease in children and the adverse effects of the second-line

medications.
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Crnax Maximum serum concentration

CR Chest radiograph

CSF Cerebrospinal fluid

CcT Computerised tomography

DMID Division of Microbiology and Infectious Diseases
DOT Directly observed therapy

DPOAE Distortion product otoacoustic emissions
DQ Developmental quotient

DR Drug-resistant

DST Drug susceptibility test

EBA Early bactericidal activity

EPTB Extrapulmonary tuberculosis

FBC Full blood count

FNAB Fine needle aspiration biopsy

GCS Glasgow coma score

HIV Human Immunodeficiency Virus

HMR Isoniazid monoresistant

IDSA Infectious Disease Society of America
IGRA Interferon gamma release assay

IM Intramuscular

IQR Interquartile range
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IRIS

LFT
LPA
LRT
MDR
MIC
MPC
MRI
MSF
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NTM
OAE
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PAS
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RR
SD
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fTa
TB
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TCH
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TSH
TST
WFA
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XDR

Immune reconstitution inflammatory syndrome
Intravenous

Liver function tests
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Likelihood ratio test
Multidrug-resistant

Minimum inhibitory concentration
Mutant prevention concentration
Magnetic resonance imaging

Médecins Sans Frontiéres

Mid upper arm circumference

Nucleic acid amplification test

National Institute of Health and Clinical Excellence
Non-tuberculous mycobacteria
Otoacoustic emissions

Odds ratio

Para-aminosalicylic acid

Polymerase chain reaction

Protease inhibitor

Pure tone audiometry

Restriction fragment length polymorphism
Rifampicin monoresistant

Rate ratio

Standard deviation

Half life

Free thyroxine

Tuberculosis

Tuberculous meningitis

Tygerberg Children’s Hospital

Time to maximum serum concentration
Thyroid stimulating hormone
Tuberculin skin test

Weight-for-age

World Health Organization

Extensively drug-resistant
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Introduction

The burden of drug-resistant tuberculosis infection and disease in children

Determining the global burden of tuberculosis (TB) is difficult as reporting is inconsistent and
tests for infection and disease are imperfect. Traditional estimates suggest that a third of the
world population may be infected with TB' and that each year nine million people develop the
disease, with an estimated 1.7 million dying from it.>* Challenges in determining the scale of
the paediatric TB epidemic are compounded as the diagnosis of Mycobacterium tuberculosis
infection and disease in children is even more problematic than in adults. The tuberculin skin
test (TST) and commercial interferon gamma release assays (IGRAs) have limited sensitivity
and specificity to detect M. tuberculosis infection in children® and due to the paucibacillary
nature of paediatric TB, together with difficulties in obtaining clinical samples,
microbiologically confirmed TB disease is typically obtained in less than 30% of children with
radiological/clinical evidence of intra-thoracic pathology.5 The diagnosis of TB relies on a
constellation of history, examination, immunology, radiology and bacteriology, all with limited
sensitivity and specificity.® As even children with culture-confirmed TB are frequently not
recorded and reported in TB registers,’ the total number of children reported with TB is likely

an under-estimate of the actual burden.

Drug-resistant (DR) TB presents a challenge to international public health. It is a man-made
problem arising through ineffective treatment regimens and failures of health programming.®
DR-TB is defined as M. tuberculosis resistant to any first-line TB medication but once the bacilli
are resistant to rifampicin and isoniazid, they are said to be multidrug-resistant (MDR).>*°
Extensively drug-resistant (XDR) TB is caused by bacilli that are, in addition, resistant to a
fluoroquinolone and an injectable second-line TB medication.'** The World Health
Organization (WHO) estimates 650,000 prevalent cases of MDR-TB each year®® and cases have
now been seen in most countries in the world;'* in some areas of Eastern Europe and Central
Asia multidrug resistance is seen in more than 30% of all TB cases. Although in sub-Saharan
Africa and Southern Asia the proportion is lower, the total number of cases is high due to high
overall TB burden. South Africa has one of the highest incidences of TB in the world, with rates
in the townships surrounding Cape Town exceeding 1,000 per 100,000.2 Over two percent of

TB cases are MDR and this figure has risen in the last decade reflecting increasing drug

resistance, increasing detection of drug resistance or a combination of the two.” ** To diagnose
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DR-TB either the bacilli must be demonstrated to grow in the presence of an antibiotic
(phenotypic resistance) or to possess genetic mutations known to be associated with drug
resistance (genotypic resistance). It is therefore not possible to diagnose DR-TB from sputum
smear microscopy alone. In many regions of the world drug resistance testing is unavailable

and DR-TB is therefore not diagnosed, reported or treated.

As paediatric TB is under-reported and as DR-TB is challenging to determine, it is not a surprise
that the number of reported cases of paediatric DR-TB is limited. Prior to the studies presented
in this thesis, only two hundred children had been described with MDR-TB in the medical
literature. As over half a million cases of MDR-TB are estimated to occur each year globally*
and as children comprise up to 20% of the total TB burden in high TB incidence settings,“”18

the burden of children with DR-TB is significantly under-reported.

Tuberculosis pathophysiology and immunology

Following exposure to aerosolised M. tuberculosis some children will become infected. Once
infection has occurred the adaptive immune system recognises the bacilli; it may clear the
infection, fail to contain it or reach an equilibrium in which the immune system is unable to
eradicate the infection but prevents it from progressing. For those with M. tuberculosis
infection, a proportion will, at some point in the future, progress to TB disease.’ The risk for
this is greatest in the first couple of years following infection®® and for young children, 90% of
those progressing to disease do so in the first year.?! From data collected prior to the era of
chemotherapy, it is clear that a proportion of children infected with M. tuberculosis will
develop chest radiology changes that spontaneously resolve without treatment. However,
throughout the thesis, TB disease is defined as either symptomatic illness or chest radiology
changes consistent with TB. Children with M. tuberculosis infection, therefore, have no clinical
symptoms or signs and radiology that is normal. Traditionally the only means of detecting M.
tuberculosis infection was through a history of exposure and a positive TST such as the
Mantoux or Tine test. The crude antigen mixture used, however, does not completely
differentiate between Bacillus Calmette-Guérin (BCG), M. tuberculosis and environmental,
non-tuberculous mycobacteria (NTM).?? It can take up to three months following infection for
an individual to mount a response and the response is affected by human immunodeficiency
virus (HIV) infection,” malnutrition and other immunosuppressive states such as viral
infections, steroid use or neoplastic disorders.? Sensitivity and specificity are difficult to

measure in the absence of a gold standard but when sensitivity is measured against confirmed
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TB disease, results are variable. Newer tests, IGRAs, measure either the interferon-y released
by T-cells or the number of T-cells which release interferon-y, after stimulation by M.
tuberculosis-specific antigens such as early-secreted antigenic target 6-kDa protein (ESAT-6)
culture filtrate protein 10 (CFP-10) or TB antigen TB7.7. Large numbers of studies have
examined these in vitro tests and in some contexts they seem to show higher sensitivity in
confirmed TB cases or against an exposure gradient.?* Specificity seems less affected by prior
BCG vaccination or NTM exposure.? IGRASs, like the TST, are unable to differentiate between
M. tuberculosis infection and TB disease. The evidence base regarding the role of IGRAs in
children is expanding® but data from high-burden settings are limited, especially in HIV-
infected children.* Few studies have included individuals exposed to MDR-TB.?” Meta-analyses
of the existing data suggest that IGRAs currently offer little in addition to the TST for screening
TB-exposed children, particularly in low resource settings.* This is reflected in current

international guidelines. 223

The epidemiology of drug-resistant tuberculosis in children

The development of TB requires exposure to M. tuberculosis, subsequent infection, and finally,
progression to disease.** The risk of moving from one state to the next is determined by
multiple microbiological, immunological, social and cultural factors.®! In the absence of
accurate tests of infection and disease, it is important to understand the epidemiology of each
of the exposure, infection and disease stages, and risk factors determining progression
between each stage. If these factors are identified, interventions can be targeted to those at
the highest risk of progression to the next stage. As children serve as a sentinel marker of
ongoing M. tuberculosis transmission and failing TB control, by identifying risk factors for

infection and disease in children the broader epidemic can be better understood.

Infection rather than just exposure is required for disease to develop. Exposed children with a
positive TST are five times more likely to develop disease than those with a indeterminate or
negative TST, suggesting that those with a positive TST were more likely to have been
infected.® This may also be the case for the IGRAs but so far there is little evidence to inform
their predictive utility in children. Due to the limitations of these tests, as well as a time delay
in hypersensitivity conversion, the results must be combined with a clinical assessment of the
likelihood that infection has occurred. This will include an evaluation of the infectiousness of
the source case as well as the risk of transmission. Although initial animal models implied that

isoniazid-resistant mycobacteria were less infectious and pathogenic than drug-susceptible
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3334 studies in humans are less clear.?* 3% An association exists between certain

organisms,
strain types and drug resistance®® and different strains demonstrate different virulence

patterns.’**! The overall picture, however, remains uncertain.

For drug-susceptible TB, patients with sputum microscopy smear-positive disease are between

two and three times more likely to cause infection in contacts than those with sputum

42-43 42,44-45

microscopy smear-negative disease,” " with higher bacterial loads more infectious.
Although HIV-infected individuals with culture-confirmed TB are more often sputum smear-
negative than HIV-uninfected individuals,* there is little evidence that they are less
infectious.*”*® More extensive pulmonary disease, affecting multiple zones on a chest
radiograph, is associated with increased infectiousness, independent of mycobacterial load.**
930 The implication, therefore, is that when assessing a contact it is vital to understand the

extent of lung involvement in the source case.

The risk of a contact becoming infected depends on the physical proximity of the source case
to the contact, the daily extent of the interaction, environmental factors, as well as the
duration of the exposure.™ First degree relatives are up to five times more likely to cause
infection in the contact than more distant relatives,*® especially when the relative is female.*
Those sleeping in the same room are up to three times more likely to infect contacts than

42, 49-50, 52-54

those sleeping in different rooms, with physical proximity of sleeping showing a

%% The odds of infection in the contact is up to four times higher in families

graded response.
where smokers live,”*** and is increased where rooms are crowded or where ventilation is
poor.*® The length and frequency of cough of the source case has been shown to affect the risk
of infection in the contact.’” This is particularly relevant to MDR-TB as source cases have often
been previously treated with ineffective first-line regimens and the diagnosis has been

delayed, consequently increasing exposure time.**®°

From studies that examined the natural history of tuberculosis, conducted prior to the
chemotherapy era, it is known that infected infants (i.e. <12 months) have a 50% life-time risk
of progression to disease. Children from one to two years have a 20-30% risk, those from three
to five a risk of 5%, those five to ten years only a 2% risk and adolescents an adult-like risk (5-
10%).**! Adults with HIV and TB infection have a 7-10% annual risk of developing TB,% an
effect modulated by combination antiretroviral therapy (cART) and immune status. Children
with HIV are more than twenty times as likely to develop TB as those HIV-uninfected® and
children with malnutrition have been shown to be more vulnerable than those adequately

nourished.®®
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The origin of infection in child contacts is dependent on background TB prevalence. A number
of studies have demonstrated that TB contacts subsequently developing disease usually do so

21, 37, 64-65

with the same strain as that of the identified source case. Other studies, however,

have shown that in high prevalence regions many contacts develop disease of a different strain
to their identified source case implying infection from someone else within the community.®*%®
Older studies have shown that although household source cases are important, many children
have evidence of infection without a known household source case.’®”° It is possible that in
the same household there is more than one TB case, each with a different strain and it is also
possible for a source case to be infected with multiple strains.”>7? In reality, in low prevalence
regions the identified source case is likely to be the origin of the infection,” whereas in high
prevalence areas, a combination of household and community sources of infection is likely to
occur.® The nature of the interaction between the source case and the contact is also
important and the more intense the interaction the more likely the strains will be concordant.
Younger children are therefore more likely to be infected with the same strain as the known
source case as opposed to older children who interact more with the community. When
planning preventive treatment in the presence of multiple possible strains, however, a balance

between the most likely and the most dangerous outcomes should be considered.

The evolution of drug-resistance in M. tuberculosis strains

At every division of M. tuberculosis there is a small probability of a genetic mutation arising
that will confer resistance to a TB medication. Therefore, at any one time, within a large
untreated population of M. tuberculosis, mycobacteria will exist which possess such mutations.
Monotherapy with only one drug will exert a selective advantage onto those strains, allowing
them to prosper with drug-susceptible strains dying. Eventually, the entire population will
possess that mutation and will be resistant to that medication. Isoniazid and rifampicin are the
two most important medications used to treat M. tuberculosis and the rate of spontaneous
mutation to create resistance to isoniazid is 1 in 10° cell divisions and rifampicin 1 in 10%.7 The
use of a multidrug regimen should ensure that those mutants resistant to one of the
medications can be killed by one of the others in the regimen. A population of 10 bacilli
would be required to create the mathematical possibility of a mutation to both isoniazid and
rifampicin. Even in cavitary TB, with high bacillary load, the number of organisms cannot reach

this level.
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Therefore, for resistance to develop to a multidrug regimen, monotherapy must be
inadvertently given. This occurs when serum levels are sub-therapeutic, treatment is
intermittent, chaotic or only some of the drugs in the regimen are taken. Resistance usually
develops first to isoniazid as this medication is the most bactericidal and therefore causes the
greatest selective advantage. In addition mutations to isoniazid occur more frequently than to
rifampicin. This leads to isoniazid mono-resistant M. tuberculosis. If rifampicin is then given as
monotherapy (or in combination with other medications given imperfectly) resistance to
rifampicin will develop. Resistance to only rifampicin was rare prior to the HIV epidemic.
However, and for reasons that are still not entirely clear, it is now see more frequently,

especially in those HIV-infected.

Drug resistance can be acquired as described above, through sequential, selective pressure in
the face of inadequate therapy, where a previously drug-susceptible organism develops
resistance within one human host. Alternatively, resistance can be transmitted where
mycobacteria, already resistant, are transmitted to a new host. Additionally, a combination of
the two can occur when one individual receives a mycobacterium already resistant to one or
more medications and then in the face of inadequate treatment develops resistance to further
antibiotics. It is unclear what proportion of drug resistance in tuberculosis is transmitted and
what is acquired. Children usually have transmitted resistance as disease is normally

paucibacillary, making acquired resistance less likely.

The relationship between strain type, drug resistance and virulence is complex. One study has
demonstrated a relationship between Beijing strain and both HIV infection and drug resistance

).”® However, another study found no association

in adults with tuberculous meningitis (TBM
between strain type and either presentation or outcome in an investigation of children with
TBM.’® Further investigations have demonstrated a relationship between strain type and

41,78

disease phenotype in children”” and in adults*®”® and a number of studies have demonstrated

that strain type, and Beijing specifically, is associated with drug resistance.>® 7%

The management of children with drug-resistant tuberculosis infection

If a child with M. tuberculosis infection can be given effective treatment to prevent the
progression to disease, the child is spared a TB disease episode. This has clinical implications
for the individual, reducing morbidity, mortality and avoiding lengthy, unpleasant and

potentially costly treatment with associated adverse events. It also has implications for the
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community as children provide a reservoir for future disease propagation, as well as direct
onwards transmission in those children who develop infectious TB.® The first trials of isoniazid
as preventive therapy for TB were carried out over fifty years ago,® and isoniazid has been
demonstrated to reduce the risk of progressing from infection to disease in HIV-positive and
HIV-negative children following exposure to drug-susceptible TB.2*® The majority of
international agencies and National TB Programmes advise providing children less than five
years and all HIV-infected children with isoniazid daily for six months following exposure to an

infectious case of drug-susceptible TB.*®

Following exposure to a source case with MDR-TB it is unclear how vulnerable children should
be managed.¥ Although concordance between putative source cases and child contacts is not
complete, many clinicians are uncomfortable treating a child exposed to an MDR organism
with isoniazid. Cases have been reported of children exposed to MDR-TB developing TB

88-89 pesistance caused by an inhA promoter region

disease on isoniazid preventive therapy.
mutation may be overcome by giving isoniazid at a high dose (15-20mg/kg) but this will not
treat all strains.™® Drugs other than isoniazid and rifampicin have not been proved to be
effective in preventing the progression from infection to disease and concerns exist regarding
the potential toxicity of other agents, given to well children without TB disease. The Centers
for Disease Control identified the need for a preventive therapy trial for contacts of MDR-TB in
1992.%® Since then numerous international agencies and experts have recommended that

studies assessing MDR-TB preventive therapy should be a global public health priority.® %

The management of children with drug-resistant tuberculosis disease

A microbiologically confirmed diagnosis is only made in about 20% of children with clinical
evidence of TB.® When extensive efforts are employed this figure can increase, but rarely to
above 50%.” It is therefore recommended that children should be treated for clinically
presumed, as well as confirmed, TB, based on symptoms, signs and radiology.'® Many clinicians
are wary of making a presumed diagnosis of MDR-TB in children, however, due to perceptions
that the treatment is associated with significant adverse events, is long and traumatic for
children, and may involve prolonged hospital admission. The balance between making a
confirmed diagnosis (specific but not sensitive) vs. a presumed diagnosis (sensitive but perhaps

not specific) is influenced by such assumptions.
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Adults with TB usually have multibacillary disease with extensive tissue damage and lung
cavities. Microbiological diagnosis is common. Treatment recommendations for adults with
MDR-TB include an injectable medication for six to eight months and a total duration of
therapy of 18-24 months.'® Durations shorter than this are associated with increased risk of
failure and relapse. Children, however, have a different spectrum of disease. Whilst older
children (older than 8 years) may have adult-type disease,* younger children commonly have
limited, paucibacillary disease, including intra-thoracic or extra-thoracic lymph node disease.’™
Children metabolise drugs differently to adults, have a different spectrum of adverse effects
and different psychosocial, developmenta!l and educational needs. However, generally, the
advice is for children to be treated in a similar way to adults. Some experts suggest that it may

be possible to treat limited disease less aggressively but evidence to support this is limited.*®

102-103

Drugs used to treat drug-resistant tuberculosis infection and disease

The treatment of DR-TB infection and disease necessitates the use of second-line TB agents.
Despite their approval more than forty years ago, there are major gaps in our knowledge of
the pharmacokinetics of TB drugs in children, particularly of the second-line agents.*** The
pharmacokinetics of TB drugs is modulated by several factors. Age is an important variable as
young children achieve lower serum concentrations for most first-line TB drugs compared to
adults when given at the same mg/kg dosages.'®' Other potentially important determinants
include malabsorption and immune-compromise resulting from HIV infection,*®**® poor
nutritional status'! and variable pharmacogenetics.'®® !*? Recent global interest in paediatric
TB resulted in a critical review of existing treatment recommendations and a number of new
recommendations have been made regarding the appropriate dosing of first-line TB drugs in
children;!'® however, there is scant evidence on which to base dosing guidelines for the
second-line TB drugs. Toxicity is a major concern, but paediatric data are limited. Co-
administration with cART may potentiate drug toxicity or result in drug—drug interactions that
compromise the efficacy or safety of the TB regimen or cART. Knowledge of the effects of age,
HIV co-infection and concomitant cART in children on the pharmacokinetics of second-line TB

agents is limited.

The challenges to treating MDR-TB in children are only partly due to the uncertainties
surrounding the activity and safety of the available drugs. The second-line drugs are rarely

produced in paediatric formulations or appropriate tablet sizes, necessitating breaking,
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splitting, crushing or grinding. Hence dosing may be inaccurate and sub-therapeutic or toxic
levels are possible. The taste of the medications is often unpalatable. A number of the drugs
cause vomiting and diarrhoea which may affect the amount absorbed and causes further
uncertainty about the dosing. The daily pill burden can be vast as the child may require
multiple TB medications, cART, other antibiotics as well as supplements of vitamins and
calories. Adherence can be challenging in children either too young to understand or not old
enough to cooperate. Treatment for MDR-TB in children should always be given under directly
observed therapy (DOT) but in reality, in many settings, responsibility is often given to the
caregiver who is given a week or a month’s supply of drugs. Caregivers may well be the source
case, however, and may have chronic medical problems themselves, have defaulted
treatment, or have additional problems such as drug or alcohol abuse. There is an established
relationship between TB and alcohol in many contexts and populations*** and in treatment
cohorts of MDR-TB alcohol and drugs are common and associated with both default'® and

poor prognosis.*®
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Aims and structure of thesis

The aim of this thesis was to examine each of the different stages from exposure to DR-TB

through to the treatment of disease, as outlined in the conceptual framework.

The first step was to carry out a review of literature relevant to the different components of
the cascade. | have therefore examined the literature regarding the management of children
exposed to DR-TB, the management of children with DR-TB disease and finally the
characteristics of the second-line TB drugs. The next step was to define the terms that |

proposed to use in the studies that were to be carried out.

The main component of the thesis was to carry out original research to examine the different
stages in the progression from exposure to disease treatment. Through a series of inter-related
studies, the reasons for progression from one stage to the next in the cascade were explored
and interventions examined. Within this, the first study aimed to quantify the burden of drug
resistance in the context in which the research is to be carried out. Epidemiological risk factors
for infection and disease were then explored in child contacts of MDR-TB. Investigations into
transmission dynamics were examined in two studies and then two operational research
studies explored what proportion of child contacts access care and why so many fail to do so.
The toxicity, tolerability and efficacy of a multidrug preventive therapy regimen were studied
and finally a series of investigations explored the treatment and adverse effects of DR-TB
disease treatment. Following the original research, the final step in the thesis is to draw
together conclusions from what had been discovered and identify suggestions for changes in

policy and practice, together with areas for future research.

The majority of the elements in the thesis, both the literature reviews and original research
studies, have been written up as individual articles for submission to peer-review academic
journals. However, to provide a coherent description of the body of work, one thesis has been
produced. Where sections of the thesis are drawn from articles that have been written, this
will be noted and published/submitted articles are available at the end. Text presented in the
thesis is only drawn from articles that | have written myself. However, all articles benefitted

from critical input from other authors.

All research studies in the thesis were approved by the Ethics Committees of both the London

School of Hygiene and Tropical Medicine and Stellenbosch University.
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The Republic of South African is located at the southern tip of the African continent. The
population was just over 50 million in 2011'"” and the country is comprised of Black African
(Zulu, Xhosa, Basotho, Bapedi, Venda, Tswana, Tsonga, Swazi, Ndebele), White (mainly of
European ancestry), Indian and Coloured (a heterogeneous group of mixed ancestry) ethnic
groups. The antenatal HIV prevalence was 29.3% in 2008"'® and the national TB incidence was
948 cases per 100,000 in 2007.'*®

South Africa is divided into nine provinces, of which the Western Cape is situated in the south-

west corner of the country.
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The population of the Western Cape was 5.3 million in 2011." The HIV antenatal prevalence
was 16.9%"" in 2009 and the TB notification rate was 976 per 100,000."** Within the Western

Cape, the province is divided into six health districts. The largest is the metropolitan health

district called the City of Cape Town with a population of 3.4 million.

The City of Cape Town health district is further subdivided into eight sub-districts of roughly
half a million population each. One of these, Khayelitsha, is a peri-urban township, and is
located on the outskirts of the City. Khayelitsha is a poor sub-district and has a predominantly
Xhosa-speaking population.'?’ In Khayelitsha the TB notification rate was nearly 1600 per
100,000 in 2008 with an antenatal HIV seroprevalence of 31.1%."** Médecins sans Frontiéres
(MSF), working with local health authorities in one township of Cape Town, Khayelitsha, since
2007, are piloting a decentralized model for the identification and treatment of MDR-TB
patients. This involves a package of care that includes counselling, support, sensitization,
education, adherence support groups, active case finding of contacts and psychosocial care. L

Each year, there are about two hundred adults diagnosed with MDR-TB from the Khayelitsha

sub-district. A paediatric outreach DR-TB clinic has been running since December 2008 in

Drug-resistant tuberculosis in children James Seddon Page |27



Khayelitsha where, once a month, a specialist visits the community clinic. New patients are
assessed and for those who can be managed in the community, follow-up of both exposed and

diseased patients occurs.

In all sub-districts, once an adult has been diagnosed with sputum positive MDR-TB, contact
tracing should occur to identify any individuals at risk in the household. In practice this occurs
inconsistently and many vulnerable children are not identified or referred. At the beginning of
2010, a professional nurse was appointed in each of the eight sub-districts to oversee this
process. One of their tasks is to carry out a household assessment on all new adults with MDR-
TB at diagnosis to discuss infection control, adherence and follow up. Another task is to
identify any exposed children who are less than five years and those HIV-infected and refer
them to their nearest clinic (roughly one hundred exist in the City of Cape Town Health district)
to be seen by the local doctor before referral to the regional paediatric DR-TB clinic. This DR-TB
clinic takes place at Tygerberg Children's Hospital (TCH), a large provincial, academic hospital,
and as an outreach service, conducted within Khayelitsha on a monthly basis. The children are
referred by faxing a standardised referral form and ringing to make an appointment. At the
DR-TB clinic, the child is assessed by a specialist to rule out disease using history, examination
and plain film chest radiography (CR; antero-posterior and lateral). If the child is found to be

well, but is deemed to have had significant exposure, they are started on preventive therapy.
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The provincial policy is to provide ethambutol (20-25mg/kg daily), ofloxacin (15-20mg/kg daily)
and high dose isoniazid (15-20mg/kg daily) for six months. Children are seen routinely at two,

four, six and twelve months where they are examined and have a chest radiograph taken.

Any children in the Western Cape who are confirmed or suspected of having MDR-TB disease,
and children failing effective first-line therapy, are also referred to this specialist children’s DR-
TB clinic. Children are assessed and, if necessary, started on treatment. If the child requires a
daily injectable medication for the intensive phase they are admitted to Brooklyn Chest
Hospital (BCH), a specialist residential TB hospital with a sixty bed paediatric capacity.
Otherwise they are managed as outpatients. Children who are being followed-up after
discharge from BCH to complete their treatment in the community return to the DR-TB clinic

for appointments.
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Literature Review

Literature review 1: managing child contacts of drug-resistant tuberculosis

Concepts from the following topic have been written as articles:

e Seddon JA, Godfrey-Faussett P, Hesseling AC, Gie RP, Beyers N, Schaaf HS. Management of
children exposed to multidrug-resistant Mycobacterium tuberculosis. Lancet Infect Dis.
2012; 12:469-479

e Seddon JA, Godfrey-Faussett P, Hesseling AC, Schaaf HS, Enarson D. Should preventive

treatment be provided to child contact of tuberculosis in high burden settings? (submitted)

For this section of the thesis, the literature surrounding preventive therapy was systematically
searched (Table 1) From the articles found, together with a synthesis of relevant themes and
topics, a discussion of the relative merits of preventive therapy for contacts of DR-TB is

provided.

Preventive therapy

TB control programmes have traditionally focused on case-finding and treatment of infectious
patients with TB disease, usually adults. From a public health perspective, this must remain the
priority as it will reduce population transmission and consequently the number of new
infections. However, to decrease future disease burden and for individual clinical care, these
strategies need to be complemented with the identification and treatment of exposed
individuals who are at a high risk of becoming infected and then of progression to disease.'?
Those at the highest risk are young children and the immunosuppressed. Few studies have
examined the management of children exposed to MDR-TB and in the field of preventive

therapy there is no consensus in published articles and expert guidelines.

The rationale for preventive therapy

Preventive therapy regimens have been used since 1951 in an effort to prevent the

124

progression from infection to disease.”” The WHO advises that those with M. tuberculosis

infection who are at a high risk of progression, should be given daily isoniazid for at least six
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months.® In high burden settings high risk is considered children less than five years of age or
those HIV-infected in household contact with an infectious TB case.'® Alternative preventive
therapy options that have been proposed include rifampicin or combinations of rifampicin,
isoniazid and pyrazinamide.’**** A number of studies have demonstrated that when uptake
and adherence to preventive therapy is good, there is a reduction in the likelihood of
progression from infection to disease. The reduction is in the order of 60% for those without
HIV infection® ®* 3% increasing to 90% in analysis restricted to patients with good
adherence.®! HIV-infected children, given preventive therapy, had a 72% reduction in disease
progression in the era before cART.2* 132 However in a recent placebo-controlled trial of HIV-
infected and HIV-exposed, uninfected infants with no known exposure to a TB source case at
the time of enrolment and universal access to cART, 96 weeks of isoniazid did not lead to a
reduced incidence of TB disease.’ WHO has recently proposed an aggressive strategy for HIV-
infected patients, where all should be given preventive therapy, irrespective of age, contact
with a TB source case, degree of immunosuppression or evidence of infection.”®® Therapy is
advised for up to 36 months. Prophylaxis refers to treatment given after exposure to prevent
infection while treatment of latent infection implies that infection has been determined.
Preventive therapy includes both these situations and will be used throughout the thesis (see

definitions section later).®

The assessment of child contacts of multidrug-resistant tuberculosis

When presented with the child contact of an MDR-TB source case a number of decisions must
be made. The first is to assess whether the child has TB disease. This is not always
straightforward but giving preventive therapy to a patient with TB disease is not only
inadequate but also runs the risk of promoting further resistance. Once TB disease is excluded,
the attending physician must make a series of assessments which, in the absence of reliable
diagnostic tests, will always be probability-based judgements. These are demonstrated in
Figure 1. Initially the likelihood of infection must be evaluated. If the child is likely to be
infected, the risk of disease progression must be determined. If the child is likely to be infected
and has a high chance of disease progression then the final assessment is of the drug
susceptibility of the infecting strain. Once all these factors are evaluated preventive therapy
can be considered. In each individual case, the risks associated with preventive therapy must

be carefully weighed against the risk of disease.
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Evidence regarding the management of multidrug-resistant tuberculosis contacts

Few studies have examined the management of child contacts of MDR-TB. My own review of
the literature identified no randomised controlled trials investigating those exposed to MDR-
TB and only three studies that have looked at preventive therapy in contacts of MDR-TB. This
was the same result as others who had systematically searched the literature.’® One study in
Cape Town followed 105 children, of which 41 had been given a multi-drug preventive therapy
regimen tailored to the drug susceptibility test (DST) pattern of the source case strain.? This
demonstrated a protective effect of the tailored regimen as only two out of the 41 treated
children (5%) developed TB disease compared to 13 out of the 64 (20%) who had been
observed carefully without intervention. The second study, in Rio de Janeiro, retrospectively
assessed 218 adult and child contacts of MDR-TB source cases of whom 45 had been given
isoniazid.” This study showed a non-significant trend towards a protective effect of the
preventive therapy. Finally, 110 infected adult and child contacts of 19 MDR-TB source cases
were given a multi-drug preventive therapy regimen in Chuuk, Federated States of Micronesia.
Twelve months of preventive therapy was given under DOT and no patients given preventive
therapy developed TB disease.’*® Although no definitive conclusions can be drawn from these
studies, they would suggest that it may be beneficial to give some form of preventive therapy

to child contacts of MDR-TB.
Recommendations from international organisations and departments of health

International guidelines vary regarding the management of MDR-TB contacts. The British
National Institute for Health and Clinical Excellence (NICE) advocates careful follow-up of all
contacts of infectious MDR-TB patients with no treatment as no medication has been
demonstrated to be effective in preventing progression from infection to disease.'*” The WHO
recommends close observation as there are limited data supporting the use of drugs other
than isoniazid and rifampicin. It does, however, imply that contacts of MDR-TB source cases
may be infected with multiple strains, some of which might be susceptible to isoniazid.!® The
South African Department of Health suggests giving isoniazid to contacts of MDR-TB source
cases.’®® One Delphi survey failed to gain consensus, suggesting that it was up to the attending

physician to make the decision and advocating the need for further studies.'®

The Centers for Disease Control and Prevention (CDC), the American Thoracic Society (ATS)
and the Infectious Diseases Society of America (IDSA) have issued a joint statement suggesting

that high-risk contacts of MDR-TB source cases should receive a regimen that includes two
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drugs to which the source case’s TB strain is susceptible.”® The American Academy of

141142 55 does

Paediatrics (AAP) suggest specialist referral.!*® Published expert opinions vary
reported practice.’” ¥4 Although treating with medications to which the source case’s
isolate is susceptible is intuitively convincing and biologically plausible, there are limited data
to indicate if it is successful in preventing infection or the progression from infection to
disease. The adverse effects of such treatments have also not been explored and the costs to

the patient and to the health system have not been assessed.

Available medications that might have a place in a preventive treatment strategy for child

contacts of multidrug-resistant tuberculosis

Whichever regimen is used, it is important that clinicians are familiar with the medications
available, their mechanism of action and possible adverse effects**. The drugs in Table 2 have
all been suggested as preventive therapy for MDR-TB. Although the individual drugs will be
discussed later in the literature review on second-line drugs, they are discussed here in
relation to their use in preventive therapy as drug characteristics are central to preventive
therapy decision-making. In addition the use of first-line drugs, not covered in the later

literature review, are discussed here.

Delivering the correct amount of a drug to a child is problematic, both in terms of being
confident of ingestion as well as knowing the correct drug dosage. Traditionally, paediatric
dosing was extrapolated from adult pharmacokinetic studies. However, children generally
metabolise medications more rapidly than adults with drug concentrations lower than adults
given a corresponding dose for weight.!® This has been demonstrated in a number of recent

105, 107, 110, . . P
10,112 Lasylting in a revision to WHO

studies assessing TB drug concentrations in children
first-line TB drug dosing recommendations in 2009.** The caveat to this, however, is that
neonates and very young infants, with immature liver and enzyme development, seem to
metabolise drugs less rapidly than older children. Care must be taken when prescribing for this
sub-population.’® 3! Determining the optimal drug concentration to aim for in children is also
problematic and the pharmacodynamic properties of drugs may not be the same for children

and adults. Most of the second-line drugs have been minimally studied in children with TB.

Isoniazid is effective when used alone as preventive therapy for drug-susceptible TB infection
because it is highly bactericidal and leads to rapid bacterial clearance.’® Resistance has not
been shown to develop in infected patients treated with this monotherapy when TB disease

has been excluded prior to initiation.** Its use in contacts of known MDR-TB is questionable,
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however, as the contact is likely to be infected with an MDR strain. The majority of isoniazid
resistance is coded for on one of two genes and so resistance can be detected using genetic
tests. It can be divided into high-level or low-level resistance, the former being coded for on

the katG gene and the latter on the inhA promoter region.***

Pyrazinamide is effective in killing M. tuberculosis but only in the acidic environment created
by active inflammation responding to rapidly replicating mycobacteria. This situation is not
usually found in M. tuberculosis infection and so its place in preventive therapy is uncertain.!*®
Pyrazinamide-containing preventive therapy regimens have been shown to have significant
adverse effects in adults and adherence can be poor.”*** However, studies in children being
treated for TB disease demonstrate it to be well tolerated and rarely associated with adverse
effects.’®* 2% Resistance to pyrazinamide is complicated to test as it requires conditions of very
low pH which are difficult to replicate in vitro. Direct resistance testing, as well as surrogate
and genetic techniques, have shown that levels of resistance can be high in strains already

resistant to isoniazid and rifampicin.*6* 62

Fluoroquinolones have good activity against M. tuberculosis™ but concerns had previously
prevented their use in children due to the effect on the cartilage growth of immature
beagles.'® A growing body of experience has subsequently assessed their use in children and
found no evidence to support these concerns.'® Fluoroquinolones have good bactericidal
activity and seem to be well tolerated. Although effective in vitro, ciprofloxacin has poor early
bactericidal activity; other fluoroquinolones are therefore likely to be more effective.!®® A
recent study has demonstrated that although moxifloxacin has the best in vitro activity of the
tested fluoroquinolones against M. tuberculosis in the exponential growth phase, levofloxacin
was the most effective against those in the latent phase, suggesting it may be effective when

used as preventive therapy.

Ethambutol is effective but concerns regarding its effect on the optic nerve have limited its use
in those for whom colour vision and visual acuity was not possible to test, essentially
precluding its use from young children. Studies have subsequently shown that when used at
modern doses, optic neuritis has rarely been seen.’®’ There is emerging evidence, however,
that in MDR strains the frequency of ethambutol resistance is very high,'®! suggesting that it

may not be an effective choice.

Ethionamide is a similar drug to isoniazid, inhibiting the synthesis of mycolic acid and

consequently impairing the formation of the cell wall. If the mycobacteria have a mutation in
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the inhA promoter region, the mutation that usually leads to low-level isoniazid resistance,
then there will also be resistance to ethionamide.'* However, if there is a katG gene mutation,
the mutation that usually leads to high-level isoniazid resistance, there is no increased risk of
resistance to ethionamide. Adverse effects are common and include nausea and vomiting.
However, these usually lessen with time and can be reduced by initially splitting the daily dose
or giving a reduced dose at the start of treatment and increasing over a couple of weeks to the

full dose.
Preventive treatment strategies for the management of drug-resistant contacts

Contacts may be given a single drug, a standardised multidrug regimen, where all patients are
given the same combination regardless of susceptibility, or an individualised, tailored

multidrug regimen determined by the DST of the source case.

Contacts of TB source cases with isolates resistant to only either rifampicin or isoniazid can
usually be treated with the other agent alone. As both these drugs have been shown to be
effective in reducing the risk of progression from infection to disease in contacts of drug-
susceptible disease, either drug should be effective. It must be noted, however, that with the
increasing use of line probe assay (LPA) genotypic tests to diagnose MDR-TB a proportion of
source cases labelled as having rifampicin-monoresistant (RMR) TB may, in fact, have MDR-TB
as the genotypic tests only detect the katG and inhA mutations, missing a small but important
proportion of isoniazid resistance. Contacts of XDR-TB may be infected with a strain that is
resistant to multiple agents. Few treatment options are available and until new agents become

available close follow-up remains a key component of management.

Although good evidence exists for the efficacy of isoniazid in preventing disease progression in
drug-susceptible infection, there are limited data to support its use alone in those exposed to
MDR-TB. A rationale exists for using it alone at high dose as it is well tolerated, adverse effects
are rare and it would treat drug-susceptible strains as well as strains with low-level
resistance.’® ** 1% There have, however, been documented cases of children exposed to MDR-
TB progressing to disease whilst on isoniazid preventive therapy given at the previously
recommended dose (Smg/kg).%® Using a fluoroquinolone on its own might also be effective as
they are well-tolerated and have both bactericidal and sterilising activity. Fluoroquinolones
are, however, used widely to treat non-tuberculosis bacterial infections and there is concern
that widening their use still further and using them over long periods of time may promote

resistance to this essential class of drug needed to treat MDR-TB. A number of drugs in the
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research and development pipeline, TMC-207, OPC-67683, PA-824, may also be suitable for
MDR-TB preventive therapy.'®

A standardised multi-drug regimen will have some operational advantages over a regimen
tailored to the DST pattern of the isolate from the source case. It is simpler to implement and
healthcare workers can become familiar with a small number of drugs, dosages, adverse
effects and interactions. It is only necessary to have a limited DST on the strain of the source
case, sufficient to know that they have MDR-TB. Fundamentally, the choice of agents must
reflect the DST pattern of the prevailing organisms and so making universal recommendations
may not be appropriate. What is suitable for one area may not be for another. Deciding at
which level to provide guidance is also difficult, whether it be global, regional, country, district
or at hospital level, as is often the case for antibiotic policy. Balancing the tensions between
easy-to-follow unambiguous general policies and providing treatment that is most likely to be
effective for the target population is a constant public health challenge. Proposed standardised

regimens have included combinations of pyrazinamide, ethambuto! and a fluoroquinolone.”®

170

The advantages of a tailored regimen include an increased likelihood of success and reduced
promotion of resistance if a diagnosis of disease were missed at the beginning. However, it
requires a health system that is able to perform DST to a variety of first- and second-line
medications and requires extensive experience and expertise from front-line medical staff. By
giving three or more medications to which the bacilli is susceptible, it could be argued that this
is little different from a disease treatment regimen. Some would suggest close observation
with rapid identification and treatment if TB disease develops as a more appropriate strategy

in a well child. 2137

The Research Excellence to Stop TB Resistance Group (RESIST-TB) met in December 2009 to
discuss research into MDR-TB. They produced three clinical trial protocols of which one
examined the question of preventive therapy to adult and child contacts of MDR-TB. It was
suggested that a trial be conducted comparing isoniazid with either a new drug or one used in
combination with existing drugs.”® It would need to be a large trial as the endpoint of TB
disease is relatively infrequent and large numbers of patients would need to be recruited in
both arms to demonstrate a difference. The composition of the new regimen is still under

discussion.
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Other factors which will affect which regimen is employed in a given circumstance will be
certain pragmatic considerations such as regulatory approval, often challenging in children,
experiences of certain drugs in other diseases, cost and national programme policy. The

optimal duration of treatment has not been explored.
Adherence

Almost all studies performed have demonstrated that, in routine clinical care, personal
adherence to a course of isoniazid is singularly poor.’”! If the treatment needs to be given to a
child who is clinically well and may not be compliant with the parents’ wishes, it seems to be
even worse.''” In a recent, prospective study in Cape Town, 180 child contacts of drug-
susceptible TB were started on isoniazid. Only 20% completed five months or more of
pre\)entive therapy and the assessment of adherence consisted of whether they came to the
clinic monthly to collect the medications with no record of whether they were actually taken
or not. As this is with isoniazid, which has a relatively benign adverse effect profile, there are

concerns that with more complex regimens it may be even worse.

However, with education, counselling and peer support, good levels of adherence can be
achieved and TB programmes must consider the best ways of promoting good adherence to
completion of treatment. Novel techniques are being employed including DOT by family
members or non-medical treatment supporters, use of mobile telephone technology,
incentives and decentralised care in the community.’”**’® Preventive therapy has rarely been
given under DOT and it is usually the responsibility of the parent to administer. The available
resources and local prevalence of TB in the community will also affect which mode! of

supervision and support families receive.
The influence of Human Immunodeficiency Virus

As preventive therapy regimens given to those exposed to MDR-TB do not contain rifampicin
many of the usual interactions with cART medications are less profound. Limited work has
been done on the interaction between second-line TB drugs and cART drugs.’”” It is unclear if
therapeutic levels are being achieved, especially in children where less data are available. In
addition, chronic diarrhoea, a common consequence of HIV, may affect the absorption of both

MDR-TB preventive therapy as well as those of cART.'’?
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The other key question is the timing of the initiation of cCART and MDR-TB preventive therapy.
If the patient is already well established on cART it is probably safe to start preventive therapy
immediately without stopping the cART. If the diagnosis of HIV is made whilst the patient is
established on MDR-TB preventive therapy then cART should be initiated in accordance with
the appropriate guidelines for initiation of cART based on clinical and immunological criteria.
The problem arises if the two are diagnosed at the same time. If a patient is simultaneously
diagnosed with HIV and TB disease, HIV is immediately classed as WHO clinical stage 3 or 4
which necessitates immediate or imminent cART treatment.'”® Often cART initiation is delayed
for a couple of weeks to avoid the worst of the interactions and adverse effects. However, if
the patient is diagnosed with HIV and M. tuberculosis infection it may be appropriate,
dependent on other clinical and immunological circumstances, to start preventive therapy and
wait until either the preventive therapy is well established or completed before starting cART.

%0 However,

The debate about when to start cART is complex and little evidence is available.
clinicians are treating HIV infection now at an earlier stage than previously and there is
convincing evidence that early initiation of cART is associated with reduced TB incidence and
mortality, particularly in children.*®! In fact, providing cART to these children may be more
effective than any MDR-TB preventive therapy. Once HIV is diagnosed co-trimoxazole should
be started according to appropriate guidelines, irrespective of whether cART or MDR-TB

preventive therapy is initiated or not.'*?

Immune Reconstitution inflammatory Syndrome (IR!S) can be divided into paradoxical and

183-185 paradoxical IRIS

unmasking IRIS and usually manifests in the first few weeks of cART.
occurs when currently treated TB disease becomes worse following the initiation of cART.
Children with M. tuberculosis infection do not fall into this group. Unmasking IRIS, however,
must be considered in any HIV-infected MDR-TB contact started on cART. The cART may lead
to recognition of previously undetected TB disease as the immune system reconstitutes.
Management would be to start full treatment for MDR-TB disease. The role of corticosteroids

is still inconclusive but may give some protection in certain situations.*®
Conclusions

MDR-TB is emerging as a significant challenge to international public he.alth. The disease
burden can be reduced by treating exposed patients who are at high risk of becoming infected
and of progression to disease. Although the number of contacts will vary between populations,
conservative estimates would suggest that in high burden regions, there are at least two

contacts that are either less than five years or are HiV-infected for each MDR-TB source case.””

Drug-resistant tuberculosis in children James Seddon Page |38



% This implies that over a million vulnerable contacts could be considered for preventive
therapy each year. From a different perspective, of the half a million people who develop
MDR-TB disease each year, a significant number are HIV-infected or less than five years old; for
a proportion of these a source case may have been identified and preventive therapy initiated.
A study from Peru has demonstrated that of households with a case of MDR- or XDR-TB, nearly
a quarter have a contact that develops T8 in the subsequent four years.®*” MDR-TB disease is

188189 3nd treatment is associated with significant toxicity.**® Preventing

expensive to treat
MDR-TB disease may be a practical and cost-effective solution from both the individual and
public health perspective. However, treating a well child with potentially toxic drugs also
presents a challenge. For each child, the risk of preventive therapy must therefore be weighed
against the risk of disease. A very young child, sleeping in the same room as a close family
member with sputum smear-positive TB disease, or an HIV-infected child, is likely to benefit

more from preventive therapy than an older child in contact with a neighbour with smear-

negative disease. Careful follow-up is essential regardless of the treatment decision.
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Table 1 - Search strategy for literature review

Search term CINAHL Africa NiPAD | Embase Medline WOos Cochrane ASP Global Health
31/10/09 31/10/09 31/10/09 31/10/09 3/11/09 3/11/09 3/11/09 3/11/09

1 B 2651 14037 37494 15332 33252 1734 17240 6918

2 Tuberculosis 9253 176033 124042 161113 >100000 2420 22720 51314

3 Mycobacter* 2274 43877 68558 70656 87558 887 14288 63121

4 MDR 327 1756 6874 8547 10667 137 3910 1602

5 XDR 36 216 172 207 336 3 259 121

6 Drug-resist* 9930 19108 62094 150533 >100000 3798 18246 46346

7 Multidrug-resist* 1524 4686 29040 21943 32213 415 6944 4964

8 Prophylaxis 6868 5905 101072 60493 80964 12157 12606 25195

9 Chemoprophylaxis 353 2221 13403 4070 5282 585 745 6854

10 “Preventive therapy” 250 525 1406 1506 1942 196 512 337

11 “Preventive treatment” 279 439 2446 2477 2953 364 787 596

12 Latent 2158 3667 62393 35422 65107 817 15958 10023
13 lor2or3 10271 178952 167967 193782 >100000 4248 39674 71811
14 4or5or6or7 10737 21283 83626 158906 >100000 4025 23774 47336
15 8or9o0r10orllori2 9666 11890 176094 102141 >100000 13715 30142 38300
16 13 and 14 and 15 71 379 455 411 564 48 92 285

When row 16 for all databases combined in Endnote 2394 references were produced.

When duplicates were removed in Endnote this left 1393 references.
When duplicates were removed manually 1048 references were left.
Elimination following review of titles and abstracts left 173 of which 146 full text references (84%) were retrieved

Of these 146 articles, 55 were found to be useful to the literature review
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Figure 1 - Decision algorithm for assessing child contacts of MDR-TB cases

Child exposed to source case with MDR- Assessments
TB disease
h 4 History
Does the child have TB disease? Examination
Chest radiology

No
Yes*
TST/IGRA
A Infectiousness of source case
Is the child likely to have TB infection? Proximity/intensity of contact
Duration of contact
A 4
No Yes
v Age
Is the child likely to progress to TB _HN siatus.ang de.gree of
disease? immunosuppression
i Nutrition
Other immunodeficiency
v
No Yes
. Local prevalence of TB
Is the child likely to be infected with the :\r/\ItDeI:STltBy of interaction with
same MDR-TB strain as the source SOMTCE Case
case? Number of known source
) cases
Age of child
A 4
No Yes
4 b * requires evaluation for
Consider isoniazid Consider MDR-TB MDR-TB disease
preventive treatment preventive treatment

MDR-TB — multidrug-resistant tuberculosis; TST — tuberculin skin test; IGRA — interferon-gamma release assay; HIV — human
immunodeficiency virus
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Table 2 - Drugs suggested in a preventive treatment regimen for MDR-TB

Medication Drug Characteristics Dosage advised | Formulations Adverse effects* Comments
Isoniazid Bactericidal 15-20mg/kg Tablets (100mg & Peripheral neuropathy | Give pyridoxine if malnourished or HIV-infected
Rapidly absorbed and distributes widely once daily 300mg) Hepatitis Stop all hepatotoxic drugs if evidence of hepatitis
Inhibition of cell wall synthesis via Syrup (10mg/ml) Hypersensitivity Absorption greatest if taken on an empty stomach but acceptable levels with food
inhibition of mycolic acid
Pyrazinamide Bacteriostatic (bactericidal to rapidly 30-40mg/kg Tablets (500mg) Hepatitis Stop all hepatotoxic drugs if evidence of hepatitis
growing mycobacteria) once daily Hyperuricaemia Reduce dose if evidence of any joint pain
Well absorbed and distributes widely Arthralgia Absorption unaffected by food but adverse effects may be reduced if taken with foods
Inhibition of Fatty Acid Synthase | Myalgia
Active only at low pH Rash
Photosensitivity
Ethambutol Bacteriostatic (bactericidal at high dose) 10-25mg/kg Tablets (100mg & Optic neuritis Assess colour vision and visual fields (dependant on child, possible from ~ five years)
Well absorbed and distributes widely once daily 400mg) Peripheral neuropathy | Can be taken with or without food
(poor into the CSF) Hypersensitivity
Inhibition of cell wall synthesis
Ethionamide or Bacteriostatic 15-20mg/kg Tablets (250mg) Hepatitis Stop all hepatotoxic drugs if evidence of hepatitis
prothionamide Inhibits cell wall synthesis via inhibition of | once daily Hypothyroidism If gastrointestinal disturbance severe, aim to give the full dose once daily within two weeks
mycolic acid Hypersensitivity but consider initially:
Well absorbed and distributes widely Metallic taste . giving separately from the other medicines (others in the morning, ethionamide in the
Hypoglycaemia evening),
. splitting the daily dose
. giving a smaller dose and building up over time
Monitor thyroid function every two months
Absorption unaffected by food
Ciprofloxacin Bactericidal (poor early bactericidal 15-20mg/kg Tablets (250mg & Insomnia Ciprofloxacin should not be used unless no other fluoroquinolone is available
activity) twice a day 500mg) Arthralgia Can be taken with or without food
Well absorbed and distributes widely Syrup (50mg/ml & Restlessness Patients should be advised to drink plenty of fluids to avoid excessive urine alkalinity
Inhibition of DNA gyrase 100mg/ml) Confusion
Headache
Ofloxacin Bactericidal 15-20mg/kg Tablets (200mg & As for ciprofloxacin Can be taken with or without food
Well absorbed and distributes widely once daily 400mg) Patients should be advised to drink plenty of fluids to avoid excessive urine alkalinity
Inhibition of DNA gyrase
Levofloxacin As for ofloxacin 10mg/kg daily Tablets (250mg & As for ciprofloxacin Can be taken with or without food
(twice daily for 500mg) Patients should be advised to drink plenty of fluids to avoid excessive urine alkalinity
children <5 Syrup (25mg/ml) Possible photosensitivity
years)
*All listed drugs have been associated with gastrointestinal disturbance
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Literature review 2: management of drug-resistant tuberculosis disease in children

Concepts from the following topic have been written as articles/guidelines:

e Fttehad D, Schaaf HS, Seddon JA, Cooke GS, Ford N. Treatment outcomes for children with
multidrug-resistant tuberculosis: a systematic review and meta-analysis. Lancet Infect Dis.
2012; 12: 449-456

e Seddon JA, Furin JJ, Gale M, Del Castillo Barrientos H, Amanullah F, Hurtado R, Ford N,
Starke J, Schaaf HS. Caring for children with drug-resistant tuberculosis: practice-based
recommendations. Am J Resp Crit Care Med 2012; 186: 953-964

e Schaaf HS, Seddon JA. Epidemiology and management of childhood multidrug-resistant
tuberculosis. Clinical Practice (in press)

e Furin 1), Seddon JA, Perez-Velez C. Management of drug resistant tuberculosis in children: a

field guide

For this section of the thesis, the literature surrounding the treatment of children with DR-TB
disease was searched. A systematic review was carried out, in which | assisted with the data
collection and writing. However, as | was not the principle author, | have not included this
review in the thesis but refer to it in the text. However, in addition to the systematic review, |
have also been involved in a number of other reviews and for these have searched the
literature thoroughly. A list of the studies that have described the management of MDR-TB in
children is shown in Table 3. As with the chapter above, rather than simply presenting a list of
the articles that have been found, | present an evidence-based discussion of the management

of DR-TB in children.

Treatment initiation

The diagnosis of DR-TB in children is either confirmed or presumed. Confirmed disease occurs
when M. tuberculosis is isolated from the child with either phenotypic or genotypic resistance.
In published studies of children with MDR-TB the proportion culture-confirmed ranges from
30%' to 100%.°® 1*11% Although a number of these investigations excluded presumed cases,
it is clear from studies of drug-susceptible paediatric TB, that confirmation is usually achieved
in only about 20% of cases with clinical evidence of disease.® This suggests a significant
proportion of children treated for DR-TB should be presumptively diagnosed. A presumptive

diagnosis of DR-TB can be made on clinical symptoms, signs and radiology, in combination with
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risk factors for drug resistance, such as contact with a confirmed or presumed DR-TB source®®
Y7 or the failure to respond to a first-line regimen. The operational definition of failure is
challenging and includes ongoing microbiological positivity, non-resolving symptoms or signs
of TB, persistent or deteriorating radiology and poor weight gain or weight loss.’’ Although
the time course is different for each child, all should be improving by two months, if therapy is

effective.

Children with presumed DR-TB should be started on effective therapy as soon as possible to
avoid progression to severe disease, worse clinical outcome and ongoing transmission.
However, empiric therapy for DR-TB may needlessly expose a child to toxic medications.
Extensive efforts should, therefore, be made to confirm the diagnosis with intensive sampling
from the child. Dependent on age of the child and health care resources, attempts can be
made to obtain sputum samples, gastric aspirates, induced sputum samples, biologic fluid
samples, nasopharyngeal aspirates, lymph node aspiration biopsy or tissue biopsy.> **%°! With
extensive sampling the proportion of children with a confirmed diagnosis can rise to greater
than 50%.% Invasive methods, such as broncho-alveolar lavage, bronchoscopic biopsy or open
lung biopsy may be in the child’s best interest if a confirmed diagnosis can be made.2* All
isolates confirmed as resistant to rifampicin should be sent for full second-line DST

assessment.

Regimen design and treatment duration

The WHO has placed the drugs used in the treatment of DR-TB in five groups;'*” drug
characteristics will be discussed in the next section. Group 1 drugs are considered first-line
with the remainder second-line. Few of the second-line drugs are produced in paediatric
formulations, and the pharmacokinetics of most are incompletely studied in young children.?®
This means that optimal dosing is unknown for many of these medications and that tablets
must be broken or cut, potentially leading to inaccurate dosages and blood concentrations
that are sub-therapeutic or toxic. The taste of the medications is often unpalatable and a
number of the drugs can cause vomiting and diarrhea.?®® This may not only affect the amount
of drug absorbed but also deter adherence. Daily injectable drugs are usually given for the first

few months of treatment>® 191-192,204-205

and the pill burden can be vast; the child may require
multiple TB medications, cART, antibiotics, as well as vitamin and calorie supplements. The
number of tablets can be divided and spread over the course of the day which may improve

tolerability but can make DOT challenging. Drugs can be mixed with different foods or drinks
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and, in some situations, nasogastric or percutaneous endoscopic gastrostomy feeding may be

appropriate. A programmatic dosing table is demonstrated in Table 4.

Guidelines suggest that the decision on which drugs to include in a DR-TB treatment regimen
should be guided by the DST of the child’s isolate. If this is not available, regimen composition
should be guided by the DST pattern of the presumed source case.’® 14141.197.208 |t pp g
treatment is given for failure of a first-line regimen, the child should be assumed to have TB
that is resistant to rifampin and isoniazid. For children with confirmed MDR-TB, or those with a
clear MDR-TB source case, there is no role for rifampicin. However, if the child is either failing
first-line therapy or there are multiple source cases, it may be appropriate to include
rifampicin for the first six months to treat any potential drug-susceptible organisms. However,
the drug-drug interactions seen with rifampicin must be considered, especially in those HIV-
infected,?” and there is some evidence that the fluoroquinolones are less effective in

rifampicin-containing regimens.2*?

When designing a regimen to treat children with MDR-TB, the target should be to use at least

four drugs which are likely to have activity against the infecting organism (Figure 1).1 %42 As

219 any first-line drugs to which the organism

they are effective drugs, with few adverse effects,
has not been shown to be resistant should still be used. Even though the organism is resistant
to isoniazid, it is sometimes used at a high dose, in case of low-level resistance.”! High level
resistance to isoniazid is usually caused by mutations in the katG gene, while low level
resistance that may be overcome with higher doses (15-20 mg/kg/day) is usually caused by
mutations in the inhA promoter region. InhA mutations usually confer resistance to
ethionamide.® With increasing use of genotypic diagnostics, the implications of different

mutations will become increasingly important.®% 21112

The next step is to add a second-line injectable drug from group two and a fluoroquinolone

2 The later generation fluoroquinolones (levofloxacin and moxifloxacin) are

from group three.
more effective than earlier generation (ofloxacin) in vitro,****% but are poorly studied in
children. Further drugs from group four are then added. Either ethionamide or prothionamide
should be used (if no inhA mutation is documented) as their metabolic pathways are similar
and cross-resistance is total.”** The same is true for cycloserine and terizidone and only one of

d.?* para-aminosalicylic acid (PAS) can be added if there are not

these two should be use
sufficient effective drugs at this stage but due to gastrointestinal intolerance, the other drugs
from group four are usually used in preference. Finally, agents from group five can be added if

required. Drugs from group five are described as having relatively weak or uncertain activity
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against M. tuberculosis.'®**’ However, both clofazimine and linezolid have, in recent studies,

216-217 NOVE'

demonstrated promising efficacy and can be considered useful drug options.
agents such as delamanid,?*® PA-824?" and bedaquiline?® are in advanced stages of clinical
trials. However, as no child-friendly formulations have been produced or any paediatric
pharmacokinetic studies conducted, it will be a number of years before these drugs are

available for use in children.

The decision on number of drugs and duration of therapy is dependent on both extent of
disease and degree of drug resistance, as well as penetration to different body sites and
treatment response. For children with cavitary or widespread disease, with resistance to only
rifampicin and isoniazid, treatment is usually given for 18 months from the time of sampling of
the first negative culture. Good outcomes have been reported in children treated with
regimens of this duration, even with extensive disease.*® 1**°>2% Treatment normally
includes an injectable drug for the first four to six months; given daily. Limited evidence
currently exists regarding the efficacy, and reduced toxicity, of giving three times a week.'*°
The systematic review of MDR-TB treatment in children suggests that in those studies where
injectable drug use was more common, treatment outcomes were better.”2 WHO has recently
recommended that injectable drugs should be given for eight months as longer durations are
associated with better outcomes in adults.'® For older children with extensive disease this
may be appropriate, but for most children four to six months is likely to be sufficient.??! For
children with limited, paucibacillary disease, such as isolated intra- or extra-thoracic lymph
node involvement and with susceptibility to the second-line drugs, it may be possible to treat
the child for 12-15 months in total, dependent on response. It may be possible in such
situations to give a shorter duration of the injectable medication or omit the injectable
medication altogether and treat only with oral drugs. Although evidence for such shorter
regimens is lacking and these regimens are of unproven efficacy, good treatment outcomes
have been seen in some studies.’® 2%> 222 |f the isolate is XDR or pre-XDR, {see Table 9 for
definitions) treatment relies on less effective drugs and in reported studies of children with
extensive resistance, more drugs have been used and the treatment given for a minimum of 24
months in total.®> 1% |n the treatment of XDR-TB, consideration can be given to the inclusion

of streptomycin, as cross-resistance between second-line injectables is incomplete.??

There is limited available evidence to inform the management of TB in children caused by
isolates resistant to isoniazid alone. A single study of children with isoniazid mono-resistant
(HMR) TB describes good treatment outcomes using three to four drugs.?®* Guidelines suggest

treatment for six to twelve months with rifampicin, pyrazinamide and ethambutol.2® 1% 142 |
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cases of extensive disease or for TBM, a fluoroquinolone and one other drug can be added. A
study assessing the treatment of 18 children with RMR-TB demonstrate good outcomes when
treated with four months of amikacin and a total of 18 months using a further 4-5 drugs.??®
Guidelines suggest that RMR-TB can be treated with isoniazid, pyrazinamide, ethambutol and a
fluoroquinolone for 12-15 months.® In cases of extensive disease an injectable agent can be
employed for the first few months, a further drug can be added and treatment extended to 18
months. If genotypic tests are employed to perform DST, most national programs advise
treating RMR-TB with an MDR-TB regimen as these tests do not identify all of the mutations

conferring isoniazid resistance.??

In addition to TB drugs, guidelines suggest children with TB should be given pyridoxine if they
are HIV-infected, malnourished, breast-fed or are being given terizidone, cycloserine or high-
dose isoniazid,'® as pyridoxine deficiency is common.””’ Most experts put all children being
treated for DR-TB on multivitamin supplements. Steroids have been demonstrated to improve

M?%2230 34 are additionally advised for airway obstruction and

outcome in children with TB
pericardial TB.****° Nutritional and metabolic requirements should be assessed as these
children are commonly malnourished °¥9%2% and have often been in a catabolic state prior to
the diagnosis of DR-TB. They may also have high calorific requirements due to the ongoing

tissue damage, repair and inflammation.

Other adjunctive treatments include bronchoscopy and surgery. In cases of intra-thoracic
lymph node disease, with external pressure on the airways leading to compression and
respiratory compromise, assessment by bronchoscopy is advised.?"%* |n cases of extensive
resistance, where the disease is localized to one anatomical lobe or part of the lung, surgical
resection may still have a place. If there is extensive destruction and fibrosis, it may be difficult
for some drugs to penetrate into lesions with poor vascularization. Enucleation of the nodes
may be required bronchoscopically or surgically, both to relieve the pressure on the airway

and also to de-bulk the lymph node lesion.

Management of co-morbid conditions

Co-morbid medical conditions can increase the risk of TB and affect treatment outcomes.
Examples include HIV infection,®? diabetes, 2* and malnutrition.*® Rates of HIV infection in
paediatric MDR-TB cohorts range from 0%** 2 to 54%."* All children treated for DR-TB
should be offered testing for HIV infection following counselling and consent from

parents/guardians or, if old enough, the child. Important practical considerations in the co-
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treatment of TB and HIV infection include the timing of initiation of cART, IRIS, drug-drug
interactions®”'”7, and overlapping toxicities of CART and TB therapy.?®® Generally, it is
recommended that children with DR-TB and HIV infection be started on cART within two

15,197,235 This will decrease the likelihood of adverse drug

weeks of initiating TB therapy.
reactions while allowing rapid initiation of immunorestorative therapy. The management of
TBM in this situation is complex and requires further investigation.”® IRIS occurs within the
first few weeks of ART when a resurgent immune system begins to recognize M. tuberculosis

183-185 and, when severe, may respond well to corticosteroids. Differentiating IRIS from

antigens
treatment failure can be challenging but decreasing HIV viral load and improving CD4 count
should point to IRIS. Little data exist on the interactions between cART and second-line TB

97:177 with even less for children.?®® In general, stavudine should be avoided,

therapy in adults
and concomitant use of tenofovir and an injectable requires regular testing of renal function

and electrolytes.

For children with DR-TB and diabetes, more frequent glucose monitoring may be indicated as
both TB disease and some TB drugs (rifampicin, ethionamide, PAS and fluoroquinolones) can
disrupt glycemic control. Malnourished children should be treated according to established

237

protocols®’ and malnutrition should be prevented by the provision of nutritional support to

children and their families.

Morbidity associated with drug-resistant tuberculosis

Chronic pulmonary disease may exist concurrent with pulmonary DR-TB or can occur later due
to chronic lung inflammation and tissue damage. Peak flow testing or more extensive
spirometry should be carried out with appropriate infection control precautions if the child is
old enough to co-operate. Breathing exercises and physiotherapy are advised to improve
function and as there is frequently a reversible component, a trial of bronchodilators is often

merited.

Little is published regarding osteo-articular DR-TB in children. The few case series of spinal
disease describe relatively good treatment outcomes.??**** It is advised that children should be
followed by orthopaedic surgeons as deformities can deteriorate with the growth of the child.
Spinal lesions particularly need to be monitored for many years as spinal growth can
exaggerate any deformity, with the potential to compress the spinal cord and cause
neurological damage. In settings where there are no orthopaedic specialists, nurses and

community members can assist with limb and spine splinting and with physiotherapy. Reports
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of DR-TBM in children describe very poor outcomes.***?*° TBM can cause devastating
neurological damage and affected children ideally should have access to intensive
physiotherapy and occupational therapy during and after their iliness. Developmental
assessments and level of functioning should be determined at the end of therapy and children
should be followed up to monitor progress and to provide support. The care of severely
disabled children is challenging and parents should be supported with access to care services

as well as assistance in funding applications for resources to which they are entitled.

Although most of the adverse events of the drugs reverse on termination of therapy, the
effects on hearing®*! and vision are often permanent. These can have a significant impact on
the child’s development and quality of life.2**** Hearing loss in adults treated for MDR-TB is
common®* but in children is poorly described. One study assessing hearing loss documented
ototoxicity in 7% of children treated for MDR-TB.?** Another study found hearing loss in 25% of
children.?*® Adverse effects on vision and hearing should be quantified and appropriate aids
that will improve function should be given to the child. The child may need physical
intervention, such as hearing aids, or they may need extra school support or financial
assistance. A final area of morbidity that is seldom addressed is the psychological aspect of
both the condition and its treatment.?*® Children receive treatment for extended periods and
TB is stigmatizing in some contexts. It may be necessary for the child to be admitted to hospital
initially but for the majority, ambulatory treatment should be the norm, sparing the child

separation from friends, families and communities.

Treatment monitoring

Children should be monitored for three reasons: to determine response to therapy; to identify
adverse events early; and to promote adherence. A suggested monitoring schedule, which can
be adapted to local conditions and resources, is demonstrated in Table 5. Response to therapy
includes clinical, microbiological and radiological monitoring.’ It is advised that children are
clinically assessed on a regular basis to identify symptoms or signs that might signal response,
including activity levels, respiratory function and neurological development.’® Height and
weight should be measured regularly and plotted on an appropriate percentile chart.?*’ For
children with pulmonary disease, respiratory samples should be collected. For older children,

able to expectorate, the adult schedule is suggested, with monthly sampling.'*’

For younger
children, with an initial positive smear or culture result, samples can initially be taken monthly.
After culture conversion this can be carried out every two to three months. Significant rates of

‘cure’ rather than simply ‘treatment completed’ have been reported in children treated for
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MDR-TB, implying that ongoing microbiological testing is possible, even in young children.®® 1**

195,204,222 £ those with negative smear and culture samples at treatment initiation, samples
are obtained if the clinical or radiological situation changes. All samples should be sent for
culture and DST, in addition to smear microscopy. Finally, regular radiological monitoring with
CR is advised for children with pulmonary disease™® with additional radiology if clinically
indicated. It can be useful to have a CR at the end of therapy to provide a baseline for follow-
up. Although CR improvement is an important indicator of successful treatment response,
complete resolution may not occur and a normal CR is not required to complete therapy. In
the majority of reported cases, however, significant CR resolution at the end of therapy was

observed.®®

Adverse events

In children treated for MDR-TB, toxicity is common, occurring in up to 40% of cases.””
Significant adverse events, however, and ones that necessitated stopping or changing
treatment, were less common. The toxicity of the first- and second-line TB drugs has been well
described in other reviews and is summarized in Table 3.1%% 203210 The toxicity of the second-
line drugs in children will be described later in the thesis. This section therefore focuses on the
monitoring and management of adverse events, specifically in children. Due to renal, thyroid,
auditory and visual adverse events possible with second-line TB drugs, it is advised that prior
to initiating therapy, children should have their hearing and vision tested as well as their renal
and thyroid function. Children old enough to co-operate (usually from about five years) can be
assessed using Ishihara charts and by pure tone audiometry (PTA).>*® Oto-acoustic emissions
(OAE) can be used to test the hearing in younger children but visual testing is challenging for
this age group. Clinicians should, however, be reassured that the incidence of ocular toxicity is

very rare (0.05%) when ethambutol is given at the recommended dosage.**®

Children should be assessed clinically for adverse events on a regular basis by their healthcare
provider and on a daily basis by DOT supporter and/or caregivers following training in the
recognition of signs and symptoms of adverse events. Thyroid function should be checked
regularly if on a potentially thyrotoxic drug. Renal function and hearing should also be tested
while taking an injectable drug. There is no need to monitor full blood count or liver function
routinely. Transient elevations in transaminase levels are common at the start of TB therapy
and are rarely associated with significant adverse events.?® Due to the increased risk of
myelosuppression, a regular full blood count is advised if the child is receiving linezolid.”®

Drugs to alleviate adverse events, such as analgesics, anti-emetics, anti-pruritics and drugs to
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manage diarrhoea, are likely to improve adherence if provided free of charge. TB drugs should
also always be provided without cost to the family. A suggested monitoring schedule is shown

in Table 5 with the management of adverse events described in Table 6.
Promoting adherence

DOT is a key component of successful treatment and the use of community health workers
(CHW) or DOT supporters can be valuable for promoting adherence and identifying adverse
events early.m'251 DOT is a comprehensive package of support and assistance, rather than a
paternalistic observation of ingestion.”? Although young ch’ildren, in effect, always receive
their treatment under DOT, in a programmatic sense DOT implies treatment given under the
supervision of someone outside the family. DOT should be made as easy as possible; CHWs
and DOT supporters can be employed to give the medications at a convenient location such as
at home or at a nearby clinic.”* Long waiting times, peer pressure, unsympathetic staff and
stigmatization at health facilities can deter attendance at clinic and impair overall adherence. if
children are old enough to understand, it is important to invest time and effort in educating
them about the disease and allow them to take responsibility for their illness and their
treatment. Adolescents can be at high risk of severe disease and adherence can be challenging
with associated poor treatment outcomes.'®” #** If the child is not old enough, the parents
must be prepared appropriately. The child and family should be warned about the possibility
of all adverse events and what to do if they occur.’ These adverse events should be managed
proactively and promptly. Creative mechanisms should be employed to encourage adherence,
with reward systems appropriate to the child’s age; mobile telephone technology has been

used successfully in adults and could play an important role in the adolescent age group.™
Infection control

Children traditionally have been considered to pose a low infection control risk as they
generally have paucibacillary disease and limited tussive force. However, as the diagnosis of
DR-TB is frequently delayed in children,” ***#* those with diagnosed DR-TB tend to be older

54255 and have more severe pathology. In one

than those with drug-susceptible disease
paediatric MDR-TB cohort, over 60% of children were sputum smear-positive.*? Infection

control should therefore form a vital part of any management strategy.*®

Children are a significant transmission risk if they have sputum smear-positive disease and a

moderate risk whilst they still have sputum culture-positive disease. While smear-positive they
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should sleep in a room separate from others. Those culture-positive should not sleep in the
same room as the most vulnerable such as those HIV-infected or the very young. If the climate
allows, children should be encouraged to spend as much of their time outside as possible. Play,
eating and schooling areas should attempt to facilitate this. When outside, it is reasonable to
allow children to play and eat without a mask. Where it is not possible to spend long periods of
time outside, windows should be kept open, passive air extraction systems put in place and
areas with sufficient resources should consider active air flow management systems. Those
without pulmonary disease are unlikely to pose an infection risk unless there is pus

discharging, uncovered from a body site.

Staff should protect themselves when interacting with infectious children. If the child is
sputum smear-positive, staff should wear a fit-tested respirator with a filter efficiency of 95%
or greater (e.g., N95, N99, N100). More comprehensive guidance on infection control

measures to employ in healthcare facilities has been documented by the WHO and the CDC.%™

258

Multidisciplinary care

Multidisciplinary care is a cornerstone in the successful management of children with DR-TB. in
addition, the child and caregiver should be engaged as active members of the health care
team. Input from pharmacists can be invaluable in providing appropriate medications,
formulations and advice concerning interactions and pharmacokinetics. Support from a
dietician is important in monitoring and planning calorie intake and the correct balance of
nutrients, vitamins and minerals. Physiotherapy and occupational therapy are of benefit not
only for those with neurodevelopment involvement but also for those with respiratory and
musculo-skeletal deficit. Social services should assess home circumstances and support the
caregiver to look after a child who may have complex medical needs and must take multiple
medications. They must also assist the family in securing any funding or grants that they are
eligible for to assist in the process of home-based care. In cases of neglect, abuse or drug and
alcohol use, child placement with alternative caregivers may be necessary. In areas of limited
resources, many of these key tasks can be carried out by CHWs. Ongoing education is

important and when no longer infectious, children should be encouraged to return to school.
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Table 3 - Studies describing drug-resistant tuberculosis treatment in children

First author Year of study | Location Number of children included Number culture-confirmed | Treatment success | Adverse events
(%)

Seddon™" 2003-2008 | Cape Town, South Africa 111 111 88 (79) NS
Fairlie” 2008 Johannesburg, South Africa 13 13 7 (54) 2
Leimane™” 1998-2006 | Latvia 76 NS 70 (92) 26
Feja 1995-2003 | New York, USA 20 6 16 (80) 4
Mendez Echevarria™ 1994-2005 Madrid, Spain 8 5 8 (100) 4
Granich™ 1994-2003 | California, USA 10 NS 9 (90) NS
Drobac™ 1999-2003 | Lima, Peru 38 28 36 (95) 16
Schaaf™ 1998-2001 | Cape Town, South Africa 39 39 21 (54) 20
Padayatchi193 1992-2003 Durban, South Africa 8 8 1(13) NS
Schluger™ 1983-1993 | New York, USA 2 2 2 (100) NS
Suessmuth™ 2005 Hannover, Germany 1 1 1(100) NA
Pinon® 2010* Turin, Italy 2 NS 1(50) 0
Kjéllerstrom' 2011* Lisbon, Portugal 4 4 4 (100) 3

*year of publication as year of study unclear; NS: not stated
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Table 4 - A proposed dosing table for the drugs used in the treatment of drug-resistant tuberculosis in children

Isoniazid | Pyrazinamide Ethambutol Ofloxacin Levofloxacin | Moxifloxacin | Terizidone | Ethionamide PAS
Dosing range (mg/kg) | 15-20 30-40 20-25 15-20 7.5-10 7.5-10 15-20 15-20 150
Weight (kg) Tablet size (mg) 100 500 400 100 200 400 250 400 250 250 4000
3-4.9 50 125 100 100 100 100 & = 62.5 62.5 500
(1/2 tab) (1/4 tab) (1/4tab) | (1tab) | (1/2tab) | (1/4 tab) (1/4 cap) (1/4 tab) (1/8 sach)
5-6.9 100 250 100 150 100 100 62.5 * 125 125 1000
(1 tab) (1/2 tab) (1/4 tab) | (1%tab) | (1/2tab) | (1/4 tab) (1/4 tab) (1/2 cap) (1/2 tab) (1/4 sach)
7-9.9 150 250 200 200 150 200 125 ® 187.5 187.5 1500
(1% tab) (1/2 tab) (1/2tab) | (2tabs) | (3/4 tab) | (1/2 tab) (1/2 tab) (3/4 cap) (3/4 tab) (3/8 sach)
10-13.9 200 500 300 300 200 200 125 100 250 250 2000
(2 tabs) (1tab) (3/4 tab) | (3 tabs) (1tab) (1/2 tab (1/2 tab) (1/4 tab) (1 cap) (1tab) (1/2 sach)
14-19.9 300 500 400 400 300 300 187.5 200 375 375 3000
(3 tabs) (1 tab) (1tab) (4tabs) | (1%tab) | (3/4 tab) (3/4 tab) (1/2 tab) (1 % caps) (1 % tab) (3/4 sach)
20-29.9 400 750 600 600 400 400 250 200 500 500 4000
(4 tabs) (1% tab) (1% tab) | (6tabs) (2 tabs) (1tab) (1tab) (1/2 tab) (2 caps) (2 tabs) (1 sach)
30-39.9 400 1000 800 800 600 600 3125 300 625 625 6000
(4 tabs) (2 tabs) (2tabs) | (8tabs) | (3tabs) | (1%tab) (1 % tabs) (3/4 tab) (2 % caps) (2 % tabs) (1% sach)
>40 400 1500 1200 1200 800 800 375 400 750 750 8000
(4 tabs) (3 tabs) (3tabs) | (12tabs) | (4 tabs) | (2tabs) (1 % tabs) (1 tab) (3 caps) (3 tabs) (2 sach)

*Unable to create an appropriate fraction of a tablet for a child of this weight
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Table 5 - A proposed monitoring schedule to determine response and detect adverse events when treating drug-resistant tuberculosis in children

Month Ongoing

All children Baseline

1 2 3 4 5 6 9 12 15 18
HIV status .
Toxicity (symptoms, signs) . . . . . . . . . . . .
Height and weight . . . . . . . . . . . .
Audiology’ . . . . . . .
Colour vision testing2 . . . . . . . . . . . .
CR’ . . .
TB culture and DST" . . . . . . .
Creatinine and potassium1 . . . . . . .
TSHTL . . . . . . . o
Haematology (FBC with differential)® . . . . . . . . . .
HIV-infected
LFTs, Cholesterol . . . .
CD4 count and viral load . . . .

HIV: Human Immunodeficiency Virus; CR: chest radiograph; TB: tuberculosis; DST: drug susceptibility test; TSH: thyroid stimulating hormone; FBC: full blood count; LFT: liver function tests;
lMonthly whilst on an injectable and at six months following termination of injectable
%f on ethambutol
*If any pulmonary involvement or at any point if clinically indicated. To be repeated at the end of treatment
“Monthly if old enough to expectorate. If unable to expectorate and initially smear or culture positive, monthly until culture-converted then three monthly. If initially smear and culture negative, to perform if clinically
indicated. For extra-pulmonary TB, samples can be taken when clinically indicated
%if on ethionamide, prothionamide or PAS
¥if on linezolid or HIV-infected
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Table 6 - The management of adverse events in the treatment of drug-resistant tuberculosis in children*4% 197,203,261

Adverse event TB drugs possibly cART drugs Monitoring Management
responsible possibly
responsible
Hearing loss™ Amikacin, kanamycin, PTA or OAE assessed If any hearing loss is detected strong consideration should be given to stopping/switching
capreomycin and classified using the injectable drug
ASHA guidelinesu8
Renal impairment”" | Amikacin, kanamycin, Tenofovir Blood testing 1. Evidence of mildly elevated creatinine should prompt re-testing
capreomycin, Markedly elevated creatinine or potassium should lead to the cessation of all nephrotoxic
drugs
Visual impairment167 Ethambutol Clinical or Ishihara Any deterioration in visual fields or colour vision should lead to stopping/switching the
Chart ethambutol
Hypothyroidism*** Ethionamide, Blood testing 1. If T4is low, continue medications and supplement with 0.05mg thryoxine supplement daily
prothionamide, PAS 2. Continue to monitor T4 and consider increasing supplementation to 0.1mg daily
Hepatitis™ Rifampicin, isoniazid, Nevirapine, Clinically and blood 1. Clinical suspicion of hepatitis (vomiting not directly associated with medications,
pyrazinamide, ethionamide, | efavirenz, Pls testing abdominal pain or jaundice) should lead to immediate cessation of all hepatotoxic drugs
prothionamide 2. Investigation into non-drug aetiologies (hepatic viruses etc.) should take place
3. Treatment should continue with medications that are less hepatotoxic (ethambutol,
injectables, fluoroquinolones, terizidone/cycloserine and PAS).
4. The hepatotoxic TB drugs can be re-introduced one-by-one every two days
S. Given that the child is on treatment for DR-TB the relative merits of re-introducing
isoniazid, rifampicin and pyrazinamide should be considered.
Rash All TB drugs Nevirapine, Clinical 1. Mild reactions — symptomatic relief
efavirenz 2. StevensJohnson reactions - immediate cessation of all drugs (including all TB and HIV

medications) until the symptoms have resolved.

3. Sequential re-introduction can then occur. Re-start the TB medications one by one every
two days and monitor response. If the child was on cART, once TB treatment is re-
established all cART medications should be restarted at the same time to prevent the
development of resistance.

4. Once TB and cART drugs are established other agents can be added. Co-trimoxazole is an
important, but rare, cause of severe skin reactions.
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Vomiting Ethionamide, Zidovudine, Pls Clinical If nausea and vomiting compromise drug delivery, it may be prudent to split the dose of
prothionamide, PAS, ethionamide/prothionamide or give it at a separate time from the other drugs
ethambutol

Diarrhoea PAS, ethionamide, Zidovudine, Pls Clinical 1. PASis usually given twice a day but if diarrhoea is severe, the dosage can be reduced or
prothionamide the drug given in smaller quantities more frequently

2. Ifdiarrhoea is profuse, regular monitoring of hydration status and serum potassium should
be conducted

3. CHWs or DOT supporters can be trained to provide oral rehydration solutions for those
with vomiting or diarrhoea.

Peripheral Isoniazid, Stavudine, Clinical 1. Mild reactions - increase the dose of pyridoxine or reducing the dose of the offending TB

neuropathy263 didanosine drug

2. If severe or persisting in spite of above, the TB drug should be stopped.
Neuropsychiatric Terizidone, cycloserine, Efavirenz Clinical 1.  Asafirst step, it is important to verify that the child has been prescribed and is receiving
effects”® isoniazid, fluoroquinolones the correct dose as over-dosing can be associated with adverse events
2. The next step is to reduce the dosage of the drug felt most likely to be responsible and
monitor the effect.
3. If this does not help then the drug should be stopped.
4. If no resolution then the drug should be re-introduced and the next most likely drug
reduced in dose and then, if necessary, stopped.

Joint problems265 Pyrazinamide, Clinical 1. Analgesia
fluoroquinolones 2. Reducing dose or stop one of potentially offending drugs

Metabolic problems | Linezolid Stavudine, Clinical and blood tests Lactic acidosis is life-threatening and if determined, all potentially implicated drugs should

didanosine, be stopped
zidovudine

Bone marrow Linezolid Zidovudine Clinical and blood tests The responsible drug should be switched or stopped

suppression266
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Figure 2 - An algorithm to aid in the construction of a drug-resistant tuberculosis treatment
regimen for children

DR-TB diagnosed

A

Use any Group 1 drugs to which Pyrazinamide
the isolate has not been shown to |:> Ethambutol
be resistant Rifampicin*
Amikacin
Y Kanamycin
Add a drug from Group 2 |:> Capreomycin
Streptomycin**
v Ofloxaci
oxacin
Add a drug from Group 3 (:> Levofloxacin
Moxifloxacin

Y
Add drugs from Group 4 until four :> Ethionamide (or prothionamide)

active drugs prescribed Terizidone (or cycloserine)
PAS

High-dose isoniazid
Clofazimine

A 4 Linezolid

Add drugs from Group 5 until four :> Amoxicillin/clavulanate

active drugs prescribed Imipenem/ cilastatin
Thiacetazone (if confirmed HIV

negative)
Clarithromycin

*Consider including rifampicin for six months if the child is treated for failure of first-line therapy or if there are multiple potential
source cases

**Consider streptomycin if the isolate is found to be resistant to amikacin, kanamycin or capreomycin but is demonstrated to be
susceptible to streptomycin
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Literature review 3: second-line tuberculosis drugs in children
Concepts from the following topic have been written as articles:

e Seddon JA, Hesseling AC, Marais BJ, Mcllleron H, Peloquin CA, Donald PR, Schaaf HS.
Paediatric use of second-line anti-tuberculosis agents: A review. Tuberculosis (Edinb) 2012;
92:9-17

® Schaaf HS, Seddon JA, Caminero JA. Second-line antituberclosis drugs: current knowledge
and controversies. Prog Respir Res 2011, 40: 81-95.

e Seddon JA, Schaaf HS, Hesseling AC. Retooling existing tuberculosis drugs for children. Clin
Infect Dis 2012 (in press)

In this section, the literature surrounding the use of second-line TB drugs in children is
reviewed. As with the two previous sections, the literature is presented as a discussion of the
drugs and their use. The review starts by reviewing the properties of the drugs, moves to the
toxicity of the drugs and concludes with a discussion of the interaction with cART medications.
To search this literature systematically, a systematic review for each of the individual drugs
would have needed to have been completed. This would have been a vast project and so
aIth.ough what follows is not a systematic review, it is comprehensive. Multiple data sources
were accessed and references cross-checked to identify relevant articles. A summary of

dosages and adverse effects is shown in Table 7.
Characteristics of the second-line drugs in children

Injectable medications used in the treatment of drug-resistant TB include the aminoglycosides,
amikacin and kanamycin, as well as the cyclic polypeptide, capreomycin. Streptomycin,
another aminoglycoside, was previously used widely iﬁ re-treatment TB cases in combination
with first-line medications and this has led to high levels of resistance to streptomycin in
strains already resistant to rifampicin and isoniazid. Hence, it is rarely used in the treatment of
MDR-TB. However, streptomycin can be used in the treatment of XDR-TB, if the organism is
found to be susceptible, as there is limited cross-resistance with the other injectable
medications. High levels of cross-resistance between amikacin and kanamycin mean that if a

%7 Eor children,

strain is found to be resistant to one, the other is very unlikely to be of use.
amikacin is usually given in preference to kanamycin as it has a lower minimum inhibitory
concentration (MIC) and the available ampoule sizes are smaller, preventing wastage.

Amikacin and kanamycin are generally preferred to capreomycin as the first choice injectable
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for MDR-TB in children with capreomycin reserved, in most programmes, for the treatment of
XDR-TB. However, there is evidence that if a strain is resistant to an aminoglycoside it will
already be resistant to capreomycin.?®®?° Alternatively, if resistant to capreomycin there is a
chance that it will still be susceptible to amikacin or kanamycin. The amikacin MIC for M.

214279271 \which compares to 2-4ug/ml for both

tuberculosis (strain type H37Rv) is 0.5-1.0pg/m
kanamycin and capreomycin.”** #%?”* Here, MIC in liquid broth culture refers to the
concentration at which the drug inhibits mycobacterial growth as compared to a culture
containing a 1:100 dilution of mycobacteria (i.e. 99% inhibition). Pharmacokinetic profiles have
been studied in children receiving short-courses of aminoglycosides for bacterial infections

772 hut not in prospective studies of children on prolonged courses of

given intravenously (1V)
treatment, where it is typically given intramuscularly (IM). Half-lives (t 1/2) of 2.5-3.5 hours are
reported for amikacin and kanamycin given V.2 As the maximum serum concentration (Cpax)
is dose-dependent consideration should be given to therapeutic drug monitoring at the start of
therapy to establish the ideal dose for each child.?** Time to maximum serum concentration
(tmax) is at the end of the infusion for IV injections and is estimated to be between 30 and 60
minutes for IM injections. Elimination is by urinary excretion and doses should be reduced in
patients with renal impairment. Guidelines recommend that the dose of amikacin in children
should be from 15 to 22.5mg/kg daily*® **’ and kanamycin or capreomycin from 15 to

30mg/kg. Oral absorption is very poor and so administration for all three agents is only

possible via IM or IV injection.

The fluoroquinolones have a central role in the management of MDR-TB in children. Resistance
to early generation fluoroquinolones (ofloxacin) may not necessarily imply resistance to later

274 The MICs and mutant prevention concentrations

generations (moxifloxacin or levofloxacin).
(MPCs) of the fluoroquinolones follow a sequential progression with lower concentrations
required to prevent growth in the higher generation fluoroquinolones.?’® MICs, on plates of
7H11 media, of 0.5, 0.71, 0.35, 0.177 and 0.125ug/ml were reported for ciprofloxacin,
ofloxacin, levofloxacin, moxifloxacin and gatifloxacin respectively, using a definition of the

213-214 o studies have

lowest concentration required to inhibit any growth within four weeks.
assessed the pharmacokinetics of the fluoroquinolones in young children; the available data is
largely from studies in older children with cystic fibrosis.”’”>?”” None have been conducted in
children treated for MDR-TB.?’® Caparelli et al*” studied children aged six months to sixteen
years after single gatifloxacin doses of 5, 10 and 15mg/kg bodyweight (maximum 600mg). Drug
clearance was more rapid than in adults and children required a higher mg/kg dosage to
achieve similar blood concentrations. This was confirmed in a study by Chien et al** who

studied 85 children, also aged six months to sixteen years, given IV or oral levofloxacin. IV and
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oral dosing led to comparable blood concentrations. They concluded that children younger
than five years of age clear levofloxacin almost twice as fast as adults and consequently are
exposed to approximately one half of the dose. They recommend that children older than five
years receive 10mg/kg daily but children less than five should be given 10mg/kg twice daily.
Early bactericidal activity (EBA) studies showed that ofloxacin,’*? levofloxacin, moxifloxacin and

1 all have activity close to that of isoniazid and activity exceeding that of isoniazid

gatifloxacin
after several days of treatment. Whether this later effect relates to sterilizing activity is
uncertain. Although ciprofloxacin has a low MIC, it is not recommended in the treatment of

MDR-TB due to its poor EBA.'*

Thioamides include ethionamide and prothionamide; as the mechanism of action for the two is
similar and cross-resistance is complete only one of the two should be used. The thioamides
share a number of biochemical pathways with isoniazid in their activation and, dependent on
mutation, can show cross-resistance.” > Ethionamide has a narrow therapeutic margin
between efficacy and toxicity with a MIC in broth (99% growth inhibition) of 0.25-0.5ug/ml.*”*
In adults, absorption from the intestinal tract is almost complete and is little affected by food

28 and ethionamide distributes with ease throughout the

or antacids.?® Protein binding is 30%
body, including to the cerebrospinal fluid (CSF). In adults, peak plasma concentrations occur
approximately two hours post dose and Cp.x has been found to be between 1.9 to 2.5ug/ml
following an oral dose of 500mg.28% 28428 For adults, increasing the dosage above 750mg
results in severe intolerance and so for clinical purposes, the recommended peak serum
concentration for susceptible strains of M. tuberculosis is 2.5ug/ml. Studies in children are
limited. Published data include an isolated case report and a study evaluating CSF levels of

284,28 pacently, a study from South Africa has demonstrated

ethionamide in children with TBM.
that dosages of 15-20mg/kg achieve adequate serum concentrations in children.” Younger
children (<2 years of age) eliminated the drug more rapidly than older children and HIV co-

infection was associated with lower concentrations.

Cycloserine is an analogue of D-alanine, is bacterostatic and acts by inhibition of peptidoglycan
synthesis. The alternative drug, terizidone, comprises two molecules of cycloserine attached to
a molecule of terephtalaldehyde. The MIC for terizidone is very variable.? Cycloserine has a
MIC in broth {99% growth inhibition) between 25-75ug/ml.***?"* Cycloserine is completely and
rapidly absorbed after oral administration with a tma,of 2-4 hrs.222% Distribution is
widespread, including to the CSF. Although unaffected by orange juice or antacids, absorption
is significantly delayed when taken with a high fat meal.”®® There are no pharmacokinetic data

to guide paediatric dosing in different age groups for either drug.

Drug-resistant tuberculosis in children James Seddon Page |61



PAS is produced in two formulations: free acid PAS (enteric-coated slow-release granules) and
sodium salt PAS (granules and tablets). The mechanism of action is unclear but may be related
to thymidylate synthesis or disruption of acquisition of iron. MIC for drug-susceptible strains in
broth is <1pg/ml** (using the Alamar blue colourimetric method) and slightly higher (4-
8ug/ml) for some MDR-TB strains.2* PAS is 50-60% protein bound and ty, of the free drug is

d?** and CSF penetration is poor. Since PAS has

45-60 minutes. Absorption is increased with foo
no post-antibiotic effect, it is recommended that twice daily dosing is used to constantly keep
its concentration above MIC.?? Treatment with either formulation results in similar blood
concentrations. Despite being the oldest TB drug, only one small English language study of four
children has reported paediatric pharmacokinetic data.?®® Children were given 300mg/kg/day,
in five divided doses of 60mg/kg. Tmax Was at 60 minutes with Cn.x between 6.25ug/m! and

12pg/ml. CSF peak concentrations were generally greater than 1pg/ml.

The group five medications have either uncertain efficacy against M. tuberculosis or an
uncertain place in the treatment of MDR-TB. Clofazimine is an old drug, discovered in 1954,
Used extensively to treat Mycobacterium leprae, it has only recently been used in the
treatment of M. tuberculosis disease. The mechanism of action is unknown but it has an MICin
broth of <1pug/ml (99% growth inhibition)”’* ?** and may have a synergistic effect when used in
combination with amikacin.?®® Oral absorption is 45-62% and is increased with a high fat
meal.?® Serum concentrations are often very low”** °® but as the drug tends to concentrate
inside macrophages it may be more effective at killing intracellular organisms than the
concentrations in serum would suggest. A recent study from Bangladesh demonstrated that
adults with MDR-TB benefit from the addition of clofazimine to their treatment regimens.**’
No pharmacokinetic studies have been conducted in children. Linezolid is an oxazolidinone, a
new class of antibiotic with a novel mechanism of action. Cross-resistance is therefore unlikely
but it does appear that the MIC is increased in strains already resistant to other first-line
drugs.”* The pharmacokinetics of linezolid has been studied in children of various ages?*”%
and children have more rapid clearance and shorter t,,; than adults, indicating a need for more
frequent dosing. However, the optimal dosing frequency in children with TB has not been
established. It is well absorbed after oral administration and distributes widely, including good
CSF penetration.® EBA in an adult study was similar for once or twice daily dosing with
600mg*® and the limited clinical experience in children on treatment for XDR-TB has seen good
outcomes with twice daily dosing in younger children and once daily in those older.>**%?

Thiacetazone was previously used extensively to treat TB and only fell out of favour with

severe Stevens-Johnson reactions seen in association with HIV. The MIC (complete inhibition)

Drug-resistant tuberculosis in children James Seddon Page |62



is 0.4-1.0ug/mI® and cross-resistance with ethionamide is 29-79%. In adults, it is well
absorbed after oral administration with Cpax 1.5918/ml, tma, 3.3 hours and ty; 15-16 hours.3%
There are no published pharmacokinetic studies in children. The final drugs in class five are the
beta-lactams and the macrolide clarithromycin. Amoxicillin and the carbapenems (imipenem
and meropenem) have some activity against M. tuberculosis, but MICs are not achievable in
serum. When combined with clavulanic acid, however, the MIC is lower and becomes possible
to achieve in serum.> 3% The addition of ethambutol seems to provide a synergistic effect,
even if given at sub-inhibitory concentrations.’® Amoxicillin and clavulanic acid are rapidly
absorbed orally but the carbapenems must be given parentrally. Meropenem has good CSF
penetration and has also been shown to be active against ‘persistent’ strains grown in
anaerobic media.*® Clarithromycin has been used extensively to treat bacterial infections,
non-tuberculous mycobacteria as well as M. lepra. Although MICs are high using agar 7H10 at
99% inhibition of growth (4 to 216ug/ml)**®3% it may have a bi-directional synergistic role with
some of the first-line drugs — improving the efficacy of the first-line drugs as well as the first-
line drugs reducing its MIC.3***** Moreover, it works mainly intracellularly and so this high MIC
may not accurately reflect its bactericidal activity. Studies in children (aged six months to ten
years) have shown that it is well absorbed orally and reaches Cpay (3.59ug/ml) after about 3

hours. High doses are tolerated and food seems to increase bioavailability.>*

Safety and toxicity

Monitoring and describing adverse effects in children is challenging; young children cannot
articulate pain, nausea, vertigo, peripheral neuropathy, anxiety or confusion. Rashes are
common due to a variety of aetiologies and the testing of hearing and vision is more difficult
than in adults. However, it is particularly important to detect adverse effects as, in addition to
life-threatening and unpleasant effects, growth and neuro-cognitive development may be
affected. Children treated for MDR-TB are usually on multiple medications and determining
the drug responsible for an adverse effect can be difficult. This is of concern as HIV frequently

complicates MDR-TB and overlapping drug toxicity should be considered.*” "’

In the treatment of MDR-TB any first-line drugs to which the organism is still susceptible are
used. The adverse effects of the first-line medications have been well described and children
seem to develop adverse effects less frequently than adults.’® 343" |soniazid can cause

263 while pyrazinamide and isoniazid can lead to hepatitis. All can cause

peripheral neuropathy,
rash, gastrointestinal upset and arthritis.'® 2" *"7 Isoniazid used at high dose has not been well

studied and adverse effects may be more pronounced than with the traditional dose. Although
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the incidence of ethambutol-related optic neuritis is much lower in children than in adults,

concerns remain regarding toxicity. 5" %

The aminoglycosides and polypeptides can cause peripheral neuropathy, hypersensitivity and
rash, but the main toxicities of concern are nephrotoxicity, ototoxicity and vestibular
derangement. Fatal renal failure and electrolyte imbalances, particularly hypokalaemia, have
been reported in adults treated with capreomycin.?*® Hearing loss is irreversible, usually
developing first in the high frequencies and then progressing to the speech recognition
frequencies. If high frequency loss is detected early and the drug can be stopped without
compromising the child’s health, communication may be preserved. Therefore, unless
monitored regularly hearing loss is only detected once communication problems develop. No
studies have assessed toxicity using these agents in children with TB. Studies in neonates®”
and children with cystic fibrosis**® demonstrate limited toxicity®® but assessment of hearing
loss in children receiving longer courses of aminoglycosides following liver transplantation, as
occurs in MDR-TB treatment, found hearing loss in 15 of 66 children evaluated, using a 35dB
loss at one frequency to define hearing loss. 3 Adult studies of MDR-TB treatment
demonstrate high rates of hearing loss, vestibular dysfunction and renal impairment, the latter

322-324

two often reversible. In adults the cumulative dose is the greatest indicator of ototoxicity

with a mean onset time of nine weeks following treatment initiation.””* Certain familial

32538 3nd aspirin may offer some

mitochondrial mutations predispose patients to hearing loss
protection. These mutations and their relationship with hearing loss have not been studied in

children, however.

The fluoroquinolones were shown in the 1970s to cause cartilage damage in the joints of
juvenile beagles'™ and although multiple studies and reviews have subsequently

165,329335 oncerns remain. They can also cause

demonstrated safe use in children,
psychological/neurological disorders, sleep problems, gastrointestinal upset and peripheral
neuropathy. The newer fluoroquinolones seem to be associated with fewer adverse effects
than the older medications,?® but caution must be exercised with moxifloxacin due to possible
QT interval prolongation.®*® When used in the treatment of MDR-TB, they are generally well
tolerated in both adults and in children with few significant adverse effects.>*® However, a
large number of adverse effects have been documented in adults receiving a fluoroquinolone

146, 337

and pyrazinamide for preventive therapy. The reason for this is not clear.

Few studies have assessed the adverse effects of the thioamides on children. Both

ethionamide and prothionamide are commonly associated with adverse effects***** and can
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cause profound gastrointestinal upset; severe nausea and vomiting can compromise
adherence for both adults and children. The severity of symptoms usually subsides with time
but symptoms can be reduced by initially splitting the daily dose or introducing the drug
gradually with escalation of the dose over time. The full dose, given once daily, should,
however, be aimed for within a few weeks of starting treatment. The thioamides show
structural similarities to the potent thyrostatic drug methimazole, which seems to inhibit
thyroid hormone synthesis by inhibition of organification.>* As a result, hypothyroidism can

340, 348-354

occur.?%3423% paflagra-like rash’”, hepatitis and hypoglycaemia®® have also been

documented as well as rare central nervous system adverse effects including seizures,

347

encephalopathy and acute psychosis.™ Prothionamide seems to be marginally better

tolerated in adults.®

Cycloserine and terizidone have been poorly studied in children. In adults, cycloserine has
been widely implicated in neuropsychiatric adverse effects such as anxiety, depression,

264, 357-359

confusion, psychosis, irritability, tremor, convulsions and aggression. It has also been

V3% and with an episode of

associated with hypersensitivity reactions in those with Hi
encephalitis.*®! From the very limited data that are available, terizidone seems to be better
tolerated. Emerging data suggest that terizidone has fewer adverse effects (1%) than

cycloserine (11%).%*

The newer granular formulation of PAS is well tolerated and easily administered to children.

262,363-364 3 effect which may be potentiated by the

PAS can cause hypothyroidism,
concomitant use of ethionamide.?® Gastrointestinal problems,**>3% hepatitis, >’
thrombocytopenia,®**®3"° hypoglycaemia,?”* vasculitis, arthralgia, eosinophilia, malabsorption

and a lymphoma-like syndrome (lymphadenopathy, rash and hepatomegaly)*’**” are

372-373
other potential adverse effects. Hypersensitivity reactions, characterised by fever,
conjunctivitis and rash, may occur in up to 5-10% of patients on PAS, usually within the first
couple of months. 26367375376 1t may be possible to desensitise those with hypersensitivity to

PAS by starting with a low dose and slowly increasing.’”® However this is not recommended.”’

Toxicity of the group five drugs is considerable but adverse effects are less common in children
compared to adults. There is much experience in the use of clofazimine as it has been given
extensively in the treatment of leprosy. It commonly causes gastrointestinal symptoms such as
diarrhoea, nausea, vomiting and abdominal pain. The majority of patients develop a red-brown
hyperpigmentation of the skin and conjunctiva which is reversible but may take many months

to revert. A recent leprosy trial in India and China included 422 children less than 15 years of
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age. Clofazimine was very well tolerated and few drug reactions were noted. Skin
discolouration was usually short-lived and felt to be acceptable to patients.’”® Adverse effects
in children on short courses of linezolid are rare but include headache and gastrointestinal
disturbance.2%® %8 380382 with prolonged use in adults withdrawal of the drug is frequently
required due to myelosuppression (including pancytopenia) and peripheral and optic
neuropathy; lactic acidosis has also been reported.*®*3# Reports of linezolid use in children
with MDR-TB have found it to be well tolerated.?®® 3% 383384 Thjacetazone was used widely to
treat TB prior to the advent of HIV. Severe, life-threatening Stevens Johnson reactions were
associated with thiacetazone use in HIV-infected adults*®*3*! and children.?® Although it is
contraindicated only in HiV-infected individuals, it is now rarely available in most countries.
Other adverse effects include gastrointestinal disturbances, skin reactions, hepatotoxicity,
haemolytic anaemia and agranulocytosis.*** The most common adverse effects of the beta-
lactams are gastrointestinal and hypersensitivity reactions. Occasionally liver and renal
derangement can occur. The macrolides can cause gastrointestinal disturbances,

hepatotoxicity, prolonged QT syndrome and rash.

Effect of Human Immunodeficiency Virus co-infection and interaction with antiretroviral
therapy

Co-infection with both TB and HIV is common in areas where both diseases are widespread.>**
395 Rapid initiation of cART in children with MDR-TB is critical due to the advanced spectrum of
TB disease observed in this paediatric subpopulation.’®? The drug interactions between cART
and first-line TB drugs have been extensively reviewed.****’ Rifampicin reduces the
concentrations of many concomitantly administered drugs including the key antiretroviral non-
nucleoside reverse transcriptase inhibitors and protease inhibitors. Data describing the
pharmacokinetic interactions between cART and the second-line TB drugs are incomplete and
the metabolic pathways of some of the drugs are poorly characterized. Hence, unanticipated
interactions might occur. However, the potential for clinically important changes in cART or TB
drug concentrations is less for most second-line TB regimens compared to the rifampicin-
containing first-line regimens. cART and second-line TB drugs have many adverse effects in
common. High rates of neuropathy, hypokalaemia, hypothyroidism and marked renal
impairment have been reported in adult populations with MDR-TB and a high proportion of

HIV infected patients. 3%3%°

Drug interactions between TB drugs and cART are therefore
important to consider.”” *”” However, the risks attributable to the TB and cART drug

combinations versus those due to potential confounding factors such as the extent of immune
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suppression, co-morbidities (e.g. chronic viral hepatitis, or diabetes), concomitant medication
or toxins and nutritional status, are uncertain. Table 8 summarises possible interactions and
adverse effects that may be exacerbated. Few studies have assessed second-line drugs in

combination with cART in adults and no studies have done so in children.
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Table 7 - A summary of the dose and adverse effects of the second-line drugs used in the treatment of drug resistant tuberculosis

Drug Dose recommended Formulation size Main adverse effects
Kanamycin 15-30mg/kg once daily 1g vial Ototoxicity, nephrotoxicity
Amikacin 15-25mg/kg once daily 100mg, 250mg, 500mg and 1g vials As for kanamycin

Capreomycin

15-30mg/kg once daily

1g vial

As for kanamycin

Ofloxacin

15-20mg/kg once daily

200mg, 400mg

Sleep disturbance, gastrointestinal disturbance, arthritis, peripheral
neuropathy,

Levofloxacin

10mg/kg once daily
(twice daily for <5 years)

250mg, 500mg

As for ofloxacin

Moxifloxacin

7.5-10mg/kg once daily

400mg

As for ofloxacin, prolonged QT syndrome

Ethionamide/Prothionamide

15-20mg/kg once daily

125mg and 250mg tablets

Gl disturbance, metallic taste, hypothyroidism

Cycloserine/Terizidone

15-20mg/kg once daily

250mg capsules

Neurological and psychological effects

PAS 150mg/kg granules daily in two or three Sachets of 4g Gl intolerance, hypothyroidism, hepatitis
divided doses
Clofazimine 5mg/kg once daily 50mg, 100mg tablets/capsules Skin discoloration
Linezolid 10mg/kg twice daily 600mg tablets and syrup Diarrhoea, headache, nausea, myelosuppression, neurotoxicity, lactic acidosis

(once daily for >10 years)

and pancreatitis

Amoxicillin/clavulanate,
Imipenem, Meropenem

As for bacterial infections

Amoxicillin/clavulanate — various
formulations

Meropenem — 500mg and 1g vials
Imipenem — 250mg and 500mg vials

Gastrointestinal intolerance, hypersensitivity reactions, seizures, liver and renal
dysfunction

Thiacetazone

5-8mg/kg once daily

150mg tablets

Stevens Johnson Syndrome in HIV-infected patients, gastrointestinal
intolerance, hepatitis, skin reactions

Clarithromycin 7.5- 15mg/kg twice daily 500mg tablets Gl intolerance, rash, hepatitis, prolonged QT syndrome, ventricular arrhythmias
High dose isoniazid 15-20mg/kg once daily 100mg tablets Hepatitis, peripheral neuropathy
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Table 8 - Potential interactions and combined toxicity between the second-line tuberculosis

drugs and antiretroviral treatment

95,96

Drug

Pharmacokinetic interactions

Increased risk of adverse effects

Injectables

Unlikely

Nephrotoxicity with tenofovir

Fluoroquinolones

Moxifloxacin concentration may
be reduced by ritonavir
Moxifloxacin concentration may
be increased by unboosted
atazanavir’

Buffered didanosine may reduce
oral absorption of all
fluoroquinolones

Psychiatric symptoms with efavirenz

Hepatitis with nevirapine, efavirenz or protease
inhibitors

Prolongation QT interval with protease
inhibitors and efavirenz

Ethionamide/Prothionamide

Unknown

Peripheral neuropathy with stavudine or
didanosine

Psychiatric symptoms with efavirenz

Hepatitis with nevirapine, efavirenz or protease
inhibitors

Gastrointestinal intolerance with zidovudine or
protease inhibitors

Cycloserine/Terizidone

Renally cleared so interactions
unlikely

Nephrotoxicity caused by
tenofovir could affect serum
concentrations

Peripheral neuropathy with stavudine or
didanosine

Psychiatric symptoms with efavirenz

Stevens Johnson Syndrome with nevirapine and
efavirenz

PAS

Unlikely

Hepatitis with nevirapine, efavirenz or protease
inhibitors

Gastrointestinal intolerance with zidovudine or
protease inhibitors

Clofazimine

May increase etravirine and
protease inhibitor
concentrations

Gastrointestinal intolerance with zidovudine or
protease inhibitors

Linezolid

Unlikely

Peripheral neuropathy with stavudine or
didanosine

Gastrointestinal intolerance with zidovudine or
protease inhibitors

Lactic acidosis with stavudine, didanosine or
zidovudine

Bone marrow toxicity with zidovudine

Amoxicillin/Imipenem/
Meropenem with clavulanic
acid

Unlikely

Nephrotoxicity with tenofovir

Thiacetazone

Not advised in HIV-infected
patients due to risk of Stevens-
Johnson Syndrome

Not advised in HIV-infected patients due to risk
of Stevens-Johnson Syndrome

Clarithromycin

Concentrations increased by
ritonavir

Concentrations reduced by
efavirenz and nevirapine
Clarithromycin reduces
zidovudine concentrations

Combination with non-nucleoside reverse
transcriptase inhibitors not recommended due
to increased concentrations of the 14-hydroxy
metabolite which is associated with rashes

" Currently not advised for use in children
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Concepts from the following topic have been written as an article:

e Seddon JA, Schaaf HS, Furin JJ, Marais BJ, Tebruegge M, Detjen A, Hesseling AC, Perez-Velez
CM, Shah S, Adams LV, Starke JR, Becerra MC, Swaminathan S. Consensus statement on

research definitions for drug-resistant tuberculosis in children. (submitted)

In this chapter, | set out the terms and definitions that | am to use throughout the thesis. This
process of formulating these definitions was achieved in collaboration with “The Sentinel
Project on Pediatric Drug-Resistant Tuberculosis’ — a group of researchers, healthcare
providers and advocates committed to preventing child deaths from DR-TB.*® | took the lead
in formulating and writing a consensus statement of experts to consolidate and clarify the
definitions used in research into paediatric DR-TB. The proposed definitions were revised
through meetings, conference calls and written feedback in order to achieve clarity and
consensus. As well as allowing me to be consistent throughout my own work for this thesis,
the definitions provide a tool for others to use when carrying out research into paediatric DR-
TB. The few studies that have described children with DR-TB have used inconsistent
definitions, making standardization and synthesis of data challenging. The current
programmatic WHO definitions used to describe adults with DR-TB and children with drug-
susceptible TB are inadequate for research studies of children with DR-TB. More rigorous
definitions are required for use in research recording the epidemiology of exposure, infection
and disease, as well as research into diagnosis, treatment, prevention and outcome.
Definitions need to be relevant for both prospective studies, where comprehensive data can
be collected, and for retrospective studies. The distinction between definitions used in clinical
management, programmatic reporting and research studies is complex; many research studies
document clinical management or report programmatic data. Whilst the following definitions
will hopefully strengthen programmatic reporting, these proposed definitions are intended for

use in the research setting, rather than for clinical decision-making.

Terminology and measures of exposure

To facilitate comparisons between different studies it is vital that key terms be standardized.
Table 9 provides a summary of the suggested consensus definitions regarding epidemiological

terms, disease classification, type of treatment, and categories of drug resistance. Exposure is
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a continuum, with no documented exposure at one extreme and extensive exposure at the
other. Although any exposure to a DR-TB source case could potentially result in a child
becoming infected, in reality this exposure must reach a significant threshold for the child to
be deemed a contact. This necessitates the use of a binary definition. The issue is complex and
incorporates elements of the infectiousness of the source case, the proximity and intensity of
interaction between source case and contact, the daily duration of exposure, the length of
exposure over time, as well as environmental factors such as air exchange. ***** Different
definitions will provide different degrees of sensitivity and specificity and it is important that
definitions are consistent and well described. Recent interactions are more likely to result in

disease in the child compared with interactions that took place more than a year ago.®* 8 %%

403

A ‘DR-TB contact’ should be defined as a child exposed to an infectious DR-TB source case who,
in the last twelve months, had either slept in the same household or had daily interaction with
the child.** If possible, enough data points are collected to provide an exposure ‘score’ (Table
9) as this concept provides a more precise and comprehensive description of the likely

infection risk and correlates well with tests of M. tuberculosis infection.*™*

In the same way that exposure is a gradient, so too is the spectrum from exposure through
infection to disease.'® Despite this continuum, it is necessary to assign children into distinct
categories for research studies. The terminology used in the literature for children who
demonstrate immunological evidence of infection with M. tuberculosis, in the absence of
clinical symptoms, is confusing. Latent TB infection, latent TB, M. tuberculosis infection and T8
infection have all been employed. The word “tuberculosis” implies a disease state and
therefore it was felt that TB infection should not be used for a well child. For children who
have been recently infected by M. tuberculosis, the use of the word latency is incongruous as it
implies an established immunological equilibrium, which may not have been achieved. A child
with a positive immunological test (e.g. TST or IGRA) should be classified as having “M.
tuberculosis infection” to cover both recent and latent infection. This is consistent with other
consensus definitions.*® In order for a child to be classified as having ‘DR M. tuberculosis
infection’, the child must have a positive immunological test result as well as being a DR-TB
contact. The terminology used for children with clinical, radiological or microbiological
pathology is similarly inconsistent across the published literature. ‘Active disease’ is a term
used widely to denote an ill child, but ‘inactive disease’ is not a useful concept. For consistency

the term ‘T8 disease’ should be used.
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Terms used for the treatment given to those with DR-TB disease include ‘curative treatment’,
‘disease treatment’, anti-TB treatment, and ‘TB treatment’. To avoid ambiguity the term ‘DR-
TB treatment’ should be used. In the existing literature there is also inconsistency surrounding
the terminology used to describe the treatment given to children without DR-TB disease.
Primary prophylaxis refers to treatment given to a child before any known exposure to an
infectious TB case. Post-exposure prophylaxis, window prophylaxis or preventive therapy
refers to treatment given to a child after documented TB exposure. Treatment of TB infection
and treatment of latent infection are both used to refer to drugs given following a positive
immunological test result indicating infection. Secondary prophylaxis refers to treatment given
to a child after a course of TB treatment. For consistency the use of the summative term ‘DR-

TB preventive therapy’ can be used to cover all of these circumstances.

Definitions of drug resistance and testing methodology

Although drug resistance is generally divided into the discrete categories of mono-, poly-,
MDR- or XDR-TB,* (Table 9) it is more useful to view drug resistance as a continuum. For
research into paediatric DR-TB, it is important to describe the precise DST pattern. It is also
important to record the DST pattern of the likely source case(s), rather than their DST

category, when the child has been diagnosed presumptively.

Due to the wide variety of testing methodologies available to determine drug resistance, at a
minimum, researchers should clearly state the laboratory techniques employed in determining
drug resistance. It should be documented to which drugs DST was performed and which
techniques were used for each of the drugs. If DST is determined by phenotypic testing, the
Clinical and Laboratory Standards Institute standards should be employed.*® It is anticipated
that more DST will be carried out using genotypic methods in the future. A number of
genotypic tests exist using nucleic acid amplification to determine DST. Some assays only
determine whether the organism belongs to the M. tuberculosis complex and whether
mutations in the rpoB gene are present (associated with rifampicin resistance in >95% cases).
The Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, USA) is one such test, which is currently
being rolled out widely.*” If this test is employed and the rpoB mutation result is positive, the
sample should be recorded as having resistance to rifampicin, as this test cannot confirm or
refute MDR. The frequency of RMR strains is increasing in some settings,*® and samples found
to be rifampicin-resistant should therefore not be assumed to be MDR. Conversely, HMR-TB is
common in many regions; if a sample is found not to have an rpoB gene mutation, it should

not be assumed to be fully drug-susceptible. Consequently, it is important to follow up results
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determined from samples tested with the Xpert MTB/RIF assay with a cultured sample that can

have DST determined to isoniazid.

The genotypic testing of resistance to isoniazid usually involves testing for mutations in the
inhA promoter region and the katG gene.”?® A molecular line probe assay (e.g. GenoType®
MTBDRplus; Hain Lifescience, Nehren, Germany) is frequently used for this purpose. As well as
recording the presence of genotypic resistance to isoniazid, it is desirable to also record the
mutation conferring resistance, as this has clinical and epidemiological significance.®” Other
molecular tests are under development and in the future, genotypic testing to the second-line
drugs is likely to become more widespread, as drug resistance to these agents is associated

with known gene mutations.?2

Previous episodes and treatment

A distinction should be made between a previous episode of disease and any previous
treatment given (Table 10). Prior studies have employed a six-month symptom-free period
following the completion of at least one month of previous treatment as a pragmatic
differentiator of disease episodes .'* For a child newly diagnosed with DR-TB disease, it is
important to distinguish between: (a) a child who was previously treated with first-line therapy
for TB disease, had a favourable treatment outcome and has subsequently been re-infected
with a DR-TB strain; (b) a child who was infected with a DR-TB strain and treated with first-line
drugs before the diagnosis of DR-TB was made; and (c) a child who was infected with a DS-TB
strain with resistance developing during first-line treatment. The first two types of drug
resistance are referred to as transmitted or primary resistance, while the third is termed
acquired resistance. Although clinically it is sensible to suspect the development of resistance
in a child if treatment has been poorly adhered to and/or incorrectly prescribed/supplied, for
this conclusion to be reached in a research context, it is necessary to have had an initial drug-
susceptible sample. Most children with DR-TB disease, however, have transmitted

resistance.?**

To document treatment delay, a standard definition of when the DR-TB episode began should
be used to determine the interval from the assumed start of the disease episode to the start of
DR-TB treatment. Published studies have defined a DR-TB episode as beginning (in the event
that DR-TB was subsequently confirmed) at either the child’s initial documented presentation

to the healthcare system, when a specimen was obtained that eventually confirmed DR-TB, or
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alternatively, when the child commenced TB treatment for the current episode, based on

whichever was the first documented event.'*

Certainty of diagnosis of disease

When treating children for DR-TB disease, the decision is binary — the child is treated or not.
For the clinician this diagnosis is either confirmed or presumed. This may be sufficient for
clinical management and for recording and reporting purposes. For research purposes,
however, it is important to document the degree of certainty for both the diagnosis of T8 and
the diagnosis of drug resistance. For the diagnosis of TB disease in children, the WHO first
proposed categories of suspect, probable and confirmed TB for reporting and for research.*®
This classification has recently been refined by a National Institute of Health (NIH) expert
panel, focusing specifically on intra-thoracic disease.*® (see Table 10). For extra-thoracic TB a

40 A definition of

similar system should be adopted; one has been proposed for TBM.
‘confirmed DR-TB disease’ requires clinical evidence of TB disease together with the detection
of M. tuberculosis from a specimen collected from the child with resistance demonstrated. All
samples from children should be subjected to culture and DST. A definition of ‘probable DR-TB
disease’ should be used when a diagnosis of probable TB disease has been made and the child
is a DR-TB contact. Cases should be classified as ‘possible DR-TB disease’ if a diagnosis of
probable TB disease has been made and either the child fails adherent first-line TB treatment
or has been exposed to a source case with risk factors for drug resistance (failed therapy,

death or default with no known DST).

Site of disease and disease severity

Site and severity of disease can have an impact on the choice and duration of treatment as
well as treatment outcome. Disease severity, for example, has been shown to correlate with
bacterial yield in children and culture conversion.’® ***** T8 programs usually report disease
site using ICD-10 codes,*? and these codes should be used for reporting disease site in children
with DR-TB. Defining the severity of disease in children is challenging and existing approaches
are limited. Radiological findings can be used to describe the spectrum of intra-thoracic
disease and can be an indicator of severity.*'> A recently-proposed classification system divides
different types of both intra- and extra-thoracic childhood TB into severe and non-severe
disease based on known host-pathogen interaction and pathophysiology of disease.*!* Where

possible, this classification should be employed for research purposes.
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Adverse events

44 ror research, it is

Second-line TB drugs are associated with increased risk of adverse events.
important to determine the type of adverse event, the severity, the relationship to the
medications being given, any action taken and any associated risk factors.!* The Division of
Microbiology and Infectious Diseases (DMID) within the US National Institute of Allergy and
Infectious Diseases (N!AID) has published tables to allow the grading of adverse events.**
These tables are specific for children and should be used for research on paediatric DR-TB.
However, a number of adverse events that are frequently encountered in the treatment of
children with DR-TB disease and DR M. tuberculosis infection are not adequately covered in
this classification system.2%® These include thyroid dysfunction, hearing loss, arthralgia and

arthritis. Proposed criteria for grading these adverse events are included in Table 11.

It is important to note the action taken when an adverse event occurs.*'® For each adverse
event, data should be collected documenting whether any action was taken and if so, what
type. Where possible other factors possibly associated with the adverse event should be
recorded. These include co-morbidities such as HIV infection, diabetes, and asthma, as well as

the nutritional status and the type and severity of TB disease.

Disease outcome

Adult guidelines typically use microbiological parameters to determine response to treatment.
The outcome definitions currently recommended by WHO for adults with DR-TB disease, were
first proposed by an expert consensus group for use in the analysis of retrospective data. Cure
was defined as ‘five consecutive negative cultures from samples collected at least 30 days
apart in the final 12 months of treatment.”*”*'7 For children with drug-susceptible TB disease,
cure has been defined as a child who is ‘sputum smear-negative in the last month of treatment
and at least one previous occasion.’’® Neither of these definitions are appropriate for children
with DR-TB disease. Instead, ‘cure’ should be the completion of treatment, with simultaneous
evidence of clinical and radiological improvement, in conjunction with three or more negative
sputum cultures in the last 12 months of treatment (in the absence of subsequent positive
results). As only a relatively small proportion of children will have a confirmed diagnosis at the

56,418 and as microbiological investigations are frequently not

beginning of their treatment,
repeated during follow-up, the majority of children will not fulfil the definition for cure.

‘Probable cure’ is defined as the presence of the same constellation, but without the
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microbiological component. The proposed definitions for treatment outcome are summarized

in Table 12.

Treatment response can be divided into microbiological, radiological and clinical responses. A
key component of clinical response is nutritional status, with poor status a risk for both the
development of TB disease as well as poor treatment outcome.*'**? Nutritional variables that
require monitoring, at a minimum, include height and weight. These parameters should be
assessed at treatment initiation and then monthly, and should be plotted on standardized
charts. An improvement in nutritional status should be included among the criteria used to
define ‘probable cure’. Radiological improvement encompasses partial or complete resolution
of chest radiographic features. However, it is important to consider that some children with
HIV infection who are started on cART may experience a radiological deterioration despite
clinical improvement due to IRIS.'® 4% Nevertheless, this phenomenon is unlikely to
influence classification of final disease outcome, as IRIS typically presents early in the

treatment course and resolves before final outcome is determined.

Other treatment outcomes that should be included are primary death and primary default.
These occur if a child is diagnosed with DR-TB disease but dies, refuses treatment or is lost to
follow up before DR-TB treatment is initiated. Finally, treatment failure is defined as at least six
months of adherent therapy on an appropriate DR-TB regimen with evidence of

microbiological, clinical or radiological deterioration in the absence of IRIS.
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Table 9 - Proposed terminology for drug-resistant tuberculosis in children and the assessment of drug-resistant tuberculosis exposure

Recommended Term

Definitions

Epidemiological terms

DR-TB index case

The first identified, confirmed DR-TB case in a social group (e.g. a household) during an investigation or outbreak (which

may be the child)

DR-TB source case

An infectious (sputum-smear microscopy and/or culture positive) DR-TB case who could have infected the contact

DR-TB exposure

Ten points to be used for exposure score "

e Isthe source case the child’s mother?

e Isthe source case the child’s primary caregiver?

e Does the source case sleep in the same bed as the child?

e  Does the source case sleep in the same room as the child?

e Dose the source case live in the same household as the child?*
e  Dose the source case see the child every day?*

e s the source case coughing?

e Does the source case have pulmonary TB?

e |s the source case sputum-smear microscopy positive?

e Isthere more than one source case in the child’s household?

Infection and disease

DR M. tuberculosis infection

A positive immunological test of infection including TST or IGRA in combination with being a DR-TB contact

DR-TB disease

Clinical, radiological or microbiological pathology

Type of treatment

DR-TB treatment

The treatment of DR-TB disease

DR-TB preventive therapy

Includes primary (pre-exposure) prophylaxis, post-exposure prophylaxis (including window prophylaxis), secondary
prophylaxis, and treatment of TB infection

Drug resistance categories

Mono-resistant

Resistance to one TB drug

Poly-resistant

Resistance to two or more TB drugs other than both rifampicin and isoniazid

Multidrug-resistant

Resistant to at least both rifampicin and isoniazid

Pre-extensively drug resistant

MDR-TB with resistance to either a fluoroquinolone or an injectable second-line TB drug but not both

Extensively drug resistant

MDR-TB with resistance to both a fluoroquinolone and an injectable second-line TB drug

DR: drug-resistant; TB: tuberculosis; M. tb: Mycobacterium tuberculosis; IGRA: interferon-gamma release assay; TST: tuberculin skin test; MDR: multidrug-resistant
*Either of these two components will classify the child as being a DR-TB contact if occurring in the preceding twelve months
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Table 10 - Classification of previous disease episodes, diagnostic certainty and description of drug-resistant tuberculosis disease in children

Recommended Term

Definitions

Previous episodes and
treatment

Previous TB disease
episode

Treatment taken for at least one month, after which there was a reported symptom-free period of 2 6 months before the start of the current
DR-TB disease episode

DR-TB disease episode

If DR-TB disease is subsequently confirmed, the episode began when the child is first documented to have presented to the health care system,
when the specimen was obtained that eventually confirmed DR-TB disease, or when the child commenced any TB treatment, whichever is the
first available documented event

Previously treated with
first-line TB drugs

Treatment for one month or more with WHO group one drugs

Previously treated with
second-line TB drugs

Treatment for one month or more with any WHO group two to five drugs

Certainty of diagnosis
of TB disease’”

Confirmed TB disease

At least one of the signs and symptoms suggestive of TB disease* and microbiological confirmation of M. tuberculosis

Probable TB disease

At least one of the signs and symptoms suggestive of TB disease* and the CR is consistent with intra-thoracic TB disease** and presence of one
of the following: a) a positive clinical response to TB treatment, b) documented exposure to a source case with TB disease or ¢) immunological
evidence of TB infection

Possible TB disease

At least one of the signs and symptoms suggestive of TB disease* and either a) a clinical response to TB treatment, documented exposure to a
source case with TB disease or immunological evidence of TB infection or b) CR consistent with intra-thoracic TB disease**

Certainty of diagnosis
of DR-TB disease

Confirmed DR-TB disease

At least one of the signs and symptoms suggestive of TB disease* and detection of M. tuberculosis from the child with demonstration of
genotypic or phenotypic resistance

Probable DR-TB disease

DR-TB contact and diagnosis of probable TB disease

Possible DR-TB disease Diagnosis of probable TB disease together with either failure of first-line TB treatment or contact of a source case with TB disease and risk
factors for drug resistance (failed, irregular or chronic therapy, death, or default)
Site of TB and disease | ICD-10 code Code to be recorded

severity

Severe or non-severe

Severity to be recorded ™

WHO: World Health Organization; TB: tuberculosis; DR: drug-resistant; CR: chest radiograph; M. tuberculosis: Mycobacterium tuberculosis
*Persistent cough, weight loss or failure to thrive, persistent unexplained fever, persistent unexplained lethargy or reduced playfulness or additional signs in the neonate (these signs and symptoms are defined in detail in

referenced article)

** For extra-thoracic TB disease alternative appropriate radiological imaging should be substituted
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Table 11 - Classification of adverse events in children with drug-resistant tuberculosis

Recommended Term Definitions
Adverse drug events Clinical DMID grading scale 0-4*®
Laboratory DMID grading scale 0-4*"

Arthralgia/arthritis

Not covered but parallels with DMID

e  Grade 0—No pain

e  Grade 1-Pain, but no interference with function or movement

e Grade 2 — Moderate pain affecting function, but able to carry out normal activities
e  Grade 3 —Severe pain limiting activities

e  Grade 4 - Disabling pain and unable to carry out normal activities

Thyroid function Abnormal considered if TSH raised above and T4 below the threshold of normal, using the reference ranges that have been
specified by the laboratory with consideration of the analyzer used and the age of the child
Hearing American Speech and Hearing Association (ASHA) criteria for hearing loss™ > A5 4% using pure tone audiometry. Hearing loss

defined as a change from baseline of:

e 20dB decrease at any one frequency or

e 10dB decrease at any two adjacent frequencies or

e Loss of response at three consecutive test frequencies where responses were previously obtained.

DMID: Division of Microbiology and Infectious Diseases; TSH: thyroid stimulating hormone
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Table 12 - Classification of treatment outcome in children with drug-resistant tuberculosis

Recommended Term

Definitions

Treatment Outcome

Cure

Treatment completed, clinical and radiological improvement together with three or more negative sputum cultures in the
last twelve months of treatment with no subsequent positive culture

Probable cure

Treatment completed with clinical and radiological improvement

Treatment completed

Completion of prescribed treatment

Default

Treatment interruption for two months or more

Primary default Never started on DR-TB treatment
Death Death for any reason while on DR-TB treatment
Primary death Death prior to starting DR-TB treatment

Treatment failure

Ongoing sputum culture positivity, or clinical or radiological deterioration after more than six months of the child receiving
an appropriate DR-TB regimen (with adherence > 80%)

TB: tuberculosis; DR: drug-resistant
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Study 1: the evolving epidemic of drug-resistant tuberculosis among children in Cape
Town, South Africa

The following study has been published as an article:

e Seddon JA, Hesseling AC, Marais BJ, Jordaan A, Victor T, Schaaf HS. The evolving epidemic
of drug-resistant tuberculosis among children in Cape Town, South Africa. Int J Tuberc Lung

Dis 2012; 16: 928-33

The first original research article in the thesis documents the burden of TB drug resistance in
the context that the research is to be carried out. A database of all children with culture-
confirmed TB at TCH is collected prospectively, including clinical characteristics as well as
details of the DST of the strain isolated. This has been undertaken since 2003 and provides
surveillance and detection of trends over time. For this study, | gathered the data for a two
year period (previous reports have described two year periods), analysed it and compared it
with previous surveillance periods. As this surveillance period included the point at which
molecular LPAs were introduced into the Western Cape, we took the opportunity to compare

the LPA results with conventional DST techniques in number of isolates.

Introduction

Children with DR-TB usually have transmitted resistance, whereby the child is infected by an

21363780 This contrasts to adults where drug resistance is

organism with established resistance.
a result of both transmission and acquisition, the latter due to a susceptible organism
developing resistance because of inadequate treatment.*”’ Children rarely have acquired
resistance as paediatric TB is usually paucibacillary; with small organism loads it is unlikely that
resistant mutants will arise and be selected. This is supported by studies comparing the genetic
DNA fingerprint (restriction fragment length polymorphism; RFLP), as well as the DST pattern
of organisms from children with drug-resistant TB together with the likely source case.**
Usually both the RFLP and DST in such cases have been concordant, implying transmitted

resistance from adults to children.®® Since paediatric MDR-TB cases represent recent infection
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with a DR strain, DST patterns in children, particularly those amongst young children, provide
important information regarding current transmission patterns in a community or setting,

facilitating individual case management, surveillance and public health planning.

Traditionally DST has been determined by phenotypic methods whereby bacilli are grown in
the presence of an antibiotic. If more than a certain percentage (usually 1% or more) of bacilli
grow in comparison to a control without antibiotic, the bacilli are classified as being resistant.
These tests are reliable but are expensive, time-consuming and operator-dependent. More
recently, nucleic acid amplification tests (NAATs) have been developed to identify genetic
mutations that are commonly associated with antibiotic resistance. The great majority (>95%)
of rifampicin-resistant strains possess mutations in the rpoB gene. Most, but not all, strains
that are resistant to isoniazid possess mutations in either the inhA promoter region or the katG
gene. Since August 2008, the National Health Laboratory System in South Africa has used a
NAAT, or LPA, to detect the presence of M. tuberculosis complex and mutations in rpoB, inhA
and katG. Since not all isoniazid resistance mutations are detected, it is unclear what
proportion of isoniazid-resistant strains has been missed since the introduction of LPA testing.
This could potentially lead to either a sample being labelled as drug-susceptible when it is, in

fact, HMR, or misclassification of RMR when it is, in fact, MDR.

Previous surveillance studies from Cape Town described the proportion of children with DR-TB
during different periods: 1994-1998,*?® 2003-2005*° and 2005-2007, all using phenotypic
DST.*** In the current study the prevalence of drug resistance amongst children with culture-
confirmed TB is determined from 2007 to 2009 and their clinical characteristics described
including HIV co-infection. In addition, the results of this surveillance period are compared to
previous studies to determine changes and trends over time. In order to document currently
prevailing DST patterns, the children from this and previous study periods have been stratified
into those less than and older than five years.*? Finally, the genotypic and phenotypic DST for

isoniazid is compared on mycobacterial isolates since the introduction of the LPA.

Methods

All children less than 13 years old with culture-confirmed TB, routinely tested at TCH from 1

March 2007 through 28 February 2009 were included.
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Mycobacterial culture and drug susceptibility testing

Samples were first decontaminated and then cultured using the MGIT 960 system (Becton
Dickinson, Sparks, MD, USA). The presence of M. tuberculosis was confirmed by polymerase
chain reaction (PCR) amplification.**® DST was performed on at least one isolate from each
child with culture-confirmed TB. DSTs were performed for isoniazid and rifampicin, and if MDR,
testing was completed for ethambutol and the second-line drugs amikacin, ethionamide and
ofloxacin. For the first 18 months of the study, from March 2007 through July 2008, only
conventional phenotypic DST was undertaken for isoniazid and rifampicin using the Bactec
460TB system (Becton Dickinson, Sparks, MD, USA), according to international criteria.**
Isoniazid was tested at a concentration of 0.1ug/ml, rifampicin at 2.0 pg/ml and ethambutol at
7.5ug/ml. The susceptibility of a strain was judged by comparing growth of organisms in drug
containing versus non-drug containing media; resistance was defined as 1% or more bacterial

growth in the drug containing media.

During the latter six months of the study, routine genotypic testing was implemented by the
local reference laboratory using LPA (GenoType® MTBDRplus; Hain Lifescience, Nehren,
Germany), according to the manufacturer’s instructions.**? All samples that underwent
genotypic testing were then re-evaluated by conventional techniques for isoniazid DST to
determine the concordance between the two testing strategies. If samples lost viability, gave
inconclusive results or were contaminated, a second attempt was made to culture them. DST
to second-line agents was performed individually by the indirect proportional method on
Middlebrook 7H10 agar using critical concentrations of amikacin 40ug/m, ofloxacin 2pug/m!

and ethionamide 10pg/ml.

Clinical data and patient management

Once a specimen was found to be positive for M. tuberculosis, laboratory details were
recorded regarding the date of sampling, specimen site and DST. Clinical case notes and
laboratory data were reviewed and demographic and clinical data extracted. Chest radiographs
were read by a single expert reader using a standardised approach.*® Children were treated

16,102,433 3nd if not already known, HIV testing

according to national and international guidelines
was undertaken following informed consent from the parent or legal guardian with pre- and

post-test counselling using ELISA or DNA PCR testing, according to national protocol.

Different DST patterns are presented as percentages of the total number of samples (one per
child) that had DST with 95% confidence intervals calculated. The significance of change over

time for a DST pattern was calculated using a test of trend for the odds ratio of that DST
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pattern. The significance of differences between the DST patterns for younger and older
children in the most recent surveillance period was calculated using the x* test or Fishers exact

test.

Results

Two-hundred and ninety-four children were diagnosed with culture-confirmed T8 in the period
under review; demographic data are provided in Table 13. DST results were available in 292
(99.3%): 45 (15.4%) had isoniazid and/or rifampicin resistance, 41 (14.0%) were isoniazid-
resistant including 26 (8.9%) that had MDR-TB. Table 14 compares findings from the current
survey with those of previous surveillance periods. Any resistance to rifampicin increased
between 1994 and 2009 (p<0.001) as did RMR- {p=0.009) and MDR-TB (p<0.001). Although
resistance to either isoniazid and/or rifampicin (p=0.001) and any resistance to isoniazid
(p=0.006) also increased (Table 14), these changes were not significant if comparison analysis
was restricted to the period 2003-2009 (p=0.35 and p=0.65 respectively). However, trends in
any resistance to rifampicin (p=0.03) and RMR-TB (p=0.04) remained significant in analysis
restricted to this period, with a trend in MDR-TB of borderline significance (p=0.09). The DST
patterns for children less than five years and those older were not significantly different
(isoniazid and/or rifampicin resistance: p=0.86; any isoniazid resistance: p=0.85; HMR-TB:

p=0.14; any rifampicin resistance: p=0.39; RMR-TB: p=1.0; MDR-TB: p=0.37)

The prevalence of HIV infection remained stable amongst those tested over the last six years
(see Table 14; p=0.80). Ethambutol resistance was present in 12/24 (50.0%) of MDR-TB cases
tested in the present survey. Two isolates were resistant to ofloxacin, one to amikacin and one

to ethionamide; none had XDR-TB.

Of the 73 samples that initially underwent DST through LPA in the central reference laboratory,
four could not be found, 14 lost viability on two attempts to culture them and one sample gave
an inconclusive result. Fifty four isolates were located and successfully cultured to yield a
conclusive conventional DST result; seven had initially demonstrated isoniazid resistance on
genotypic DST; all of these were also resistant on phenotypic DST. Of the 47 classified as being
isoniazid susceptible on genotypic DST, 46 were found to also be susceptible on phenotypic
DST. If phenotypic testing was used as the reference standard, LPA testing yielded a sensitivity

of 87.5% and specificity of 100%.
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Discussion

The overall proportion of drug resistance has remained relatively unchanged amongst children
with culture-confirmed TB in the Western Cape Province of South Africa over the last few
years; however, rifampicin resistance is increasing. From an epidemiological perspective, the
greatest change is that less HMR-TB is compensated for by more MDR-TB, possibly signifying
additional acquisition of rifampicin resistance among adult HMR-TB cases. Of great concern is
that for those children with M. tuberculosis resistant to isoniazid and rifampicin, half were also
resistant to ethambutol which has serious implications for the clinical management of MDR-TB
in both children and adults in this setting. DST to pyrazinamide was not routinely undertaken
as testing is complicated to perform and requires acidic conditions which inhibit mycobacterial
growth. However, other studies from the Western Cape have demonstrated high levels of
resistance to ethambutol and pyrazinamide in strains already MDR.*®" ***** The implication of
these findings is that, in our context, both ethambutol and pyrazinamide should not be
assumed to be effective drugs in the treatment of MDR-TB, further restricting the choice of
suitable drugs.

432 Eor acid-

The use of LPA reduces the turnaround time from specimen production to result.
fast bacilli smear-positive samples LPAs can be performed directly on clinical specimens
whereas smear-negative samples must be first cultured prior to genotypic analysis. The
majority of paediatric samples are paucibacillary and are cultured routinely prior to LPA.
However, time is still saved using LPA as even following culture, phenotypic DST requires
further processing. A concern with using LPA, however, is that a significant proportion of
isoniazid-resistant strains are missed resulting in misclassification of DST status and
inappropriate management. We found that the sensitivity and specificity of LPA was high. Only
one of 47 isolates was classified as susceptible on genotypic DST but found to be resistant on
phenotypic DST. All cases identified as isoniazid-resistant on genotypic DST were also
confirmed to be resistant on phenotypic testing. Of note is that four cases of BCG disease (one
disseminated) were missed using genotypic testing as the LPA does not identify isolates as M.
bovis BCG or detect the presence of isoniazid-resistance, since this is not associated with katG

43437 f phenotypic isoniazid resistance is detected in

gene or inhA promoter region mutations.
a sample from an infant, BCG disease should always be a consideration especially in an

immune compromised child; this opportunity is lost with the use of genotypic testing only.

A limitation of this study is that children included may not be representative of all children

with TB in the setting. First, children with culture-confirmed TB tend to have more extensive
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disease than those with a presumptive diagnosis without bacteriological confirmation. It is also
possible that some children with DR-TB had been treated previously with inadequate first-line
therapy, leading to more advanced disease, in turn leading to a higher probability of culture-
confirmation. Second, this is a hospital based study and the spectrum of disease seen and the
drug resistance profile may be different compared to community cohorts. The latter
phenomenon has not, however, been observed in a previous study from our group.”® Third,
TCH is a regional referral hospital for children with DR-TB and so higher proportion of TB cases
may therefore have DR-TB compared to other hospital settings. Finally, child contacts of MDR-
TB source cases (referred to TCH) are likely to be investigated more rigorously through repeat
mycobacterial sampling than contacts of drug-susceptible source cases, possibly leading to a
higher likelihood of culture-confirmation in those with DR rather than drug-susceptible
disease. Although these factors may have contributed to our findings, all have been consistent
over the previous study periods and so comparisons and trends over time are therefore likely

to be valid.
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Table 13 - Patient characteristics and disease spectrum in children with drug-resistant and

drug-susceptible tuberculosis

Characteristic With any drug- Fully drug- Total (%)
resistance (%) susceptible or
unknown* (%)
Number of cases 45 (100) 249 (100) 294 (100)
Known contact with TB source case 32(71.1) 134 (53.8) 166 (56.5)

Tuberculin skin test positive
(>10mm if HIV-uninfected and >5mm if HIV-
infected)

24/36 (66.7)

118/171 (69.0)

142/207 (68.6)

d
Weight <3 percentile for age 23(51.1) 102 (41.0) 125 (42.5)
Severe malnutrition
. 44 (17.7 49 (16.7

(marasmus/kwashiorkor) sia) ( ) ( )

Pulmonary TB** (All) 41(91.1) 204 (81.9) 245 (83.3)

Extrapulmonary TB (All) 20 (44.4) 142 (57.0) 162 (55.1)

Both Pulmonary & Extrapulmonary TB 16 (35.6) 99 (39.8) 115 (39.1)

Types of extrapulmonary TB (some had more 20 (100) 142 (100) 162 (100)

than one type)
TBM (miliary TB in 7) 5(25.0) 29 (20.4) 34 (21.0)
Miliary TB (TBM in 7) 4 (20.0) 22 (15.5) 26 (16.0)
Abdominal TB 3 (15.0) 31(21.8) 34 (21.0)
Peripheral lymphadenopathy 7 (35.0) 70 (49.3) 77 (47.5)
Pleural effusion (large or loculated) 1(5.0) 15 (10.6) 16 (9.9)
Pericardial effusion 2 (10.0) 3(2.1) 5(3.1)
Osteoarticular TB 2 (10.0) 17 (12.0) 19 (11.7)
Ear or mastoid TB 3 (15.0) 9 (6.3) 12 (7.4)
Skin involvement 1(5.0) 5(3.5) 6(3.7)

Children with chest radiographs (some had 45 (100) 234 (100) 279 (100)

more than one finding)
Ghon focus 2(4.4) 4(1.7) 16 (5.8)
Hilar/mediastinal lymphadenopathy | 21(46.7) 113 (48.3) 34 (12.3)
Large airway compression 13 (28.9) 50 (21.4) 63 (22.8)
Collapse lobe/segment 4 (8.9) 13 (5.6) 16 (5.8)
Hyperinflation lobe/segment 2(4.4) 10 (4.3) 12 (4.3)
Pleural effusion — all 6(13.3) 25 (10.7) 31(11.2)
Miliary opacification (not LIP) 4 (8.9) 22 (9.4) 26 (9.4)
Alveolar opacification lobe/segment | 29 (64.4) 116 (49.6) 145 (52.5)
Cavities 13(28.9) 34 (14.5) 47 (17.0)
Bronchopneumonic opacification 5(11.1) 22 (9.4) 27 (9.8)
Calcification 1(2.2) 4(1.7) 5(1.8)
Normal CXR 7 (15.6) 43 (18.4) 50 (18.1)

* Only two cases had unknown drug susceptibility test pattern

** Pulmonary TB included hilar and mediastinal lymphadenopathy

TB - Tuberculosis

TBM — Tuberculous Meningitis

LIP — Lymphocytic Interstitial Pneumonitis
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Table 14 - Comparison of drug susceptibility test results for children with culture-confirmed tuberculosis over four surveillance periods (1994-2009)

1994-1998* 2003-2005* 2005-2007* 2007-2009*

Number of cases 338 323 291 294
Median Age (years) 2.6 2.5 2.75 2.13

Boys 193 (57.1) 173 (53.6) 154 (52.9) 156 (53.1)
Previous TB treatment 32(9.5) 59 (18.3) 65 (22.3) 50 (17.0)
HIV test done 166 (49.1) 243 (75.2) 174 (59.8) 217 (73.8)
HIV-infected 13 (7.8) 64 (26.3) 49 (28.2) 63 (29.0)
DST undertaken 306 (90.5) 313 (96.9) 285 (97.9) 292 (99.3)

Any resistance to isoniazid or rifa mpicin1

21(6.9;4.5-10.3)

41(13.1;9.8-17.3)

43 (15.1;11.4-19.7)

45 (15.4;11.7-20.0)

. Py—— . 2
Any isoniazid resistance

21(6.9; 4.5-10.3)

40 (12.8; 9.5-16.9)

41 (14.4;10.8-18.9)

41 (14.0; 10.5-18.5)

— - 3
Isoniazid mono-resistance

14 (4.6; 2.8-7.5)

23(7.3;5.0-10.8)

22 (7.7;5.2-11.4)

15 (5.1; 3.1-8.3)

= - . 3
Any rifampicin resistance

7(2.3;1.1-4.7)

17 (5.4; 3.4-8.5)

21(7.3; 4.9-11.0)

30(10.3; 7.3-14.3)

. o " 5
leamplcm mono-resistance

0(0; 0-1.2)

0(0;0-1.2)

2(0.7;0.2-2.5)

4(1.4;0.5-3.5)

Multidrug-resistance®

7(2.3;1.1-4.7)

17 (5.4; 3.4-8.5)

19 (6.7; 4.3-10.2)

26 (8.9; 6.2-12.7)

Number of children 0-5 years

241

230

187

212

DST undertaken

218 (90.5)

223 (97.0)

184 (98.4)

210 (99.1)

Any resistance to isoniazid or rifampicin

16 (7.3; 4.6-11.6)

27(12.1;8.5-17.1)

25 (13.6; 9.4-19.3)

32(15.2; 11.0-20.7)

Any isoniazid resistance

16 (7.3; 4.6-11.6)

27(12.1; 8.5-17.1)

25 (13.6; 9.4-19.3)

29 (13.8; 9.8-19.1)

Isoniazid mono-resistance 9(4.1;2.2-7.7) 16 (7.2; 4.5-11.3) 14 (7.6; 4.6-12.4) 8(3.8; 2.0-7.3)
Any rifampicin resistance 7(3.2; 1.6-6.5) 11(4.9; 2.8-8.6) 11 (6.0; 3.4-10.4) 24 (11.4; 7.8-16.5)
Rifampicin mono-resistance 0 0 0 3(1.4;0.5-4.1)
Multidrug-resistance 7(2.3; 1.6-6.5) 11(4.9; 2.8-8.6) 11 (6.0; 3.4-10.4) 21(10.0; 6.7-14.8)
Number of children 5-13 years 97 93 104 82
DST undertaken 88 (90.7) 90 (96.8) 101 (97.1) 82 (100)

Any resistance to isoniazid or rifampicin

5(5.7; 2.5-12.6)

13 (14.4;8.7-23.2)

18 (17.8; 11.6-26.4)

13 (15.9; 9.5-25.3)

Any isoniazid resistance

5(5.7; 2.5-12.6)

13 (14.4;8.7-23.2)

16 (15.8; 10.0-24.2)

12 (14.6; 8.6-23.9)

Isoniazid mono-resistance

5(5.7; 2.5-12.6)

7(7.8;3.9-15.2)

7(6.9; 3.4-13.6)

7 (8.5; 4.3-16.6)

Any rifampicin resistance

0

6(6.7; 3.1-13.8)

11 (10.9; 6.2-18.5)

6(7.3;3.5-15.1)

Rifampicin mono-resistance

0

0

2(2.0;0.6-6.9)

1(1.2;0.3-6.5)

Multidrug-resistance

0

6(6.7;3.1-13.8)

9 (8.9; 4.8-16.1)

5(6.1; 2.7-13.5)

Human immunodeficiency virus — HIV; Drug susceptibility test — DST
*Percentages and 95% confidence intervals in parentheses

Trend in odds ratios over successive surveillance periods: 'p=0.001; ?p=0.006; ’p=0.73; ‘p<0.0001; *p=0.009; °p0.0005

“Isoniazid mono-resistance” may be poly-resistance in some cases
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Figure 3 - Trends in drug resistance for children with culture-confirmed tuberculosis over four
surveillance periods (1994-2009)

18 —————

P=0.001 P=0.006
[ A— - : e
14 . b
B P<0.001
2
12 jast -
" 3
g £ P<0.001
8 ¢
o IS
s 13
v 10 m 1994-1998
%“ P=0.73 » 2003-2005
¥
5 u 2005-2007
s 8 u 2007-2009
6
4
P=0.009
2 +
0

R RMR

H or R - resistance to either isoniazid or rifampicin; H — any resistance to isoniazid; HMR — isoniazid mono-resistance; R - any
resistance to rifampicin; RMR — rifampicin mono-resistance; MDR — multidrug-resistance
P values are for test of trend in odds ratio for each type of drug susceptibility category
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Study 2: risk factors for infection and disease in child contacts of drug-resistant
tuberculosis

The following study has been prepared as an article:

e Seddon JA, Godfrey-Faussett P, Hesseling AC, Fielding K, Schaaf HS. Risk factors for

infection and disease in child contacts of multidrug-resistant tuberculosis (submitted)
Introduction

Determining which of the children exposed to MDR-TB children are at the highest risk of
becoming infected and of developing disease would allow informed health planning and
targeted use of available healthcare resources. A cohort study design, where children are
followed from the time of exposure, allows for the monitoring of transition from exposure to
infection, and from infection to disease, over time. However, cross-sectional study designs,
whereby children are identified who have exposure but no infection, exposure and infection
and those who present with TB disease, also allow for an assessment of risk factors for each
state. This study aims to determine risk factors for the transition from exposure to infection,

and from infection to disease in child MDR-contacts, using a cross-sectional study design.
Methods

Patient population

All children evaluated at TCH or community outreach specialist paediatric TB clinics during May
2010 through April 2011, were eligible if they were less than five years old, had been in
significant contact with an infectious (sputum smear or culture positive} puimonary MDR-TB
source case within the preceding six months and had an available TST result. Significant
exposure was defined as living with or having regular daily interaction with the MDR-TB source

case. Children were recruited following written, informed consent from the parent/caregiver.

Data collection and classification

This study employed a cross-sectional design. Following informed consent, families were
interviewed and data collected regarding the demographic profile and clinical condition of the
child. Information on the source case was collected both from the attending families and

subsequently from the provincial TB register. The nature and intensity of the interaction
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between the source case and child, as reported by the parent/caregiver was documented as
well as the duration of exposure. Children were classified as uninfected or infected, and if
infected, as having TB disease or not. While the study aimed to assess risk factors for prevalent
TB disease, confirmation of diagnosis depended on radiological and bacteriological
investigations, in some instances requiring a number of weeks for liquid culture results.
Standard research definitions were applied to classify TB disease;** children with either
confirmed and probable disease were included. Infection was classified as having a positive
TST; infection was also assumed in the presence of TB disease. A transverse TST diameter of

210mm was considered positive in HIV-negative and 25mm in HIV-positive children.

Statistical analysis

Data were double-entered into a database and checked for entry errors. Logistic regression
was used to assess risk factors for (i) M. tuberculosis infection and (ii) TB disease (among those
with infection). Results are reported as unadjusted and adjusted odds ratios (OR), 95%
confidence intervals (Cls) and p-values, calculated using the likelihood ratio test (LRT). For
ordinal variables a test for trend and departures from linearity using the LRT was conducted.
For models assessing risk factors for infection, exposures were included if they demonstrated a
relationship with infection in univariable analysis based on p<0.05. If two exposures were
thought to be co-linear they were not included together in the same model. For models
assessing risk factors for disease, variables were only adjusted for the age of the child, given
the small number of children with disease. Ages for the child and source case were re-coded as
ordinal variables, using age bands. Relationships between exposures were assessed using the
X? test. All statistical analyses were conducted using Stata software (version 11; Stata Corp,

College Station, TX).

Results

Description of cohort

Over the twelve-month study period 377 children were referred to the specialist clinic services
as child contacts of MDR-TB source cases. A number of children did not meet the eligibility
criteria for the study: the source case did not have MDR-TB (n=27), the child was older than
five years (n=56), the intensity of contact was not judged to be significant by the clinical team
(n=11) or a TST result was not available in the presence of an asymptomatic child (n=2). Of 281
children eligible for the study, 228 (81%) were recruited. The remaining 53 children were not
brought to the clinic by a parent or legal guardian who could provide informed consent (n=31),

the parents did not consent to the study (n=3) or the families left the clinic before the research
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team could speak to them (n=19). These children all received routine standard of care. The
median age of children recruited was 30 months (inter-quartile range [IQR]: 13-43 months); of
217 children tested for HIV, 8 (3.7%) were positive. Of the 228 children, 102 (44.7%) were
classified as M. tuberculosis-infected. Of the 102 infected, 15 (14.7%) also had TB disease.

Risk factors for infection

In adjusted analysis, increasing age of the child was associated with increasing odds of
infection (adjusted odds ratio (AOR) for one year increase in age: 1.43; 95%Cl: 1.13-1.91;
p=0.002); children of coloured ethnicity (compared to children of Xhosa ethnicity) were also
more likely to be infected (AOR: 2.51; 95%Cl: 1.22-5.17; p=0.01). Children with a previous
treatment history were more likely to be infected in univariable analysis, with the effect
reduced after adjustment (Table 15). Increasing age of the source case was associated with a
reduced odds of infection (AOR: 0.67 for an approximate 10 year increase in age; 95%Cl: 0.45-
1.00; p=0.05; Table 16) and reported alcohol use by source case was associated with increased
odds of infection (AOR: 2.59; 95%Cl: 1.29-5.22; p=0.007). Before adjustment there was a
strong relationship between HIV status in the source case and M. tuberculosis infection in the
child, with HIV positivity in the source case associated with lower odds of infection. In

multivariable analysis this association was reduced (AOR 0.48, 95% Cl 0.22-1.04; p=0.04).

Risk factors for prevalent tuberculosis disease

Younger age of the child was associated with increased odds of disease (p-value for test of
trend; p=0.01) as was HIV-positive status in the child (AOR: 25.3; 95%C!: 1.63-393; p=0.01), HIV
positivity of the source case (AOR: 4.07; 95%Cl: 1.19-13.8; p=0.03), increasing number of
rooms in the house (AOR: 1.39; 1.02-1.91; p=0.04; Table 17) and alcohol use by the source case
(AOR 2.90; 95% C1 0.90-9.31; p=0.07; Table 18). Male gender (AOR: 0.29; 95%Cl: 0.08-1.00;
p=0.04) was associated with reduced odds of disease. Characteristics of prevalent TB cases are

presented in Table 19.

Relationships between exposures

HIV positivity in the source case was associated with HIV-positive status in the child (p=0.019),
but also with ethnicity (p<0.001), and with the age of the source case (p-value for test of
trend=0.003). Ethnicity of the child was associated with type of residence (p<0.001), type of
water source (p<0.001) and type of toileting (p<0.001). The age of the source case was
associated with sputum smear status (p=0.001), with older source cases less likely to have

sputum smear-positive TB.
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Discussion

This is the first study to assess risk factors for M. tuberculosis infection and disease in children
exposed to an adult with MDR-TB. Consistent with data from the natural history of drug-
susceptible TB in children, this study demonstrates that as children become older, they are
more likely to be infected but once infected, that younger children are more likely to develop
disease. HIV-positive children, while having no additional risk of infection, have a substantially
increased risk for disease following infection. Alcohol use in the source case appears to be a
risk factor for infection in the child and possibly for disease. The relationship between
ethnicity, HIV positivity, age and sputum-smear status of the source case is complex. In the
study, older source cases were more likely to be HIV-positive and ethnicity was strongly
associated with HIV positivity. Other studies have demonstrated that HIV-positive adults with

38 The increased

pulmonary TB are less frequently smear-positive than HIV-negative adults.
risk of TB disease in child contacts of HIV-positive source cases may be due to biological (e.g.

increased risk of HIV positivity) and epidemiological factors in HIV-affected households.

Previous studies have demonstrated that as children get older they are more likely to become
infected, likely due to increasing duration of exposure to more potential source cases and
more interaction with the community in addition to household exposure.* The relationship
between alcohol use in the source case and both infection and disease in the child requires
further study. It may be that alcohol is a surrogate for other socioeconomic factors but alcohol
was not associated with ethnicity or any of the other socioeconomic exposures recorded in our
study. It may be that source cases that drink are in some way more infectious than those who
do not drink or that their behavior is more likely to lead to infection (e.g. prolonged exposure
due to diagnostic and treatment delay) in the child. Adherence to treatment may be affected
as might health-seeking behavior. Alcohol is a demonstrated risk factor for TB disease in adults
with drug-susceptible!*® and MDR-TB.**® That HIV positivity ® and younger age® of the child is
associated with increased risk of progression to disease following infection is well described in
the drug-susceptible TB literature and it has also been demonstrated to be true for children
exposed to MDR-TB. The proportion of children with disease is consistent with other
household contact studies from this setting.*® The association between gender of the child
and disease also requires further examination. It is possible that girls are more likely to

progress to disease or this association may reflect some sociological or cultural attitude to
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child-rearing or health-seeking behavior. Houses with more rooms may be a surrogate for
socioeconomic status, TB transmission, lifestyle, behavior or nutrition. It may be that more
families live in houses with more rooms, whereas buildings with fewer rooms only house one

family.

A limitation of the study is the relatively small number of children included, and the small
number of children with disease. This may have concealed associations that may have been
evident if larger numbers had been included. In previous drug-susceptible childhood contact
studies, measures of intensity (e.g. proximity of sleeping) and duration of exposure
demonstrated a graded relationship with risk of infection in the child, as did the infectiousness
of the source case.*® These relationships were not seen in this study. This study also did not
compare children exposed to MDR-TB with children exposed to drug-susceptible TB to
determine if systematic differences between the two populations exist (e.g. in child and source
case demographics or risk factors for infection and disease). It is possible that MDR-TB in the
source case, where typically long exposure durations are seen due to previous failed first-line
treatments, may potentially obscure the relationship between risk factors and infection. It
would also have been useful to compare MDR-TB-exposed children with community controls
without a known source case to document the background (i.e. community, presumably drug-
susceptible) infection rate. Finally, the definition of infection in this study was one TST
measurement undertaken at the initial evaluation. Not only is TST an imperfect measure of

infection, but TST retesting was not retested at follow-up visits in this cross-sectional study.
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Table 15 - Risk factors for infection in child contacts of multidrug-resistant tuberculosis: child and household characteristics (n=228)

Variable Total Infected Unadjusted OR p-value AOR p-value’
(n=228) (row %) (95% C1) (95%C1)*
(n=102)
Age of child (n=224) <1year 53 15 (28.3) 1
1-2 years 36 15 (41.7) 1.81(0.74-4.42) 0.05
2-3 years 51 25 (49.0) 2.44 (1.08-5.48) 0:0071 1.43(1.13-1.91) 0.002?
3-4 years 48 27 (56.3) 3.26 (1.43-7.44)
4-5 years 36 18 (50.0) 2.53 (1.05-6.14)
Gender (n=227) Female 109 46 (42.2) 1 0.43
Male 118 56 (47.5) 1.24 (0.73-2.09) i
Ethnicity Xhosa 101 30(29.7) 1 b |
Colored 125 70 (56.0) 3.01 (1.69-5.36) <0.001 2,51 (1.22-5.17) S
Previous TB treatment No 207 86 (41.5) 1 0.002 1 0.08
Yes 21 16 (76.2) 4.50 (1.59-12.8) ’ 2.76 (0.84-9.12) i
HIV status (n=217) Negative 209 96 (45.9) 1.0 0.64
Positive 8 3(37.5) 0.71(0.16-3.03) .
Weight-for-age z-score (n=218) More than -1 138 60 (43.5) 1
-1to-2 47 26 (55.3) 1.61 (0.83-3.13) 0.14
Less than -2 33 11 (33.3) 0.65 (0.29-1.44)
BCG scar visible (n=222) No 40 14 (35.0) 1 0.14
Yes 182 87 (47.8) 1.70 (0.83-3.47) ’
Type of residence (n=217) Tin shack 33 8(24.2) 1
Brick House 168 79 (47.0) 2.77 (1.18-6.50) 0.007
Wendy House 16 11 (68.8) 6.87 (1.83-25.8)
Number of rooms in house 1-2 61 28 (45.9) 1
3-4 102 42 (41.2) 0.83 (0.44-1.56) 0.58
>4 65 32 (49.2) 1.14 (0.57-2.30)
Number of people living in house <5 people 109 47 (43.1) 1 0.64
>5 people 119 55 (46.2) 1.13(0.67-1.91) ¢
Density of people living in house <2 people per room 153 72 (47.1) 1 031
>2 people per room 75 30 (40.0) 0.75 (0.43-1.31) :
Water source (n=225) Piped water in residence 176 84 (47.7) 1 0.06
Piped water from public source 49 16 (32.7) 0.53 (0.27-1.03) y
Toilet Flush toilet in house 163 79 (48.5) 1 0.07
Other 65 23 (35.4) 0.58 (0.32-1.05) ’

*Adjusted for ethnicity, age of child, previous TB in the child, age of source case, alcohol use in source case and HIV status of source case , *Test for trend, AOR: adjusted odds ratio; Cl: confidence interval
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Table 16 - Risk factors for infection in child contacts of multidrug-resistant tuberculosis: source case and exposure characteristics (n=228)

Variable Total Infected OR p-value AOR p-value’
(n=228) (row %) (95% C1) (95%c1)*
(n=102)
Age of source case (n=219) 16-25 55 31(56.4) 1 0.06
26-35 86 40 (46.5) 0.67 (0.34-1.33) 0:02; 0.67 (0.45-1.00) 0.05°
>35 78 28(35.9) 0.43 (0.21-0.88)
Gender of source case (n=226) Female 138 62 (44.9) 1 0.93
Male 88 39 (43.3) 0.98 (0.57-1.67) )
Smoking status of source case (n=225) Non-smoker 130 52 (40.0) i 0.09
Smoker 95 49 (51.6) 1.60 (0.94-2.73) )
Alcohol use by source case (n=225)3 Never drinks 166 65 (39.2) 1 0.004 1 0.007
Drinks alcohol 59 36 (61.0) 2.43(1.32-4.47) ’ 2.59 (1.29-5.22) :
Smear result of source case (n=224) Negative 28 9(32.1) 1 017
Positive 196 90 (45.9) 1.79 (0.77-4.16) )
Smear grade of source case (n=217) Negative 28 9(32.1) 1
Scanty 18 8 (44.4) 1.69 (0.50-5.73)
1+ 28 15 (53.6) 2.44 (0.82-7.22) 0.13
2+ 107 44 (41.1) 1.47 (0.61-3.56)
3+ 36 22 (61.1) 3.31(1.17-9.37)
HIV status of source case (n=224) Negative 150 79 (52.7) s § <0.001 1 0.06
Positive 74 20 (27.0) 0.33 (0.18-0.61) ’ 0.48 (0.22-1.04) ’
CD4 count of source case if HIV-positive (n=71) <200 33 7(21.2) 1 0.46
>200 38 11 (28.9) 1.51 (0.50-4.56) :
Relationship of source case to child Parents 100 38 (38.0) 1
Grandparent 31 15 (48.4) 1.53 (0.68-3.45) 0.34
Uncle or aunt 66 33 (50.0) 1.63 (0.87-3.06) .
Other 31 16 (51.6) 1.74 (0.77-3.92)
Duration of exposure between source case and child Less than a month 30 13 (43.3) 1
One month to six months 92 38 (41.3) 0.92 (0.40-2.11) 0.62
More than six months 106 51 (48.1) 1.21 (0.54-2.74)
Primary caregiver to child Index case 55 21(38.2) 1 026
Not index case 173 81 (46.8) 1.43 (0.77-2.65) :
Frequency of contact between source case and child Daily 213 93 (43.7) 1 023
Less frequently 15 9 (60.0) 1.94 (0.67-5.63) ;
Intensity of contact between child and source case Sleeps in the same bed 57 25 (43.9) 1
Sleeps in the same room 34 13 (38.2) 0.79 (0.33-1.89) 067
Sleeps in the same house 101 45 (44.6) 1.03 (0.53-1.98) -
Sleeps in a different house 36 19 (52.8) 1.43 (0.62-3.31)

!Adjusted for ethnicity, age of child, previous TB in the child, age of source case, alcohol use in source case and HIV status of source case, *est of trend, * Regular alcohol use in source case as reported by the parent or legal
guardian of the child, AOR adjusted odds ratio; Cl confidence interval
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Table 17 - Risk factors for disease in child contacts of multidrug-resistant tuberculosis: child and household characteristics (n=102)

Variable Total Disease OR p-value Age-adjusted OR p-value
(n=102) (row %) (95% C1) (95%Cl1)
(n=15)
Age (n=100) <1year 15 4(26.7) 1
1-2 years 15 3(20.0) 0.69 (0.12-3.79) 0.28
2-3 years 25 6(24.0) 0.87 (0.20-3.77) 0'011 n/a n/a
3-4 years 27 2(7.4) 0.22 (0.03-1.38) ’
4-5 years 18 0(0) -
Gender Female 46 11 (23.9) 1 0.02 1 0.04
Male 56 4(7.1) 0.24 (0.72-0.83) 0.29 (0.08-1.00)
Ethnicity Xhosa 30 7(23.3) 1 013
Colored 70 8(11.4) 0.42 (0.14-1.33) )
Previous TB treatment No 86 14 (16.3) | 032
Yes 16 1(6.3) 0.34 (0.04-2.81) )
HIV status (n=99) Negative 96 13 (13.5) 1 0.04 1 0.01
Positive 3 2 (66.7) 12.8 (1.07-151.1) ’ 25.3 (1.63-393) ’
Weight-for-age z-score (n=97) More than -1 60 10 (16.7) 1
-1to-2 26 1(3.8) 0.20 (0.02-1.65) 0.19
Less than -2 11 1(9.1) 0.50 (0.06-4.45)
BCG scar visible (n=101) No 14 2(14.3) 1 0.95
Yes 87 13 (14.9) 1.05 (0.21-5.27) )
Type of residence (n=98) Tin shack 8 1(12.5) 1
Brick House 79 12 (15.2) 1.25(0.14-11.1) 0.84
Wendy House 11 1(9.1) 0.70 (0.04-13.2)
Number of rooms in house 1-2 28 2(7.1) 0.04
3-4 42 4(9.5) 1.37 (0.23-8.03) 0:021 1.39(1.02-1.91) 0.04
>4 32 9(28.1) 5.09 (1.00-26.0)
Number of people living in house <5 people 47 5(10.6) 1 0.29
>5 people 55 10 (18.2) 1.87 (0.59-5.91) :
Density of people living in house <2 people per room 72 12 (16.7) 1 039
>2 people per room 30 3(10) 0.56 (0.14-2.16) '
Water source (n=100) House tap 84 12 (14.3) 1 065
No house tap 16 3(18.8) 1.38 (0.34-5.60) 3
Toilet Flush toilet in house 79 12 (15.2) 1 0.80
Other 23 3(13.0) 0.84 (0.21-3.26) :
'Test of trend, OR: odds ratio; CI: confidence interval
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Table 18 - Risk factors for disease in child contacts of multidrug-resistant tuberculosis: source case and exposure characteristics (n=102)

Variable Total Disease OR p-value Age-adjusted OR p-value
(n=102) (row %) (95% Cl1) (95%C1)
(n=15)
Age of source case (n=99) 16-25 31 4(12.9) 1
26-35 40 5(12.5) 0.96 (0.24-3.94) 0.81
>35 28 5(17.9) 1.47 (0.35-6.12)
Gender of source case (n=101) Female 62 11(17.7) 1 031
Male 39 4(10.3) 0.53 (0.16-1.80) )
Smoking status of source case (n=101) Non-smoker 52 8(15.4) 1 0.88
Smoker 49 7(14.3) 0.92 (0.31-2.75) )
Alcohol use by source case (n=101)" Never drinks 65 6(9.2) 1 0.04 1 0.07
Drinks alcohol 36 9(25.0) 3.28(1.06-10.1) ’ 2.90 (0.90-9.31) ;
Smear result of source case (n=99) Negative 9 0(0) - 0.35
Positive 90 15 (16.7) c )
Smear grade of source case (n=98) Negative 9 0(0) -
Scanty 8 0(0) -
1+ 15 5(33.3) - 0.05
2+ 44 9(20.5) -
3+ 22 1(4.5) =
HIV status of source case (n=99) Negative 79 8(10.1) 1 0.009 1 0.03
Positive 20 7(35.0) 4.78 (1.45-15.5) : 4,07 (1.19-13.8) ’
CD4 count of source case if HIV-positive (n=18) <200 7 3 (42.9) 1 0.78
>200 11 4(36.4) 0.76 (0.11-5.28) )
Relationship of source case to child Parents 38 5(13.2) 1
Grandparent 15 4(26.7) 2.4 (0.55-10.6) 0.62
Uncle or aunt 33 4(12.1) 0.91(0.22-3.71) 5
Other 16 2(12.5) 0.94 (0.16-5.45)
Duration of exposure between source case and child Less than a month 13 3(23.1) h i
One month to six months 38 7(18.4) 0.75 (0.16-3.47) 0.35
More than six months 51 5(9.8) 0.36 (0.07-1.77)
Primary caregiver to child Index case 21 2(9.5) 1
Not index case 81 13 (16.0) 1.82 (0.38-8.76) 946
Frequency of contact between source case and child Daily 93 12 (12.9) 1 0.12
Less frequently 9 3(33.3) 3.38 (0.74-15.3) g
Intensity of contact between child and source case Sleeps in the same bed 25 3(12.0) 1
Sleeps in the same room 13 1(7.7) 0.61 (0.06-6.54) 047
Sleeps in the same house 45 6(13.3) 1.13 (0.26-4.96) -
Sleeps in a different house 19 5(26.3) 2.62 (0.54-12.7)

'Regular alcohol use in source case as reported by the parent or legal guardian of the child, OR; odds ratio; Cl: confidence interval
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Table 19 - Characteristics of children presenting with prevalent TB disease following exposure to adult with multidrug-resistant tuberculosis (n=15)

Age in months Gender HIV status Source case(s) DST" TB diagnosis
3 Girl Negative Father MDR Confirmed
6 Boy Negative Aunt MDR Confirmed
12 Girl Negative Grandmother Pre-XDR Probable
12 Girl Negative Great uncle MDR Probable
13 Boy Negative Sister XDR Probable
13 Girl Positive Mother MDR Probable
16 Girl Negative Father Pre-XDR Probable
27 Boy Negative Aunt MDR Confirmed
29 Girl Negative Uncle MDR Probable
31 Girl Negative Aunt MDR Probable
32 Girl Negative Aunt MDR Probable
35 Boy Negative Mother MDR Probable
36 Girl Negative Aunt XDR Probable
39 Girl Negative Mother and aunt XDR Probable
43 Girl Positive Mother MDR Probable

DST: drug susceptibility test; MDR: multidrug-resistant; XDR: extensively drug-resistant; pre-XDR: MDR with additional resistance to either a fluoroquinolone or an injectable medication

'DST of the isolate from the child where the diagnosis was confirmed and from the source case when probable
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Study 3: drug-resistant tuberculosis in children is caused by transmission and
amplification of resistance within families

The following study has been published as an article:

e Seddon JA, Warren R, Enarson DA, Beyers N, Schaaf HS. Drug-Resistant tuberculosis

transmission and resistance amplification within families. Emergq Infect Dis 2012; 18:1342-5

The first study in the thesis documented the burden of drug resistance in the context of the
research. The second explored the epidemiological risk factors for infection and disease in
child contacts of DR-TB. This study and the next examine the transmission of DR M.
tuberculosis strains from adults to children within families. The first of these two describes the
clinical and molecular investigations of two families following the identification of children

with drug-resistant TB.

The study

This investigation was carried out in a suburban community of Cape Town, South Africa where
the TB incidence was 978/100,000 population in 2009.** Since 1994, microbiological samples
from all patients treated for TB in this area have been collected routinely. Between 2008 and

2010 two children from these communities were diagnosed with MDR-TB.

Information was obtained from several sources to document the sequence of events
culminating in the child developing MDR-TB. A home visit was carried out and the family was
interviewed following written informed consent. Family members were included if they either
lived with or spent significant periods of time with the child.*? Information on TB diagnoses,
treatment and outcome was obtained at interview. If a family member was identified as having
had TB, significant family contacts of that person were then also included. Searches were
made at the local clinic, the academic hospitals and the regional TB hospital responsible for
drug-resistant TB management, for case notes of any of those included. Additionally, the local

clinic TB register was consulted.

Samples were identified from patients in the two social networks and isolates were genotyped
by spoligotyping®* and 156110 DNA fingerprinting.*** Strains were identified according to
distinct 1S6110 banding patterns using Gelcompar Il (Applied Maths, Sint-Martens-Latem,

Belgium) or by their characteristic spoligotype pattern.** Mutations conferring resistance to
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isoniazid, rifampicin, ethambutol, pyrazinamide, ofloxacin and amikacin were determined by
DNA sequencing of the inhA promoter, katG, rpoB, embB, pncA, gyrA and rrs genes,

respectively.?*!

Case one

A 19-month-old girl (A3) was diagnosed with TB in March 2008 following a six month course of
isoniazid preventive therapy. She presented with two weeks of cough, respiratory distress and
fever. She had significant contact with a pre-XDR-TB patient (MDR-TB resistant to either a
fluoroquinolone or a second-line injectable drug) and so was treated with capreomycin,
ethionamide, ethambutol, PAS, terizidone, clarithromycin and high-dose isoniazid. Gastric
aspirate samples were sent, from which M. tuberculosis was cultured, resistant to rifampicin,
isoniazid and ofloxacin, susceptible to amikacin and ethionamide. She was treated for 18
months from the time of her first negative culture, the first six months including the injectable

medication. She was cured.

Family one

Eighteen people were found in the family (Figure 4). The husband of an aunt (A2) had known
DR-TB. He cared for the girl on a daily basis. He had been treated initially for drug-susceptible
TB, changed to MDR-TB therapy when resistance to rifampicin and isoniazid was determined
and then to XDR-TB treatment when resistance to second-line drugs was discovered. He
subsequently died. His mother (A1) had repeatedly defaulted treatment and was finally
diagnosed with DR-TB in 1998. She refused further treatment until her death in 2003. The
clinical chronology is shown in Figure S with molecular details for the samples located shown

in Table 20.

Case two

A 13-year-old girl (B5) was identified in April 2009 as a contact of multiple family members
with XDR-TB. She was asymptomatic but had an abnormal chest radiograph. She was started
on capreomycin, ethionamide, pyrazinamide, terizidone, PAS, co-amoxicillin/clavulanic acid,
clarithromycin, linezolid and high-dose isoniazid. M. tuberculosis was cultured from a sputum
sample, resistant to isoniazid, rifampicin, ethambutol, ofloxacin and amikacin. The
capreomycin was given for six months and she was treated for a total of 18 months. She was

cured.
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Family two

The family is demonstrated in Figure 4. The eldest brother (B1) had been in prison and
developed TB soon after release in 1998. He was started on first-line treatment and died soon
afterwards. His sister (82), mother {B3) and brother (B4) then developed TB. All were started
initially on first-line therapy, converted onto MDR-TB and, for the brother, XDR-TB treatment
regimens when resistance profiles became available. All three died. A chronology is shown in

Figure 5 with molecular details for the samples demonstrated in Table 20.

Discussion

In family one, the uncle’s mother (A1) had pre-XDR-TB and probably transmitted it to her son
(A2). He likely transmitted it to his niece (A3). All three had identical strains. In family two, it is
unknown whether the oldest brother (B1) had DR-TB. His sister (B2) had pre-XDR-TB but then
in sequence her mother (B3), brother (B4) and sister (B5) developed XDR-TB, of a strain
identical to hers. This investigation, therefore, demonstrates the potential for resistance to be

both transmitted and amplified within families.

Other than the two child index cases (A3 & B5), all were initially started on first-line therapy
and treated until DST results became available, often despite a known drug-resistant contact.
Local policy is to diagnose TB solely from sputum smear in new patients who have no risk
factors for drug resistance. Re-treatment patients and those at risk of resistance have DST
done to rifampicin and isoniazid. If MDR-TB is diagnosed, DST to second-line drugs is then
performed. Giving inadequate regimens not only leads to more advanced disease until
effective treatment is initiated but also risks amplifying resistance.****’ For a patient with TB
symptoms, in contact with drug-resistant TB, it is important to obtain microbiological samples
and then start treating according to the DST of the source case. If a less resistant organism is
grown, treatment can be changed. In the context of multiple possible TB source cases, deciding
on treatment is challenging. Consideration must be given to the infectiousness of potential
source cases as well as the intensity, frequency and duration of exposures. Local policy is to
carry out household contact tracing for drug-resistant TB patients. Whilst in reality this occurs
infrequently, we demonstrate the importance of careful investigation of contacts to identify
those who may have sub-clinical disease who could be treated early. Given the social
interactions, chronology and mycobacterial results, it is highly likely that the transmission

sequence occurred as described. However, in both clusters, the strain identified is one that is
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predominant locally. We must, therefore, be aware that this is a potential confounder to the

transmission lines suggested.
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Table 20 - Gene sequencing, IS6110 DNA fingerprinting and genotype for isolates from members of the two families

156110
Family One rpoB inhA katG embB gyrA pncA rrs 1401 Cluster Genotype
number
R
H H E F i A

Uncle’s mother ACA160GCA &

Al TCG531TTG WT AGC315ACC | ATG306ATA | GCGI0GTG v i WT 213 Beijing
Uncle ACA160GCA &

A2 TCG531TTG WT AGC315ACC | ATG306ATA | GCGI0GTG i WT 213 Beijing
Index child ACA160GCA &

"

A3 TCG531TTG WT AGC315ACC | ATG306ATA | GCGYOGTG emetui) WT Beijing

Family Two
*

Oldest brother B1
Sister ACA160GCA &

B2 TCG531TTG WT AGC315ACC | ATG306ATA | GCGI0GTG o wT 213 Beijing
Mather B3 TCG531TTG WT AGC315ACC | ATG306ATA | GCGI0GTG et L S ACG1401GCG 213 Beijing

ACC100ATC
Sthepbrother, B4 TCG531TTG WT AGC315ACC | ATG306ATA | GCGI0GTG ACAIS0GCA ACG1401GCG 213 Beijing
ACC100ATC

Indexchid BS TCG531TTG wT AGC315ACC | ATG306ATA | GCG90GTG A;égggﬁc& ACG1401GCG *s

R - rifampin; H — isoniazid; E — ethambutol; F — fluoroquinolones; Z — pyrazinamide; A — aminoglycosides, WT — wild type

The earliest sample available for each patient is shown; in all incidences where more than one sample was available for a patient, all samples demonstrated identical gene sequence and strain type results
*Developed TB and died prior to systematic sample collection and storage. No culture or drug susceptibility testing requested on sample
**Only spoligotype performed as isolates repeatedly lost viability on culture
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Figure 4 - Families investigated following the diagnosis of two children with multidrug-resistant
tuberculosis
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Figure 5 - Chronology of tuberculosis treatment and outcomes for the two families
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Index child A3
Family two
Oldest brother B1 .
Sister B2
Mother B3
Other brother B4
Index child BS
TB with no treatment

Treatment for drug-susceptible TB

Treatment for MDR-TB

Treatment for XDR-TB
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Study 4: discordant drug susceptibility for M. tuberculosis within families

The following study has been published as an article:

e Seddon JA, Jordaan AM, Victor TC, Schaaf HS. Discordant drug susceptibility for
Mycobacterium tuberculosis within families. Pediatr Infect Dis J 2012; 31: 783-5

As with the previous study, this investigation examines the transmission M. tuberculosis
between adult source case and child contact. Children with presumed TB who are in contact
with a MDR-TB source case should be treated according to the DST pattern of the source case’s

16397 As it is assumed that children will have the same strain and DST as the identified

isolate.
source case, this general strategy is usually valid. However, it is important to strive to obtain
a microbiological diagnosis as it is possible for the child to have a different DST to the source
case. The implications for the management of the child are significant. Two children are

described who developed TB following exposure to a parent with MDR-TB.

Case one

A 50-month-old girl presented with fever, weight loss, cough and contact with her father who
had previously been diagnosed with MDR-TB, susceptible to ethambutol, ethionamide,
ofloxacin and amikacin. She had received BCG immunisation at birth and she was HIV-
uninfected. She was on the 50" percentile for weight and height for age. There were no
abnormal signs on clinical examination. She had a TST induration of 18mm and a CR that

showed left upper lobe opacification and an apical cavity.

Two early morning gastric aspirates were taken for culture and DST. While awaiting DST
results, the child was started on an MDR-TB treatment regimen including high-dose isoniazid,

pyrazinamide, ethambutol, amikacin, ofloxacin, ethionamide and terizidone.

When the laboratory results were available one month later, the culture was positive for M.
tuberculosis and DST showed resistance to isoniazid but susceptibility to rifampicin. On gene
sequencing an inhA promoter region mutation was identified (confirming isoniazid resistance),
while no mutations were detected in the rpoB region (confirming susceptibility to rifampicin).
The amikacin, ethionamide and terizidone were stopped, isoniazid continued and rifampicin

started. Gene sequencing of the father’s strain demonstrated a TAC mutation at the 516
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location of the rpoB gene, confirming that the father was infected with a rifampicin-resistant
strain. The spoligotypes for the girl and her father are shown in Figure 6. The girl responded

well clinically and radiologically.

Case two

A 26-month-old boy presented with a two month history of enlarged bilateral cervical lymph
nodes. His mother had been diagnosed with MDR-TB three months earlier with a strain
susceptible to ethambutol, ethionamide, ofloxacin and amikacin. She had been three-plus
sputum smear-positive for acid-fast bacilli and had been started on an MDR-TB treatment

regimen.

The clinical examination of the child was unremarkable other than enlarged cervical lymph
nodes bilaterally. He was on the 50" percentile weight for age, had a BCG scar, was HIV-
uninfected and had an ulcerating 25mm TST induration. His chest radiograph showed bilateral
hilar lymphadenopathy. He had gastric aspirate and lymph node fine needle aspiration biopsy
(FNAB) samples taken for culture and DST. Due to the clinical presentation, radiology and the
history of contact with an MDR-TB source case, he was started on a MDR-TB regimen of
ethambutol, pyrazinamide, amikacin, ofloxacin, ethionamide, terizidone and high-dose
isoniazid. As part of contact investigations, the child’s asymptomatic father was screened with
sputum culture and was shown to have MDR-TB, resistant to isoniazid and rifampicin but

susceptible to the other medications tested. He was started on MDR-TB treatment.

Six weeks later two independent DST results from the child’s gastric aspirate and also the FNAB
showed M. tuberculosis, resistant to isoniazid but susceptible to rifampicin. Genotypic results
showed a katG gene mutation, confirming isoniazid resistance. The treatment was continued
until full gene sequencing demonstrated that there was no rpoB gene mutation (confirming
susceptibility to rifampicin). At this point the amikacin, terizidone and isoniazid were stopped
and rifampicin was started. Gene sequencing for both parents’ isolates showed a TTG mutation
at the 531 location of the rpoB gene (rifampicin resistance). The spoligotypes for the child, his
mother and his father are shown in Figure 6. The boy responded well clinically and

radiologically.
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Discussion

Although it is appropriate to treat children according to the DST pattern of the likely source
case when a microbiological sample in the child is not obtained, these cases highlight the
importance of striving for a microbiological diagnosis in all patients. The sequence of events
and transmission circumstances for these children are not completely clear. A number of
possible scenarios could have taken place. First, there may have been a laboratory error in
either the DST of the parents or that of the children. Without the gene sequencing and
spoligotyping this has to be considered but with these results it seems unlikely. Second, the
children could have been infected from a source case other than their parents. In high burden
settings it is possible for children to develop disease caused by a strain transmitted from
someone other than the identified source case.®® ® In the first case the discriminating power
of the spoligotype is good and it is unlikely that the child contracted TB from source cases
outside the social group. It is possible, however, that a third party transmitted T8 first to the
child, whilst isoniazid-resistant, and later to the father after developing MDR. In the second
case, the strain type is from the Beijing family, which is common in the Western Cape Province
of South Africa. This strain could have been transmitted from a number of different source
cases but given the close proximity of the child to the parents and the lack of other source
cases, it is less likely. Another possibility is that in the parent(s) both isoniazid-resistant and
MDR strains co-existed (multiple strain infection) with the MDR strain isolated from the adult

d.”*” Finally, and probably most likely,

but the isoniazid-resistant strain transmitted to the chil
one of the parents may have had HMR-TB and transmitted the mycobacterium to the child

prior to developing rifampicin resistance.

Testing the infecting organism for the presence of the mutations that are usually associated
with drug resistance (genotypic testing) has advantages over conventional (phenotypic) testing
in which the organism is grown in the presence of antibiotic. It is more rapid, cheaper and is
less labour intensive. For M. tuberculosis the rpoB gene is almost always (>95%) associated
with rifampicin resistance. Isoniazid resistance, however, is associated with a number of
mutations, the most common of which are in the inhA promoter region and katG gene. If a
katG mutation is present the strain usually has high-level resistance to isoniazid, whereas if an
inhA promoter region mutation is present the strain usually has low-level resistance. In the
case of inhA promoter region mutations, isoniazid, given at high dose, may be of use.” As
isoniazid and ethionamide share similar biochemical pathways, if an inhA promoter region
mutation is present the strain is likely to be ethionamide-resistant.® *® with the roll-out of

genotypic testing (both the line probe assays**® and the GeneXpert MTB/RIF assay [Cepheid]*”
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have been endorsed by the WHOJ) it is important that treating clinicians are aware of the

implications, strengths and weaknesses of these new tests.

The main reason to strive to obtain a microbiological diagnosis in MDR-TB contacts is the
difference in management of MDR, HMR, RMR and drug-susceptible strains. Drug-susceptible
strains are treated with a highly effective six-month first-line regimen which is well tolerated
and associated with good outcomes. The treatment for HMR disease involves treatment with
rifampicin, ethambutol and pyrazinamide (adding a fluoroquinolone in extensive disease if
identified early) taken for nine months.*”” MDR-TB strains (and RMR cases if tested by
genotypic-based DST only) are treated with a second-line injectable medication for six months
and treatment is for eighteen months from the time of the first negative culture. Drugs used
for the full duration of treatment include high-dose isoniazid (if an inhA promoter region
mutation is present) ethionamide (if a katG gene mutation is present), pyrazinamide,
ethambutol, a fluoroquinolone and terizidone (or cycloserine). The adverse effects of the
additional medications, together with the extended treatment duration make treating for MDR

or RMR-TB a serious proposition.
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Figure 6 - The spoligotypes of the children and parents for the two cases with positive controls,
negative controls and BCG shown alongside

1 - Case One - Child

2 - Case One - Father
3 - Case Two - Child

4 - Case Two - Father
5 — Case Two — Mother
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Study 5: decentralised care for the management of child contacts of multidrug-

resistant tuberculosis

The following study has been accepted as an article:

e Seddon JA, Hesseling AC, Dunbar R, Cox H, Hughes J, Fielding K, Godfrey-Faussett P Schaaf
HS. Decentralised care for child contacts of multidrug-resistant tuberculosis. Pub Health

Action 2012; 2: 66-70

Introduction

This study and the next explore the operational and programmatic identification and referral
of child contacts of MDR-TB source cases. The first of these two examines the number of MDR-
TB child contacts that are identified and brought for specialist assessment, under routine,
programmatic conditions. It then links these children with adults that are registered for MDR-
TB treatment in the City of Cape Town, to provide an indication of the proportion of children
identified who might have been exposed. In addition it compares the identification and
referral in Khayelitsha (a decentralised model of MDR-TB care) with the other seven sub-
districts (a centralised, hospital-based model) to determine if more children are identified and

if there are any implications for delay to be seen.

Methods

Identification and treatment of child contacts

According to provincial and national guidelines, following the diagnosis of DR-TB in an adult, a
home visit should be conducted to educate the patient and their family, give advice about
infection control and identify symptomatic contacts. A professional nurse oversees this process
within each of the eight sub-districts. Children less than five years and HIV-infected children
are referred to their local clinic for assessment prior to referral to TCH which serves as the
main provincial paediatric DR-TB referral centre. In the Khayelitsha sub-district these children
are referred to the specialist outreach clinic, conducted monthly in Khayelitsha. Children from
outside the City of Cape Town health district are also sometimes referred to the DR-TB clinic at

TCH.
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Case identification, data collection and eligibility: source cases

Adult “source cases” (>18 years) treated for MDR-TB in the City of Cape Town Health District
from 1 April 2010 to 31 March 2011 were identified from routine TB register data. Source
cases were included if they had been started on MDR-TB treatment during the stated time
period for sputum smear and/or culture positive pulmonary TB, and had been registered at a
TB clinic in one of the eight sub-districts. Adults were excluded if they did not have TB resistant
to both isoniazid and rifampicin, or were registered in hospital or prison (i.e. unclear sub-

district of origin).

Case identification, data collection and eligibility: child contacts

From 1 May 2010 to 30 June 2011 all children evaluated at the TCH, or at the outreach DR-T8
clinic, were prospectively recorded. Children were included in the study if they were either
HiV-infected or were less than five years old and had significant contact with a source case
with sputum smear and/or culture positive pulmonary MDR-TB. Significant contact was
defined as living with or having regular daily interaction with the source case over the

preceding six months.

Data analysis

After removing duplicates from the MDR-TB register, probabilistic linking was done using
software Registry Plus™ Link Plus (Centers for Disease Control and Prevention, Atlanta, GA,
USA) to match adult cases from the register to the names of source cases provided by the
parents/caregivers of children attending DR-TB clinics.****! An inclusive algorithm was used
allowing the software to use four demographic variables: name, surname, sex and age. Names
and surnames were converted using the New York State Identification and Intelligence System,
a phonetic coding system that allows for inconsistencies and variations in spelling. The total
number of source cases, the number of children assessed and the number of linked source
cases were determined. Time to assessment was defined as the time from sputum production
in the source case, for the sample that diagnosed MDR-TB, to the child being evaluated at the

DR-TB clinic.

Statistical analysis was performed using STATA version 11. Missing data were excluded from
analysis. The association between categorical variables was assessed using the x* test or
Fisher’s exact test, where appropriate. The Mann Whitney test was used to compare
quantitative data which were not normally distributed, and data summarised using the median

and IQR. The t-test was used to compare normally distributed quantitative data.

Drug-resistant tuberculosis in children James Seddon Page | 113



Results

Of the 1265 adult MDR-TB source cases registered during the study period, 1221 were
included. The sub-district could not be determined for the remaining 41 cases. Six hundred and
seventy (55.0%) were male; the median age at diagnosis was 35 years (IQR: 27-44 years).
(Table 21) One hundred and eighty nine (15.5% of total) patients were registered in
Khayelitsha. Clinical characteristics of the source cases from Khayelitsha vs. other sub-districts
were similar, except for the prevalence of HIV infection, which was higher in the Khayelitsha

group (70.5% vs. 49.8%; p<0.001).

Two hundred and sixty-five children were evaluated at TCH, or at the outreach DR-TB clinic,
during the assessment period. Eleven were excluded as not meeting the criteria of significant
contact. Of the 254 included, 146 (57.5%) were linked to 126 source cases; the median number
of contacts per source case was 1 (range 1 to 4). Of the 108 unmatched children, 26 (24.1%)
were linked to a source case resident outside the City of Cape Town. Of the linked children, a
total of 35 children (linked to 31 source cases) were from Khayelitsha and 111 children (linked
to 95 source cases) were from the remaining seven sub-districts. Eighty (54.8%) children were
male; median age 32 months (IQR: 13-46 months). (Table 22). As expected, children from
Khayelitsha were more likely to be Xhosa than from the other sub-districts (100% vs. 36%;
p<0.001). Children from Khayelitsha were better nourished with mean weight-for-age z-score

0.07 compared to -0.63 (p=0.012). Other characteristics were similar between the two groups.

Of source cases in Khayelitsha, 16.4% (31/189) led to the assessment of at least one child
contact, compared to 9.2% (95/1032) from source cases diagnosed in the other sub-districts
(p=0.003). Children in Khayelitsha were seen at a median of 71 days (IQR: 37-121 days) from
the date of source case MDR-TB sputum production compared to 90 days (IQR: 56-132 days) in
the other sub-districts (p=0.15).

Discussion

In a previous MDR-TB contact study in Cape Town, a mean of 1.7 child contacts five years or
less were identified for each source case with sputum-positive TB.2! Recent TB household
studies from Cape Town also indicate a mean of 1.7 children younger than five years identified
per drug-susceptible TB source case. (Personal communication: Anneke Hesseling). Based on

our findings, it is therefore likely that only a small proportion of possible MDR-TB child
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contacts were identified, referred and evaluated by a specialist as is recommended in national
and international guidelines. There appears to be some advantage provided by decentralised
care, in terms of number of children identified per source case and time for child to be seen,
but the number of children evaluated remains low for both models. Furthermore, despite a
trend towards children being seen earlier in Khayelitsha, the time to assessment is sub-optimal

in the light of the high risk of disease progression in young children.

The reason so few children are evaluated may be explained by a number of factors. First, the
definition of child contact used by healthcare workers may not be sufficiently inclusive. If a
definition is used where only children living in the same house as the source case are included,
fewer contacts will be revealed than if a definition of any significant contact is used, as in our
study.*® It is therefore possible that children are not identified by local healthcare teams.
Furthermore, if children are locally identified, then personal, logistic or financial barriers to
accessing clinic appointments may occur. In this operational study, we used the source case as
the denominator and children evaluated in the specialist clinic as the numerator; we are
therefore unable to determine where the attrition occurred. However, studies examining
children exposed to drug-susceptible TB have demonstrated that this ‘drop off’ occurs at every

step in the care pathway.*%*%

Delay in the assessment of child contacts has a number of components. These include the time
to diagnosis in the source case, time to identification of child contacts, time for the child to be
seen locally and the time for the child to be seen in the specialist clinic. Since we captured the
date of sputum production in the source case and the date the child was seen in the specialist
clinic we were unable to determine the respective duration of each of these components.
However, the delay associated with starting TB treatment has been well explored and is
associated with both patient and health system delays.*****® The delay from sputum sampling
to the initiation of DR-TB treatment initiation has fallen from 72 days in 2005 to 33 days in
2010, in Khayelitsha.'? In a sample of ten health facilities in the City of Cape Town excluding
Khayelitsha, the mean delay was 83 days in 2005-2008 and 53 days in 2008-2011. (Personal
communication: Pren Naidoo). The impact of health system strengthening and availability of
more rapid diagnostic tests has improved delay (LPA was introduced at the end of 2008) but
there is a suggestion that some of the health system delay may be improved by decentralised

Care.

A limitation to the study is the number of children seen in clinic for which we could not match

to a source case from the DR-TB register. Nearly a quarter were from outside the region but
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for the rest the reason is unclear. There may have been a matching problem despite our
inclusive matching approach; this would likely apply equally to the two models of care
compared in our study. It may have been that children were seen during the inclusion period
but that the source case was registered outside the dates searched. It may also have been that
some of the source cases were primary defaulters and were diagnosed but never started
treatment. Finally, the registration of source cases could have been incomplete. Although this
is a limitation, we set out to document the proportion of registered MDR-TB source cases in
which child contacts were identified and assessed in clinic as per local guidelines. These

limitations do not affect the conclusion that child contacts are seen in only a small proportion.
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Table 21 - Characteristics of adult multidrug-resistant tuberculosis source cases identified by health district in the period 1 May 2010 — 30 June 2011 (n=1221)

Khayelitsha Other sub-districts Total

(n=189) (n=1032) (n=1221)
Median age in years; n=1211 (IQR) 34 (27-40) 36 (28-44) 35 (27-44)
Male gender; n=1219 (%) 93 (49.5) 577 (56.0) 670 (55.0)
HIV positive; n=1070 (%)* 117 (70.5) 450 (49.8) 567 (53.0)
Positive sputum smear; n=1011 (%) 73 (42.4) 397 (47.3) 470 (46.5)
XDR (%) 16 (8.5) 86 (8.3) 102 (8.4)

HIV: human immunodeficiency virus; XDR: extensively drug-resistant; IQR: inter-quartile range
*Difference in HIV prevalence between Khayelitsha and the other seven sub-districts: p<0.001.
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Table 22 - Characteristics of child MDR-TB contacts identified by health district and linked to a source case in the period 1 May 2010 — 30 June 2011 (n=146)

Khayelitsha Other sub-districts (n=111) | Total
(n=35) (n=146)

Gender Male (%) 16 (45.7) 64 (57.7) 80 (54.8)

Age (months) Median (IQR) 31(12-44) 32 (13-47) 32 (13-46)

Ethnicity (n=145)* Xhosa (%) 35 (100) 39 (35.5) 74 (51.0)
Coloured (%) 0 70 (63.6) 70 (48.3)
White (%) 0 1(0.9) 1(0.7)

HIV status (n=140) Positive (%) 2/34 (5.9) 5/106 (4.7) 7 (5.0)

Previous TB treatment reported by Yes (%) 1(2.9) 11(9.9) 12 (8.2)

family

Weight-for-age z-score (n=142)** Mean (SD) 0.07 (1.49) -0.63 (1.36) -0.46 (1.42)

Relationship of source case to child Mother (%) 14 (40.0) 36 (32.4) 50 (34.3)
Father (%) 2(5.7) 18 (16.2) 20(13.7)
Grandparent (%) 5(14.3) 15 (13.5) 20 (13.7)
Aunt/uncle (%) 7 (20.0) 30(27.0) 37 (25.3)
Other (%) 7 (20.0) 12 (10.8) 19 (13.0)

Was the source case the primary Yes (%) 10 (28.6) 30(27.0) 40 (27.4)

caregiver?

Most intense exposure between child Sleeps in different house (%) 2(5.7) 16 (14.4) 18 (12.3)

and source case Sleeps in same house (%) 19 (54.2) 43 (38.7) 62 (42.5)
Sleeps in same room (%) 7 (20.0) 19(17.1) 26 (17.8)
Sleeps in same bed (%) 7 (20.0) 33(29.7) 40 (27.4)

HIV: human immunodeficiency virus; IQR: inter-quartile range; SD standard deviation

*Difference between Khayelitsha and the other seven sub-districts: p<0.001

**Difference between Khayelitsha and the other seven sub-districts: p=0.012
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Study 6: non-attendance at clinic appointments in child contacts of multidrug-
resistant tuberculosis

The following study has been accepted as an article:

® Zimri K, Hesseling AC, Godfrey-Faussett, Schaaf HS, Seddon JA. Why do child contacts of
multidrug-resistant tuberculosis not come to the assessment clinic? Pub Heath Action 2012;

2:71-75

Introduction

Following from the previous section which determined that only a small proportion of the
eligible child contacts are identified and referred to specialist assessment, this study continues
to explore reasons for this. In the paediatric TB literature few studies have quantified the
proportion of eligible child contacts brought for assessment following exposure to a case of
infectious drug-susceptible TB.#5%%3 45743 poy studies have examined reasons for non-
attendance. Children may not be identified or they may be identified but then not brought to
clinic appointments. In other healthcare contexts, the reasons for failure to attend paediatric
clinic appointments are complex but include logistical and financial aspects, parental
educational status and the attitudes of the parents towards the child, including perceptions
regarding the importance of the disease.’® ¢! The attrition for child TB contacts appears to
occur at every step in the identification and referral cascade.* This study aimed to determine
potential reasons for clinic non-attendance amongst child contacts of MDR-TB cases, using

qualitative and quantitative methodology.

Methods

Study design

The aim of the study was to determine whether there were differences between the children
brought for assessment to DR-TB specialist clinics and those not brought. Whilst it was
postulated that factors such as distance and cost may be important, it was felt that an initial
focus group discussion would be useful to identify potential key variables which could then be

examined in a quantitative case-control study.
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Focus group discussion

462 to

Parents/caregivers were purposively sampled to create a focus group of ten people,
include a mix of genders, ages, residential locations, ethnicity and whether they had brought
their children to appointments. The discussion took place on 5™ August 2011 and lasted 90
minutes. The semi-structured session was facilitated by KZ to cover a series of broad topics but
with open-ended discussion encouraged between participants. The session was recorded,
transcribed and translated where needed. The transcript was analysed by KZ and JAS, using
standard ethnographic techniques, to determine themes and concepts that led to the design of

questionnaires, 3464

Study population and inclusion

From the 1% September 2011 a register was created of all children (<5 years or <13 years if
HIV-infected) referred to the DR-TB clinic at TCH or outreach clinic, who had been referred as a
well child, in significant contact with an infectious case of pulmonary MDR-TB (sputum smear
or culture positive) within the preceding six months. This register was compiled from the
telephone referrals. The first 50 children who had been referred and who subsequently
attended their clinic appointments were recruited following written informed consent from
their parent/caregiver (assent in children over seven years of age). Only the first child referred
from a household was eligible for inclusion. The first 50 children who had been referred but
who failed to attend their clinic appointment were identified, traced and also recruited
following consent/assent. Once recruited, a structured interview was conducted with the
parents/caregivers. All interviews were conducted by a study nurse (KZ; English and Afrikaans
speaking) and research counsellor (English and Xhosa speaking) who asked questions in a
standardised manner following training. If the participant did not understand the question, it
was repeated, where necessary with explanation from the interviewer. Questionnaire fields
included demographics of the household and source case, the logistical and financial

implications of attending clinic appointments, together with perceptions of MDR-TB.

Living standards measure

Parents/caregivers were asked a series of questions to determine their assets and disposable
income. A well-established market segmentation tool, the Living Standards Measure, has been
used widely in South Africa since 1989, devised and subsequently revised, by the South African
Advertising Research Foundation.*® The results from 27 variables are used to create a ‘score’

from 1 to 14 which reflects the standard of living in a household.
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Data classification and analysis

Data were analysed using STATA version 11; missing data were excluded from analysis.
Associations were assessed using the x* (or Fisher’s exact) test with the effect estimated (OR)
and 95% Cl calculated. The Mann Whitney test was used to assess associations between non-

parametric data, with median and IQR calculated.

Results

Focus group discussion
From the focus group discussion, a number of themes emerged. Some were associated with

the physical challenges of getting a child to an appointment.

“The local clinic is easier to go to but to go to Tygerberg Hospital is sometimes difficult
sometimes to get there because of money we don’t have.”
“The weather plays a role if you must go to the MDR clinic because you must wait at the taxi

rank or bus stop and sometimes take two to three rides to get there.”

Other themes that emerged included the attitude of clinic staff.

“The sisters at the clinic take sometimes very long to give the letter.”

“Just like yesterday we were sitting the whole day for the referral letter.”

“l just feel some of the staff at the clinic is inexperienced.”

“The sister gave us the wrong letter and when we went back to say it is the wrong letter they

were more aggressive than we were supposed to be that had to come back for the right letter.”

Other concerns were about the appointment itself.

“I feel uncomfortable because my child is very small and some adults - | could hear how they
say that some of them don’t take their medication. This one man said today, ‘I didn’t take my
medication for more than two weeks’. It would be much better if they could maybe thinking of
putting up a mobile clinic for either the adults or the children to see them separately.”

“Your first time, you wait very long because of the file.”

“I had sleepless nights when | first heard | must take my child to the clinic, | even thought my

child is going to die; I didn’t know what the doctor is going to say”
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Finally, some parents/caregivers felt that personal elements affected whether children were

brought to appointments.

“l feel some parents just don’t take their children to the clinic because they just don’t care. They
don’t take their children’s health seriously”.

“Some parents are just plain lazy! They don’t want to get up from bed to go to the clinic”.

“The other reason is also that some parents found it very difficult to get off from work.”

“I think a lot of business people or employers is not informed about the disease”

Quantitative study

Of the first 56 children referred who attended, 50 were included. Of the six not included, three
were too old (over five but HIV-negative), one child presented with TB disease and two families
left the clinic before the study team could approach them. Of the first 58 children who were
referred but who did not attend, 50 were included. Of the eight not included, five were too

old, one had moved to a different province and two could not be traced.

Significant risk factors for non-attendance included ethnicity (Coloured vs. Xhosa; OR: 2.82;
95%Cl: 1.21-6.59; p=0.01) the mother being the TB source case (OR: 3.78; 95%Cl: 1.29-11.1;
p=0.02) and cigarettes smoked in the house (OR: 2.37; 95%C!: 1.01-5.57; p=0.04). (Table 23)
There were significant logistical and financial differences, including time taken to get to the
DR-TB clinic (45 vs. 60 minutes; p=0.002) and cost of transport (18.5 vs. 40 SA Rand; p=0.03).
Of those not attending specialist clinic appointments, more had to use multiple minibuses (OR:

3.08; 95%Cl: 1.28-7.41; p=0.008). (Table 24)

Families not bringing their children to appointments were more concerned about infection risk
whilst waiting to be seen (OR: 2.45; 95%Cl: 1.07-5.60; p=0.03). (Table 25) Families failing to
attend DR-TB appointments were more likely to feel that they had to wait a long time to be

seen at the local clinic (OR: 2.47; 95%Cl: 1.07-5.69; p=0.03).

Discussion

As far as can be determined, this is the first study to examine reasons for non-attendance of
child contacts of MDR-TB cases. A focus group discussion was conducted to determine
appropriate questions to examine quantitatively in a systematic sample of children. Children
not brought to appointments were more frequently of Coloured ethnicity and lived in families

containing smokers. If the mother was the person with TB, the child was less likely to be
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brought. For those attending DR-TB clinic appointments, travel times were shorter, cheaper
and required fewer transport changes. Those attending were less concerned about infection

risk while waiting to be seen at the DR-TB clinic and were made to wait less at their local clinic.

The reasons for the association between ethnicity and attendance are complicated and may be
a surrogate for other socio-economic and cultural characteristics. While details regarding
employment, education and living standard were captured, the complex social and cultural
implications of ethnicity and lifestyle were not fully investigated. The reason for children being
brought less frequently if the mother was the source case may be more easily explained.
Mothers were the main carer for the child in the majority of instances and if the mother was
unwell or hospitalised, access to evaluation for the child was impaired. Smoking may also be a
surrogate for other socio-economic or cultural factors, or it may be that smokers have less

money available for transport or feel stigmatised interacting with healthcare services.

Although it is not surprising that fewer children were brought to clinic appointments if the
journey was long, expensive or complicated, it is interesting that the Living Standard Measure
or education of the parent did not differ between the two groups. Also of note, attendance
appeared to be more influenced by the attitudes of staff at local clinics than staff at the DR-TB
clinic. This reinforces the significance of quality local care to inform and explain the importance

of attending appointments as well as to educate children and their families about the disease.

It is also important to note parental perceptions of MDR-TB. Concerns that either they or their
child may be exposed to MDR-TB whilst waiting to be evaluated at either the local or DR-TB
clinic may be appropriate; significant rates of hospital acquired infections have been suggested
in previous high-profile outbreaks.*® Even if not justified, such perceptions are important
determinants of non-attendance. Consideration should be given to infection control practices
and in having children attend local clinic appointments at a separate time or space from adults.
Parents/caregivers should also be screened for symptoms when they bring children to
appointments to avoid the risk, or the perception of risk, of exposure. Perceptions regarding
the danger of MDR-TB disease and its treatment also need to be explored and addressed, as
do attitudes to MDR-TB and discrimination against those with MDR-TB. This would include

education for both healthcare workers as well as the community.

This observational study employs a combination of qualitative and quantitative research
techniques to examine a complex social issue regarding determinants of human behaviour

influencing access to health care. The study examines an important topic affecting a vulnerable
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and marginalised group. Limitations to the study include the relatively small sample, which
may have obscured true associations. The retrospective nature of the study may have allowed
recall bias to influence responses from the non-attendees who may have wanted to justify
their decisions not to attend. Also, families were only examined in which the child had been
identified and referred to the DR-TB clinic. The previobs study in the thesis demonstrated that
only a small proportion of child contacts of MDR-TB accessed specialist assessment; reasons
for non-identification of child contacts are not explored. Finally, children exposed to MDR-TB
have not been compared with children exposed to drug-susceptible TB. Some of the issues
identified in this study may be specific to MDR-TB but some may be common to all children

exposed to TB.

Drug-resistant tuberculosis in children James Seddon Page | 124



Table 23 - Characteristics of children, households, main carers and source cases of children referred as contacts of multidrug-resistant tuberculosis

Not Attending OR (95%Cl) p-value
attending
Median age of child in months (IQR) 35 (25-51) 36 (23-53) - 0.35
Male gender of child (%) 26 (52) 22 (44) 1.38 (0.62-3.05) 0.43
Coloured ethnicity (%) 30 (60) 17 (34) 2.82(1.21-6.59) 0.01
Child HIV-infected (%; n=88) 3/40 (7.5) 1/48 (2.1) 3.81(0.37-39.4) 0.33
Mother main carer for child (%) 44 (88) 41 (82) 1.61 (0.52-4.97) 0.58
Median number of years of education of main carer (IQR) 10 (8-11) 10 (8-11) - 0.35
Main carer without any paid work (%) 34 (68) 35 (70) 0.91 (0.39-2.14) 0.83
Main carer looks after other children (%) 20 (40) 29 (58) 0.48 (0.21-1.09) 0.07
Male gender of main carer (%) 2(4) 6(12) 0.31 (0.06-1.64) 0.27
Male gender of source case (%) 19 (38) 25 (50) 0.61(0.27-1.37) 0.23
Mother source case (%) 17 (34) 6(12) 3.78 (1.29-11.1) 0.02
Median LSM score of household (IQR) 6 (6-8) 7 (6-8) - 0.29
Cigarettes smoked in house (%) 36 (72) 26 (52) 2.37 (1.01-5.57) 0.04
Alcohol drunk in house (%) 27 (54) 27 (54) 1.00 (0.45-2.20) | 0.80
lllegal drug use in house (%) 10 (20) 9(18) 1.14 (0.42-3.11) 1.00

IQR: Inter-quartile range; LSM: Living standard measure; OR: Odds ratio; CO: Confidence interval
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Table 24 - Financial and travel implications of accessing care for child contacts of multidrug-resistant tuberculosis

Not Attending OR (95% Cl) p-value

attending
Median distance to DR-TB clinic in km (IQR; n=82) 5 (4-8) 6 (2-14) - 0.77
Median number of minutes taken to travel to DR-TB clinic (IQR; n=93) 60 (45-90) 45 (25-60) - 0.002
Median cost of travel to DR-TB clinic in SAR (IQR) 40 (20-60) 18.5 (4-50) | - 0.03
More than one minibus taxi required to get to DR-TB clinic (%) 26 (52) 13 (26) 3.08 (1.28-7.41) | 0.008
DR-TB: drug-resistant tuberculosis; IQR: Interquartile range; SAR: South African Rand; OR: Odds ratio; CO: Confidence interval
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Table 25 - Perceptions of disease amongst parents/caregivers of children referred as contacts of multidrug-resistant tuberculosis

Positive responses to the following questions: Not Attending OR (95% Cl) p-value
attending
Do you have confidence in the medical staff at your local clinic? 33 (66) 41 (82) 0.43(0.16-1.10) 0.07
Do you have confidence in the medical staff at the MDR-TB clinic? 48 (96) 49 (98) 0.49 (0.04-5.67) 1.00
Does the weather affect your decision on whether to attend appointments at the MDR-TB clinic? 16 (32) 13 (26) 1.34 (0.56-3.21) 0.51
Do you consider MDR-TB a disease that can kill you? 43 (86) 38(76) 1.94 (0.68-5.50) 0.31
Do you consider MDR-TB a disease that can be treated successfully? 46 (92) 50 (100) - 0.12
Do you think that people in your community with MDR-TB are discriminated against? 24 (48) 25(50) 0.92 (0.42-2.03) 0.84
Do you feel that employers in your community discriminate against people with MDR-TB? 37 (74) 28 (56) 2.24 (0.94-5.30) 0.06
Are you concerned about the risk of being infected with MDR-TB while waiting at the MDR-TB clinic? 30 (60) 19(38) 2.45 (1.07-5.60) 0.03
Do you think that your child would take anti-TB medicines every day without a problem? 27 (54) 34 (68) 0.55 (0.24-1.26) 0.15
Are you concerned about the side effects of the anti-TB medicines for the child? 30(60) 24 (48) 1.63 (0.73-3.62) 0.23
Do you feel that you have to wait a long time to be seen at your local clinic? 28 (56) 17 (34) 2.47 (1.07-5.69) 0.03
Do you feel that you have to wait a long time at the MDR-TB clinic? 11 (22) 10 (20) 1.13 (0.43-2.97) 0.81
Do you think that parents should be responsible for preventing children from getting MDR-TB? 46 (92) 45 (90) 1.28 (0.32-5.11) 1.00
Out of ten, for you how important a priority is having your child assessed in the MDR-TB clinic? (Median [IQR]) 10 (10-10) 10 (10-10) - 0.37

MDR-TB: multidrug-resistant tuberculosis; IQR: Interquartile range; OR: Odds ratio; CO: Confidence interval
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Study 7: tolerability and toxicity of preventive therapy for child contacts of
multidrug-resistant tuberculosis

The following study has been submitted as an article:

e Seddon JA, Hesseling AC, Finlayson H, Schaaf HS. Toxicity and tolerability of multidrug-

resistant tuberculosis preventive treatment in children. (submitted)

The next two studies in the thesis assess preventive therapy for child contacts of MDR-TB. As
mentioned in the section describing context, the provincial policy in the Western Cape is that
children who have had significant contact with an infectious case of MDR-TB (pulmonary
sputum- or smear-positive microscopy) are provided with preventive therapy for six months
irrespective of TST result. The first study describes the tolerability and toxicity of the drugs and

the second describes the outcome of children given this regimen.

Introduction

One of the major concerns regarding the provision of preventive therapy in children using
drugs other than isoniazid, is potential toxicity. In the treatment of MDR-TB disease, the risk-
benefit ratio of potentially toxic therapy is relatively clear. In contrast, this risk-benefit ratio is
altered when using potentially toxic preventive therapy in children who are currently well, but

are at risk of developing disease in the future.

Suggested medications for MDR-TB preventive therapy in children include the
fluoroquinolones, ethambutol, pyrazinamide and ethionamide/prothionamide.® Isoniazid,
given at a high dose (15-20mg/kg daily), can also be used as some isolates have low-level
isoniazid resistance.®®* There has been concern regarding the use of ethambutol in children
due to the difficulties in testing for optic nerve toxicity. When given at the dosage now advised
(15-25mg/kg daily) this is rare, occurring in less than 0.1% of cases.'®” Caution has been
exercised regarding the use of the fluoroquinolones in children, based on early animal model
data showing damaging effects to the cartilage growth of young beagles.'® With extensive
paediatric use of fluoroquinolones, mainly in children with cystic fibrosis, few adverse events
have however been reported to date.***** pPyrazinamide has been shown to be associated

156,158

with significant hepatotoxicity in adults when given as preventive treatment while

ethionamide/prothionamide commonly cause nausea and vomiting®’ and are associated with
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hypothyroidism in children.?®* There are limited published data regarding the tolerability and

toxicity of preventive therapy regimens given to children exposed to MDR-TB.
Methods

Standard of care

Following exclusion of TB disease through history, examination and plain film chest radiology,
children who were less than five years of age or HIV-infected, with significant exposure to an
infectious case of MDR-TB, were given a regimen of MDR-TB preventive therapy, as advised by
provincial guidelines. Significant exposure was defined as living with or having regular daily
interaction with the MDR-TB source case. If the source case had MDR-TB with susceptibility to
the fluoroquinolones, the child was given ofloxacin (15-20mg/kg daily; 200mg tablets: Tarivid,
Sanofi-Aventis, Midrand, South Africa; 400mg tablets: Tafloc, Aspen Pharmacare, Durban,
South Africa), ethambutol (20-25mg/kg daily; 400mg tablets; Sandoz Ethambutol HC| 400,
Sandoz SA [Pty] Ltd, Kempton Park, South Africa) and isoniazid (15-20mg/kg daily; 100mg
tablets; Be-Tabs Isoniazid; Be-Tabs Pharmaceuticals [Pty] Ltd, Roodepoort, South Africa) for 6
months. Ofloxacin was the only fluoroquinolone available in the National TB Programme
during the study period. Children exposed to MDR-TB resistant to ofloxacin were given only
high-dose isoniazid (15-20mg/kg daily) for 6 months. Children were routinely evaluated at two,
four, six and twelve months, at the TCH or the community outreach sites, when clinical
evaluation and chest radiography were completed. Drugs were dispensed at local community
TB clinics where each week parents were provided with seven days of treatment for the child.
The parents were then responsible for the daily delivery of medications as tablets or divisions

of tablets.

Study population and eligibility

All children routinely evaluated at the TCH or community outreach clinic, were eligible if they
had been in significant contact with an infectious case of pulmonary MDR-TB (sputum smear
or culture positive) within the preceding six months, had started preventive therapy during
May 2010 through April 2011, and had attended at least one follow up appointment. Children

were recruited following written, informed consent from the parent/caregiver.

Data collection
Children were routinely seen at two, four and six months; details of any additional,
unscheduled consultations were also recorded. Parents/caregivers were interviewed

concerning potential drug-related adverse events using a structured questionnaire. Adverse
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events were categorised using the DMID system.**® (Table 26). As arthralgia is not categorised
in this classification we allocated five grades consistent with the classification system. If old
enough to co-operate, visual toxicity was evaluated with Ishihara charts. Parental impression

of visual function was used for children who could not be evaluated in this way.

Data analysis

The most severe grade for each category of adverse event, cumulatively experienced during
the six month preventive therapy regimen, was determined. Missing data were excluded from
analysis. For analysis, children were categorised into those that experienced only Grade 0 and
Grade 1 adverse events and those that experience any Grade 2 or higher adverse event.
Patient and treatment characteristics were assessed to determine potential association with
toxicity. Age was categorized into those less than two years and those older, based on the age
distribution of the sample, and weight-for-age z-scores were divided into those less than -1
standard deviations below the reference population and those greater than -1. Data were
analysed using STATA version 11. Associations were assessed using the x* (or Fisher's exact)

test and effect estimates (OR) and 95% Cl were calculated.
Results

Two hundred and forty-five children were initially eligible; 193 were included. In the 52
children not included, the child was not brought to clinic by an adult who could legally provide
consent (n=12), consent was not given (n=2), the child was not brought back for follow up
(n=37) or the source case was subsequently found not to have MDR-TB (n=1). The median age
was 31 months (IQR: 13-45). The mean weight-for-age z-score was -0.55 standard deviations
(SD) from the reference population mean (SD: 1.44). One hundred and two (53.1%) were boys;
9 (4.6%) were HIV-infected and 83 (43.2%) were of Xhosa ethnicity. One hundred and seventy
three children (89.6%) were given three drugs for preventive therapy and 20 (10.4%) received

isoniazid alone, based on the susceptibility pattern of the adult source case. (
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Table 27)

Adverse events are demonstrated in Table 28, with all Grade 3 adverse events shown in Table
29. Of the seven children (3.6%) who experienced a Grade 3 adverse event, three were
associated with inadvertent overdosing of ofloxacin. No adverse events necessitated the
discontinuation of preventive therapy and all resolved without intervention. The most
common Grade 2 or higher adverse events were loss of appetite and nausea (12 children;
6.2%), itchy skin (9 children; 4.7%), disturbance of sleep or mood (7 children; 3.6%) and skin
rash (7 children; 3.6%). Risk factors for the development of Grade 2 or more severe adverse
events are shown in Table 30. No clinical or treatment characteristics were associated with
cumulative adverse events, including HIV infection and concomitant treatment with

antiretroviral therapy.

Discussion

This study demonstrates that a regimen of ofloxacin, ethambutol and high-dose isoniazid,
given as preventive therapy for children exposed to MDR-TB, is well tolerated and associated
with few clinically significant adverse events. The three cases of Grade 3 toxicity associated
with inadvertent overdosing of ofloxacin is concerning. In South Africa, at the time the study
was conducted, ofloxacin was available in two formulations: 200mg and 400mg. Medications
are frequently dispensed as loose tablets within a re-sealable packet with the number of
tablets to be taken written on outside. If the packet is refilled with a different strength of
tablet, confusion can occur, as was reported for the children in this study. Attention to correct
dispensing is essential, both to achieve optimal efficacy and minimise toxicity. Only one Grade
2 or higher episode of joint, muscle or bone pain was noted. Given the historical concerns
regarding fluoroquinolone use in children, these findings are reassuring. No hepatotoxicity or

visual problems were observed, which is encouraging.

There is limited published evidence regarding clinically significant toxicity for preventive MDR-
TB therapy in adults or children. To our knowledge, there are no published studies reporting
the systematic evaluation and grading of toxicity of MDR-TB preventive regimens in children.
One study described a cohort in which some of the children were given preventive therapy for
MDR-TB exposure (n=41) and some were given MDR-TB treatment (n=25).* Ethionamide was
associated with gastrointestinal adverse events in 49%, necessitating cessation of the drug in
four cases. One child developed arthralgia thought to be likely due to ofloxacin, which led to

drug discontinuation. In another study, 8 of 22 (24%) children experienced adverse events
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thought to be attributable to MDR-TB preventive therapy.* Gastrointestinal toxicity was the
most common, with two experiencing behavioural changes and one an itchy rash. Two patients
had elevated liver function tests necessitating discontinuation of therapy. A systematic review
and meta-analysis of children treated for MDR-TB disease showed that 39% of children
experience adverse events,??! but there were limited data regarding the severity of adverse
events. Fluoroquinolones, used for indications other than MDR-TB, appear to be well tolerated
and have limited toxicity.***3* However, treatment duration is usually much shorter for
indications other than for MDR-TB preventive therapy. The toxicity of ethambutol (15-25mg/kg
daily) and isoniazid (5-10mg/kg daily) have been well studied at the recommended dosages for
the treatment of drug-susceptible TB**° but no studies have evaluated the toxicity of isoniazid
given at a high dose in children on treatment of MDR-TB. In children treated for TB meningitis,
isoniazid given at high dose (15-20mg/kg daily) was not found to be associated with
hepatotoxicity, even when given with three other potentially hepatotoxic drugs (rifampicin,

pyrazinamide and ethionamide)."68

This study has strengths and limitations. A prospectively recruited cohort of children exposed
to MDR-TB have been characterised who have received routine preventive therapy. Adverse
events were systematically documented and categorised and potential risk factors for toxicity
were assessed. Nearly two hundred children were followed over six months, providing nearly
one hundred years of patient follow-up time. Toxicity evaluation was elicited by discussion
with parents/caregivers who reported perceived adverse events and by clinical evaluation of
the children. As the children were mostly less than five years of age it was not possible to elicit
symptoms directly from them. Furthermore, routine biochemical or radiological monitoring for
potential toxicity was not completed, leading to a possible reduced detection of abnormal liver
function or joint abnormality. As detailed ophthalmological examinations were not performed
on all children it is also possible that subtle visual changes were missed. Determining the
potential cause of toxicity in children on multiple concomitant medications can be challenging.
To be certain that a specific drug is responsible, the child should be only receiving one drug, or,
if being given a multidrug regimen, all drugs should be stopped and sequentially restarted. As
preventive therapy was usually multidrug and was continued in spite of minor toxicity,
determining the cause of specific adverse events was not possible. This is particularly
important for children concomitantly treated for HIV with cART where multiple medications
are given together, That only one child with HIV (out of nine) developed a Grade Two adverse

event is reassuring.
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Table 26 - Classification of adverse events used in children receiving multidrug-resistant tuberculosis preventive therapy

Grade 0

Grade 1

Grade 2

Grade 3

Grade 4

Joint, muscle or bone

No adverse event

Pain but no interference with

Moderate pain, affecting function but able

Severe pain limiting activities

Disabling pain — unable to carry

pain function or movement to carry out normal activities out activities
Skin Rashes No adverse event Small areas of redness /rash Dry peeling or widespread rash Wet peeling, ulcers or urticaria Severe, widespread rash, necrosis
needing hospitalization
Itchy skin No adverse event Slight itching in localised areas Severe itching in localised areas Widespread itching over entire Uncontrollable scratching
body needing hospitalization
Headache No adverse event Mild — does not need treatment Transient/moderate — needs non-narcotic Severe —responds to narcotics Intractable pain
treatment
Sleeping/mood No adverse event Mild anxiety Moderate anxiety or problems getting to Severe anxiety, problems gettingto | Psychosis, unable to sleep for
sleep sleep or repeated waking more than an hour
Lethargy No adverse event Activity Reduced but for <48 hours | Slightly irritable or slightly subdued Very irritable or lethargic Inconsolable or obtunded

Visual problems

No adverse event

None

Blurred vision or minor visual disturbance
lasting less than 1 hour

Repeated episodes of blurring or
visual disturbances which resolve

Permanent decrease in visual
acuity or field defect

Vomiting No adverse event 1 episode in 24 hours 2-3 episodes in 24 hours 4-6 episodes in 24 hours >6 episodes in 24 hours or
needing hospitalization

Diarrhoea No adverse event Slight change in consistency or Liquid stool Liquid stool >4x normal frequency Liquid stool >8x normal frequency
frequency of stool for child for child

Jaundice No adverse event Jaundice detectable clinically — Obvious clinical jaundice - bilirubin 1.6 - Severe jaundice - bilirubin 2.6 -5 x | Hospitalization — bilirubin >5x
bilirubin 1.1 - 1.5 x ULN 25x ULN ULN ULN

Loss of No adverse event Mild - still eating/drinking well Moderate - decreased appetite Severe - little food taken No solid or liquid food taken

appetite/nausea

ULN: Upper limit of normal (as determined by reference range for age of child and assay used)
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Table 27 - Characteristics of children given preventive therapy as contacts of multidrug-resistant tuberculosis (n=193)

Characteristic Number
Median age (IQR; n=191) 31(13-45)
Male gender (%; n=192) 102 (53.1)
HIV-infected (%) 9 (4.6)
Mean weight-for-age z-score (SD; n=186) -0.55 (1.44)
Regimen (%) Isoniazid, ethambutol, ofloxacin 173 (89.6)
Isoniazid 20 (10.4)
Ethnicity (%) Xhosa 83 (43.2)
Coloured 108 (56.8)
Other 2(1.0)

IQR: Inter-quartile range; SD: Standard deviation
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Table 28 - Summary of cumulative most severe adverse event in children receiving six months of multidrug-resistant tuberculosis preventive therapy (n=193)

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Total
Joint, muscle or bone pain* 183 5 1 0 0 189
Skin Rashes 144 42 6 1 0 193
Itchy skin 151 33 8 1 0 193
Headache* 155 3 2 0 0 160
Sleeping/mood 177 9 4 3 0 193
Lethargy 190 3 0 0 0 193
Visual problems 193 0 0 0 0 193
Vomiting 161 31 1 0 0 193
Diarrhoea 174 18 1 0 0 193
Jaundice 193 0 0 0 0 193
Loss of appetite/nausea 164 17 10 2 0 193

*Total not 193 as some parents stated that they could not determine if the child had experienced the adverse event
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Table 29 - Characteristics of children developing Grade 3 adverse events (n=7) on MDR-TB preventive therapy

Age Gender | HIV Regimen | Adverse event(s) Details
(months) status
38 Girl Negative | HEO Insomnia Mother reported severe insomnia at the two month appointment but stated that the problem had been evident prior to
starting the preventive therapy
Preventive therapy continued and sleeping improved
21 Boy Negative H Skin rash and itch Child had eczema prior to starting preventive therapy
Rash and itching started four days after preventive therapy
Preventive therapy continued and rash resolved within two weeks
25 Boy Negative | HEO Insomnia and At the two month appointment child reported not sleeping due to hallucinations
hallucinations Child had been prescribed 300mg ofloxacin but inadvertently given 600mg by clinic staff
Preventive therapy continued at correct dose and symptoms resolved
45 Boy Negative HEO Insomnia At the two month appointment the mother reported that the child did not sleep at all
Child had been prescribed 300mg ofloxacin but inadvertently given 600mg by clinic staff
Symptoms resolved on correct dosage
6 Girl Negative HEO Loss of appetite Appetite reported as normal at the two month appointment, Grade 2 at the four month appointment and Grade 3 at
the six month appointment
Mother reported that some of the loss of appetite might have been due to teething
38 Girl Negative HEO Insomnia and At the two month appointment the mother reported the child to be having hallucinations and sleep problems
hallucinations Child had been prescribed 300mg ofloxacin but inadvertently given 600mg by clinic staff
Symptoms resolved on correct dosage
14 Boy Negative HEO Loss of appetite Child reported to have Grade 3 appetite loss at two months, then none at 4 months but Grade 1 at six months

Preventive therapy continued throughout

H: isoniazid; E: ethambutol; O: ofloxacin
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Table 30 - Risk factors for the development of Grade 2 or greater adverse events in children on

MDR-TB preventive therapy (n=193)

Total Grade O or | Grade 2 or | OR (95%Cl) P-value
1 3

Age < 2 years 73/191 62 11 1.22 (0.52-2.83) 0.65

Male gender 102/192 89 13 0.87 (0.38-1.98) 0.73
HIV-infected 9/193 8 1 0.80 (0.09-6.67) 0.83
Weight-for-age z-score <-1 | 72/186 62 10 0.99 (0.42-2.32) 0.98

Xhosa ethnicity 83/191 72 11 1.03 (0.44-2.40) 0.95

Three drug regimen 173/193 149 24 1.45 (0.31-6.69) 0.63

OR: Odds ratio; CI: Confidence Interval
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Study 8: preventive therapy for child contacts of multidrug-resistant tuberculosis

The following study has been prepared as an article:

e Seddon JA, Hesseling AC, Fielding K, Cox H, Hughes J, Godfrey-Faussett P, Schaaf HS.

Preventive treatment for child contacts of MDR-TB (in preparation)

Introduction

This study describes a cohort of children who were given a multidrug preventive therapy
regimen following exposure to an adult with MDR-TB. The study describes the children as well

as exploring risk factors for poor outcome.

Methods

Standard of care

As described earlier, following exclusion of TB disease through history, examination and plain
film chest radiology, children who are less than five years of age or HIV-infected, with
significant exposure to an infectious case of MDR-TB, are given a regimen of MDR-TB
preventive therapy, irrespective of TST result, as advised by provincial guidelines. Significant
exposure is defined as living with or having regular daily interaction with the MDR-TB source
case. If the source case has MDR-TB with susceptibility to the fluoroquinolones, the child is
given ofloxacin (15-20mg/kg daily), ethambuto! (20-25mg/kg daily) and isoniazid (15-20mg/kg
daily) for 6 months. Children exposed to MDR-TB resistant to ofloxacin are given only high-
dose isoniazid (15-20mg/kg daily) for 6 months. Children are routinely evaluated at two, four,
six and twelve months, at the TCH or the community outreach sites, where clinical evaluation
and chest radiography are performed. Drugs were dispensed at local community TB clinics, on
either a daily, weekly or monthly basis, dependent on clinic and patient preference. HIV testing
is offered to all TB contacts following informed consent from the parent or legal guardian, with
assent from the child where appropriate, using ELISA in children older than 18 months or DNA
PCR if younger or breast-fed. cART is routinely initiated in all HIV-positive children following
appropriate evaluation. TST was completed by injecting two tuberculin units intradermally

(purified protein derivative RT23, Statens Serum Institute) with results read at 48-72 hours.
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Study population and eligibility

All children evaluated at the TCH or community outreach clinic were eligible if they had been in
significant contact with an infectious case of pulmonary MDR-TB (sputum smear or culture
positive) within the preceding six months and had started preventive therapy from May 2010

through April 2011.

Data collection

Children were seen in clinic at two, four, six month and 12 months, as well at any additional,
unscheduled visits. In addition, during the first half of 2012, children were traced and either
recalled to clinic or visited at their local clinic or home by the study team. Where this was not
possible, local clinics and families were contacted to confirm that the child was clinically well
and were putting on weight. The date of this final interaction was recorded. Follow-up time for
the children, therefore, was a minimum of 12 months but up to 24 months. Adherence was
measured in three ways with equal weighting given to each in determining overall adherence.
The first was three day recall, the second a 30 day visual analogue score and the third
confirmation from the local clinic to confirm medication uptake.****’? Adherence was divided
into those with good adherence (>80% of doses given) and those with poor adherence (<80%
doses given).*”? study outcomes were: well at the end of the observation period, death of any
cause, incident TB disease and lost to follow up. Standardized research definitions were
applied to classify incident TB disease.*” Children with confirmed and probable disease were
included. Where patients were lost to follow up their censure date was recorded as the last

interaction with the study team.

Data analysis

Data were dual-entered and checked for entry errors. Data were analyzed using STATA
software (version 11; Stata Corp, College Station, TX). Cohort analysis was undertaken to
examine the rate of cohort failure for different exposures. Incident TB disease and death were
classified as outcome failures. Time into the cohort was the date of recruitment and time out
of the cohort was the date of death, diagnosis of incident TB, date last seen when lost to
follow up or date last seen when well. Due to the small number of cohort failures, exact
Poisson analysis was undertaken for a small number of predetermined characteristics of the

child and treatment, with rate ratios (RR), 95% Cl and p-values calculated.

Drug-resistant tuberculosis in children James Seddon Page |139



Results

Of 245 children initially eligible, 215 were included, contacts of 173 MDR-TB source cases. Of
the children not included, 12 were brought by an adult who could not provide legal consent,
for two children consent was not given and in the remainder (n=16), although the source case
was said to have MDR-TB at the initial assessment and the child given MDR-TB preventive
therapy, on contacting the clinic, the adult was confirmed to have resistance to only either
isoniazid or rifampicin. For the children included, median age was 31 months (IQR: 13-24), and
116 (54%) were boys (Table 31). Mean weight-for-age z-score was 0.64 standard deviations
below the reference population and of 207 children tested for HIV, 10 (4.8%) were positive.
Children received either a regimen of isoniazid, ethambutol and ofloxacin (n=192; 89%) or

isoniazid alone (n=23; 11%) and adherence was good in 165 (77%) children.

The median age of source cases was 32.5 (IQR: 26-40) and 71 (42%) were male. Of 170 (98%)
tested for HIV, 59 (35%) were positive. Of 167 with DST to ofloxacin, 11 (7%) were resistant.
Ninety-nine (62%) out of 170 with recorded smear results, had 2+ or 3+ sputum smear

microscopy results (Table 32).

One child died (0.5%), seven developed incident TB (3%) and four (2%) were lost to follow-up
(Table 33). In cohort analysis 248.6 patient years of observation time were included. The rate
for poor outcome was 32.2 outcomes (95%Cl 16.1-64.3) per 1000 years of patient follow up.
Risk factors for poor patient outcome (Table 34) were: HIV positivit"y (RR: 9.87; 95%Cl: 0.97-
55.2; p=0.05) and poor adherence (RR: 9.66; 95%Cl: 1.73-97.9; p=0.006). Children older than
12 months were less likely to have poor outcomes (RR: 0.16; 95%Cl: 0.002-0.81; p=0.02).

Discussion

This study demonstrates that following exposure to an MDR-TB source case and the provision
of MDR-TB preventive therapy, in nearly 250 patient years of follow-up, one child died and
seven developed incident TB. It is likely that the child that died did not develop T8 but died of
some other form of illness. Of the seven who developed incident TB, one was exposed to M.
tuberculosis resistant to ofloxacin and five did not take the medications. Therefore, only two
children who were exposed to ofloxacin-susceptible M. tuberculosis, who took a three-drug
regimen with good adherence, developed TB. Significant risk factors for poor outcome

included young age and HIV infection. These risk factors are well described in the drug-
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61,63

susceptible pediatric TB literature and should prompt enhanced vigilance in these

vulnerable populations.

The study was associated with some limitations. As this is an observational study, it is not
possible to conclude with certainty that this regimen is effective. It is possible that only this
number of children would have developed TB had they been given isoniazid or even no
medications at all. However, the pre-chemotherapy data do not support this. In the absence of
preventive therapy, 50% of M. tuberculosis-infected children less than twelve months
developed TB disease.® The figure is 20-30% for children between one and two years and 5%
for children between two and five years. Although only 40% of our cohort was TST positive, a
far higher numbers of children would be expected to develop TB if the regimen was not
effective. In addition, the evidence that poor adherence to preventive therapy was strongly
associated with poor outcome adds support to the argument that this regimen is effective in
reducing the risk of progression from infection to disease. This leads onto the next limitation,
in that children were included irrespective of TST status, in line with national and provincial
guidelines. The rationale for this is that TST is not a highly sensitive test for M. tuberculosis
infection and by only including TST positive children a number of infected children are
excluded. This is especially true of young and HIV positive children. Also, if a TST is negative at
the time of initial assessment, there is a chance that the child may have been infected but is
yet to mount an immune response. Rather than use a two stage protocol with all children
started on preventive therapy which is then stopped if a second TST at two months is negative,
the local policy is for all exposed children to be treated. These entry criteria were employed in
this study. It could, therefore, be argued that some of the children in the study did not need to
be treated. A final limitation of the study is the limited duration of follow up for the children.
All children were followed up for a minimum of twelve months with some followed up for 24
months. Although the vast majority of children who are going to develop disease do so with
this time period,? %% 83 it is accepted that some children might progress to disease after the

period of observation.
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Table 31 - Characteristic of children exposed to a multidrug-resistant tuberculosis source case
and placed on preventive therapy (n=215)

Characteristic
Median age in months (IQR) 31 (13-45)
Gender (%) Male 116 (54.0)
Female 99 (46.1)
Ethnicity (%) Coloured 120 (55.8)
Xhosa 93 (43.3)
White 1(0.5)
Other 1(0.5)
Weight in cm (SD) 12.4 (4.3)
Height (SD; n=174) 90.6 (71.0)
Weight-for-age z-score (SD; n=211) -0.64 (1.50)
Height-for-age z-score (SD; n=162) -0.98 (1.38)
Weight-for-height z-score (SD; n=117) 0.15 (1.40)
TST (%; n=212) Positive 85 (40.1)
Negative 127 (59.9)
TST size in mm for those positive (IQR; n=72) 15.5 (13.5-20)
Evidence of BCG scar (%; n=210) Yes 170 (81.0)
No 40(19.1)
Previous TB disease treatment (%) Yes 17 (7.9)
No 146 (92.1)
Previous preventive therapy (%; n=213) Yes 67(31.5)
No 146 (68.5)
HIV (%; n=207) Positive 10 (4.8)
Negative 197 (95.2)
On ART at start of preventive therapy (%; Yes 8 (80.0)
n=10)
’ No 2 (20.0)
Regimen given (%) HEO 192 (89.3)
H 23 (10.7)
Type of medication delivery (%) Daily 28(13.0)
Weekly 157 (73.0)
Monthly 21(9.8)
Other 9(4.2)
Adherence (%) Good 165 (76.7)
Poor 50 (23.3)
Outcome (%) Died 1(0.5)
Incident TB 7 (3.3)
Well 203 (94.4)
LTFU 4(1.9)

SD: standard deviation; TST: tuberculin skin test; BCG: Bacille Calmette-Guérin; TB: tuberculosis; HIV: human immunodeficiency

virus; HEO: isoniazid, ethambutol & ofloxacin, H: isoniazid; LTFU: lost to follow up
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Table 32 - Characteristics of source case with multidrug-resistant tuberculosis (n=173)

Characteristic
Median age source case in years (IQR; n=168) 32.5(26-40)
Gender (%; n=171) Male 71 (41.5)
Female 100 (58.5)
Source case DST Amikacin resistant (n=168) 15 (8.9)
Ofloxacin resistant (n=167) 11 (6.6)
Smear result (%; n=170) Negative 22 (12.9)
Scanty 15 (8.8)
1+ 23 (13.5)
2+ 76 (44.7)
3+ 29(17.1)
Positive without smear recorded 5(2.9)
HIV (%; n=170) Negative 111 (65.3)
Positive 59 (34.7)
Median CD4 count (IQR; n=56) 192 (103-350)
On ART at start of MDR-TB treatment (%; No 38 (64.4)
n=59)
Yes 21 (35.6)
Current smoker (%; n=171) No 103 (60.2)
Yes 68 (39.8)
Regular alcohol use (%; n=171) No 137 (80.1)
Yes 34 (19.9)
Previous hospital admission (%; n=161) No 114 (70.8)
Yes 47 (29.2)
Previously in prison (%; n=166) No 138 (83.1)
Yes 28 (16.9)

IQR: inter-quartile range; DST: drug susceptibility test; HIV: human immunodeficiency virus; MDR-TB: multidrug-resistant

tuberculosis
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Table 33 - Mortality and incident tuberculosis in children given preventive therapy for multidrug-resistant tuberculosis (n=8)

Age Gender HIV status | Regimen Source DST of Time to Adherence Details
case source case | outcome
3 months Girl Positive HEO Mother MDR 9 months Poor Child defaulted preventive therapy when mother was
admitted to hospital
12 days Boy Negative HEO Mother’s MDR 3 weeks Poor Baby died after three weeks in what looked like
cousin sudden infant death syndrome. Preventive therapy not
given at all
34 months Girl Negative HEO Mother MDR 2 months Poor No preventive therapy given by parents at all
12 months Girl Negative H Aunt x2, XDR 1 month Poor No preventive therapy given by parents at all
Mother
51 months Boy Negative HEO Aunt MDR 10 months Good
9 months Girl Positive HEO Mother MDR 6 months Poor Poor adherence following the death of the mother
2 months Boy Negative HEO Mother MDR 10 months Poor
10 months Girl Negative HEO Mother MDR 2 months Good

HIV: human immunodeficiency virus; DST: drug susceptibility test; HEO: isoniazid, ethambutol & ofloxacin; H: isoniazid; MDR: multidrug-resistant;
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Table 34 - Assessment of risk factors for poor outcome (death or incident tuberculosis disease) in children exposed to multidrug-resistant tuberculosis and treated

with a preventive therapy regimen (n=215)

Number of Years of Incidence rate with 95% Cl (events per Rate Ratio (95% Cl) p-value
events observation 1000 person years)
Age 0-12 months 5 51.6 97.0 (40.4-233.0) 1 -
>12 months 3 197.0 15.2 (4.91-47.2) 0.16 (0.02-0.81) 0.02
Gender Female 4 108.1 37.0(13.9-98.6) 1 -
Male 4 140.5 28.5(10.7-75.9) 0.77 (0.14-4.13) 0.98
TST Negative 4 149.6 26.7 (10.0-71.2) 1 -
Positive 3 96.9 31.0(10.0-96.0) 1.16 (0.17-6.84) 1.00
HIV status Negative 6 229.5 26.1(11.7-58.2) 1.0 -
Positive 2 7.8 257.9 (64.5-1031.4) 9.87 (0.97-55.2) 0.05
Regimen HEO 7 2254 31.1(14.8-65.2) 1 -
H 1 23.2 43.0 (6.1-305.5) 1.39(0.03-10.8) 1.0
Ofloxacin DST of source case Susceptible 7 225.5 31.0(14.8-65.1) 1 -
Resistant 1 14.2 70.6 (9.9-500.9) 2.27 (0.05-17.7) 0.77
Adherence Good 2 189.7 10.5(2.6-42.2) 1 -
Poor 6 58.9 101.8 (45.8-226.7) 9.66 (1.73-97.9) 0.006

Cl: confidence interval; TST: tuberculin skin test; HEO: isoniazid, ethambutol & ofloxacin, H: isonizid; DST: drug susceptibility test
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Study 9: culture-confirmed multidrug-resistant tuberculosis in children: clinical
features, treatment, and outcome

The following study has been published as an article:

e Seddon JA, Hesseling AC, Willemse M, Donald PR, Schaaf HS. Culture-confirmed multidrug-
resistant tuberculosis in children: clinical features, treatment and outcome. Clin Infect Dis

2012; 54: 157-66

The final five studies of the thesis concern the treatment of children with DR-TB. The first two
are cohorts of children treated for MDR-TB, the first a cohort of culture-confirmed MDR-TB
and the second including confirmed as well as presumptively treated children. The subsequent
two studies involve specific body systems, namely MDR-TB meningitis and MDR-TB of the

spine. The final study assesses the hearing loss of children being treated for MDR-TB.

Introduction

Treatment outcomes are generally poor in adults with MDR-TB, with favourable outcomes
reported in only 60% of those receiving treatment.!® Even though childhood TB comprises
approximately 15-20% of the global TB burden,’” MDR-TB is poorly studied in children, the

literature including mainly case reports or small case series,® 5% 244 191 193-196,204-205, 260, 474-475

The diagnosis of TB in young children is challenging and often delayed.*’® Symptoms and signs
may be non-specific, especially in children younger than three years of age and in children
infected with HIV. *” Due to the paucibacillary nature of childhood TB, a microbiological
diagnosis is typically made in only 20-40% of cases with radiological evidence of intrathoracic
disease.” Since DST assessment is only possible following bacteriological confirmation,
confirmed MDR-TB in children is infrequent. In the absence of a known MDR-TB source case,
children are often initially treated for drug-susceptible TB and MDR-TB treatment started only
once treatment is failing, microbiology and DST results become available, or an MDR-TB source

case is identified.

Treating children with MDR-TB is complex. Few of the multiple drugs routinely used to treat
MDR-TB have been studied in children and guidance on drug regimens, dosages, appropriate

monitoring and duration of therapy is frequently extrapolated from adult data. As young
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children metabolize drugs more rapidly than adults and generally have paucibacillary

disease,*

this may not always be appropriate. This study describes the clinical presentation,
treatment and outcome of a large cohort of children with confirmed MDR-TB and evaluates

factors influencing treatment response.

Methods

Eligibility criteria

Children less than 15 years of age were included if they were diagnosed with confirmed MDR-
TB between 1% January 2003 and 31 December 2008. DST on all children with culture-
confirmed TB was routine during the study period. Follow up was documented until 31% May

2011,

Mycobacterial culture and drug susceptibility testing

Mycobacterial culture was completed at the accredited National Health Systems Reference
Laboratory following a standard protocol to prevent mycobacterial cross-contamination.
Primary mycobacterial cultures were established by inoculation of routine clinical samples into
Middlebrook 7H9 broth-based Mycobacterial Growth Indicator Tubes (MGIT960; Becton
Dickinson, Sparks, MD, USA) following a standard protocol for decontamination, while lymph
node aspirates, pleural fluid, cerebrospinal fluid and other bodily fluids were directly
inoculated. M. tuberculosis complex isolates were confirmed through PCR.#0 Phenotypic DST
was performed using two different assays which have been shown to yield highly concordant

results as previously described.*’®

Definition of tuberculosis episodes and treatment delay

A previous TB episode was defined as standard TB treatment (isoniazid, rifampin and
pyrazinamide with or without ethambutol) for at least one month, followed by a symptom-free
period of 2 6 months (reported by parent/carer and the absence of presentations to any health
care providers) before the start of the current MDR-TB episode; a commonly used
programmatic definition of a separate episode.*’® A MDR-TB episode was defined as beginning
(if MDR-TB was subsequently confirmed) at the child’s initial documented presentation to the
health care system, when the specimen was obtained confirming MDR-T8, or when TB
treatment was commenced. Treatment delay was defined as time from the start of MDR-TB
episode to initiation of MDR-TB treatment. Treatment delay could not be determined in
children who died or were lost to follow-up prior to start of MDR-TB treatment, and for those

treated inadvertently with first-line drugs only.
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Clinical data and standard of care

MDR-TB treatment was based on local standard of care, informed by international
recommendations and available literature, ! 10% 197 268.433,480482 igh_dose (15-20mg/kg)
isoniazid was used in the majority of cases, as there is evidence that isolates with an inhA
promoter region mutation usually have a low MIC.®° An injectable agent, most frequently
amikacin (15-30mg/kg), was typically used for six months; capreomycin (15-30mg/kg) was
substituted if resistance to amikacin was detected. Ofloxacin (15-20mg/kg), the most effective
fluoroquinolone available in the South African National TB Programme, was used. Further
drugs were added to result in at least four effective drugs. These included: ethionamide (15-
20mg/kg), PAS (150mg/kg), terizidone (10-20mg/kg), co-amoxiclavulanic acid (10-15mg/kg 8
hourly), clarithromycin (7.5-15mg/kg 12 hourly) and linezolid (10mg/kg twice daily). All
antituberculosis drugs were given under DOT for the full treatment duration. Most children
remained hospitalized during the intensive phase when an injectable was given. Thereafter,
children were treated at their local TB clinic with hospital out-patient follow-up every two
months. Children with XDR-TB were treated for longer periods, typically for 24 months. If not
yet on cART, cART was started in HIV-infected children after the initiation of MDR-TB

treatment, consistent with national guidelines.

Clinical data collection

Data were collected through chart review. HIV testing followed written informed consent from
the parent or legal guardian with pre- and post-test counselling using ELISA in children >18
months and DNA PCR test in younger and breast-fed children. Immunological staging in HIV-
infected children used the WHO classification.*®® Weight was recorded and plotted on National
Centre for Health Statistics weight-for-age percentile chart. Malnutrition was classified as
weight <3 percentile for age. Two tuberculin units were injected, intradermally (purified
protein derivative RT23, Statens Serum Institute) for TST assessment. Results were read at 48-
72 hours with a transverse diameter of 210mm considered positive in HIV-uninfected and
25mm in HIV-infected children. TB disease severity was defined using CR features following
review by a single expert reader, read systematically with standardized recording.*' Disease
was classified as pulmonary if there were any CR changes attributable to TB or if any thoracic
samples were positive for M. tuberculosis. Extra-pulmonary disease (EPTB) was classified if any
imaging (ultrasound, plain film radiology or computerized tomography) demonstrated extra-

thoracic TB or if a microbiological sample confirmed TB from a site other than the lungs. Intra-
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thoracic radiological features were classified as non-severe (normal, hilar lymphadenopathy,
airway compression, lobar/segmental collapse/opacification or pleural effusions) and severe

(cavities, miliary opacification or a widespread bronchopneumonic picture).

Outcome

Respiratory samples in children with pulmonary involvement were obtained monthly to
monitor response to therapy. Cure for this study was defined as three consecutive negative
respiratory cultures obtained at least one month apart with no positive cultures after the first
negative result, in the presence of treatment completion. Treatment outcomes were further
classified as favourable (cured and treatment completed) or unfavourable (died, lost to follow-
up, treatment failure, transferred out). For MDR-TB episodes with an initial sputum positive
culture, culture-conversion was defined as the time from initiation of therapy until the first
negative culture, provided there were no subsequent positive cultures and at least two further
negatives. Two-month culture-conversion is described as it is a frequently-used surrogate

marker for final treatment outcome in adult treatment trials.*®

Statistical analysis

Data were analyzed using STATA version 11, All identifier details were dissociated from clinical
data by unique study numbers. Missing data were excluded from analysis. Continuous
variables were used for age and delay. Associations between clinical characteristics at
presentation were assessed using the x? test (or Fisher’s exact test) when comparing
categorical data; effect estimates (OR) and 95% Cl were calculated. The Mann -Whitney test
was used to assess the effect of age and delay given the non-normal distribution of the data.
Risk factors for treatment outcomes (two-month culture-conversion, final treétment outcome
and death) were assessed in univariate analysis. Multivariate logistic models were used to
analyse the relationship between presenting characteristics and outcomes if either the
univariate relationships showed significance (p<0.05) or where variables were thought to be
clinically or epidemiologically relevant. Variables classified as collinear were not used in

combination in the model.
Results

During the study period, 111 children with MDR-TB were identified with a median age of 50
months ([IQR: 19-108); all were included. Forty-two samples underwent DST to second-line
drugs which identified three MDR-TB cases resistant to amikacin, four resistant to ofloxacin

and five to both ofloxacin and amikacin (XDR-TB). An overview of the cohort with treatment

Drug-resistant tuberculosis in children James Seddon Page |149



outcomes is provided in Figure 7. Demographic and clinical characteristics at the start of MDR-
TB treatment are described in Table 35. The median time to MDR-TB treatment initiation
(n=102) was shorter in the presence of a known adult MDR-TB index case (median 58 days [IQR
25-120] vs. 123 days [IQR 67-231]; p<0.001). Fifty-three of 85 (62%) children with a sputum
result were smear positive; a positive sputum smear was more common in older children
(median 85 months [IQR 25-132] vs. 24 months [IQR 15-59); p<0.001) and in children with
more severe CR changes (OR 9.95 [Cl 2.98-33.3]; p<0.001). Of children HIV-tested (n=100,
90.1%), 43 (43%) were positive; 27 (64%) had severe immune suppression. Nineteen children
were on cART prior to initiation of MDR-TB treatment; 21 were started afterwards (median
time to initiation: 75 days [IQR 18-123]). Fifty children (n=109; 46%) had severe CR changes at
diagnosis; children with severe CR changes were older (median 84 months [IQR 27-121] vs. 28

months [IQR 15-68]; p=0.002) [Table 35]

Of the 111 cases, 91 (82%) had a favourable treatment outcome. Of these, three were treated
successfully with only first-line drugs: two had cervical lymph node disease and the other only
hilar lymphadenopathy. Four patients were transferred to another hospital and three were lost
to follow -up. One adolescent, diagnosed with pulmonary XDR-TB, was a repeat defaulter and
her sputum never converted. She was declared a treatment failure after two years of
intermittent treatment and eventually transferred into adult care. One patient was still on
treatment at the end of the study period, having been initially treated for MDR-TB with
additional resistance to amikacin according to his bacteriology, and then as XDR-TB based on
his mother’s bacteriology. The overall mortality was 12% (13 deaths; Table 36) regardless of
treatment initiation. Eleven children died during their MDR-TB episode, one was cured of TB

but died in the year following the end of treatment and one died following treatment failure.

Of the 88 cases successfully treated with MDR-TB drugs, 79 (89.8%) were alive and well at
twelve months after completion of treatment. Of the remaining nine, three had been
transferred to another institution, five had been lost to follow-up and one had died. Those
successfully treated were treated for a median of 18 months, including median six months on
an injectable, and were treated with a median of seven drugs over the total course of

treatment. (Table 37; Figure 8-11)

Univariate analysis of clinical features and their association with outcome are shown in Table
38. Malnutrition and severe CR changes were associated with a failure to culture-convert by
month two, unsuccessful treatment outcome and death, HIV infection and EPTB were

associated with death. Children with positive smears at diagnosis were less likely to have
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culture-converted by month two. Multivariable analysis is shown in Table 39. After adjustment
for age and smear status (or CR severity), malnutrition at diagnosis predicted failure to culture-
convert by two months (OR: 4.49 [Cl: 1.32-15.2]; p=0.02). Malnutrition (OR: 15.0 [CI: 1.17-
192.5]; p=0.04), HIV infection (OR: 24.7 [CI: 1.79-341.1]; p=0.02) and EPTB (OR: 37.8 [CI: 2.78-
513.4]; p=0.006) all independently predicted mortality in a model adjusting for age.

Discussion

This study describes the clinical presentation, treatment and outcomes of children with
culture-confirmed MDR-TB under routine clinical conditions in a high TB-burden setting. The
data indicate that children with culture-proven MDR-TB tend to be young, malnourished, are
frequently HIV-infected and often present with radiological features of advanced disease.
Furthermore, the absence of a known MDR-TB source case led to considerable delay in
initiation of appropriate therapy. Treatment regimens were long (median 18 months) of which

six months included an injectable.

Of key importance is that, despite advanced disease and the presence of EPTB in more than
30%, the majority were treated successfully, with more than 80% favourable outcomes.
Important risk factors for clinically and programmatically relevant treatment outcomes are
identified, including mortality. HIV infection, malnutrition and extrapulmonary involvement
were independent risk factors for death in adjusted analyses. Five of the 13 deaths occurred
before MDR-TB was confirmed and appropriate treatment started indicating the importance of
early diagnosis. Although severe disease on CR was associated with all outcome measures in
univariate analyses, this association was less pronounced in adjusted analyses. These findings
suggest that, once identified and treated appropriately with individualized therapy based on
available DST, children with MDR-TB have a good prognosis, even with high prevalence of HIV

co-infection.

Other reports of MDR-TB in children include a previous study from Cape Town of 39 children
with culture-confirmed disease; similar to the present study, treatment delay'was common if
an MDR index case was not identified.*® A study from Peru described 38 children treated for
MDR-TB, 28 with confirmed disease, and also found considerable delay in the initiation of
appropriate therapy.”® A study from New York of 20 children treated for MDR-TB (six culture-
confirmed), demonstrated good outcomes and minimal toxicity.** A recent case series of 13
children with culture-confirmed MDR-TB from Johannesburg (54% HIV-infected) indicated high

mortality of 30%.1%! Other case reports and small series are reported from other settings. * 1
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196,205, 260,474-475 pagpite the delay in diagnosis, severe disease at presentation and the need for
second-line medications, these studies all describe good outcomes, in dramatic contrast to
adult MDR-TB data.’® Reasons for this contrast are unclear. Children may have less severe and
paucibacillary disease, may tolerate and adhere to medications better, may be less frequently

HIV-infected or may have less concomitant pathology.

The absence of an identified adult MDR-TB source case was strongly associated with delay in
initiation of appropriate treatment in children. Of note, there were 16 (14.4%) children who
had a source case documented to have died, failed treatment or who was a re-treatment case,
indicating a high MDR risk exposure. These factors highlight the importance of careful history
taking from both the child’s caregiver and health services regarding adults with known MDR-TB

or with known risk factors for MDR-TB.

Since only children with culture-confirmed disease are described, these data are not
representative of all children with MDR-TB, many of whom are treated on the basis of MDR-TB
contact history or poor clinical response to therapy. As bacteriologic yield is associated with
radiological extent of disease,” this study likely reports children with more advanced disease.
The study reports on children diagnosed with MDR-TB using combined sources of surveillance
(laboratory and TB register sources), rather than only those who started therapy (the
traditional TB treatment cohort approach). Given this conservative approach, treatment
success is likely underestimated in this cohort. The long duration of treatment (median of six
months with a second-line injectable medication and 18 months overall) could possibly be
reduced in children with less severe disease in future, if adequate evidence from clinical

studies becomes available.

In this study, many children had severe disease at initiation of treatment. There was a high
proportion with a positive smear and nearly half had cavities, severe bronchopneumonic
changes or a miliary opacification on CR. Young children are traditionally considered to have
paucibacillary TB and as they generally have a poor tussive force, are considered to pose low
infection risk. However, these data indicate that children with culture-confirmed MDR-TB
frequently have severe disease, are somewhat older than those with drug-susceptible TB, 425
and coupled with high rates of smear-positivity may prove a greater infection risk than
previously thought. Infection control should be an important consideration in the management

of children with MDR-TB.
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This retrospective study has limitations including reliance on routine data. Adverse effects and
the tolerability of multiple medications, frequently unpalatable, was not systematically
assessed. Although all samples were confirmed MDR, DST to second-line drugs was not
routinely completed during the study period. The second-line DST results that were available
were reported, but due to inconsistent testing and significant bias in completion of DST
meaningful conclusions are difficult to draw. Finally, although treatment outcomes were good,

morbidity as a result of MDR-TB disease and treatment is not explored.
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Figure 7 - Overview of treatment outcomes in children with MDR-TB (percentages of the total

number of children; n=111
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Table 35 - Clinical characteristics at initial presentation in children with bacteriologically

confirmed MDR-TB (n=111)

CART initiation (n=21)

Characteristic Description Number
(percentage)*
Age Median months (IQR) 50 (19-108)
Male gender 46 (41.4)
Treatment delay (n=105) Median days (IQR) 91 (51-166)
Index case None identified 33(29.7)
Index case identified with no evidence of MDR- 17 (15.3)
TB
MDR-TB index case indentified 45 (40.5)
Index case defaulter, treatment failure or died 16 (14.4)
Previous treatment episode 28 (25.2)
Positive Mantoux test (n=89) 63 (70.8)
Weight <37 percentile for age 41 (36.9)
37_10™ percentile for age 28 (25.2)
>10mﬁrcentile for age 42 (37.8)
Type of TB PTB only 73 (65.8)
EPTB only 12 (10.8)
Both PTB and EPTB 26 (23.4)
Site of EPTB (n=38) (>1 site possible) Miliary 7(18.4)
Tuberculous meningitis 6 (15.8)
Pericardial effusion 2(5.3)
Pleural effusion 7 (18.4)
Abdominal 8(21.1)
Peripheral lymph node 16 (42.1)
Bone/joint/spine 9(23.7)
Ear 5(13.2)
Sputum smear positive (n=85) 53 (62.3)
Drug susceptibility test pattern (n=42) MDR 30 (71.4)
MDR with resistance to amikacin 3(7.1)
MDR with resistance to ofloxacin 4(9.5)
XDR 5(11.9)
CR features (n=109) (> 1 feature present | Normal CXR (all had EPTB) 11 (10.1)
in the majority) Hilar lymphadenopathy or airways compression 52 (47.7)
Lobar/segmental collapse/opacification 76 (69.7)
Large pleural effusion 7 (6.4)
Cavities 38 (34.9)
Miliary opacification 7 (6.4)
Widespread bronchopneumonic changes 21(19.2)
CR severity (n=109) Non-severe 59 (54.1)
Severe 50 (45.9)
Time to sputum conversion (n=74) Median months (IQR) 2(1-3)
HIV-infected (tested n=100) 43 (43.0)
HIV immunological stage (n=42) Not significant” 7(16.7)
Mild’ 5(11.9)
Moderate" 3(7.1)
Severe” 27 (64.3)
When started on cART (n=43) Never (all died) 3(7.0)
Already on cART at start of MDR TB episode 9 (20.9)
Started on cART between start of episode and 10 (23.3)
start of MDR-TB treatment
After start of MDR-TB treatment 21 (48.8)
Time from start of MDR-TB treatment to | Median days (IQR) 75 (18-123)

unless otherwise stated

; CDA4 value: <11 months: >35%; 12-35 months: >30%; 36-59 months: >25% & >5 years: >500 cells/mm’
‘CD4 value: <11 months: 30-35%; 12-35 months: 25-30%; 36-59 months: 20-25% & >5 years: 350-499 cells/mm’
5CD4 value: <11 months: 25-29%; 12-35 months: 20-24%; 36-59 months: 15-19% & >5 years: 200-349 cells/mm’
CDA4 value: <11 months: <25%; 12-35 months: <20%; 36-59 months: <15% & >5 years: <200 cells/mm’ or <15%
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Table 36 - Description of deaths (N=13) in children with culture-confirmed MDR-TB (n=111)

Age at Gender HIV status cD4 Site of disease History Attributed cause of death
death count
(%)
11 years Male Unknown Spinal Presented with severe disease, underwent surgery and biopsy sample MDR-TB of the spine
taken, started on first-line treatment but died one month later prior to
diagnosis being made
6 months Male Positive 1652 Pulmonary TB Died after one month on first-line therapy, MDR-TB diagnosed Hepatotoxicity, HIV, MDR-TB, Down’s syndrome, severe
36% posthumously only cardiac defect, marasmic, bacterial pneumonia
10 years Female Positive 37 Disseminated (miliary) Died after 12 months of MDR-TB treatment Developed disseminated TB including TB meningitis whilst
8% on full MDR-TB treatment in hospital. Possible XDR-TB
6 years Male Positive 33 Pulmonary and abdominal | Treated for 10 months with first-line drugs before sample sent for Disseminated MDR-TB
2% 1B culture. MDR-TB diagnosed posthumously only
9 months Male Positive 825 Pulmonary, miliary and Died after three months of MDR-TB treatment Multi-system failure, HIV, extensive disseminated TB
19% lymph node TB disease at presentation, sepsis, heart failure,
thrombocytopenia
4 years Female Positive Not TB meningitis Died after three months of MDR-TB treatment Severe TB meningitis (stage 3)
tested
12 months Female Positive 117 Pulmonary TB Died after five months of MDR-TB treatment Severe HIV, systemic candida infection, osteomyelitis,
6% respiratory failure, pneumonia, S. aureus sepsis
2 years Female Negative TB meningitis, pulmonary, | Died after one month first-line treatment, MDR-TB diagnosed after death | Disseminated MDR-TB meningitis
abdominal and lymph
node TB
15 years Female Unknown Pulmonary TB Died after one month MDR-TB treatment, pre-XDR result returned after Congenital myopathy, aplastic anaemia, requiring multiple
death transfusions, extensive pre-XDR-TB
2 years Male Positive 1065 TB meningitis Given 24 days first-line treatment for stage three, TB meningitis prior to MDR-TB meningitis, HIV
26% MDR-TB diagnosis. Died after one month MDR-TB treatment
8 years Female Unknown Pulmonary TB Spastic quadriplegia from previous illness, died 6 days after starting first- | Severe MDR-TB, pre-existing neurological condition making
line treatment, MDR-TB diagnosed after death diagnosis challenging
12 years Female Negative Pulmonary TB Adolescent repeated defaulter with pre-XDR TB. Never sputum culture- Died of pre-XDR TB under the care of adult physician
converted and declared a treatment failure after 12 months of MDR-TB
treatment. Transferred to adult care
8 years Female Negative Pulmonary TB Registered as cured of MDR-TB with 20 months of therapy. Significant Developed bronchiectasis and chronic lung abscess. Died

lung damage as a result of TB

within a year of finishing MDR-TB treatment with a
bacterial infection.
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Table 37 - Treatment characteristics in children successfully treated with an MDR-TB regimen

(n=88")

Median number of drugs used at any point during treatment (range) 7(4-13)

Median duration of intensive phase therapy (range) 6(0-18)

Median total duration of therapy (range) 18 (8 - 26)

Number of patients using anti-TB drugs Isoniazid (high-dose) 83 (94.3)

(percentage) Rifampicin 14(15.9)
Pyrazinamide 81 {92.0)
Ethambutol 82 (93.2)
Streptomycin 1(1.1)
Amikacin 80 (90.9)
Capreomycin 6(6.8)
Ofloxacin 86 (97.7)
Ethionamide 86 (97.7)
Terizidone or cycloserine 57 (64.8)
PAS 7(8.0)
Clarithromycin 7(8.0)
Augmentin 6 (6.8)
Linezolid 2(2.3)

:yVith percentage unless stated otherwise

No injectable used in six cases
™" Available only from 2007
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Figure 8 - Number of drugs used in the treatment of children with culture-confirmed
multidrug-resistant tuberculosis
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Figure 9 - Drugs used in the treatment of children with multidrug-resistant tuberculosis
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Figure 10 - Length of intensive phase in children treated for multidrug-resistant tuberculosis

50 - R

Median — 6 months
45 Range — 0 - 18 months
40 ! , : - Mean - 5.6 months

35

30— gl U LR S e A (7
25 , , Sl Lol AR " S T e PR L e L
20 - it S il SRR 00
15 +— : I % f ot , BB AR SR Lo o G
10 +— — B B N

o wuv
\
* i
| |
|

Figure 11 - Total length of treatment in children treated for multidrug-resistant tuberculosis
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Table 38 - Univariate analysis of clinical features, two month culture-conversion, treatment outcome and death in children with MDR-TB

Characteristic Failure to culture-convert by month two Unfavourable treatment outcome Deaths
Number Number failing Odds ratio P-value Number Number Odds ratio P-value | Number Number Odds ratio (95% CI) P-
analyzed to convert (95% C1) analyzed unfavourable (95% C1) analyzed dying value
outcome

Age 74 26 0.06 111 20 0.80 111 11 0.97
Gender Female 46/74 13 65/111 10 65/111 6

Male 28/74 13 2.20 (0.80-6.01) 0.11 46/111 10 1.53(0.57-4.07) 0.39 46/111 5 1.20(0.34-4.22) 0.78
Nutrition 23" percentile 53/74 14 70/111 8 70/111 2

<37 percentile 21/74 12 3.71(1.22-113) 0.01 41/111 12 3.21(1.15-8.96) 0.02 41/111 9 9.56 (1.79-51.2) 0.001
HIV Negative 42/71 14 57/100 7 57/100 1

Positive 29/71 11 1.22 (0.45-3.31) 0.69 43/100 10 2.16 (0.74-6.36) 0.15 43/100 7 10.9 (1.17-101.0) 0.008
Timing of cART Before MDR-TB 14/29 4 22/43 5 22/43 4
initiation treatment

After MDR-TB 15/29 7 2.19 (0.44-10.8) 0.32 21/43 5 1.06 (0.25-4.45) 0.93 21/43 3 0.75 (0.14-3.92) 0.73

treatment
Mantoux skin Negative 16/62 2 26/89 7 26/89 3
test

Positive 46/62 28 4.50 (0.85-23.7) 0.05 63/89 8 0.39(0.12-1.27) 0.10 63/89 5 0.66 (0.14-3.03) 0.59
MDR-TB contact No contact 35/74 13 66/111 15 66/111 8

Contact 39/74 13 0.85 (0.32-2.21) 0.73 45/111 5 0.43 (0.14-1.29) 0.12 45/111 3 0.52(0.13-2.09) 0.35
Treatment delay 74 26 0.25 103 15 0.36 103 8 0.18
Site of TB No EPTB 60/74 20 73/111 10 73/111 3

EPTB 14/74 6 1.50 (0.45-4.97) 0.50 38/111 10 2.25(0.83-6.11) 0.10 38/111 8 6.22 (1.45-26.6) 0.005
Smear status Negative 27/68 4 32/85 4 32/85 2

Positive 41/68 20 5.48 (1.47-20.4) 0.004 53/85 10 1.63 (0.46-5.77) 0.443 53/85 5 1.56 (0.28-8.68) 0.61
CR severity Non-Severe 39/74 9 59/109 5 59/109 2

Severe 35/74 17 3.15(1.11-892 0.022 50/109 13 3.79 (1.20-12.0) 0.014 50/109 8 5.43(1.05-28.2) 0.02
Drug-resistant tuberculosis in children James Seddon Page | 160




Table 39 - Multivariate analysis of clinical and bacteriological features at diagnosis, two month

culture-conversion, treatment outcome and death in children with MDR-TB

Characteristic Number in OR (95% Cl) P value
analysis

Failure to culture-convert by two

months

Smear positivity 68 3.24 (0.82-12.8) | 0.10

Malnutrition 68 4.49 (1.32-15.2) | 0.02

Age 68 0.15

Poor treatment outcome

Severe CR changes 99 2.50(0.68-9.19) | 0.17

Malnutrition 99 1.87 (0.58-6.07) | 0.30

HIV positivity 99 1.46 (0.46—-4.63) | 0.52

Age 99 0.51

Death

EPTB 99 37.8(2.78 - 0.006
513.4)

Malnutrition 99 15.0 (1.17 - 0.04
192.5)

HIV positivity 99 24.7 (1.79 - 0.02
341.1)

Age 99 0.18

"Inan alternative model, holding all variables constant but replacing smear positivity with CR severity, findings
were similar (n=74; severe CR changes: OR: 1.88 [CI: 0.61-5.78]; p=0.270, malnutrition: OR: 3.51 [CI: 1.12-11.0];

p=0.031, age: p=0.148)

" In an alternative model, holding all variables constant but replacing severe CR changes with EPTB, findings were
similar (n=100; EPTB: OR: 2.59 [CI: 0.86-7.75]; p=0.90, malnutrition: OR: 2.43 [CI: 0.80-7.40]; p=0.115, HIV positivity:

OR:2.43 [CI: 0.65-5.98]; p=0.232, age: p=0.679)
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Study 10: the spectrum of presentation, treatment and outcome in children with

multidrug-resistant tuberculosis

The following study has been prepared as an article:

® Seddon JA, Hesseling AC, Godfrey-Faussett, Schaaf HS. The spectrum of presentation,

treatment and outcome in children with MDR-TB (in preparation)

Introduction

This study describes all children treated for MDR-TB over a two year period. It includes
children with a confirmed diagnosis as well as children treated presumptively for MDR-TB. The
study describes the presentation of the children as well as their treatment, adverse events and
the outcome. The study also compares children with severe disease and those with limited

disease.

Methods

Eligibility criteria

A register of all children (defined as <15 years in the setting), routinely treated for MDR-TB,
was reviewed for children starting treatment from 1 January 2009 until 31 December 2010. As
children with RMR-TB (resistant to rifampicin, but susceptible to isoniazid, with or without
resistance to other drugs) are treated as MDR-TB due to concerns regarding ‘missed’ isoniazid
resistance on molecular diagnostic tests,??® children diagnosed with RMR-TB were included.
Children with both confirmed MDR-TB as well as presumed MDR-TB were included. A
presumed diagnosis was typically made by the attending clinical team if the child was failing a
first-line TB regimen with documented good adherence, or if the child had clinical symptoms,
signs and radiology of TB with documented close MDR-TB exposure. Children initially started
on MDR-TB treatment due to MDR-TB exposure who were subsequently confirmed to have

drug-susceptible TB were excluded.

Mycobacterial culture and drug susceptibility testing
Mycobacterial culture (paediatric and adult samples), was completed at the accredited

regional National Health Systems Reference Laboratory. Samples were first decontaminated
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and then cultured using the Mycobacterial Growth Indicator Tube (MGIT) 960 system (Becton
Dickinson, Sparks, MD, USA). The presence of M. tuberculosis was confirmed by PCR
amplification.®® Genotypic DST to isoniazid and rifampicin was carried out using LPA
(GenoType® MTBDRplus; Hain Lifescience, Nehren, Germany), according to the manufacturer’s
instructions.**2 DST to ethambutol was carried out using the Bactec 460TB system (Becton
Dickinson, Sparks, MD, USA), according to international criteria®®! using a concentration of
7.5ug/ml. DST to second-line agents was performed by the indirect proportional method on
Middlebrook 7H10 agar using critical concentrations of amikacin 40ug/ml, ofloxacin 2pug/m!

and ethionamide 10pg/m!.

Standard of care

MDR-TB treatment was based on local standard of care, based on international guidelines.!®**’
High-dose isoniazid (15-20mg/kg) was used in almost all children, due to the demonstrated
activity against low-level isoniazid resistance.”®®* An injectable agent, usually amikacin, was
added in cases with more severe disease (cavitating lesions, disseminated disease or
widespread pulmonary changes on CR); capreomycin was substituted if resistance to amikacin
was present. Ofloxacin was used unless resistance had been demonstrated; further drugs were
added, to result in the use of at least four effective drugs. These included: ethionamide, PAS,
terizidone (equivalent to cycloserine, which was not locally available) and, if necessary, co-
amoxiclavulanic acid, clarithromycin and linezolid. All TB drugs were routinely available, free of
charge to the patient, through the local TB control programme. cART was started in HIV-
infected children, if not already on cART, as soon as possible after the start of MDR-TB

treatment,

Data collection

From 1 January 2010, data were collected from patients and their families, following written
informed consent, at each outpatient clinic appointment. Data were, therefore, collected both
retrospectively and prospectively, as some children had already begun treatment at the start
of the data collection period. To document clinical data during 2009, folder reviews were
completed at both TCH and BCH. Follow-up continued until 30 June 2012 and included

telephone calls and home visits to determine clinical progress and outcome.

Study measures
HIV testing was completed by routine health services following informed consent from the
parent or legal guardian, with pre- and post-test counselling using ELISA in children >18

months and DNA PCR test in younger or breast-fed children. The WHO classification was used
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for immunological staging in HIV-infected children.”®® Weight and height were recorded at
baseline, with weight-for-age, height-for-age and weight-for-height z-scores calculated. Where
possible, weight was determined at three, six and twelve months from the start of treatment.
As children were not necessarily seen at those time-points, weights taken within window
periods around those time points were accepted: one month for the three month weight, six
weeks for the six month weight and two months of the twelve month weight. TST (Mantoux, 2
tuberculin units injected intradermally; purified protein derivative RT23, Statens Serum
Institute) was used. Results were read at 48-72 hours with a transverse diameter of 210mm

considered positive in HIV-uninfected and 25mm in HIV-infected children.

Case definitions and treatment outcomes

For this study the consensus definitions previously described in the thesis were used regarding
exposure to source cases, episode initiation and delay, certainty of diagnosis, site and severity
of disease, adverse events and disease outcome. Specifically, an MDR-TB episode was defined
as beginning (if MDR-TB was subsequently confirmed or treatment subsequently started) at
the child’s first presentation to a health care provider, when a specimen was obtained that
eventually confirmed MDR-TB or when the child was started on treatment for MDR-TB.
Treatment delay was defined as the time from the start of the MDR-TB episode to initiation of
MDR-TB treatment. Certainty of MDR-TB diagnosis was divided into confirmed, probable and
possible MDR-TB disease using the consensus definitions and based on previous definitions of
TB disease certainty.*® Probable MDR-TB disease was therefore defined as probable T8
disease and contact with an MDR-TB source case, while possible MDR-TB was defined as
probable TB disease in combination with failure of first-line treatment with confirmed
adherence. Severity of disease was classified as severe and non-severe based on criteria by
Wiseman et al.*** Disease was classified as pulmonary if there were any CR changes (including
hilar lymphadenopathy attributable to TB) or if any respiratory samples were positive for M.
tuberculosis. Extrapulmonary TB disease was classified if any imaging (ultrasound, plain film
radiology or computerised tomography [CT]) demonstrated evidence of TB outside the thorax
or if a microbiological sample confirmed TB from an extrathoracic site. Radiological features of
pulmonary TB were classified as non-severe (normal, hilar ymphadenopathy, airway
compression, lobar/segmental collapse/opacification or pleural effusions) and severe (cavities,
miliary opacification or a widespread bronchopneumonic picture) using radiographic features
reviewed by a single expert reader, read in a systematic manner using a standardised reporting
and recording form.*** The family and, where appropriate, the child were asked about adverse
events at each clinic appointment; results were recorded using standardised DMID toxicity

tables.*”* Hearing was measured at baseline and at monthly intervals using PTA or OAE,
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dependent on the age of the child. ASHA guidelines were used to define hearing loss**® (see
later chapter on hearing loss in children treated for MDR-TB for more details of the hearing
assessments). The most severe grade of adverse event experienced over the course of
treatment, for each category, was determined. MDR-TB treatment outcome was classified as
cure, probable cure, treatment completed, failure, death, lost to follow up and transferred out,

as defined by the specified definitions.

Statistical analysis

Data were analysed using STATA version 11. Missing data were excluded from analysis.
Associations between clinical characteristics at presentation were assessed using the x° test (or
Fisher’s exact test) when comparing categorical data; effect estimated (OR) and 95% Cl were
calculated. The Mann Whitney test was used to assess the relationship between categorical
data and non-parametric continuous data with median and IQR calculated. The relationship
between disease severity and patient and treatment characteristics was determined in

univariate analysis.
Results

One hundred and forty nine children were started on treatment for MDR-TB over the two year
study period; the median age was 36 months (IQR: 16-66), 69 (46.3%) were male and 32
(21.9%; out of 146 tested) were HiV-infected (Table 40). A culture-confirmed diagnosis was
made in 59 children (39.6%); 82 (55.0%) had probable and 8 (5.4%) possible MDR-TB disease.
Forty-five (30.2%) children had severe (intra-or extra-thoracic) disease and 23 (50%; of 46

children with sputum culture-positive TB) were also smear-positive.

One hundred and three (69.1%) children were admitted to hospital for a median of 5 months
(IQR: 3-7). Of 94 (66.2%) children treated initially with injectable drugs, the median treatment
duration was 4 months (IQR: 4-6). The total treatment duration was a median of 13 months
(IQR: 11-18). Thirty-six children (24.2%) were cured, 101 (67.8%) were probably cured, one
(0.7%) was transferred out, eight (5.4%) were lost to follow-up and three (2.0%) died (Table
41). Of the children with HIV infection (n=32), 14 (43.8%) were cured, 14 (43.8%) were
probably cured, 2 (6.3%) died and 2 (6.3%) were lost to follow up. The T8 drugs used are
documented in Table 42 and documented adverse events reflected in Table 43. One girl
developed DRESS syndrome (drug reaction with eosinophilia and systemic symptoms) after

one month on MDR-TB treatment. She experienced multiple grade 4 adverse events. Other
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than this teenager, there were two grade three reactions (nausea and joint pain) both of which

resolved without cessation of treatment.

Children with severe disease were older (54 months [IQR: 18-142] vs. 31.5 months [IQR: 17.5-
53.5]; p=0.01) and less frequently had an MDR-TB source case identified (OR: 0.19; 95%Cl:
0.08-0.44; p<0.001) compared to children with less severe disease (Table 44). Children with
severe disease were more commonly HiV-infected (OR: 6.25; 95%Cl: 2.50-15.6; p<0.001), more
commonly had extrapulmonary involvement (OR: 5.64; 95%Cl: 2.24-14.2; p<0.001) and had
poorer nutritional status (mean weight-for-age z-score: -2.11 [SD: 1.61] vs. -0.76 [SD: 1.32];
p<0.001). Children with severe disease were also more likely to have a bacteriologically
confirmed T8 diagnosis (OR: 8.25; 95%Cl: 3.37-20.2; p<0.001), to be admitted to hospital (OR:
9.87; 95%Cl: 2.64-36.9; p<0.001), be treated with injectable drugs (OR: 16.3; 95%Cl: 3.27-81.3;
p<0.001) and to die (p=0.008).

Discussion

In this cohort, with bacteriologically confirmed and clinically diagnosed disease, treatment was
overall well tolerated with few significant adverse events. Treatment outcomes were excellent,
with over 90% of children cured or probably cured. Many of the children were identified and
started on treatment early, following the diagnosis of an MDR-TB source case, illustrating the
importance of contact tracing in paediatric case ascertainment. The three children who died
either presented late with severe TB disease and concomitant HIV infection or had extensive

disease and had defaulted care.

Standardised definitions were used to document the presentation, treatment and outcome
and demonstrate that these definitions were found to be robust and easy to use. In

58144, 191192, 208 ¢hyis study included younger

comparison to previously described cohorts,
children, included children with a clinical diagnosis in the absence of bacteriological
confirmation, described fewer adverse events and documented a higher proportion of children
with less severe disease. Treatment outcomes in the present cohort are also better than the
outcomes described in a systematic review and meta-analysis of all previous paediatric
studies.” The prevalence of HIV (21.9%) is lower than that found in the previous study in the
thesis (43%) in the same context, which documented only bacteriologically confirmed MDR-TB
from 2003-2008. This may be the result of more effective prevention of mother to child

transmission programmes or may indicate that HIV disproportionately predisposes to severe

(culture-confirmed) TB disease. Systematic reviews of adults with MDR-TB report successful
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116,130 with poor nutrition, alcohol, extensive

treatment outcomes in 54-64% of cases,
resistance, standardised (as opposed to individualized) treatment, shorter duration of therapy

and male gender found to be associated with poor outcome.

Although it is appreciated that severity of disease is a spectrum, children were categorised as
having severe and non-severe disease, based on a classification which considers the
anatomical location, extent and local complications of disease.*™ Using this comprehensive
research definition of disease severity, successful treatment outcomes are possible in children
treated for non-severe disease with a median of 12 months of therapy, with injectable drugs in

only 50% of children and many (41%) children treated entirely as outpatients.

For principles of good clinical practice, as well as the need for improved paediatric surveillance
data, clinicians should strive to obtain a microbiological diagnosis in children where possible.
However, this will, in reality, not always be achieved given the paucibacillary nature of
paediatric TB. A subset of children will therefore need to be presumptively treated for MDR-TB
disease (as contacts of MDR-TB cases or failing adherent first-line TB treatment) based on
symptoms, signs and radiology. In any MDR-TB treatment cohort, as with drug-susceptible TB,
there will be a balance between those with confirmed and those with presumed disease. If too
many children are treated for presumed disease, it is likely that either not enough
commitment is being made to confirming the diagnosis or children are being over-treated for
non-TB diseases. If the majority is bacteriologically confirmed, it is likely that clinicians are not
treating enough children presumptively. The exact proportion of confirmed and presumed
diagnoses will vary dependent on resources, clinical experience, intensity of clinical sampling,
the observed spectrum of disease, HIV prevalence, age demographics of society and other
factors including patient and health system delays. However, based on this and previous

studies, it is likely that the figure confirmed ‘should’ be between 25-50%.™ ° 4#*4%

It was challenging to define children who defaulted treatment before the time advised by their
attending clinician, but who were found on follow-up, in most over two years later, to be well,
free of TB symptoms or signs and growing successfully. They were categorised as “probably
cured”. These results imply that perhaps not all of the treated children required the advised
duration or therapy. Older studies from the drug-susceptible literature suggested that a
significant proportion of children with what would be now described as limited disease were
cured with either isoniazid given alone or with no drug therapy at all.’! However, it is not clear
which children with non-severe disease would progress to develop more extensive disease

with limited or no treatment. Most clinicians today would not feel it was ethical, especially in
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the presence of HIV co-infection, young age and poor nutritional status, to withhold treatment
from a child with respiratory symptoms and hilar lymphadenopathy on CR, even though it is
possible that a proportion could improve without treatment. If health systems carry out more
comprehensive and more rapid contact tracing following the diagnosis of MDR-TB source

cases, more children will be identified at an earlier stage in the natural history of their disease.

A limitation of this study is that the diagnosis was not confirmed in all children, even though
clear research definitions were used. This is, however, the reality of treating children for T8,
also for MDR-TB, where a presumptive diagnosis is frequently necessary and appropriate. As
this study used data collected as part of routine care, another limitation is missing data. Also,
due to the partial retrospective data collection, possible recall bias may have occurred in the
description of adverse drug events. In addition, apart from thyroid and renal function, other
laboratory investigations were not carried out unless clinically indicated. A further limitation is
that comprehensive second-line DST for all children and their source cases were not available.
This study described children treated for MDR-TB rather than children with MDR-TB and
therefore included children with RMR-TB. Whilst children with RMR-TB may be systematically
different from those with MDR-TB, their treatment is not. Finally, the study reports on a
relatively short follow-up time. Whilst the first children recruited (at the beginning of 2009)
were followed for over three years from the start of treatment, those starting at the end of the
study period were followed for eighteen months, some only to the end of treatment. Longer

follow-up would be required to assess long-term treatment outcomes including recurrent TB.
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Table 40 - Patient demographics in children treated for multidrug-resistant tuberculosis (n=149 unless otherwise stated)

Characteristic
Median age in months (IQR) 36 (18-66)
Gender Male 69 (46.3)
Female 80 (53.7)
Ethnicity Xhosa 90 (60.4)
Coloured (mixed ethnicity) 59 (39.6)
Source case None 20 (13.4)
MDR-TB 111 (74.5)
Defaulter 2(1.3)
Died 10 (6.7)
DS’ 6 (4.0)
Multiple source cases Yes 36 (24.2)
No 113 (75.8)
Median delay from start of MDR-TB episode to MDR-TB treatment (IQR) 14 (0-53)
Tuberculin skin test (n=111) Positive 90 (81.1)
Negative 21 (18.9)
Previous TB Yes 13 (8.7)
No 136 (91.3)
Median weight (IQR; n=142)’ 12.8 (10.3-19.1)
Median height (IQR; n=124)° 87.3(76.3-107.8)
Mean weight-for-age z-score (SD; n=136) -0.98 (1.54)
Mean height-for-age z-score (SD; n=118) -1.05 (1.79)
Mean weight-for-height z-score (SD; n=64) -0.29 (1.4)
Type of TB Pulmonary 120 (80.5)
Extrapulmonary 12 (8.1)
Both 17 (11.4)
Extrapulmonary involvement (more than one possible; n=39) Miliary TB 4(10.3)
TB meningitis 7 (17.9)
Abdominal TB 6(15.4)
Peripheral lymph node TB 6(15.4)
Bone, joint or spinal TB 8(20.5)
Other 1(2.6)
Certainty of diagnosis of DR-TB Confirmed 59 (39.6)
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Probable 82 (55.0)
Possible’ 8(5.4)
Severity of disease Non-severe 104 (69.8)
Severe 45 (30.2)
Sputum smear microscopy result (n=46) Positive 23 (50.0)
Negative 23 (50.0)
HIV status (n=146) Positive 32 (21.9)
Negative 114 (78.1)
WHO immunological stage (n=32) Not significant 5(15.6)
Mild 3(9.4)
Advanced 11 (34.4)
Severe 13 (40.6)
Timing of ART initiation (n=32) ART started prior to MDR-TB episode 11(34.4)
ART started after start of MDR-TB episode but before MDR-TB treatment 10 (31.3)
ART started after MDR-TB treatment 11(34.4)
Median time to start ART after MDR-TB treatment in days (IQR; n=11) 17 (12-35)
Drug resistance of isolate from child or from identified source case’ Rifampicin {(n=141) 141 (100)
Isoniazid (n=141) 125 (88.7)
Ethambutol {n=92) 23 (25.0)
Ethionamide (n=102) 5 (4.9)
Amikacin (n=104)° 16 (15.4)
Ofloxacin (n=103)° 14 (13.6)
Chest radiograph features at start of MDR-TB treatment (more than one Normal 16 (10.8)
possible; n=148) Perihilar infiltrates 32 (21.6)
Hilar ymphadenopathy or airways compression 81 (54.7)
Lobar/segmental collapse or opacification 69 (46.6)
Pleural effusion 10 (6.8)
Cavities 22(14.9)
Miliary picture 4(2.7)
Widespread bronchopneumonic changes 15 (10.1)
Chest radiograph severity {(n=148) Non-severe 72 {48.6)
Severe 76 (51.4)

*Source case identified with no risk factors for MDR-TB
2At start of MDR-TB treatment

®All cases of possible DR-TB diagnosed on basis probable T8 and failing first-line therapy

“No DST to guide therapy in 8 patients treated for failing first-line regimen with no identified source case
SSix children were treated for XDR-TB due to samples from them or their source case demonstrating resistant to both amikacin and ofloxacin
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Table 41 - Treatment and outcome in children treated for multidrug-resistant tuberculosis (n=149 unless otherwise stated)

Characteristic
Admitted to hospital Yes 103 (69.1)
No 46 (30.9)
Median duration of admission in months (n=103) 5(3-7)
Treated with injectable drugs (n=142)" Yes 94 (66.2)
No 48 (33.8)
Median duration of injectable drug use (n=94;IQR) 4 (4-6)
Median duration of total treatment (n=137 ;IQR)’ 13 (11-18)
Median weight gain (1QR; kg) 3 months (n=115) 0.6 (0.2-1.5)
6 months (n=102) 1.4(0.7-2.2)
12 months (n=84) 2.9(1.0-4.0)
Median number of months to culture conversion {n=40)’ 1(0.5-2)
Outcome Cure 36 (24.2)
Probable cure” 101 (67.8)
Transferred out 1(0.7)
Lost to foliow up 8(5.4)
Died’ 3(2.0)

Excludes patients who died or absconded from hospital prior to the end of the prescribed period of injectable use
“Excludes patients who died, were transferred out or were lost to follow up
*For children with an initial culture-positive sputum sample with at least one follow up culture (excludes culture-positive extrapulmonary cases)

“Includes 8 patients who stopped their therapy before indicated but were clinically well at follow up and one patient who all drugs were stopped due to severe DRESS syndrome but found to be well after two years of follow

up and discharged

*Three children died: 14 year girl, confirmed pre-XDR-PTB and extensive adult-type disease, absconded from hospital after 3 weeks and was lost to follow up, found to have died 12 months later; 6 month boy, presented with
abdominal and pulmonary confirmed MDR-TB, measles and HiV with severe immunosuppression, died after three weeks in hospital; 9 year old boy, presented with extensive, confirmed adult-type pulmonary pre-XDR-TB and

HIV, CD4 count 7, died after 3 months from sepsis and hypokalaemia
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Table 42 - Drug therapy for children treated for multidrug-resistant tuberculosis who completed therapy (n=137)

Drug Number of patients with drug included in regimen (%) | Median duration of treatment in months (IQR)
Isoniazid 136 (99.3) 13 (11-18)
Rifampicin 16 (11.7) 7.5(4.5-12)
Pyrazinamide 136 (99.3) 13.5(11-18)
Ethambutol 121 (88.3) 12 (10-18)
Streptomycin 2 (1.5) 5.5(4-7)
Amikacin 82 (59.9) 4 (3-6)
Capreomycin 11(8.0) 4 (4-6)
Ofloxacin 132 (96.4) 13(10.5-18)
Moxifloxacin 2(1.5) 18 (17-19)
Ethionamide 135 (98.5) 13 (10-18)
Terizidone 80 (58.4) 17 (12-18.5)
PAS 27 (19.7) 17 (12-18)
Clarithromycin 3(2.2) 12 (4-18)
Augmentin 3(2.2) 18 (4-19)
Linezolid 3(2.2) 16 (4-21)
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Table 43 - Adverse events in children treated for multidrug-resistant tuberculosis

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4" Total
Joint, muscle or bone pain 122 11 2 1 1 137
Skin rashes 104 30 2 0 1 137
Itchy skin 110 24 2 0 1 137
Headache 119 16 1 0 0 136°
Sleep/mood problem 124 9 3 0 1 137
Lethargy 118 17 1 0 1 137
Visual problem 132 5 0 0 0 137
Vomiting 113 20 3 0 1 137
Diarrhoea 125 10 1 0 1 137
Jaundice 133 1 2 0 1 137
Appetite/nausea 118 14 3 1 1 137
Hearing loss® 117 25 142
Thyroxine supplementation provided4 110 32 142

'One child developed DRESS syndrome after a month on therapy with severe symptoms and signs. All drugs were stopped and it was unclear which drug was responsible. All grade four reactions are from this one child

’One mother felt unable to tell if her child had experienced headache

3Hearing loss was not graded but categorised as present or not using ASHA criteria
“The decision to start thyroxine supplementation was based on elevated thyroid stimulating hormone (TSH) and low free T4 levels
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Table 44 - Comparison of characteristics for children with severe and non-severe multidrug-resistant tuberculosis disease (n=149 unless otherwise stated)

Children with severe disease | Children with non- OR (95% ClI) p-value
(n=45) severe disease (n=104)

Median age (IQR; months) 54 (18-142) 31.5(17.5-53.5) 0.01
Male gender 22 (48.9) 47 (45.2) 1.16 (0.57-2.34) 0.68
Coloured ethnicity 18 (40.0) 41 (39.4) 1.02 (0.50-2.10) 0.95
Median delay (IQR; days) 39 (9-89) 2 (0-41.5) <0.001
MDR-TB source case identified 23 (51.1) 88 (84.6) 0.19 (0.08-0.44) <0.001
Multiple source cases 12 (26.7) 24 (23.1) 1.21(0.54-2.71) 0.64
Previous TB 6(13.3) 7 (6.7) 2.13 (0.67-6.82) 0.19
TST positivity (n=111) 16/24 (66.7) 74/87 (71.2) 0.35(0.12-1.01) 0.04
Mean weight-for-age z-score (SD; n=136) -2.11 (1.61) -0.76 (1.32) <0.001
Extrapulmonary involvement 18 (40.0) 93 (10.6) 5.64 (2.24-14.2) <0.001
Bacteriologically confirmed TB diagnosis 33(73.3) 26 (25.0) 8.25(3.37-20.2) <0.001
Smear positive (n=46)" 19/29 (65.5) 4/17 (23.5) 6.18 (1.38-27.7) 0.007
Severe chest radiographic changes (n=148) 35/45 (77.8) 41/103 (39.8) 5.29 (2.23-12.5) <0.001
HIV infection (n=146) 20/44 (45.5) 12/102 (11.8) 6.25 (2.50-15.6) <0.001
Hospital admission 42 (93.3) 61 (58.7) 9.87 (2.64-36.9) <0.001
Injectable TB drug use (n=142)z 39/41 (95.1) 55/101 (54.5) 16.3 (3.27-81.3) <0.001
Median duration of injectable drug in those treated with injectables (n=94)° 6 (4-6) 4 (3-5) <0.001
Median total duration of therapy (IQR; n=137)° 18 (18-20) 12 (10-16) <0.001
Mortality 3(6.7) 0 (0) 0.008

'Of children who were sputum culture positive

?Excludes children who died or absconded from hospital prior to the end of the prescribed period of injectable use

*Excludes children who died, were transferred out or were lost to follow up
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Study 11: the impact of drug resistance on clinical outcome in children with
tuberculous meningitis

The following study has been published as an article:

® Seddon JA, Visser D, Bartens M, Jordaan A, Victor T, van Furth AM, Schoeman JF, Schaaf HS.
Impact of drug resistance on clinical outcome in children with tuberculous meningitis.

Pediatr Infect Dis J 2012; 31: 711-6
Introduction

TBM is a severe form of TB and frequently occurs in early childhood.*®”” Haematogenous spread
of bacilli from a primary pulmonary focus leads to the development of a Rich focus in the
brain. Rupture of this caseous granuloma into the subarachnoid space causes the clinical
features of TBM.*38*® This usually starts insidiously with a prodromal period of non-specific
symptoms but as the disease progresses, neck stiffness, loss of consciousness, motor paresis
and convulsions invariably follow. The diagnosis is often delayed and only considered once
irreversible neurological damage has already occurred.*®” *® Untreated, the condition is
almost universally fatal with a median time to death of 19.5 days.* Even for those treated,
TBM is associated with high rates of mortality and morbidity; about 80% of children with
advanced disease at diagnosis (TBM stage Il and TBM stage llI) will suffer severe neurological

sequelae.”®” *® TBM is the commonest cause of bacterial meningitis in the Western Cape.*®

MDR-TBM has very poor outcome®*4% but there are little data regarding children. The
relationship between the M. tuberculosis strain and clinical phenotype has been explored in
both adults and children with TBM** 7%’ with conflicting results. The relationship between
strain type and drug resistance pattern is complex but a strong association exists between drug
resistance and the Beijing genotype.’® 7 ® The aim of this study is to analyse whether a
relationship exists between the drug susceptibility pattern of the infecting M. tuberculosis
organism and the clinical outcome of TBM in children and to determine if this relationship is

influenced by the genotype of the strain,

Drug-resistant tuberculosis in children James Seddon Page | 175



Methods

Study population and tuberculous meningitis definition

All children admitted to TCH from January 2003 until April 2009, aged 0-13 years, were
included if they had either a diagnosis of confirmed TBM (M. tuberculosis isolated from the
CSF), or of probable TBM with a positive culture of M. tuberculosis from a source other than
the CSF. Probable TBM was defined as a clinical diagnosis of meningitis, supported by the
presence of characteristic CSF findings (pleiocytosis, elevated protein level and reduced
glucose level). In addition, two or more of the following criteria were required: recent weight
loss, a positive TST, a CR compatible with TB, a cranial CT scan compatible with TBM or finally,

household contact with sputum smear-positive pulmonary TB.**

Clinical care

In the Western Cape, HIV-uninfected children with TBM are treated with isoniazid (20mg/kg,
maximum 400mg daily), rifampicin (20mg/kg, maximum 600mg daily), pyrazinamide (40mg/kg,
maximum 2g daily) and ethionamide (20mg/kg, maximum 1g daily) for six months with HIV-
infected children treated for nine months. If the child’s isolate of M. tuberculosis, or that of the
source case, is resistant to any of the drugs used in the local TBM treatment regimen, or if the
child deteriorates clinically on this regimen, alternative TB treatment is considered. Treatment
is tailored to the DST of the child or source case’s isolate. If diagnosed in the context of a failing
regimen, treatment is directed at the DST of locally prevailing strains. Treatment for HMR-TB
involves the addition of a fluoroquinolone and terizidone with treatment for nine months
irrespective of HIV status. Treatment of MDR- and RMR-TB includes any first-line drugs to
which the organisms are susceptible, a second-line injectable medication, a fluoroquinolone,
and further drugs (from WHO classes four and five) to make up at least four effective drugs
with good CSF penetration.'®® 743 Treatment for MDR (and RMR)-TB, for both HIV-infected
and -uninfected children, typically consists of six months of intensive phase therapy including

an injectable medication followed by a further twelve months of oral therapy.

Children are treated as inpatients at TCH or BCH unless social circumstances are assessed and
deemed satisfactory for a home-based care programme. MDR-TBM patients are treated in
hospital for at least the intensive phase. All children are treated with steroids. An air
encephalogram is performed if there is evidence of hydrocephalus on CT scan; if non-
communicating, a ventriculoperitoneal shunt is inserted. HIV testing is performed following

informed consent from the parent or legal guardian using ELISA if older than 18 months or
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DNA PCR if younger or breast-fed. cART is initiated as soon after HIV diagnosis as is
possible.TST is performed by injecting two tuberculin units intradermally (purified protein
derivative RT23, Statens Serum Institute) with results read at 48-72 hours. A transverse
diameter of 210mm is considered positive in HIV-uninfected and 25mm in HIV-infected

children.

Data collection

Every child with culture-confirmed TB at TCH is recorded prospectively in a clinical database
with DST to rifampicin and isoniazid routinely performed on a single sample from all children.
A list of children with a diagnosis of TBM was extracted from the database. Case notes were
retrieved for these children from TCH and BCH to confirm inclusion criteria and extract clinical
details. Patients were included if there was complete documentation of presentation, clinical
course and outcome. Development Quotient (DQ) was measured at the end of TB treatment
using the Bayley test, Griffiths test or Junior South African Individual Scale, dependant on age.
Visual testing was performed clinically. In the majority, formal assessments had been
performed by a developmental paediatrician but for some children, an outcome was assigned
by the study team based on clinical examinations that had been undertaken by paediatric
neurologists, general paediatricians, paediatric registrars or medical officers. For those with

complete clinical details, isolates underwent spoligotype analysis.

Mycobacterial culture and drug susceptibility testing

Respiratory samples were inoculated into Middlebrook 7H9 broth-based Mycobacterial
Growth Indicator Tubes (MGIT; Becton Dickinson, Sparks, MD, USA) following a standard
protocol for decontamination, while samples from sterile sites, including CSF, were inoculated
directly. M. tuberculosis complex isolates were confirmed as M. tuberculosis through PCR.**
From January 2003 until August 2008 conventional, phenotypic DST was by the indirect
proportion method.”* From August 2008 genotypic DST was performed using the GenoType®
MTBDRplus (Hain Life Science, Nehren, Germany) LPA, carried out according to the

manufacturer’s instructions.?2

Spoligotyping

Genotype determination was performed using standardized spoligotyping methodology.**®
Isolates were assigned to specific genotype families according to their spoligotype signature
which included the internationally recognized families of Beijing, LAM (Latin American and

Mediterranean family), Haarlem, CAS (Central Asian lineage), a group of ill-defined strains of
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the T family, LCC (Low Copy Number Clade) and S family.**> **® 1t was not possible to classify

some of the remaining strains.

Data classification

The time from first reported symptoms to initiation of TB therapy was recorded. In cases of
DR-TBM, the time from the first reported symptoms to appropriate second-line therapy was
also determined. TBM stage was classified as TBM stage | (Glasgow Coma Scale [GCS] 15 with
no focal neurological signs), TBM stage Il (GCS 11-14 or GCS 15 with focal neurology) or TBM
stage Il (GCS <11).**° GCS (or modified paediatric GCS) was assessed and recorded at the time
of presentation by the attending doctor. HIV immunological staging was based on WHO

criteria.*®

Although the identified strains were recorded, strains were classified as simply
Beijing or non-Beijing for analysis. DST was recorded as drug-susceptible, HMR, RMR and MDR.
Motor function at the end of therapy was classified as normal, hemiparesis or quadriparesis,
cognitive function as normal (DQ >80), mild handicap (DQ: 50-80) or severe handicap (DQ<50)
and vision as normal, impaired vision or blind. For analysis, we looked at two dichotomous
outcome measures: mortality (alive or dead) and clinical outcome (favourable or
unfavourable). A child was classed as having an unfavourable outcome if they died or were left

with quadriparesis, severe cognitive handicap or blindness.

Statistical analysis

Data were analysed using STATA version 11 with missing data excluded from analysis.
Continuous variables were used for age, time to initiation of appropriate therapy and CSF
parameters; all other data were categorical. Associations were assessed using the Fisher’s
exact test when comparing categorical data with the effect estimated (OR) and 95% Cli
calculated. The Mann Whitney test was used to assess the effect of age, treatment delay and

CSF measurements, given the non-normal distribution of the data with median and IQR.

Risk factors for the two outcomes (unfavourable clinical outcome and death) were assessed in
univariate analysis. Multivariable models were used to analyse the relationship between risk
factors and outcome if either the univariate relationships showed significance (p<0.05) or
where variables were thought to be clinically relevant. Standard tests for co-linearity were

used.
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Results

Patient characteristics

One hundred and forty-two children were identified from the database of children with
culture-confirmed TB. On review of the clinical records five did not meet the inclusion criteria.
Of the remaining 137 cases, comprehensive clinical details could be found on 123 (Figure 12).
The baseline clinical characteristics of these patients are demonstrated in Table 45 with the
initial investigations, clinical course and outcome in Table 46. For 104 of these patients
samples were located and spoligotyping successfully performed. Ninety-eight (79.7%) of the
123 children included in the analysis were tested for HIV, and of these 20 (20.4%) were HIV-
infected. Six (30.0%) of the HIV-infected children had severe immunosuppression at the time

of TBM diagnosis, and only three (15.0%) were on cART.

Drug resistance, strain type and outcome

Sixteen children (13.0%) had isolates with drug resistance, five MDR (4.1%), ten HMR (8.1%)
and one RMR (0.8%). No XDR-TB cases were identified. Univariate analysis showed an
association between MDR-TB and both poor clinical outcome (OR 8.97; 95%Cl 0.83-4447.5;
p=0.04) and death (OR 67.3, 95%C! 5.0-3343; p<0.001) as shown in Table 47. There was no
association between Beijing strain and unfavourable outcome (p=0.29) or mortality (p=1.0). In
addition, there was no relationship between Beijing strain and any drug resistance (p=0.21) or
MDR (p=1.00). A trend towards an association existed between MDR-TB and HIV (OR 6.71,
95%Cl 0.69-83.7; p=0.056), but not with TBM stage (p=0.22). Beijing strain was not associated
with HIV status (p=0.78) or TBM stage (p=0.14).

Clinical factors and outcome

Children with unfavourable outcome were younger than those with favourable outcome
(median age: 21 months [IQR: 7-35] vs. 30 months [IQR: 15-72); p=0.008). They also had lower
CSF lymphocyte counts (median: 35 cells/ul [IQR: 17-61] vs. 75 cells/pl [IQR: 27-159]; p=0.002).
CSF lymphocyte counts were not associated with HIV infection (p=0.24) or strain type (p=0.07).
TBM stage Il (p<0.001), shunt insertion (p=0.002) and intensive care admission (p=0.02) were
associated with unfavourable outcome and reflect disease severity (Table 47 & Table 48). HIV
infection was associated with death (OR 6.17, 95%Cl! 1.15-34.1; p=0.02) and for those dying the
time from first symptoms to appropriate treatment was longer (median: 22 days [IQR: 6-61] vs.
10 days [IQR: 5-21]; p=0.049). Time from start of symptoms to initiation of appropriate TB
treatment was longer for those with any drug-resistance than those with drug-susceptible TBM

(median: 31 days [IQR: 13-66] vs. 9 days [IQR: 5-21]; p=0.001). Time to start appropriate
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therapy was not influenced by the presence of a known TB source case (p=0.82), the HIV status

of the child (p=0.10) or the age of the child (p=0.82).

Multivariable analysis

Following adjustment for HIV status in multivariate analysis (Table 49) the relationship
between MDR-TB and death persisted (AOR 63.9, 95%C! 4.84-843.2; p=0.002). Young age
(p=0.013) and MDR-TB (AOR 12.4, 95%Cl 1.17-132.3; p=0.037) remained independent risk
factors for unfavourable outcome. Those with HMR-TB did not have an increased risk of
unfavourable outcome after adjustment for age (AOR 0.22, 95%C! 0.03-1.87; p=0.17). The
relationship between HIV and death was less significant following adjustment for drug

resistance (AOR 6.17, 95%Cl 0.92-41.3; p=0.061).

Discussion

Children with TBM in the Western Cape are young, generally present with advanced disease
and, if they survive, are usually left with some form of disability. Rates of drug resistance are
relatively low but this study has demonstrated that the time from first symptoms of TBM to
the child being given appropriate, effective treatment is longer when the child’s isolate is
resistant to rifampicin and/or isoniazid. Young age is associated with a poor outcome. In this
study, Beijing strain was not associated with drug resistance and there was no association
between Beijing strain and either poor outcome or death. MDR-TB, however, was strongly

associated with both unfavourable outcome and death, even after adjusted analysis.

A study by Thwaites and colleagues demonstrated that adults with TBM were much more likely
to die if infected with an organism resistant to both isoniazid and rifampicin but had no
increased risk if resistant to isoniazid alone and/or streptomycin.** Other work by the same
group demonstrated that HIV infection in adults does not change the clinical presentation of
TBM but does influence outcome.*® A case series of adults from KwaZulu-Natal demonstrated
that MDR-TBM was often associated with poor outcome®® and a series from Durban described
eight children with MDR-TBM, of whom seven died.!* Caws and colleagues demonstrated a
relationship between Beijing strain and both HIV infection and drug resistance in adults with
TBM.” However, Maree and colleagues found, as with our study, no association between
strain type and either presentation or outcome in an investigation of children with TBM.”®
Other studies have demonstrated a relationship between strain type and disease phenotype in
children” and in adults** 8 and a number of investigations have demonstrated that strain

type, and the Beijing strain specifically, is associated with drug resistance.3® 7%
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The association between low CSF lymphocyte count and poor outcome in TBM has been
demonstrated in other studies.* ** Previous investigations have shown a relationship
between different strains and CSF lymphocyte count which we did not demonstrate. The
inflammatory response to TBM is the cause of some of the pathology but it is clear from these
and previous data that a failure to mount a lymphocyte response is associated with poor

outcome.,

In the Western Cape, children with TBM are treated with rifampicin, isoniazid, pyrazinamide
and ethionamide.*®® This is in contrast to the WHO guidelines which previously recommended
rifampicin, isoniazid, pyrazinamide and streptomycin for two months followed by isoniazid and
rifampicin for four months'® but now recommends rifampicin, isoniazid, pyrazinamide and
ethambutol for two months followed by rifampicin and isoniazid for ten months.™? Isoniazid,
pyrazinamide and ethionamide penetrate into the CSF well, rifampicin adequately and
ethambutol and streptomycin poorly.>®? In addition, a high proportion of MDR-TB cases have
evidence of resistance to ethambutol and pyrazinamide,*®* implying that if a strain is MDR,
ethambutol and pyrazinamide should not be assumed to be effective. One final factor that
needs to be considered is the genotypic basis of drug resistance which is complicated by cross-
resistance and co-resistance.” Resistance to isoniazid is usually caused by mutations in either
the katG gene or the inhA promoter region. KatG mutations are usually associated with total
resistance to isoniazid but if the mycobacteria posess an inhA promoter region mutation, this
usually results in low-level isoniazid resistance which can be overcome by giving isoniazid at a
higher dose (15-20mg/kg).?® ** InhA promoter region mutations, however, usually result in
ethionamide resistance. One explanation for the good outcomes in our study for children with
HMR-TB might be that until the diagnosis was made and appropriate treatment started, they
received a number of effective drugs with good CSF penetration. Using either the old or the

new WHO guidelines this would not have been the case.

The majority (63%) of children presenting with TBM had an identified TB source case but few
(15%) had been given preventive treatment. In addition to identifying a source case it is vital to
determine the DST pattern of that source case to start appropriate preventive treatment or, if
disease develops, disease treatment for the child. Although four of the five children with MDR-
TB had been given some kind of prior treatment, none had been treated appropriately. As
children in contact with MDR-TB have been previously demonstrated to develop TB on
isoniazid preventive treatment, the correct preventive treatment for child contacts of MDR-

TB remains unclear.”” Although it is important to strive to obtain a microbiological diagnosis
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from the child, in reality only a small proportion of children with TBM have microbiological
confirmation with DST. Most children are treated presumptively and unless a source case is
identified, M. tuberculosis cultured and DST performed, cases of drug-resistant TBM in children
will be missed. Where this is HMR-TBM, it is possible that the current local regimen will
adequately treat the disease; however in the context of MDR-TBM outcome is poor unless
appropriate second-line treatment is initiated rapidly. Of note, although over 85% of children
had evidence of BCG vaccination, TBM still occurred. The protective efficacy of BCG remains
debated and the need for effective vaccines is a pressing priority. Only 80% of children were
tested for HIV, despite prolonged hospitalisation for a condition known to be associated with
HIV infection. All children suspected of TBM should be tested for HIV, especially in a region

with high HIV prevalence.

This study is retrospective and the data analysed is reliant on collection from routine sources
such as case notes and laboratory records. As there were relatively few cases that had drug
resistance, statistical analysis may not have revealed associations that may have been evident
if a larger proportion of the cases had been DR. The children in this study may not be
representative of all children with TBM. First, the study was carried out in a hospital which may
have a more severe disease phenotype than those managed in the community. Second, as a
positive mycobacterial result was required for inclusion in the study it is possible that the
children had more advanced disease than is typical. A further limitation may have been that
survival bias occurred with those presenting to TCH having a greater chance of both survival
and drug resistance being diagnosed. Finally, the outcome was only recorded at the end of

therapy. Longer follow up would have been desirable.
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Table 45 - Presenting clinical characteristics (n=123 unless otherwise stated)

DS (107) HMR (10) RMR (1) MDR (5) Total (123)
Age (median & IQR in months) 28 (12-56) 25 (21-38) 14 26 (26-50) 27 (13-55)
Male gender (%) 53 (49.5) 5(50) 0 1(20) 59 (48.0)
HIV-infected (n=98; %) 16 (19.3) 1(11.1) 0 3 (60) 20(20.4)
Evidence of BCG (n=111; %) 83 (85.6) 7 (87.5) 1 4 (80) 95 (85.6)
TB contact history (n=116; %) 61 (60.4) 7(77.8) 1 4 (80) 73 (62.9)
Preventive/previous treatment (n=122; %) 11(10.4) 2 (20) s K 4 (80)* 18 (14.8)
TST positive (n=108; %) 64 (68.8) 7(77.8) 0 3(60) 74 (68.5)
Time from start of symptoms to treatment initiation (median & IQR in 9(5-21) 16 (14-30) 3 6(2-19) 9 (5-21)
days)
Time from start of symptoms to appropriate treatment initiation 9(5-21) 31(14-53) 82 19 (6-51) 11(5-22)
(median & IQR in days)
Presenting symptoms (more than one in most cases; %) Decreased consciousness 57 (53.3) 5 (50) 0 5 (100) 67 (54.5)
Headache 26 (24.3) 4(40) 0 0 30(24.4)
Gl disturbance 16 (15.0) 2 (20) 0 1(20) 19 (15.5)
Poor feeding 17 (15.9) 1(10) 0 0 18 (14.6)
Seizures 47 (43.9) 5 (50) 0 2 (40) 54 (43.9)
Vomiting 50 (46.7) 3(30) 0 2 (40) 55 (44.7)
Cough 40 (37.7) 4 (40) X 3 (60) 48 (39.3)
Weight loss 93 (86.9) 8 (80) 1 5 (100) 107 (87.0)
Fever 72 (67.3) 8 (80) 1 4 (80) 85 (69.1)
Irritability 9(8.4) 0 0 0 9(7.3)
Lethargy 30 (28.0) 1(10) 1 1(20) 32(26.0)
Neck stiffness 23 (21.5) 1(10) 1 1(20) 25 (20.3)
TBM stage (%) 1 22(20.1) 3 (30) 1 26(21.1)
] 44 (41.1) 5 (50) 0 1(20) 50 (40.7)
1] 41(38.3) 2 (20) 0 4 (80) 47 (38.2)
GCS (median & IQR) 12 (9-15) 14 (11-15) 15 6 (5-11) 12 (9-15)
Cranial nerve abnormalities noted at presentation (%) 52 (48.6) 8 (80) 1 3 (60) 57 (46.3)
Motor abnormalities noted at presentation (%) 72 (67.3) 2 (20) 1 0 85 (69.1)

TB = tuberculosis; TBM = TB meningitis TST = tuberculin skin test; DS = drug-susceptible; HMR = isoniazid monoresistant; RMR = rifampin monoresistant; MDR = multidrug resistant; IQR = inter-quartile range; GCS = Glasgow

coma scale

*One child developed TBM whilst on first-line treatment for pulmonary TB. One child was given isoniazid prophylaxis, one child developed TBM whilst on treatment for confirmed MDR-TB (suspicion of XDR-TB). One child had

MDR-TB prophylaxis (isoniazid, ethambutol and ofloxacin) from birth but was then re-exposed over a year later and developed MDR-TBM. The final child received no preventive treatment.

**This child was prescribed isoniazid and rifampin prophylaxis at birth, but it was not given. The child presented almost a year later with Stage | TBM. Nearly three months later resistance testing showed RMR, and although

clinically well, treatment was changed to MDR-TB treatment. However, she died two months later after sudden deterioration.
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Table 46 - Investigations at diagnosis, clinical course and outcome (n=123 unless otherwise stated)

DS (107) HMR (10) RMR (1) MDR (5) Total (123)
Diagnosis (%) Confirmed TBM 23 (21.5) 2 (20) 1 4(80) 30(24.4)
Probable TBM 84 (78.5) 8 (80) 0 1(20) 93 (75.6)
Strain (n=104; %) Beijing 30(33.0) 6 (60) 0 1(33.3) 37(35.6)
LAM 18 (19.8) 2 (20) 0 0 20(19.2)
Haarlem 5(5.5) 1(1) 1 0 7(6.7)
CAS 3(3.3) 0 0 0 3(2.9)
lll-defined T family 16 (17.6) 0 0 0 16 (15.4)
LCC 5(5.5) 0 0 0 5(4.8)
S family 7(7.7) 0 0 2 (66.7) 9(8.7)
Undefined 7(7.7) 0 0 0 7(6.7)
CSF Lymphocytes (n=116; median & IQR) 57 (24-138) 28 (5-130) 73 75 (35-105) 57 (22-132)
CSF Protein (n=108; median & IQR) 1.3(0.9-2.1) 1.3(0.4-2.2) 112 8.4 (1.3-15.5) 1.4 (0.9-2.1)
Air encephalogram (n=61; %) Non-communicating hydrocephalus 19 (34.6) 1(25) - 1 (50) 23 (37.7)
Communicating hydrocephalus 36 (65.5) 3(75) - 1(50) 38 (62.3)
Ventriculoperitoneal shunt inserted (%) 25 (23.4) 2(20) 0 2 (40) 29 (23.6)
Admitted to intensive care (%) 13(12.2) 0(0) 0 4 (80) 17 (13.8)
Duration of admission (median & IQR in days)’ 27 (16-38) 32 (18-53) 35 36 (29-40) 28 (17-39)
Motor function amongst survivors at end of therapy (n=112; %) Normal 54 (53.5) 8(80) 0 1 63 (56.3)
Hemiparesis 34 (33.7) 2(20) 0 0 36(32.1)
Quadriparesis 13 (12.9) 0(0) 0 0 13 (11.6)
Cognitive function amongst survivors at end of therapy (n=112; Normal 37 (36.6) 5(50) 0 0 42 (37.5)
%) Mild handicap 37 (36.6) 4 (40) 0 1 42 (37.5)
Severe handicap 27 (26.7) 1(10) 0 0 28 (25.0)
Vision at amongst survivors at end of therapy (n=108; %) Normal 77 (79.4) 9 (90) 0 1 87 (80.6)
Impaired vision 15 (15.5) 1(10) 0 0 16 (14.8)
Blind 5(5.2) 0(0) 0 0 5(4.6)
Mortality (%) Survived 101 (94.4) 10 (100) 0 1(20) 112 (91.1)
Died 6 (5.6) 0(0) 1 4 (80) 11 (8.9)
Clinical outcome (%) Favourable 74 (69.2) 9(90) 0 1(20) 84 (68.3)
Unfavourable 33 (30.8) 1(10) 1 4 (80) 39 (31.7)

* Duration of admission at Tygerberg Children’s Hospital

TB = tuberculosis; TBM = TB meningitis TST = tuberculin skin test; DS = drug-susceptible; HMR = isoniazid monoresistant; RMR = rifampin monoresistant; MDR = multidrug resistant; IQR = inter-quartile range; GCS = Glasgow
coma scale; CSF = cerebro-spinal fluid; CAS — Central Asian Strain; LAM — Latin American Mediterranean; LCC — Low-copy-number Clade
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Table 47 - Univariate relationship between microbiological factors, clinical characteristics and clinical outcome

Total number

Favourable

Unfavourable OR (95%Cl) p-value
Outcome Outcome

DST Drug susceptible 107 74 33 1.00

Isoniazid mono-resistant 10 9 1 0.25 (0.01-1.95) 0.28"

Rifampicin mono-resistant 1 0 1 - 0.32°

Multidrug resistant 5 1 4 8.97 (0.83-447.5) 0.04°
Strain Beijing 37 22 15 1.00

Non-Beijing 67 47 20 0.62 (0.25-1.58) 0.29
HIV status of child Negative 78 54 24 1.00

Positive 20 11 9 1.84 (0.59-5.61) 0.29°
Age of child* 0.008™
Gender of child Female 64 41 23 1.00

Male 59 43 16 0.66 (0.28-1.53) 0.34
BCG status of child None 16 12 4 1.00

Given 95 61 34 1.67 (0.46-7.64) 0.57"
TBM stage of child | 26 22 4 1.00

I 50 47 3 0.35 (0.05-2.30) 0.22"

] 47 15 32 11.7(3.10-53.2) <0.001"
Time to appropriate therapy** 0.98"
CSF Lymphocyte count*** 0.002
CSF Protein**** 0.88”
Ventriculoperitoneal shunt inserted No 94 71 23 1.00

Yes 29 13 16 3.80 (1.45-9.94) 0.002"
Admission to intensive care No 106 77 29 1.00

Yes 17 7 10 3.79(1.16-12.8) 0.02"

OR = odds ratio, Cl = confidence interval, TBM = tuberculous meningitis, CSF = cerebrospinal fluid; DST = drug susceptibility test
Unfavourable outcome ~ death, quadriparesis, severe cognitive handicap or blindness

# Fisher’s Exact test used
#4 Mann Whitney test used

Median age in months: Favourable outcome: 30; Unfavourable outcome: 21
Median time in days: Favourable outcome: 9; Unfavourable outcome: 14

o Median count: Favourable outcome: 75; Unfavourable outcome: 35
i Median value: Favourable outcome: 1.32; Unfavourable outcome: 1.41
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Table 48 - Univariate relationship between microbiological factors, clinical characteristics and death

Total number Survivors Deaths OR (95%Cl) p-value
DST Drug susceptible 107 101 6 1.00
Isoniazid mono-resistant 10 10 0 - 1.0°
Rifampicin mono-resistant 1 0 1 - 0.06"
Multidrug resistant 5 1 4 67.3 (5.0-3343) <0.001"
Strain Beijing 37 34 3 1.00
Non-Beijing 67 61 6 1.11(0.22-7.32) 1.0°
HIV status of child Negative 78 74 4 1.00
Positive 20 15 5 6.17 (1.15-34.1) 0.02"
| Age of child* 034"
Gender of child Female 64 56 8 1.00
Male 59 56 3 0.38 (0.061-1.68) 0.21"
BCG status of child None 16 14 2 1.00
Given 95 86 9 0.73 (0.13-7.69) 0.66"
TBM stage of child | 26 23 3 1.00
I 50 49 1 0.15 (0.003-2.12) 0.11"
1 47 40 7 1.34 (0.27-8.78) 1.0°
Time to appropriate therapy** 0.049"
CSF Lymphocyte count*** 0.54"
CSF Protein**** 0.16"
Ventriculoperitoneal shunt inserted No 94 85 9 1.00
Yes 29 27 2 0.70 (0.07-3.70) 1.0"
Admission to intensive care No 106 100 6 1.00
Yes 17 12 5 6.94 (1.41-31.6) 0.008"

OR = odds ratio, Cl = confidence interval, TBM = tuberculous meningitis, CSF = cerebrospinal fluid; DST = drug susceptibility test
i Fisher’s Exact test used

#4# Mann Whitney test used

b Median age in months: Survival: 28; Death: 26
e Median time in days: Survival: 10; Death: 22
RS Median count: Survival: 57; Death: 39

Eate Median value: Survival: 1.32; Death: 2.0
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Table 49 - Multivariable relationship between drug resistance and outcome

Outcome Characteristics in model Variable Number in analysis Odds Ratio 95% Confidence Interval P-value
Unfavourable outcome Age 122 0.013
DST Isoniazid mono-resistant 122 0.22 0.03-1.87 0.17
Rifampin mono-resistant 1227 - - -
Multidrug-resistant 122 124 1.17-1323 0.037
Mortality HIV status 88 6.17 0.92-41.3 0.061
DST Isoniazid mono-resistant 88" S - -
Rifampin mono-resistant 88 - - -
Multidrug-resistant 88 639 4.84-843.2 0.002
DST = drug susceptibility test
Unfavourable outcome - death, quadriparesis, severe cognitive handicap or blindness
*Perfectly predicts failure in this model so dropped from analysis
**Perfectly predicts success in this model so dropped from analysis
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Figure 12 - Patient identification, inclusion, mycobacterial characteristics and outcome
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Study 12: multidrug-resistant tuberculosis of the spine in children

The following study has been published as an article:

® Seddon JA, Donald PR, Viok GJ, Schaaf HS. Multidrug-resistant tuberculsois of the spine in
children — characteristics from a high burden setting. J Trop Pediatr 2012; 58: 341-7

Introduction

Spinal TB in children can be a debilitating disease with potential long-term neurological
sequelae. Treatment involves a combination of surgical and medical care with long courses of
drug therapy. Few paediatric spinal MDR-TB studies have been published. This study describes

the clinical characteristics, management and outcome for children with MDR-TB of the spine.

Methods

Identification of cases

A prospectively maintained register of admissions to BCH was analysed searching for any
patient started on treatment for MDR- TB of the spine between January 2004 and December
2010. In addition, laboratory records were consulted to identify any MDR-TB samples from
spinal tissue at TCH. Cases were included if the child had a sample taken from the spine that

confirmed MDR-TB either phenotypically or genotypically.

Laboratory methods

From January 2004 until August 2008 conventional, phenotypic DST to isoniazid and rifampicin
was performed on all paediatric samples culture-positive for M. tuberculosis. The indirect
proportion technique was used. From August 2008 onwards line probe assay (GenoType®
MTBDRplus, Hain Lifescience, Nehren, Germany) was undertaken to test for the presence of
M. tuberculosis and also for mutations responsible for rifampicin (rpo8 gene) and isoniazid
(inhA promoter region and katG gene) resistance. The laboratory techniques employed are

discussed elsewhere 432

Standard of care
Surgery was conducted at the discretion of the attending surgeon. Surgery was indicated to
obtain a microbiological diagnosis, to decompress the spinal cord and to correct kyphotic

deformity. Children were treated medically according to WHO guidelines, using the DST of the
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child to guide treatment when culture-confirmed or that of the source case when diagnosed
presumptively. At least four drugs to which the organism was susceptible were used which
included pyrazinamide (30-40mg/kg), ethambutol (20-25mg/kg), ofloxacin (15-20mg/kg),
amikacin (15-25mg/kg), capreomycin (15-25mg/kg), terizidone (15-20mg/kg), PAS (150-
200mg/kg) and isoniazid given at high dose (15-20mg/kg). The injectable drug (amikacin or
capreomycin) was typically given for the first six months and the total treatment duration was
for a minimum of eighteen months. Regular monitoring of response included radiology with CT
or magnetic resonance imaging (MRI), growth and clinical assessment. The monitoring of
adverse effects included clinical examination, audiology and blood tests. Follow-up continued

to twelve months following the end of therapy.

Results

Eleven children were identified of which four were excluded. Clinical details and presentation
are summarised in Table 50. One of the excluded children was diagnosed as having MDR-TB
from a gastric aspirate and whilst an inpatient noted to have reduced tone, power and reflexes
in lower limbs. An MRI scan of the spine showed changes consistent with TB but as the
diagnostic sample was not from the spinal tissue this girl did not meet our inclusion criteria.
Two children were excluded as they were only treated presumptively for MDR-TB. In one of
these, acid-fast bacilli were seen on a biopsy sample, the child was failing first-line therapy and
he had been in contact with an MDR-TB source case. However, the biopsy sample did not grow
on culture. The other presumptively-treated child developed spinal TB whilst on first-line
therapy. The final child excluded had radiological TB of the spine and was a contact of an MDR-
TB source case. He was started on MDR-TB treatment but when the biopsy result from the

spine demonstrated drug-susceptible TB he was converted onto first-line therapy.

Of the seven children with culture-confirmed MDR-TB, five were boys and the median age was
eight years (range 1.5 to 14). The median delay from start of MDR-TB episode to initiation of
appropriate therapy was 36 weeks (range 7 to 76 weeks). One child (child 4) was infected HIV
and had a CD4 count of 545 (19%). MDR-TB source cases were not identified for any of the

children.
Details of treatment and outcome are shown in Table 51. Injectable treatment was given for a

median of 6 months with total treatment duration a median of 18 months. One child died, five

completed treatment and one was near the end of therapy at the time of the study. The
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medications were well tolerated and although two of the surviving children had marked spinal

deformity, none had any significant neurological deficit.
Discussion

All seven cases were associated with significant delay in initiation of appropriate therapy with
the diagnosis usually only made after a first-line regimen had failed. Failure to take
microbiological samples early on and request appropriate tests was frequently to blame. This
is not only important for making the diagnosis of MDR-TB but also for confirming drug-
susceptible TB in those suspected of MDR-TB; consequently one child was spared long and
unnecessary treatment. All samples taken from children suspected of TB should be sent for
culture and DST to at least isoniazid and rifampicin. Although a contact history is important in
the diagnosis of TB and particularly MDR-TB, its absence, particularly in older children who
may spend more time in the community, does not exclude the diagnosis. A number of the
children initially had pulmonary TB which then seems to have spread to the spine in the face of
inadequate treatment. All the children, even those with relatively minor involvement, were
treated for at least eighteen months and all were operated on, even if only to drain collections
of pus or cold abscesses. Where vertebral damage had occurred and deformity was present,
posterior fusion was indicated following decompression. The children tolerated both surgical
and medical therapy well without the severe adverse effects frequently described in adult.>®
Additionally, the short-term outcome seems to have been reasonable, again contrary to the
poor results seen in older patients.** The reason for this is not clear but in this series only one
child was HiV-infected, a factor commonly associated with poor outcome. Long-term results,
however, have not been assessed and for some of the severe cases, morbidity may occur in

time.

In the paediatric literature, little has been written concerning MDR-TB and almost nothing with
regards to MDR-TB of the spine. Case histories of paediatric MDR-TB of the ankle**,
mastoids®”, femoral head®® and hip*®” have been described. Case series of sternal TB*® and
non-contiguous spinal TB**® included some MDR-TB cases and some children. In a further
series of 39 paediatric MDR-TB cases, two had osteoarticular TB.*® Several papers describe
case series or surveys of TB in which a proportion are described as paediatric, some spinal and
a percentage drug-resistant.>'>*'!Lindquist et al. describe a child with MDR-TB of the first
cervical vertebra®? and Hussey et al. describe a case of disseminated MDR-TB with multiple
bony foci including the spine.’** Agashe et al.>* report 93 osteoarticular TB cases of which five

are MDR in children under ten. Pawar et al.”*® describe 25 cases of MDR spinal TB, of which
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seven were in children. In all these reports, diagnoses were associated with significant delay.
However, most of the studies describe children tolerating therapy well with a good response

to medical treatment. Long term follow up was not undertaken.

It is known that following initial infection, seeding to the spine shows preference for the
vertebral bodies. There is bony destruction with both caseous and avascular necrosis. The
disease, if untreated, is likely to spread directly into adjacent vertebrae, the spinal cord or into
the paraspinal muscles causing a cold abscess.****'® Mycobacteria can also disseminate into
other, more distant, vertebral bodies via the valveless venous plexus system to produce skip or
non-contiguous lesions.*® The neurological consequences of spinal TB are the most concerning
and the evolution of a Pott’s paraplegia the most severe, occurring in up to 10% of untreated
cases.’’’* indirect damage can result from either compression on the spinal cord from an
abscess or the collapse of a vertebra. Direct damage can result from invasion of the cord by
mycobacteria.’*® In addition, even if successfully treated, the patient can suffer major
neurological consequences, often many years later, due to spinal cord damage secondary to

vertebral collapse, fibrosis or calcification.**®

Little is known regarding the treatment and outcomes for paediatric spinal MDR-TB. it is,
therefore, worth looking at the treatment of drug-susceptible spinal TB in children and
drawing comparisons. A series of studies was carried out in the 1960s and 1970s by the
Medical Research Council Working Party on Tuberculosis of the Spine.®!® Although medical
management alone seems to result in similar outcomes in terms of mycobacterial clearance,
there is evidence that benefit is seen with additional surgical drainage, debridement and
fixation. Attention has been drawn to the consequences of late onset paraplegia developing in

those with extensive bone destruction treated conservatively in childhood.**

Controversy exists regarding the length of treatment for drug-susceptible spinal infections.
Whilst most evidence suggests that treating for the same duration as pulmonary TB has
excellent outcomes in well adhered-to regimens,*® a couple of studies have shown cases of
treatment failure with six month treatment courses.**! Monitoring therapy with radiology,
inflammatory markers (C-reactive protein, erythrocyte sedimentation rate) and immune
markers (interferon-y release assays) are often employed by clinicians in deciding when to stop
treatment; only stopping when markers return to normal. It is unclear whether these
strategies are beneficial. Both the Joint Tuberculosis Committee of the British Thoracic

522

Society’* and NICE™ have stated that a six month regimen is appropriate for drug-susceptible

spinal TB. This is similar to the ATS, CDC, IDSA**® and the AAP.*** WHO had previously advised
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that six months was sufficient,® but now recommend twelve months. They concede that this is
based on poor quality evidence.®? it is probably safe to use the same indications for surgery in
spinal lesions infected with MDR and drug-susceptible TB and until further evidence emerges,

the duration of therapy for MDR spinal disease should be the same as for MDR pulmonary TB.

It appears that both first- and second-line drugs are able to penetrate bone, cartilage, pus,

108, 525-527

cavity and granuloma, achieving levels well above the MIC for each drug. Penetration

into cortical and sclerotic bone, although adequate, is much poorer than into other tissues.**®
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Table 50 - Patient characteristics and presentation in children with culture-confirmed multidrug-resistant tuberculosis of the spine

Gender and age inyears Time from start of MDR- | Known contact Initial presentation Rx prior to MDR TB treatment
at start of MDR TB TB episode to start of
treatment MDR-TB treatment
1| M(8) Died prior to MDR-TB None Progressive paraplegia and Six months of first-line therapy four years earlier and then a further course of first-line therapy
treatment marked gibbus formation over from surgery until death
preceding two years
2 | M(4) 7 weeks Father retreatment TB Three weeks of cough, loss of Given first-line therapy from presentation until the results of DST from operative specimen
case, no DST weight, fever, vomiting and returned
undertaken inability to walk
3 | F(8) 10 months None Pain and deformity in lumbar Six months of first-line therapy then three months no treatment. Recurrence of spinal TB and
spine bilateral psoas abscesses. Drained and MDR-TB grown. 18 months MDR-TB treatment but with
uncertain adherence. No treatment for 25 months prior to representation with recurrence of
spinal disease. Further nine months of MDR-TB treatment with uncertain adherence prior to
development of draining sternal sinus and new spinal lesions. Admitted for full MDR-TB
treatment as inpatient
4 | M(15) 8 months None Cough, loss of weight, sweating | Started on first-line therapy but developed worsening respiratory distress 5 months into
treatment
5| F(9) 19 months None Cough, loss of weight and Completed six months of first-line therapy. Well for S months before developing back pain, night
sweating sweats, weight loss and mass in flank. Restarted on first-line therapy but after one month,
without improvement, referred for surgical drainage
6 | M(14) S months None Neck pain Initially given analgesia for sporting injury. The neck pain worsened and he lost weight and
developed fever. Three sputum samples were sent for smear (all negative) but no culture.
Started presumptively on first-line therapy. Continued deterioration before chest radiograph
demonstrated pulmonary TB with likely paravertebral abscess and collapse of T2/T73
7|1 M(2 18 months Mother TB Spinal deformity At presentation biopsy sample taken and child started on first-line therapy for spinal TB. Culture
result showed MDR-TB but the child could not be traced. Child represented 18 months later with
marked deterioration and significant gibbus

(MDR = multidrug-resistant, DST = drug susceptibility testing)
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Table 51 - Treatment and outcome in children with culture-confirmed multidrug-resistant tuberculosis of the spine

Basis of spinal MDR-TB Spinal involvement Surgery DST Length of Total length Drugs used Outcome Deficit
diagnosis intensive of treatment
phase
1 | Culture confirmation from | T4 to T11 breakdown, Posterior decompression and Resistant n/a n/a n/a Died Died
spinal tissue sample large abscess and 90 abscess drainage to RH
degree angulation
2 | Culture confirmation from | C5 to T1 with possible Anterior decompression and Resistant 6 months 18 months H;Z;E;Eto;0;T;A | Treatment completed Some residual clawing of
spinal tissue sample myelopathy at C8 external fixation with HALO to RH little and ring fingers of
jacket left hand
3 | Culture-confirmation on Breakdown at C7/C8 and Repeated drainage of psoas Resistant 6 months 18 months H;Z;E;Eto;O;T;A | Treatment completed Bilateral high frequency
multiple occasions from L5/S1 with repeated abscesses but no spinal surgery | toRH hearing loss. No
pus samples collections neurological deficit
4 | Culture-confirmation C4/CS with post and pre- Drainage of abscesses without Resistant 6 months 18 months H;Z;Eto;0;A Treatment completed Free from any
from surgery biopsy paraspinal abscesses spinal surgery to RHE neurological symptoms
specimen
S | Culture confirmation from | Lytic lesions T12-12 Drainage of abscesses Resistant 6 months 18 months H;Z;Eto;0;T;C Treatment completed Slight scoliosis but with
pus samples bilateral psoas abscesses to RHEA full range of movement
6 | Culture confirmation from | Collapse T2/T3 with Anterior decompression C7-T4 Resistant 6 months Plan for 18 H;Z;Eto;A;T;PAS | 15 months of treatment Free from any
pus sample paraspinal collection T1- followed two weeks later by to RHEO months completed with a further neurological symptoms
T4 posterior fusion 3 months planned
7 | Culture confirmation from | Collapse of T10/ Anterior decompression and Resistant 7 months 24 months H;ZE;Eto;0;A;T | Treatment completed Marked deformity but
biopsy sample T11 with 90 degree posterior fusion to RH intact neurology

angulation of spine

(R-rifampicin, H-isoniazid, E-ethambutol, Z-pyrazinamide, Eto-ethionamide, O-ofloxacin, A-amikacin, T-terizidone, C-capreomycin, PAS-para-aminosalicylic acid)
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Study 13: hearing loss in children treated for drug-resistant tuberculosis

The following study has been submitted as an article:

e Seddon JA, Thee S, Jacobs K, Ebrahim A, Hesseling AC, Schaaf HS. Hearing loss in children

treated for mulitdrug-resistant tuberculosis. J Infect (in press)

Introduction

The aminoglycosides (amikacin and kanamycin), together with capreomycin (a polypeptide),
are classified as group two drugs by WHO. These injectable second-line agents are vital for the
management of MDR-TB.¥’ Although strains resistant to rifampicin but susceptible to isoniazid
can be treated with slightly less intense regimens, these RMR cases are usually treated as
MDR-TB in most National TB Programmes. This is due to the limitations of modern molecular
diagnostic tests which either do not test for isoniazid resistance®>® or miss a significant
proportion of cases which have phenotypic resistance.?® In most circumstances rifampicin

resistance is seen as a surrogate for multidrug resistance.

Both the aminoglycosides and polypeptides are known to have adverse effects that include
renal and eighth cranial nerve impairment.?'* %" 5% The effects on the kidneys are thought to
be temporary but those on the vestibulo-cochlear system are permanent.®**2 Hearing loss
related to injectable TB drug use usually starts in the high frequencies and if treatment
continues, there is progression to the lower frequencies required for communication;
however, in some cases severe hearing loss can develop acutely. Hearing is vital not only for
effective communication but also for neurological development. Children with hearing deficits
have delayed developmental and communication milestones compared to children with

normal hearing, 2% 531532

Hearing testing for children is performed for two reasons. The first is to identify and quantify
hearing loss to enable the provision of support, education, training and hearing aids. The
second is to identify hearing loss early, when it is mild and only at high frequencies, so that
treatment, where possible, can be changed to prevent further damage. The testing of hearing
is challenging in children. PTA is the method of choice for testing adults and allows the testing
of different frequencies and amplitudes in both ears independently.*?® PTA is only possible in

children on therapy who are able to understand commands and co-operate with testing, which
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effectively precludes its use in children younger than five years. As young children are at high
risk of developing TB following infection and as young children bear the brunt of the epidemic

34 this means that many children are excluded from this form of testing.

in many settings,
Auditory brainstem response (ABR) testing is the optimal testing methodology for young
children®® but is only available in South Africa in specialist centres. OAE testing can assess
cochlear patency in younger children and is widely available. OAEs are not fully validated for

quantifying hearing loss and do not provide as comprehensive an assessment as PTA or ABR,

The frequency and severity of hearing loss is unknown in children treated for MDR-TB with
injectable medications. Some data are available for children given these injectable drugs as
short antibiotic courses for the treatment of other bacterial infections.***** Some data
regarding ototoxicity are available for adults treated for MDR-TB,?* but few studies have
examined the adverse effects of injectable drugs in children treated for MDR-TB. The aim of
this study was to determine the frequency and extent of hearing loss in children treated with

an aminoglycoside or polypeptide as part of an MDR-T8 regimen.

Methods

Setting

Children with MDR- and RMR-TB present to various regional health centres but once
diagnosed and stabilized all children requiring injectable TB medications are transferred to
BCH. Routine hearing testing for children treated with injectable TB medications was
introduced in 2008. Children are assessed prior to starting injectable drugs and then monthly.
If there are challenges to testing or if abnormalities are found, testing is carried out every two
weeks. Children are treated for MDR- and RMR-TB with amikacin (20mg/kg once daily IM
injection) for between four and six months. Children treated for isolates resistant to amikacin
are treated with capreomycin (20mg/kg once daily IM) or streptomycin (20mg/kg once daily

IM) dependent on drug susceptibility test results.

Study population

This retrospective study included all children routinely admitted to BCH from January 2009
until December 2010, aged 0-15 years, if they had been a) diagnosed with confirmed MDR- or
RMR-TB (M. tuberculosis isolated using liquid culture with demonstrated resistance)*** or
presumed MDR- or RMR-TB (a clinical diagnosis of TB in the presence of a drug-resistant
source case or the child failing first-line TB therapy), b) were treated with an injectable TB drug

for at least a month, and c) had received at least one audiological assessment.
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Audiological assessments

Children were assessed using a combination of otoscopy, tympanometry, PTA (including
conditioned play audiometry) and/or distortion product otoacoustic emissions (DPOAEs).
Otoscopy was used to ensure that there were no anatomical abnormalities and that the
external ear canal was clear of occluding wax, foreign bodies or obstruction. A Welch Allyn 262
tympanometer (MFI Medical Equipment Inc. San Diego, USA) was used to assess middle ear
function using a 226Hz probe tone. The probe was placed into the child’s ear canal ensuring a
tight seal with no leakage. Static compliance between 0.2-1.8cm?, middle ear pressure
between +100 and -150 dekapascals, and ear canal volume of 0.2-2.0cm’ were used. If a type 8
tympanogram (indicating possible middle ear infection) was noted, the audiologist would
notify the attending physician. A five day course of oral antibiotics was usually prescribed
before reassessment. If the problem persisted, the child was referred to the ear, nose and

throat team.

PTA was performed in a sound-proof booth with calibrated equipment. The AC40 dual channel
audiometer (Interacoustics, Assens, Denmark) and the MAS1 audiometer (MAICO Diagnostics
GmbH, Berlin, Germany) were used. Pure tone air conduction hearing thresholds were
obtained for children between six and fifteen years of age, for each ear by testing the octave
bands from 250Hz to 8kHz. Audiologists followed the modified Hughson-Westlake
procedure®*® (i.e. 10dB down, 5dB up, repeated twice to reliably determine hearing threshold).
Stimuli were presented in the following order: 1kHz, 2kHz, 4kHz, 8kHz, repeated at 1kHz, then
500Hz and 250Hz. If there was a difference of 20dB between consecutive frequencies the
audiologist would test half octave frequencies, i.e. 750Hz, 1.5kHz, 3kHz and 6kHz. For
participants younger than six years, either conditioned play audiometry or DPOAE were
performed. For descriptive purposes we considered thresholds of <25dB as normal, 26-40dB as
mild, 41-55dB as moderate, 56-70dB as moderately severe, 71-90dB as severe and >90dB as

profound hearing impairment. 5373

DPOAEs were obtained using an OtoRead™ machine (Interacoustics, Assens, Denmark). A
rubber-tipped probe was placed in the external ear canal to create a tight seal. Two
simultaneous pure tone signals were then presented to each ear at two different primary
frequencies (f1 and f2, where f2 > f1) with f1:f2 ratio of 1.22 and an intensity of 65dB Sound
Pressure Level (SPL) and 55dB SPL respectively. Frequencies 2kHz, 4kHz, 6kHz, 8kHz, 10kHz and

12kHz were tested. In order for a child to pass the DPOAE, the emission amplitude needed to
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be 6dB or greater above the noise floor. If a child was unable to be tested for any reason, or if
the test was abnormal, they were re-tested two weeks later. If the child passed the DPOAE,

then they were assessed monthly. DPOAE results were classified as pass, fail or unable to test.

Data collection

BCH admission records were reviewed to identify all patients treated for MDR- and RMR-TB
over the study period. Records were compared with data from the audiology department to
determine which of the patients had received audiological testing. Clinical records were
reviewed to determine the dosage and duration of injectable treatment, demographic and

clinical details, as well as audiological and laboratory data.

Data classification and analysis

A distinction was drawn between hearing deficit and hearing loss. Hearing deficit describes the
absolute impairment in hearing experienced by a child at treatment completion whereas
hearing loss is a measured deterioration in hearing function between two assessments.
Children could therefore have hearing deficit at the end of treatment but if previous
assessments were not carried out, hearing loss could not be determined. Conversely, it was
possible for children to have hearing deficit at the beginning and at the end of treatment, but

to experience no hearing loss between assessments.

Hearing deficit assessed by PTA was classified as, at the last hearing assessment, a threshold of
greater than or equal to 25dB at any tested frequency, in the presence of normal
tympanograms. When testing using OAEs, a classification of hearing deficit was made if the
child failed the assessment in the presence of normal tympanograms. When assessed using
PTA, hearing loss was classified according to the ASHA guidelines: a) an increase in pure tone
thresholds of greater than or equal to 20dB at any one test frequency, b) an increase of
greater than or equal to 10dB at any two adjacent test frequencies, or c) a loss of three
consecutive frequencies.?*® **¢ A diagnosis of hearing loss using OAE was made if the child
failed the assessment in the presence of normal tympanograms having passed a previous

assessment. The classification of hearing loss used is shown in Table 52.

Risk factors for hearing loss were determined by comparing the frequency or mean/median
value for children with hearing loss (determined by both PTA and OAE) vs. children without.
Chi square (or Fisher’s Exact) tests, student t-tests or Mann Whitney tests were used; ORs and

95% Cls calculated.
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Results

Patient characteristics

Ninety-four children were included in the study from 113 who were started on injectable
treatment for MDR-TB (Figure 13). Median age was 43 montbhs (inter-quartile range [IQR]: 20-
110). Forty-five (48%) were boys and 30 (32%) had evidence of extrapulmonary TB. Children
were generally malnourished with weight-for-age z-scores a mean of 1.48 standard deviations
below the reference mean and median body mass index of 15.5kg/m? (IQR: 14.5-17.3). Fifty-
two (55%) had a culture-confirmed diagnosis and the majority (62 children; 66%) were treated
for MDR-TB. The other children either had disease with more extensive resistance or were
started on treatment for MDR-TB but were later confirmed to have less resistant organisms.
Twenty-eight children (out of 93 tested; 30%) were HiV-infected of which 20 (71%) were
already on cART at the start of TB treatment. Most children (n=82; 87%) were treated with
amikacin (Table 53).

Audiological testing

Thirty-six children were assessed using PTA and 58 assessed using OAEs. Hearing deficit is
demonstrated in Figure 13, and hearing loss in Figure 14. When combining results of both PTA
and OAE testing, 23 (24%) children had hearing loss and 27 (29%) had normal hearing. Forty-
four (47%) children could not be classified using this approach. In 7 of the 11 children who had
hearing loss determined by PTA (Table 54), hearing loss progressed even after the injectable

medication was discontinued.

Assessment of risk factors for hearing loss

A culture-confirmed diagnosis of TB (OR: 4.12; 95%Cl: 1.13-15.0; p=0.02) was a significantly
associated with hearing loss (Table 55). There was a trend towards the median duration of
injectable antibiotic use being longer in children with hearing loss: (164 days; IQR: 119-184 vs.
123; 1QR: 70-183; p=0.07).

Discussion

This study demonstrates that both hearing deficit and hearing loss are common in children
treated for MDR-TB. The association between hearing loss and culture-confirmed TB disease
appears to reflect the extent or severity of disease and might suggest that treating clinicians
are more likely to continue injectable drug use in children with extensive pathology. Since the

aim was to describe children with definitive hearing loss or normal hearing, a classification
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system was developed which precluded the accurate classification of a relatively large number
of children. However, despite this conservative estimate, over half of the children had hearing

deficit at the end of therapy and a quarter of children experienced hearing loss.

In addition to documenting the risk and degree of hearing loss in children treated for MDR-TB,
this study highlights some of the challenges in the assessment of hearing in children, including
the classification of hearing deficit and hearing loss. Hearing testing is partially subjective,
requires relatively sophisticated equipment, trained staff and co-operative patients. Elements
of the frequency (pitch), amplitude (volume), laterality (unilateral or bilateral) and aetiology
(sensorineural, conductive or both) need to be considered; all of these factors need to be
monitored longitudinally and change classified. The established ASHA criteria were followed to
classify whether hearing loss occurred between two PTA assessments. However, a
classification system was developed to determine whether children in this study should be
classified as having hearing loss or not. This lack of established existing criteria limits

meaningful comparisons between different studies.

Several studies have documented the treatment of MDR-TB, mainly in adults; only a handful
have systematically assessed hearing loss and analyzed risk factors for ototoxicity. De Jager et
al. found no association between clinical or treatment factors and the incidence of hearing
loss.>* Peloquin et al. assessed whether the size and frequency of dosage affected hearing loss
and found no association, but demonstrated that older age and cumulative dose were
associated with an increased risk.?”? Sturdy et al. found that impaired renal function, older age
and the use of amikacin were associated with hearing loss in adults treated for MDR-TB.>*° A
number of studies describe cohorts including small numbers of children but few have included
those less than ten years of age. The only previous paediatric study examining the adverse
effects of children on treatment for MDR-TB describes 38 children treated in Peru; 30
underwent hearing assessments.” The testing methodology and classification was not
specified; audiology testing was undertaken in children receiving an injectable for more than
six months. Two children were found to have mild, high-frequency, conductive hearing loss.
Studies of short courses of aminoglycoside use in neonates®' and children with cystic
fibrosis*?® demonstrate limited toxicity but assessment of hearing loss in children receiving
longer courses of aminoglycosides following liver transplantation found hearing loss in 15 of 66

children evaluated, using a 35dB loss at one frequency to define hearing loss.

Hearing has particular relevance in children since they need hearing to develop skills and

acquire language. The primary means of education is through oral teaching. Hearing loss
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during childhood can therefore have profound implications for development, 24243 531532, 541:543

If ototoxicity is identified early, rapid intervention can be implemented.>****

The study has a number of strengths and limitations. It reports the largest study to date
documenting hearing loss in children treated for MDR-TB and assess risk factors for hearing
loss using a robust classification system. It reports on hearing loss resulting from care provided
under routine, programmatic conditions. The retrospective nature of the study limited
systematic data collection; therefore some audiological assessments were missing, irregular or
incomplete, Clinical parameters were determined from routine data and were incomplete in
some instances. The findings may not be representative of all children treated for MDR-TB
since only children admitted to hospital are described. Finally, it was not possible to classify
and analyse a considerable number of children due to the rigorous classifications used and
there was no pharmacokinetic data available for children on the injectable drugs to correlate

with toxicity.
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Table 52 - Classification of hearing loss using otoacoustic emissions and pure tone audiometry

Otoacoustic emissions Pure tone audiometry
No hearing loss e A normal OAE in the last month of therapy or after e Anormal PTA (all frequencies better than 25dB) in the last month of or after
completing injectable medication completing injectable medication with no subsequent abnormal tests
or

e No significant deterioration (as determined by ASHA criteria)u8 between an
audiogram performed before or within the first month of therapy and one
performed after within the last month of therapy with no subsequent
deterioration

Hearing loss e A normal OAE documented before or during therapy e A significant deterioration (as determined by the ASHA criteria)**® between an
followed by an abnormal OAE in the presence of normal audiogram performed before or during therapy and one performed later
tympanograms during therapy or after completing therapy in the presence of normal

tympanograms

Unable to classify e Normal final OAE but performed before the last month of | ¢ An abnormal audiogram without an earlier audiogram for comparison
therapy e A normal final audiogram (all frequencies better than 25dB) before the last
Abnormal tympanograms month of therapy
Abnormal OAE throughout therapy e Abnormal tympanograms

e Unable to test child due to noise or child unable to co- e Unable to test child due to noise or child unable to co-operate
operate

OAE: otoacoustic emission; PTA: pure tone audiometry; ASHA: American Speech and Hearing Association
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Figure 13 - Hearing deficit in children treated for multidrug-resistant tuberculosis with second-line injectable drugs
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Percentages calculated from the number of children meeting eligibility criteria (n=94)
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Table 53 - Demographic and treatment data in children treated for multidrug-resistant

tuberculosis (n=94)

Characteristic Number (% unless
indicated otherwise)
Median age in months (IQR) 43 (20-110)
Male gender 45 (47.9)
Type of TB Pulmonary 64 (68.1)
Extrapulmonary 17 (18.1)
Both extrapulmonary and pulmonary | 13 (13.8)
Site of extrapulmonary TB (n=30) Miliary 1(3.3)
Pleural effusion 2(6.7)
TB meningitis 8(26.7)
Abdominal TB 4(13.3)
Lymph node TB 6 (20.0)
Musculoskeletal TB 9 (30.0)
Median weight in kg (IQR) 13.5(10.1-21.2)
Median weight/length in cm (IQR) (n=90) 93 (78-121)
Median MUAC in cm (IQR; n=83) 15.3 (14-17)
Mean weight for age z-score (SD) -1.48 (1.55)
Median BMI (IQR) 15.5(14.5-17.3)
Certainty of TB diagnosis Culture-confirmed 52 (55.3)
Presumed 42 (44.7)
DST of child or source case if diagnosed DS 1(1.1)
presumptively HMR" 2(2.1)
RMR 11(11.7)
MDR 62 (66.0)
Pre-XDR 16 (17.0)
XDR 2(2.1)
HIV-infected (n=93) 28 (30.1)
On ART prior to TB diagnosis (n=28) 20(71.4)
Type of injectable drug given Amikacin 82 (87.2)
Capreomycin 9 (9.6)
Streptomycin 1(1.1)
Two or more injectables 2(2.1)
Mean dose of injectable drug (mg; SD) 320 (189)
Mean dose of injectable drug (mg/kg; SD) 19.4 (2.04)
Mean duration of injectable drug uses (days; SD) 136.2 (51.6)

IQR: inter-quartile range; TB: tuberculosis; MUAC: mid upper arm circumference; BMI: body mass index; DST: drug susceptibility
testing; HIV: human immunodeficiency virus; ART: antiretroviral therapy; DS: drug-susceptible; HMR: isoniazid-monoresistant;
RMR: rifampicin-monoresistant; MDR: multidrug-resistant; XDR: extensively drug-resistant;
Confirmed diagnosis: M. tuberculosis isolated from child with resistance demonstrated
Presumed diagnosis: child treated for MDR-TB due to a clinical diagnosis of TB and either contact with an MDR-TB source case or

following failure of first-line therapy

*These three children were started on treatment for MDR-TB due to contact with a MDR-TB source case but were subsequently

found to have DS- or HMR-TB
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Figure 14 - Hearing loss in children treated for drug-resistant tuberculosis with second-line injectable drugs (n=94)

(n=94; 100%)

Children meeting eligibility criteria

A 4
Tested with pure tone audiometry
(n=36; 38.3%)
\ 4 A A
No hearing loss Hearing loss Unable to classify
(n=13; 13.8%) (n=11; 11.7%) (n=12; 12.8%)
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(n=58; 61.7%)
A 4 A 4
No hearing loss Hearing loss Unable to classify
(n=14; 14.9%) (n=12; 12.8%) (n=32; 34%)
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Table 54 - Characteristics of children treated for multidrug-resistant tuberculosis with hearing loss determined using pure tone audiometry (n=11)

Age Gender HIV DST Diagnosis Treatment Hearing loss
status
1Syr Girl Neg RMR Confirmed 2 months Unilateral severe high frequency hearing loss at the first assessment carried out one month after the start of treatment. One month later
abdominal TB amikacin bilateral severe high frequency hearing loss so injectable stopped. No further hearing loss
10yr Girl Pos MDR Confirmed PTB 5 % months Normal hearing at baseline and at monthly intervals whilst on therapy. Moderately severe high frequency hearing loss detected two
amikacin months after competing injectable treatment
Syr Girl Neg MDR Confirmed PTB 6 months Normal hearing at baseline and throughout therapy. At the end of therapy found to have unilateral moderate high frequency hearing loss
amikacin
10yr Boy Neg MDR Confirmed LN TB 6 months Normal hearing at baseline and throughout therapy. At the end of therapy found to have moderately severe unilateral high frequency
amikacin hearing loss. A further month later found to have bilateral moderately severe high frequency loss
10 yr Girl Neg MDR Confirmed PTB 6 months Normal hearing at baseline and throughout therapy. Two months after completing therapy found to have unilateral high frequency
amikacin moderate loss
12 yr Boy Pos MDR Confirmed PTB 8 months Normal hearing at baseline. After four months found to have unilateral moderate high frequency loss, progressing to severe unilateral
amikacin high frequency loss by the end of therapy and to bilateral high frequency loss, severe in one ear and moderate in the other by 4 months
after finishing
13yr Boy Pos MDR Confirmed PTB 6 months Normal hearing at baseline and monthly throughout treatment. At end of therapy found to have bilateral moderately severe high
amikacin frequency loss
8yr Girl Pos MDR Confirmed PTB 2 % months Normal hearing at first assessment one month after starting therapy. After two months found to have bilateral moderately severe high
amikacin frequency loss. After stopping the injectable, hearing loss progressed to severe bilateral hearing loss affecting all frequencies. Hearing aid
required
3yr Boy Neg MDR Confirmed LN TB 4 months Normal hearing at baseline. Found to have moderate unilateral high frequency loss after four months so injectable stopped. No further
amikacin tests carried out.
12yr Girl Neg MDR Presumed PTB S months Normal hearing at baseline and at the end of therapy. One month after completing injectable medications found to have moderate
amikacin unilateral high frequency loss, progressing to bilateral high frequency loss (mild in one ear and moderately severe in the other) after a
further month
10 yr Girl Pos MDR Confirmed PTB 4 months Found at first assessment (2 months after starting therapy) to have bilateral moderate high frequency loss. By 2 months after completing
amikacin therapy high frequency loss progressed in one ear to severe

HIV: human immunodeficiency virus; TB: tuberculosis; RMR: rifampicin-monoresistant; MDR: multidrug-resistant; PTB: pulmonary TB; LN: lymph node
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Table 55 - Univariate assessment of risk factors of hearing loss in children treated for multidrug-resistant tuberculosis

Hearing loss (n=23) No hearing loss (n=27) OR (95% CI) P-value
Age in months (IQR) 52 (28-132) 53 (25-120) 0.90
Male gender 9 11 0.94 (0.30-2.95) 0.91
EP involvement 9 6 2.25(0.63-8.00) 0.20
WFA z-score -1.07 (-2.29--0.32) -0.82 (-2.34--0.33) 0.78
BMlin kg/m2 (IQR) 15.9 (13.9-17.6) 16.1(14.9-17.3) 0.48
MUAC in cm (IQR) 15.0 (14.0-17.0) 16.4 (14.5-18.1) 0.28
Culture-confirmed diagnosis of TB 17 11 4.12(1.13-15.0) 0.02
HIV-infected 9 6 2.14 (0.60-7.63) 0.23
Amikacin use 21 24 0.76 (0.11-5.11) 0.78
Mg/kg dose injectable (IQR) 19.6 (18.3-20.4) 19.4 (17.4-20.1) 0.30
Duration of injectable (IQR) 164 (119-184) 123 (70-183) 0.07
Pre-XDR or XDR-TB 4 5 0.93 (0.21-4.01) 0.92

EP: extrapulmonary; WFA: weight-for-age; BMI: body mass index; MUAC: mid upper arm circumference; HIV: human immunodeficiency virus; XDR: extensively drug-resistant; OR: odds ratio; Cl: confidence interval
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The first literature review demonstrated that our understanding of how to manage children

exposed to MDR-TB is limited, as few studies have been conducted to guide practice and
international policy documents provide little guidance to help the clinician confronted by such
a child. The second literature review assessed studies that have described children treated for
MDR-TB disease. All are observational and the total numbers are small. High quality, grade one
evidence, derived from randomised controlled trials, are lacking and clinicians are forced to
draw lessons from these small observational studies, the adult DR-TB literature, the paediatric
drug-susceptible literature and combine it with their own clinical experience and judgement.
The final literature review discussed the drugs used to treat DR-TB in children. Again, our
understanding is incomplete, regarding the properties of the drugs themselves, their toxicity
and their interactions with other medications. These reviews led to a series of connected
original research studies that explored the cascade from exposure to infection, from infection
to disease and from disease to outcome. Below | go through each of these stages and discuss
the findings of the research studies in the thesis and how our understanding of DR-TB

epidemiology and treatment is affected.

The burden of drug-resistant tuberculosis in children

Study 1 of the thesis documented the burden of drug-resistance amongst children with TB in
Cape Town. This study provides two insights. First, a description of the population of children
who develop TB and second, a measure of changing trends in paediatric drug-resistance over

546-548 and

time. As there are so few studies documenting childhood TB in a systematic manner
as recording and reporting can be poor in developing countries,” studies such as this, provide

an important insight into the epidemic.

This study only described children with culture-confirmed disease and still the median age for
this, and previous surveillance periods, was between two and three years. As younger children
are less likely to have extensive disease, and thereby less likely to have a confirmed diagnosis,
it may be that the age spectrum of all children with TB might be younger. Children were

frequently malnourished but it is encouraging that the proportion HIV-infected seems to be
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levelling off, possibly as an effective prevention of mother to child transmission programme

begins to take effect.

Although the overall proportion of cases that had any drug resistance has remained relatively
unchanged over the last few years, rifampicin resistance has increased and with it multidrug
resistance. These results are not directly transferable to contexts outside Cape Town but these
results provide details not only of the epidemic of drug-resistance in children but also of drug-

resistant TB in its entirety due to the sentinel nature of childhood TB.

The final, additional finding of this study that is that although previous studies have raised
concerns regarding the use of molecular LPAs for the diagnosis of drug resistance, we found
the LPA that is widely used in the Western Cape to be both sensitive and specific when

compared to conventional DST.

Risk of infection and disease for child contacts of drug-resistant tuberculosis

Study 2 was a cross-sectional study looking at children presenting to the DR-TB clinic following
exposure to an infectious case of MDR-TB. High rates of both infection and disease were seen
in these children. A significant risk factor for infection was increasing age, an unsurprising
finding which is seen in the drug-susceptible paediatric T8 literature and makes biological
sense. That Coloured ethnicity was also associated with infection, even in adjusted analysis, is
more complex and confirms that TB is, to a great degree, a sociological disease. Alcohol use in
the source case was a significant risk for infection in the child but older and HIV-positive source
cases seemed to be less infectious. Alcohol abuse in South Africa, and in the Western Cape in
particular, is widespread and long-standing. It has complex interactions on both a biomedical
and a behavioural level. It is likely that if the DR-TB epidemic is to be brought under control,
alcohol use will need to be addressed. High levels of alcoho! abuse are also seen in other areas
of the world with significant DR-TB control problems, such as Eastern Europe and the former
Soviet States; the two problems will need to be managed together. The impact of the age and
HIV status of the source case is complex and potentially has implications for infection control
and case management. However, due to the complex inter-relationship between multiple

exposures, these risk factors need further investigation with larger patient numbers.
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Again, consistent with the drug-susceptible literature, younger children and HiV-positive
children are at increased risk of developing TB disease, following infection. Alcohol in the

household, again seems to influence this progression.

This study highlights the importance of screening children exposed to MDR-TB as a significant
proportion will have TB disease that needs to be treated. The study also confirms that young
and HIV-infected children are at the highest risk of disease progression following infection and

are the most likely to benefit from preventive therapy.

Transmission of drug-resistant M. tuberculosis

Studies 3 and 4 describe investigations into a number of families to try to determine the
sequence of events that resulted in a number of children developing DR-TB disease. In both
studies the children were very likely infected by adults within their families. The transmission
dynamics demonstrate the potential for people to transmit strains at different time points in
the evolution of molecular resistance. However, when combined with a review of the
literature surrounding transmission, these studies, reinforce two lessons. The first is that
extensive efforts should be made to isolate the organism in children with clinical/radiological
evidence of TB as there is the possibility that the strain is either different or has a different DST
to the putative source case. The second, however, is that in spite of this, transmission is usually
from the person known to have TB in the family and when confronted with a child with
clinical/radiological TB, following sampling, it is appropriate to treat them according to the DST

of the strain from that source case.

Models of care for children exposed to drug-resistant tuberculosis

Study S assessed what proportion of child contacts of MDR-TB are identified, referred and
seen in a specialist clinic as directed by provincial guidelines. This study achieved this by
looking at how many source cases led to a child contact being seen rather than what
proportion of child contacts are actually seen. However, the magnitude of the discrepancy
renders this distinction relatively unimportant and it is fair to draw the conclusion that few of
the eligible children were seen. A decentralised model of care demonstrated some advantage

over a traditional, hospital-based system but it is clearly not the sole solution.
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Study 6 explored reasons why only some of the children identified by health systems access
specialist care and found that ethnicity and identity of the source case were important.
Unsurprisingly it also discovered that the long, expensive and complex journeys put people off
coming to appointments. Families concerned about infection risk were also less likely to

attend.

It is clear from these studies that the current provincial guidelines are not being successfully
carried out. Some of the reason is likely that resources are limited and the job is large. The
identification and referral of well children may not be the greatest priority in a health service
that has many other pressing health needs. However, in combination with the results from
Study 2 (i.e. the high risk of infection and disease in these contacts) it is concerning. These
results suggest that more children should be identified and also that it should be made as easy
as possible for children who are identified to access care. Services should be sympathetic,
professional and delivered close to the family. Infection control must be addressed and
education of health providers and the public at large must improve. Particular assistance
should be provided when mothers are diagnosed with MDR-TB as their children are not only
very vulnerable to becoming infected and of developing disease but they are also at high risk

of not accessing care.

Preventive therapy for child contacts of drug-resistant tuberculosis

Studies 7 and 8 described the provision of a three-drug preventive therapy regimen to child
contacts of MDR-TB. Children less than five years or those HIV-infected were given the drugs
daily for six months irrespective of TST. This study was not a trial and so efficacy cannot be
conclusively determined. The study was observational and carefully documented the standard
of care as it was being given in the Western Cape. Study 7 found that adverse events were rare
in children given this course of preventive therapy and three out of seven children developing
severe adverse events were inadvertently overdosed. The majority of adverse events were skin
rashes and itch, sleep/mood disturbances and loss of appetite. All resolved without stopping
the medications. Co-administration with cART did not seem to increase the risk of adverse

events, even though the number of children with HIV was relatively small.

Study 8 found that most of the children who were prescribed the medications were given
them with good adherence. Few of the children provided with preventive therapy developed

TB and the only death was in a young child who was thought unlikely to have died of TB. HIV
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infection, age less than twelve months and poor adherence to medications were found to be

associated with poor outcome.

Taken together these two studies suggest that when confronted with a child who has been
exposed to a source case with MDR-TB, a safe option is to give multidrug preventive therapy.
Few children given this regimen develop TB. When this is considered alongside Study 2, the
provision of preventive therapy to young and HiV-infected children should be strongly

considered.

The treatment of drug-resistant tuberculosis

Studies 9 to 12 document children treated for MDR-TB. The first two are large cohorts of
children, the first with culture-confirmed MDR-TB and the second with a combination of
confirmed and presumed MDR-TB (as well as RMR-TB). The cohort of culture-confirmed MDR-
TB frequently had advanced disease with a high proportion smear positive and with severe CR
changes. HIV infection was common and in many cases there was a significant delay in the
diagnosis and initiation of treatment. In spite of this, successful outcomes were seen in the
majority of children. The second cohort, in contrast, included younger children with less severe
disease and lower rates of HIV infection. Successful outcomes were even more common than
in the previous study and only three children were known to have died — all had severe disease
in combination with either HIV infection or treatment default. For children with limited
disease, the diagnosis was more often presumed, delay was less (often non-existent),
treatment durations were shorter and both hospital admission and injectable drug use was not

universal.

These results suggest that even with severe disease, the majority of children can be
successfully treated. However, they also advocate for early identification and rapid initiation of
treatment in child contacts of MDR-TB who have symptoms, signs and radiology of TB. For this
to take place, contact tracing must occur following the identification of adults with MDR-TB.
For those children who are identified early and who have non-severe disease, shorter
treatments can be given, they can be treated in an ambulatory way and the injectable

medication can frequently be withheld.

Study 11 examines children with culture-confirmed TB and a diagnosis of TBM. This study finds

that delay was longer in children infected with DR strains and that MDR-TB was associated
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with poor outcome and death. Children with HMR-TB had similar outcomes to children with
fully susceptible strains. That children with MDR-TBM have poor outcomes is perhaps not
surprising as TBM is a severe disease process and if no drugs are provided that have efficacy
against the strain, ongoing damage will occur. The results of the HMR-TB are, however, more
interesting. It may be that the numbers in the study were not large enough to detect
differences and certainly absence of evidence for an effect is not evidence for absence of an
effect. However, children in the Western Cape with TBM are treated with four drugs with good
CSF penetration for six months and where isoniazid resistance is present, it is likely that the
child will still receive at least two effective drugs with good CSF penetration for the whole
treatment course. This is unlikely to be the case if the WHO-recommended regimen is given.
The absence of an association between strain type and either outcome or drug resistance is

also interesting given previously described relationships.

Study 12 describes the presentation, management and outcome for children with culture-
confirmed MDR-TB of the spine. The diagnosis was frequently delayed, leading to advanced
disease and severe vertebral damage. However, once the diagnosis was made and appropriate
treatment instigated, good outcomes were seen. An implication of this study is that when
spinal TB does not respond to first-line therapy it is essential that clinical samples are taken

and tested for DR-TB.

The adverse effects of drug-resistant treatment

Studies 10 and 13 both assess the adverse effects of second-line TB drugs when given to
children with DR-TB disease. Study 10 describes the adverse events experienced in a cohort of
treated children. Apart from one girl who developed DRESS syndrome few significant adverse
effects were seen. An exception was that an important proportion of children developed
hypothyroidism and were given supplementation. Study 13 investigated the effects of the
injectable drugs on hearing. It determined that both hearing deficit and hearing loss were
common in children treated with injectables. Having culture-confirmed disease was found to
be a risk factor for hearing loss. Of note, a number of children developed hearing loss after

cessation of their injectable medications.

The implications of these two studies should both reassure and alarm. On the one hand, the
majority of the drugs used to treat DR-TB in children are well tolerated and have limited

toxicity. This should reassure a clinician when managing such a child. However, the incidence
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of hearing loss, a fundamental component of communication, education and the ability to
interact with the world, is very high. Regular hearing testing must play a part in the
management of any child treated for DR-TB, drugs to mitigate the damaging effects of

injectables must be explored and alternative treatments need to be developed.
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Conclusions and impli

olicy and practice

Many children each year are exposed to DR bacilli and the children most likely to become
infected and then develop disease are the most vulnerable. This includes young children,
children with HIV infection, children with malnutrition, children from poor backgrounds, and
children exposed to alcohol and smoking in their homes. Such children frequently have worse
treatment outcomes if they do develop TB disease. Few of these children are identified by
routine health services in Cape Town and few started on appropriate preventive therapy. A
multidrug preventive therapy regimen is safe and likely effective for well children exposed to
MDR-TB. Although confirmation is achieved in fewer than 50% of children with MDR-TB
disease, the remaining children can be treated with a presumptive diagnosis. Extensive disease
is effectively managed in the same way as adults, but children with limited disease respond
well when given fewer drugs and for shorter durations. Although treatments are generally safe
and effective particular care should be taken with the injectable medications due to their

adverse effects on hearing.

Based on the findings from these studies, from my reading of the literature and from the
practical experience that | have accrued over the last three years, | make a number of
pragmatic recommendations that could be implemented now into the majority of health

programmes in the world.

Recommendation 1

Following the diagnosis of MDR-TB in an adult, a home visit should be undertaken. All children
in contact with the source case should be screened with symptom questionnaires. Dedicated
staff at a clinic or local healthcare level should provide this service. Particular focus should be
placed on child contacts of mothers with MDR-TB as they are at high risk of exposure as well as

of failure to access care.

Recommendation 2

Health workers at primary healthcare level should be given gradual and incremental
responsibility for the management of MDR-TB exposure and disease in childhood. This will

require training courses, followed by outreach services by a specialist, then joint care between

’] J P
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primary care and a specialist and finally care provided by primary care with clear referral and

advice pathways to specialists.

Recommendation 3

Children under five years or any child with HIV-infection, following significant contact with an
MDR-TB source case, irrespective of TST/IGRA result, should be prescribed a six month course
of preventive therapy, to be given daily. The composition of this should be a fluoroquinolone
and high-dose isoniazid. Treatment support and supervision should be provided by trained

local lay workers.

Recommendation 4

Children with symptoms, signs and/or radiology of TB, with significant exposure to a DR-TB
source case, should have extensive microbiological sampling but then should be started on a
regimen tailored to the DST of the source case, as a significant proportion of children with DR-

TB will never have a confirmed diagnosis.

Recommendation 5

Children with TB of the spine, not responding to first-line treatment should have clinical

samples taken from the spine or surrounding tissue to be tested for DR-TB.

Recommendation 6

Children with extensive disease (miliary disease, TBM, disseminated disease, cavitating
disease, widespread bronchopneumonic changes on CR) should be managed as adults,
irrespective of age. Children with limited disease (hilar or cervical lymphadenopathy) can be
managed with fewer drugs, for shorter durations and with either no injectable medication or
an injectable given for a shorter period. Ambulatory treatment should be the norm in the

majority of cases.
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Recommendation 7

Ali children treated with ethionamide/prothionamide or PAS should have their thyroid

function tested regularly whilst on treatment

Recommendation 8

Children treated with an injectable medication should have their hearing tested at baseline
using audiological tests (PTA or OAE) with regular testing carried out monthly whilst on
treatment. A further test should be carried out six months after completing treatment.

Consideration should be given to stopping injectable drugs as soon as is clinically possible.

Recommendation 9

All children treated for TB, with confirmed or presumed resistance to isoniazid, rifampicin or
both drugs, should be recorded in a drug-resistant T8 register and reported through to a

national level.

Recommendation 10

Older children (older than ten years) should be included in all prevalence surveys; currently
these focus only in adults. In a sample of sentinel sites, the full age range of children should be

included using standardised clinical criteria.
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In the course of this thesis | have reviewed the literature surrounding DR-TB in children and

have carried out a number of studies to try to better understand the epidemic. However, there

are still many areas that remain unclear. Whilst better vaccines, better diagnostics and an

improved knowledge of TB immunology and immunotherapy in children would be beneficial, |

have restricted research suggestions to those specific to DR-TB. A number of further areas of

research would include the following:

10.

11.
12.

An expert group should produce a consensus statement describing a prioritized research
agenda

Widespread surveillance, using techniques similar to those carried out in Study 1 and with
standardised definitions, in a number of different contexts, to better quantify the burden
of childhood DR-TB in different setting

Operational research to improve the identification and referral of child contacts of DR-TB,
by assessing different forms of health system intervention

A randomised, controlled trial to compare a preventive therapy regimen, including a
fluoroquinolone against isoniazid to prove efficacy

An improved understanding of the pharmacokinetics of the second-line TB drugs in
children especially when used in combination with cART

An improved understanding of the penetration of second-line TB drugs into different body
compartments in children, especially CSF, bone, lymph nodes and lung tissue

The development of paediatric formulations of novel TB drugs with pharmacokinetic
investigations carried out

Descriptive cohorts of children treated for MDR-TB in different sites and contexts using
standardised definitions for diagnosis, adverse events and outcome

Larger, randomised controlled trials of shortened treatment durations for children with
limited disease compared to standard of care

A randomised controlled trial of WHO recommended therapy vs. Western Cape
recommended therapy for the management of children with TBM

A trial of aspirin as prevention on aminoglycoside-induced hearing loss in children
Assessment of novel and innovative techniques for promoting adherence for children

being treated at home for DR-TB
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Published abstracts, posters and presentations at academic meetings
Published abstracts

e Seddon JA, Thee S, Hesseling AC, Schaaf HS. Hearing and renal impairment in children
treated for drug-resistant tuberculosis. 43" World Conference on Lung Health of the
International Union Against Tuberculosis and Lung Disease (The Union), Kuala Lumpur,
Malaysia 13-17 November 2012

e Zimri K, Hesseling AC, Godfrey-Faussett P, Seddon JA. R Reasons for non-attendance for
assessment for child contacts of multidrug-resistant tuberculosis. 43" World Conference
on Lung Health of the International Union Against Tuberculosis and Lung Disease (The
Union), Kuala Lumpur, Malaysia 13-17 November 2012

* Seddon JA, Hesseling AC, Godfrey-Faussett P, Fielding K, Schaaf HS. Risk factors for
infection in child contacts of multidrug-resistant tuberculosis. 43" World Conference on
Lung Health of the International Union Against Tuberculosis and Lung Disease (The Union),
Kuala Lumpur, Malaysia 13-17 November 2012

¢ Seddon JA, Hesseling AC, Finlayson H, Schaaf HS. Toxicity and tolerability of multidrug-
resistant tuberculosis preventive treatment in children. 43" World Conference on Lung
Health of the International Union Against Tuberculosis and Lung Disease (The Union),
Kuala Lumpur, Malaysia 13-17 November 2012

¢ Seddon JA, Hesseling AC, Dunbar R, Cox H, Hughes J, Fielding K. Godfrey-Faussett P, Schaaf
HS. Decentralised care for child contacts of multidrug-resistant tuberculosis. 3" South
African TB Conference, Durban, South Africa, 12-15 June 2012

¢ Seddon JA, Visser DH, Bartens M, Jordaan AM, Victor TC, van Furth AM, Schoeman JF,
Schaaf HS. The impact of drug resistance on clinical outcome in children with tuberculous
meningitis. 3" South African TB Conference, Durban, South Africa, 12-15 June 2012

e Seddon JA, Warren RM, Enarson DA, Beyers N, Schaaf HS. Drug-resistant tuberculosis in
children is caused by transmission and amplification of resistance within families. 3 South
African TB Conference, Durban, South Africa, 12-15 June 2012

® Seddon JA, Hesseling AC Godfrey-Faussett P, Donald PR, Schaaf HS. Review of challenges
to treatment: from trials to formulations. 42" World Conference on Lung Health of the
International Union Against Tuberculosis and Lung Disease (The Union), Lille, France 26-30
October 2011.

¢ Seddon JA, Hesseling AC, Dunbar R, Godfrey-Faussett P, Cox H, Hughes J, Schaaf HS.
Regional lessons on partnerships for scale-up for child MDR-TB contacts in South Africa.
42™ World Conference on Lung Health of the International Union Against Tuberculosis and
Lung Disease (The Union), Lille, France 26-30 October 2011.

® Schaaf HS, Seddon JA, Rautenbach C, Hesseling AC. Fourth serial 2-year tuberculosis drug
resistance survey in children, Western Cape, South Africa. 42" World Conference on Lung
Health of the International Union Against Tuberculosis and Lung Disease (The Union), Lille,
France 26-30 October 2011.

* Thee S, Seddon JA, Donald PR, Seifart H!, Hesseling AC, Rosenkranz B, Magdorf K, Schaaf
HS. Pharmacokinetics of isoniazid, rinfampicin and pyrazinamide in children younger than
two years of age. 42™ World Conference on Lung Health of the International Union Against
Tuberculosis and Lung Disease (The Union), Lille, France 26-30 October 2011.

¢ Seddon JA, Donald PR, Schaaf HS. Multidrug-resistant tuberculosis of the spine in children.
42" World Conference on Lung Health of the International Union Against Tuberculosis and
Lung Disease (The Union), Lille, France 26-30 October 2011,

¢ Schaaf HS, Seddon JA, Willemse M, Hesseling AC, Donald PR. Results from the field. MDR-
TB in children: clinical features and outcome of culture-confirmed cases. 41* World
Conference on Lung Health of the International Union Against Tuberculosis and Lung
Disease (The Union), Berlin, Germany 11-15 November 2010
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Posters at conferences

Hearing and renal impairment in children treated for drug-resistant tuberculosis. 43™
World Conference on Lung Health of the International Union Against Tuberculosis and
Lung Disease (The Union), Kuala Lumpur, Malaysia 13-17 November 2012

Reasons for non-attendance for assessment for child contacts of multidrug-resistant
tuberculosis. 43" World Conference on Lung Health of the International Union Against
Tuberculosis and Lung Disease (The Union), Kuala Lumpur, Malaysia 13-17 November 2012
Risk factors for infection in child contacts of multidrug-resistant tuberculosis. 43" World
Conference on Lung Health of the International Union Against Tuberculosis and Lung
Disease (The Union), Kuala Lumpur, Malaysia 13-17 November 2012

Toxicity and tolerability of multidrug-resistant tuberculosis preventive treatment in
children. 43™ World Conference on Lung Health of the International Union Against
Tuberculosis and Lung Disease (The Union), Kuala Lumpur, Malaysia 13-17 November 2012
The impact of drug resistance on clinical outcome in children with tuberculous meningitis.
3" South African TB Conference, Durban, South Africa, 12-15June 2012

Drug-resistant tuberculosis in children is caused by transmission and amplification of
resistance within families. 3" South African TB Conference, Durban, South Africa, 12-15
June 2012

Multidrug-resistant tuberculosis of the spine in children. 42" World Conference on Lung
Health of the International Union Against Tuberculosis and Lung Disease (The Union), Lille,
France 26-30 October 2011. PC-816-29

Presentations at Conferences

Innovative solutions to the challenges of childhood TB. 3" South African TB Conference,
Durban, South Africa, 12-15 June 2012. Symposium ‘Finding solutions to the forgotten
epidemic of childhood TB’

Decentralised care for child contacts of multidrug-resistant tuberculosis. 3" South African
TB Conference, Durban, South Africa, 12-15 June 2012. Symposium ‘Paediatric TB’

Review of challenges to treatment: from trials to formulations. 42" World Conference on
Lung Health of the International Union Against Tuberculosis and Lung Disease (The Union),
Lille, France 26-30 October 2011. Symposium ‘ Meeting the needs of the most neglected
patients: the rising caseload of paediatric drug-resistant tuberculosis’

Regional lessons on partnerships for scale-up for child MDR-TB contacts in South Africa.
42™ World Conference on Lung Health of the International Union Against Tuberculosis and
Lung Disease (The Union), Lille, France 26-30 October 2011. Symposium ‘Regional lessons
on partnerships for scale-up of IPT and contact investigation in children’.

Training in reading and classifying CXR findings. 42" World Conference on Lung Health of
the International Union Against Tuberculosis and Lung Disease (The Union), Lille, France
26-30 October 2011. Workshop ‘Child TB training and its role in implementation of child TB
management’.
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Ethical approval and consent forms

All studies in the thesis were approved first by Stellenbosch University Ethics Committees and
then by the Ethics Committee of the London School and Hygiene and Tropical Medicine. For
studies funding by TREAT TB (through USAID), they were also submitted to, and approved by,
the Ethics Committee of the International Union Against Tuberculosis and Lung Disease. Any
research carried out on City of Cape Town Health District property was approved by City
Health and any research carried out on Western Cape provincial property was approved by the
Western Cape Department of Health. A number of the studies requested waiver of consent
where it was impossible to trace patients and where data were collected from routine,
anonymised patient notes or registers (Study 1, the source cases in Study 5, Study 9, Study 11
and Study 13). These were approved. In all other studies, written informed consent was
obtained from the parent/legal guardian with assent from children older than 7 years. Consent
forms were generally produced in English, Afrikaans and Xhosa.

In 2003, Professor Schaaf submitted a proposal to the Stellenbosch University Ethical
Committee to describe children with tuberculosis at Tygerberg Children’s Hospital. This study
was approved (2003/005) and renewed each year until | arrived in Cape Town. Following
discussion with the Ethics Committee Chair at Stellenbosch University, a number of studies
were either conducted under that approval or minor amendments were submitted to cover
those studies. These included Studies 1, 4, 9, 10, 12, 13. Existing patient information leaflets
and consent forms were used. The original approval from the Ethical Committee of
Stellenbosch University is shown on the following pages as well as a form approving ongoing
approval for the time when | was carrying out the studies which make up the thesis.

For the studies examining children exposed to DR-TB (Studies 2, 5, 6, 7, 8) a new proposal was
submitted to the Ethical Committee. Approval was given (N09/10/280) and is shown in the
following pages. An amendment to this study was required as many of the children were
brought to clinic appointments by someone who was not the parent or legal guardian. In many
families the parent/legal guardian had died and legal transfer of responsibility had not been
made. After discussion with the Ethical Committee Chair we submitted an amendment to the
effect that we would obtain contact details from the person who had brought the child and
then would chase up the parent/legal guardian. If they were not alive, we would obtain
consent from the responsible caregiver. Consent forms were produced in English, Afrikaans
and Xhosa. The English forms are shown in the following pages.

Study 3 was a sub-study of a larger study (PI: Nulda Beyers) examining the evolution of drug
resistance in two communities in Cape Town. Approval is shown in the following pages
(N09/05/144). An amendment was submitted to the parent study (which was approved) and
consent forms produced in English and Afrikaans (the communities were not Xhosa-speaking).
The English version is shown.

Study 11 was a separate study for which a separate proposal was written. Approval is

demonstrated below (N10/07/223). A waiver of consent was requested and approved for this
retrospective study, examining case notes and previously collected samples.
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Q

UNIVERSITEIT.STELT ENBOSCH-UNIVERSITY

Jod henmisvennoar « vaur knowledge partner

30 Januarie 2003

Dr HS Schaaf
Departement Pediatric en Kindergesondheid

Geagte dr Schaaf

NAVORSINGSPROJEK: "A PROSPECTIVE EVALUATION OF THE PREVALENCE
OF ANTITUBERCULOSIS DRUG RESISTANCE IN CHILDREN
IN THE WESTERN CAPE"

PROJEKNOMMER : 2003/005

U aansock om registrasie en goedkeuring van bogenoemde projek het op 30 ertcmber 2002 voor
Subkomitee C van dic Navorsingskomitee gedien. Die Komitee het in beginsel die projek
goedgekeur, maar versoek dat verdere inligting voorsien word.

Hierdie inligting is verskaf en die projek is finaal goedgekeur ap 27 Januaric 2003. Die projek 1s nou
geregistreer en u kan voortgaan met die werk. U moet asscblief in verdere korrespondensie na
bogenoemdeprojekiommer verwys.

Ek vestig graag u aandag daarop dat pasiénte wat deelneem aan 'n navorsingsprojek in 'I‘ygcrbc_rg-
hospitaal nie graus behandeling sal ontvang nic aangesien die PAWK nie navorsing finansicél
ondersteun nie.

Die verpleegkorps van die Tygerberg-hospitaal kan ook nie omvattende verpleeghulp met
navorsingsprojekte lewer nie weens dic swaar werkslading waaronder hulle reeds gebuk gaan. Dit
kan dus van ‘n navorser verwag word om in sulke gevalle privaat verpleegkundiges te verkry.

Met vriendelike groete

CJ VAN TONDER

NAVORSINGSONTWIKKELING EN -STEUN (TYGERBERG)
CIVT/ev

CI00C MENTS ANDSET T L

tet a 4+ C te O | Mesith
Afdeling Navorsingsontwikkeling en «steun « Division of Research Developmant and Support

Posbus/PO Box 19063 * 7505 Tygerberg * Suid-Afrika/South Africa
Tel: +27 21 938 9207 « Faks/Fax: +27 21 933 6330
E-pov/E-mail: cjve@sun.ac.2a
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07 July 2010 MAILED

Prof HS Schaaf

Department of Paediatrics and Child Health
Stellenbosch University

P O Box 18063

Tygerberg

7505

Dear Prof Schaaf

"A prospective evaluation of the preval of antituberculosis drug resistance in children In the Western Cape."

THICS R

RE : PROGRESS REPORT

At a review panel of the Health Research Ethics Committee that was held on 6 July 2010, the progress report for the
abovementioned project has been approved and the study has been granted an extension for a perod of one year from this
date.

Please remember to submit progress reports in good time for annual renewal in the standard HREC format.

Approval Date: 6 July 2010 Expiry Date: 8 July 2011

Yours faithfully

h

RESEARCH DEVELOPMENT AND SUPPORT
Tel: 021 938 9207 / E-mail: mertrude@sun.ac za
Fax: 021 931 3362

07 July 2010 10:22 Page 10l

Verbind tot Optimale Gesondheid - Committed to Optimal Health
on -steun - Division of Rescarch Development and Support

Posbus/PO Box 18063 - Tygerberg 7505 - Suld-Afrika/South Africa
Tel: +27 21938 9075 - Faks/Fax. 427 21 931 3352
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: UNIVERSITEIT-STELLENBOSCH-UNIVERSITY

\ jou henpisyennoot s your knowledge psrines

11 February 2010 MAILED

Prof HS Schaaf

Department of Paediatrics and Child Health
Stellenbosch University

P O Box 19083

Tygerberg

7505

Dear Prof Schaaf

“Multidrug-resistant TB in children.”
ETHICS REFERENCE NO: N09/10/280
RE ; APPROVED

Ata meeting of the Health Research Ethics Commitiee that was haid on 11 November 2009, the above project was approved
on condition that further information is submitted.

This informaton was supplied and the project was finally approved on 10 February 2010 for @ period of one year from this
date. This project is therefore now registered and you can proceed with the work.

Plaase quote the above-mentioned project number in ALL future correspondence.

Please note that a progress report (ot on the website of our Division: www sun.ac.za/rds should be submitted to the
Committee before the year has expired. The Committee will then consider the continuation of the project for a further year (if
necessary). Annually a number of projects may be selected randomly and subjected to an external audit.

Translations of the consent document in the languages applicable to the study participants should be submitted.

Federal Wide Assurance Number: 00001372
Institutional Review Board (IRB) Number: IRB0005239

The Health Research Ethics Committes complies with the SA National Health Act No.51 2003 as it pertains to health h
and the United States Code of Federal Regulations Titla 45 Part 46. This committee abides bz the ethical norms and
principles for research, established by the Declaration of Helsinki, the South African Medical Council Guidelines as

well as the Guidelines for Ethical Research: Principles Structures and Processes 2004 (Dopmm of Health).

Please nots that for research at a primary or secondary healthcare facility permission must still be obtained from the relevant
authorities (Westem Cape Department of Health and/or City Health) lo conduct the research as stated In the protocol. Contact
persons ara Ms Claudetta Abrahams at Western Cape Department of Haalth (healthres@pgwe.gov za Tel: +27 21 483 9907)
and Dr Héléne Visser at City Health (Helene.Visser@capetown.gov.za Tel: +27 21400 3981). Research that will be
conductad at any tertiary academic institution requires approval from the relevant hospital manager, Ethics approval is
required BEFORE approval can be obtained from these health authorities.

11 February 2010 10:34 Page 10l 2

Fakulteit Gesondheidswetenskappe - Faculty of Hea'llh Soian €5 ity

Verbind tot Optimale Gesondheid - Committed to Optimal Health
Afdeling Navorsingsontwikkeling en -steun - Division of Research Development and Support

Posbus/PO Box 19063 * Tygerberg 7505 - Suid-Afrika/South Africa
Tel.: +27 21 938 0075 - Faks/Fax +27 21 931 3352
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PARTICIPANT INFORMATION LEAFLET
AND CONSENT FORM FOR USE BY PARENTS/LEGAL GUARDIANS

TITLE OF THE RESEARCH PROJECT: Multidrug-resistant tuberculosis in children
REFERENCE NUMBER: N0S/10/280

PRINCIPAL INVESTIGATOR: Professor H Simon Schaaf

ADDRESS: Desmond Tutu TB Centre, Francie Van Zyl Road, Tygerberg 7507
CONTACT NUMBER: 021-9389112/021-9389177

Your child (or foster child if applicable) is being invited to take part in a research project.
Please take time to read the information presented here, which will explain the details of this
project. Please ask the study staff or doctor any questions about any part of this project that
you do not fully understand. It is very important that you are fully satisfied that you clearly
understand what this research entails and how your child could be involved. Also, your child’s
participation is entirely voluntary and you are free to decline to participate. If you say no, this
will not affect you or your child negatively in any way whatsoever. You are also free to
withdraw him/her from the study at any point, even if you do initially agree to let him/her take
part.

This study has been approved by the Committee for Human Research at Stellenbosch
University and will be conducted according to the ethical guidelines and principles of the
international Declaration of Helsinki, South African Guidelines for Good Clinical Practice and
the Medical Research Council (MRC) Ethical Guidelines for Research.

What is this research study all about?
This research is studying children who have been exposed to multidrug-resistant tuberculosis.

Tuberculosis (TB) is very common in Cape Town and if a child is unwell with TB (sweating,
weight loss, coughing) they need to be treated with four drugs for a number of months.
However, it is possible to detect TB infection at an early stage before the child has any
problems and feels completely well. To do this it is necessary to find all the children who live in
the same house as an adult who is ill with TB. These children are called contacts. Contacts
should be examined by a doctor and also have a small injection just under the skin in the arm
which is then looked at after two days to see if there is any reaction. If there is any reaction the
child may have early TB infection. Children under S years of age as well as older children who
are HiV-infected are the children at highest risk to develop TB after being in contact with an
adult TB case. All child contacts under 5 years of age or HIV-infected contacts of any age
should however receive treatment (prophylaxis) if they are otherwise well. The drug that we
normally give is called isoniazid.

Because this prevents TB disease from developing it is called preventive treatment. It has been
shown that giving this preventive treatment reduces the chance of developing TB disease.

Sometimes people have TB which does not respond to the normal drugs that we give to treat
it. When tested in the laboratory the TB bacteria are resistant to these normal drugs. As
multidrug-resistant (MDR) TB is resistant to isoniazid it is difficult to know how to treat
children who are contacts of an adult with MDR TB. This is why these children (children under
5 years of age and HIV-infected children <14years of age who are in contact with adults who
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have MDR TB) are included in this study. In this study we are looking at how to look after these
child contacts.

We are going to carry out a study in two parts:

The comparison part. We shall be comparing how effective the hospital system is at finding
children needing preventive treatment compared to the community system in Khayelitsha.
This will involve the research team coming to your house or meeting you in the local clinic and
asking some questions.

The cohort part. This will include all the children who have been in contact with adults with
MDR TB. Detailed information will be collected from the carer at the initial clinic visit and the
child will be examined. He/she will then be seen every two months for a year. At these reviews
the child will be examined, measured and questions will be asked about the child and their
health,

As we are going to be carefully recording what is already happening, this study will not involve
any tests in addition to those being currently done by the health teams looking after your child
(this is the normal treatment of child contacts of MDR TB cases).

What the study will involve is your time, as we shall be asking questions and recording
information at each clinic appointment. We also may arrange appointments in addition to
those needed if your child were not in the study. These may be at the hospital, local clinic or at
your home - whichever is the most convenient and will involve asking questions and
examining your child.

Taking part in these studies is entirely optional and if you do not want to take part, your child
will be cared for in the usual way. If you do decide to take part you will be given this
information sheet to keep and be asked to sign a consent form. You can remove your child
from the study at any time.

Why has your child been invited to participate?

Your child has been asked to participate as they have been in close contact with an adult who
has MDR TB. They may be at risk of developing MDR TB disease themselves and so need to be
followed up regularly.

What will your responsibilities be?

If you choose to take part in the study, we would ask that you answer our questions truthfully
(all information that you tell us will remain strictly confidential) and bring your child to any
arranged appointments to discuss progress and to be examined.

Will your child benefit from taking part in this research?

Taking part in the study will not be of any special benefit to your child. However we hope that
the information gathered will help us to plan how best to look after all children exposed to
multidrug-resistant TB in the future.

Are there any risks involved in your child taking part in this research?

We shall not be conducting any tests in addition to the ones required by the national
programme to look after your child. The decision to prescribe treatment is not part of the
study and so any risks associated with these drugs will not be affected by the study. The study
team will ask questions at clinic appointments, after clinic appointments or at your home. This
may mean that appointments take longer than usual. We do not feel that there will be any
risks involved in your child taking part in this research.
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If you do not agree to allow your child to take part, what alternatives does your child have?
If you would rather not be in the study, your child will continue to be looked after in the
exactly the same way.

Who will have access to your child’s medical records?

All the information about your child will be recorded in a way so that they cannot be identified.
The information will be kept safe in a locked drawer in a locked office. Only the investigators
will see or use the information. If it is used in a publication or thesis the identity of the parents
and children will remain anonymous. The study team alone will have access to the information
and will keep it in the strictest of confidence.

What will happen in the unlikely event of your child getting injured in any way, as a direct
result of taking part in this research study?

As we are observing what is currently happening within the national programme, we do not
anticipate that any children will become injured as a result of the study.

Will you or your child be paid to take part in this study and are there any costs involved?

You or your child will not be paid to take part in the study, but your/your child’s transport
and meal costs will be covered for each study visit. There will be no costs involved for you if
your child does not take part.

Is there anything else that you should know or do?

¢ You can contact Dr Seddon or Prof Schaaf at tel 021-9389177 (Seddon) or 021-9389112
(Schaaf) if you have any further queries or encounter any problems.

® You can contact the Committee for Human Research at 021-938 9207 if you have any
concerns or complaints that have not been adequately addressed by your child’s study
doctor.

* You will receive a copy of this information and consent form for your own records.
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Consent to participate in research studies

Declaration by parent/legal guardian

By signing below, | (name of parent/legal QuUArdian) ... agree to allow
my child (name of child) ......ccreeerrecersnnnsnersssessenns WhO IS weeeennee years old, to take partin a
research study entitled “Multidrug-resistant tuberculosis in children”

I declare that:

* |have read or had read to me this information and consent form and that it is written in a
language with which | am fluent and comfortable.

¢ If my child is older than 7 years, he/she must agree to take part in the study and his/her
ASSENT must be recorded on this form.

¢ Ihave had a chance to ask questions and all my questions have been adequately
answered.

* lunderstand that taking part in this study is voluntary and | have not been pressurised to
let my child take part.

* I may choose to withdraw my child from the study at any time and my child will not be
penalised or prejudiced in any way.

¢ My child may be asked to leave the study before it has finished if the study doctor or
researcher feels it is in my child’s best interests, or if my child does not follow the study
plan as agreed to.

SIgNed at (DIACE) ....vvvcirirerrerirrnericrerensssnsssssossnss ON (date) cuvvseeesersecarrenernne 20.....

Signature of parent/legal guardian Signature of witness
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Declaration by investigator

LNGME) .ot sssssssesssssssinsessssnens declare that:

I explained the information in this dOCUMENL 1O ....covevreeecereercrnsecrrensenainnas

I encouraged him/her to ask questions and took adequate time to answer them.

I am satisfied that he/she adequately understand all aspects of the research, as discussed
above

| did/did not use an interpreter (if an interpreter is used, then the interpreter must sign the
declaration below).

SigNEd Bt (DIACE) ucuververrerirerrerenssesssrsssssssanees ON (dALe) wueervereecrrerernerennes 20.....

Signature of investigator Signature of witness

Declaration by interpreter

(T T declare that:
I assisted the iNvestigator (NAME) .....enenreesennserescsnseseseane to explain the information in this
document to (name of parent/legal QUATdIAN) .........cceesovesessssssssrensans using the language

medium of Afrikaans/Xhosa.

We encouraged him/her to ask questions and took adequate time to answer them.

| conveyed a factually correct version of what was related to me.

I am satisfied that the parent/legal guardian fully understands the content of this informed
consent document and has had all his/her questions satisfactorily answered.

Signed at (Dlace) ..........ceeeeeereivveerinesrinsssssssssssssens ON (date) ...cvsissessusssssiaess 20....

Signature of interpreter Signature of witness
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PARTICIPANT INFORMATION LEAFLET
AND ASSENT FORM FOR USE BY CHILDREN

TITLE OF THE RESEARCH PROJECT: Multidrug-resistant tuberculosis in children
REFERENCE NUMBER: N09/10/280

PRINCIPAL INVESTIGATOR: Professor H Simon Schaaf

ADDRESS: Desmond Tutu TB Centre, Francie Van Zyl Road, Tygerberg 7507
CONTACT NUMBER: 021-9389112/021-9389177

You are invited to take part in a study. Please read the information presented here, which will
explain what the study is about. Please ask the study staff or doctor any questions about any
part of the study that you do not understand. It is important that you understand what this
study is about and what it will mean if you take part in the study. Also, your participation is
entirely voluntary and you are free to say no. If you say no, this will not affect you negatively
in any way whatsoever. You are also free to withdraw from the study at any point, even if you
do initially agree to take part.

This study has been approved by the Committee for Human Research at Stellenbosch
University and will be done in the correct ethical way.

What is this research study all about?
This study is going to look at aspects of children who have been exposed to multidrug-resistant
tuberculosis (that is TB that does not get better with the normal TB drugs).

Tuberculosis (TB) is very common in Cape Town. Children can live in the same house as adults
who have TB - these children are called contacts. Contacts should be examined by a doctor
and also have a small injection just under the skin in the arm which is then looked at after two
days to see if there is any reaction. If there is any reaction the child may have early TB infection
(that means the TB bug is in the body, but you are not yet sick). Children under 5 years of age
as well as older children who are HIV-infected are the children at highest risk to develop TB
after being in contact with an adult TB case. All child contacts under 5 years of age or HIV-
infected contacts of any age should receive treatment (prophylaxis) if they are otherwise well.
The drug that we normally use is called isoniazid. This normally protects children from getting
sick from TB.

Sometimes people have TB which does not respond to the normal drugs that we give to treat
it. This is called multidrug-resistant (MDR) TB. We are not sure how children who have the
MDR TB bug in the body, but are not sick, should be treated and this is what this study is
about.

We are only going to be looking at what is already happening to children that are in contact
with adults with MDR TB. This study will not involve any tests other than those already done by
the doctors/nurses looking after children (this is the normal treatment of child contacts of
MDR TB cases).

We are only asking for some of your time because we want to ask you and your mother/
caregiver some questions. We will also write all of this down.
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Taking part in this study is entirely optional and if you do not want to take part, you will be
cared for in the usual way. If you do decide to take part you will be given this information
sheet to keep and be asked to sign an assent form. You can ask not to be part of the study at
any time.

Why have you been asked to be part of this study?

You have been asked to be part of this study because you have been in close contact with an
adult who has MDR TB. You may be at risk of getting MDR TB disease and so you need to be
followed up regularly.

What will your responsibilities be?
If you choose to take part in the study, we would ask that you answer our questions truthfully
(all information that you tell us will remain strictly confidential).

Will you benefit from taking part in this study?
Taking part in the study will not be of any special benefit to you, but we hope that it will help
us to look after all children exposed to multidrug-resistant TB in the future.

Are there any risks involved in taking part in this research?

We are not going to do any tests in addition to the ones that are required by the national
programme. The treatment is what you would normally get (no extra drugs). The study team
will ask questions at clinic appointments, after clinic appointments or at your home. This may
mean that appointments take longer than usual. We do not feel that there will be any risks
involved in you taking part in this study.

If you do not agree to take part, what alternatives you have?
If you choose not be in the study, you will be looked after in the exactly the same way.

Who will have access to your medical notes?

The information that we collect about you will be written down in such a way that it cannot be
identified as information about you. The information will be kept safe. Only the investigators
will see or use the information and will keep it in the strictest of confidence.

Will you be paid to take part in this study?
You will not be paid to take part in the study, but your transport and meal costs will be
covered for each study visit.

Is there anything else that you should know?

You can contact Dr Seddon or Prof Schaaf at tel 021-9389177 (Seddon) or 021-9389112
(Schaaf) if you have any further queries or encounter any problems.

You will receive a copy of this information and consent form for your own records.
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Assent to participate in research studies

I agree to participate in the study called: “Multidrug-resistant tuberculosis in children” as
described in the Information Leaflet

Assent of minor

| {NGME Of CRIl/MINOI).vvueesrrerersesersssmsssssssmssesssssmnssssens have been invited to take partin the
above research project.

® The study doctor/nurse and my parents have explained the details of the study to me and |
understand what they have said to me.

¢ They have also explained that this study will involve some of the appointments taking
longer than if | was not in the study.

¢ lalso know that | am free to withdraw from the study at any time if | am unhappy.

¢ By writing my name below, | voluntary agree to take part in this research project. |
confirm that | have not been forced either by my parents or doctor to take part.

Name of child Independent witness
(To be written by the child if possible)
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06 June 2009 MAILED

Prof N Beyers

Dept of Paediatrics and Child Health
Desmond Tutu T8 Centre
Stellenbosch University

Tygerberg

7505

Dear Prof Ceyers

“The evolution of drug tuberculosis in a y.*
ETHICS REFERENCE NO: N09/05/144
RE . APPROVAL

Itis a pleasure 1o inform you that the Health Research Ethics Committee has approved the above-mentionad project on 03
June 2009, including the ethical aspects involved. for a period of one year from this date

This project is therefore now tered and you can pr d with the work. Please quote the above-mentioned project

number in ALL future correspondence

b Committee before
Please note that a progress report on the of our Di should be submitted 10 the
the year has expired. The Committee will then consider the contimuation dmmu-mm(ﬂm
Annually a number of projects may be y and subj fo an

Translations of the consent document in the languages applicable 1o the study participants should be submitted

Federal Wide Assurance Number 00001372
Insttutional Review Board (IRB) Number IRB000S239

The Committee for Human Research complies with the SA National Health Act No.81 2003 s it pertains 1o health research
and the United States Code of Federal Regulations Title 45 Part 46 TMMMWIMMWN

R G s ar
pr for h mmmdw;mmnw Council
well as the Guidelines for Ethical R ples Structures and P 2004 (Department of Health)
une 2009 1547 Page 1 ¢

Verbind fot Optimale Gesondheid Cmumowmdmnn

AMimNan - Division of R h D and S

Posbus/PO Box 19063 - Ty g 7506 Suid Africa
Tel +2721 0380075 FaksFax +27 21 431 3362

Drug-resistant tuberculosis in children James Seddon Page |236



PARTICIPANT INFORMATION LEAFLET
AND CONSENT FORM FOR USE BY PARENTS/LEGAL GUARDIANS

TITLE OF THE RESEARCH PROJECT: The evolution of drug-resistant tuberculosis in a community
REFERENCE NUMBER: N09/05/144

PRINCIPAL INVESTIGATOR: Professor Nulda Beyers

ADDRESS: Desmond Tutu TB Centre, Francie Van Zyl Road, Tygerberg 7507

CONTACT NUMBER: 021-9389114

Your child (or foster child if applicable) is being invited to take part in a research project.
Please take time to read the information presented here, which will explain the details of this
project. Please ask the study staff any questions about any part of this project that you do not
fully understand. It is very important that you are fully satisfied that you clearly understand
what this research entails and how your child could be involved. Also, your child’s
participation is entirely voluntary and you are free to decline to participate. If you say no, this
will not affect you or your child negatively in any way whatsoever. You are also free to
withdraw him/her from the study at any point, even if you do initially agree to let him/her take
part.

This study has been approved by the Committee for Human Research at Stellenbosch
University and will be conducted according to the ethical guidelines and principles of the
international Declaration of Helsinki, South African Guidelines for Good Clinical Practice and
the Medical Research Council (MRC) Ethical Guidelines for Research.

What is this research study all about?
This research is studying how drug resistance develops in tuberculosis.

Tuberculosis (TB) is very common in Cape Town and is caused by a bug which can be spread
from person to person. It can lead to illness such as cough, fever, sweating, weight loss and
sometimes death. Normally TB can be treated with four drugs and if these are taken all the
time it is usually cured.

Sometimes people have TB which does not respond to the normal drugs that we give to treat
it. When tested in the laboratory the TB bacteria are resistant to these normal drugs and is
called drug-resistant (DR) TB. At the moment we are not completely sure how DR TB develops.

This research is going to look at how the TB bugs go from being able to be treated by the
normal drugs to being resistant. We are planning on looking at how TB spreads in families and
then looking at the samples of the bugs in the laboratory to see when the resistance
developed. This should help us to tell how resistance occurs.

Why has your child been invited to participate?

Your child has been asked to participate as they have had XDR TB. This form of TB is resistant
to lots of the drugs used to treat TB. It is important to discover how they developed XDR T8
and who else in the family, household and community had TB beforehand.

What will your responsibilities be?
If you choose to take part in the study, we would ask that you answer our questions truthfully
(allinformation that you tell us will remain strictly confidential). We will ask you and your child
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questions about your family, who had TB, what treatment they received and what happened
to them. We will also ask some details about their health and about their life such as where
they lived and what job they did. If anyone in the household has any symptoms of TB such as
sweating, weight loss or cough we will ask them for a sputum sample so that we can test it for
TB. We will tell them of the result of these tests and help them get treatment if needed. We
also will look in the hospital and clinic records of your child and any household members who
have had TB to give us some more information. Finally, we will look at the samples in the
laboratory of any household members who have had TB.

Will your child benefit from taking part in this research?

Taking part in the study will not be of any special benefit to you or your child. However we
hope that the information gathered will help us to understand how drug resistance develops
and might allow us to treat drug-resistant tuberculosis better in the future.

Are there any risks involved in your child taking part in this research?

We shall not be conducting any tests other than asking for sputum samples if people have
symptoms. The study team will ask questions which will take up your time and some of the
questions may be difficult to answer as they are about family members who may have been
unwell or who have even died. We do not feel, however, that there will be any risks involved in
you or your child taking part in this research.

If you do not agree to allow your child to take part, what alternatives does your child have?
If you would rather not be in the study, your child will continue to be looked after in the
exactly the same way.

Who will have access to your child’s medical records?

All the information about your child will be recorded in a way so that they cannot be identified.
The information will be kept safe in a locked drawer in a locked office. Only the investigators
will see or use the information. If it is used in a publication or thesis the identity of the parents
and children will remain anonymous. The study team alone will have access to the information
and will keep it in the strictest of confidence.

What will happen in the unlikely event of your child getting injured in any way, as a direct
result of taking part in this research study?

As we are asking questions and if necessary asking for sputum samples, we do not anticipate
that anyone will become injured as a result of the study. However, the study team have
medical training and will help in case of any problem.

Will you or your child be paid to take part in this study and are there any costs involved?
You or your child will not be paid to take part in the study, but your/your child’s transport and
meal costs will be covered if you need to go anywhere as part of the study. There will be no
costs involved for you.

Is there anything else that you should know or do?

¢ You can contact Dr Seddon at tel 021-9389177 if you have any further queries or
encounter any problems,

® You can contact the Committee for Human Research at 021-938 9207 if you have any
concerns or complaints that have not been adequately addressed by your child’s study
team,

® You will receive a copy of this information and consent form for your own records.
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Consent to participate in research studies

Declaration by parent/legal guardian

By signing below, | (name of parent/legal QUArdian) ........c..c.esessesseneserssssessss agree to allow
my child (name of child) ........ccemrenrinineensicsessvesenne WhO S ceerreenne years old, to take partina
research study entitled “The evolution of drug-resistant tuberculosis in a community”

1 declare that:

* | have read or had read to me this information and consent form and that it is written in a
language with which | am fluent and comfortable.

¢ If my child is older than 7 years, he/she must agree to take part in the study and his/her
ASSENT must be recorded on this form.

* | have had a chance to ask questions and all my questions have been adequately
answered.

* lunderstand that taking part in this study is voluntary and | have not been pressurised to
let my child take part.

* | may choose to withdraw my child from the study at any time and my child will not be
penalised or prejudiced in any way.

SIBNEA AL (DIACE) ...v.vvvervrreresrerseserinssssessssssasanes oNn (date) overerserenanacnens 20.....

Signature of parent/legal guardian Signature of witness
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Declaration by investigator

(oo 1T declare that:

I explained the information in this dOCUMENT tO .....ceeceveirieeensersersnnsessnnens

| encouraged him/her to ask questions and took adequate time to answer them. ‘

I am satisfied that he/she adequately understand all aspects of the research, as discussed
above

I did/did not use an interpreter (if an interpreter is used, then the interpreter must sign the
declaration below).

SIBNEA AL (DIACE) .uververeerreeerersmseresssesssessassesossnsans ON (date) euveevereereereereennen. 20.....

Signature of investigator Signature of witness

Declaration by interpreter

(2T - declare that:
| assisted the investigator (NamMe) ...........oeeerreernssnnsssesesessens to explain th.e information in this
document to (name of parent/legal QUArdIAN) .........useevsesessssssssssnens using the language

medium of Afrikaans/Xhosa.

We encouraged him/her to ask questions and took adequate time to answer them.

| conveyed a factually correct version of what was related to me.

I am satisfied that the parent/legal guardian fully understands the content of this informed
consent document and has had all his/her questions satisfactorily answered.

SigNed at (DIACE) ....cuveiverireeeeen e enseseenessssssees ON (AALE) vuvveerrrerecrersmrerennes . 20....

Signature of interpreter Signature of witness
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PARTICIPANT INFORMATION LEAFLET
AND ASSENT FORM FOR USE BY CHILDREN

TITLE OF THE RESEARCH PROJECT: The evolution of drug-resistant tuberculosis in a community
REFERENCE NUMBER: N09/05/144

PRINCIPAL INVESTIGATOR: Professor Nulda Beyers

ADDRESS: Desmond Tutu TB Centre, Francie Van Zyl Road, Tygerberg 7507

CONTACT NUMBER: 021-9389114

You are invited to take part in a study. Please read the information presented here, which will
explain what the study is about. Please ask the study staff any questions about any part of the
study that you do not understand. It is important that you understand what this study is about
and what it will mean if you take part in the study. Also, your participation is entirely
voluntary and you are free to say no. If you say no, this will not affect you negatively in any
way whatsoever. You are also free to withdraw from the study at any point, even if you do
initially agree to take part.

This study has been approved by the Committee for Human Research at Stellenbosch
University and will be done in the correct ethical way.

What is this research study all about?
This research is studying how drug resistance develops in tuberculosis.

Tuberculosis (TB) is very common in Cape Town and is caused by a bug which can be spread
from person to person. It can lead to illness such as cough, fever, sweating, weight loss and

sometimes death. Normally TB can be treated with four drugs and if these are taken all the

time it is usually cured.

Sometimes people have TB which does not respond to the normal drugs that we give to treat
it. When tested in the laboratory the TB bacteria are resistant to these normal drugs and is
called drug-resistant (DR) TB. At the moment we are not completely sure how DR TB develops.

This research is going to look at how the TB bugs go from being able to be treated by the
normal drugs to being resistant. We are planning on looking at how TB spreads in families and
then looking at the samples of the bugs in the laboratory to see when the resistance
developed. This should help us to tell how resistance occurs.

Why have you been asked to be part of this study?

You have been asked to participate as you have had XDR TB. This form of TB is resistant to lots
of the drugs used to treat TB. It is important to discover how you developed XDR TB and who
else in the family, household and community had T8 beforehand.

What will your responsibilities be?

If you choose to take part in the study, we would ask that you answer our questions truthfully
(all information that you tell us will remain strictly confidential).
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Will you benefit from taking part in this study?

Taking part in the study will not be of any special benefit to you, but we hope that it will help
us to understand how drug resistance develops. It may help us to look after children in the
future who have drug-resistant TB.

Are there any risks involved in taking part in this research?

We are not going to do any tests and so we do not expect there to be any risks. The study
team will ask questions which may be difficult to answer as they are personal and may be
about your family. However, we do not feel that there will be any risks involved in you taking
part in this study.

If you do not agree to take part, what alternatives you have?
If you choose not be in the study, you will be looked after in the exactly the same way.

Who will have access to your medical notes?

The information that we collect about you will be written down in such a way that it cannot be
identified as information about you. The information will be kept safe. Only the investigators
will see or use the information and will keep it in the strictest of confidence.

Will you be paid to take part in this study? .
You will not be paid to take part in the study, but your transport and meal costs will be
covered if you need to go anywhere as part of the study.

Is there anything else that you should know?

* You can contact Dr Seddon at tel 021-9389177 if you have any further queries or
encounter any problems.

* Youwill receive a copy of this information and consent form for your own records.
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Assent to participate in research studies

| agree to participate in the study called: “The evolution of drug-resistant tuberculosis in a
community” as described in the Information Leaflet

Assent of minor

1 (NGME Of ChIld/MINOr)....cuvsceresercsssssssessessssssssnsesssnsossens have been invited to take part in the
above research project.

® The study doctor/nurse and my parents have explained the details of the study to me and |
understand what they have said to me.

® They have also explained that this study will take up some of my time.

® lalso know that | am free to withdraw from the study at any time if | am unhappy.

® By writing my name below, | voluntary agree to take part in this research project. |
confirm that | have not been forced either by my parents or doctor to take part.

Name of child Independent witness
(To be written by the child if possible)
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30 August 2010 MAILED

Prof HS Schaaf

Department of Paediatrics and Child Health
Stellenbosch University

P O Box 19063

Tygerberg

7505

Dear Prof Schaaf

The relationship bety linical outcome and Mycobacterium Tuberculosis drug susceptibility in children with
tuberculosis meningitis.

ETHICS H

RE: RO

At a meeting of the Health Research Ethics Committee that was held on 4 August 2010, the above project was approved on
condition that further information is submitted.

This information was supplied and the project was finally approved on 24 August 2010 for a period of one year from this date
This project is therefore now registered and you can proceed with the work.

Please quote the above-mentioned project number in ALL future conespondence.

Please note that a progress report (obtainable on the website of our Division. www.sun ac za/ids should be submitted 10 the
Committee before the year has expired. The Committee will then cansider the continuation of the project for a further yoar (if
necessary) Annually a number of projects may be randomly and subjected 10 an extermnal audit.

Translations of the consent document in the languages applicable to the study participants should be submitted.

Federal Wide Assurance Number; 00001372

Institutional Review Board (IRB) Number IRB0005239

The Health Research Ethics Committee complies with the SA National Health Act No.61 2003 as it pertains to health research
and the United States Code of Federal Regulations Title 45 Part 46. This committee abides by the ethical norms and
principles for research, established by the Declaration of Helsinki, the South African Medical Research Council Guidelines as
well as the Guidelines for Ethical Research: Principles Structures and Processes 2004 (Department of Health)

Please note that for research at a primary or secondary healthcare facility permission must still be obtained from the relevant
authorities (Western Cape Department of Health and/or City Health) to conduct the research as stated in the protocol. Contact
persons are Ms Claudette Abrahams at Westermn Cape Department of Health (healthres@pgwe.gov za Tel: +27 21 483 9907)
and Dr Heléne Visser at City Health (Helene. Visser@capetown gov za Tel: +27 21 400 3981) Research that will be
conducted at any tertiary academic institution requires approval from the relevant hospital manager. Ethics approval is
required BEFORE approval can be obtained from these health authorities

20 January 2011 14:31 Page 1 0f2

Verbind tot Optimale Gesondheid - Committed to Optimal Health
i @ on -steun - Division of Research Development and Support

Posbus/PO Box 18063 Tygerberg 7505 - Suid-Alrika/South Africa
Tel: +27 21938 9075 - Faka/Fax. +27 21 931 3352
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Q

Approval Date: 24 August 2010 Expiry Date: 24 August 2011

Yours faithfully

MR FRANKLIN WEBER

RESEARCH DEVELOPMENT AND SUPPORT

Tel: +27 (0)21 938-9657 / E-mail: fweb@sun.ac za
Fax: +27 (0)21 931-3352
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Verbind tot Optimale Gesondheld - Committed to Optimal Health
] keling en -steun * Division of Research Development and Support

Posbus/PO Box 19063 - Tygerberg 7505 - Suid-Afrika/South Afnca
Tel.: +27 21838 9075 - Faks/Fax +27 21 931 3352
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Data capture tools

Children exposed to MDR-TB (Studies 2, 7 and 8)

The studies assessing children exposed to MDR-TB and subsequent preventive therapy (Studies
2,7 and 8) were captured in a systematic way using data capture forms that | designed. These
were based on other forms that are in use in the Desmond Tutu TB Centre for household
studies looking at child contacts of drug-susceptible TB. This allows synthesis and comparison
between studies. These forms are provided in the following pages and correspond to the
diagram on the next page which outlines at which point in the study different forms were

completed. The following forms are:

1. DCF1.0 Demographic details at recruitment

2. DCF1.2 Demographic details at 2 months (only one DCF 1 shown)

3. DCF1.4 Demographic details at 4 months

4. DCFl.6 Demographic details at 6 months

5. DCF1.12  Demographic details at 12 months

6. DCF1.U Demographic details at an unscheduled visit

7. DCF2 Child details

8. DCF3 Index case details

9. DCF4 Household details

10. DCFs Index case details from register

11. DCF6.2 Follow up form for 2 month appointment

12. DCF6.4 Follow up form for 4 month appointment (only one DCF6 shown)
13, DCF6.6 Follow up form for 6 month appointment

14. DCF6.12  Follow up form for 12 month appointment

15. DCF6.U Unscheduled visit form

16. DCF7.2 Adherence form after 2 month appointment (only one DCF7 shown)
17. DCF7.4 Adherence form after 4 month appointment

18. DCF7.6 Adherence form after 6 month appointment

19. DCF7.U Adherence form aftef unscheduled appointment

20. DCF8 Patient tracking form
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Patient Flow for children exposed to multidrug-resistant tuberculosis

Adult gives sputum Contact tracing conducted by local clinic staff, child contacts
sample identified and referred to the DR T8 clinic

A 4
Result MDR TB on
culture

A 4 Child seen in Child seenin Child seen in
Result sent to clinic Khayelitsha Tygerberg Brooklyn

Clinical assessment to rule out active
disease, CXR with standardised reporting,
HIV test, Mantoux test

v

If eligible child invited to join study
{consent forms completed)

Child does not join

study y
Consent obtained and initial
questionnaires conducted (DCFs 1.1, 2, 3
and 4 + adherence diary + CXR)

DCF S completed

Y

Child brought back at 2 months and DCFs
1.2 and 6.2 completed, CXR

§ DCF 7.2 completed
2 4
g Child brought back at 4 months and DCFs
o 1.4 and 6.4 completed, CXR
[
O
o DCF 7.4 completed
\ 4
Child brought back at 6 months and DCFs
1.6 and 6.6 completed, CXR
DCF 7.6 completed

ﬂilﬂil\

Child brought back at 12 months and DCF
6/12 completed, CXR

Recruited child brought for
unscheduled visit = DCFs 1.U and
6.U completed with DCF 7.U
completed after the
appointment, CXR
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Demographic form at recruitment (DCF1.0)

Initial consultation following recruitment

1.0.1. First Name of child

1.0.2. Surname of child

1.0.3. Alternative First name of child

1.0.4. Alternative Surname of child

1.0.5. Date of Birth of child (dd/mm/yyyy)

1.0.6. Hospital number of child

1.0.7. First Name of Main Carer

1.0.8. Surname of Main Carer

1.0.9. Alternative first name of Main Carer

1.0.10. Alternative Surname of Main Carer

1.0.11. Contact telephone number of Main Carer

1.0.12. Alternative telephone number of Main Carer

1.0.13. First Name of Other Carer

1.0.14. Surname of Other Carer

1.0.15. Alternative first name of Other Carer

1.0.16. Alternative Surname of Other Carer

1.0.17. Contact telephone number of Other Carer

1.0.18. Alternative telephone number of Other Carer

1.0.19. Address of child

1.0.20. Alternative address of child

1.0.21. Date Today (dd/mm/yyyy)

1.0.22. Health Clinic

1.0.23. First name of Index Case

1.0.24. Surname of Index Case

1.0.25. Alternative first name of Index case

1.0.26. Alternative Surname of Index case

1.0.27. Registration number on TB register of index case

1.0.28. Contact telephone number of index case
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Child Medical Form (DCF2)

Initial consultation following recruitment

2.1. Consent

0 No 1 Yes
2.1.1. Consent for study
participation (if no or unknown
then do not proceed) > Unknown
2.1.2. Consent to use HIV test 0 No 1 Yes
result

-5 Unknown

2.1.3. Entry Point

4 Tygerberg

5 Khayelitsha

6 Brooklyn -8 Other
2.1.4. Date today (dd/mm/yyyy)
2.2 Personal Information
2.2.1. DOB (dd/mm/yyyy)
2.2.2. Gender 1 Male 2 Female
2.2.3. Ethnicity 4 White 5 Coloured
8 Xhosa 9 Zulu
10 Indian 11 Sotho
-8 Other
2.2.4. Home Language 1 English 2 Afrikaans
3 Xhosa 4 Sotho
5 Zulu -8 Other
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2.3. Medical information — Past tuberculosis history

2.3.4)

2.3.1. Has the child had a TB skin
test? (if no or not known go to

1 Yes

0 No

-5 Not known

2.3.2. If a Mantoux test, what

HIV-uninfected, >/=5 if HIV-
infected)

was the result? (Positive >/=10 if

1 Positive

0 Negative

-5 Unknown

-4 Not applicable

2.3.3. If a Mantoux result was

(if not recorded go to 2.3.4.)

recorded what is the size (mm)

2.3.4. Has the child ever been

no or not known go to 2.3.7)

treated for TB disease before? (if

1 Yes

0 No

-5 Unknown

recent TB treatment started
(dd/mm/yyyy) ?

2.3.5. If yes, when was the most

2.3.6. Was TB treatment
completed?

1 Yes

0 No

-5 Unknown

2.3.7. Has the child been given
TB preventive treatment before?

1 Yes

0 No

(if no or unknown go to 2.4.1)

2 Currently on treatment

-5 Unknown

2.3.8. If yes, or on treatment,
when was the most recent
preventive treatment started
(dd/mm/yyyy)?

2.3.9. Was TB preventive
treatment completed?

1 Yes

0 No

2 Currently on treatment

-5 Unknown

2.3.10. Which regimen was
prescribed?

1 INH 2 High dose INH
3 HEO 4 HEthO
-5 Unknown
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2.4. Medical information — HIV details
2.4.1. Is the child HIV-infected? 1 Yes 0 No
(if no or unknown go to 2.5.1)
-5 Not known
2.4.2. If yes, when was the
diagnosis made (dd/mm/yyyy)?
2.4.3. Is the child currently on 1 Yes 0 No
ART? (if no go to 2.4.7)
-5 Unknown
2.4.4. If yes, which ART? (ring 1 AZT 2 3TC
any that apply)
3 NVP 4 DAt
5 LPV 6 LPV/Ritonavir
7 EFV 8 ABC
9 PI -8 Other (write in which)
2.4.5. When was ART started
(dd/mm/yyyy)?
2.4.6. What was the CD4 count
at ART initiation? (xxxx)
2.4.7. What was the CD4
percentage at ART initiation?
(xx.x%)
2.4.8. Most recent CD4 count?
(xxxx)
2.4.9. Most recent CD4
percentage? (xx.x%)
2.4.10. Date of most recent CD4
test (dd/mm/yyyy)?
2.4.11. Site of HIV care? 1 Government ARV clinic 2 Hospital ARV clinic
3 Private doctor -8 Other
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2.5. Medical Information — Other Medical issues

2.5.1 Child Weight (xx.x kg)

2.5.2. Child Length/Height (xxx
cm)

2.5.3. BCG scar visible? 1 Yes 0 No
-5 Unknown
2.5.4. Is the child currently 1 Yes 0 No
known to be asthmatic?
-5 Unknown
2.5.5. Does the child currently 1 Yes 0 No
have any chronic bone or joint
problems? -5 Unknown
2.5.6. Does the child currently 1 Yes 0 No
have a palpable liver?
-5 Unknown
2.5.7. Does the child currently 1 Yes 0 No
have a palpable spleen?
-5 Unknown
2.5.8. Does the child currently 1 Yes 0 No
have any clinical signs of chronic
lung disease? -5 Unknown
2.5.9. Is the child’s colour vision 1 Yes 0 No
currently normal?
-4 Not possible to test -5 Unknown

Drug-resistant tuberculosis in children

James Seddon

Page |252



2.6. Details of Exposure

2.6.1. What is the relationship of
the index case to the child?
(biological relationships)

1 Mother

2 Father

3 Grandmother

4 Grandfather

5 Aunt 6 Uncle
7 Cousin 8 Sibling
9 Caregiver other than -8 Other

family

2.6.2. When did exposure to the
index case end?

1 More than six months ago

2 More than three months
ago but less than six months

3 Less than three months
ago

4 Ongoing

2.6.3. How long was the child
exposed to the index case?

1 Less than a week

2 One week to one month

3 More than one month to
three months

4 More than three to six
months

5 More than six months to a
year

6 More than a year

2.6.4. Is the index case the 1 Yes 0 No
child’s primary care giver?
-5 Unknown
2.6.5. If not the primary 1 Yes 0 No
caregiver, is the index case the
child’s secondary caregiver? -4 Not applicable -5 Unknown
2.6.6. During the exposure 1 Yes 0 No
was/is there daily contact
between the index case and the -5 Unknown
child?
2.6.7. Does the index case livein | 1 Yes 0 No
the same house as the child?
-5 Unknown
2.6.8. Does the index case sleep | 1 Yes 0 No
in the same room as the child?
-5 Unknown
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2.6. Details of Exposure

2.6.9. Does the index case sleep | 1 Yes 0 No
in the same bed as the child?

-5 Unknown
2.6.10. How many hours on 10-4 2 5-8
average does the index case
spend with the child each day? 3 9-12 4 >12
2.6.11. Has the child been in 1 Yes 0 No
contact with more than one
index case? (If no, go to 3.1.) -5 Unknown

2.7. Second index case (if no third index case, go to DCF 3)

2.7.1. What is the DST pattern of
the second index case?

1 Drug susceptible

2 INH/RIF monresistant

3 MDR

-5 Unknown

2.7.2. What is the relationship of
the secondary index case to the
child? (biological relationships)

1 Mother

2 Father

3 Grandmother

4 Grandfather

5 Aunt 6 Uncle
7 Cousin 8 Sibling
9 Caregiver other than -8 Other

family

2.8. Third index case

2.8.1. What is the DST pattern of
the third index case?

1 Drug susceptible

2 INH/RIF monresistant

3 MDR

-5 Unknown

Drug-resistant tuberculosis in children

James Seddon

g | 254



Index Case Form (DCF3)

Initial consultation following recruitment

3.1. Index Case Information

3.1.1. DOB (dd/mm/yyyy)

3.1.2. Gender 1 Male 2 Female
3.1.3. Is the index case HIV- 1 Yes 0 No
infected?

-5 Unknown
3.1.4. Does the index case smoke | 1 Yes 0 No
currently? (if no go to 3.1.7)

-5 Unknown

3.1.5. How much do they smoke?

1 Does not smoke

2 Less than 5 cigarettes a
day

3 5-10 cigarettes a day

4 11 - 20 cigarettes a day

5 More than 20 cigarettes a
day

-5 Unknown

3.1.6. How many years has the
index case smoked?

1 Does not smoke

2 Less than six months

3 Six months to one year

4 More than one year to
five years

5 More than five years -5 Unknown
3.1.7. Does the index case drink | 1 Yes 0 No
alcohol? (if no go to 3.1.9)

-5 Unknown

3.1.8. How much alcohol does
the index case drink

1 Never drinks

2 Drinks less than once a
week

3 Drinks more than once a
week

4 Drinks most nights

5 Drinks every night -5 Unknown
3.1.9. Has the index case been 1 Yes 0 No
admitted to a hospital for TB
before this episode? -5 Unknown
3.1.10. Has the index case been 1 Yes 0 No
in prison

-5 Unknown

Drug-resistant tuberculosis in children

James Seddon

Page | 255



Household form (DCF4)

Initial consultation following recruitment

4.1. Household details

4.1.1. Type of residence

1 Main House

2 Yard House

3 Flat -8 Other
4.1.2. Type of housing structure 1 Tin Shack 2 Prefab House
3 Brick House 4 Container
5 Wendy House -8 Other
4.1.3. Number of rooms in house
(xx)
4.1.4. Are there the following 1 Electricity 2 Aradio
assets in the house? (circle any
that apply) 3 DVD player 4 A television
5 Arefrigerator 6 A bicycle
7 A motorcycle 8 Acar
9 Acell phone 10 Alandline

4.1.5. What is the main source of
drinking water?

1 Piped water in the
residence

2 Piped water from a public
tap

-8 Other (specify in next
box)

4.1.6. What is the main type of
toilet in the household?

1 Flush toilet in the house

2 Shared Flush toilet

3 Pit latrine

4 VIP latrine

5 Bush/field toilet

6 Bucket system

-8 Other (specify in next
box)
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4.1. Household details

4.1.7. Number of persons older
than 15 living in the house? (xx)

4.1.8. Number of persons
younger than 15 living in the
house? (xx)

4.1.9. Number of persons
younger than 5 living in the
house? (xx)

4.1.10. Number of smokers in
the house? (xx)

4.1.11. Alcohol usage by any
adultin the house?

1 No one in the house
drinks

2 Adults in the house drink
less than once a week

3 Adults in the house drink
more than once a week

4 Adults in the house drink
most nights

5 Adults in the house drink -5 Unknown
every night

4.1.12. Is there a separate room | 1 Yes 0 No

for cooking in the house?
-5 Unknown

4.1.13. What fuel source is 1 Paraffin stove 2 Wood fire

mainly used for cooking in the
summer?

3 Coal fire

4 Open flame of other kind

5 Electric oven

6 Electric heater

-8 Other (specify in next
box)

4.1.14. What fuel source is
mainly used for cooking in the
winter?

1 Paraffin stove

2 Wood fire

3 Coal fire

4 Open flame of other kind

5 Electric oven

6 Electric heater

-8 Other (specify in next
box)
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Index Case Register Form (DCF5)
To be obtained later from TB register or from

5.1. Register information for the MDR TB episode in the index case

5.1.1. Register number

5.1.2. Registration Date
(dd/mm/yyyy)

5.1.3. Gender

1 Male

2 Female

5.1.4. Patient Category

1 N - New patient

2 RC - Relapse (Pulmonary)

4 RF - Retreatment after
Failure (Pulmonary)

6 RD - Retreatment after

default (Pulmonary)

-8 OR - Other previously
treated

-5 Unknown

5.1.5. Date of production of
sputum sample that diagnosed
MDR TB (dd/mm/yyyy)

5.1.6. Method of diagnosis of
MDR TB

1 LPA on sputum sample

2 LPA on culture sample

3 Conventional DST on -5 Unknown
culture sample
5.1.7. Date of initiation of
treatment (dd/mm/yyyy)
5.1.8. Smear result of sample 0 Negative 1 Scanty
that diagnosed MDR TB
10 1+ 20 2+
30 3+ 150 Positive without
specifying smear pattern
-5 Unknown
5.1.9. Date of most recent
sputum sample (dd/mm/yyyy)
5.1.10. Smear result of most 0 Negative 1 Scanty
recent sample
10 1+ 20 2+
30 3+ 150 Positive without
specifying smear pattern
-5 Unknown
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5.2. Resistance pattern of sample at which MDR TB diagnosed (tick one box for each drug)

Susceptible Resistant

Not tested

Unknown

5.2.1 R-rifampicin

5.2.2 H-—isoniazid

5.2.3 E-ethambutol

5.2.4 7 -pyrazinamide

5.2.5 S-—streptomycin

5.2.6 Eth-
ethionamide

5.2.7 A-amikacin

5.2.8 0O -ofloxacin

5.3. HIV details of index case

5.3.1. HIV status (if Negative
omit next three questions)

1 Positive

0 Negative

-5 Unknown

5.3.2. On ART at initiation of
MDR TB treatment?

1 Yes

0 No

-5 Unknown

5.3.3. Last CD4 count (xxxx)

5.3.4. Currently on ART?

1 Yes

0 No

-5 Unknown
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Follow up form (DCF6)

To be completed at the 2 month appointment

6.2.1. Follow up data

6.2.1.1. Site of consultation

4 Tygerberg

5 Khayelitsha

6 Brooklyn

-8 Other

6.2.1.2. Date Today
(dd/mm/yyyy)

6.2.1.3. Result of consultation

1 Continue HEO/HEthO/H

2 Complete HEO/HEthO/H

3 Stop HEO/HEthO/H

4 Diagnosed TB

-8 Other (specify in next
box)

6.2.1.4. Weight (xx.x kg)

6.2.1.5. Length/Height (xxx cm)

6.2.1.6. Mantoux result (Positive | 1 Positive 0 Negative
>/=10 if HIV-uninfected, >/=5 if
HIV-infected) 2 Not repeated -5 Unknown
6.2.1.7. If a Mantoux result was
recorded what is the size (xx
mm) (if not recorded go to
6.2.1.8)
6.2.1.8. Has the RTH card been 1 Yes 0 No
brought to the appointment?
-5 Unknown
6.2.1.9. Has the treatment diary | 1 Yes 0 No
been brought to the
appointment? 3 No treatment diary -5 Unknown
6.2.1.10. Has the child missed 1 Yes 0 No
any appointments since last
seen? (if no or unknown then go | -5 Unknown
106.2.2.)
6.2.1.11. If yes, what were the 1 Forgot 2 Too far
reasons?
3 Not enough money for 4 Busy
travel
5 Childill 6 Carerill

-5 Other (specify in next
box)
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6.2.2. Medical information — HIV details
6.2.2.1. Is the child HIV-infected? | 1 Yes 0 No
(if no or unknown go to 6.2.3)
-5 Not known
6.2.2.2. If yes, when was the
diagnosis made (dd/mm/yyyy)?
6.2.2.3. Is the child currentlyon | 1 Yes 0 No
ART? (if no or unknown go to
6.2.2.6.) -5 Unknown
6.2.2.4. If yes, which ART? (ring | 1 AZT 2 3TC
any that apply)
3 NVP 4 Dat
5 LPV 6 LPV/Ritonavir
7 EFV 8 ABC
9 PI -8 Other (write in which)
6.2.2.5. When was ART started
(dd/mm/yyyy)?
6.2.2.6. What was the CD4 count
at ART initiation? (xxxx)
6.2.2.7. What was the CD4
percentage at ART initiation?
(xx.x%)
6.2.2.8. Most recent CD4 count?
(xxxx)
6.2.2.9. Most recent CD4
percentage? (xx.x%)
6.2.2.10. Date of most recent
CD4 test (dd/mm/yyyy)?
6.2.2.11. Site of HIV care? 1 Government ARV clinic 2 Hospital ARV clinic
3 Private doctor -8 Other
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6.2.3. Adherence

6.2.3.1. How is the child
receiving their medications

1 DOT from clinic

2 DOT from treatment
support worker

3 Parent receives pills
weekly from clinic and
supervises treatment to
child

4 Parent receives pills
weekly from treatment
support worker and
supervises treatment to
child

5 Parent receives pills -8 Other
monthly from clinic and
supervises treatment to
child
6.2.3.2. Did the child miss or 1 Yes 0 No
vomit their medications
yesterday? -5 Unknown
6.2.3.3. Did the child miss or 1 Yes 0 No
vomit their medications the day
before yesterday (name day)? -5 Unknown
6.2.3.4. Did the child miss or 1 Yes 0 No
vomit their medications the day
before that (name day)? -5 Unknown
6.2.3.5. How many times in the | 1 None 21-2
last week have doses been
missed? 33-4 45-6
5 All of them -5 Unknown
6.2.3.6. When was the last time | 1 Never 2 During the last week

that medications were missed?

3 During the last two weeks

4 During the last month

5 Over a month ago

6 Don’t remember

6.2.3.7. In the last 30 days how
many doses has the child
received? (score from visual
scale) (0 -30) (xx)

6.2.3.8. From the treatment
diary, how many doses have
been missed in the last 2
months? (xx)

Drug-resistant tuberculosis in children

James Seddon

| 262



6.2.4. Side effects of medications — since the last time the child was seen, have they had any of
the following? (Refer to side effect grading sheet)

None Grade 1l | Grade 2 | Grade3 | Grade4 | Not
known

Joint, muscle or bone pain
(other than injuries)
Skin Rashes

Itchy skin

Headache

Sleeping/mood

Lethargy

Visual problems

Vomiting

Diarrhoea

Jaundice

Appetite/nausea

6.2.5. Clinical examination

6.2.5.1. Does the child have any 1 Yes 0 No
bone or joint pain?

-5 Unknown
6.2.5.2. Does the child have a 1 Yes 0 No
palpable or tender liver?

-5 Unknown
6.2.5.3. Does the child have a skin 1 Yes 0 No
rash possibly attributable to the
medications? -5 Unknown
6.2.5.4. Is the child’s colour vision 1 Yes 0 No
normal?

2 Not possible to test -5 Unknown
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Adherence form (DCF7)

To be completed after 2 month follow-up having telephoned local clinic

7.2.1. Follow up data

7.2.1.1. How is the child
receiving their medications

1 DOT from clinic

2 DOT from treatment
support worker

3 Parent receives pills weekly

from clinic and supervises
treatment to child

4 Parent receives pills
weekly from treatment
support worker and
supervises treatment to
child

5 Parent receives pills -8 Other
monthly from clinic and
supervises treatment to child
7.2.1.2. Over the last month, 1 None 21-2
how many medication pick-ups
have been missed? 33-4 4 5-10
5 More than 10 -5 Unknown

7.2.1.3. How would the local
clinic staff rate the caregiver in
respect to giving the medication
to the child?

1 Completely reliable

2 Fairly reliable

3 Fairly unreliable

4 Totally unreliable

-5 Unknown
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Child Tracking Form (DCF8)

To complete at each consultation

8.1. Recruitment

8.1.1. Date of recruitment
(dd/mm/yyyy)

8.1.2. Planned date for 2/12
appointment? (dd/mm/yyyy)
8.1.3. Date TB register consulted
to complete DCF 5?
(dd/mm/yyyy)

8.2. Two month visit

8.2.1. Date of appointment?
(dd/mm/yyyy)

8.2.2. Planned date for 4/12
appointment? (dd/mm/yyyy)
8.2.4. Date DCF7.2 completed
(dd/mm/yyyy)

8.3. Four month visit

8.3.1. Date of appointment?
(dd/mm/yyyy)

8.3.2. Planned date for 6/12
appointment? (dd/mm/yyyy)
8.3.4. Date DCF7.4 completed
(dd/mm/yyyy)

8.4. Six month visit

8.4.1. Date of appointment?
(dd/mm/yyyy)

8.4.2. Planned date for 12/12
appointment? (dd/mm/yyyy)
8.4.4. Date DCF7.6 completed
(dd/mm/yyyy)
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8.5. Twelve month visit

8.5.1. Date of appointment
(dd/mm/yyyy)

8.6. Unscheduled visit 1

8.6.1. Date of appointment
(dd/mm/yyyy)

8.6.2. Planned date for next
appointment (dd/mm/yyyy)
8.6.3. Date DCF7.U completed
(dd/mm/yyyy)

8.7. Unscheduled visit 2

8.7.1. Date of appointment
(dd/mm/yyyy)

8.7.2. Planned date for next
appointment (dd/mm/yyyy)
8.7.3. Date DCF7.U completed
(dd/mm/yyyy)

8.8. Study outcome

8.8.1. Date lost to follow up
(dd/mm/yyyy)

8.8.2. Date defaulted
(dd/mm/yyyy)

8.8.3. Date withdrawn from study
(dd/mm/yyyy)

8.8.4. Date completed study
(dd/mm/yyyy)

8.8.5. Date TB diagnosed
(dd/mm/yyyy)

8.8.6. Date of death
(dd/mm/yyyy)
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Reasons for non-attendance at clinic (Study 6)

For Study 6 three data capture forms were created following the focus group discussion to
explore characteristics of children and their families, the logistical complications of getting to

clinic and their perception of DR-TB. These are shown on the following pages

1. DCF1 Demographics

2. DCF2 Travel to clinics

3. DCF3 Perceptions

4. DCF4 Living standards measures
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DCF 1 - Demographics

1.1. Date today (dd/mm/yyyy)
1.2. Date of birth of child (dd/mm/yyyy)
1.3. Was the child brought for the appointment? 1. Yes 0. No
1.4. Gender of child 1. Male 2. Female
1.5. Ethnicity 4. White 2. Black
5. Coloured -8. Other
1.6. HIV status of child 1. Infected 0. Uninfected
-5. Unknown
1.7. Relationship of main carer to child 1. Mother 2. Father

3. Grandmother

4. Grandfather

-8. Other

1.8. Years formal education main carer

1.9. Paid work of main carer

1. Does not work

for pay

2. Occasional work

for pay

3. Regular part-

time work for pay

4. Regular full-

time work for pay

1.10. Does main carer look after other children? 1. Yes 0. No

1.11. Gender of main carer 1. Male 2. Female
1.12. Gender of index case 1. Male 2. Female
1.13. Relationship of index case to child 1. Mother 2. Father

3. Grandmother

4. Grandfather

-8. Other
1.14 LSM score of household
1.15. Does anyone in the house smoke 1. Yes 0. No
1.16. Does anyone in the house drink alcohol 1. Yes 0. No
1.17. Does anyone in the house use illegal drugs 1. Yes 0.No
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DCF 2 - Travel to clinics

2.1. Distance to local clinic

2.2. Time taken to local clinic

2.3. Cost to local clinic

2.4. Transport to local clinic 1. Walk 2. Train
3. Minibus taxi 4. Private Car
5. More than one -8. Other
ride

2.5. Distance to MDR-TB clinic

2.6. Time taken to MDR-TB clinic

2.7. Cost to MDR-TB clinic

2.8. Transport to MDR-TB clinic 1. Walk 2. Train
3. Minibus taxi 4. Private Car
5. More than one -8. Other
ride
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DCF 3 - Perceptions

3.1. Do you have confidence in the medical staff at 1. Yes 0. No

your local clinic?

3.2. Do you have confidence in the medical staff at 1. Yes 0. No

the MDR-TB clinic?

3.3. Does the weather affect your decision on 1. Yes 0. No

whether to attend appointments at the MDR-TB

clinic?

3.4. Do you consider MDR-TB a disease that can kill 1. Yes 0. No
you?

3.5. Do you consider MDR-TB a disease that can be 1. Yes 0. No

treated successfully?

3.6. Do you think that people in your community 1. Yes 0. No

with MDR-TB are discriminated against?

3.7. Do you feel that employers in your community 1. Yes 0. No

discriminate against people with MDR-TB?

3.8. Are you concerned about the risk of being 1. Yes 0.No
infected with MDR-TB while waiting at the MDR-TB

clinic?

3.9. Do you think that your child would take anti-TB 1. Yes 0. No

medicines every day without a problem?

3.10. Are you concerned about the side effects of 1. Yes 0. No

the anti-TB medicines for the child?

3.11. Out of ten, for you how important a priority is

having your child assessed in the MDR-TB clinic?

3.12. Do you feel that you have to wait a long time 1. Yes 0. No

to be seen at your local clinic?

3.13. Do you feel that you have to wait a long time 1. Yes 0. No

at the MDR-TB clinic?

3.14. Do you think that the parents of children or 1. The parents 2. The health
the health services should be responsible for services

preventing children from getting MDR-TB?
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DCF 4 - Living Standards Measures

Metropolitan dweller

DVD Player

Living in a non-urban area

Refrigerator or combined
fridge/freezer

House / Cluster House / Town House

Electric Stove

Tap water in house / on plot

Microwave oven

Flush Toilet inside house

Deep Freezer - Free Standing

Hot running water

Have a washing machine

Built in Kitchen Sink

Have a tumble dryer

No Domestic Workers

Dishwashing Machine

Home security service

M-net / DSTV Subscription

Cellphones in Household

Home Theatre System

3 or more Cellphones in Household

Vacuum Cleaner

Zero or One Radio set in Household

Motor Vehicle in Household

Hi-Fi / Music centre

Computer - Desktop / Laptop

Have TV set(s)

Land line (excl. Cellphone)

VCR
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The spectrum of presentation, treatment and outcome in children with multidrug-

resistant tuberculosis (Study 10)

For Study 10 two forms were created. The first was used to capture the presentation and

management up until that point in time when the family was consented and interviewed. The

second was then completed every time the patient was subsequently seen. This allowed both

retrospective and prospective data collection. The first form was CDF 2 and the second DCF 5.

For the children on the this treatment study, DCFs 1, 3 and 4 from the studies assessing

exposed children were also completed, so that five forms were completed for each child (DCF

5 completed at each follow up appointment)

DCF1
DCF2
DCF3
DCF4
DCF5

i d w e

Demographic details (completed each time the child was seen)
Child details at the point when the child was recruited
Index case details

Household details

Follow up forms (completed at each follow up appointment)
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Child Medical Form (DCF2) - Initial consultation following recruitment

2.1. Consent

2.1.1. Consent for study 0.No raYes
participation (if no or unknown
then do not proceed) -3.Unknown
2.1.2. Consent to use HIV test 0 No 1 Yes
result

-5 Unknown

2.1.3. Entry Point

4 Tygerberg

5 Khayelitsha

6 Brooklyn -8 Other
2.1.4. Date today (dd/mm/yyyy)
2.2. Personal Information
2.2.1. DOB (dd/mm/yyyy)
2.2.2. Gender 1 Male 2 Female
2.2.3. Ethnicity 4 White 5 Coloured
8 Xhosa 9 Zulu
10 Indian 11 Sotho
-8 Other
2.2.4. Home Language 1 English 2 Afrikaans
3 Xhosa 4 Sotho
5 Zulu -8 Other
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2.3. DR TB Episode

2.3.1. Date of start of DR TB
Episode (see definitions)

(dd/mm/yyyy)

2.3.2. Was the child admitted 1 Yes 0 No
to hospital? (if no then go to

2.3.6.) -5 Unknown

2.3.3. Date of admission to
hospital (dd/mm/yyyy)

2.3.4. Date of admission to
Brooklyn Hospital

(dd/mm/yyyy)

2.3.5. Date discharged from
Brooklyn (dd/mm/yyyy)

2.3.6. If sent to another
hospital, date of discharge
from hospital (dd/mm/yyyy)

2.3.6. Date TB treatment
started in DR TB episode
(dd/mm/yyyy)

2.3.7. Date DR TB treatment
started (dd/mm/yyyy)

2.3.8. If finished treatment,
date of treatment completion
(dd/mm/yyyy)

2.3.8. If culture-confirmed DR
TB, date sample taken that
diagnosed DR TB (dd/mm/yyyy)

rd 2
2.3.9. What was the child’s 1 <60% expected 2 <3 percentile
weight at the beginning of the " ;
DR TB episode? 3 37-10" percentile giatOgrarcentie
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2.4. Contacts

2.4.1. Does the child have any | 0 None known 1 One
TB contacts (if none go to 2.5.)
2 Two or more -5 Not known
2.4.2. What is the relationship | 1 Mother 2 Father
of the first contact to the child?
3 Sibling 4 Grandparent

5 Other relative

6 Non-relative

2.4.3. What is the DST of the
first contact? (if DST not
done/unknown go to 2.4.4. if
known go to0 2.4.5.)

-5 DST not done/unknown

1DSTB

2 RIF mono-resistant TB

3 INH mono-resistant TB

4 MDRTB

5 MDR + OFL resistant TB

6 MDR + AMl resistant TB

7 XDRTB

2.4.4. If the first contact has
not had a DST or the result is
unknown, what has happened

1 Died

2 Onfirst line treatment

to them? 3 Defaulted/ not on -5 Unknown
treatment

2.4.5. What is the relationship | 1 Mother 2 Father

of the second contact to the

child?
3 Sibling 4 Grandparent

5 Other relative

6 Non-relative

2.4.6. What is the DST of the
second contact? (if DST not
done/unknown go to 2.4.7. if
known go to 2.5.)

-5 DST not done/unknown

1DSTB

2 RIF mono-resistant TB

3 INH mono-resistant TB

4 MDRTB

5 MDR + OFL resistant TB

6 MDR + AMI resistant TB

7 XDRTB

2.4.7. If the second contact has
not had a DST or the result is
unknown, what has happened
to them?

1 Died

2 On first line treatment

3 Defaulted/ not on
treatment

-5 Unknown
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2.5. Previous Treatment

2.5.1. Has the child had
previous episodes of TB
before?

0 Never

1 Once before

2 Twice or more before

-5 Unknown

2.5.2. For the most recent
episode what type of
treatment was it?

1 Treatment for DS TB

2 Treatment for DR TB

3 Prophylaxis for DS TB

4 Prophylaxis for DR TB

2.5.3. For the most recent
episode what date did the
treatment start? (dd/mm/yyyy)

2.5.4. For the most recent
episode what date did the
treatment end? (dd/mm/yyyy)

2.5.6. For the most recent
episode what was the result?

1 Treatment completed

2 Defaulted

3 Treatment failure

-5 Unknown

2.5.7. For the previous episode
what type of treatment was it?

1 Treatment for DS TB

2 Treatment for DR TB

3 Prophylaxis for DS TB

4 Prophylaxis for DR TB

2.5.8. For the previous episode
what date did the treatment
start? (dd/mm/yyyy)

2.5.9. For the previous episode
what date did the treatment
end? (dd/mm/yyyy)

2.5.10. For the previous
episode what was the result?

1 Treatment completed

2 Defaulted

3 Treatment failure

-5 Unknown
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2.6. Child immunology details

2.6.1. Largest Mantoux/Tine 1 Positive 2 Negative
result during DR TB episode?
3 Not done/unread -5 Unknown
2.6.2. If the size of the
Mantoux is recorded, what is
the size? (xx mm)
2.6.3. Was a BCG scar noted or | 1 Yes 0 No
recorded as being given in the
RTHC? -5 Unknown
2.7. HIV details
2.7.1.Is the child HIV-infected? | 1 Yes 0 No
(if no or unknown go to 2.8.)
-5 Not known
2.7.2. If yes, when was the
diagnosis made (dd/mm/yyyy)?
2.7.3. Is the child currently on 1 Yes 0 No
ART? (if no or unknown go to
2.7.6.) -5 Unknown

2.7.4. When was ART started
(dd/mm/yyyy)?

2.7.5. What was the CD4 count
and percentage at ART
initiation? (xxxx, xx.x%)

2.7.6. What was the CD4 count
and percentage at start of DR
TB episode? (xxxx, xx.x%)

2.7.7. Most recent CD4 count
and percentage? (xxxx, Xx%)

2.7.8. Date of most recent CD4
test (dd/mm/yyyy)?
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2.8.DRTB
2.8.1. What type of TB does 1 PTB 2 EPTB
the child have?
3 Both PTB and EPTB -5 Unknown
2.8.2. If EPTB or both, what 1 Miliary 2 Pleural effusion
type (circle all that apply)
3 Pericardial effusion 4 TBM
5 Abdominal 6 Lymph node
7 Bone/joint/spine 8 Disseminated
9 Other
2.8.3. Was the child sputum 1 Yes 0 No
smear-positive at any point in
the DR TB episode? -5 Unknown

2.9. Resistance pattern of sample at which DR TB diagnosed or of the likely index case if
diagnosed presumptively (tick one box for each drug)

Susceptible Resistant Not tested Unknown

29.1 R-rifampicin

2.9.2 H-isoniazid

2.9.3 E-ethambutol

2.9.4 Z-pyrazinamide

29.5 S-streptomycin

2.9.6 Eth - ethionamide

2.9.7 A-amikacin

2.9.8 0O - ofloxacin
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2.10. Drugs used

Date started Date stopped

Date Date stopped
restarted

2.10.1 R - rifampicin

2.10.2 H-isoniazid

2.10.3 E-ethambutol

2.10.4 Z - pyrazinamide

2.10.5 S-streptomycin

2.10.6 Eto - ethionamide

2.10.7 Amk —amikacin

2.10.8 Ofx - ofloxacin

2.10.9 Cm - capreomycin

2.10.10 Cs/Trd -
cycloserine or terizidone

2.10.11 Cip-
ciprofloxacin

2.10.12 PAS

2.10.13 Kl-
clarithromycin

2.10.14 Aug-augmentin

2.10.15 Lzd - linezolid

2.10.16 Mfx -
moxifloxacin

2.11. Diagnosis

2.11.1. On what basis was the
DR TB diagnosed?

1 Culture-confirmation

2 TBin contact of DR TB

3 Failing first line therapy

-5 Unknown
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2.12. Side effects of medications — since starting treatment in the DR TB episode has the
child had any of the following? (Refer to side effect grading sheet)

None

Grade 1

Grade 2

Grade 3

Grade 4

Not
known

2.12.1. Joint, muscle or bone
pain (other than injuries)

2.12.2. Skin Rashes

2.12.3. Itchy skin

2.12.4. Headache

2.12.5. Sleeping/mood

2.12.6. Lethargy

2.12.7. Visual problems

2.12.8. Vomiting

2.12.9. Diarrhoea

2.12.10. Jaundice

2.12.11. Appetite/nausea

2.12.12. Anaemia

2.12.13. Anaphylaxis

2.12.14. Hepatotoxicity
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2.13. Hearing and TFTs

2.13.1. Has there been any
hearing impairment (loss of
>15db) since starting

1 None

2 High frequency unilateral
loss

3 High frequency bilateral

4 Mid-range unilateral

treatment?
5 Mid-range bilateral -5 Unknown
2.13.2. Has the injectible had to | 1 Yes 2 No
be stopped early due to
heari
aring loss? 3 URKAGWR

2.13.3. Has there been any
derangement of TFTs?

1 Always normal

2 TSH alone raised once or
more

3 T4 alone low once or
more

4 Both TSH raised and T4
low once or more

treatment outcome?

2.13.4. Has a thyroxine 1 Yes 2 No

substitute been instituted?

2.14. Treatment outcome

2.14.1. What was the 1 Cured 2 Treatment completed

3 Treatment failure

4 Defaulted

5 Died

6 Lost to follow up

7 Transferred/moved out

8 Still on treatment

9 Other

2.14.2. Impairment at the end
of treatment?

1 None obvious

2 Chronic lung impairment

3 Neurological impairment

4 Still on treatment

5 Died

6 Other
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2.15. Culture conversion

2.15.1. Months to culture
conversion if appropriate (time
from start of DR TB treatment
to date of sampling of first
negative culture)

2.16. Death

2.16.1. If the patient died, what
was the date of death?
(dd/mm/yyyy)

2.16.2. If the patient died, what
was the cause of death?

1 TB while on treatment

2 The consequences of TB
following treatment

3 HIV-related illness

4 Other while on treatment

5 Other following
treatment

-5 Unknown

2.17. Radiology (use formal CXR reporting form)

2.17.1. CXR at diagnosis

1 Normal

2 Hilar nodes/airway
compression (mild)

3 Lobar/segmental
collapse/opacification (mod)

4 Pleural effusion — large of
loculated (mod)

5 Small cavities (mod)

6 Brochopneumonic
changes (large of severe)
(severe)

7 Miliary (severe)

8 Large cavities (severe)

2.17.2. CXR at end of
treatment

1 Normal

2 Improved but not normal

3 Radiological chronic lung
disease

4 Destroyed lobe/lung

5 Still on treatment

6 Other
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DCF 5 (Follow-up form) To be completed at outpatient follow ups or inpatient reviews

5.1. Follow up data

5.1.1. Site of review 4 Tygerberg 5 Khayelitsha

6 Brooklyn -8 Other

5.1.2. Date Today
(dd/mm/yyyy)

5.1.3. If discharged from
hospital since last review, date
of discharge? (dd/mm/yyyy)

5.2. Child immunology details

5.2.1. If a Mantoux/Tine test 1 Positive 2 Negative
has been repeated what is the
result? 3 Not done/unread -5 Unknown

5.2.2. If the size of the
Mantoux is recorded, what is
the size? (xx mm)

5.3. Culture conversion

5.3.1. If culture conversion has
occurred since last follow up,
months to culture conversion
(time from start of DR TB
treatment to date of sampling
of first negative culture)
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5.4. HIV details

5.4.1. Is the child HIV-infected? | 1 Yes 0 No
(if no or unknown go to 5.5.)
-5 Not known
5.4.2. If yes, when was the
diagnosis made (dd/mm/yyyy)?
5.4.3. Is the child currently on 1 Yes 0 No
ART? (if no or unknown go to
2.7.6.) -5 Unknown

5.4.4. When was ART started
(dd/mm/yyyy)?

5.4.5. What was the CD4 count
and percentage at ART
initiation? (xxxx, xx.x%)

5.4.6. What was the CD4 count
and percentage at start of DR
TB episode? (xxxx, Xx.x%)

5.4.7. Most recent CD4 count
and percentage? (xxxx, xx%)

5.4.8. Date of most recent CD4
test (dd/mm/yyyy)?
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5.5. Drugs used

Current drugs
(tick)

Date stopped if stopped since last
follow up

5.5.1 R-rifampicin

5.5.2 H-isoniazid

5.5.3 E-ethambutol

5.5.4 Z-pyrazinamide

5.5.5 S-—streptomycin

5.5.6 Eto- ethionamide

5.5.7 Amk - amikacin

5.5.8 Ofx - ofloxacin

5.59 Cm - capreomycin

terizidone

5.5.10 Cs/Trd - cycloserine or

5.5.11 Cip - ciprofloxacin

5.5.12 PAS

5.5.13 Kl - clarithromycin

5.5.14 Aug - augmentin

5.5.15 Lzd - linezolid

5.5.16 Mfx — moxifloxacin
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5.6. Side effects of medications - since the last follow up has the child had any of the
following (Refer to side effect grading sheet)

None Grade 1l | Grade 2 | Grade 3 | Grade 4 | Not
known

5.6.1. Joint, muscle or bone
pain (other than injuries)
5.6.2. Skin Rashes

5.6.3. Itchy skin

5.6.4. Headache

5.6.5. Sleeping/mood

5.6.6. Lethargy

5.6.7. Visual problems

5.6.8. Vomiting

5.6.9. Diarrhoea

5.6.10. Jaundice

5.6.11. Appetite/nausea

5.6.12. Anaemia

5.6.13. Anaphylaxis

5.6.14. Hepatotoxicity
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5.7. Hearing and TFTs

5.7.1. Has there been any
hearing impairment (loss of
>15db) since the last
appointment?

1 None

2 High frequency unilateral
loss

3 High frequency bilateral

4 Mid-range unilateral

5 Mid-range bilateral -5 Unknown
5.7.2. Has the injectible hadto | 1 Yes 2 No
be stopped early due to
hearing loss? S UREren

5.7.3. Has there been any
derangement of TFTs since the
last appointment?

1 Always normal

2 TSH alone raised once or
more

3 T4 alone low once or
more

4 Both TSH raised and T4
low once or more

5.7.4. Has a thyroxine
substitute been instituted?

1 Yes

2 No

5.8. Treatment outcome and morbidity

5.8.1. If the child has finished
treatment, what was the
outcome?

1 Cured

2 Treatment completed

3 Treatment failure

4 Defaulted

5 Died

6 Lost to follow up

7 Transferred/moved out

8 Other

9 Still on treatment

5.8.2. What is the current level
of impairment?

1 None obvious

2 Chronic lung impairment

3 Neurological impairment

4 Other
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The impact of drug resistance on clinical outcome in children with tuberculous

meningitis (Study 11)

Personal Details

Hospital number

Study Number

Date admission to TBH

Date of discharge from TBH

Date of birth Gender
M F
HIV details
. E d b
HIV status Unknown Positive Negative xmse. =
negative
de cou.nt at On ART at
diagnosis of TBM diagnosis of TBM? Yes No
(if HIV-infected) €
Past medical history
BCG scar
visible/documented on Yes No Unknown
RTHC?
Mantoux result Unknown Positive Negative
Time course

Date symptoms reported to start

Date of admission to hospital

Date of initiation of treatment

For DR TB, date of initiation of appropriate

treatment
Any known TB Yes No Unknown
contacts?
Child given/currently Yes No Unknown
on preventive therapy?

Presenting Symptoms (ring those that apply)

Decreased

Gl

Poor feedi
consciousness i disturbance/diarrhea Sl ih
Seizures Vomiting Cough Weight loss
Fever Change in behavior Developmental Neck Stiffness

regression
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Neurological status at presentation
TBM stage Stage one Stage two Stage three Not recorded
GCS (3-15) Not recorded
Central nervous system Normal Abnormal Unknown
Peripheral nervous Normal Abnormal Unknown
system
Hemiplegia Vo< No Unknown
i ?
Raised ICP? Yes No Unknown
Microbiology
i i Sputum CSF
Source of positive Gastric washings P
result
Biopsy BAL Other
DS RMP mono-resistant INH mono-resistant
Resistance pattern
MDR XDR Unknown
Smear result Positive Negative Unknown
Beijing LAM Haarlem
Strain type
X Other Unknown
CSF result
Macro appearance Clear Bloody Turbid
RBC PMN Lymphocytes Glucose Protein
(cells/pL) (cells/pL) (cells/pL) (mmol/L) (g/L)
Other investigations
CXR Normal Signs of TB Not done
CT brain Normal Signs of TBM Not done
Air Encephalogram Communicating Non-communicating Not done
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Inpatient progress
Neurosurgery Not done Shunt
ICU admission Admitted ICU Not admitted ICU
Drugs used

Steroids used Yes No Unknown

INH PZA RMP ETH EMB AMI/KAN
All TB drugs
used

OFL TER/CYC PAS CAP LNZ AUG

Outcome
Motor 5 . | ; 7
. Normal Hemiparesis Quadriparesis Died Unknown
function
Cognitive Normal Mild handicap Moderate/sev Died Unknown
outcome ere handicap
Vision Normal ImP:«:nred Blindness Died Unknown
vision
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Hearing loss in children treated for drug-resistant tuberculosis (Study 13)

Clinical Details
1.1.Study Number
1.2.Hospital Number
1.4. Date of Birth (dd/mm/yyyy)
1.5. Date of Admission to BCH (dd/mm/yyyy)
1.6. Gender 1. Male 2. Female
1.7. Type of TB 1.PTB 2.EPTB
3. Both PTB and
EPTB
1.8. Ethnicity 4. White 5. Coloured
8. Xhosa -8. Other
1.9. Site of EPTB 1. Miliary 2. Pleural Effusion
3. Pericardial
Effusion RlLLY
5. Abdominal TB 6.LNTB
7. Bone/Joint TB -8. Other
1.10. Weight at admission to BCH (xx.x kg)
1.11. Length at admission to BCH (xxx cm)
1.12. MUAC at admission to BCH (xx.x cm)
1.13. Diagnosis of TB 1. Confirmed 2. Presumed
1.14. DST 1. Not done 2.DS
3. IMR 4. RMR
5. MDR 6. Pre-XDR
7. XDR -8. Other
1.15. HIV status 1. Positive 2. Negative
-5. Unknown
1.16. Date Started HAART (dd/mm/yyyy)
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2. Treatment Details

2.1. Injectable given

1. Amikacin

2. Capreomycin

3. Streptomycin 4. Kanamycin
2.2. Dosage of injectable given (xxx mg)
2.3. Date injectable started (dd/mm/yyyy)
2.4. Date injectable completed (dd/mm/yyyy)
2.5. Number of doses given (xx)
2.6. TB drugs used during injectable phase 1% isoniazld 2. Rifampicin

3. Pyrazinamide

4. Ethambutol

5. Ofloxacin

6. Ethionamide

7. Terizidone

8. PAS

9. Clarithromycin

10. Augmentin

11. Linezolid -8. Other
3. Renal Function
Potassium Creatinine
Date Result Date Result
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Review

Management of children exposed to multidrug-resistant

Mycobacterium tuberculosis

James A Seddon, Peter Godfrey-Faussett, Anneke C Hesseling Robert P Gie, Nulda Beyers, H Simon Schaaf

Wid,

Children exposed to

(MDR) Mycobacterium tuberculosis are at risk of developing MDR tuberculosis.

Where treatment is available, it is lengthy, expensive, and associated with poor adherence and notable morbidity and
mortality. Preventive treatment effectively lowers the risk of disease progression for contacts of individuals with drug-
susceptible tuberculosis, but this strategy is poorly studied for contacts of people with MDR tuberculosis. In this Review
we discuss the management of child contacts of source cases with MDR tuberculosis. We pay particular attention to
assessment, existing international guidelines, possible preventive treatments, rationales for different management
strategies, and the interaction with and implications of HIV infection.

Introduction

Nearly half a million new cases of multidrug-resistant
(MDR) tuberculosis are estimated to occur each year,'
including extensively drug-resistant (XDR) tuberculosis.
These forms of the disease are associated with high
mortality. particularly in people living with HIV
infection? MDR tuberculosis is defined as disease
caused by Mypohacterium tuberculosis resistant to
rifampicin and isoniazid, and XDR as tuberculosis
caused by M tuberculosis resistant to both these drugs as
well as a fluoroquinolone and an injectable second-line
antituberculosis medication.’

Tuberculosis control programmes have traditionally
focused on case-finding and treatment of infectious
patients, most of whom are adults. From a public health
perspective, this approach must remain the priority
because it will lessen disease transmission and, therefore,
the number of new infections. To decrease future disease
burden and improve clinical care at an individual level,
however, these strategies need to be complemented with
the identification and treatment of people who are at a
high risk of first becoming infected and then of
progressing to disease after contact with infectious
individuals.* Young children and immunosuppressed

much debate. The terms latent tuberculosis infection,
latent tuberculosis, and tuberculosis latency are all used.
In line with our academic work and paediatric practice,
in this Review we use the term tuberculosis infection to
cover the spectrum from recent infection with
M tuberculosis, before an immune response is mounted,
to an established state of equilibrium. A proportion of
individuals with tuberculosis infection will at some point
develop tuberculosis disease.’ The overall risk of pro-
gression is greatest in the first 2 years after infection, and
for young children progression occurs within 1 year in
90% of cases.*” Data collected before the era of chemo-
therapy show that changes seen on chest radiography
spontaneously resolve without treatment in a proportion
of children with tuberculosis infection. In this Review,
however, as in our clinical practice, we use the term
tuberculosis disease to refer to symptomatic illness or
any radiographic changes on chest radiography that are
consistent with tuberculosis.

Traditionally, the only means of detecting tuberculosis
infection was if the patient had a history of exposure and
a positive tuberculin skin test (TST) result. The crude
antigen mixture used in TSTs, however, does not
completely differentiate between BCG, M tuberculosis,
and envir tal, non-tuberculous mycobacteria* An

people are at the highest risk of prog g to di

after infection. Few studies have investigated the
management of children exposed to MDR tuberculosis,
and there is no consensus about the use of preventive
treatment. In this Review we discuss existing international

immune response might take up to 3 months to develop,
and the size of induration can be affected by HIV
infection,” malnutrition, and other causes of
i ssion (eg. viral infections, neoplastic

guidelines for the management of child contacts of
individuals with MDR tuberculosis, whether preventive
treatment could have a role, and what the possible
treatments and rationales might be for different manage-
ment strategies.

Tuberculosis pathophysiology and immunology

After exposure to aerosolised M tuberculosis, some
children  will become infected, after which the
adaptive immune system might clear the infection, fail to
contain it, or reach an equilibrium in which the immune
system is unable to eradicate the infection but prevents
progression to disease. The definitions and pathophysio-
logical bases of tuberculosis infection are subjects of

www thelancet convinfection Vol 12 June 2012

Drug-resistant tuberculosis in children

disorders, or steroid use).* Sensitivity and specificity are
difficult to measure in the absence of a gold standard, but
when sensitivity is measured against confirmed
tuberculosis disease, results are variable. Some tests,
such as the interferon-y-release assays (IGRAs), measure
the amount of interferon y released by T cells or the
number of T cells that release interferon y after
stimulation by M tberculosisspecific antigens  (eg,
ESAT-6. CFP-10, or TB77). Large numbers of studies have
assessed these in-vitro tests, and in some contexts they
seem to show increased sensitivity in confirmed tuber-
culosis cases or against an exposure gradient.” Specificity
does not seem to be substantially affected by previous
BCG vaccination or exposure to non-tuberculous
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Caring for Children with Drug-Resistant Tuberculosis

Practice-based Recommendations
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Rocio M. Hurtado?®®, Farhana Amanullah', Nathan Ford", Jeffrey R. Starke'?, and
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The management of children with drug-resistant tuberculosis
(DR-TB) is challenging, and it is likely that in many places, the roll-
out of molecular diagnostic testing will lead to more children
being diagnosed. There is a limited evidence base to guide optimal
treatment and follow-up in the pediatric population; in existing
DR-TB guidelines, the care of children is often relegated to small
“special populations” sections. This article seeks to address this gap
by providing clinicians with practical advice and guidance. This is
achieved through review of the available literature on pediatric
DR-TB, including research studies and international guidelines, com-
bined with consensus opinion from a team of experts who have
extensive experience in the care of children with DR-TB in a wide
variety of contexts and with varying resources. The review covers

treatment initiation, regimen design and tr duration, man-
agement of comorbid diti tre itoring, adverse

events, adherence promotion, and infection control, all within a
Itidisciplinary envi %

Keywords: pediatrics; child; drug resistance
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James Seddon

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject ‘
With increasingly available rapid diagnostic techniques,
more children are likely to be diagnosed with drug-resistant
tuberculosis. Guidance is lacking to assist the clinician in
caring for children with drug-resistant tuberculosis.

What This Study Adds to the Field

This article draws on the literature and available
guidelines, combining with the consensus opinion of

authors who have extensive experience in the management
of children with drug-resistant tuberculosis. 1t provides
guidance on regimen selection, the management of comorbid
conditions and adverse events, and how Lo monitor treatment
response. It discusses the promotion of how to
involve other disciplines, and the role of infection control.

The World Health Organization (WHO) estimates there are
650,000 prevalent cases of multidrug-resistant tuberculosis
(MDR-TB) globally (see Table 1 for definitions) (1). Because
children (< 15 yr of age) comprise up to 20% of the TB case-
load in high-burden settings (2-4), the number of children with
drug-resistant TB (DR-TB) is undoubtedly high. Data regard-
ing this vulnerable population, however, are lacking a recent
systematic review of children with MDR-TB was only able to
include cight studies from five countries (5). Few children with
DR-TB are diagnosed, and fewer still are started on appropriate
treatment. This failure of appropriale management occurs
for several reasons. First, confirmation of the diagnosis for all
forms of TB in children is limited by the difficulty in oblaining
appropriate diagnostic specimens (6). In many contexts, WHO-
endorsed, rapid genotypic tests are being rolled out (7, 8), and,
for the majority of regions that did not previously carry out
comprehensive culture and drug susceptibility testing (DST),
the number of diagnosed cases of pediatric DR-TB will in-
crease. Second, due to misperceptions regarding the toxicity
of the second-line TB medications in children, some clinicians
are hesitant to use these drugs 1o (real unconfirmed disease.
Finally, there are few practice-based recommendations on the
optimal care of children with DR-TB. Existing global guidelines
relegate the care of pediatric DR-TB 1o a one- or two-page
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Articles

Treatment outcomes for children with multidrug-resistant
tuberculosis: a systematic review and meta-analysis

Dena Ettehad. H Simon Schaaf. James A Seddon, Graham S Cooke*, Nathan Ford*

Summary

Background Paediatric multidrug-resistant (MDR) tuberculosis is a public health challenge of growing concemn,
accounting for an estimated 15% of all global cases of MDR tuberculosis. Clinical management is especially
challenging, and recommendations are based on restricted evidence. We aimed to assess existing evidence for the
treatment of MDR tuberculosis in children.

Methods We did a systematic review and meta-analysis of published and unpublished studies rep g treatment
outcomes for children with MDR tuberculosis. We searched PubMed, Ovid, Embase, Cochrane l.nhranr Pny(thFO
and BioMedCentral databases up to Oct 31, 2011. Eligible studies included five or more children (aged =16 years) with
MDR tuberculosis within a defined treatment cohort. The primary outcome was treatment success, defined as a
composite of cure and treatment completion.

Results We identified eight studies, which reported treatment outcomes for a loul of 315 pamms We recorded much
variation in the characteristics of patients and prog Time to appropriak nt varied from 2 days to
46 months. Average duration of treatment ed from 6 ths to 34 hs, and duration of follow-up ranged
from 12 months to 37 months. The pooled eslimule for treatment success was 81:67% (95% CI 72-54-90-80). Across
all studies, 5-9% (95% CI 1-3-10-5) died. 6-2% (2-3-10-2) defaulted, and 39.1% (28-7-49-4) had an adverse event.
The most common drug-related adverse events were nausea and vomiting. Other serious adverse events were hearing

loss, psychiatric effects, and hypothyroidism.

Interpretation The treatment of paediatric MDR tuberculosis has been neglected, but when children are treated
outcomes can be achieved that are at least as good as those reported for adults. Programmes should be encouraged to
report outcomes in children to improve the knowledge base for care, especially as new drugs become available.

Funding None.

Introduction

An estimated 12 million people worldwide have tuber-
culosis, of whom about 650000 have multidrug-resistant
(MDR) disease.! Childhood tuberculosis is estimated to
account for 10-15% of the global tuberculosis burden?
and probably accounts for a similar proportion when
considering only drug-resistant disease. The highest
rates of paediatric MDR tuberculosis are reported in low-
income countries ! and in some regions the incidence of
MDR tuberculosis has risen sharply in the past two
decades—eg, in the Western Cape, South Africa, the
proportion of culture<confirmed cases of tuberculosis
with multidrug-resistance has tripled in the past 15 years
from 2-3%t0 7-3%.?

MDR  tuberculosis is underdetected in children.
Diagnosis of drug resistance needs mycobacterial
culture and drug susceptibility testing (DST),* but the
difficulty in obtaining respiratory secretions, such as
sputum or gastric aspirates, or specimens of
extrapulmonary tuberculosis from young children,®
along with the fact that up to half of all children with a
clinical diagnosis of tuberculosis disease are smear-
negative and culture-negative, makes microbiological
confirmation  challenging®  Strict  programmatic
requirements for microbiological confirmation of drug

www thelancet comyinfection Vol12 June 2012
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resistance combined with insufficient recognition of the
importance of taking into account DST patterns from
adult source cases can lead to substantial delays in
diagnosis and initiation of appropriate treatment” These
delays could lead to progression of disease, increased
risk of infectiousness of children, greater nsk of disease
complications such as tuberculous meningitis, and
higher rates of morbidity and mortality **

Paediatric drug-resistant tuberculosis is a neglected
concern, with few children being treated relative to the
estimated disease burden® WHO guidelines for the
treatment of drug-resistant tuberculosis in adults are
based on evidence from meta-analyses of individual
patients’ data." However, recommendations for children
are based on expert opinion, drawing on data from case
series and cohort studies,*" often with small sample sizes.
Consequently, variation exists in programmatic choices of
treatment regimens, with the choice of drugs informed by
previous drug exposure and DST results* Because of
uncertainties about diagnosis and the best treatment
regimens, and concerns about the toxic effects associated
with MDR tuberculosis treatment, health-care providers
are cautious about treating paediatric MDR tuberculosis.

We did a systematic review and meta-analysis of the
available evidence for treatment outcomes in children
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REVIEW

Hearing loss in patients on treatment for
drug-resistant tuberculosis

James A. Seddon**, Peter Godfrey-Faussett”, Kayleen Jacobs’, Adam Ebrahim?,
Anneke C. Hesseling* and H. Simon Schaaf**

ABSTRACT: The treatment of drug-resistant (DR)-tuberculosis (TB) necessitates the use of
second-line injectable anti-TB drugs which are associated with hearing loss. Hearing loss affects
communication and the development of language and social skills in children. This review
describes the pathophysiology of hearing loss and the testing methodologies that can be
employed. It is the first paper to systematically review the literature regarding hearing loss in
those treated for DR-TB. In the studies identified, the methodology used to test for and to classify
hearing loss is inconsistent and children and those with HIV are poorly represented. This review
describes existing guidelines and suggests management strategies when hearing loss is found. it
describes the challenges of testing hearing in the developing world contexts where the majority of
patients with DR-TB are treated. Finally it makes the recommendation that a standardised testing
methodology and classification system should be used.

KEYWORDS: Drug-resistant, hearing loss, ototoxicity, systematic review, tuberc ulosis

estimates that there are 650,000 cases

glabally of multidrugresistant (MDR)
tuberculosis  (TB) (Mycobacterium  tuberculosis
resistant to rifampicin and isoniazid) [1]. A small
proportion of these cases are diagnosed and
appropriately treated but with the imminent
rolout of newer molecular diagnostic tools [2,
3l a much larger proportion is likely to be
treated. The treatment of drug-resistant (DR)-TB
requires the use of second-line anti-TB medica-
tions many of which are associated with sig-
nificant adverse events [4]. The injectable drugs,
aminoglycosides and polypeptides are associated
with a risk to renal function, hearing and the
vestibular system. Nephrotoxicity is generally
reversible but damage to the auditory and
vestibular systems is usually permanent. The
monitoring of hearing loss is important for two
reasons. First, if detected early it may be possible
to alter the regimen to stop or reduce the dose of
the resporsible drug, preventing progression of
hearing loss to the point where it would impact
on communication. Second, if significant hearing
loss has developed and is detected, interventions
can be implemented to assist in communication.
These include hearing aids, cochlear implants or
f)ﬁl"\‘ hearing impaired tools, teaching and train-
ing. Despite the increasing literature on DR-TB

The World Health Organization (WHO)

EUROPEAN RESPIRA TORY JOURNAL
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over the last 20 yrs, few studies have investigated
hearing loss in patients undergoing treatment.
Existing studies have used varied case defini-
tions, making comparisors between studies
challenging.

Here we review how hearing is tested and assess
the implications of festing in resource-limited
settings, where the majority of patients with DR-
TB are likely to be treated. We describe testing of
young children who are not old enough to co-
operate with the pure tne audiometry proce-
dure. We systematically review the literature
which has assessed hearing in patients under-
going treatment for DR-TB, as well as existing
international guidelines, We discuss the different
components of hearing loss and potential inter-
ventions upon identification of hearing loss.
Finally we propose a standardisation in the
classification of hearing loss for academic studies
in adults and children treated for DR-TB.

THE PHYSIOLOGY OF HEARING AND
BALANCE

Sounds, in the form of vibrations, impact on the
pinna of the ear and are transmitted down the
auditory channel to the tympanic membrane. The
vibrations are trarsmitted through the auditory
ossicles (the malleus, incus and stapes) onto the
hair cells of the basilar membrane within the
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Chapter 11

Donald PR, van Helden PD (eds): Antituberculosis Chemotherapy.
Prog Respir Res. Basel, Karger, 2011, vol 40, pp 1-15

Second-Line Antituberculosis Drugs: Current

Knowledge, Recent Research Findings and

Controversies

H. Simon Schaaf®® « James A. Seddon®< - Jose A. Caminero®®

*Department of Paedlatrics and Child Health, Desmond Tutu TB Centre, Faculty of Health Sclences, Stellenbosch University,
:nd “Tygerberg Children‘s Hospital, Tygerberg, South Africa; “London School of Hyglene and Tropical Medicine, London, UK;
Department of Pneumology. University Hospital of Gran Canarla Dr. Negrin, Las Palmas, Spain; “International Union against

Tuberculosls and Lung Disease, Parls, France

Abstract
The treatment of drug-resistant tuberculosis (TB) necessitates the
use of drugs that are poorly understood, less efficacious and often
associated with more adverse effects than those used to treat drug-
susceptible TB. Many of these second-line compounds were discov-
ered over 50 years ago and were soon superseded by more effective
and better tolerated drugs. However, in treating drug-resistant T8,
we must re-evaluate these drugs as the available armamentarium
of drugs is so limited. New medications, as well as established medi-
cations not previously used against TB, need to also be considered.
As diagnostic techniques improve and more cases of drug-resistant
TBare diagnosed, clinicians must be familiar with these second-line
drugs to enable them to successfully manage patients. This article
reviews the literature, often limited and sometimes elderly, regard-
ing the second-line drugs. It also examines recent research findings
and identifies areas of controversy and discussion. It comments on
the laboratory, pharmacokinetic and pharmacodynamic properties
of the drugs as well as discusses adverse effects.

Copyright © 2011 5. Karger AG, Basel

Multidrug-resistant (MDR) and, more recently, extensively
drug-resistant (XDR) tuberculosis (TB) has necessitated the
use of second-line anti-TB agents. Worldwide, 440,000 new
cases of MDR-TB were estimated to have occurred in 2008,
5.4% of which were XDR-TB cases [1]. The majority of these
patients are not diagnosed, and only a small proportion is
treated with appropriate second-line anti-TB regimens.
There is currently a strong move to roll out diagnostic facil-
ities to identify MDR-TB cases in high TB burden countries
with limited resources. However, if the diagnosis of MDR-

James Seddon

TB is improved, treatment must be available, and for treat-
ment to be available, it is imperative that there should be a
good knowledge of the agents used. Therefore this overview
does not discuss treatment options for MDR/XDR-TB but
rather presents the individual agents or drug groups that are
used as second-line drugs with the emphasis on recent find-
ings and controversies.

The World Health Organization (WHO) divides the
agents for MDR/XDR-TB treatment into 5 major groups
(table 1). Although the current WHO guidelines classify
the injectable agents as group 2 and the fluoroquinolones
as group 3, there are good reasons to argue that, due to the
efficacy of the agents, the severity of adverse effects and also
cost, the fluoroquinolones should rather be group 2 and the
injectables group 3 [3]. In this overview we will discuss only
second-line agents excluding the fluoroquinolones, as these
are discussed in a separate paper (i.e. we will discuss groups
2,4and 5). A summary is provided in table 2.

The Injectable Antituberculosis Agents:
Aminoglycosides and Cyclic Polypeptides

The current WHO group 2 agents include streptomycin,
kanamycin, amikacin and capreomycin (viomycin, another
cydlic polypeptide, is not currently included) [2]. In many
regions with MDR-TB, resistance surveillance shows high
rates (>50%) of streptomycin resistance, precluding its use in
routine MDR-TB management. For this reason kanamycin
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Paediatric use of second-line anti-tuberculosis agents: A review
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ARTICLE INFO SUMMARY

Childhood multidrug tuberculosis (MDR-TB) is an emerging global epidemic. With the immi-
nent roll-out of rapid molecular diagnostic tests, more children are likely to be identified and require
treatment. As MDR-TB is resistant to the most effective first-line drugs, clinicians will have to rely on
second-line medications which are less effective and often associated with more pronounced adverse
effects than first-line therapy. Despite the fact that most of these agents were discovered many years ago,
robust information is lacking regarding their pharmacokinetic and pharmacodynamic properties,

Artcle history:

Received 29 August 2011
Received in revised form
25 September 2011
Accepted 1 November 2011

#:z:"‘f[‘;u adverse effects and drug interactions, especially in children. Children differ from adults in the way that
Children drugs are administered, the manner in which they are metabolised and in the adverse effects experi-
Drug-resistant enced. The interaction of these drugs with human immunodeficiency virus infection and antiretroviral
Second-line therapy is also poorly documented. This article reviews the available second-line drugs currently used in

Pharmacokinetics the treatment of MDR-TB in children and discusses medication properties and adverse effects while

Drug-resistant tuberculosis in children

potential interactions with antiretroviral therapy are explored.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

It is rarely emphasized that multidrug-resistant (MDR) and
extensively drug-resistant (XDR) tuberculosis (TB) also affect chil-
dren and that paediatric drug-resistant TB can be viewed as an
emerging global epidemic.' MDR-TB is defined as Mycobacterium
tuberculosis (M. tuberculosis) resistant to the most potent first-line
anti-TB medications, isoniazid and rifampicin, while XDR-TB has
additional resistance to the most active second-line agents,
injectable drugs (aminoglycosides and/or cyclic polypeptides) and
fluoroquinolones. There were an estimated 440,000 cases globally
of MDR-TB during 2009.> Given the fact that childhood TB repre-
sents at least 10-20% of the total cases in areas with poor epidemic
control >~ this translates into a minimum global estimate of

* Corresponding author. Desmond Tutu TB Centre, Department of Paediatrics and

around 40,000 paediatric cases of MDR-TB per year. Accurate
reporting and optimal management of these cases are challenging,
due to the difficulty in confirming the diagnosis, limited awareness
and experience in dealing with these patients, the complexity and
duration of treatment, and the limited availability of adequate
drugs and child-friendly formulations. In addition, in settings with
a high burden of MDR-TB and human immunodeficiency virus
(HIV), up to 40% of children with MDR-TB are also HIV-infected.®
These children are at risk of multiple opportunistic infections,
have specific nutritional and metabolic requirements and absorb
medications in a different manner to those HIV-uninfected. The
combination of MDR-TB and HIV can have serious psychological
effects. Both conditions are stigmatised and are perceived to carry
poor prognosis. HIV-infected children are also treated with anti-
retroviral therapy (ART) medications which have the potential to
interact with the second-line anti-TB drugs. Few studies have

examined the manag t of children with MDR-TB. Those that

Child Health, Clinical Building. Room 0085, Faculty of Health Sciences, S h
University, PO Box 19063, Tygerberg 7505, South Africa. Tel.: +27 722470795/
213789177; fax: +21 219389792,
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prd@sun.ac.za (PR. Donald), hss@sun.ac.za (H.S. Schaaf)
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doi:10.1016/j.tube. 20111 1.001
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have are small and focus mainly on outcomes with little attention
to the careful documentation of the challenges of treatment.”~*?
With the imminent roll-out of more rapid, molecular diagnostic
tests to identify MDR-TB,2°2! case detection, including that of
children, is likely to rise. In order to manage children with MDR-TB
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Retooling Existing
Tuberculosis Drugs for
Children

To tHe Eprror—The article by Dooley
and colleagues [1], on behalf of the effi-
cacy subgroup of Research Excellence to
Stop TB Resistance (RESIST-TB), is
timely and much needed. New tuberculo-
sis drugs are indeed likely to be several
years away from widespread use, necessi-
tating our continued reliance on existing
drugs. Because combinations of 3 or more
new drugs are even further away, the first
new agents licensed will need to be pro-
tected by multidrug regimens of existing
medications. Regimens of existing drugs
require optimization of dose, treatment
duration, and treatment combinations.
This paper serves as a cll to action to
address these research priorities.

Despite the much-needed perspective
provided, we note with concern the
absence of any discussion regarding the
existing, albeit limited, evidence base for
pediatric use of existing tuberculosis
drugs and the retooling of dosages and
regimens necessary to optimize treat-
ment in children. Furthermore, no re-
search priorities are identified for the
investigation of existing pediatric drugs.
Children with tuberculosis differ from
adults in many respects: the spectrum of
disease manifested, the way medications
are administered, the manner in which
drugs are absorbed, and also the adverse
effects experienced. Young children tend
to metabolize drugs more rapidly than
adults [2], resulting in lower serum con-
centrations  following  like-for-like
dosing. Specific forms of tuberculosis,
such as tuberculous meningitis, are more
common in children; specific drug prop-
erties, for example, cerebrospinal fluid

penetration  should  therefore  be
considered.

The discussion regarding retooling of
existing tuberculosis drugs should stimu-
late consideration of the appropriate
timing to include children in drug trials
of both novel and existing agents. Given
the paucibacillary nature of most forms
of pediatric tuberculosis, at least equal
efficacy can be expected for the treat-
ment of drug-resistant disease in chil-
dren compared to adults. However, the
high frequency of adverse drug effects,
for example, thyroid toxicity in develop-
ing children [3], make the urgent evalua-
tion of shorter and less toxic combination
regimens mandatory.

Knowledge of the pharmacokinetics
of existing and novel drugs in children,
drug-drug interactions, and the develop-
ment of child-friendly formulations are
also priorities. The effect of human im-
munodeficiency virus (HIV) coinfection
and the interaction between tuberculosis
drugs and antiretroviral therapy is a
further important pediatric consider-
ation, given the high prevalence of
pediatric  HIV infection in settings
where drug-resistant tuberculosis is in-
creasing [4].

There is an increasing awareness of
the importance of including children in
clinical research on new and existing
drugs [5]. Regulatory authorities have
now made pediatric evaluation of novel
drugs a prerequisite for regulatory ap-
proval in Europe and the United States
[6-7]. However, major gaps remain in
our knowledge of existing tuberculosis
drugs and drug regimens in children
and for the retooling of these drugs with
new drug candidates. As researchers, in-
ternational policymakers, implementers,

and civil society we should be advocat-
ing for the needs of children, the most
vulnerable members of our society.
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The evolving epidemic of drug-resistant tuberculosis
among children in Cape Town, South Africa
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SUMMARY

SETTING: Tygerberg Children’s Hospital, Cape Town,
South Africa.

OBJECTIVE: To determine the prevalence and trend of
drug resistance and human immunodeficiency virus (HIV)
co-infection among children with culture-confirmed tu-
bereulosis (TB).

METHOD: Prospective surveillance from March 2007
to February 2009, compared to three previous surveys
(1994-1998, 2003-2003, 2005-2007). Drug suscepti-
bility testing (DST) against isoniazid (INH) and rifam-
picin (RMP) was performed using genotypic and pheno-
typic testing. If multidrug-resistant TB (MDR-TB) was
detected, further DST against ethambutol (EMB) and
second-line drugs was performed.

RESULTS: A total of 294 children with a median age of
26 months (range 3 days~13 years) were diagnosed with
culture-confirmed TB. DST results were available for

292 (99.3%); 41 (14%) were INH-resistant, including
26 (8.9%) with MDR-TB. Four children (1.4%) had
RMP monoresistance. EMB resistance was  present
in 12724 (50%) MDR-TB cases tested. Two isolates
were resistant to ofloxacing none had extensively drug-
resistant TB. Of those tested, 29% (63/217) were HIV-
infected. Any resistance to RMP increased berween
1994 and 2009 (P < 0.001), as did RMP monoresis-
tance (P = 0.009) and MDR-TB (P < 0.001). Sensitiv-
ity was 87.5 % and specificity 100% for genotypic com-
pared to phenotypic testing for INH resistance.
concLusions: RMP, and consequently multidrug, re-
sistance is increasing among children with TB in this
serting. EMB resistance is common among children with
resistance to RMP and INH.

KEY WORDS: pacdiatric; DST; resistant; surveillance;
TB

THE WORLD HEALTH Organization (WHO) esti-
mated rhat there were 440000 new cases of multi-
drug-resistant tuberculosis (MDR-TB; i.e., Mycobac-
terium tuberculosis resistant to isoniazid [INH] and
rifampicin [RMP]) worldwide in 2008.! Children with
drug-resistant TB usually have transmitted resistance,
whereby the child is infected by an organism with es-
tablished resistance.2=5 This contrasts with adults, in
whom drug resistance is a result of both transmission
and acquisition, the latter due to a susceptible organ-
ism developing resistance due to inadequate treat-
ment.* Children rarely have acquired resistance, as
paediatric TB is usually paucibacillary; with small or-
ganism loads, it is unlikely that resistant mutants will
occur and be selected. This is supported by studies
comparing the genetic DNA fingerprint (restriction
fragment length polymorphism [RFLP]), as well as

the drug susceptibility testing (DST) patterns of or-
ganisms from children with drug-resistant TB rogether
with the likely source case.” Both RFLP and DST are
generally concordant in such cases, implying transmis-
sion of resistance from adults to children.® As paedi-
atric MDR-TB cases represent recent infection with a
drug-resistant strain, DST patterns in children, partic-
ularly among young children, provide important in-
formation regarding current transmission patterns in a
community or setting, facilitating individual case man-
agement, surveillance and public health planning.
Traditionally, DST has been determined by pheno-
typic methods whereby bacilli are grown in the pres-
ence of an antibiotic. If more than a certain percentage
{usually 1% or more) of bacilli grow in comparison
to a control withour antibiotic, the bacilli are classi-
fied as being resistant. These tests are reliable but are

Correspondence to: James Alexander Seddon, Pacdiatrics and Child Health, Desmond Turu TB Centre, PO Box 19063,
Tygerberg, Cape Town, Western Cape 7505, South Africa. Tel: (+27) 21 938 9177, Fax: (+27) 21 938 9719, e-mail:
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Decentralised care for the management of child contacts
of multidrug-resistant tuberculosis
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Setting: Cape Town, South Africa.

Objective: To determine the number of multidrug-
resistant tuberculosis (MDR-TB) child contacts routinely
identified by health services and whether a model of de-
centralised care improves access.

Methods: All MDR-TB source cases registered in Cape
Town from April 2010 to March 2011 were included. All
child contacts assessed at hospital and outreach clinics
were recorded from May 2010 to June 2011. Electronic
probabilistic matching was used to match source cases
with potential child contacts; the number of children ac-
cessing decentralised (Khayelitsha) and hospital-based care
was compared.

Results: Of 1221 MDR-TB source cases identified, 189
(15.59) were registered in Khayelitsha; 31 (16.4%) had
at least one child contact assessed. In contrast, 95 (9.2%)
of the 1032 source cases diagnosed in the other Cape
Town subdistricts (hospital-based care) had at least one
child contact assessed (P = 0.003). Children in Khayelitsha
were seen at a median of 71 days (interquartile range [IQR]
37-121 days) after source case diagnosis compared to 90
days (IQR 56-132 days) in other subdistricts (P = 0.15).
Conclusion: Although decentralised care led to an in-
creased number of child contacts being evaluated, both
models led to the assessment of a small number of po-
tential child MDR-TB contacts, with considerable delay in
assessment.

Aunrding to World Health Organization (WHO)
estimates, there were 650000 prevalent cases of
multidrug-resistant tuberculosis (MDR-TB, defined as
TB resistant to rifampicin [RMP] and isoniazid [INH])
worldwide in 2010.12 Patients with drug-resistant TB
(DR-TB) live and interact with numerous other peo-
ple, termed DR-TB contacts. Although the majority of
individuals infected with Mycobacterium tuberculosis
will never develop TB disease,! young children aged
<S5 years's and individuals with impaired immunity
(e.g., human immunodeficiency virus [HIV] infected)
are at high risk of developing disease following expo-
sure and infection.s7?

A key TB control strategy is to identify the contacts
of newly diagnosed TB cases and screen them for TB
disease, enabling early treatment. If contacts are well
but are at high risk of development of disease, they
can be considered for preventive treatment.S INH
given daily for 6 months reduces the risk of progres-
sion from infection to disease in child contacts of
drug-susceptible TB.%!° Although evidence regarding

Drug-resistant tuberculosis in children

preventive treatment regimens for child contacts of
MDR-TB patients is limited, exposed children should
be identified and screened for MDR-TB disease and fol-
lowed up for at least 1 year.!!

The WHO and the majority of national TB pro-
grammes advise that children aged <SS years and HIV-
infected children in contact with an infectious case of
DR-TB should be identified and seen by a specialist ex-
perienced in the management of paediatric DR-TB.212.1
In many settings with a high burden of DR-TB, con-
tact tracing is poorly implemented, while specialists
with appropriate experience are few and usually based
in academic referral centres. This results in a long travel
distance for patients, which may be expensive and
time-consuming. Such obstacles may result in a failure
to access appropriate health services,

Khayelitsha, a peri-urban township and health sub-
district, is located on the outskirts of the City of Cape
Town, South Africa. Médecins Sans Frontieres has been
working in partnership with the local health authorities
since 2007 to pilot a decentralised model of care for pa-
tients with DR-TB. This patient-centred, community-
based approach is aimed at increasing DR-TB case de-
tection, improving treatment outcomes and reducing
DR-TB transmission.'4

One component of the programme includes active
follow-up of child contacts. In December 2008, a spe-
cialist paediatric monthly outreach service was estab-
lished to manage child contacts of DR-TB patients. In
the remaining seven subdistricts of the City of Cape
Town, the traditional, hospital-based system of care
was continued, including the identification of child
contacts by local services and routine referral to the
hospital-based specialist service.

The aim of this study was to determine the num-
ber of MDR-TB child contacts identified and whether
decentralised care offers improved access compared
to hospital-based care. We also aimed to determine
whether decentralised care was associated with more
rapid identification of child contacts,

STUDY POPULATION AND METHODS
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Setting and population

The study was based in the City of Cape Town health
district, one of six health districts in the Western
Cape Province of South Africa, with a population of
3.4 million. The district comprises eight subdistricts,
including Khayelitsha, which has a population of ap-
proximately 500000.1% Khayelitsha is a poor subdistrict
with a predominantly Xhosa-speaking, ethnically black
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Why do child contacts of multidrug-resistant tuberculosis

not come to the assessment clinic?
K. Zimri,! A. C. Hesseling,! I. Godfrey-Faussett,? H. S. Schaaf,!? J. A. Seddon*2

http://dx.doi.org/10.5588/pha. 12.0024

Background: Local policy advises that children exposed
to multidrug-resistant tuberculosis (MDR-TB) should be
assessed in a specialist clinic. Many children, however, are
not brought for assessment.
Methods: Focus group discussion was used to design
appropriate questionnaires. From 1 September 2011, the
first 50 children referred to the specialist paediatric MDR-
TB clinic, Cape Town, South Africa, and who attended
their clinic appointment, were recruited. The first 50 chil-
dren who were referred but who did not attend were
concurrently identified, traced and recruited. Differences
in group characteristics were compared.
Results: The median age of the children was 35 months:
48 (48%) were boys, 4 (49%) were human immuno-
deficiency virus infected and 47 (47%) were of coloured
ethnicity. Factors significantly associated with non-
- attendance at the DR-TB clinic were: coloured ethnicity
(OR 2.82, 959%Cl 1.21-6.59, P = 0.01), the mother be-
ing the source case (OR 3.78, 95%Cl 1.29-11.1, P =
0.02), having a smoker resident in the house (OR 2.37,
959%Cl 1.01-5.57, P = 0.04), the time (P = 0.002) and
cost (P = 0.03) required to get to the specialist clinic, and
fear of infection whilst waiting to be seen (OR 2.45,
959%Cl1 1.07-5.60, P = 0.03).
Conclusions: Reasons for non-attendance at paediatric
MDR-TB clinic appointments are complex and are influ-
enced by demographic, social, logistical and cultural
factors.

The World Health Organization (WHO) and other
agencies recommend that child contacts of multi-
drug-resistant tuberculosis (MDR-TB) should be as-
sessed for TB disease and, if well, followed up for a pe-
riod of at least 2 years.!-!! The rationale is that if child
contacts are found to have MDR-TB disease, treatment
can be initiated rapidly. If they do not have disease,
they are followed to detect incident TB disease. Chil-
dren at the highest risk of disease progression follow-
ing infection are the young (aged <3 years)2" and
the human immunodeficiency virus (HIV) infected. !
The policy regarding preventive treatment of child
contacts of MDR-TB patients is debatable, with little
evidence to inform practice.'s A wide variety of advice
is provided by different agencies, but in the Western
Cape Province of South Africa the policy is to give
ethambutol, ofloxacin and high-dose isoniazid (INH)
daily for 6 months.

In the paediatric TB literature, few studies have
quantified the proportion of eligible child contacts
brought for assessment following exposure to a case of

Drug-resistant tuberculosis in children

infectious, drug-susceptible TB.'** Few studies have
examined reasons for non-attendance. Children may
not be identified, or they may be identified but then

not brought to clinic appointments. In other health -

care contexts, the reasons for failure to attend paediat-
ric clinic appointments are complex, but include logis-
tic and financial aspects, parents’ educational status
and the attitudes of the parents towards the child, in-
cluding perceptions regarding the importance of the
disease 2.2 The attrition for child TB contacts appears
to occur at every step in the identification and referral
cascade.'?

According to WHO estimates, there were 650000
prevalent cases of MDR-TB worldwide in 2010.2t MDR-
TB is defined as TB resistant at least rifampicin and
INH.? Not all of the estimated adult cases are currently
diagnosed, but with the imminent roll-out of new mo-
lecular diagnostic tests, the proportion diagnosed is
likely to rise.2* As each MDR-TB source case interacts
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Setting

The TB notification rate in the Western Cape Province

of South Africa was 976 per 100000 in 2009.2¢ Of chil-

dren with culture-confirmed TB during 2007-2009 at

the Tygerberg Children’s Hospital (TCH), 8.9% were

diagnosed with MDR-TB.2? Local policy is that, follow-

ing the diagnosis of MDR-TB in an adult, a home visit

is performed. HIV-infected children and children aged

<5 years who have been in contact with the MDR-TB

source case are referred to their local clinic (roughly 100

exist in the City of Cape Town Health district), where it st

they are assessed by the local clinic team before referral 00l 500 2012

to the regional paediatric drug-resistant (DR) TB clinic.

This DR-TB clinic takes place at TCH, a large provin-

cial, academic hospital and, as an outreach service, is ~ © 2012 The Union
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Discordant Tuberculosis Drug Susceptibility

all symptoms in patients receiving oseltamivir treatment. Fever
and cough were reduced by 2 and 3 days, respectively, a higher
reduction than that reported by systematic reviews of seasonal
influenza.® A study of children 1-3 years with seasonal Influenza
A HINI detected a median reduction of illness of 3.5 days and
an average fever resolution time of 1.8 days following oseltamivir
treatment within 24 hours; they proposed that the observed differ-
ences from previous reports were related to earlier treatment.” This
explanation may be valid to the current study, because 62.5% of our
patients were treated within 24 hours.

The World Health Organization reported a current esti-
mated SAR in houschold contacts of HIN1 of 22-33% and a sea-

DISCORDANT DRUG SUSCEPTIBILITY FOR
MYCOBACTERIUM TUBERCULOSIS WITHIN
FAMILIES

James A. Seddon, MRCPCH, *} Annemie M. Jordaan,
Med Tech.} Thomas C. Victor, PhD.}
and H. Simon Schaaf, MD*$§

Abstract: Children with presumed tuberculosis who are in contact with
a multidrug-resistant source case should be treated according to the drug
susceptibility of the source case’s isolate. However, it is important © obtain
a microbiologic diagnosis as 1t is possible for the child to have a different

sonal influenza SAR of 5-15%.* Epidemiological field studies in
several American states indicated that the SAR in household con-
tacts for acute respiratory illness was 18-19% and 8-12% for ILL.*
These differences in SARs may be influenced by different com-
munity control measures such as hand washing, school closures,
quarantine, public recommendations, use of masks, isolation of
the index cases or number of households contacts by index cases.
The overall SAR for our population was 15%, but this rate
significantly differed for household contacts based on whether
oseltamivir prophylaxis was received (10.9% treated versus
7.8% untreated). The use of neuraminidase inhibitors to limit the
spread of influenza is a key component of containment strategies
and the prevention of infections in people at risk of complications.
Oseltamivir was well tolerated in this series; only mild
gastrointestinal symptoms were observed in 12% of patients with
oseltamivir treatment and in only 6% of contacts with prophylaxis.
That may be explained by the double dose used for treatment, but a
possible bias is that the household contacts were nearly all adults.
No neuropsychiatric side effects were reported in our series as
reported in United Kingdom and Japanese studies; nevertheless,
several recent reviews have demonstrated that oseltamivir is not
associated with an increased risk for those events."
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1 of the

hildren with tuberculosis (TB) usually have paucibacillary dis-

ease and quently microbiologic diagnosis can be chal-
lenging. The diagnosis is usually made presumptively on the basis
of suggestive symptoms, signs and radiologic changes.' Access
to microbiologic culture and drug susceptibility testing (DST),
whether phenotypic or genotypic, is often limited where the burden
of TB is highest. Children with presumed TB who are in contact
with a multidrug-resistant TB (MDR-TB: Mycobacterium tubercu-
losis resistant to both isoniazid and nfampin) source case should be
treated according to the DST pattern of the source case’s isolate.'?
As it is assumed that children will have the same strain and DST
as the identified source case,’ this general strategy is usually valid.
However, it is important to obtain a microbiologic diagnosis as it
is possible for the child to have a different DST to the source case.
The implications for the management of the child are significant.
We present 2 children who developed TB following contact with
parents who had MDR-TB. The study was approved by Stellen-
bosch University Ethics Committee.

CASE 1

A 50-month-old girl presented with fever, weight loss, cough
and contact with her father who had previously been diagnosed with
MDR-TB, susceptible to ethambutol, ethionamide, ofloxacin and
amikacin. She had received Bacille Calmette-Guérin immunization

www.pidj.com | 783
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DISPATCHES

Drug-Resistant
Tuberculosis
Transmission and
Resistance
Amplification
within Families

James A. Seddon, Rob M. Warren,
Donald A. Enarson, Nulda Beyers,
and H. Simon Schaaf

Drug-resistant tuberculosis is caused by transmission
of resistant strains of Mycobacterium tuberculosis and by
acquisition of resistance through inadequate treatment.
We investigated the clinical and molecular features of
the disease in 2 families after drug-resistant tuberculosis
was identified in 2 children. The findings demonstrate the
potential for resistance to be transmitted and amplified
within families.

he devastating effects of extensively drug-resistant

tuberculosis (XDR TB) gained international attention
after the 2006 outbreak in Tugela Ferry, South Africa. The
evolution of the epidemic is the result of transmission of
resistant strains and strain acquisition of resistance through
inadequate treatment (/). Multidrug-resistant (MDR) TB
is disease caused by Mycobacterium tuberculosis that is
resistant to isoniazid and rifampin, and XDR TB is disease
caused by M. mberculosis that is additionally resistant to a
fluoroquinolone and an injectable second-line anti-TB drug.
Because children usually have transmitted resistance (2),
they can be seen as the end of a sequence of transmission
events. We describe investigations of 2 families after the
identification of children with drug-resistant TB in terms
of clinical features and molecular characteristics of the
1solates.

The Study
This investigation was conducted in a suburban
community of Cape Town, South Africa, where TB
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Tygerberg, South Africa (JA. Seddon, RM. Warren, N Beyers,
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DOI http://dx doi.org/10 3201/eid1808 111650

1342

James Seddon

incidence was 978/100,000 population in 2009 (Health
Systems Trust). Since 1994, microbiological samples from
all patients treated for TB in this area have been sent to
the research laboratory at Tygerberg Hospital, Stellenbosch
University. From 2008 through 2010, two children from
this community received a diagnosis of MDR TB.

Information was obtained from several sources to
document the sequence of events that culminated in the
development of MDR TB in each child. A home visit was
made, and the family was interviewed after written informed
consent was obtained. Family members were included if
they either lived with or spent substantial amount of time
with the child (3). Information on TB diagnosis, treatment,
and outcome was obtained at interview. If a family member
was identified as having had TB, family contacts of that
person were included. Searches for case notes for those
included were made at the local clinic, the academic
hospitals, and the regional TB hospital responsible for
drug-resistant TB management. Also, the local clinic TB
register was consulted. The investigation was approved by
the Stellenbosch University Ethics Committee.

Sputum samples from the 2 fanulies were identified, and
isolates were genotyped by spoligotyping (4) and 1S6/70
DNA fingerprinting (3). Strains were identified according
to distinct IS67/0 banding patterns by using Gelcompar
II (Applied Maths, Sint-Martens-Latem. Belgium) or
characteristic spoligotype pattern (6). Mutations conferning
resistance to 1soniazid, rifampin, ethambutol, pyrazinamide,
ofloxacin, and amikacin were determined by DNA
sequencing of the in/i4 promoter, katG. rpoB, embB. pncd,
@4, and r7s genes, respectively (7).

A 19-month-old girl (A3) received a diagnosis of TB
in March 2008 after a 6-month course of preventive therapy
with 1soniazid. She was brought for assessment with a
2-weeek history of cough, respiratory distress, and fever.
She had contact with a patient with pre-XDR TB (MDR
TB resistant to either a fluioroquinolone or a second-line
injectable drug), and therefore the following antimicrobial
drugs were administered: capreomycin, ethionamide,
ethambutol,  para-aminosalicylic  acid,  terizidone,
clarithromyecin, and high-dose isoniazid. Gastric aspirate
samples were sent to the National Health Laboratory
Service; M. ruberculosis grew in culture and was resistant
to rifampin, isoniazid, and ofloxacin and susceptible to
amikacin and ethionamide. She received treatment for 18
months from the time of her first negative culture (the first 6
months included the injectable medication) and recovered.

Patient 1’s family consisted of 18 persons (Figure 1).
The husband of her aunt (A2) had drug-resistant TB. He
cared for the girl on a daily basis. He had received treatment
initially for drug-susceptible TB: this was changed to MDR
TB therapy when resistance to rifampin and isoniazid was
determined and then to XDR TB treatment when resistance
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Culture-Confirmed Multidrug-Resistant
Tuberculosis in Children: Clinical Features,
Treatment, and Outcome

James A. Seddon,'2 Anneke C. Hesseling,' Marianne Willemse,? Peter R. Donald,! and H. Simon Schaaf'4

'Desmond Tutu Tuberculosis Centre, Faculty of Health Sciences, Stellenbosch University, South Africa; "Department of Clinical Research, Faculty of
Infectous and Tropical Diseases, London School of Hygiene and Tropical Medicine, United Kingdom; *Brookiyn Hospital for Chest Diseases, Cape
Town, and *Tygerberg Children's Hospital, South Africa

Background. Multidrug-resistant (MDR) tuberculosis in children is frequently associated with delayed
diagnosis and treatment. There is limited evidence regarding the management and outcome of children with
MDR-tuberculosis.

Methods.  All children <15 years of age witha diagnosis of culture-confirmed MDR-tuberculosis were included
in this retrospective cohort study from 1 January 2003 to 31 December 2008, with follow-up documented until
31 May 2011. We identified children from Brooklyn Hospital for Chest Diseases and Tygerberg Children's Hospital,
Western Cape Province, South Africa. Treatment outcomes were defined as 2-month sputum-culture conversion,
treatment episode outcome, and survival.

Results.  Atotal of 111 children (median age, 50 months) were included. The diagnosis was delayed in children
who had no identified MDR-tuberculosis index case (median delay, 123 vs 58 days; P < .001). Sixty-two percent of
patients (53 of 85) were sputum-smear positive, and 43% of patients (43 of 100) were human immunodeficiency
virus (HIV) infected. Overall, 82% had favorable treatment outcomes; total mortality was 12%. Malnutrition
was associated with failure to culture-convert at 2 months (odds ratio [OR], 4.49 [95% confidence interval {Cl},
1.32-15.2]; P = .02) and death (OR, 15.0 [95% CI, 1.17-192.5]; P = .04) in multivariate analysis. HIV coinfection
(OR, 24.7 [95% CI, 1.79-341.1]; P = .02) and the presence of extrapulmonary tuberculosis (OR, 37.8 [95% CI,
2.78=513.4]; P = .006) predicted death.

Conclusions.  Despite advanced disease at presentation and a high prevalence of human immunodeficiency
virus coinfection, children with MDR-tuberculosis can be treated successfully, using individualized treatment under

routine conditions.

Multidrug-resistant (MDR) tuberculosis is caused by
Mycobacterium tuberculosis resistant to isoniazid and
rifampin. The World Health Organization (WHO) es-
timated that there were 440 000 new MDR-tuberculosis
cases worldwide during 2008 [1]. Treatment outcomes
are generally poor in adults, with favorable outcomes
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reported in only 60% of those receiving treatment [2].
Even though childhood tuberculosis makes up 15%-20%
of the global tuberculosis burden (3], MDR-tuberculosis
is poorly studied in children, the literature including
mainly case reports or small case series [4-16].

The diagnosis of tuberculosis in young children is
challenging and often delayed [17]. Symptoms and signs
may be nonspecific, especially in children <3 years of
age and in children infected with human immunodefi-
ciency virus (HIV) [18]. Because of the paucibacillary
nature of childhood tuberculosis, a microbiological
diagnosis is typically made in only 20%—40% of cases
with radiological evidence of intrathoracic discase
[19]. Because drug susceptibility testing (DST) is only
possible following bacteriological confirmation, con-
firmed MDR-tuberculosis in children is infrequent. In

Drug-resistant tuberculosis in children
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ORIGINAL STUDIES

Impact of Drug Resistance on Clinical Outcome in Children
With Tuberculous Meningitis
James A. Seddon, MRCPCH, *1 Douwe H. Visser, MD,} Margaux Bartens, }

Annemie M. Jordaan, MTech,§ Thomas C. Victor, PhD,§ A. Marceline van Furth, PhD, }
Johan E Schoeman, MD.,¥ and H. Simon Schaaf, MD*9

Background: Tuberculous meningitis (TBM) is associated with delayed
diagnosis and poor outcome in children. This study investigated the impact
of drug resistance on clinical outcome in children with TBM.

Methods: All children (013 years) were included if admitted to Tygerberg
Children’s Hospital, Cape Town, South Africa, from January 2003 to April
2009 with a diagnosis of either confirmed TBM, or probable TBM with
mycobacterial isolation from a site other than cerebrospinal fluid. Myco-
bactenial samples underwent drug susceptibility testing to rifampin and iso-
niazid. Children were treated with isoniazid, rifampin, pyrazinamide and
ethionamide according to local guidelines.

Results: One hundred twenty-three children were included: 13% (16 of 123)
had any form of drug resistance, and 4% (5 of 123) had multidrug-resistant
tuberculosis. Time from start of symptoms to appropriate treatment was
longer in children with any drug resistance (median: 31 days versus Y days;
£ =0.001). In multivariable analysis, young age (P = 0.013) and multidrug-
resistant tuberculosis (adjusted odds ratio: 12.4 [95% confidence interval:
1.17-132.3]; P=0.037) remained risk factors for unfavorable outcome, and
multidrug-resistant tuberculosis remained a risk for death (adjusted odds
ratio: 63.9 [95% confidence interval: 4 84-843.2]; £ = 0.002). We did not
detect any difference in outcome between those with isolates resistant to
only 1soniazid and those with fully susceptible strains (adjusted odds ratio:
0.22 [confidence interval: 0.03-1.87); P=0.17)

Conclusion: Multidrug-resistant TBM in children has poor clinical out-
come and is associated with death. We did not find any difference in the
outcomes between children with isoniazid monoresistant TBM and those
with drug-susceptible TBM. One explanation could be the local treatment
regimen. Further investigation of this regimen is indicated.

Key Words: pediatric, meningitis, tuberculosis, children, resistance,
outcome

(The Pediatr Infect Dis J 2012:31:711-716)
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Tuberculous meningitis (TBM) is a severe form of tuberculo-
sis (TB) and frequently occurs in early childhood.! Hematog-
enous spread of bacilli from a primary pulmonary focus leads to the
development of a Rich focus in the brain. Rupture of this caseous
granuloma into the subarachnoid space causes the clinical features
of TBM.* This usually starts insidiously with a prodromal period
of nonspecific symptoms but as the disease progresses, neck stiff-
ness, loss of consciousness, motor paresis and convulsions invaria-
bly follow. The diagnosis is often delayed and only considered after
irreversible neurologic damage has already occurred.'* Untreated,
the condition is almost universally fatal with a median time to
death of 19.5 days.* Even for those treated TBM is associated with
high rates of mortality and morbidity; about 80% of children with
advanced disease at diagnosis (TBM stage I1 and 111) will develop
neurologic sequelae.'* TBM is the most common cause of bacterial
meningitis in the Western Cape Province (WCP) of South Africa.*

The World Health Organization (WHO) estimated that there
were 440,000 new cases of multidrug-resistant (MDR) TB globally
during 2008.” MDR-TB is caused by Mycobacterium tuberculosis
resistant to both isoniazid and rifampin. Extensively drug-resistant
TB is additionally resistant to a fluoroquinolone and an injectable
second-line anti-TB medication. As TB in children is usually pauci-
bacillary, microbiologic diagnosis occurs in only 20-40% of cases
with evidence of disease.* As drug susceptibility testing (DST)
requires a microbiologic diagnosis, the diagnosis of MDR-TB in
children is often made presumptively. This is based on signs, symp-
toms and radiology suggestive of TB in the context of either an
MDR-TB source case or treatment failing in a child being treated
with a first-line regimen. As an MDR-TB source case is not always
identified, most children with MDR-TB are mitally treated with
a first-line regimen until their culture and DST results are avail-
able, an MDR-TB source case is identified or treatment is found to
be failing. The initiation of appropriate treatment with second-line
drugs is therefore often delayed in children with MDR-TB.**

MDR-TBM has very poor outcome'' ™ but there are
few data regarding children. The relationship between the M.
tuberculosis strain and clinical phenotype has been explored in
both adults and children with TBM'*'” with conflicting results.
The relationship between strain type and drug resistance pattern
is complex, but a strong association exists between drug resistance
and the Beijing genotype."* The aim of this study is to analyze
whether a relationship exists between the drug susceptibility pattern
of the infecting M. tuberculosis organism and the clinical outcome
of TBM in children and to determine whether this relationship is
influenced by the genotype of the strain.

PATIENTS AND METHODS

Setting

Tygerberg Children’s Hospital (TCH), in the WCP, South
Africa, provides specialized care to half of the provinces 1.2
million children. The WCP had a TB notification rate of 976 per
100,000 in 20092 and among all children with routinely diagnosed
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Summary
Background: Few studies have described children with spinal multidrug-resistant tuberculosis
(MDR-TB). Treatment involves surgery and medical care with long courses of drug therapy.
Methods: Hospital and laboratory records at Brooklyn Chest and Tygerberg Children’s Hospitals,
Cape Town, South Africa, were analysed (January 2004 until December 2010) searching for children

treated for MDR spinal TB.

Results: Of the 11 children identified, 4 were excluded. Of the 7 remaining, 5 were boys; median age: 8
years, median delay to treatment initiation: 36 weeks. Among them one child died, five have completed
treatment and one is near the end of therapy. Medications were well-tolerated and although two of the
surviving children have spinal deformity, none have significant neurological deficit.

Conclusions: The diagnosis of spinal MDR-TB is often delayed in children, frequently leading to
advanced disease and severe vertebral damage. Children tolerate therapy well and, once identified, it

is a condition that can be treated successfully.

Introduction
Spinal tuberculosis (TB) in children can be a debili-
tating disease with potential long-term neurological
sequelae. Treatment involves a combination of surgi-
cal and medical care with long courses of drug ther-
apy. Multidrug-resistant (MDR)-TB occurs when
Mycobacterium tuberculosis is resistant to rifampicin
and isoniazid. It was estimated that there were
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440000 new cases of MDR-TB globally during
2008 [1] and in many high-incidence settings
childhood TB makes up 15-20% of the total burden
[2-4]. Paediatric MDR-TB is difficult to diagnose
and the initiation of effective therapy is often delayed
[5]. The drugs used are less effective and more toxic
than the first-line medications; treatment is therefore
longer and with frequent adverse effects. Few paedi-
atric spinal MDR-TB studies have been published.
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KEYWORDS Summary Objective: The aminoglycosides and polypeptides are vital drugs for the manage-
Hearing; ment of multidrug-resistant (MDR) tuberculosis (TB). Both classes of drug cause hearing loss.
Audiology; We aimed to determine the extent of hearing loss in children treated for MDR-TB.
Tuberculosis; Methods: In this retrospective study, children (<15 years) admitted to Brooklyn Chest Hospital,
Multidrug-resistant; Cape Town, South Africa, from January 2009 until December 2010, were included if treated for
Resistant; MDR-TB with injectable drugs. Hearing was assessed and classified using audiometry and otoa-
Ototoxicity; coustic emissions.

Children; Results: Ninety-four children were included (median age: 43 months). Of 93 tested, 28 (30%)
Paediatric were HIV-infected. Twenty-three (24%) children had hearing loss. Culture-confirmed, as op-

posed to presumed, diagnosis of TB was a risk factor for hearing loss (OR: 4.12; 95% CI:
1.13-15.0; p = 0.02). Seven of 11 (64%) children classified as having hearing loss using audi-
ometry had progression of hearing loss after finishing the injectable drug.

Conclusions: Hearing loss is common in children treated for MDR-TB. Alternative drugs are re-
quired for the treatment of paediatric MDR-TB.

© 2012 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Abbreviations: MDR, multidrug-resistant; DR, drug-resistant; TB, tuberculosis; WHO, World Health Organization; PTA, pure tone audiome-
try; OAE, otoacoustic emission; DPOAE, distortion product otoacoustic emission; BCH, Brooklyn Chest Hospital; IM, intramuscular; ASHA,
American Speech and Hearing Association; OR, odds ratio; Cl, confidence intervals; IQR, inter-quartile range.
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The World Health Organization (WHO) recently issued revised first-line antituberculosis (anti-TB) drug
dosage recommendations for children. No pharmacokinetic studies for these revised dosages are available for
children <2 years. The aim of the study was to document the pharmacokinetics of the first-line anti-TB agents
in children <2 years of age comparing previous and revised WHO dosages of isoniazid (INH; § versus 10
mg kg/day), rifampin (RMP; 10 versus 15 mg'kg/day), and pyrazinamide (PZA; 25 versus 35 mg kg'day) and
to investigate the effects of clinical covariates, including HIV coinfection, nutritional status, age, gender, and
type of tuberculosis (TB), and the effect of NAT2 acetylator status. Serum INH, PZA, and RMP levels were
prospectively assessed in 20 children <2 years of age treated for TB following the previous and the revised
WHO dosage recommendations. Samples were taken prior to dosing and at 0.5, 1.5, 3, and 5 h following dosing.
The maximum drug concentration in serum (Cy,, 0, the time to Co o (7,0, and the area under the concen-
tration-time curve (AUC) were calculated. Eleven children had pulmonary and 9 had extrapulmonary TH. Five
were HIV infected. The mean €, (pg/ml) following the administration of previons revised dosages were as
follows: INH, 3.19/8.11: RMP, 6.36/11.69; PZA, 29.94/47.11. The mean AUC (pg - h/ml) were as follows: INH,
8.09/20.36: RMP, 17.78/36.95; PZA, 118.0/175.2. The mean C,,, and AUC differed significantly between doses,
There was no difference in the 7, values achieved. Children less than 2 years of age achieve target concen-
trations of first-line anti-TB agents wsing revised WHO dosage recommendations. Our data provided sup-
portive evidence for the implementation of the revised WHO guidelines for first-line anti-TB therapy in young
children.

In the absence of pharmacodynamic data for children and
therefore data that demonstrate an association between serum

Isoniazid (INH), rifampin (RMP), and pyrazinamide (PZA)
are routinely used to treat tuberculosis (TB) in children (23,

44). Recommendations for pediatric dosages are based on a
small number of pharmacokinetic studies, few of which in-
cluded children younger than 2 years of age. During early life,
children experience significant changes in the relative sizes of
their body compartments and their ability to absorb, metabo-
lize, and excrete drugs (5, 17). These changes are greatest
within the first 2 years of life (4). Most published studies on
first-line anti-TB drugs in children have not analyzed differ-
ences between older and younger children or the effect of HIV
coinfection. The pharmacokinetics of INH are further compli-
cated by genetic polymorphisms of N-acetyltransferase type 2
(NAT2) in the metabolic pathway of INH, which influences
INH concentrations (18, 26, 46).

* Corresponding author. Mailing address: Department of Pacdiat-
rics and Child Health, P.O. Box 19063, Tygerberg 7505, South Africa.
Phone: 27.21,9389112. Fax: 27.21.9389138, E-mail: hss@sun.ac.za.
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drug concentration and clinical outcome, optimal anti-TB ther-
apy should aim to produce the targeted serum drug concen-
trations that have been determined in adult pharmacokinetic
and pharmacodynamic studies. For INH, the proposed optimal
maximum serum drug concentration (C,,,) for therapy is 3 to
5 pg/ml (15, 27). Target serum RMP concentrations in adults
after a standard oral dose of 600 mg are in the range of 8 to 24
pg/ml; serum RMP concentrations below 8 pg/ml are consid-
ered low, and those below 4 pug/ml are considered very low (28,
29). There is more uncertainty regarding the optimal thera-
peutic serum PZA concentration. In adults, serum PZA con-
centrations are targeted at 20 to 60 pg/ml (11, 28). However, in
a recent study of adults, poor treatment outcome of pulmonary
TB was associated with serum PZA concentrations of <35
pg/ml (8).

Optimal anti-TB therapy is important in all children but
particularly in young children (<2 years of age) and those HIV
infected, where there is a high risk of progression to severe
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SUMMARY

BACKGROUND: Treatment options for drug-resistant tu-
berculosis (DR-TB) are limited. Linezolid has been suc-
cessfully used to treat DR-TB in adults, but there are
few case reports of its use in children for TB. The re-
ported rate of adverse events in adults is high.
METHODS: We conducted a retrospective review of chil-
dren with DR-TB treated with linezolid-containing regi-
mens from February 2007 to March 2012 at two South
African hospitals.

RESULTS: Scven children  (three
deficiency virus [HIV] infected) received a linezolid-
containing regimen. All had culture-confirmed DR-TB;
five had previously failed second-line anti-tuberculosis
treatment. Four children were cured and three were still
receiving anti-tuberculosis treatment, but had culture
converted. None of the non-HIV-infected children expe-

human immuno-

rienced adverse events while receiving linezolid. Three
HIV-infected children had adverse events, one of which
was life-threatening; linezolid was permanently discon-
tinued in this case. Adverse events included lactic acido-
sis (n = 1), pancreatitis (n = 2), peripheral neuropathy
(n = 1) and asymptomatic bone marrow hypoplasia
(n=1).

CONCLUSION: Linczolid-containing regimens can be ef-
fective in treating children with DR-TB even after failing
second-line treatment. Adverse events should be moni-
tored, especially in combination with medications that
have similar adverse effects. Linezolid remains costly,
and a reduced dosage and duration may result in fewer
adverse events and lower cost.

KEY WORDS: pacdiatric; TB; long-term; linezolid

THE NUMBER OF PEOPLE with drug-resistant tu-
berculosis (DR-TB) is increasing worldwide; the World
Health Organization (WHO) estimated that there
were approximately 650000 prevalent cases of
multidrug-resistant TB (MDR-TB) globally in 2010.!
The treatment of MDR-TB (i.e., Mycobacterium tu-
berculosis resistant to at least isoniazid [INH] and ri-
fampicin [RMP]) and extensively drug-resistant TB
(XDR-TB; i.e., MDR-TB with additional resistance
to the fluoroquinolones and at least one second-line
injectable agent) is complicated by limited treatment
options, long treatment duration and a high risk of
adverse events.2

Linezolid is an oxazolidinone antibiotic used pri-
marily in the treatment of DR gram-positive bacterial
infections, with both in vitro and in vivo activity
against M. tuberculosis. It inhibits protein synthesis
at an early stage of translation by binding to the 23S
rRNA. This unique mechanism of action means that
cross-resistance with other anti-tuberculosis drugs is

unlikely.? It is listed by the WHO as an agent for the
treatment of both MDR-TB and XDR-TB, catego-
rised under Group five, indicating unclear efficacy.*
A number of case series have reported good treat-
ment outcomes in adults with MDR-TB and XDR-TB
treated with linezolid-containing regimens, despite
significant adverse events, in particular neuropathies
and myelosuppression.™’ Four case reports of line-
zolid use in children with MDR-TB and XDR-TB de-
scribe the outcomes for a total of seven children
treated with linezolid-containing regimens.*!! Three
children experienced adverse events. Linezolid was
stopped in one patient who developed lactic acidosis,
and the dosage was reduced in another two children,
one of whom developed anaemia and neuropathy
and the other an urticarial rash. All children had a fa-
vourable outcome, either cure or clinical response,
and were asymptomatic at treatment completion.
Two reviews have described the use of linezolid in
children, mainly documenting short-course treatment
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