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Abstract
Aims: to describe Interferon-y responses (IFN-y) using the Quantiferon TB Gold
In-Tube assay (QFT-IT) in adults with smear-positive pulmonary tuberculosis
(PTB)in different stages of treatment, and in their household contacts. The study
also investigated other cytokinesas potential biomarkers of latent TB infection
(LTBI).
Methodology: the study was based in Sergipe, Northeast Brazil between April
and July 2006. A cross-sectional followed by a cohort study were conducted
among adults > 18 years old with smear-positive PTB and their household
contacts < 15 years old. The adults were grouped as newly diagnosed (< 1 week
treatment), receiving or completed treatment. IFN-y assay was repeated after 2
months of treatment of the newly diagnosed cases to illustrate changes in assay
responses. IFN-y assay responses in contact children (N= 113) were correlated
with the Tuberculin skin test (TST). Plasma concentrations of Interferon-y
induced protein-10 (IP-10) among the children (N= 113) were measured using
ELISAtechnique and concentrations of a further 14 cytokines were examined
using flow cytometry in a subgroup of children (N= 34). Results were analysed
according to QFT-IT and TSTresponses. The set included IP-10, MCP-1, MIPla, MIP-1B, RANTES, IFN-y, TNF-a, IL-1, IL-6, IL-7, IL-8, IL-9, IL-10, and
IL-12p70.
Results: 27/43 (63%) of newly diagnosed adults with TB, 22/31 (71%) and
18/33 (55%) of patients ongoing and completed treatment, had positive QFT-IT
results. False negative (13/43, 23%) and indeterminate (6/43, 14%) QFT-IT
assays were found in new cases. Nosignificant changes in the overall proportion
of positive QFT-IT results were observed amongadults followedafter 2 monthstreatment. However, several patients had converted from negative to positive
(3/7, 43%) andreverted from positive to negative (3/23, 13%). No statistical
difference was found between positive QFT-IT (47/113, 42%) and TST (35/113,
31%) results amongchildren household contacts. Contacts of adults with

scanty/+ sputum wereless likely to have positive QFT-IT and TST responses

than contacts of adults with high smear grades. The agreement between the QFTIT and TST was 85% (k= 0.69) with most discrepancies (21%) found among
children with positive QFT-IT and negative TST. Positive QFT-IT responses
decreased from 28/65 (43%) on enrolment to 20/65 (31%) after 2 months follow
up. QFT-ITresponses correlated with the time since exposure, age of the index
case, size of the household and ownership of a motorbike. Antigen-stimulation of
whole blood samples from children in contact with adults with smear-positive
PTBresultedin significantly different concentrationsin the children with and
without LTBI. Four cytokines (IP-10, MCP-1, MIP-1la and MIP-1B) had higher
concentrations in children with LTBI than children without LTBI
Conclusion: The IFN-y assay has a modestsensitivity in adults with smearpositive PTB inthis setting with frequent conversions and reversionsduring
treatment. The assay identified more LTBIs than TST amongtheir household
contacts. IP-10, MIP-1a, MIP-1f and MCP-1 have promising potential as
biomarkers for TB infection, and may be used as adjunct to IFN-y in immunebased diagnostic assays.
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Chapter1
Introduction

Tuberculosis (TB) has afflicted mankind for at least 5000 years.Its prints were
detected in Egyptian mummified remains and skeletons excavated from Arene
Candida Cavein Liguria, Italy (Formicola et al., 1987) and continuesto be a

majorhealth problem in the 21‘ Century accordingto the World Health
Organization (WHO), TB ranks seventh among the most deadly diseases

globally, causing 1.6 million deaths in 2005 and 8.8 million new casesofactive
disease each year (WHO,2007). Every person with PTB, if untreated, would
infect an average of 10-15 individuals. The disease mainly affects the most
productive age groupsof the population (15-54 years) with substantial socioeconomic impact.

The developmentof new diagnostics, drugs and vaccinesis one ofthe six
components of the Stop TB partnership program, with the aim of halving the
prevalence and deaths by 2015 in the developing world (http://www.stoptb.org/).
The diagnosis of TB infection and active disease still relies on non-specific
clinical signs and symptomsandold diagnostic tests. Amongthelatter, the
Tuberculin Skin Test (TST) first introduced in 1890, has been widely used as a
screeningtest for the identification of latent TB infections (LTBI). Thistest
howeverhasseverallimitations, as it cross-reacts with antigens found in the
Bacillus Calmette-Guerin (BCG) vaccine and other environmental Mycobacteria
resulting in somefalse positive results (Huebneret al., 1993) and maygivefalse
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negative results in immunosuppressed individuals [e.g. with Human
Immunodeficiency Virus (HIV)] or recent viral infections such as measles and
yellow fever and in individuals with severe malnutrition.

Active cases are mostly identified through smear microscopy and mostcases of
TB in low and middle incomecountries are identified by the serial examination
of sputum. Smear microscopy thus is the backbonebasis of all TB control
programsin high TB burden countries. This technique hasa relatively low
detection rate (50%-70%) and 31% of culture-positive specimens are smear
negative by direct microscopy (Dinneset al., 2007). However, although culture
has a highersensitivity (Levy et al., 1989) it takes too long to recoverthe bacilli

andis rarely used to inform the clinical management of new cases. Culture is
also not devoid of problems, including the cross contamination of specimens and
doubtful labelling, costs and the need for equipments andstaff.

Dueto these shortcomings, alternative diagnostics are urgently needed. This
issue has been given a high priority by the WHO TB program (WHO, 2006b)
and other international agencies(http://www.alliance.org/).

In vitro assays, based on the expression of Interferon-gamma(IFN-y) by
sensitised T-lymphocytesin response to specific Mycobacterium tuberculosis
antigens have been developedin the last decades and may have some advantages
over the TST. These assays have been shown to have good potential for the
identification of latent and active TB in low TB incidencesettings, but need to be
further characterised in high incidence populations. These assays use one of two

technical platforms. Either they select and stimulate individualcells using the
Enzymelinked immunosorbent-spot (ELISPOT) technique or are based on
wholecell assays, in which all cells contained in 1 ml of blood are incubated
together in the presence of the M. tuberculosis antigens. One of the wholecell
assays, the Quantiferon-TB gold In Tube (QFT-IT) is a commercialkit to

identify LTBI andis increasingly used as an adjunct to the diagnosis of both
latent and active TB (Mazureket al., 2005). The tests are said to be less
subjective than TST andto be unaffected by BCG (Brocket al., 2004) and most
non-tuberculosis mycobacterium (NTB) infections. Despite this potential, several
issues need more exploration to understand their full potential. These include the
description of the natural course of IFN-y responsesover time, especially in
adults treated for TB in high burdensettings,their correlation with TST in recent
and less recent LTBI in children and how these may changeovertime, andits
performance in HIV co-infected individuals.

Despite the difficulty in evaluating the test, because there is no reference
standard for LTBI, it has become apparent that IFN-y basedtests are unlikely to
be 100% sensitive. One area of research therefore has focused on the
identification of further markers of infection that could be used instead of, or in

addition to IFN-y to increase the sensitivity of the tests. Amongthese, Interferony inducible protein-10 (IP-10) has emergedin the field of TB diagnosis. In this
study, IP-10 and other selected markers were investigated using supernatants of
cells stimulated with the QFT-IT assay to explore their diagnostic potential as
markersof infection.

This thesis therefore describesa series of studies to investigate QFT-IT
responsesin adults and children and the natural course of IFN-y responses over
time, by serially testing a cohort of newly diagnosed adults with active TB. In
addition, patients receiving or who had been treated for TB were investigated to
further describe the variability of the assay over time (chapters three and four).
The study also describes the QFT-IT responsesin children in contact with adults
with smear-positive TB at the time of enrolment and 2 monthslater, to describe
changesin the expression of stimulated IFN-y responses overtime period
(chapter five). Risk factors for LTBI, such as the duration of exposure to TB,
time since exposure, the closeness of the contact and others are described in
chapter six. Chapters seven and eight describe IP-10 (chapter 7) and a further
selection of 14 cytokines and chemokines (chapter 8) as alternative or adjunct to
IFN-y as markers of LTBI in children. The cytokine selection included IP10,
MCP-1, MIP-la, MIP-1B, RANTES, IFN-y, TNF-a, IL-1B, IL-6, IL-7, IL-8, IL9, IL-10, IL-12p70. Chapter nine provides an overall discussion of the thesis and
their relevanceto clinical management.

Chapter2
Methodology

This chapter describes the objectives, study design and locationofthe study,
laboratory methods and approachesfor data analysis. Specific techniques that
were used for a discrete section of the study are further described in the relevant
chapters.

2.1 Aim and objectives

The aim of the study is to describe the performance of the QFT-IT in specific
groupsof individuals with latent and active TB. These included adults newly
diagnosed as having smear-positive TB, adults recently treated for smearpositive TB and children recently exposed to adults with TB. The study also
explores the role of IP-10 and other cytokines as potential markers for TB
diagnoses.

Objectives
The specific objectives of the study were:
1. To describe QFT-IT responsesin patients with active TB who were
undergoing and/or had completed TB treatment.
2. To describe the QFT-IT responses of children in contact with adults with
smear-positive TB.
3. To identify risk factors for LTBI in children.

4. Toinvestigate if other cytokines could be used asalternative or adjunct
markers to IFN-y to identify TB infections.

2.2 Study location and timeframe

The study wasbased in Aracaju, the capital city of Sergipe State in northeast

Brazil (Figure 2.1). The field work for the study took place between April and
July 2007.

Brazil is the fifth largest country in the world, corresponding to two thirds of

Latin America, with a total area of 8.5 million Km? and a population of 170
million (Census 2000).

Sergipe is the smallest state of Brazil and is located in the Northeast region with
a population of 1.784.475 inhabitants, the vast majority (1.3 million) of which
live in the urban area
(http://www.ibge.gov.br/english/estatistica/populacao/censo2000/universo.php?ti

po=31&uf=28). Ethnic groups comprise whites (53.7%), mulattos (38.5%), black
(6.2%) and others (including Japanese, Arab & Amerindian (0.9%). Portuguese
is the predominant language of the country and is spokenbyall inhabitants of
Sergipe. Theliteracy rate is 88.6%. Twofifths of the families have an income
below the minimum salary of about 120 Reals ($50 dollars) per month
(IBGE1990) although these proportions vary geographically. The northeast is the
region with the poorest socio-economic indicators and health indicators. Life

expectancy is 72.2 years (https://www.cia.gov/library/publications/the-worldfactbook/print/br.html).

Figure 2.1 Map of Brazil showing Sergipe state

2.3 Methods conducted for studies in adults

The methods described below were developed for several objectives, as these
were accomplished simultaneously as a single study. The objectives are copied at
the top of each section forclarity.

Objective 1: To describe QFT-IT responsesin patients with active TB who were
undergoing and/or had completed TB treatment.

This objective used a cross sectional study design to identify cases with smear-

positive TB and a cohort study.

2.3.1 Study design for the cross sectional study

The cross sectional study comprised adults > 18 years old recently diagnosed as
having smear-positive TB. Participants were identified in Aracaju city and
selected if they were residents of Sergipe state, had positive smear-microscopy
and hadregisteredto initiate TB treatment in one of the Primary Health Care

Centres of Aracaju. These centres provide free fixed-dose treatmentto all
registered patients. Patients are asked to collect drug supplies monthly and
community health workers are supposed to visit patients at home on daily bases
and to pay homevisits to patients whofail to collect their medicinein time.
Daily homevisits howeverare notstrictly enforced and mostpatients have no
daily directed observed therapy. The patients for the study were identified by
reviewing the registry books of the TB centres and the reference laboratory of
Aracaju and wereclassified according to the duration of their treatment as
follows: new patients (who hadnotstarted treatment), patients receiving
treatment for < 2 months, between 2 and 6 months, and patients who had
completed treatmentin the last 6 months and patients who had completed
treatment > 6 months ago. Patients were then contacted through the community
health workers by visiting their homesor during the patients’ routine visits to the
centres. Patients were asked whether they had followed treatment regularly and
then records were verified. Only patients with full treatment compliance were
enrolled.

Exclusion criteria: The following patients were excluded:
e

Pregnant women.

e

Patients known to have diabetes mellitus, autoimmune or immuno-

compromising diseases.
e

Patients with presumptive diagnosesor receiving treatment for smear-

negative TB.
e

Patients who did not understand the information required for informed
consent.

e

Patients who hada history ofrelapse or treatment failure.

e

Patients who had missed more than 2 consecutive weeks of treatment or

had defaulted.
e

Patients known to be co-infected with HIV.

Sample size for the cross sectional study:

The following assumptions were madeto calculate the sample size:

It was expectedto find significant differences in the proportion of patients with
positive QNF-IT responses accordingto the duration of treatment. A study using
a different IFN-y based test (ELISPOT) estimated a progressive reduction in the
proportion of positive results, with a reduction of 5.5% per week of treatment
(Pathanet al. 2001). Although QFT-IT test was selected, as samples could be
morereadily transportedin the field. There were no data on the proportion of

positive QFT-IT responsesat different stages of treatmentat the time of
developing the study protocol.
It was thus assumed that ELISPOT and QFT-IT would havesimilar patterns. It
wasalso assumedthat the proportion of smear-positive patients with positive
QFT-IT responses would be 70% at the time of enrolment(time 0), 30% 2
monthsafterinitiation of treatment and 5% orless at 4, 6 and 12 months. To
establish these proportions with 90% power, 95% confidence interval (95% CI)

and a+ 10% margin of error, would require enrolling 81 patients at the start of
treatment and the same numberofpatients after 2 months of therapy. To estimate
the proportion of 5% with a +10% margin of error would require investigating 20

patients each at 4, 6 and 12 monthsafter initiation of therapy. There is a
possibility that some patients with severe TB included in the group before
initiation of treatment might have beenlost to follow up (e.g. due to death) and
hence would notbe included in the groups receiving and completed treatment
which maypresent a potential bias to the comparison across the treatment groups
and wheninterpreting the results of the cross-sectional part in relation to the
cohort part of the study.

Study procedures:

Patients eligible for the study were defined as adults having smear-positive TB.
Sputum smears in Aracaju are graded according to the IUATLD guidelines
(Scanty, +, ++, +++) (http://www.tbrieder.org) and a positive smear was
considered as any smear with > 1 acid fast bacilli (AFB)/smear count. Patients
were considered as being smear-positive if they had > 1 positive sputum smear.
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The aim and proceduresof the study was explained to patients and they were

asked for informed consent. Participants were then interviewed using a standard
questionnaire, which included demographic and family information, details of
their current and past medical history and clinical presentation. This was
followed bya brief clinical assessment. The questionnaires and consent forms
used are included in appendices land 2, respectively.

Five ml of venous blood were drawn from each patient. Two ml were used for
the QFT-IT assay and three ml for the assessment of non-stimulated cytokine
profiles.

2.3.2 Study design for the cohort study

In addition to the cross sectional survey, newly diagnosed adults with smearpositive TB whohadreceived less than one week therapy were followed
prospectively. After obtaining a further informed consent, follow up visits were
conducted after two monthsoftreatment.

Patients were followed at homeor during their routine visits to the health centres
2 monthslater. The original protocol envisaged visiting patients at 2, 4, 6 and 12
monthsafter initiating treatment. Howeverthis wasnot possible due to the
restricted scholarship funds, limited study time-period and the slow pace of
enrolment of adults with smear positive TB. In addition, difficulties were
encountered in implementing the preventive treatment to the infected children in
11

contact with smear-positive adults. These factors subsequently curtailed the
follow up to the first 2 month-visit in order to invest more finance in
investigating an additional set of cytokines(via flow cytometry technique) as
potential biomarkers for LTBI (Objective 4). An interview was completedat this
time and a second blood sample wasobtained. Mostpatients were followed by
homevisits.
Inclusion and exclusioncriteria:

In addition to the criteria used for the cross sectional study, patients known to be

alcoholics or unlikely to complete their treatment for social or medical reasons
were excluded. The incidence of HIV in Aracaju is very low (less than 1:1000
population), and it would have beendifficult to enrol sufficient numbersfor
meaningfulstatistical analysis. Known HIV infected patients therefore were
excluded.

Sample size for the cohort study:

The cohort study aimedto establish the proportion of patients who became QFTIT negative during the follow up. It was assumed that 70% of patients would
have been QFT-IT positive at the start of treatment and that 30% of these would
remain positive after 2 months of treatment. To establish the changesin the
proportion of patients who were QFT-ITpositive (i.e. a reduction from 70% to
30% between 0 and 2 months), 29 patients were required. This number was
increased to allow for losses to follow up and ensure sufficient numbers.
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2.3.3, Laboratory procedures:

Quantiferon TB Gold In Tube
Stimulated IFN-y responses were measured using the commercial Quantiferon
TB In Tube (QFT-IT) assay (Cellestis, Australia, http://www.cellestis.com/). The
test utilises peptide antigensthat are specific for M. tuberculosis proteins [Early
Secretory Antigenic Target 6 (ESAT-6), Culture Filtrate Protein 10 (CFP-10)
and TB7.7]. These are TB-specific antigens which are absent from the BCG
strain and most NTB mycobacteria.
According to the manufacturer’s instructions; one ml blood wasinoculated in
each of two QFT-IT blood collection tubes; one containing the TB-specific
antigens and one acting as a control(labelled as Nil tube). At the time of
collecting the samples, the manufacturer had notincluded a tube containing a
non-specific Mitogen, which was addedin the mostrecent versionsofthetest.
Inoculated tubes were mixed thoroughly and labelled. The tubes were transferred
to the laboratory within 2-6 hours of collection, mixed again and incubated
overnight (18-24 hrs) at 37°C in an upright position. After incubation, the tubes
were centrifuged for 15 minutes at 3000 RCF (Relative centrifugal force).
Samples that failed to separate were re-centrifuged. Plasma washarvested using
plastic pipettes, aliquoted in safe-lock tubes and stored frozen at -70°C until
transported to Liverpool.
The detection and quantification of IFN-y was performed accordingto the
manufacturer’s instructions using Enzyme-Linked Immunosorbent Assay
(ELISA) plates of the same manufacturer.
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IFN-y results were interpreted using the manufacturer software. The test was
considered positive when IFN-y responses in the TB antigen tube were
significantly higher than the IFN-y level in the Nil tube. The IFN-y valuesin the

TB-Antigen tube minusthe values in the Nil tube had to be > 0.35 IU/mlto be
considered valid. The test was considered negative if the difference was < 0.35
IU/ml. If the Nil tube had IFN-y values > 8.0 IU/mlthe result was considered as
indeterminate.

2.3.4 Data processing and analysis:

The data was entered and analysed using Epi Info and Minitab 15 software.
For the cross-sectional study, the proportion of QFT-IT positive participants was
calculated with 95% CI. The proportions of individuals with positive QFT-IT
responses, grouped accordingto their different stages of treatment were

compared using Chi Square tests. Variables associated with positive QFT-IT
responses wereidentified by using univariate analysis and then entered into a
multivariate logistic regression.

For the cohort study, descriptive statistics and then logistic regressions were
used. As the follow up wascurtailed to two time points, it was considered that
survival analysis was not suitable. The proportions of individuals with positive
IFN-y responses on enrolment and follow up were established and their statistical
significance was tested using paired statistics (Mc Nemar’s test).
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2.4 Methods conducted for studies in children

Objective 2: To describe the QFT-IT responsesof children in contact with adults

with smear-positive TB.
Objective 3: To identify risk factors for LTBI in children.

2.4.1 Study design

These objectives required a cross sectional and a cohort study of children in
contact with adults with smear-positive TB. Children aged 1 to 15 years old
resident in the households of adults with smear-positive TB were enrolled
prospectively at the same timethat the adults were diagnosed, and tested for TST
and QFT-IT responses. A proportion of these children were then re-tested 2
monthslater to describe changesin the assay responses. This study component
described the QFT-IT responses of children with positive and negative TST.
Participants for the study were selected consecutively after a smear-positive TB
adult case had beenidentified as described in the previous section and allowing
for at least 12 weeks for TST conversion.
As more than one child per household wasincluded, it is acknowledgedthatthis
would add a design effect. However, there were also advantagesin incorporating
more children from a single family,as intra-familiar factors may play a role in
the transmission of TB (e.g. younger children may be morelikely to be infected
than older children).
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Assumptionsfor calculation of sample size

The sample size wascalculated with the following assumptions:
a.

The study aimed to enrol a minimum of 100 households within

the time framefor field work.
Each household was expected to have an average of2 to 3
children <15 years of age.
It was therefore expected that between 250 and 300 children

would be available for enrolment.
It was expected that 50% ofthe participants would be TST
positive
About 70% of the children with positive TST (n=105) were
expected to be QFT-IT positive.
About 30% of the TST negative children (n=150) were expected
to be QFT-IT positive (n= 45) and 70% QFT-IT negative (n=105).

Contacts were supposed to be offered prophylactic therapyto all children < 5
years old by the State TB programme. However, none of the children had
received prophylaxis two monthsafter enrolment despite repeated requests from
the investigators and it was considered that it would have been unethical to
continue the follow up because the investigators were not allowed to provide the
prophylaxis. The follow up of the children therefore was stopped after 2 months
and only a proportion (65 out of 113) of the children were followed upat this
stage.

16

2.4.2 Study procedures:

Initial visits:

Homevisits were conducted for adults with smear-positive TB registered to
receive treatment in the TB centres. After explaining the aims and procedures of

the study to the parents andtheir children,all children 1 to 15 years old living in
the same household were invited to participate after informed consent. During

the initial visit, the parents were interviewed to complete a questionnaire
including demographic and family information and potential factors associated
with TB infection. Children underwenta brief clinical examination and five ml
blood sample were drawnfor the QFT-IT test and other cytokines markers and a
TST was performed.

Follow upvisits:
Children wererevisited after 48-72 hours to read the results of the TST using the
palpation method (Caplin, 1980). A follow up visit was conducted after 2 months
of the initial visit to re-interview the parents and to obtain a second blood sample
for QFT-IT.

2.4.3. Laboratory procedures

All QFT-ITtests for the children enrolled underwent the same procedures
described for objective 1.
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Tuberculin skin test:

In Brazil, the National TB Control Programme recommendsusing PPD RT23 for
the TST (Ministerio da Saude, 2000). Following the National Guidelines and
using the Mantoux technique, each child received an intradermal injection with
0.1 ml of tuberculin equivalent to 2 units of tuberculin (UT) and 5 units of
Purified Protein Derivative (PPD). The PPD waspurchased from the Statens
Serum Institute, Copenhagen, Denmark (http://www.ssi.dk/sw46139.asp). TST

responses were measured using the palpation and ballpoint pen methodsafter 48
to 72 hours. Responses wereclassified as negative if the induration size was < 5
mm; intermediate if between 5 and 9 mm andpositive if > 10 mm.

2.4.4 Data processing and analysis

The proportions (95% CI) of children with negative, intermediate and positive
TST results were calculated. The proportions (95% CI) of children with QFT-IT
negative, intermediate and positive responses were calculated and the agreement
between the two tests was described and tested using Kappastatistics of
agreement. Therisk factors for TB infection were investigated by comparing the
characteristics of the children with positive TST and/or QFT-IT responsesto
children with negative TST and QFT-IT responses. All variables with P values <
0.2 were re-coded and entered into the Epi Info REGRESS program to identify
confounders and obtain the adjusted oddratios using logistic regressions.
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2.5 Measurementof IP-10

Objective 4: To investigate if other cytokines could be used as alternative or

adjunct markers to IFN-y to identify TB infections.

Plasma harvested from the QFT-IT tubes (TB-Agand Nil tubes) was used to

measure the IP-10 concentrations in stimulated and non-stimulated specimens
using a Human IP-10 ELISA Construction Kit (Biosupply ltd, UK
http://www.biosupply.co.uk/). All samples obtained at the time of enrolment
were tested.

2.5.1 Laboratory procedures for IP-10 assay:

The antigen affinity purified polyclonal capture antibody (Ab) from the ELISA
kit (Biosupply ltd, UK) wasprepared to give 0.5 mg/ml stock concentration (50
ug stock Ab wasreconstituted with 100 ul sterile water) and stored at -20°C.

Nunc Maxisorp ELISA 96-well plates (Fisher Scientific Ltd) were coated with
100 pl per well of a freshly diluted solution of capture antibodyat a
concentration of 0.25 g/ml(5 ul stock to 10 ml 0/05m Carbonate buffer pH
9.3). Plates were incubated overnight at room temperature (RT). Following
incubation, the plates were washed 6 times with wash buffer (0.05% Tween-20
in PBS), using an automatic plate washer. 200 ul blocking buffer (1% BSA in
PBS) wasthen addedto each well, incubated at room temperature for one hour
and again washed 6 times.
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An IP-10 standardstock, at a concentration of 100 pg/ml, was prepared by the
reconstitution of 5.0 ug stock recombinant Human IP-10, supplied with the kit,
with 50 ul sterile water. This was subsequently kept at -20°C.

A standard IP-10 working solution was preparedfor daily use: 20 pl of the stock
standard was added to 10 ml diluent solution (0.05% Tween-20, 0.1% BSA in
PBS) to give a 20 ng/mlconcentration. This wasthen further diluted to 80 pg/ml

by the addition of 8 tl ofthe first dilution to 1 ml diluentsolution.

On separate low binding uncoatedplate, the plasma samples werediluted 3 l
in 117 ul diluent (1:60) in appropriate wells

Onthe capture antibody-coated plate, two lines of8 serially diluted Human IP10 standards,starting at 80 pg/ml, were added in 100 ul aliquots and 100 ul of
the diluted patient’s plasma sample transferred from the preparation plate to
appropriate wells (in duplicate). The plate was then incubated for two hoursat
room temperature (RT) and washedaspreviously.
Fordetection, a second antigen affinity purified polyclonal antibody against IP10 was usedasa tracer antibody. A stock concentration of 50 ug/ml was
preparedby reconstituting 25 ug Biotin labelled Ab with 500tl sterile water
with 0.1 BSA. This waskept stored at -20°C

A daily tracer working solution wasprepared by diluting 25 ul of the stock to 10
mldiluent solution to give 0.125 pg/ml concentration. 100 yl aliquots of the
freshly prepared 100 1] tracer solution were addedto the wells and incubated at
20

room temperature for 2 hours. After washing as previously, 100 pl of a 1:500
Streptavidin-HRP solution (Sigma-Aldrich, UK) made up in 0.05% Tween-20 in
PBS wasaddedto all wells and then incubated for 30 minutes. The plates were
then washedprior to the addition of 100 pl TMBsubstrate solution (Insight
Biotechnology Limited, UK) and incubated for 20 minutes. The reaction was
stopped by the addition of 100 pl 0.67 N sulphuric acid. The plates were well
mixedandthe optical densities read at 450nm on a Bio-Rad 550 modelplate
reader, within one hourofthe addition of the stopping solution.

2.6 Markers for LTBI in children:

Objective 4: To investigate if other cytokines could be used asalternative or
adjunct markers to IFN-y to identify TB infections.

2.6.1 Methods conducted for cytokines/chemokines profile

Plasmaharvested from the QFT-IT tubes (TB-Ag tube and Nil tubes) was used
to examinethe concentration of a set of 14 selected cytokines using flow
cytometry ina BD LSR II flow cytometer
(http://www.bdbiosciences.com/pharmingen/CBA/CBA LSR.pdf).

A selection of children in contact with adults with smear-positive TB was
included. These selected children had been in contact with adults with smearpositive TB as described for objective 2. The selection was done purposelyafter
grouping the children according to their TST/QFT-ITresults. Children were
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listed according to whether they were TST and QFT-IT positive (+/+); TST and
QFT-IT negative (-/-); TST positive and QFT-IT negative (+/-); TST negative
and QFT-IT positive (-/+); TST intermediate and QFT-IT positive (IM/+); TST
intermediate and QFT-IT negative (IM/-); TST positive and QFT-IT
indeterminate (+/ID) and TST negative and QFT-IT indeterminate (-/IM). Once
the list of children was complete, a representative sample was selected from each
group at random. Systematic random sampling method wasused by taking the

last digit written in a money banknote (number3) as the starting numberin the
list of the children and subsequently a sampling frame(every third child in the
list was selected) to complete the required sample. Consequently, 14 children
had (+/+), 13 had (-/-) and all children with discordant TST/QFT-IT results were

included due to the small numbers in these categories.

The plasma concentrations of the 14 cytokines and chemokinestested (IL-1, IL6, IL-7, IL-8, IL-9, IL-10, IL-12p70, IFN-y, TNF-a, IP-10, MCP-1, MIP-1a,
MIP-18 and RANTES)were determined using flow cytometry. Stimulated and
non-stimulated samples were tested for each child, after diluting the specimensat
1:40.

The cytokine selection for the tailor-made kit was done onthe bases of a review
of the literature that examined cytokines/chemokines expression in human and
animal studies and matchedto those available through the BD manufacturer.
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2.6.2 Laboratory procedures

Principle of Flow cytometry:
Flow cytometry analysis allows for the discrimination of different particles on
the bases of size and fluorescence, hence allows for analysis of multiple proteins
(e.g. cytokines and chemokines) from a single sample. The BD CBA Human
Soluble Protein Master Buffer Kits employ particles with discrete fluorescence
intensities, by flow cytometry, to measure a soluble analyte. The format is

compatible with most dual-laser flow cytometers, including the BD LSRII.
(http://www.bdbiosciences.com/pharmingen/CBA/CBA_ LSR.pdf)

Principle of the BD CBA HumanSoluble Protein Flex Set Test:
BD™ CBA Human Soluble Protein Master Buffer Kits
A BD CBAcapture beadis a single bead population with distinct fluorescence
intensity. The bead is coated with a capture antibody specific for a soluble
protein. The bead population is resolvable in the channels of a BD LSR I flow
cytometer. Each bead population is given an alphanumeric position designating
its position relative to other beads in the BD CBAFlex Set system. Beads with
different positions can be combinedin assays to create a multiplex assay. The
capture beads, Phycoerythrin (PE) detection reagents and standard/samples are
incubated together to form sandwich complexes. Following acquisition of
sample data using the flow cytometer, the sample results are generated in
graphical and tabular formats using FACS Array™ Software.
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The BD LSR II analyser

The BD™LSRIIis a four-laser, 18-color bench top flow cytometeranalyzer.It

has an automated sample introduction modethat enablesthe analysis of samples
directly from 96-well plates. The BD LSRI] is a fast and reliable system for

analysis of multiplex assays such as the BD™ CBAKits. The BD LSR II
includes the BD LSR II System Software, which allowsfor the integrated
acquisition and analysis of BD CBA experiments.

Procedures:

A multiplex comprised 14 BD CBA HumanSoluble Protein Flex Sets to be used
in the experiment wasfirst determined and the reagents were prepared before
starting the experiment. These included the following procedures

1. Preparation of BD CBA HumanSoluble Protein Flex Set Capture Beads:
The Capture Bead stock was vortexed for 15 seconds to re-suspend the beads.
The required total volume and volumeper test of BD CBA HumanSoluble
Protein Flex Set Capture Beads and the needed volume of the Capture Bead
Diluent needed for serum samples was made.

2. Preparation of the BD CBA HumanSoluble Protein Flex Set PE:

Detection Reagents were mixed with other PE Detection Reagents and diluted to
the optimal volumepertest (50 l/test) before adding the PE Reagentto the
Assay well.
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The PE Detection Reagents needed volume was determined and the required
diluents volume wascalculated and collected into a tube labelled Mixed PE
Detection Reagents and stored at 4°C as readyfor use.

3. Samples and Standardspreparation andtest procedures:

In order to ensure that the samples mean fluorescence valuesfall within the
limits of the generated standard curve of each CBAset, the tested plasma

samples were diluted 1:40 using an Assay Diluent provided with the kit.
Standards were reconstituted with 4.0 ml of Assay Diluent, left for 15 minutes to
equilibrate and then serial standard dilutions were prepared.

Thefilter plate was pre-wetted with 100 pl of Wash Buffer to each well and then
wells were aspirated and drained.
The Mixed Capture Beads were vortexed for 5 seconds and 50 yl wastransferred
to each assay well. Standard dilutions and plasma samples (50 l/test) were
added to the appropriate sample wells, mixed for 5 minutes using digital shaker
500 RPM andthen incubated at — temperature away from light, for one hour.
Mixed PE Detection Reagent was added (50 l/test) to each assay well. The plate
was mixed bydigital shaker as before and then incubated for 2 hours at room
temperature (away from light).
Assaysplates were vacuum aspirated (< 10 Hg vacuum pressure) until wells
were drained. Wash Buffer was added to each assay well (150 pl/ml) and
samples were shaken (digital shaker) for 5 minutes to re-suspend the beads.
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Finally, samples were analysed (in the same day) on a flow cytometerusing the
BD LSR IJ analyser and the resulted cytokines values were established by the

BD LSRII System Software.

2.7 Data analysis for IP-10 and other markers

A descriptive analysis of the cytokine concentrations (Median, range and
Interquartile values) was done andsignificance of the differences in stimulated
and non-stimulated plasma concentrations wascalculated. Values were described
for the TST/QFT-IT categories. Differences in cytokine concentrations between
TST/QFT-IT (+/+ vs. -/-) category groups were tested by 2-sample nonparametric Mann-Whitney U- test. The differences between stimulated and nonstimulated plasma concentrations) were tested using Wilcoxon signed-rank tests
for paired samples. All cytokine values were described using dot-plots and boxplots.

2.8 Ethical approach

Ethical approval was obtained from the Research Ethical Committees ofthe
Liverpool School of Tropical Medicine and the Ethical Committee of the Federal
University of Sergipe in Brazil.
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2.9 Informed consent

The aim, procedures, benefits and consequencesof the study were explained in
Portugueseto the participants and the parents or guardiansof children were

asked to provide informed consent. The informed consent forms used are
included in appendix 2.

All information collected was kept confidential andthestatistical analysis
excluded the patient’s identity. Patients were free to withdraw from the study at
any time without affecting their clinical managementand their relationship with
the TB programmeorthe health centres’ staff.
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Chapter3

Interferon-y responses at time of diagnosis and after treatment
in adults with active Pulmonary Tuberculosis

3.1 Introduction

This chapter describes IFN-y responsesin patients with active TB undergoing
and /or having completed TB treatment.

Due to the drawbacksand low detection rate of conventional diagnostics for
active TB (Dinneset al., 2007, Levyet al., 1989), the management of TB in low

resource settings is often based on a presumptive diagnosis. Markers of infection
are often long term, whichlimits their value to differentiate between recent and
long standing infections.
The usefulness of the QFT-IT and similar IFN-y assayslies mainly in detecting
latent infections and, althoughit is also being used to identify patients with
active TB in low incidencesettings, not enough studies have been completed in
high TB burden regions (Goletti et al., 2006). Only a few studies have described
the natural course of IFN-y responses during treatment. Hence,this chapter
examines the QFT-IT responses of adult patients with smear-positive TB before,
during and after anti-TB treatment, and how these responsesvary overtime.
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3.2 Literature review

Theliterature review of the chapter focuses on the epidemiology of TB, new and
standard methodsfor diagnosis and the immunological assays currently
available, with attention to the natural history of IFN-y release assays responses
before, during and after anti-TB treatment.

3.2.1 Epidemiology of TB and the global burden of TB

The global burden of TB continues to be enormousin the 21“ Century. It causes
at least 1.7 million deaths every year. The WHOestimatesthat one third of the
world’s population is infected with M. tuberculosis. The largest pool of cases is
in the South-East Asia Region, which accounts for 33% of incident cases
globally. However, the estimated incidence in sub-Saharan Africa is nearly twice
that of the South-East Asia, at 363 cases per 100 000 population
(http://www.who.int/tb/publications/global report/2008/pdf/fullreport.pdf)

Deprived developing countries harbour ninety five per cent of the TB burden and
99% of all TB deaths (Dyeet al., 1999). Together with HIV and Acquired
immunedeficiency syndrome (AIDS)the costs of TB are catastrophic for
households, costing more than 10% of their income (Russell, 2004). The
economicloss for poor families is represented in the direct costs of diagnosis and
treatmentas well as the indirect costs due to productivity losses, job losses and
travel costs to health centres.
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Although most reports document more TB cases in men than women, TBis the
commonest cause of death in young women,costing more lives than all causes of
maternal mortality combined.(Dyeet al., 1999).

Alongside poverty and multi-drug resistance, HIV is the main reason whytargets
for TB control programmeare not being met in many regions. The re-emergence
of TB in the eighties was fuelled by the spread of HIV/AIDS
(http://www.who.int/tb/strategy/en/). The two pandemics overlap and continue to

interact in sub-Saharan Africa and South East Asia. Tuberculosis is the leading

cause of illness and death among HIV infected individuals in resource-poorareas
of the world (Mooreet al., 2007) and globally, TB is the cause of death in 13%
of AIDS cases (http://www.who.int/mediacentre/factsheets/fs104/en/index.html).

Drugresistant TBis also a threat to National control programmes. This reflects
the increasing incidence of TB and possibly the delay in diagnosis and
inappropriate or ineffective treatment (van Heldenet al., 2006). Multi-drug
resistant (MDR-TB)is defined asresistance to at least isoniazid and rifampicin.
In someparts of the world MDR-TBrates exceed 14% of the cases (Espinal et
al., 2000). In Eastern Europe and Russia, MDR-TBandextensively drug
resistant (XDR-TB)strains of M. tuberculosis have emergedasa serious control
problem (Migliori et al., 2007). XDR-TB isresistant not only to isoniazid and
rifampicin but also to fluoroquinolone andto at least one of the three injectable
drugs used for TB treatment; capreomycin, kanamycin and amikacin (WHO,
2006a).
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3.2.2 TB in Brazil

Brazil is one of the largest countries in size and correspondsto two thirds of
Latin America, with a population of 186.4 millions. It is located in the WHO
region of the Americas. Globally, it ranks 15"of the 22 countries with highburden TB andcontributes the highest numberof cases in the WHOregion of
Americas. According to WHOfigures, the prevalence in Brazil is 55/100,000
population andthe incidence is 50/100,000 population/ year. TB mortality rate is
4 deaths/100,000 population/year. A 3.3% reduction in the incidence rate was
noticed form 2005 to 2006
(http://www.who.int/tb/publications/global_report/2008/pdf/bra.pdf)

The country continues to makeprogressto reach the global target for Directly
Observed Treatment, with a Short-Course drug (DOTS) regimen coverage and
treatment success. The DOTSstrategy, first adopted in Brazil in 1998, is now
well recognised and prioritized by the authorities as the best approach to control
the problem. DOTS coverage has improved from7% in 2000 to 86% in 2006 and
case detection rates (new SS+ve TB) have increased from 6% in 2000 to 55% in
2006. TB patients are managed in ambulatoryfacilities of decentralised healthcare system and only complicated cases require hospital admission
(http://www.who.int/tb/publications/global_report/2008/pdf/bra.pdf).

3.2.3 Methods for TB diagnosis

Usually, the diagnosis of active TB dependsonclinical presentation and a
suspicion of TB leading to seeking laboratory confirmation. This confirmation of
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diagnosis currently relies heavily on microbiological and radiological
investigations.

3.2.3.1 Smear Microscopy:
Sputum andother clinical samples are microscopically examined using ZiehlNeelsen stains to identify the Acid Fast Bacilli (AFB). Althoughit is regarded as
the basis of all TB control programmes,this technique hasa detection rate
ranging from 50% to 70%. with 99.8% specificity (Levyet al., 1989). However,
this is not uniform and for example, the UK national TB survey in 1993 revealed
that sputum smear-microscopy waspositive in only 44% ofthe patients treated
for TB (Ormerodand Bentley, 1997). A systematic review of 21 data sets
revealed that on average, 31% of culture positive specimens were smear
negative by direct microscopy (Dinneset al., 2007). The yield of direct smear
microscopy is improved bythe use of fluorochromestains (auramine and
rhodamine) for Fluorescent Microscopy (FM). This technique is more efficient in
detecting bacilli in paucibacillary (bacilli <10/100 fields) cases, and requires less
examination time (Ba and Rieder, 1999).

3.2.3.2, Mycobacterial culture:
Standard egg-based TB cultures use Lowenstein-Jensen (LJ) or Ogawa medium
and havea sensitivity of 80% to 96%. The identification of the species and
susceptibility to the drugs can also be established by this method (Levyet al.,
1989). Conventional LJ cultures take 3 to 8 weeks to recoverthe bacilli and the
results rarely reach the clinical management team. Overgrowth by non32

Mycobacterial organisms, cross contamination and doubtful labelling can result
in false positives in centres with poor quality control routines (Friedenetal.,
1996). It is estimated that about 15% of the annually verified TB cases are smear
and culture negative (Ormerod and Bentley, 1997).

Liquid media such as the BACTEC culture media take less time but are more
expensive, more susceptible to contamination andrarely available in poor
settings.

3.2.3.3, Radiological examination:
Chest X-rays are the diagnostic tool for detecting classical evidence of
pulmonary tuberculosis (PTB) such as cavities, segmental consolidations and
other parenchymal changes, as well as manifestations of lymphadenopathy (hilar
and mediastinal). However changes are not pathognomonic andreadingsare
susceptible to inter-reader variation, adding subjectivity to the test. In the case of
extra-pulmonary TB, imagingstudies can reveal, for example, signs of skeletal
TBlike osteomylitis, irregular areas of bone destruction andsclerosis.
Computed tomography (CT scan), also has some value in the diagnosis of TB,
especially in Central Nervous System (CNS) TB suchas tuberculomas and
hydrocephaly. Early cavitations and prominenthilar and mediastinal lymph
nodescanalso be easily detected by CT scan.
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3.2.3.4 The Tuberculin skin test:

Oneof the cornerstones of TB control programmesin developed countriesis

screening for LTBI andthe identification of subjects at high risk of developing
active TB by meansoftargeted TST testing. LTBI has the potential to progress
into active TB and to become a source of new infections. Treatment of LTBI
preservesthe health of the individual as well as the public (MMWR,2000).
TST is based on the detection of delayed type hypersensitivity to PPD, a mixture
of antigens shared by several mycobacteria that give rise to local skin reactions.
The test requires two visits, one for injecting the PPD intra-dermally and a
secondvisit for reading the reaction. Althoughit is currently the standard tool to
diagnose LTBI, TST has many drawbacks. False negative results can affect the
reliability of the TST in some subjects e.g. immuno-compromisedpatients and
malnourished children, and even 10% to 20% of proven cases with no apparent
immuno-suppression have false negative results (Holdenet al., 1971).
Measurementof the induration is also consideredto be relatively subjective and
operative dependent (Chaparaset al., 1985). The need for a secondvisit after two
days, to read the results, is also a practical drawback. These disadvantagesled to
the search for new approachesto detect latently infected persons as well as
patients with active disease (MMWR,2000). Despite these drawbacks,it is a test
that also has many advantages. Amongthese,it is cheaper and uses simpler
technology than immunological assays and, in recent reviews, the specificity of
the TST (a frequent concern in the literature) is very high (Menzieset al., 2007,
Pai and Menzies, 2007).
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3.2.3.5 New methodsfor diagnosis

1. Nucleic Acid Amplification Test (NAT)

This recent technology, and other polymerase chain reaction (PCR) assays,is

based on the amplification of the nucleic acid regions specific to M. tuberculosis
complex. Commercialkits (e.g. the Amplicor and the Gen-Probetests) can be
used directly on sputum or other specimens(http://www.roche-diagnostic.com,
http://www.gen-probe.com).

Although, somestudies have shown thetests to have high specificity (Flores et
al., 2005), their sensitivity is low and variable (Sarmientoet al., 2003). The tests
have a high risk of contamination resulting in false positives. Children referred
as suspects of TB were evaluated using PCRassay on gastric and broncoalveolar lavage fluids and the test was positive in 83% of children with active TB
and positive in 39% of children with LTBI with no radiological orclinical
evidence of TB (Delacourt et al., 1995).

The concern aboutthe reliability of the NAT is added to the problemsof high
costs, need for high technology laboratory infrastructure and trained technicians,
which have madethe tests almost inapplicable in high TB burdensettings with
limited resources, where it is most needed. New, less complicated and more

rapid NAT platforms, which do not need a thermal cycle, would be better suited.
Oneof these has already been developedto detect the TB bacilli and other
organisms. The Loop-mediated isothermal amplification (LAMP)
(http://loopamp.eiken.co.jp/e/index.html), can obtain amplification and detection

of gene products in one step, by incubating the samples, primers and DNA
polymerase with strand-displacement activity and substrates at a constant
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temperature. Thetest has a high efficiency and has provedto beas sensitive as
Amplicorbut is simpler and faster (1 hour) (Iwamotoet al., 2003). The work on
assessment ofits performance in TB diagnosis is underway.

2. Colorimetric Rapid culture systems (TK Medium)
A new rapid culture system (Salubris, Inc., MA, USA)can detect the
mycobacteria in two weeks. Thetest is based on the change ofcolourof the
culture media in response to bacterial metabolic activity. The test is also used in
susceptibility and drug-resistance testing (http://www.salubrisinc.com). A study
in Turkey documented a comparable sensitivity of the rapid test to LJ culture
providing results two weeksearlier (Kocagozet al., 2004). More studies are

continuing to evaluate the accuracy and applicability of the test underfield
conditions.

3. Bacteriophage-based assays
This technique is based on the amplification of bacteriophages which infect the
live M. tuberculosis and the detection of progeny phagesaslytic plaques on a
lawn of Mycobacterium smegmatis (Wilsonet al., 1997). A commercialkit
called the FASTPlaque-TBis available from Biotec Laboratories Ltd
(http://www.biotec.com) which hasa high specificity (83% to 100%) and
variable sensitivity (21% to 88%). Hence, the Bacteriophage-based assays cannot
replace conventional diagnostic tests such as microscopy and culture (Kalantri et
al., 2005). FASTPlaque-TB-MDRi test version examinesthe drug susceptibility,
and the FASTPlaque-TB-Responseversion can be used directly on sputum
samples. A Meta-analysis study reported a high sensitivity, but variable and
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slightly lower specificity (Pai et al., 2005b). So, in developing countries,
improvements are needed to enhanceits sensitivity, rapidity and practicability to
be directly operated on specimens. The Bronx boxis a semi-automated,digital
version ofthe luciferase reporter phage-based (detection of light method)test
with some promise (http://www.sequella.com).

4. Microscopic observation drug-susceptibility assay (MODS)
This novel test uses simple, inverted light, microscopyto detect early tangling
appearance andstrings of M. tuberculosis growth in Middle-brook 7H9 broth
culture. Thetest is also used for drug susceptibility testing. In Peru, the
sensitivity of MODS was 94% compared to 87% for the LJ culture method
(Caviedeset al., 2000). Being inexpensive andrapid,the test is promising and
may haveapplicability in TB high burdensettings.

5. Molecular beacon assays
These are single-stranded oligonucleotide hybridization probes that form a stemand-loop structure. In the presence of target sequence the fluorophore and the
quencherdissociate and this causes florescence that can be detected in realtime PCR assay. These assaysare highly specific and can also be used in
diseases other than TB (http://www.molecular-beacons.org)]. Application of the
Beaconassaysfor the detection of drug resistance is being evaluated. With some
studies documenteda high sensitivity of 83% to 98 and a specificity of up to
100% in isoniazid and rifampine susceptibility (El-Hajj et al., 2001, Lin etal.,

2004).
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6. MPB64 skin patch test for active tuberculosis
The principle of the test; A skin patch with the MPB64 immunogenic antigen,

whichis specific to M. tuberculosis, M. bovis and somestrains of M. bovis BCG,
would producea distinctive response in patients with active TB and distinguish
them from latently infected individuals. In a study in the Philippines, 98.1% of
active tuberculosis patients had positive responses to MPB64, while none of 43
TST-positive (LTBI) controls did, indicating a specificity of 100% (Nakamuraet
al., 1998). In 2001, another study by Nakamura documenteda sensitivity of
87.8% and specificity of 100% of the MPB64 skin patchtest for diagnosis of
active TB (Nakamuraet al., 2001). Manyfactorsare in favourof this test to be
used in low-resource settings such as simplicity, low cost and unneeded high
technology. Thetest is still under evaluationforits efficiency in HIV coinfected patients and in distinguishing between LTBI andactive TB in high
burden countries. However,sinceits initial description in 2001, there has been
no further information.

7. Serological assays

These tests detect humoral immuneresponses. A recent systematic review
(Dinnesetal., 2007) concluded that they have very limited sensitivity/specificity.
These assays were also found not to perform well with either serum samples or
respiratory specimens and cannot be recommendedforroutine use.

8. Immunological assays

IFN-y based bloodtests for TB (QFT-IT and T-SPOT-TB)
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QOFT-IT assay

T-lymphocytes of individuals previously sensitized by M. tuberculosis antigens
release IFN- y cytokine when exposed to TB specific antigens coated in the QFT
IT tubes. The QFT-IT diagnostic test is based on the quantification of IFN-y
expressed in response to a mixture of the peptide antigens ESAT-6, CFP10 and
TB 7.7 (http://www.cellistis.com).

T-SPOT-TB test
This is an Enzymelinked immunosorbent spot (ELISPOT)assay. In persons
latently infected with TB, memory T cells produce IFN-y in response to

stimulation with M. tuberculosis antigens, these active T cells can be detected by
ELISPOTassay (Lalvaniet al., 1998). The test is based on the detection and
counting of IFN-y producing T-lymphocytes sensitised to the specific peptide
sequence of ESAT-6 and CFP-10 antigens
(http://www.oxfordimmunotec.com/products services/uses.html).

ESAT-6, CFP-10 and TB 7.7 antigens
Initial IFN-y assays used PPDantigens and theresulting specificity of the tests
wasrelatively low. Van Pinxterenet al investigated alternative antigens (ESAT-6
and CFP-10) to PPD antigens for use in IFN-y release assays. The authors
successfully demonstrated a specificity of 93% for the assay using the
combination of the two antigens compared to only 7% specificity with the PPD
antigens. The assay maintaineda sensitivity of 73% (van Pinxterenet al., 2000).
These M. tuberculosis specific antigens are sited in the region of difference 1
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(RD1). ESAT-6, CFP-10 (plus TB7.7 in the QFT-Gold In-Tube assay) make the
QFT-Gtest less influenced by previous infection with non-tuberculosis
mycobacteria (Mori etal., 2004) or BCG vaccination (Andersenet al., 2000).
These antigens have the potential to detect latent infections in BCG vaccinated
and non vaccinated populations (Brocket al., 2004). However, the two RD-1
antigens (ESAT-6 and CFP-10) provoked a positive response and IFN-y release
in patients with clinically active M. marinum and M. kansasii disease and in
subjects exposed to environmental mycobacteria such as flowersellers (Arendet
al., 2002). Furthermore, Cross-reactivity was noticed between Mycobacterium

leprae antigens (CFP-10 and ESAT-6) and M. tuberculosis in some studies
(Geluk et al., 2004, Geluk et al., 2002).

3.2.4 QFT-IT responses in adults receiving anti-TB therapy:

IFN-y release assays using PPD Antigens
Theinitial versions of the Quantiferon TB test (QFT-TB) used PPD antigens.
The test showeda sensitivity of 71% compared to TST (95%) in subjects from
Ethiopia who had completed treatment for culture-proven TB disease. Within the
same study, the specificity of the test was investigated in a different study group
from Baltimore, USA with low risk of TB infection. The specificity was 85% for
the QFT-TB assay and 96% for the TST (Bellete et al., 2002). QFT using PPD
antigens showeda sensitivity of 81% in culture-proven TB patients, who were on
treatment for more than two months, compared to an 89% sensitivity for TST.
Whentesting only recently diagnosed cases, the sensitivity of both TST and QFT
wassimilar (84%) (Britton et al., 2005). QFT-TB assay detected 10 out of 12
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(83%) patients initiating treatment but only 24 of 41 (59%) previously treated
cases (Streetonet al., 1998).

IFN-y release assay using TB specific antigens
The identification of the M. tuberculosis specific antigens, ESAT-6, CFP-10 and
TB 7.7, led to the development of an improved new generation of in-vitro TB
diagnostic assays.
A Japanese study examined the performanceof the QFT-TB 2G assay(utilising
ESAT-6 and CFP-10) among suspects of pulmonary TB (PTB) and Extrapulmonary TB andreporteda test sensitivity of 76.6% in all patients, 74.5% in

patients with PTB and 80% in patients with Extra-pulmonary TB. Theoverall
test specificity was 91% (Nishimuraet al., 2008). Kobashi et al compared the
utility of the QFT-TB 2G assay with TST as a supportive tool for patients who
required the differentiation of PTB wholacked a definitive diagnosis on
admission. The final diagnosis was established and confirmed later by
bronchoscopy and microbiology. QFT-TB 2G waspositive in 79% ofthe
patients with TB and wassignificantly higher than TST (57%). In patients with
non-TB diagnosis, QFT-TB 2G negative rate was significantly lower than TST
negative rate (Kobashiet al., 2008).
In Italy, IFN-y responses, as measured by ELISPOT, became negative after three
months of treatment in most patients with positive responsesat the start of
treatment. The only patients who continued to have positive ELISPOTresults
were those with the least response to treatment and with persistent positive
culture for TB at 3 months treatment (Carraraet al., 2004).
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QFT-IT test to monitor and evaluate active TB in adults
The QFT-TBassay, which wasbased on PPDantigens stimulation, detected
more positive results in subjects with confirmed active TB disease than did the
TST,indicating that sensitivity of the QFT—TBassay wasgreater than the TST
in patients with active TB. Overall, there was a moderate agreement between
QFT-TB assay and TST. A significant correlation between the magnitude of the
QFT-TBresponse and the TST induration size was observed(Fietta et al., 2003).
The commercial (ELISPOT)assay, using ESAT-6, was validated in cultureconfirmed TBpatients by Lalvaniet al (2001). They observed a significantly
highersensitivity of the ELISPOT assay (96%) compared to TST which detected
only 69% of active TB patients. As the assay was negative in the study group of
sarcoidosis and non-TBdiseases, the authors suggested that the new test would
be a useful tool in the differential diagnosis of pulmonary lesions or suspicious
extra-pulmonary presentations. The sensitivity of the IFN-y release (ELISPOT)
was 96% in active TB cases while the sarcoidosis and other non-TB diseased
patients tested negative (Lalvaniet al., 2001b). The overall sensitivity of the
RD1 ELISPOTassay was 81% - 97% in populations with confirmed TB and the
specificity reached 100% (Wagstaff and Zellweger, 2006)

Initial QFT-TB (ESAT-6)assays had only 58% sensitivity in TB patients
(Johnsonet al., 1999). However,in patients with untreated culture-confirmed
cavitary pulmonary TB, the new QFT-IT and T-SPOT-TB assays had higher
sensitivities (78% and 83.5% respectively) than TST (70%), and both assays had
significantly higher specificity (QFT-IT 89.4%, T-SPOT-TB 84.8%) than TST
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(35%) (Soysalet al., 2008). ELISPOT detected 74% of patients with culture-

proved TB (Vincenti et al., 2003).
Mori et al examinedthe specificity of QFT-TB using ESAT-6 and CFP-10
antigens in BCG-vaccinated healthy adults with no identified risk of TB
infection and reported 98.1% specificity, and reported that in culture-proven
active TB patients the test had a sensitivity of 89% (Moriet al., 2004).
In South Africa, children suspected of having TB disease wereclassified into
four groups; TB-confirmed, highly suspected, possible and without TB. The

investigators documenteda better sensitivity of the ELISPOTassay,utilising
ESAT-6 and CFP-10 than TST. Among TB-confirmedcases, the sensitivity was
83% which wassignificantly higher than the sensitivity of TST (63%).
Furthermore, when combined,the two tests (TST and ELISPOT) gave 91%
sensitivity (Liebeschuetz et al., 2004).

Ferrand examined IFN-y responses in ELISPOT assay among TBpatients in
London. The participants were grouped into early stage and successfully
completed anti-TB treatment. Eight healthy BCG-vaccinated controls were
enrolled. Irrespective of treatment status, the median IFN-y responses in TB
patients, were significantly higher than healthy controls (Ferrandet al., 2005).
The natural history of some cytokines was studied in PTB and compared with
healthy controls. The level of IFN-y wassignificantly higher in patients with
active PTB before treatment and decreased significantly after treatment (Deveci

et al., 2005).

3.3 Results

3.3.1 Overview and treatmentstage classification
A total of 110 adults were enrolled. Participants were distributed according to
their stage of anti-TB treatment into five groups and comprised 44 (40%) newly
diagnosedpatients (< 1 week treatment), 11 (10%) whohadreceived less than 2
months treatment, 22 (20%) with 2-6 months treatment, 21 who had completed

treatment < 6 months ago (19%) and 12 who had completed treatment > 6
months ago (11%). A total of 33 (30%) patients were receiving and 33 (30%)
had completed treatment.

3.3.2 General andclinical characteristics

Overall, the mean (SD) age of the patients was 41.3 (15.8) years with a range
from 18 to 87 years. Newly diagnosed patients and patients with < 2 months
treatment were older (45.7 and 46.7 years old, respectively) than the other groups
of patients (p=0.05) as shownin table 3.1. Sixty six patients (60%) were male
and 44 (40%) female. The proportion of males varied across the groups from
50% to 73%, but this was notstatistically significant (p=0.6). The average time
from the first attendanceto a health centre to the initiation of anti-TB treatment
was 21 days with an Inter quartile range of 7 — 50 days.

The mean (SD) Body MassIndex (BMI) was 19.8 (3.4) and increased with
treatment. Patients initiating treatment had the lowest BMI(19) andpatients
completing treatment had the highest BMI(20.8). According to the WHO score
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(WHO, 1995), thirty eight (34.5%) patients were underweight (BMI < 18.5). The
highest proportion of underweight was among patients who had received

treatment < 2 months (5/11, 45.5%) and the lowest among patients who had
completed treatment > 6 months back (2/12, 16.7%).
Most patients had attended primary or secondary education (54.5% and 27.3%,
respectively) and 17 (15.5%) had not attended formal education. Only three
patients (2.7%) had higher education. There werenostatistical differences across
the groups. Forty five (40.9%) of the 110 patients were employed, with the
lowest proportions of employed patients observed amongthe groups undergoing
treatment, but these were notstatistically significant.
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Completed

Ongoing

Mean (SD)

Height (cm)

Higher education

(N= 44)

22
3-29
52.1 (8.1)
165.8 (7.5)
19 (2.8)
18 (40.9%)
11 (25%)
22 (50%)
11 (25%)
0
19 (43.2%)

18 — 87

40
11-45
54.2 (10.6)
165.3 (4.6)
19.8 (3.5)
5 (45.5%)
2 (18%)
8 (73%)
1 (9%)
0
4 (36.4%)

26-81
28/16(63.6%) 8/3 (72.7%)
44 (100%) 11 (100%)
0
0

45.7 (18.4)

<2 months
(N= 11)
46.7 (15.6)

(N= 22)

31
13 —55
55.4 (11.5)
165.3 (6.4)
20.3 (4.4)
7 (31.8%)
1 (4.5%)
13 (60%)
7 (32%)
1 (4.5%)
7 (31.8%)

36.7 (12.8)
18 —59
11/11 (50%)
22 (100%)
0

On treatment
2 —6 months

36
15-60
56.6 (10.0)
160.5 (23.6)
20.8 (3.90
7 (33.3%)
2 (9.5%)
11 (52%)
7 (33%)
1 (4.8%)
10 (47.6%)

25
17- 49
57.1 (9.3)
167.4 (6.1)
20.3 (2.5)
2 (16.7%)
1 (8.3%)
6 (50%)
4 (33%)
1 (8.3%)
5 (41.7%)

> 6 months

(N= 21)
(N= 12)
38.1 (12.5) 34.4 (11.1)
23 — 69
18 —52
11/10 (52.4%) 8/4 (66.7%)
0
0
21(100%) 12 (100%)

<6 months

Post-treatment

21
7-50
54.4 (9.6)
164.8 (11.9)
19.8 (3.4)
38 (34.5%)
17 (15.5%)
60 (54.5%)
30 (27.3%)
3 (2.7%)
45 (40.9%)

(N= 110)
41.3 (15.8)
18 — 87
66/44 (60%)
77 (70%)
33 (30%)

All

*P-value stands for comparisons betweenall treatment-stage groups
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'New cases = Untreated and < 1 week treatment. 7 From the date of first attendance to a health centre to the date ofinitiation of treatment.

Employed

Primary school

Illiterate

Secondary school

Educationlevel:

Underweight (BMI<18.5) N (%)

Body massindex (BMI)

Mean (SD)

Weight (kg)

Inter-quartile range (IQR)

Median

Treatment provider delay?(days)

Treatment Status

Range

Mean(SD)

Male/Female (% Male)

Age (years)

Table 3.1 General characteristic of the patients
General characteristics
New cases!

0.9

i

0.3

0.9

0.3

0.8

0.01

0.6

0.05

*?

There were nostatistically significant differences across the groupsin the
clinical presentation. At the time of diagnosis, most patients (104, 94.5%) had
cough > 3 weeksand hadlost weight (99, 90%) as shownin table 3.2. Fever and
chest pain were reported by 88 (80%) patients. Loss of appetite (82, 74.5%),
difficult breathing (75, 68.2%) and wheezy chest (59, 53.6%) were reported with
lower frequencies.
The microscopy examination revealed that 12 (10.9%) had scanty bacilli, 46
(41.8%) had sputum smears graded +, 37 (33.6%) ++ and 15 (13.6%) had +++.
Although the number of AFB varied slightly across the groups, these differences

did not have a trend and mostlikely reflected the small numberofpatients in
someof the groups.
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+

35 (80%)
41 (93%)
23 (52%)
31 (70.5%)
30 (68.2%)
41 (93.2%)
13 (29.5%)
36 (82%)
0
23 (52.3%)
17 (38.6%)
4 (9.1%)

(N= 44)

New cases

15 (68%)
22 (100%)
11 (50%)
15 (68.2%)
17 (77.3%)
21 (95.5%)
12 (54.5%)
18 (81.8%)
7 (31.8%)
3 (13.6%)
7 (31.8%)
5 (22.7%)

(N= 22)

(N= 11)

10 (91%)
9 (82%)
4 (36.4%)
7 (63.6%)
7 (63.6%)
9 (82%)
2 (18%)
7 (63.6%)
2 (18.2%)
3 (27.3%)
5 (45.5%)
1 (9.1%)

2 —6 months

<2 months

On treatment
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(N= 110)

All

10 (83%)
88 (80%)
12 (100%) 104 (94.5%)
7 (58.3%) 59 (53.6%)
8 (66.7%) 75 (68.2%)
11 (91.7%) 82 (74.5%)
10 (83.3%)
99 (90%)
5 (41.7%) 43 (39.1%)
11 (91.7%)
88 (80%)
0 12 (10.9%)
3 (25%) 46 (41.8%)
6 (50%) 37 (33.6%)
3 (25%) 15 (13.6%)

(N= 12)

(N= 21)

18 (86%)
20 (95%)
14 (66.7%)
14 (66.7%)
17 (81%)
18 (85.7%)
11 (52.4%)
16 (76.2%)
3 (14.3%)
14 (66.7%)
2 (9.5%)
2 (9.5%)

> 6 months

<6 months

Post-treatment

‘At the time of diagnosis. °P-value stands for comparisons betweenall treatment-stage groups

fon

++

Sputum smear’ Scanty

Chest pain

Haemoptysis

Weight loss

Loss of appetite

Difficulty in breathing

Wheezy chest

Cough > 3 weeks

Fever

Patient had a history!:

Clinical characteristics

Table 3.2 Clinical characteristics of the patients

0.5

0.1

0.6

0.4

0.99

0.6

0.2

0.5

2p

3.3.3 Household characteristics

The mean (SD) numberof people living in the household was4.7 (2.8) persons

with a range from | to 14 individuals. Most families had a low numberof
children < 18 years old, with a mean of 1.3 children per household. There were

no statistical differences in the numberofadults or children across the treatment
groups, as shown in table 3.3. The mean (SD) numberof bedroomswas2.3 (1.2)

roomsper household and most of these rooms were used for multiple purposes.
The roof of 76 (69.1%) houses were made of woodor palm shafts, 28 (25.5%)
were made of cement and 6 (5.5%) of corrugated iron. The floor was made of
tiles in 59 (53.6%) houses, cement in 49 (44.5%) and soil in 2 (1.8%). The house
was ownedbythe patient in 82 (75.2%) cases while the rest either rented (22,
20.2%) or shared with other families (5, 4.6%). Electricity was available for
lighting in 106 (96.4%) houses with only 5 using kerosene (p=0.4). Most
households hadelectricity, piped water, owned a television and radio, while a

lower proportion had fridges or fans (86% and 64%, respectively). A low
proportion of the patients own a car, bicycle or motorbike. The only difference
across the groups wasthat patients receiving treatment wereless likely to own
bicycles or have TVsthan patients that had completed treatment.

Regarding cooking facilities, more than half of the patients (56, 51.4%) used a
separate room for cooking. Most of the households (105, 93.6%) used gas, one
used electricity and four used wood.At least one smokerresided in the
household of 50 (45.9%) patients and a minimum of one animallived in 51
(46.4%) houses with no significant difference between the groups.
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Mean (SD)

Children < 18 years old

Rented

Owned

Kerosene

Electric

Soil

Tiles

Cement

Wood/Palm

Corrugated iron

Cement

Householdutilities

Piped water

Electricity

Shared with other family

House ownership:

Type oflighting:

Type offloor:

Type of Roof:

Mean (SD) numberof bedrooms

Mean (SD)

Numberof residents

Household characteristics

4.3 (2.6)
1.1 (2.6)
2.3 (1.1)
16 (36.4%0
3 (6.8%)
25 (56.8%)
20 (45.5%)
22 (50%)
2 (4.5%)
41 (93.2%)
3 (6.8%)
29 (65.9%)
13 (29.5%)
2 (4.5%)
41 (93.2%)
41 (93.2%)

(N= 44)

New cases

Table 3.3 Household characteristics of the patients

22 (100%)

10 (90.9%)

50

22 (100%)

1 (4.8%)

2 (18.2%)
10 (90.9%)

3 (14.3%)

17 (81%)

0

1 (9.1%)

8 (72.2%)

1 (9.1%)

22 (100%)

0

0
10 (91%)

12 (54.5%)

6 (54.5%)

18 (81.8%)

7 (63.6%)
10 (45.5%)

0

1 (9.1%)
5 (45.5%)

4 (18.2%)

2.6 (1.7)

1.5 (1.5)

3 (27.3%)

2 (0.9)

1 (1.4)

5.3 (4)

(N= 22)

(N= 11)
4.6 (2.2)

2 —6 months

<2 months

On treatment

20 (95.2%)

21 (100%)

0

2 (9.5%)

19 (90.5%)

0

21 (100%)

12 (100%)

11 (91.7%)

0

3 (25%)

9 (75%)

0

12 (100%)

0

7 (58.3%)

12 (57.1%)
0

5 (41.7%)

9 (75%)

0

3 (25%)

2 (1)

1.4 (1.4)

5 (2.5)

(N= 12)

> 6 months

9 (42.9%)

17 (81%)

2 (9.5%)

2 (9.5%)

2.2 (1)

1.6 (1.4)

4.7 (2.2)

(N= 21)

<6 months

Post-treatment

(N= 110)
4.7 (2.8)
1.3 (1.5)
2.3 (1.2)
28 (25.5%)
6 (5.5%)
76 (69.1%)
49 (44.5%)
59 (53.6%)
2 (1.8%)
106 (96.4%)
4 (3.7%)
82 (75.2%)
22 (20.2%)
5 (4.6%)
105 (95.5%)
105 (95.5%)

All

0.6

0.5

0.3

0.4

0.9

0.7

0.9

*P

Others

Gas

Separate room

37 (84.1%)
38 (86.4%)
34 (77.3%)
26 (60.5%)
7 (15.9%)
2 (4.5%)
21 (47.7%)
22 (50%)
40 (90.9%)
4 (9.1%)
20 (45.5%)
22 (50%)

SI

9 (81.8%)
9 (81.8%)
10 (90.9%)
6 (54.5%)
4 (36.4%)
1 (9.1%)
2 (18.2%)
5 (45.5%)
10 (90.9%)
1 (9.1%)
5 (45.5%)
6 (54.5%)

* P-value stands for comparisons betweenall treatment-stage groups

Animals in the house

Smokerin the house

Cooking fuel

Cooking in

Bicycle

Motorbike

Car

Fan

TV

Radio

Fridge

20 (90.9%)
19 (86.4)
20 (90.9%)
12 (54.5%)
5 (22.7%)
4 (18.2%)
7 (31.8%)
10 (47.6%)
20 (95.2%)
2 (9.1)
10 (47.6%)
9 (40.9%)

19 (90.5%)
20 (95.2%)
21 (100%)
17 (81%)
4 (19%)
2 (9.5%)
14 (66.7%)
11 (52.4%)
21 (100%)
0
10 (45.5%)
7 (33.3%)

10 (83.3%) 95 (86.4%)
10 (83.3%) 96 (87.3%)
12 (100%) 97 (88.2%)
9 (75%) 70 (64.2%)
5 (41.7%) 25 (22.7%)
2 (16.7%)
11 (10%)
5 (41.7%) 49 (44.5%)
8 (66.7%) 56 (51.4%)
11 (91.7%) 102 (92.7%)
1 (8.3%)
8 (7.3%)
5 (45.5%) 50 (45.9%)
7 (58.3%) 51 (46.4%)
0.6

0.9

0.4

0.8

0.06

0.5

0.3

0.3

0.05

0.8

0.9

3.3.4 QFT-IT assay responses

Plasma samples of 107 of 110 patients were examined for the QFT-IT assay.
Three patients (1 newly diagnosed and 2 with < 2 months of treatment) did not
have enough material for processing. Table 3.4 showsthe proportion of positive,
negative and indeterminate results by treatment group. Overall, 67 (62.6%) of
107 patients had positive QFT-IT, 32 (29.9%) were negative and 8 (7.5%)
indeterminate. There was no obvioustrend of patients with positive responses
and treatment duration, although patients who had completed treatment > 6
monthsearlier had a lower proportion of positive responses. The proportion of
patients with negative QFT-IT responses seemedto increase with treatment

duration and indeterminate responses seemed to decrease. Amongthe 8
indeterminate results, 6 occurred in new patients, one had recently started
treatment and only | had completed treatment.

a2
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0.07

8 (7.5%)

1 (8.3%)

0

0

1 (11%)

6 (14%)

Indeterminate

0.08

32 (29.9%)
6 (50%)

8 (38.1%)

5 (22.7%)

3 (33.3%)

10 (23.3%)

Negative

*p

0.5

5 (41.7%)

13 (61.9%)

17 (77.3%)

5 (55.6%)

27 (62.8%)

Positive

(N= 107)

All

67 (62.6%)

(N= 12)

(N= 21)

(N= 22)

(N= 9)

(N= 43)

“P-value for differences between the proportions of QFT-ITresults acrossall treatment-stage groups

QFT-IT results

> 6 months

<6 months

Post-treatment

2 —6 months

On treatment

Treatment stage
<2 months

New cases

Table 3.4 QFT-IT results by treatment phase

As study numbers were small, patients were grouped onto new cases, those

receiving treatment and those who had completed treatment. The proportion of
new patients with positive QFT-IT responses was 62.8% among newcases,
higher amongpatients receiving treatment (71%) and lower (55%) in patients
who had completed treatment. The proportion of patients with negative

responsesincreased from 23% before initiation of treatment, 26% during
treatment and 42% after treatment completion. The indeterminate responses were
higher among new cases (14%) and lowest during (3.2%) and after treatment
(3%) as shownin figure 3.1.

Figure 3.1 QFT-IT responses by treatment group
90 ~
80 70 ~

%

60
50

# Positive

40

Negative

30
20 -

® Indeterminate

10 0
New cases

Ontreatment

post-treatment

Treatmentstage

QFT-IT responses according to sputum smear grades among new,on treatment
and post-treatment cases are shown infigure 3.2.
In the newly diagnosedcases,positive QFT-IT responses were more frequent
with higher sputum grades (59% amongpatients with scanty/+, 65% in patients
with ++ and 75% with +++ sputum grades). Amongpatients receiving treatment,
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positive QFT-IT were also lower among patients with scanty/+ (53%) than
amongpatients with ++ and +++ sputum grade whose QFT-IT responses
increased during treatment to 90% and 83% respectively.
After completion of treatment, positive responses among patients who had
scanty/+ and ++ smears (60% and 62.5%) seemed higher than amongpatients
who had +++ smears (20%).
The frequencies in each group howeverwere very small and these differences are

notstatistically significant.

Figure 3.2 QFT-IT responses by sputum smears and treatment group
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3.3.5 Factors associated with positive QFT-IT assays

3.3.5.1 Univariate analysis
The characteristics of the patients and clinical presentation wereinitially
analysed by univariate analysis to explore the factors associated with positive
QFT-IT responses (Table 3.5).
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Asthere were very few indeterminate results, these are described below,but
were excluded from thestatistical test comparisons. The analysis therefore
compares positive and negative QFT-IT. Data on the characteristics of the
patients by positive, negative and indeterminate QFT-IT results are shownin
tables 3.5 to 3.7. A further analysis stratified by treatment group is included in
appendix 3. Patients with positive QFT-IT were younger (38.6 years) than
patients with negative (43.8 years) and indeterminate results (54.8 years).
Howeverthis difference wasnotstatistically significant (p=0.1). Males

represented 62.7%, 56.3% and 62.5% ofthe positive, negative and indeterminate
QFT-IT responses, respectively. Forty nine (73.1%) of the patients with positive
QFT-IT responses were undergoing treatment and 18 (26.9%) had completed
treatment. Eighteen (56.3%) and 7 (87.5%) of those with negative and
indeterminate QFT-IT assays respectively were receiving treatment, while 43.8%
and 12.5% respectively had completed treatment (p=0.2). The median time from
the first attendance to the clinic andinitiation of treatment was 24 days among
positive, 21 days among negative and 26 days amongindeterminate QFT-IT
responders (p=0.9). The mean (SD)time duration since the patient started
treatment to the time of the study wassignificantly shorter among QFT-IT
positive patients (106.5 (127.1) days) than patients with negative assays (175.7
(173.3) days) (p=0.03). The mean BMI wasslightly higher (19.9) amongpositive
responders than among negative responders (19.7) and the proportion of
underweight patients (BMI < 18.5) was higher amongpatients with positive
(35.8%) than those with negatives responses (31.3%) and lowerthan patients
with indeterminate responders (50%), the difference wasnotstatistically
significant (p=0.3).
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Table 3.5 Generalrisk factors of the patients
General characteristics of patients

QFT-IT
Positive

Negative

Indeterminate

(N= 67)

(N= 32)

(N= 8)

Mean(SD)

38.6 (14.8)

43.8 (16.4)

54.8 (18.2)

Range

18 —79

18 — 87

35-81

42/25 (62.7%)

18/14 (56.3%)

5/3 (62.5%)

0.7

Ongoing

49 (73.1%)

18 (56.3%)

7 (87.5%)

0.2

Complete

18 (26.9%)

14 (43.8%)

1 (12.5%)

Median

24

21

26

**IQR

5-55

7.5 —53

19-54

Mean (SD)

106.5 (127.1)

175.7 (173.3)

47.9 (128.6)

Median

64

120

1

IQR

3 — 190

3.5 — 457

0-7.5

19.9 (3.6)

19.7 (3.0)

18.6 (3.2)

0.8

N (%)

24 (35.8%)

10 (31.3%)

4(50%)

0.3

Illiterate

11 (16.4%)

3 (9.4%)

3 (37.5%)

0.3

Primary school

38 (56.7%)

16 (50%)

5 (62.5%)

Secondary school

15 (22.4%)

13 (40.6%)

0

Higher education

3 (4.5%)

0

0

Employed

22 (32.8%)

15 (46.9%)

6(75%)

Age (years)
Male/Female (% Male)
TreatmentStatus

*P
0.1

Treatment provider delay (days)

Time since treatment

Body massindex (BMI)
Underweight (BMI < 18.5)
Education level:

*P value for positive vs. negative QFT-IT. ** Inter Quartile Range

History of cough > 3 weeks, weight loss, and haemoptysis were more frequent
amongpatients with positive than those with negative QFT-IT responses. All the
patients with indeterminate responses gave a history of cough > 3 weeks.
Howevernoneofthese differences werestatistically significant (Table 3.6).
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«860.9

0.03

0.3

Mostpatients with indeterminate QFT-IT had low sputum smeargrades (+), but
this wasnotstatistically significant.

Table 3.6 Clinical risk factors of the patients

QFT-IT

Clinical characteristics

Positive

Negative

Indeterminate

(N= 67)

(N= 32)

(N= 8)

Fever

54 (80.6%)

24 (75%)

7 (87.5%)

0.7

Cough > 3 weeks

65 (97%)

29 (90.6%)

8 (100%)

Of

Wheezychest

37 (55.2%)

19 (59.4%)

1 (12.5%)

0.9

Difficulty in breathing

47 (70.1%)

20 (62.5%)

6 (75%)

0.6

Loss of appetite

52 (77.6%)

22 (68.8%)

7 (87.5%)

0.5

Weight loss

63 (94%)

28 (87.5%)

6 (75%)

0.2

Haemoptysis

31 (46.3%)

10 (31.3%)

2 (25%)

0.2

Chest pain

55 (82.1%)

25 (78.1%)

6 (75%)

0.9

Scanty

8 (11.9%)

4 (12.5%)

0

0.1

+

25 (37.3%)

13 (40.6%)

7 (87.5%)

4+

25 (37.3%)

9 (28.1%)

1 (12.5%)

+++

9 (13.4%)

6 (18.8%)

0

Patient had a history of**:

Sputum smear grade

* Comparespositive vs. negative QFT-IT. **At the time of diagnosis

The household characteristics of the patients by QFT-IT responses are shown in
table 3.7. None of these characteristics besides ownership of a car were
associated with the QFT-IT responses. Patients who had a car were morelikely
to have negative responses (p=0.01) which may which mayindicate that the
ownership ofa car facilitates better access to the health service and hence faster

diagnosis andinitiation of treatment. This may haveled to a lowerbacterial load
and hence lower immuneresponsepresented by IFN-y responses. However this
factor wasnot significant in the multivariate analysis.

*P

Table 3.7 Household risk factors of the patients
Household characteristics

QFT-IT
Positive

Negative

Indeterminate

*p

(N= 67)

(N= 32)

(N= 8)

Personsliving in the house

4.8 (2.9)

4.6 (2.3)

4.4 (4.1)

0.8

Children < 18 years old

1.4 (1.4)

1.3 (1.5)

1 (2.1)

0.7

2.2 (1)

2.5 (1.4)

1.9 (1.1)

0.2

Cement

17 (25.4%)

6 (18.8%)

4 (50%)

0.6

Corrugated iron

2 (3%)

2 (6.3%)

1 (12.5%)

Wood/Palm

48 (71.6%)

24 (75%)

3 (37.5%)

Cement

32 (47.8%)

12 (37.5%)

4 (50%)

Tiles

34 (50.7%)

20 (62.5%)

3 (37.5%)

Soil

1 (1.5%)

0

1 (12.5%)

Electric

62 (93.9%)

32 (100%)

8 (100%)

Kerosene

4 (6.1%)

0

0

Owned

49 (74.2%)

26 (81.3%)

5 (62.5%)

Rented

15 (22.7%)

5 (15.6%)

2 (25%)

Shared with other family

2 (3%)

1 (3.1%)

1 (12.5%)

Electricity

62 (92.5%)

32 (100%)

8 (100%)

0.1

Piped water

63 (94%)

32 (100%)

7 (87.5%)

0.2

Fridge

57 (85.1%)

30 (93.8%)

5 (62.5%)

0.2

Radio

61 (91%)

26 (81.3%)

7 (87.5%)

0.3

TV

60 (89.6%)

29 (90.6%)

5 (62.5%)

0.6

Fan

39 (59.1%)

25 (78.1%)

4 (50%)

0.1

Car

9 (13.1%)

12 37.5%)

2(25%)

0.01

Motorbike

7 (10.4%)

2 (6.3%)

1 (12.5%)

0.4

Bicycle

31 (46.3%)

14 (43.8%)

3 (37.5%)

l

Separate room

32 (48.5%)

21 (65.6%)

1 (12.5%)

0.2

Gas

61 (92.4%)

32 (100%)

6 (75%)

0.1

Electricity

1 (1.5%)

0

0

Wood

3 (4.5%)

0

1 (12.5%)

Others

1(1.5%)

0

1 (12.5%)

Smokerin the house

30 (44.8%)

14 (43.8%)

4 (50%)

0.9

Animals in the house

27 (40.3%)

17 (53.1%)

4 (50%)

0.3

Mean (SD) numberof:

Mean (SD) number of bedrooms
Type of Roof:

Typeoffloor:

Typeoflighting:
House ownership:

Householdutilities

Cooking in
Cooking fuel

* Comparespositive vs. negative QFT-IT. **At the time of diagnosis

0.4

0.2
0.2

3.3.5.2 Multivariate analysis of associated factors

All variables were then entered into a multivariate logistic regression analysis to
control for positive or suppressing confounders amongthese variables, some of
them were re-grouped to avoid categories with low frequencies. For example,
secondary and higher education were combinedinto a single category (due to
small numbers).
The multivariate analysis revealed that there werestatistical significant
associations between young age and positive QFT-IT responses (p<0.001), and
that a history of haemoptysis wasassociated with positive QFT-IT responses
(p<0.05). In addition, a longer time since the start of treatment and the presence
of a fan in the house wereinversely associated with positive assay responses (p<
0.01 and p<0.05 respectively), as shownintable 3.8.

Table 3.8 Multivariate analysis of variables associated with positive QFTIT
Variables
Ageofthe patient
Time since treatment
History of haemoptysis
Fan in the house

*AOR

95% CI

P

0.96

(0.92 —0.99)

<0.01

0.995

(0.992—0.999)

<0.01

3.5

(1.22—10.26)

<0.05

0.263

(0.086—0.80)

<0.05

*OR= Odds Ratio, CI= confidence interval, S.E= standard Error.
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3.4 Discussion

This chapter assessed the performance of the QFT-IT assay in patients with PTB
at different stages of treatment. Performing the collection and incubation of
blood samples for the QFT-IT in the field was simple and required low
technology laboratory equipment, including a centrifuge and an incubator. The
second stage of the test required additional technical and laboratory
infrastructure for the quantification of plasma IFN-y responses with ELISA,
including an ELISAreaderto establish OD and a computer for analysis. Samples
of 107 patients were analysed by the assay and positive or negative results were
obtained on 99 (92.5%) samples. Few patients (8, 7.5%) had indeterminate
results.

Overall, two thirds of the adults had positive QFT-IT responses, irrespective of
their treatment status. Anti-TB treatment has been reported to modify IFN-y
responsesin previousstudies (Pai et al., 2004, Carrara et al., 2004) and

accordingly, participants in the current study were classified as newly diagnosed,
on treatment and after treatment to explore the effect of treatment on the assay
responses. Twothirds (27, 63%) of new cases had positive QFT-IT responses,
which wasconsistent with responses observed in India which reported a
sensitivity of 63% for the same assay (ESAT-6, CFP10 and TB7) among
microbiologically confirmed TB cases. That study however was based on
children whichlimits the validity of this comparison (Dograet al., 2007). Our
results were also similar to Dewanet al (64%) and Ferrara et al (67%) who used
QFT-TB Gold (ESAT-6 and CFP10) assay in newly diagnosed patients (Dewan
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et al., 2007, Ferrara et al., 2005). However, other studies have reported a much

higher positive QFT-IT responses (82%) in the newly diagnosed TB patients in
South Africa (Tsiouriset al., 2006), Italy (Goletti et al., 2006), South Korea (Lee
et al., 2006) and Japan (Kobashietal., 2008) (83%, 70% and 79%, respectively)

and also lower than those reported in Haradaetal study using the two versions of
the assay, QFT-IT (92%) and the QFT-TB Gold test (81.4%) among newly
diagnosed TBpatient (< 1 week treatment) confirmed by culture and/or PCR
(Haradaet al., 2008). Mori and colleagues documented assay sensitivity of 89%
using ESAT-6 and CFP10 peptides (Mori etal., 2004). However, Ferraraet al
reported much lowersensitivity (55%) using QFT-2G assay (Ferraraetal.,

2005).

In this study, we observed a modest proportion of positive QFT-IT responses
(63%) among the newly diagnosed TB adults with substantial proportions of
false negative and indeterminate QFT-IT responses (23% and 14%,
respectively). In general, the observed positive QFT-IT proportion lies within the
range of previously observed by others (55% to 88%). The different rates across
studies, including ours, could be attributed to many factors, including assay
format (ELISPOT or ELISA), QFT version (QFT, QFT-Gold or In Tube),
combinations of peptides/antigens incorporated (PPD, ESAT6,CFP-10 and TB7), variations of IFN-y cut-off points. The low QFT-IT responses in newly
diagnosedcasescan beattributed to the extent of disease and the non-specific
immune suppression and inhibition of T-cell lymphoprolifiratioin caused by
active TB before treatment (Pai and Lewinsohn, 2005, Pathanet al., 2001).
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Anotherpossibility is the sequestration of the IFN-y producing T-lymphocytes in
the lungs (Robinsonet al., 1994).

In our study the baseline positive proportion of QFT-IT responses (62.8%) was
lower than the 71% observed during the course of treatment, but higher than the
42% after completion of treatment. Negative responsesincreased steadily with
time and treatment from 23% before initiation of treatment to 26% during
treatment period and 42% after completion of the treatment. Before initiation of
treatment a substantial proportion (14%) of the QFT-IT results were
indeterminate. This proportion dropped to 3% during and after completion of
treatment respectively.

The positive responses reported in this study were similar to those reported by
Nicoleet al in 2005 using an ELISPOTassay, which reported an early increase
from initial responses after 1 month of treatment and a decreaseafter 3 - 6
months treatment to levels that were close to theinitial level (Nicolet al., 2005).

This changing pattern of responses is also consistent with a study in India using
QFT-IT assay which reported positive responses in 73% ofthe patients at
diagnosis, 81% after 2 months of treatment and 79% after completion of
treatment (Pai et al., 2007). Ulrichs et al observed an increase (10-fold) of IFN-y
responses to ESAT-6 from initiation of treatment to after 2 months of treatment
using an ELISPOTassay (Ulrichset al., 2000).
In particular, positive QFT-IT responses post-treatment (41.7%) were lower than
reported by Wu-Hsiehet al (72.2%) whentesting IFN-y responses to ESAT-6
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(Wu-Hsiehet al., 2001) and Ethiopian cured TB patients (71%) (Belleteet al.,

2002).
Somestudies have shown an amplification of responsesafter treatment
comparedto patients undergoing treatment. Al-Attiyah et al (2003) reported a
consistent association between of IFN-y response levels (to complex MTB

antigens) and treatment duration with the highest IFN-y responses among
patients who had received 6 months therapy (Al-Attiyah et al., 2003).

The increase proportion of patients with positive QFT-IT receiving treatment
may indicate a restoration of cellular immuneresponsesby treatment, a
phenomenonalso observed by others (Al-Attiyah et al., 2003, Pai et al., 2007).
Howeverthis pattern was only observedin the cross-sectional part of our study
while the follow up of the newly diagnosed cases in the cohort part showedthat
the proportion of patients with positive QFT-IT at enrolment (70%) did not
changeafter 2 months of treatment. Furthermore, different QFT-IT results were
found in patients enrolled in the cohort part after 2 months of treatment from
those in the cross-sectional part receiving 2 months-treatment (23/33, 70% and
5/9, 56%, respectively). These differences could be reasonedto the use of a
combined study design (cross-sectional and cohort).
This immune response dependsonthe secretion of MTB proteins which require
viable and metabolically active bacilli to provoke ongoing antigenic stimulation
in vivo (Andersen, 1994), thus, after successful treatment, the dropped antigen

load leads to lower IFN-y responses and hence, the low QFT-IT responses
among patients who completed treatment.
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The effect of bacterial-antigen load on QFT-IT assay
QFT-IT responses were analysed against sputum smear gradesto study the effect
of bacterial antigen load on the assay. The proportion of QFT-IT positive

responses amongnewcasesincreased with increasing sputum smear grades.
Positive assay responses increased from 59% amongpatients with scanty/+
smear to 65% among ++ and 75% among +++.
The effect that treatment (before, during and after treatment) had on QFT-IT
responses was mild among the scanty/+ group (59% to 53% and 60%

respectively), while the effect of treatment was more marked amongpatients
with ++ grades (65% to 90% and 63%, respectively among new, on treatment
and treated cases) and +++ grades (75% to 83% and 20%). Veenstra et al showed
in their detailed follow-up of TB patients that IFN-y levels and other parameters
(lymphocyte proliferation) were affected by the bacterial load and changed
rapidly within weeks of treatment (Veenstraet al., 2006).

Factors associated with positive QFT-IT responses
After controlling for confounders, young age wasstatistically associated with
QFT-IT positivity, which may indicate stronger immune responses amongthis
age group. Consistent with otherstudies (Nicol et al., 2005), the time period
since the patient had started the treatment to the date of study interview was
inversely related to the positive QFT-IT responses (p<0.01) and the negative
assay responsesincreased steadily with time and treatment from 23% before
initiation of treatment to 42% after completion of treatment which could be a
sign of waning of the immuneresponses to TB antigens by time or due to
abolition of TB antigens after successful treatment.
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The numberof patients presenting with haemoptysis at the time of diagnosis was
positively associated with higher positive QFT-IT responses (p<0.05) suggesting
that patients with positive QFT-IT may have morecavitations or more advanced
disease stages. The association between owninga fan in the household and
negative QFT-IT responses wasstatistically significant (p<0.05). The association
between owninga fan in the household and negative QFT-IT responses was
statistically significant (p<0.05). This factor mayreflect the infection dose
received by the patient in presumably well-ventilated areas are less likely to
contain droplets with high numbers of AFB and hence, morelikely to have
negative QFT-IT response. However, household factors should be interpreted
collectively in order to describe the socioeconomicstatus of the population rather
than looked at individually.

It is also acknowledgedthat the estimated sample size required to give 90%
powerfor the present study wasnot achieved. Asa result, statistical analysis of
results was unfeasible in several occasions, especially when patients were
divided into small groups, limiting meaninginterpretation ofthe results.
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Chapter 4

Early changesin Interferon-y responses in adults with active
pulmonary tuberculosis

4.1

Introduction

This chapter is an extension of the previous chapter to further explore early
changes in the QFT-IT responsesin adults with active TB receiving treatment.

Regular follow up and monitoring treatment responses of patients with active

TBis essential for the sake of the patient and the national TB programmesso as
to ensure patient’s compliance to lengthy therapeutic regime. Despite the
nowadays frequent reports of IFN-y assays in LTBI and active TB diagnosis, it is
still unclear if sequential estimation of IFN-y responses can monitor therapeutic
responsesas several studies have reported conflicting responses (Aikenetal.,
2006, Al-Attiyah et al., 2003).

In this cohort analysis, only newly diagnosed patients who had received <1 week
treatment were enrolled. Plasma sample of one of the newly diagnosedpatients
waslost during transportation to the laboratory in Liverpool and hence, 43/44
patients were analysed by QFT-ITin the cross sectional part and were enrolled
for the cohort study. However,only thirty three patients out of the initially forty
three described in chapter 3 were followed prospectively and examined at two
time points; at initiation of treatment and after receiving 2 months treatment.
Amongthe 44 patients selected for follow up, one died, two did not have enough
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serum for analysis, four patients declined to provide a second sample and three
patients had changed address and werelost from the follow up. A total of 33

paired samples were therefore available for analysis.
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4.2 Literature review

4.2.1 Natural course of IFN-y responses in patients with confirmed
(smear/culture) TB

The highest incidence rate of TB occurs among young adults in developing
countries. In terms of disability-adjusted life years (DALYs) lost, more than 80%
of the burden of TB is due to premature death (Dye, 2006). TB remains a serious
social and public health problem which mainly affects vulnerable populations

such as deprived large families wholive in poor housing conditions in dense
urban communities. Little is known regarding the performance of QFT-IT and
other IFN-y assays during treatment of TB, and until recently, there was a dearth

of longitudinal studies assessing the repeatability of the tests and the natural
history of IFN-y responsesin adults of high incidencesettings.

In India, the QFT-IT assay wasusedtoserially test 60 adults admitted to the
hospital with moderate to severe TB (Pai et al., 2007). The diagnosis was
confirmed with either smear or culture for MTB. Patients in this study were
tested at three time points; on enrolment, 2 and 6 monthsafterinitiation of
treatment. The QFT-IT waspositive in 44/60 (73%) at the time of diagnosis,
increased (38/47, 81%) 2 monthsafter initiation of treatment andslightly
decreased (31/39, 79%) at completion of 6 months treatment (Paiet al., 2007).
Carrara et al (2004) evaluated the ELISPOT performance among 18 Italian
patients. Ten had PTB and 8 extrapulmonary TB confirmed by culture of
appropriate specimens. The study included 7 HIV co-infected patients. Patients
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were tested in two time points, before and after 3 months of treatment. The

ELISPOTassay waspositivein all the patients at the time of initiation of
treatment and 5 of 18 (27.8%) patients remained positive after 3 months of
treatment (Carraraet al., 2004).
In the Gambia, 89 adults with smear and culture confirmed TB were tested by an
ELISPOT (ESAT-6-CFP 10) assayat the time of enrolment and 12 monthsafter
initiation of treatment (Aikenet al., 2006). ELISPOT waspositive in 70/85
(82%) patients on enrolment. Of the 82 patients who successfully completed
treatment, 44 (54%) became negative after 12 months (Aikenetal., 2006).

Pathanet al also studied ELISPOT assay responses in adults recruited at two

hospitals in London and Oxford, UK.Participants were categorised in 4 TB
diagnostic groupsas culture positive (n= 25), highly suggestive but culture
negative (n= 8), TB in lymph nodes (n= 11) and latently infected but healthy
contacts (n= 27). An additional group of unexposed healthy controls (n= 32) was
also included. None of the unexposed controls respondedto the test at time of

enrolment, while 23 (92%), 7 (88%), 10 (91%) and 23 (85%) patients of the
culture positive, culture negative, lymphadenitis and latent TB, respectively had
positive ELISPOTresponses. There wasa progressive decline in the frequency
of circulating IFN-y secreting T cells in all the TB groups over time. The median
frequency of IFN-y secreting T cells at the initial time point was 287/million
PBMCs anddecreased to 102/million PBMCs atthe final time point (12 months)
indicating a decline rate of 5.5% per week (Pathanet al., 2001).
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In Kuwait, adult patients with culture-positive TB were examined by ELISA
Immunoassay kit (Coulter / Immunotech, Marseille, France) to quantify antigeninduced PBMCs proliferation and IFN-y responses to complex MTBantigens
(antigen stimulated IFN-y — non stimulated IFN- y). Initially, fifteen patients
wereincluded in this longitudinal study, 12 patients were re-tested at 2 months
and 7 patients at 6 months of treatment. To all antigenic preparations, the IFN-y
secreting PBMCs frequencyincreased significantly after 2 and 6 months of
treatment comparedto the baseline levels at diagnosis (Al-Attiyah et al., 2003).
The numbers of IFN-y secreting T cells (Median= 43) in the ELISPOTassay
(ESAT-6) weresignificantly higher in 9/14 adult patients with microbiological
TB diagnosis compared to 8 healthy controls (Median= 9). The frequency of
IFN-y producing T cells significantly increased (10-fold increase) (Median= 438)
in 9/10 patients followed up at 2 monthsof treatment (Ulrichset al., 2000).
In the Gambia, smearpositive patients were enrolled in a longitudinal study to
investigate IFN-y responses to ESAT-6 antigens before and after 6 months of
treatment. At enrolment, similar IFN-y concentrations and proportion of positive
responses were found in the TB patients and the matched community controls.
Household contacts had significantly higher responses than the TB patients.
Interestingly, IFN-y concentrations in TB patients significantly increased
(doubled) after completion of treatment (Vekemansetal., 2001).
In Turkey (2005), non-stimulated IFN-y levels in the serum samples of adults
with three different diagnostic categories were tested by ELISA.
IFN-y levels were significantly higher in the smear/culture positive active TB
group (N= 20) than the treated inactive TB (N= 9) and healthy control (N= 9)
groups (P= 0.001 and p= 0.003). After receiving 2 months treatment, IFN-y
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levels had decreased significantly amongthe active TB cases (P= 0.001)
comparedto their baseline levels (Deveciet al., 2005).

4.2.2 IFN-y responses in unconfirmed(clinically suggestive) TB

In the study by Pathan et al (2001), ELISPOT responses were analysed among

culture-negative TB patients who were diagnosedonclinical and radiological
bases in the UK. At the time of enrolment, 7/8 (88%) patients had positive

ELISPOTresponses. The frequency of circulating IFN-y secreting T cells
decreased steadily during the course of treatment (Pathanet al., 2001).

4.2.3 Natural course of IFN-y responsesin latently infected adults

Out of the 27 LTBI contacts included in Pathanet al (2001) multi-group study,
23 (85%) had positive ELISPOT assays compared to 0/32 of unexposed healthy
controls. The frequency of circulating IFN-y secreting T cells decreased
progressively with prophylaxis (Pathanet al., 2001).
Immigrants arriving to the UK with LTBI (N= 41) were recruited in a study to
electively receive 3 months (Isoniazid and Rifampicin) preventive treatment or
observation with serial chest x-rays (following a modification of UK national
guidelines) (BTS, 2000). At enrolment, all patients in the treatment group (N=
33) had a positive ELISPOT. After one month treatment, there was a 1.8 fold
average increase in the numbers of IFN-y secreting T cells from the baseline
level. This was followed by a decrease at the end of the three month treatment. In
contrast, there were no significant changes in T cell responses among the group
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under observation (Wilkinsonet al., 2006). QFT-IT and TST were performedin
216 medical and nursing students in India. Participants were tested at baseline
and repeated after 18 months. At enrolment, 48 (22%) had positive TST and 38
(18%) had positive QFT-IT. Initially, 147 subjects had concordant TST and
QFT-IT negative responses. At 18 months follow up, QFT-IT conversionsto
positive occurred in 17/147 (11.6%) participants compared to 14/147 (9.5%)
conversions by TST. QFT-IT reversions to negative occurred in 2/28 (7%)
participants with baseline concordant positive TST/QFT-IT results (Pai et al.,

2006b).

From theliterature reviewed, it is not possible to arrive to a clear statement
regarding the kinetics of IFN-y responses in adults with TB during therapy due to
inconsistencies in the results reported. For instance, some studies have reported
decreasing IFN-y responses and some have shownincreasing responses while in
others, IFN-y responses have fluctuated between increases and decreases during
treatment.

These differences across longitudinal studies could be due to variations in the
tests designs, populations examined, study protocols andsettings, but could also
be due to differences in the pathogenesis / recovery processesafter treatment.
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4.3 Results

4.3.1 General characteristics of the population.

The general characteristics of the patients are described in table 4.1.
The mean age (SD)ofthe patients was 40.8 (15.6) years with a range from 18 to
69 years. Patients with positive QFT-IT responses were younger (37.9 years)
than those with negative and indeterminate QFT-IT (46.9 and 48.7 years,
respectively), but the difference wasnotstatistically significant. Twenty (60.6%)
patients were male and 13 (39.4%) female. A higher proportion of males were
found in the positive QFT-IT (65.2%) group than the negative (57.1%) and
indeterminate (33.3%) groups. The median timeperiod since start of treatment
wasone day with IQR of 0 — 3 days. Treatment provider delay (calculated as
from the date offirst attendance to the health centre to the date of treatment
initiation) had a median of 10 days. The longest delay (median= 71 days) wasin
patients with indeterminate QFT-IT results compared to 10 and 6 daysin patients
with positive and negative QFT-IT, respectively. The average BMI was 19.4
with no significant differences across the groups. BMI < 18.5 (underweight) was
found in 12/33 (36.4%) patients. The proportions of underweight patients within
the positive, negative and indeterminate QFT-IT groups were 34.8%, 28.6% and
66.7%, respectively (p= 0.5). Four (12.1%) patients had no formal education, 19
(57.6%) had primary and 10 (30.3%) attended secondary or higher education.
Primary education was the most frequent level across the groups, but this was
notstatistically significant. Less than 40% ofthe patients were employed, and
patients with positive QFT-IT responses had the lowest (34.8%) proportion of
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employment when compared with those with negative (42.9%) and
indeterminate (66.7%) QFT-IT (p= 0.7).
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Educationlevel:

Secondary/ Higher education

Primary school

Illiterate

Underweight, BMI<18.5 N (%)

Body massindex (BMI)

Median

* P-value for differences between all 3 QFT-IT responses

Employed

Median
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10
19.6 (2.7)
8 (34.8%)
3 (13%)
12 (52.2%)
8 (34.8%)
8 (34.8%)

1

6
19.3 (1.7)
2 (28.6%)
1 (14.3%)
4 (57.1%)
2 (28.6%)
3 (42.9%)

71
18 (1.8)
2 (66.7%)
0
3 (100%)
0
2 (66.7%)

0

1/2(33.3%)

4/3 (57.1%)

15/8 (65.2%)
1

40 — 60

19 — 68

18 - 69

Range

48.7 (10.3)

46.9 (17.9)

37.9 (15.1)

(N= 3)

(N= 7)

(N= 23)

Indeterminate

Negative

QFT-IT on enrolment
Positive
Mean (SD)

Treatment provider delay (days)

Timesince treatment(days)

Male/Female (% Male)

Age (years)

General characteristics

Table 4.1 General characteristics of patients by QFT-IT results

10
19.4 (2.4)
12 (36.4%)
4 (12.1%)
19 (57.6%)
10 (30.34%)
13 (39.4%)

40.8 (15.6)
18 - 69
20/13 (60.6%)
1

(N= 33)

All

0.7

0.8

0.5

0.6

0.1

0.6

0.6

0.3

*p

4.3.2 Clinical characteristics of the population

Table 4.2 describes the clinical characteristics of the patients at the time of
enrolment. Fever (78.8%), cough > 3 weeks (100%), weight loss (97%) and
chest pain (78.8%) were the most frequent symptoms. Weight loss was observed
less frequently (66.7%) in patients with indeterminate QFT-IT than that in
patients with positive (100%) and negative (100%) responses (p= 0.09). Patients

with positive QFT-IT had higher frequencies of these complaints compared to
patients with negative and indeterminate QFT-IT. Other differences across the
groups werenotstatistically significant (Table 4.2). The average duration of
fever, cough, weight loss and chest pain were 3.7, 6.1, 5 and 5.3 weeks,
respectively. The frequencies of night sweating, anorexia, difficulty in breathing,
wheezy chest and haemoptysis were similar across the groups.
The presence of anotherresident in the household with cough wasreported in
36.4% of the cases and in 8 (34.8%), 2 (28.6%) and 2 (66.7%) of the patients
with positive, negative and indeterminate QFT-IT results (p= 0.6). Sputum
smears with grades of scanty/+ were reported in 18 (54.5%) of the patients while
smear grades of ++ were reported in 12 (36.4%) of the patients. QFT-IT
responses did not seem to vary with the smear grade, although sample size too
small for statistical analysis of the subgroups. None of the patients with
indeterminate QFT-IT responses had +++ smears (Figure 4.1).
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23(100%)

8 (34.8%)

19 (82.6%)

Weightloss

Haemoptysis

Chest pain

3.9 (2.8)
5.8 (3.3)
3.6 (3.1)
4.4 (2.7)
4.7 (3)
4.4 (2.5)
4.8 (3.1)
2.8 (2.5)
5.8 (4.9)

Duration*

6 (100%)

6 (85.7%)

2 (28.6%)

5 (71.4%)

1 (14.3%)

7 (100%)

4 (57.1%)

3 (42.9%)

6 (85.7%)

4 (57.1%)

7 (100%)

5 (71.4%)

(N= 7)

Negative

3 (2)
5.6 (2)
6 (1.6)
3 (1.3)
3.3 (1.2)
3.5 (1)
5.4 (4)
4 (0)
4.6 (3.3)

Duration

2 (66.7%)
3 (100%)
0
1 (33.3%)
2 (66.7%)
3 (100%)
2 (66.7%)
1 (33.3%)
2 (66.7%)
2 (66.7%)
3 (100%)
3 (100%)

(N= 3)

Indeterminate

QFT-IT on enrolment
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*Duration is described as Mean (SD) weeks. ** P-value for differences between all 3 QFT-IT responses

20 (100%)

16 (69.6%)

Loss of appetite

CXR compatible with TB

17 (73.9%)

Difficulty in breathing

20 (87%)

17 (73.9%)

Night sweat

Chest X-Ray (CXR) done

11 (47.8%)

Wheezychest

8 (34.8%)

23 (100%)

Cough > 3 weeks

Other residents with cough

19 (82.6%)

(N= 23)

Positive

Fever

History of:

Clinical characteristics

Table 4.2 Clinical characteristics of patients by QFT-IT results

4 (0)
9.3 (2.3)
0
1 (0)
2.5 (2.1)
3.7 (2.5)
6 (2.8)
1 (0)
2.5 (2.1)

Duration

26 (78.8%)
33 (100%)
15 (45.5%)
24 (72.7%)
22 (66.7%)
23 (69.7%)
32 (97%)
10 (30.3%)
26 (78.8%)
12 (36.4%)
29 (87.9%)
29 (100%)

(N= 33)

All

3.7 (2.5)
6.1 (3.1)
4.3 (2.9)
3.9 (2.5)
4.3 (2.8)
4.2 (2.3)
5 (3.2)
2.7 (2.3)
5.3 (4.5)

Duration

1.0

0.6

0.5

0.7

0.1

0.5

0.4

0.3

0.3

0.5

**kD

Figure 4.1 QFT-IT proportions by sputum smear grade
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4.3.3 Natural course of QFT-IT responses during treatment

Table 4.3 illustrates the QFT-IT responses observed on enrolment and after 2
months of treatment. At the time of enrolment, 23 (69.7%) patients had positive
QFT-IT results, 7 (21.2%) had negative and 3 (9.1%) had indeterminate QFT-IT
results. After 2 months of treatment, the numbers of positive QFT-IT responses
(69.7%) was the same, but negative responses increased (30.3%) and
indeterminate responses decreased (0%) as shownin the flow chart, figure 4.2.
Three (13%) of 23 initially QFT-IT positive responses reverted to negative, 3/3
(100%) changed from indeterminate to negative and 3/7 (43%) converted from
negative to positive. The results of the QFT-IT assay at enrolment were
correlated to the results after 2 months of treatment. The agreement proportion
was 0.80 with a kappa(k) value of 0.44.
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Table 4.3 QFT-IT responses on enrolment and at 2 months treatment
QFT-IT results

Timeoftest
Positive

Negative

Indeterminate

On enrolment

23 (69.7%)

7 (21.2%)

At 2 months

23 (69.7%)

10 (30.3%)

3 (9.1%)
0

Figure 4.2 Flow chart of QFT-IT assay conversions andreversionsafter 2
months treatment
Enrolled at diagnosis

(N= 43)

Inadequate
sample (N= 2)
Available for QFT-IT

follow up (N = 41)

a

Died (N= 1)

—_—____________+-

Lost (N= 3)

Refused (N= 4)

Paired data for QFTIT analysis (N= 33)

\
Positive

(N= 23, 69.7%)

'
Indeterminate

(N= 3, 9.1%)

Negative

(N= 7, 21.2%)

Atfollow up

vv
Positive

(N=20/23, 87%)

OY
Negative

(N= 3/23, 13%)

vt
Negative

(N= 3/3, 100%)

80

Positive

(N= 3/7, 43%)

Negative
(N= 4/7, 57%)

4.3.4 Factors associated with QFT-IT evolution

The patients were grouped according to their QFT-IT results status at enrolment
and after 2 months of treatment (enrolment/2months) as +/+, +/-, -/+,

Indeterminate (ID)/- and -/- . Numbers are too small for a complete analysis, a
preliminary analysis is shown here to describe the general, clinical, household
and follow up characteristics of the patients (Tables 4.4 to 4.7). There were no
statistically significant differences between the groups regarding these factors.
The median delay period for treatment was higherin patients with QFT-IT
reversions (+/-, 39 days and ID/-, 71 days) (p= 0.4). Age, gender, time since
treatment, BMI, education and employmentstatus were also included in the

univariate analysis but the differences werenotstatistically significant (Table

4.4).
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* BMI < 18.5

Employed

Illiterate

Higher education

Primary school

Education level:

N (%) *underweight

Mean (SD) BMI

Median

Treatment provider delay

Time since treatment Median

Range

Mean (SD)

Male/Female (% Male)

Age(years)

Generalfactors

(N= 3)

(N= 20)

(N= 3)

(-/+)

8.5
19.7 (2.5)
7 (35%)
3 (15%)
10 (50%)
7 (35%)
6 (30%)

39
19.3 (4.1)
1 (33.3%)
0
2 (66.7%)
1 (33.3%)
2 (50%)
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6
20.6 (1.8)
0
0
3 (100%)
0
1 (33.3%)

38.3 (14.4) 35.3 (23.4) 45.3 (24.7)
18 — 69
18 — 62
19-68
13/7 (65%) 2/1 (66.7%) 1/2 (33.3%)
0.5
2
0

(+/-)

(4/4)

71
18 (1.8)
2 (66.7%)
0
3 (100%)
0
2 (66.7%)

48.7 (10.3)
40 — 60
1/2 (33.3%)
0

(N= 3)

(ID/-)

QFT-IT results (enrolment/2 months)

Table 4.4 Risk factors associated with QFT-IT results evolution

7.5
18.3 (0.7)
2 (50%)
1 (25%)
1 (25%)
2 (50%)
2 (50%)

48 (15.3)
26-61
3/1 (75%)
2

(N= 4)

(-/-)

10
19.4 (2.4)
12 (36.4%)
4 (12.1%)
19 (57.6%)
10 (30.3%)
13 (39.4%)

40.8 (15.6)
18 - 69
20/13 (60.6%)
1

(N= 33)

All

A description of the clinical factors is shown in table 4.5. Night sweating
symptom was more frequentin the -/+ (100%), +/+ (85%) and
-/- (75%) groups than the ID/- and +/- groups (33.3% and 0%, respectively) (p=
0.01). Weight loss wasless frequent in the ID/- group (66.7%) than the other
groups. Patients in the +/- and -/+ groups had longer haemoptysis durations (8
and 4 weeks, respectively) than the other groups. None of the household factors
wasStatistically associated with the QFT-IT groups (Table 4.6). Presence of
animals in the household was more frequent (50%) in patients with stable QFTIT responses (+/+ and -/-) compared to the other groups (33.3%), but this was not
significant.
Follow up factors such asif the patients were observed and frequencies of
monitoring by the health agents were analysedin relation to the QFT-IT
evolution groups. Improvementin cough, chest pain and gaining weight were
associated with the QFT-IT responsesacross the groups with lower proportions
(66.7%) among patients whoseresponsesreverted from positive to negative (+/-)
compared to the other groups, but numbers were too small for statistical analysis
(Table 4.7).
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++
tH

Patients had history of: Fever
Duration (weeks) Median
Cough > 3 weeks
Duration (weeks) Median
Wheezychest
Duration (weeks) Median
Night sweating
Duration (weeks) Median
Difficulty in breathing
Duration (weeks) Median
Loss of appetite
Duration (weeks) Median
Weightloss
Duration (weeks) Median
Haemoptysis
Duration (weeks) Median
Chest pain
Duration (weeks) Median
Other resident with cough
CXR compatible with TB
Sputum smear:
Scanty/+

Clinical factors

8 (40%)
17 (85%)
10 (50%)
8 (40%)
2 (10%)

4

7 (35%)
1
17 (85%)

4

20 (100%)

4

14 (70%)

4

16 (80%)

4

10 (50%)
3.5
17 (85%)

4

20 (100%)

4

17 (85%)

(+/+)
(N= 20)

1 (33.3%)
8
2 (66.7%)
6
0
3 (100%)
2 (66.7%)
1 (33.3%)
0

4

2 (66.7%)
6
3 (100%)

4

1 (33.3%)

0

4
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2 (66.7%)
6
1 (33.3%)
3 (100%)
1 (33.3%)
2 (66.7%)
0

4

1 (33.3%)

4

3 (100%)

4

1 (33.3%)

4

2 (66.7%)
1.5
3 (100%)
6
2 (66.7%)
5
3 (100%)
3
1 (33.3%)

(N= 3)

(N= 3)

2 (66.7%)
5.5
3 (100%)
8
1 (33.3%)

(-/+)

(+/-)

2 (66.7%)
6
1 (33.3%)
1
2 (66.7)
2
2 (66.7%)
3 (100%)
2 (66.7%)
1 (33.3%)
0

4

3 (100%)
8
0
N/A
1 (33.3%)
1
2 (66.7%)
2.5
3 (100%)

4

3 (75%)
2
1 (25%)
3 (100%)
3 (75%)
0
1 (25%)

4 (100%)
5.5
0

4

2 (50%)
3
3 (75%)

4

4 (100%)
5
2 (50%)
7
3 (75%)

4

3 (75%)

(N= 4)

(N= 3)

2 (66.7%)

(-/-)

(ID/-)

QFT-ITresults (enrolment/2 months)

Table 4.5 Clinical factors associated with QFT-IT results evolution

12 (36.4%)
29 (100%)
18 (54.5%)
12 (36.4%)
3 (9.1%)

4

10 (30.3%)
1.5
26 (78.8%)

4

32 (97%)

4

23 (69.7%)

4

22 (66.7%)

4

24 (72.7%)

4

33 (100%)
5
15 (45.5%)

4

26 (78.8%)

(N= 33)

All

Mean (SD)

Animals in the house

Smokerin the house

Soil

Tiles

Cement

Wood/Palm

Corrugated iron

Cement

Cooking in separate room

Typeof floor:

Type of Roof:

Numberof bedrooms Mean (SD)

Number of children

Numberofresidents Mean (SD)

Household factors

3.7 (2.9)
4 (0)
2.3 (0.6)
1 (33.3%)
0
2 (66.7%)
1 (33.3%)
2 (66.7%)
0
3 (100%)
0
1 (33.3%)
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3.3 (2.1)
3 (0)
3 (0)
2 (66.7%)
0
1 (33.3%)
0
3 (100%)
0
2 (66.7%)
2 (66.7%)
1 (33.3%)

(N= 3)

(N= 3)

(N= 20)

4.4 (2.3)
1.9 (1.4)
2 (1)
4 (20%)
1 (5%)
15 (75%)
9 (45%)
10 (50%)
1 (5%)
10 (50%)
10 (50%
10 (50%)

(-/+)

(+/-)

(+/+)

6.7 (6.7)
3.5 (3.5)
2.5 (0.7)
1 (33.3%)
1 (33.3%)
1 (33.3%)
1 (33.3%)
1 (33.3%)
1 (33.3%)
0
2 (66.7%)
1 (33.3%)

(N= 3)

(ID/-)

QFT-IT results (enrolment/2 months)

Table 4.6 Householdfactors associated with QFT-IT results evolution

3.5 (1.3)
1.5 (0.7
1.8 (0.5)
0
1 (25%)
3 (75%)
2 (50%)
2 (50%)
0
2 (50%)
2 (50%)
2 (50%)

(N= 4)

(-/-)

4.3 (2.8)
2.2 (1.6)
2.1 (0.9)
8 (24.2%)
3 (9.1%)
22 (66.7%)
13 (39.4%)
18 (54.5%)
2 (6.1%)
17 (51.5%)
16 (48.5%)
15 (45.5%)

(N= 33)

All

Notall the times

All the times

Fever

Chest pain

Haemoptysis

Weightloss

Loss of appetite

Difficult breathing

Night sweat

Wheezychest

Cough > 3 weeks

Improvementin:

Improvementin current health

Frequency

Witnessed taking treatment

Range

Frequency(visits/week) Median

Visited by health agent

Follow up Factors
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2 (66.7%)
2
1-3
2 (66.7%)
1 (33.3%)
2 (66.7%)
3 (100%)
3 (100%)
2 (66.7%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
2 (66.7%))
3 (100%)
2 (66.7%)

(N= 3)

(N= 20)

17 (85%)
1
1-5
17 (89.5%)
9 (45%)
11 (55%)
20 (100)
20 (100%)
20 (100%)
20 (100%)
20 (100%)
20 (100%)
20 (100%)
20 (100%)
20 (100%)
20 (100%)

(+/-)

(+/+)

2 (66.7%)
1.5
1-2
2 (66.7%)
2 (66.7%)
1 (33.3%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)

(N= 3)

(-/+)

3 (100%)
2
a)
3 (100%)
2 (66.7%)
1 (33.3%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)

(N= 3)

(ID/-)

QFT-IT results (enrolment/2 months)

Table 4.7 Follow up factors associated with QFT-IT results evolution

(N= 33)

All

4 (100%) 28 (84.8%)
1
1
1-2
1-5
3 (75%) 27 (87.1%)
0 14 (42.4%)
4 (100%) 19 (57.6%)
3 (75%)
32 (97%)
4 (100%) 33 (100%)
4 (100%)
32 (97%)
4 (100%) 33 (100%)
4 (100%) 33 (100%)
4 (100%) 33 (100%)
4 (100%) 33 (100%)
4 (100%)
32 (97%)
4 (100%) 33 (100%)
4 (100%)
32 (97%)

Ci)
(N=4)

4.3.5 IFN-y concentrations by twotime points (0 — 2 months) of treatment

Table 4.8 and figures 4.3 and 4.4 describe the IFN-y concentrations among 27
patients with 2-time points of treatment. The IFN-y values were measured as
antigen stimulated — non-stimulated values. At enrolment, the mean (SD) IFN-y
level was 6.8 (8.6) IU/ml with a median of 4.1 [U/ml and a range from 0.001 to
31.8 IU/ml. After 2 months of treatment, IFN- y decreased to a mean value of
5.05 (1.0) IU/ml and median of 2.9 [U/ml with a range from -1.5 to 13.4 IU/ml.
The difference between enrolment and follow up concentrations (1.8 (9.8) was
notstatistically significant (paired t-test p= 0.4). Figure 4.5 shows the IFN-y
concentrations amongthe patients with QFT-IT conversionsand reversions.
Three patients had much higher IFN-y concentrations on enrolment and
decreased abruptly after 2 months (Figure 4.3). No specific features were found
in these three patients to distinguish them from the rest of the group and this
could be due to individual biological differences. These patients had positive
QFT-IT on enrolment and remainedpositive after 2 months of treatment. Two of
them had ++ and one had + sputum smeargrades.
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Table 4.8 IFN-y level at two time-points of treatment
QFT-IT time

IFN-y (IU/ml)

Onenrolment

After 2 months

(N= 27)

(N= 27)

Mean (SD)

6.8 (8.6)

5.05 (5.3)

Median

4.1

2.9

Range

0.001 — 31.8

-1.5—13.4

Difference in means

+P
0.4

1.8 (9.8)

95% CI for mean difference

-2.1—5.7

* P-value for difference between meansof IFN-y levels on enrolment and after 2 months

Figure 4.3 Changes in IFN-y levels after 2 months treatment
35
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Figure 4.4 Boxplot of IFN-y at enrolment and at 2 monthsof treatment
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Figure 4.5 IFN-y levels in patients with QFT-IT conversions and reversions
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4.4 Discussion

In this cohort, the aim wasto describe the kinetics of IFN-y responses
represented in the changes of QFT-IT results among smearpositive TB adults
during the initial 2 months of treatment.
Unlike the long-lived memory T-cells, which are less likely to produce IFN-y in
the short incubation period (16-24 hours) adopted by the QFT-IT assay,the
effector T-cells, recently stimulated by TB antigensin vivo, rapidly release IFNy when challenged (in vitro) by the QFT-IT specific antigens (Godkinetal.,
2002, Lalvani, 2004). Some reviewed studies have credited the wane in IFN-y

responsesto the reduction of bacterial load and the decreased antigen stimulation
of the effector T-cells caused by anti-TB treatment (Lalvani, 2004).

Despite the changes in QFT-IT results observed within the individuals, the
overall positivity rate (70%) found at enrolment, was preserved during the 2
months treatment period, whereasthe rate of negative QFT-IT responses
increased from 21% at enrolment to 30% at follow up.
Data presented here are difficult to compare to other studies given the small
sample size of the study.
Theinitial rate of positive QFT-IT responses found in our study wassimilar to
that reported in India (73%), but the rate in that study has increased to 81% after
2 months of treatment in contrast to our unchangedrate (Pai et al., 2007). Our
findings of stable positive QFT-IT frequencies would also be inconsistent with
the increased frequencies of IFN-y responses found by Ulrichset al(2000),al-
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attiya (2003) and Vekemansetal (2001) after a similar short period of treatment
(Ulrichset al., 2000, Al-Attiyahet al., 2003, Vekemansetal., 2001).

Onthe other hand,anItalian study reported decreased responses using ELISPOT
(Carrara et al., 2004) and it is not clear whether IFN-y responsesincreases or
decreases overa short time.
In termsof individual changes in the QFT-IT responses observed in the present
cohort, 13% ofthoseinitially tested to have had positive QFT-IT reverted to

negative after 2 months of treatment. A substantial rate of conversionsto positive
QFT-IT (43%) occurred amongtheinitially negative responders. Three patients
with indeterminate results also reverted to negative after 2 months. Prophylaxis
treatment of TST and ELISPOTpositive students resulted in a similar rate of
reversions (16%) (Eweret al., 2006). In India (2006), 11.6% of latently infected
medical students converted from negative to positive QFT and only 7% reverted
to negative after 18 months follow up without treatment(Pai et al., 2006b)

Although there was no changein the rate of positivity of the QFT-IT results by
treatment, IFN-y levels decreased from a median of 4.1 [U/ml at enrolmentto 2.9
IU/mlafter 2 months of treatment. Similar findings were observed in Turkey
(2005) which reported a 2-fold decrease in non-stimulated IFN-y levels among
smear positive TB patients after 2 months treatment (Deveciet al., 2005). In the
UK (2001), Pathan et al also observed a decline in IFN-y secreting PBMCs from
a median of 287/million to 102/million after 12 monthsofinitiation of treatment
(Pathanet al., 2001).
In general, the wide discrepancy between relevant IFN-y assays studies which
adoptedserial testing of TB patients during treatment could be attributed to
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manyfactors: Firstly, the diversity in methods and versions of IFN-y assays used
across the studies and the variety of MTB antigens (peptides or proteins, ESAT6, CFP-10, TB7.7 or PPD) includedin the test. Secondly, the intensity of some
concomitant problems like anergy, malnutrition and HIV co-infection that hinder
the patient’s immune response and hence, the assays results. Thirdly, the
differences in the populations under study, from low TB incidenceareaslike the

UKor high TB incidence areas such as India and South Africa) (Carraraet al.,
2004, Pai et al., 2007). In low incidencesettings, the treatment of TB might
cause steeper declines in IFN-y responses, but this is not the same in high
incidence countries such as Brazil.
Regarding assay conversionsandreversions, it is worth mentioningthat,it is still
not clear how much change in IFN-y level should be usedinserial testing. For

example, which increases in IFN-y concentrations should be considered as assay
conversions dueto infection. Furthermore,is the threshold of 0.35I1U/ml

sufficient to differentiate that from just test technique errors or individuals

biological variations?
In conclusion, our results showed no changein the overall proportion of QFT-IT
positive results after 2 months of treatment. However, the paired analysis
revealed that several patients had conversions from negative to positive and
reversions from positive to negative during treatment. In addition, a substantial
decrease in IFN-y concentrations wasnoticed overthis short period of treatment
suggesting a larger sample size may beableto discriminate patients with
different IFN-y response patterns. It is howevernotclear at this stage whether
these patterns haveclinical relevance. It is important to note that the sample size
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of this part of the study was too smallfor statistical analysis especially after
being grouped in different QFT-IT groups.
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Chapter5

Interferon-y responsesin children with Latent TB Infection

5.1 Introduction

This chapter describes the IFN-y responsesof children in contact with adults
with smear-positive TB.

Childhood TB accounts for 10% to 15% of the TB burdenin developing
countries and about 60% of childhood TB occurs in young (<5 years) children
(Nelson and Wells, 2004). Nearly 8%-20% of the deaths caused by TB occurin
children (Munoz FM, 2000). The diagnosis (or even a definition) of latent TB
infection (LTBI)is difficult. The superiority or otherwise of new diagnostic tests
for LTBI are difficult to be demonstrated due to the lack of a reference standard
test. Hence, most studies have evaluated the IFN-y release assays in comparison
with TST,in relation to the level of exposure to adults with progressive TB, the
intensity of contact with the index case and with children with active TB.

Studies of IFN-y assays in children in high TB burden countriesare still limited,
in particular, prospective studies that investigate the natural course of IFN-y
responses overa period of time. This is important as good quality immunediagnostics for LTBI could facilitate the implementation of guided preventive
anti-TB treatment amongchildren within the national TB control programmes.
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This chapter aims to describe the QFT-IT responses among children in contact
with adults with smear positive TB. The correlation between QFT-IT assay and
TST responses, and the natural course of IFN-y responses after 2 months follow
up period.
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5.2 Literature review

5.2.1 IFN-y assays performancein children

The early versions of the IFN-y assays including QFT-TB and ELISPOTused
PPD asan antigen. PPD is knownto have low specificity among BCGvaccinated individuals, and for this reason it was replaced by M. tuberculosis

specific antigens which have higher specificity. These have included ESAT-6,
CFP-10 and TB7.7 across severaltests.

IFN-y assays, so far seem to have higherorat least comparable sensitivities than
TST in most of the limited numberof studies that included children with active
TB. Furthermore, IFN-y assayssensitivities were less affected by factors that
affect TST which are often encountered in childhood TB in developing
countries, such as previous BCG vaccination, malnutrition, HIV co-infection and

young age.
In South Africa (2004) for example, the sensitivity of the ELISPOT assay was
significantly higher than the sensitivity of TST (83% vs. 63%) among children
with active TB and had muchbetter sensitivity (85%) among children < 3 years
old compared to TST (51%) (Liebeschuetz et al., 2004). In Australia (2006), the
IFN-y release assay QFT-G also had a better sensitivity. All of 9 children with
active TB hadpositive QFT-G responses and none of the TST negative children
in contact with TB patients had a positive QFT-G. However, a substantial rate
(17%) of indeterminate responses were observed (Connell et al., 2006). Okada et
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al (2008) also reported lowersensitivity of QFT-G (53%) compared to TST
(79%) in children with active TB (Okadaet al., 2008).
In a further study in India (2007), 5 of 8 children had positive smear/culture and
3 were diagnosed by histopathology/cytology. Positive QFT-IT responses were
obtained in the 5 children with positive smear microscopy/culture, but none of

the others, raising the probability that the test may have different sensitivity for
extra-pulmonary TB, or that these cases might have had non TBstrainsor false
positive diagnosis (Dograet al., 2007). Nevertheless, the numbers of children
with active TB included in these studies were very small to generalize these
sensitivity figures.
A few further studies have focused in children with recent exposure to adults
with TB or LTBI. The performance of the QFT-IT assay was evaluated in
Nigeria by Nakaokaet al (2006) amongchildren in contact with adults with
smear-positive and smear-negative PTB. Positive QFT-IT were more frequent
(74%) than positive TST (49%) responses amongthe children in contact with
smear-positive adults, while children in contact with smear-negative adults had a
muchlowerpositive rate (10%) than TST (16%). The authors suggested that the
TST may underestimate the risk of TB infection in children in the high burden
countries (Nakaokaetal., 2006).
On the other hand, Okadaet al (2008) tested 217 Cambodian children (< 5 years)
in contact with PTB cases with QFT-G and founda significantly higher
positivity rate with TST (24%) than with QFT-G (17%). About twothirds (60%)
of the children with positive TST had positive QFT-G responses. When TST cutoff was increased to > 15mm,the QFT-IT positive rate increased significantly
(82%) amongpositive TST reactors (Okadaet al., 2008). Comparable positive
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rates were observed using TST (225/693, 32.5%) and ELISPOT (232/718,
32.3%) among Gambianchildren in contact with adults with smear-positive TB,

with a good agreement (83%) between the two tests. Discordance with TST
positive/ELISPOTnegative increased with increasing exposure to the adults
(Hill et al., 2006).
In a school based screening study for TB in Norway (2008) in children with no
obvious exposure to TB, only 44/511 (9%) of the TST positive (> 6mm) children
had positive QFT-IT responses, and even when the TST cut-off was increased to
> 15mm,the positive QFT-IT rate was only 22%. Positive QFT-IT responses
were associated withthe TST induration size, a history of exposure to TB
patients and whether the child was born outside western countries (Winje etal.,
2008).

5.2.2 Agreement between IFN-y (PPD) assays and TST

Mostof the earlier studies with PPD-based IFN-y assays reported a good
correlation with TST. In intravenous drug users in the USA,this agreement
ranged from 83% among adults with confirmed TB and 89% to 100% in those
with varying risk of infection (Converseet al., 1997, Mazureket al., 2001). A
significant correlation was also observed in New Zealand (Pottumarthyetal.,
1999) and Malawi(Blacket al., 2001). Streeton et al (1998) in Australia found
that 90% of the TST positive individuals with history of exposure to TB had
positive QFT-TB (PPD)(Streetonet al., 1998).
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The observed goodcorrelation between the PPD version of IFN-y assays and

TST is plausible as bothtests utilised PPD antigens. Howeverthere were other
studies with low tests agreement. Stuart et al (2000) for example, found that only
61% of TST-positive health care workers had positive QFT-TB (Stuart etal.,
2000). There are no studies to explore the reasonsfor this disagreementto date.

5.2.3 Agreement between M. Tuberculosis specific antigens IFN-y assays
and TST

The newversions of IFN-y assays, which utilise M@. Tuberculosis-specific
antigens, have showna substantial discordance with TST in several studies,
although good tests agreements have also been documented.

Connell et al (2006) for example, reported a poor agreement between the QFT-G
assay (ESAT-6, CFP-10) and TST amongchildren in contact with adults with

PTB,with positive TST/negative QFT-G discordance found in 70 % of the
children (Connell et al., 2006). Poor agreement between TST and the three
versions of QFT assay were also reported in South Africa (2006) as negative
QFT responses were found in 30% — 52% of the subjects with strongly positive
TST (© 15mm) (Mahomedet al., 2006). Furthermore, in Germany (2008), 15.4%
QFT-IT/TST discordance with most being negative QFT-IT/positive TST
combinations were observed among 601 contacts of TB patients and 432 health
care workers. Pai et al (2005) also reported a good agreement (81.4%, k= 0.61)
between QFT-IT and TST among 726 health care workers in contact with TB
patients in India (Paiet al., 2005a).
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Brokeet al (2004) showed a good agreement(94%, k=0.87) between the QFT-G
(ESAT-6, CFP-10) and TST amongstudents recently exposed to TB index case
in a Danish school (Brocket al., 2004). A considerable level of agreement (k=
0-63) between QFT-G and TST was found in the Cambodian children (<15
years) in contact with TB patients (Okadaet al., 2007). Similar levels of
agreement (k= 51, K= 46) were observed by Leeet al (2006) when comparing
T.SPOT-TB/TST and QFT-G/TST,respectively (Leeet al., 2006).

Oneofthe obstacles in childhood TB diagnosisis the effect that previous BCG
vaccination has on the TST,particularly in the developing countries. The
tuberculosis specific antigens (ESAT-6, CFP10 and TB7.7) incorporated in the
latest versions of IFN-y assays are absent from most non-TB mycobacteria and

from M. bovis (used for BCG). Hence, these latest IFN-y assays should have an
advantage over TSTin termsof havingless cross-reactivity with BCG
vaccination (Lalvaniet al., 2001a, Eweret al., 2003, Lee et al., 2006).
In a Germanstudy of contacts with smear-positive TB cases, the positive TST
rate was 44.3% and responses wereclosely associated with a history of BCG
vaccination while the QFT-IT wasonly positive in 10% of the 309 participants.
Low agreement was found between the TST and QFT-IT assay in the BCG
vaccinated group in contrast to a good agreement among the non-vaccinated
group (Dielet al., 2006). A low correlation between the QFT-2G test and TST
wasalso reported by Haradaet al (2004) and this wasalso explained by the
authors as the influence of BCG (Haradaet al., 2004a).
In children studied for LTBI in Spain (Dominguezet al., 2007), the IFN-y assays
wereless affected by BCG vaccination than TST as only 36% and 35.2% had
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positive TSPOT.TB and QFT-IT, compared to 84.4% being positive for TST
(Dominguezet al., 2007).

In contrast, BCG vaccination did not affect significantly either TST or QFT-IT
responses amongchildren in India (Dograet al., 2007). However, it is important
to point out that IFN-y assays/TST comparisons reviewed had dispersed and not
unified methodology, TST techniques (Mantoux or Heaf), doses of tuberculin
used (2 TU or 5 TU of PPD), TST cut offs, IFN-y assays methodology and other
issues.

5.2.4 Natural course of IFN-y assays responsesin children with LTBI

Very few studies have evaluated the natural course of INF- responsesin children
with LTBI. These limited studies have provided inconsistent results on the
dynamics of IFN-g responsesin children and the changesof assay results over
time, with or without preventive therapy.
Oneof these was study which investigated the evolution of positive ELISPOT
(ESAT-6 and CFP10) responses among 38 positive, 14 negative TST students
(11-14 years old) and 11 adult staff of a school in the UK, following an outbreak
of TB in 2001. Thirty eight (100%) students with a positive TST who received
preventive treatment showeda significant average decline during 18 months of
follow up in frequencies of IFN-y secreting T cells. In the untreated TST
negative student contacts, Frequencies of IFN-y secreting T cells declined by an
average of 82% peryear. In contrast, the staff adults with positive TST did not
receive any treatment and had showednosignificant change in T cell responses
during the follow-up period (Eweret al., 2006).
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A further study of medical and nursing students with LTBI in India (2006) who
received anti-TB preventive treatment observed assay conversions from
negative to positive QFT-IT in 17/147 (11.6%) students with initial negative
QFT-IT and reversions to QFT-IT negative in 2/28 (7%) of the students with
initial positive QFT-IT and TSTtests and in 7/10 (70%) of the students with
baseline positive QFT-IT but negative TST (Paiet al., 2006b). A prospective
study of 10 nursing students with direct exposure to TB cases(Paiet al., 2006a).
reported that all participants tested positive with both QFT-G and TST testat
baseline and only onestudent reverted to negative QFT-G during the follow up

period of 10 months (Paiet al., 2006a).

Additionally, low test reproducibility of the IFN-y assays was highlighted by
Winje et al in their school screening study, as repeated testing on the same
positive QFT-IT plasma samples revealed that only 72% responses were positive
whentested the second time (Winje et al., 2008).
Lastly, Nicole et al (2005) studied the natural course of IFN-y responses in 70
South African children < 14 years old with active TB. Children were classified
into 3 groups; 12 with definite culture confirmed, 47 with probable and 11 with
possible TB (based onclinical and radiological findings). To evaluate the assay
longitudinally, 42, 25 and 10 children were retested after 1, 3 and 6 months,

respectively. There was an early increase of ELISPOT (PPD)assay response
from a median of 190 spot/million PBMNsat diagnosis 419 spot/million PBMNs
after receiving 1 month treatment. This was followed by a decreaseafter 3
months treatmentto a level close to the initial level (Nicolet al., 2005).

102

From thesestudies,it is difficult to draw a clear conclusion regarding the natural
course of IFN responsesbytimeas different patterns of changes (conversions
and reversions) have been noticedin the literature.
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5.3 Results

5.3.1 General characteristics of the children

Overall, 113 children in contact with adults with smear positive TB were

included in this study. The general demographic data of these children are shown
in table 5.1.
Their mean (SD) age was8.4 (3.8) years with a range from | to 15 years. Fifty
five (49%) were male and 58 (51%) female. All but one parent indicated their
children had received BCG at birth. One parent did not rememberthe time of
vaccination. BCG scars were detected and measured in 111 (98%) children. The
mean (SD) scar size was 6.7 (2.5) mm. Most children (71, 63%) were the
sons/daughters, or siblings of the index cases and 24 (21%) were
nieces/nephews. The remaining 18 (16%) were grandchildren or members of
another family sharing the household.
The duration ofexposure of the child wascalculated as the time since the index
adult patient had started coughingto the date ofinitiation ofhis/her anti-TB
treatment. Twenty four (21%) children had < 1 month, 31 (27.4%) 1 — 2 months,
32 (28.3%) 2 —3 months and 26 (23%) > 3 months exposure. A further variable,
the time since exposure wascalculatedas the time since the patient had started
coughingto the date of the study interview. Twenty four (21%) children had < 3,
20 (18%) 3 - 6, 30 (27.5%) 6 — 9 and 39 (34.5%) > 9 months time sincetheirfirst
exposure. Most children (100, 88.5%) spent most of the time with the index
cases with a mean (SD) contact time of 17 (2.6) hours per day.

104

Forty three (38%) children slept in the same room with the index case and the
mean (SD) numberof people sharing the room with the index case was3.2 (1.4)

persons with a range of 1 to 7. A window wasfound in only 41% of the
bedrooms. The mean (SD) numberof children per household was 3.5 (1.7) with
a range from | to 8 children.

Table 5.1 Contacts (Children) characteristics
Characteristics

All (N= 113)

Age (years) Mean (SD)
Male/female (male %)
Received the BCG vaccine
BCG scar present
Age whenvaccinated:

8.4 (3.8)
55/58 (49%)
113 (100%)
111 (98%)
112 (99%)
1 (1%)
6.7 (2.5)
3-12
71 (62.8%)
24 (21%)
18 (16%)
100 (88.5%)
12 (10.6%)
24 (21%)
31 (27.4%)
32 (28.3%)
26 (23%)
24 (21%)
20 (18%)
30 (26.5%)
39 (34.5%)
17 (2.6)
6-18
43 (38%)
3.2 (1.4)
1-7
3.5 (1.7)
1-8
46 (41%)

Atbirth
Unknown
BCG scar, size
Mean (SD)
Range
Relation to index case:
Son/daughter/brother/sister
Nice/nephew
Other
Child stays with index case:
Mostof the time
Rarely/sometimes
Duration of exposure (months)*
<1
1-<2
2-3
ae
Time since exposure (months)**
<3
3-6
6-9
>9
Contact time (Hours per day)
Mean(SD)
Range
Child sleeps with index case
Numberof people sharing the bedroom
Mean (SD)
Range
Numberofchildren in house
Mean (SD)
Range
Bedroom has a window

* Calculated as the time since the index adult patient had started coughing to the date of
initiation of his/her anti-TB treatment. ** Calculated as the time since the patient had
started coughingto the date of the study interview.
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5.3.2 Clinical characteristics of the children

Noneofthe children had fever or major abnormalchest findings at the time of
the interview. Three children had mild wheezy chests due to medically

diagnosed bronchial asthma.Clinical history of fever, cough for > 3 weeks,
wheezychest, difficulty in breathing, loss of appetite and loss of weight were

reported in 29 (16%), 54 (48%), 10 (9%), 6 (5.3%), 16 (14%) and 17 (15%)
children respectively. The mean (SD) duration of cough was 1.5 (0.9) weeks
(Table 5.2).

Table 5.2 Clinical characteristics of the children

Characteristics

All (N= 113)

Feverat time of interview

0

Chest examination

Normal

110 (97%)

Wheezing*

3 (3%)

Fever

29 (16%)

Cough > 3 weeks

54 (48%)

Wheezy chest

10 (9%)

Breathing difficulty

6 (5.3%)

Loss of appetite

16 (14%)

Weight loss

17 (15%)

Mean (SD)

1.5 (0.9)

Range

1-4

Child has a history of

Coughduration (weeks)

* Medically diagnosed bronchial asthma.
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5.3.3 Characteristics of the index cases

The general characteristics of the index cases are shownin table 5.3.
The total numberof index cases involved was 45 with a mean (SD) age of 35.7
(9.9) years and a range from 18 to 60 years. Twenty three (51%) were male and
22 (49%) female. Twenty five (56%) were receiving treatment for TB and 20
(44%) had completed treatment. Seventeen (38%) were in the 1“ phase (< 2
months) of treatment and 8 (18%) were in the second phase (2 - 6 months).
The median duration of treatment provider delay (time from the date offirst
attendanceto a health centre to the date of initiation of treatment) was 30 days
with an interquartile range (IQR) of 7 — 50 days. The mean (SD) numberof
roomsin the household was 2.4 (1) rooms and had 5.7 (2.8) persons per
household. Most of the index cases (25, 57% and 14, 32%) had primary and
secondary education and only 3 (7%) had not received formal education. Higher
education was attended by only 2 (5%) of the index cases and only 14 (31%)
were employedat the time of the interview.
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Table 5.3 Index case characteristics

Characteristics
Age (years)

All (N= 45)
Mean(SD)

35:7 (9.9)

Range

18-60

Male/Female (% Male)

23/22 (51%)

Treatment Status

Ongoing

25 (56%)

Completed

20 (44%)

Duration of treatment (months)

<2

17 (38%)

2-6

8 (18%)

Post-treatment

20 (44%)

Treatment provider delay (days)*
Median

30

** TOR

7-50

Personsliving in the house

5.7 (2.8)

Rooms

2.4 (0.96)

Illiterate

3 (7%)

Primary

25 (57%)

Secondary

14 (32%)

Higher

2 (5%)

Mean (SD) numberof:

Education

Employed

14 31%)

* Treatment providerdelay is calculated as the date of first attendance to a health centre
to the date ofinitiation of treatment. **IQR= Interquartile range.

5.3.4 Characteristics of the households

Most of the houses (34, 75%) had roofs made of wood or palm shafts, 9 (20%)
were made of cement and 2 (4%) of corrugated iron. The floor wastiled in 24
(53%) and therest (21, 47%) were paved with cement. The source oflighting
was electricity in all houses. The majority of houses (36, 80%) were owned by
the index cases while 6 (13%) and 3 (7%) were either rented or shared with other
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families. Most households had piped water, ownedradios, fans, fridges and TVs.

A low proportion of households had cars, motorbikes or bicycles (10 (22%), 3
(7%) and 24 (53%), respectively). Only eighteen (40%) households had a
separate room for cooking. Gas wasthe cooking fuel used in all but one ofthe
households (44, 98%) which used wood. Abouthalf of the households (22, 49%)
had at least one smokerresident. A minimum of one animallived in 21 (47%) of
the households (Table 5.4).
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Table 5.4 Household characteristics

Characteristics

All (N= 45)

Type of Roof:

Cement

9 (20%)

Corrugated iron

2 (4%)

Wood/Palm

34 (75%)

Cement

21 (47%)

Tiles

24 (53%)

Type oflighting:

Electric

45 (100%)

House ownership:

Owned

36 (80%)

Rented

6 (13%)

Shared with other family

3 (7%)

Type offloor:

Household utilities

Cooking in
Cooking fuel

Electricity

45 (100%)

Piped water

41 (91%)

Fridge

38 (84%)

Radio

44 (98%)

TV

36 (80%)

Fan

44 (98%)

Car

10 (22%)

Motorbike

3 (7%)

Bicycle

24 (53%)

Separate room

18 (40%)

Sameliving room

27 (60%)

Gas

44 (98%)

Wood

1 (2%)

Smoker in the house

22 (49%)

Animals in the house

21 (47%)
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5.3.5 QFT-IT and TST results by age groups

The participating children (N= 113) were divided into three age groups: 1 to 5
years (N= 30), 6 to 10 years (N= 45) and 11 to 15 years (N= 38) years old and
were tested by both QFT-IT and TST on enrolment. After 2 months, a subgroup
(N= 65) of children was re-tested using the QFT-IT assay to describe changesin
the assay responses. These 65 children were those only enrolled at the start of the
study due to logistical constrain. Table 5.5 shows the age groups and procedures
undertaken.

Table 5.5 Procedures undertaken

Age group
1 to 5

6 to 10

11 to 15

All

(N= 30)

(N= 45)

(N= 38)

(N= 113)

PPD applied

30

45

38

113

QFT-IT

30

45

38

113

Bothtest results available

30

45

38

113

16

25

24

65

On enrolment:

At 2-monthsvisit:
QFT-IT assay done

TST responses were measured 48 to 72 hours after its application and thetests
were Classified as negative if the induration size was < 5 mm; intermediate if
between 5 and 9 mm andpositive if > 10 mm. Figure 5.1 shows the TST (PPD)
indurations size frequencies.
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Figure 5.1 PPD indurations Size frequencies
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Thirty five (31%) children had positive, 2 (1.8%) intermediate and 76 (67.2%)
negative TST (Table 5.6). Children 1 to 5 and 6 to 10 years old had the same
proportionsof positive TST (10/30 and 15/45, 33.3%), while 11 to 15 years old
children had a lowerproportion ofpositive tests (10/38, 26%). Only 2 (5%)
children had intermediate TST and were amongthe 11 to 15 years old group
(Figure 5.2).
Forty seven (41.6%) children had positive QFT-IT, 1 (0.9%) child had
indeterminate response and 65 (57.5%) were negative. The age group with the
highest proportion of positive QFT-IT was among 6 — 10 years old (22, 49%)
followed by children 11 — 15 years (15, 40%) and 1 — 5 years (10, 33%) old
(p=NS). A negative QFT-IT assay was found in 20 (67%), 22 (49%) and 23
(61%) 1 to 5, 6 to 10 and 11 to 15 years old, respectively (p= NS). The only child
with an indeterminate response was6 years old (Figure 5.3). The QFT-IT assay
had more positive responses (41.6%) than the TST (31%). However, the
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difference in positive proportions when using TST or QFT-IT tests was not
statistically significant (p= 0.1).

Table 5.6 TST and QFT-ITtests by age
Age group (years)
1 to 5

6 to 10

11 to 15

All

(N= 30)

(N= 45)

(N= 38)

(N= 113)

Positive

10 (33%)

15 (33%)

10 (26%)

35 (31%)

Intermediate

0

0

2 (5%)

2 (1.8%)

Negative

20 (67%)

30(67%)

26(68%)

76 (67.2%)

Positive

10 (33%)

22 (49%)

15 (40%)

47 (41.6%)

Negative

20 (67%)

22(49%)

23 (61%)

65 (57.5%)

Indeterminate

0

1 (2%)

0

1(0.9%)

TST

QFT-IT

Figure 5.2 TST results by age
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5.3.6 Comparison of positive TST and QFT-IT responses by age

Figure 5.4 showsthe proportion of children with positive TST and QFT-IT
responses. In young children (1 to 5 years), both the proportion of children with
positive TST and QFT-IT tests were the same (33.3%) and none had
intermediate TST or indeterminate QFT-IT. Six to 10 years old children had
more positive QFT-IT (49%) than TST (33%) (p= 0.2), 1 child had an
indeterminate QFT-IT response and none had intermediate TST result. Among
older children aged 11 to 15 years, the QFT-IT assay detected more positive
responses (40%) than the TST (26%) (p= 0.4). Two (5%) children had
intermediate TST. Negative results therefore, were less frequent using the QFTIT assay (61%) than the TST (68%)in this age group, although these differences
were notstatistically significant.
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No age trend wasnoticed with QFT-IT, while the TST had a decreasing trend

with increasing age but this wasnotstatistically significant.

Figure 5.4 Proportions of children with positive TST and QFT-IT by age
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5.3.7 QFT-IT and TSTresponses according to the sputum smear grade of
the index cases

Children were grouped according to the sputum smear grade of the adult index
cases. The groupsofthe adults were scanty (N= 10), “+” (N= 40), “++” (N= 49)
and “+++” (N= 14).

5.3.7.1 TST
The proportions of children with positive TST vary according to grade of the
sputum. Children in contact with adults with +++ were morelikely to be TST
positive (8/14, 57%) than children in contact with adults with ++ (16/49, 33%), +
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(8/40, 20%) and scanty (3/10, 30%) smears as shown in figure 5.5. This trend
however, wasonlystatistically significant (y2 for linear trend; p=0.02) if the
groups with scanty and + are combined, as sample size is very small.

Figure 5.5 Proportions of positive TST and QFT-IT results by sputum
smear grade
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5.3.7.2 QFT-IT assay
Similar to the TST, the highest proportion of QFT-IT positive responses was
found in children in contact with adults with +++ (10/14, 71%), than among
children in contact with adults with ++ (23/49, 47%), + (10/40, 25%) and scanty
(4/10, 40%) smears. Similar to TST, This trend is only statistically significantif
the scanty and + groups are combined(2 for trend, p<0.01).
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5.3.8 Positive TST and QFT-IT responses by sputum smeargrades
Table 5.7 summarisesthe proportion of children with positive TST and QFT-IT
in relation to the adults’ sputum smeargrades.
Although the proportion of positive TST and QFT-IT increased with the sputum
grades, QFT-IT seemed to have a higher proportion ofpositives acrossall the
grades. These differences however werenotstatistically significant.

Table 5.7 TST and QFT-ITresults by index sputum smears
Sputum smear grade
Scanty

(N= 10)

+

(N= 40)

+

++

All
(N= 113)

(N= 49)

(N= 14)

8 (20%) 16 (33%)
1 (2.5%)
1 (2%)
31 (77.5%) 32 (65%)

8 (57%)
0
6 (43%)

35 (31%)
2 (2%)
76 (67%)

10 (25%) 23 (47%) 10 (71%)
29 (73%) 26 (53%) 4 (29%)
1 (2.5%)
0
0

47 (41.6%)
65 (57.5%)
1 (0.9%)

TST
Positive
Intermediate
Negative

3 (30%)
0
7 (70%)

QFT-IT
Positive
Negative
Indeterminate

4 (40%)
6 (60%)
0

5.3.10 Agreement and discordance between QFT-IT/TSTresults

The agreement between the twotests is shown in table 5.8. The agreement
proportion was 0. 85 with a kappa (k) value of 0.69. The highest frequency of
discrepancies was found amongchildren with positive QFT-IT and negative
TST.
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Table 5.8 TST and QFT-IT tests agreement
QFT-IT on enrolment
TST

Positive

Indeterminate

Negative

Positive

33

1

|

Intermediate

]

0

l

Negative

13

0

63

Agreement proportion = 0.85
Kappa (k) = 0.69

5.3.10.1 QFT-IT and TST agreementby age
In young children (1 to 5 years), the agreement between QFT-IT and TST was
100%, (k=1). The agreement was <80% among 6-10 and 11-15 years old
children (k=0.6) with the highest frequency of positive QFT-IT/ negative TST
discordances(8/45) being observed among 6-10 old children (p=0.03) (Table

5.9).
Table 5.9 QFT-IT and TST agreementby age
Age(years)
1-5

6-10

11-15

QFT-IT
TST

+ve

-ve

+ve

*ID

-ve

+ve~

-ve

+ve

10

0

14

1

0

9

1

*IM

0

0

0

0

0

1

1

-ve

0

20

8

0

Zo

5

21

Agreement
proportion

1

0.8

0.79

Kappa (k)

1

0.61

0.56

*IM: Intermediate, ID: Indeterminate.
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5.3.10.2 QFT-IT and TST agreement by time since exposure
The agreement betweenthe tests accordingto the time since exposure is shown
in table 5.10. The agreement does not seem to change in children exposed < 9
months before enrolment, when between 88% and 93% of the results were in

agreement. Children whosetime since exposure was > 9 months had more
discordance, with a higher numberof children having positive QFT-IT/negative
TST (Fisher’s exact test, p=0.01).

Table 5.10 QFT-IT and TST agreement by time since exposure
Timesince exposure
0-3 months

3-6months

6-9 months

> 9 months

QFT-IT
+ve

-ve

t+ve

-ve

+ve

-ve

+tve

*ID

-ve

+ve

2

0

8

0

”

0

14

1

1

*IM

1

0

0

0

0

1

0

0

0

-ve

2

19

1

11

1

19

9

0

14

TST

Agreement
proportion

0.88

0.91

0.93

0.72

Kappa (k)

0.57

0.81

0.85

0.47

*IM: Intermediate, ID: Indeterminate.

5.3.10.3 QFT-IT and TST agreement by sputum grade of index case
The sputum smear grade of the adult index case was amongthe variables
investigated in relation to the agreement/ discordance between QFT-IT and TST
amongthe children (Table 5.11). Children in contact with adults with sputum

grades ++ and +++ had higher QFT-IT/TST agreementrate (86%, k= 0.70-0.71)
119

than children in contact with adults with scanty/+ grades (84%, k= 0.61), but this
difference wasnotstatistically significant (p=1)

Table 5.11 QFT-IT/TST agreement by sputum grade of index case
Sputum smear grade

Scanty/+

++

+++

QFT-IT
TST

+ve

ID

-ve

+ve

-ve

+ve

-ve

+ve

9

1

1

16

0

8

0

IM

0

0

i

1

0

0

0

-ve

5

0

33

6

26

2

4

Agreement

proportion

0.84

0.86

0.86

Kappa(k)

0.61

0.71

0.70

*IM: Intermediate, ID: Indeterminate.

5.3.10.4 Multivariate analysis of QFT-IT/TST discordance
The ageofthe child and time since exposure were associated with QFT-IT/TST
discrepanciesin the univariate analysis. These variables were entered into a
logistic regression to adjust for confounding and only a time since exposure > 9
months was independently associated with QFT-IT/TST discordance (p= 0.01)
as shownin table 5.12.

Table 5.12 Multivariate analysis of QFT-IT/TST discordance
Variables
Age-group (b.>5/a.1-5 years)

AOR (95% CI)

P

1820064.8 (0.0000 ->1.0E12)

0.96

0.24 (0.08-—0.73)

0.01

Time since exposure
< 9m />9months

* AOR= Adjusted Odds Ratio. C.I= Confidence Interval.
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5.3.11 QFT-IT conversions and reversions amongchildren

Sixty five of the 113 children enrolled were re-visited after 2 months when a 2™
blood sample was collected for QFT-IT. The aim wasto describe the frequency
of conversions (negative to positive) and reversions (positive to negative) of the
QFT-IT responses among children exposed to adults with smear-positive TB.
Figure 5.6 and table 5.13 describe the QFT-IT responses observedin the children
at enrolment and after 2 months. On enrolment, 28/65 (43%) had positive QFTIT and 20 (31%) werepositive after 2 months. Negative responses increased
from 36/65 (55%) to 45 (69%) after 2 months follow up. One patient had an
indeterminate QFT-IT at enrolment and has changed to positive at 2 months. The

differences between the proportions were notstatistically significant.

Table 5.13 QFT-IT responses on enrolment and after 2 months
Time of QFT-IT

QFT-IT responses
Positive

Negative

Enrolment

28 (43.1%)

36 (55.4%)

1(1.5%)

65

After 2-months

20 (31%)

45 (69%)

0

65
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Indeterminate

All

Figure 5.6 Proportion of QFT-IT results at enrolmentand after 2 months
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5.3.12 QFT-IT conversions and reversions

The flow chart (Figure 5.7) showsthe paired analysis of the QFT-IT responses of
the children after 2 months. A substantial rate of reversions was noticed, as 11/28
(39%) children reverted from positive to negative QFT-IT, while 2/36 (5.6%)
converted from negative to positive and one indeterminate result changed to
positive QFT-IT.
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At 2 monthsfollow up

On enrolment

QFT-IT

N=17 (61%)

N= 11 (39%)

123

Positive

Negative

N= 28 (43%)

Positive

N= 1 (2%)

N= 1 (100%)

oy U AYAo)

Indeterminate

Figure 5.7 QFT-IT conversions and reversions after 2 months of follow up

N= 2 (6%)

Positive

Negative

N= 34 (94%)

N= 36 (55%)

Negative

5.3.13 QFT-IT responses dynamicsin relation to TST

The flow chart (Figure 5.8) shows the dynamics of QFT-IT responsesstratified

by TST.
Children with positive QFT-IT on enrolment were more likely to have positive
QFT-IT after 2 months. Children with positive QFT-IT on enrolment and
positive TST (N= 19) were morelikely to have a positive QFT-IT on follow up
(14, 74%) than children with positive QFT-IT but negative TST (N= 8) initially
(positive QFT-IT on follow up was N= 3 (38%). One child with positive QFT-IT
but intermediate TST became negative on follow up. Children with negative
QFT-IT on enrolment were very likely to have negative QFT-IT after 2 months

as only 2 children becamepositive. Both of them had negative TST on
enrolment. Lastly, one child with an indeterminate QFT-IT and positive TST on
enrolment became QFT-IT positive after 2 months.
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Figure 5.8 Flow chart of QFT-IT responses dynamics according to TST results
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5.4 Discussion

Overall, 42% of the children in contact with adults with smear-positive TB had
positive QFT-IT responses and 31% had positive TST results. The difference
howeverwasnotstatistically significant. These results were similar to results
from India using QFT-IT (40%) and TST (41%) in health care workers (Pai et
al., 2005a) and comparableto Hill et al study (ELISPOT,32.3%, and TST,
32.5%) among Cambodianchildren (Hill et al., 2006). In a study in the USA,
similar infection rates (39%) were reported using ELISPOT,but higher TST rate
(50%) were detected among adults with recent exposure to culture-confirmed

PTB patients (Shamset al., 2005). Our findings were slightly higher than that
was observed among the young children (QFT-G, 17% and TST, 24%)in the
Gambia (Okadaet al., 2008). Nakaokaet al however, reported a much higher
positive QFT-IT and TST responses (74% and 53%, respectively) among
Nigerian children in contact with smear-positive TB adults (Nakaokaetal.,
2006), while a lower frequency of positive QFT-IT (10%) compared to TST
(44%) was found amongcontacts of index cases in Germany(Dielet al., 2006).

This study therefore confirmsthat children in contact with adults with TBare at
high risk of infection andthatthis risk is as high in this setting as in other high
burdensettings. QFT-IT and TSTseemto result in similar proportion ofpositive
results, although, as discussed later have substantial disagreement.
A lower frequency of QFT-IT indeterminate responses (0.9%) was found in our
study comparedto a study from Australia (2006) which reported a 17% rate of
indeterminate QFT-G responses (Connell et al., 2006).
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The age of the child had nosignificant impact on QFT-IT responsesin ourstudy,
although, children 6—10 years old were morelikely to have positive QFT-IT
responses (49%) than other age groups. Young children had similar QFT-IT and
TSTresults, while older children (6-10 and 11-15 years) were morelikely to
have positive QFT-IT than TST. This is similar to Nakaokaet al who reported a
high positive QFT-IT and TST rates across all age groups but an increasing TST
positivity with age in a control low risk population, suggesting that the risk of
infection in the household overrides the risk of infection in the community
(Nakaokaetal., 2006). This latter observation wasalso reported by Conelletal
whoobserved an association between age and QFT-G positivity (Connell et al.,
2006).
Children in contact with adults with high sputum smear (+++) grades were more
likely to have positive QFT-IT (71%) and TST (57%) than children in contact
with adults with low smear grades. Children with scanty and “+” sputum had a
statistically significant fewer QFT-IT and TST positive responses than children
in contact with adults with increasing smear grade 6¢ for trend; p<0.01and
p=0.02, respectively). This dose-response relationship is consistent with that
observed among children exposed to confirmed TB patients in Nigeria (Nakaoka
et al., 2006), and the Gambia, where positive responsesincreased significantly
with increasing smear grade from 6% to 32% for QFT-Gassay and from 15% to
43% for TST amongchildren < 5 years old (Okadaetal., 2008). Similarly,
Almeidaet al (2001) reported increasing responses to TST alone in Aracaju
(Almeidaet al., 2001).
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Regarding QFT-IT/TST agreement, the overall agreement between the QFT-IT
and TST was 85% (k= 0.69). Most discrepancies (21%) were found among

children with positive QFT-IT and negative TST. Children in contact with adults
with high smear grades (++ and +++) had higher agreement (86%, k= 0.7) than
children in contact with adults with scanty /+ grades (84%, k= 0.6). All but one

(with positive QFT-IT/Intermediate TST) of the discrepancies among contacts of
adults with ++ and +++ smear grades were positive QFT-IT but negative TST
which may suggest that QFT-IT mayidentify an increased likelihood of recent
infection. Okadaet al (2008) also observed a similar QFT-G/TST agreement
(88%, k= 0.63) among youngchildren in contact with patients with smearpositive and smear-negative TB (Okadaet al., 2008). Nevertheless, Brokeet al
observed higher agreement (94%) in Denmark, suggesting that the agreement of

the tests might be higher in places where there are very low infection rates in the
community (Brocket al., 2004). This is further supported by the low agreement
between the tests observed by Connell et al in children with high risk of TB and
immigrants from high incidence countries (Connell et al., 2006).
In addition to smear grades, children with time since exposure > 9 months had a
higher rate of discordance than children with shorter exposure, with a higher
numberof the former children having positive QFT-IT/negative TST. After
multivariate analysis, only time since exposure > 9 months wasindependently
associated with this discordance.
The observation of more children with positive QFT-IT but negative TST
discordance in association with time since exposure > 9 monthsis inconsistent
with the notion that the TST responsespersist for many years after natural TB
infection or BCG vaccination when performed after the neonatal period (Farhat
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et al., 2006) and that the IFN-y responses tend to waneovertime in children with
LTBI even if preventive treatment is not prescribed (Eweret al., 2006). The
latter was also observed in the present study as positive QFT-IT responses have
decreased from 42% at enrolment to 31 % after 2 months of follow up. This
observation supports the suggestion that, in settings with high incidence of TB,
the agreement between the IFN-y assays and TST may vary amongchildren with

LTBI with the time since infection.It is also suggested that the delayed type
hypersensitivity (DTH) response in TST differs from IFN-y release and are
thought to be mediated and expressed by separate populations of T lymphocytes
(Orme and Collins, 1984). Hence, re-infection with MTB and/or exposure to
environmental mycobacteria may have occurred and have induced such different
immuneresponsesafter primary infections and were detected by the QFT-IT
assay but not TST.

Amongthe 65 children includedin the cohort, positive QFT-IT frequencies
decreased from 43.1% on enrolment to 31% after 2 months follow up. One
patient had an indeterminate QFT-IT at enrolment but was negative at 2 months.
The decreasing tendency in IFN-y responses wasalso found amongthe children
with LTBI in the UK (Eweret al., 2006).
When QFT-IT responses at 2 months wererelated to the initial QFT-IT and TST
results, children with positive QFT-IT on enrolment were morelikely to have
positive QFT-IT after 2 months. Children with concordant positive QFT-IT and
TST on enrolment were more likely to have positive QFT-IT on follow up (74%)
than children with discordant positive QFT-IT/negative TST (38%).
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There is very limited information about why children with discordant QFT-IT
and TSTresults have less stable QFT-IT responsesin follow upatthis stage. If
these are not due to test failures; Hypothetically, these responses may suggest

that some children have short-lived or transient LTBIthat result only in short
term immunological memory, while other children have longer-lived responses.

Larger and longerstudies are necessary to describe the clinical relevance of these
findings.
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Chapter 6

Risk factors for Latent TB Infection in children

6.1 Introduction

This chapter identifies the risk factors for LTBI in children

The debate overthe interactions of the pathogen, the host and environmental
factors that determine susceptibility to TB infection has occupied researchers in
TBsince the times of ancient Greeks and Romans. Hippocrates deemedthat

there was a heritable component of TB susceptibility, while Aristotle thoughtit
was a contagiousdisease. Social reformers in the early European
industrialisation period rejected the contagious theory and believed that TB was
caused by overcrowding and the deplorable living conditions of the working
class in the urbancities slums (Smith, 2003).

In current times a large number of factors have been implicated in the increased
susceptibility to infection. These range from behavioural factors to genetic
determinants. For example, contact with a household relative with smear-positive
PTBis observed in most children with TB, especially among youngchildren
(Lienhardtet al., 2003). The source patientlives in the child’s household in 72%
of suspected child-adult pairs and in 15% of these, more than one child gets
infected by the household source (Sunetal., 2002).
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The level of exposure to an infectious TB patient, as well as the intensity of the
PTBlesions and bacillary loads are also considered important factors (Correa,
1997, Horsburgh, 1996, Rathi et al., 2002).
Amongthe household characteristics and socioeconomic background, poverty,

overcrowding, poor housing and host/source relationship are key factors
increasing the risk of acquiring LTBI in children (Lienhardtet al., 2002).

Until recently, the TST was the only method to diagnose LTBI. However, IFN-y
assays have recently becomeavailable and have several advantages over the
TST. IFN-y assaysare being evaluated in relation to risk factors for TB infection
andin correlation with markers of TB exposure and have so far produced

promising results (Arendet al., 2007).

In this chapter, the generalandclinical characteristics of the children in contact
with adults with smear positive TB, as well as the index case and household
factors likely to be associated with TB infection in children were evaluated and
analysed in relation to the QFT-IT and TST responses.
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6.2 Literature review

6.2.1 Risk factors associated with TB transmission

Three main factors are assumedto determine the ability of an infectious
organism to multiply and spread within a community. These include the intensity
of exposure, the virulence of the organism and the vulnerability of the
community to develop disease and transmit the infection ((Maraiset al., 2005).

The emergenceofdifferent M. tuberculosis strains with different degrees of
virulence is well documented, and the strain virulence intensity was reported as a
risk factor for the spread of the disease. The wide and rapid spreading of the
vigorous Beijing strain is an example (Camineroet al., 2001).
Regardingthe intensity of exposure, the duration of exposure to the infectious

source (Choiet al., 2007) the numberofthe bacilli in the sputum and sharingair
have been identified for acquiring TB infection in several studies (Almeidaetal.,
2001, Okadaet al., 2008).
Early diagnosis of the source of infection and provision ofan effective treatment
regimeare central measures to reducerisk of infection spread. Theintensity of
exposure is increased by the delay of any of these two measures and hence, the
increased risk of infection spread (Pitmanet al., 2002), especially among young
children.
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Children living in the household of patients with sputum smear-positive TB are
at high risk of infection (Nakaokaet al., 2006), and the risk of progression to a
serious disease is higher among children < 3 years olds (Marais et al., 2004).
In high TB burdensettings, HIV infection increasesthe risk of TB infection
globally (Corbett et al., 2003) and has been documented in numerousstudies
among household contacts (Guwatuddeet al., 2003). Furthermore, other
conditions have been found to be associated with increased susceptibility to TB
reactivation including diabetes mellitus, silicosis, chronic renal failure, organ
transplants, gastrectomy, parasitic infections, malnutrition and vitamin D
deficiency (NICE, 2006, Bentwichetal., 1999, Wilkinsonet al., 2000).

Housing conditions and socioeconomicfactors, such as poverty, overcrowding,
poor ventilation and the presence of mold and smokein the household have been

reported to increase susceptibility to disease in general andtherisk of
transmission of respiratory infections (including TB) (Wanyekietal., 2006,
Clark et al., 2002, Elenderet al., 1998, Lienhardtet al., 2003).

Lastly, the impact of genetic/ethnic influences on the risk of TB transmission has
been documented in several studies. Human leukocyte antigen (HLA)-DR2
alleles such as DRB1*1501 and DRB1*1502 have been found to be strongly
associated with mycobacterial diseases (Singhet al., 2007). Another TB
vulnerable gene is the Natural Resistance Associated MacrophageProtein-1
(NRAMP1) whichacts by activating the microbicidal response of macrophages
in the early innate response to mycobacterial infections (Bellamyet al., 1998).
Polymorphism of NRAMPgenewasreported to be associated with TB in
coloured populations in South Africa (Hoalet al., 2004). Furthermore, Cantwell
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et al found that Hispanics, Blacks, and Asian/Pacific Islanders in the USAare 512 times morelikely to have active TB than whites (Cantwellet al., 1994).

6.2.2 Risk factors associated with IFN-y assays responses

A numberofstudies have also investigated risk of infection, as determinate by a
positive IFN-y release assay in relation to host, source and environment.
Generally, several factors seemed to have positive correlations with the assay

results, though most of the studies have focussed in correlating IFN-y assay
responses with the exposure gradient and/or the closeness of contact with the
infectious source.

In Japan (2003) for example, 270 students wereclassified as either close contacts
or distant contacts with an index case in a school outbreak of TB. About half
(45.5%) of the close contacts and only 7.1% of the distant contacts had positive
QFT-2G (Haradaetal., 2004b).
In the UK (2001) IFN-y assay (ELISPOT)correlated to the level of exposure in
adults in contact with cases of TB. The participants were grouped according to
the level of exposure into having close and prolonged exposure, regular
intermittent, casual intermittent and no exposure. A strong relationship was
observed between positive ELISPOTresults and the intensity of exposure. A
weakerassociation between exposure level and TST results wasalso noticed
(Lalvaniet al., 2001a).
Similar findings were observed by Eweret al (2003) during an outbreak of TB
infection in school children in the UK. The ELISPOTassay correlated more
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closely than the TST with the level of exposure, based on proximity to and the
activities shared with the infectious source (Eweretal., 2003).
In another outbreak of TB in the Netherlands, supermarket customers (N= 469)
were examined after a supermarket employee was diagnosed with PTB. Both the
QFT-IT and T.SPOT-TBassays responses weresignificantly associated with the

exposure level, measured by cumulative shopping time (Arendet al., 2006). A
further study the USA, examinedthe risk for a positive ELISPOTassay in
relation to contact scores. The scores andlikelihood of LTBI werecalculated
according to the level of exposure and infectiousness of the index case. There
wasa significant increased probability of a positive ELISPOT and TST with
increasing contact scores, and score correlated more strongly with the ELISPOT
than TST, although nostatistical difference was found between the twotests
results. Regarding BCG vaccination, contacts with prior BCG weresignificantly
morelikely to have positive TST than positive ELISPOTresults (Shamset al.,
2005).
A positive association between the IFN-y assays positivity and exposure factors
wasalso found in a setting with intermediate TB burden (Korea, 2005).
Participants were classified in 4 groups accordingtotheir risk of infection, no
risk of exposure (group 1), casual contact (group 2), contact > 8 hours per day
(group 3) and patients with active PTB (group 4). The oddsof a positive QFT-G
result per unit increase in exposure increased bya factor of 5.31 in all the groups
comparedto an increase by a factor of only 1.52 for TST (Kangetal., 2005). In
South Korea (2007), positive QFT-G responses were significantly associated
with longer duration of exposure, laryngeal TB and higherintensity of exposure
to the infectious TB patient among military personnel in contact with patients
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with active TB. The intensity of exposure wasclassified as sharing the same
barrack (usual contact) or sharing the same bed (intensive contact) (Choietal.,
2007). The degree of the closeness of the relationship between the child and the
index case was amongtherisk factors studied in children in contact with adults
with smearpositive TB in Turkey. Positive ELISPOT responses were
significantly associated with the index case being a parent of the child. The
numberofactive TB cases per household wasalso significantly associated with
positive ELISPOT (Soysaletal., 2005). Lastly, the age of the subject and the
duration of his exposure to an infectious source werealso reportedasrisk factors
for TB infection and positive QFT-IT. Pai et al (2005) examined 726 health care
workers (HCW), who haddirect contact with TB patients in India, a setting with
a high TB burden and foundthat older age of the HCWsandlonger duration of
health profession were factors associated with positive results of both QFT-IT
and TST (Paiet al., 2005a).
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6.3 Results

6.3.1 Factors associated with positive TST responses

The general, clinical and household characteristics of the children and the index
cases were analysed using univariate and multivariate analysis. Intermediate TST

results were excluded from the statistical comparisons due to small numbers.

As shownin table 6.1, the mean age of children with positive (8 years) and
negative (8.5 years) TST responses were similar. Males represented 46%, 100%
and 49% ofthe positive, intermediate and negative TST responses. Almost all
children had received BCGat birth. BCG scars were presentin almostall
children. Children with positive TST were morelikely to be close relatives (son,
daughter, brother orsister) to the index cases (74.3%) than children with
negative TST (56.6%). Howeverthis difference wasnotstatistically significant
(p=0.2). There wasa statistically significant association betweenthe time since
exposure to the index case and the small size of the family with TST positivity.
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Table 6.1 Children general factors and TST
Children characteristics

TSTresult
Positive

(N= 35)

Age (years)

Intermediate

(N= 2)

Mean (SD)
8 (3.6)
13.5 (0.7)
Range
2-15
13-14
Sex
Male (%)
16 (45.7%)
2 (100%)
Female (%)
19 (54.3%)
0
Received BCG
Yes
35 (100%)
2 (100%)
No
0
0
BCG scar
Present (%)
35 (100%)
2 (100%)
Absent (%)
0
0
Age whenvaccinated:
At birth
35 (100%)
2 (100%)
Unknown
0
0
BCGscar,size
Mean (SD)
6.3 (2.4)
9.5 (3.5)
Relation to the index case:
Son/Daughter/Brother/sister
26 (74.3%)
2 (100%)
Nice/nephew
5 (14.3%)
0
Other
4 (11.4%)
0
Duration of exposure <1 month
3 (9%)
0
1 - 2 months
14 (40%)
1 (50%)
2 —3 months
7 (20%)
1 (50%)
> 3 months
11 (31%)
0
Time since exposure <3 months
2 (6%)
1 (50%)
3 — 6 months
8 (23%)
0
6 — 9 months
9 (26%)
1 (50%)
> 9 months
16 (46%)
0
Contact time:
Hours per day
Mean (SD)
16.7 (2.7)
18 (0.0)
Median
18
18
range
8-18
18-18
Child sleeps with index case Yes
18 (51.4%)
0
No
17 (48.6%)
2 (3%)
Child bedroom has a window Yes
13 (37%)
2 (100%)
No
22 (63%)
0
Numberof persons per house
Mean (SD)
5.7 (2.9)
5.5 (3.5)
Numberof children
Mean (SD)
2.8 (0.9)
3.5 (3.5)
*P-value comparespositive vs. negative TST. “NS = notsignificant

Negative

*p

8.5 (3.8)
1-15
37 (48.7%)
39 (51.3%)
76 (100%)
0
74(97%)
2 (3%)
75 (99%)
1(1%)
6.9(2.5)

0.5

(N= 76)

43 (56.6%)
19 (25%)
14 (18.4%)
21 (27%)
17 (22%)
24 (32%)
14 (19%)
21 (28%)
12 (16%)
20 (26%)
23 (30%)

*NS
0.5
0.7
0.3
0.2

0.08

0.03

17.1(2.5)
18
6-18
25 (32.9%)
51 (67.1%)
31 (41%)
45 (59%)

0.4

7.3 (3.4)
3.8(1.9)

0.02
0.02

Noneofthe clinical characteristics of the children hadstatistically significant
association with TST positivity. Children with positive TST had higher weight
for height Z scores (1.6 vs. 0.7) and less wheezy chest complaints (1, 3%) than
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0.9

0.1
0.9

children with negative TST (8, 11%) but these differences were notstatistically

significant (Table 6.2).

Positive TST responses were also associated with a few of the characteristics of
the index cases, as shownin table 6.3. These included the sputum smear grade
and delay of treatment of the index cases (p=0.02 and p=0.04, respectively).

Table 6.2 Children clinical factors and TST

Clinical characteristics:

TSTresults
Positive

"Weight for height Z score

Mean (SD)
Median
Range
Weight for age Z score
Mean (SD)
Median
Range
Height for age Z score
Mean (SD)
Median
Range
Height for age < - 2 Z scores
N(%)
Child had History of:
Fever
Yes
No
Cough>3 weeks
Yes
No
Difficulty in breathing
Yes
No
Wheezy chest
Yes
No
Loss of weight Yes
No
Loss of appetite Yes
No
Cough duration ( weeks)
Mean (SD)

(N= 35)

1.6 (2.9)
L.]
-3.0-9.5
- 0.1 (1.7)
- 0.1
-3.2-4.4
- 0.9 (3)
- 1.1
-6.2—-5.4
11 (31%)
7 (20%)
28 (80%)
17 (49%)
18 (51%)
2 (6%)
33 (94%)
1 (3%)
34 (97%)
6 (17%)
29 (83%)
6 (17%)
29 (83%)
1.4 (0.6)

Intermediate

(N=2)

NS
NS
NS
-1.7(0.5)
- 1.6
-2-1.4
-1.7(1.8)
- 1.6
-3-04
1(50%)
0
2(100%)
0
2(100%)
0
2(100%)
1 (50%)
1(50%)
0
2(100%)
0
2(100%)
NS

Negative

(N= 76)

0.7(2.8)
0.03
-3.7-7.8
-0.1(1.8)
- 0.3
-4-—9.6
-0.5(2.6)
- 0.3
-94-43
17(22%)
22(29%)
54(71%)
37(49%)
39(51%)
4(5%)
72 (95%)
8(11%)
68 (89%)
11(14%)
56 (86%)
10(13%)
66 (87%)
1.5 (1.0)

' Z score value wasobtained for children < 12 years only (n= 44). “P-value compares

positive vs. negative TST. °NS= not significant
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“P
0.2

0.8

0.4

0.4
0.5
0.9
0.6
0.2
0.9
0.8
1

Table 6.3 Index case factors and TST

Index case characteristics

TST results
Positive

(N= 35)

Age(years)

Mean(SD)
Range
Sex
Male (%)
Female (%)
Treatment Status:
Ongoing
Completed
Duration of treatment: <2 months
2-6 months
Post-treatment
Treatment provider delay (days)
Mean (SD)
Median
Range
Treatment provider delay
<2 weeks

(N= 76)

*p

31.5 (3.5)
29 — 34
0
2(100%)
1(50%)
1(50%)
1(50%)
0
1(50%)

36.7 (11.0)
18 - 60
42 (55%)
34(45%)
48 (63%)
28 (37%)
35 (46%)
13(17%)
28 (37%)

54.8 (51.0)
a9
2-178

18 (17.0)
18
6 — 30

45.5 (57.0)
17.5
1 -180

0.4

6 (17%)

1(50%)

37(49%)

0.04

7 (20%)
14 (40%)
8 (23%)

0
1 (50%)
0

5 (7%)
18 (24%)
16(21%)

scanty

3 (9%)

0

7(9%)

+

8 (23%)

1(50%)

31 (41%)

++

16 (45%)

1(50%)

32 (42%)

+4+

8 (23%)

0

6 (8%)

Mean (SD)
Illiterate
Primary school
Secondary school
Higher education
Yes
No

2.3 (0.9)
3 (9%)
20 (57%)
11 31%)
1 (3%)
9 (26%)
26 (74%)

1.5 (0.7)
0
1(50%)
1(50%)
0
0
2(100%)

2.6 (0.9)
7 (9%)
39(51%)
29 (38%)
1 (2%)
22(29%)
54(71%)

Sputum smear grade

Employed

(N= 2)

Negative

32.4 (8.2)
18—55
21 (60%)
14 (40%)
19 (54%)
16 (46%)
12 (34%)
7 (20%)
16 (46%)

2 to 4 weeks
> 4 weeks to 2 months
> 2 months

Numberof rooms
Education

Intermediate

“P-value comparespositive vs. negative TST

Amongthe characteristics of the household (Table 6.4), cooking in the living
room and using cooking fuel other than gas were more frequently associated
with positive TST responses (p= 0.04 and p=0.03, respectively).
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0.4
0.8
0.5
0.3

0.02

0.09
0.8

0.9

Several factors had weak associations with positive TST including a low
numbersof rooms and ownership of the household, houses with cemented floors,

ownership of TVs, cars and motorbikes and the presence of animals in the
household but these werenotstatistically significant (Table 6.4). The presence of
smokersin the households wasless frequent among children with positive (37%)
than negative (57%) TST (p=0.09).
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Table 6.4 Household factors and TST
TST results

Household characteristics
Positive

Type of Roof:

Typeoffloor:
House ownership:

(N= 35)

Cement
Corrugated iron
Wood/Palm
Cement
Tiles
Owned
Rented

Shared with other family
Household utilities:
Electricity

Yes
No

Piped water

Yes
No

Fridge

Yes
No
Yes
No
Yes

Radio
TV

No
Fan

Yes
No

Car

Yes
No

Motorbike

Yes
No

Bicycle

Cookingin:

Yes
No

Separate room

Sameliving room
Cookingfuel:
Gas
Wood
Smokerin the house
Yes
No

Animals in the house

Yes
No

Intermediate

(N= 2)

(N= 76)

5 (14%)
0
30 (86%)
20 (57%)
15 (43%)
29 (83%)
6 (17%)
0

1 (50%)
1 (50%)
0
1 (50%)
1 (50%)
2 (100%)
0
0

15 (20%)
0
61 (80%)
32 (42%)
44 (58%)
57 (75%)
11 (15%)
8 (10%)

35 (100%)
0
35 (100%)
0
34 (97%)
1 (3%)
29 (83%)
6 (17%)
35 (100%)
0
27 (77%)
8 (23%)
3 (9%)
32 (91%)
3 (9%)
32 (91%)
17 (49%)
18 (51%)
9 (26%)
26 (74%)
32 (91%)
3 (9%)
13 (37%)
22 (63%)
23 (66%)
12 (34%)

2 (100%)
0
1 (50%)
1 (50%)
1 (50%)
1 (50%)
1 (50%)
1 (50%)
1 (50%)
1 (50%)
2 (100%)
0
1 (50%)
1 (50%)
0
2 (100%)
1 (50%)
1 (50%)
1 (50%)
1 (50%)
2 (100%)
0
1 (50%)
1 (50%)
0
2 (100%)

76 (100%)
0
76 (100%)
0
72 (95%)
4 (5%)
58 (76%)
18 (24%)
71 (93%)
5 (7%)
66 (87%)
10 (13%)
15 (20%)
61 (80%)
2 (3%)
74 (97%)
39 (51%)
37 (49%)
37 (49%)
39 (51%)
76 (100%)
0
43 (57%)
33 (43%)
37 (49%)
39 (51%)

“P-value comparespositive vs. negative TST. NS= not significant
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Negative
0.7

0.2
0.1

NS
NS
0.5
0.6
0.1
0.3
0.2
0.2
1.0
0.04
0.03
0.09
0.1

6.3.2 Factors associated with positive QFT-IT responses

The characteristics of the children were also analysed by univariate and
multivariate analysis to investigate associations with positive QFT-IT responses.
The analysis compared positive versus negative QFT-IT results as there were

very few indeterminate results for statistical analysis (N= 1).

The mean age of children with positive (8.6 years) and negative (8.3 years) QFTIT responses weresimilar. Males represented 43% ofthe positive and 52% of the

negative QFT-IT responses.
All children with positive assays had BCGscars and had received BCG atbirth.
The parents of one child with negative QFT-IT could not remember the
vaccination date and 2 children had no BCGscars. Children with positive QFTIT were morelikely to be close relatives (sons, daughters, brothers or sisters) to
the index cases (74%) than children with negative (54%) QFT-IT (p= 0.04).
Statistically, there was a significant association between the time since exposure
to the index case and a positive QFT-IT (p< 0.001) as shownintable 6.5.
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Table 6.5 Children general factors and QFT-IT
QFT-IT result

Children characteristics
Positive

Age (years)

Mean(SD)
Range

Sex

Male (%)
Female (%)

Received BCG

Yes
No

BCGscar
BCG vaccinated

Present (N, %)
Absent
Atbirth
Unknown

BCGscarsize
Mean (SD)
Relation to index case:
Son/Daughter/Brother/sister
Nice/nephew
Other
Duration of exposure

<1 month
1 - 2 months
2 —3 months
> 3 months
Time since exposure <3 months
3 — 6 months
6 — 9 months
> 9 months
Contact time:
Hoursper day

Mean(SD)
Median
Range
Child sleeps with index case Yes
No
Bedroom has a window.

Number of children

Yes
No

Mean (SD)

(N= 47)

Indeterminate

(N= 1)

Negative

(N= 65)

8.6 (3.6)
2-15
20 (43%)
27 (57%)
47 (100%)
0
47 (100%)
0
47 (100%)
0
7 (2.7)

6 (0.0)
6-6
1 (100%)

1 (100%)
0
1 (100%)
0
5 (0.0)

8.3 (4.0)
l=
34 (52%)
31 (48%)
65 (100%)
0
63 (97%)
2 (3%)
64 (99%)
1 (1%)
6.6 (2.4)

35 (74%)
6 (13%)
6 (13%)
9 (19%)
16 (34%)
8 (17%)
14 (30%)
5 (10.6%)
9 (19.2%)
10 (21.3%)
23 (48.9%)

1 (100%)
0
0
0
0
1 (100%)
0
0
0
0
1 (100%)

35 (54%)
18 (28%)
12 (18%)
15 (23%)
15 (23%)
23 (35%)
12 (19%)
19 (29%)
11 (17%)
20 (31%)
15 (23%)

16.8 (2.6)
18
8-18
22 (47%)
25 (53%)
18 (38%)
29 (62%)
3.2 (1.6)

18
18
18-18
1 (100%)
0
0
1 (100%)
2

17.2 (2.5)
18
6-18
20 (31%)
45 (69%)
28 (43%)
37 (57%)
3.7 (1.8)

0
1 (100%)
0

“P-value comparespositive vs. negative QFT-IT. NS= notsignificant
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*p
0.6
0.4
NS
0.3
0.6
0.4
0.04

0.2

0.001

0.4

0.1
0.8
0.2

Noneofthe clinical characteristics of the children hadstatistically significant
associations with QFT-IT positivity (Table 6.6). Children with positive QFT-IT
had lower height for age Z score (HAZ= -1 versus -0.4), a lower proportion of
children < -2 HAZ score and cough but p values were > 0.1 forall.

Positive QFT-IT responses were also associated with someof the characteristics
of the index cases, as shownin table 5.7. These included the age of the index
case (32.8 years vs. 37.2 years) with positive and negative QFT-IT responses, the
size of the household and the sputum smear grade of the index case (p= 0.03, p=
0.04 and x” for trend p < 0.01, respectively).

The proportion of positive QFT-IT was higher among children in contact with
index patients who had completed treatment (49%) followed by adults who had
received treatment for < 2 months (32%) and then patients who had received 2 —
6 months (19%) of treatment (p= 0.04). Howeverthere was no
increasing/decreasing trend between the responses and increasing treatment
duration. Factors that had weak associations with positive QFT-IT responses
included the index casestill receiving treatment, treatment provider delay,
smaller families and fewer children per household.
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Table 6.6 Children’s clinical factors and QFT-IT
Clinical characteristics:

QFT-IT results
Positive

**Weight for height z score

(SD)

Weight for age z score

Height for age z score

1.1 (0)

0.7(2.70

0.4

Median
Range
Mean(SD)
Median
Range

1
-3 —9.5
- 0.2 (1.5)
-0.3
-3.2-—4.4

1.09
11-1.1
- 1.4 (0)
1.4
-1.4--1.4

0.3
-3.7-—7.7
- 0.001(1.9)
-0.3
-4-—9.6

0.5

Mean(SD)
Median
Range

- 1 (2.7)
-1.]
-6.8—5.4

- 3.3 (0)
-3.3
-3.3 — -3.3

-0.4(2.7)
-0.1
-9.4-—43

0.2

N (%)

15 (32%)

1 (100%)

13 (20%)

0.2

20
45
32
33

0.3

Cough > 3 weeks
Difficulty in breathing

Cough duration ( weeks)

1.3 (3.1)

Yes
No
Yes
No
—_-yes
No
Yes
No
Yes
No

9
38
21
26

(19%)
(81%)
(45%)
(55%)
3 (6%)
44(94%)
8 (17%)
39 (83%)
9 (19%)
38 (81%)

Mean(SD)

1.4 (0.8)

“P-value comparespositive vs. negative QFT-IT
** Z score was obtained for children < 12 years only
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1
1

1
1

1

0
(100%)
(100%)
0
0
(100%)
(100%)
0
0
(100%)
1

(N= 65)

*P

(N= 1)

History of: Fever

Lossofappetite

Negative

(N= 47)

Mean

Height for age < - 2 Z scores

Loss of weight

Indeterminate

(31%)
(69%)
(49%)
(51%)
3 (5%)
62 (95%)
8 (12%)
57 (88%)
711%)
58 (89%)
1.5(1.0)

0.08
0.5
0.7
0.3
0.8

Table 6.7 Index case factors and QFT-IT
QFT-IT results

Index case characteristics
Positive
Age (years)

Mean (SD)

Range
Sex

Male (%)
Female (%)

Treatment Status:

Ongoing
Completed

Duration of treatment

<2 months
2-6 months
Post-treatment

Treatment providerdelay (days)
Mean (SD)
Range
Treatment providerdelay
<2 weeks
2 to 4 weeks
> 4 weeks to 2 months
> 2 months
Sputum Smear

scanty
+

—
a
Persons per household

Mean (SD)

Number of rooms

Mean (SD)

Education

Illiterate
Primary school
Secondary school
Highereducation

Employed (N, %)

Yes
No

(N= 47)

32.8 (9.2)
18 —55
27 (57%)
20 (43%)
24 (51%)
23 (49%)
15 (32%)
9 (19%)
23 (49%)

Indeterminate

Negative

(N= 1)

(N= 65)

30 37.2 (10.7)
18 — 60
30 — 30
00%) 36 (55%)
1 (100%) 29 (45%)
0 44 (68%)
1 (100%) 21 (32%)
0 33 (51%)
0 11 (17%)
1 (100%) 21 (32%)

51.2 (52.9)
2 — 180

60
0

45.3 (56.8)
30 (68%)

14 (30%)
7 (15%)
14 (30%)
12 (25%)
4 (9%)
10 (21%)
23 (49%)
10 (21%)
6.3 (3.1)
2.3 (0.9)
4 (9%)
24 (51%)
18 (38%)
1 (2%)
11 (23%)
36 (77%)

0
0
(100%)
0
0
(100%)
0
0
4 (0)
2 (0)
0
(100%)
0
0
0
(100%)

30 (46%)
5 (8%)
18 (28%)
12 (18%)
6 (9%)
29 (45%)
26 (40%)
4 (6%)
7.2 (3.5)
2.6 (1.0)
6 (9%)
35 (54%)
23 (35%)
1 (2%)
20 (31%)
45 (69%)

1
1

1

1

“P-value comparespositive vs. negative QFT-IT

Cookingin the living room wasthe only household factor with a statistically
significant association with positive QFT-IT responses (p= 0.04). Amongother
characteristics of the household with weak associations with positive QFT-IT,
using cooking fuel other than gas, having a TV and ownershipofthe house, lack
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*p
0.03
1.0
0.1
0.04

0.6

<0.01

Oe
0.04
0.7

)

of fan, car or motorbike from the households but these associations were not
statistically significant (Table 6.8).

Table 6.8 Household factors and QFT-IT
QFT-IT results

Household characteristics
Positive

(N= 47)
Type ofroof:

Typeoffloor:

Cement
Tiles

House ownership:

Owned

Rented

Shared with other family
Household utilities:

Electricity

Yes
No

Piped water

Yes

Fridge

No
Yes
No

Radio

Yes
No

TV
Fan

Yes
No
Yes
No

Car

Yes
No

Motorbike

Yes

Bicycle

Yes

No
No

Cookingin:
Cooking fuel:
Smokerin the house

Separate room
Sameliving room
Gas
Wood
Yes
No

Animals in the house

Yes
No

(N= 1)

Negative

(N= 65)

0
41 (87%)
25 (53%)
22 (47%)
39 (83%)
7 (15%)
1 (2%)

1 (100%)
0
0
1 (100%)
0
1 (100%)
0
0

1 (2%)
50 (77%)
27 (42%)
38 (58%)
48 (74%)
10 (15%)
7 (11%)

47 (100%)
0
47 (100%)
0
44 (94%)
3 (6%)
34 (72%)
13 (28%)
46 (98%)
1 (2%)
36 (77%)
11 (23%)
5 (11%)
42 (89%)
4 (9%)
43 (91%)
21 (45%)
26 (55%)
14 (30%)
33 (70%)
44 (94%)
3 (6%)
22 (47%)
25 (53%)
25 (53%)
22 (47%)

1 (100%)
0
1 (100%)
0
1 (100%)
0
1 (100%)
0
1 (100%)
0
1 (100%)
0
0
1 (100%)
0
1 (100%)
1 (100%)
0
0
1 (100%)
1 (100%)
0
1 (100%)
0
0
1 (100%)

65 (100%)
0
64 (99%)
1 (1%)
62 (95%)
3 (5%)
53 (82%)
12 (18%)
60 (92%)
5 (8%)
58 (89%)
7 (11%)
14 (22%)
51 (78%)
1 (2%)
64 (98%)
35 (54%)
30 (46%)
33 (51%)
32 (49%)
65 (100%)
0
34 (52%)
31 (48%)
35 (54%)
30 (46%)

Cement
Corrugated iron
Wood/Palm

Indeterminate

6 (13%)

“P-value comparespositive vs. negative QFT-IT. NS= not significant
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14 (21%)

0.3

0.3
0.2

NS

0.6
0.5
0.4
0.2
0.1
0.2
0.1
0.4
0.04
0.07
0.7
0.9

6.3.3 Univariate and Multivariate analysis of selected risk factors for
positive TST and QFT-IT responses

Variables associated with positive QFT-IT or TST (p< 0.2) were selected and
their odds ratios (OR) are summarisedin tables 6.9 and 6.10.

Table 6.9 (a) Children and indexcase factors selected for multivariate
analysis
TST
Children factors:

OR

Duration of exposure

QFT-IT
P

1 - 2 months/< 1 month
>2 —3 months/< 1 month
> 3 months/< 1 month

Zid
0.41
Dad

3 — 6 months/< 3 months

1.44 “0.03

Timesince exposure

6 —9 months/< 3 months
> 9 months/< 3 months

Cough > 3 weeks
Child sleeps with index case

Relation to index case:
1.Son or Daughter/Others

0.97
2.07

NS
2.16
NS

0.1

NS
0.1

2.Nice/nephew/Others

NS

NS

Index case factors: Age (Mean)
Treatment duration

NS

NS

Post-treatment /< 2 months
Treatment provider delay
<2 weeks

NS

NS

NS

2-6 months/< 2 months

2 to 4 weeks

> 4 weeks to 2 months
> 2 months
Treatment Status:
Ongoing
Completed
Sputum smear
+/scanty
++/scanty

+++/scanty

0.22

3.55

Zul 3
1.11
NS
NS
10.96
1.16

3.46

“0.04
NS

“0.02

"p-value of chi square (X°) for tend. **NS= notsignificant
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OR

**NS

*p

NS
NS
NS

NS

12.

"<0.01

0.83
1.98

0.08
0.1

2.5

0.04

0.61
Jee

0.38

0.03

1.16

™ 0.04

NS

NS

2.01

NS

NS
NS
0.50
2.01
0.34
1.44

4.12

0.1

“<0.01

Table 6.9 (b) Household factors selected for multivariate analysis

TST
Household factors:

OR

Household residents (Mean)
Numberof children (Mean)

House ownership:

Owned

Rented

Shared with other family

Numberof rooms (Mean)

Ownership of:
Cookingin:
Cookingfuel:

1.61

1.22

0.21

TV

4.55

Separate room
Same living room

0.37
2.74

Smokerin the house

Fan
Motorbike

Gas
Wood

-

0.04
25.28
0.45

QFT-IT
FP

OR

P

0.02
0.02

-

-

0.1

-

-

0.09

0.1

-

0.04
~=0.03
0.09

-

0.40
5.95

0.41
2.43

0.09
11.3
-

0.04

NS
0.1
0.1

0.04
0.07
-

During the univariate analysis, children with time since exposure > 9 months
were morelikely to have positive QFT-IT [OR (% C.I) = 3.19 (1.4-7.2)]. In the

multivariate analysis, time since exposure remained independently associated
with both positive QFT-IT and TST. The adjusted odds ratio [AOR (% C.1)] for
positive QFT-IT and TST among children with a time since exposure > 9 months
were 8.53 (2.3-31.9) and 8.96 (1.7-47.9), respectively, while those with time
since exposure between 3-6 months were morelikely to have positive TST

[AOR (% C.]) = 7.95 (1.3-50.1).

Children with duration ofexposure < 1 month werelesslikely to have positive
TST [OR (% C.I) = 0.25 (0.1-0.9)] during the univariate analysis. After logistic
regression, children with duration ofexposure between 1-2 months and > 3
months were morelikely to have positive TST [AOR (% C.I) = 8.72 (1.9-39.7)

and 5.13 (1.1-23.1), respectively].
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Young age of the index case wasa risk factor for positive QFT-IT, which
remained significant after multivariate analysis [AOR (% C.I) = 0.93 (0.89-

0.98)].
Regarding household factors, families residing in houses with a few rooms were
more likely to have children with positive QFT-IT (p= 0.04). This association

remained significant after allowing for confounders [AOR (% C.I) = 0.5 (0.30.9)]. Similarly ownership of a motorbike in the household, which wasnot
statistically significant for QFT-IT during the univariate analysis (p=0.1),
becamesignificant with an AOR (% C.D) of 17.05 (1.1-261.1).

The index case being a closerelative (parent, brother or sister) seemed to be a
risk factor for positive QFT-IT [OR (% C.I) = 2.5 (1.10-5.7)], howeverthis
variable was eliminated in the multivariate analysis.

Children in contact with index cases with sputum smears +++ were morelikely
to have positive QFT-IT responses [OR (% C.I) = 4.12 (1.21-14.1)] than TST
[OR (% C.I) = 3.5 (1.1-10.9)] in the univariate analysis. Similarly, children in
contact with index cases with sputum smears + wereless likely to have positive
QFT-IT [OR (% C.I) = 0.34 (0.14-0.79)] but more likely to have positive TST
[OR (% C.I) = 10.96 (2.19-54.90)]. However, this association was not
statistically significant in the multivariate analysis.
Similar to QFT-IT, children in contact with index cases with < 2 weeks treatment
werelesslikely to have positive TST [OR (% C.I) = 0.22 (0.1-0.6)] in the
univariate analysis but became notsignificant after allowing for confounding.
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Otherfactors related to TST positivity during the univariate analysis which
became non-significant in the multivariate analysis, included the number of

household residents, numberof children per household, cooking in the same
living room and using fuel other than gas for cooking.

Table 6.10 Multivariate analysis of risk factors selected

Multivariate analysis
TST
Risk factors

*AOR (95% C.D)

QFT-IT

Pp

Index case age (Mean)

Timesince exposure:

0.03
7.95 (1.3-50.1)
3-6 m/ <3 months
0.2
3.22
(0.6-18.3)
6-9 m/ <3 months
0.01
8.96 (1.7-47.9)
>9 m/ <3 months
Duration of exposure:
<0.01
8.72 (1.9-39.6)
1-2 m/<1 month
2.35 (0.5-10.9)
0.3
2-3m /<1 month
0.03
5.13 (1.1-23.1)
> 3m/<1 month
Household factors:
Rooms (Mean)
Motorbike
* AOR= Adjusted Odds Ratio. C.I = Confidence Interval
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AOR (95% C.1)
0.93 (0.9-0.98)

< 0.01

3.02 (0.7-12.6)
3.23 (0.8-12.7)
8.53 (2.3-31.9)

0.1
0. 09
< 0.01

0.5 (0.3-0.9)
17.05 (1.1-261.1)

0.02
0.04

6.4 Discussion

This chapter investigated the characteristics of the children, the index cases and
their households that were associated with positive QFT-IT and TST in children.
After selection of variables through a univariate analysis, multivariate analysis of

the variables with p values < 0.2 was conducted usinglogistic regression to
control for confounders.

The age of the child was not associated with the risk of having a positive QFT-IT
or TST responses. The time period since the child was exposed to the index case
to the date of testing (time since exposure) was independently associated with
positive QFT-IT and TSTresults. The risk of having positive QFT-IT results
seemed to be higher amongchildren exposed to index cases since > 9 months
and since both 3-6 and > 9 months for TST. Asfirstly discussed in chapter 5, this
observation reinforce the suggestion that the agreement betweenthe twotests

may vary with the time since exposure to the infection, as the duration of IFN-y
expression after exposure has not been well documented, while TST responses
persist for many years (Farhatet al., 2006). Furthermore, this could indicate that
the QFT-IT assay detected more early infections amongthe children due to a
shorter interval (window period) between the exposure to TB infection and the
attainment of positive QFT-IT, as TST requires 8-12 weeks to becomepositive
after infection (Menzies, 1999).

Although the duration ofexposure of the child had nosignificant effect on QFTIT responses, this variable was an independentrisk factor for TST with higher
154

AOR amongthe children with duration ofexposure of 1-2 and > 3 months

exposure periods. Prolonged exposure wasreported to have a positive
association with QFT-G in adults soldiers in South Korea (OR 2.83; 95% CI:
1.63-4.91) (Choiet al., 2007). A similar association wasalso reported in health
care workers in India (2005) where workers who had workedlongerin the health

setting were morelikely to have positive QFT-IT and TST results, presumably as
a result of a prolonged exposure to cases of TB (Pai et al., 2005a).

A young age among index cases was an independentrisk factor for positive
QFT-IT. This association can be multi-factorial, including behavioural patterns
as youngeradults are more likely to have closer relationships with the children
and biological factors, as young adults are more liable to be smearpositive and
to have lung cavitations than older individuals (Godoyet al., 2004). This
association wasalso reported by Eweret al (2003) who found a significant
association between increasing contact-source shared activities and positive
ELISPOTassaysin a school outbreak of TB infection (Eweret al., 2003).
Regarding the household and living conditions of the children, residing in a
small household and ownership of a motorbike by the family were independently
associated with positive QFT-IT in children. A small household is a plausible
factor as TB is an airborne infection andits transmissionis influenced by the size
and overcrowdingofthe space shared by the source and contacts (Lienhardtet

al., 2003).
Household overcrowding has been reported to be associated with increasing risk
of other respiratory infections such as measles (Aabyet al., 1984) and acute
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respiratory infections (ARI) (Aujard and Fauroux, 2002) and it is likely to
reflect the increasing risk of transmission in close environments.

Frequently household markers confound each other andare difficult to interpret
separately. For example, families of low socioeconomicstatus arelesslikely to

be educated, often reside in small poorly ventilated houses and have pooraccess
to the health services. Therefore,it is the interaction between these factors which
increases susceptibility to TB infections among household contacts. Within the
Brazilian context, the positive association between owning a motorbike and

positive QFT-IT could beinterpreted as a marker of low to medium
socioeconomicstatus as families with motorbikes are morelikely to be poor than
those whocan afford a car.

Generally, numerousrisk factors have been evaluated in studies aiming to
explore the determinants of TB infection susceptibility in the host and
environment. These include age, BCGstatus, closeness of contact, relationship
to the source ofinfection, level and duration of exposure, infectivity of the

source (sputum bacilli-load) and household features.
The time since exposure, the age of the index case, the household size and
ownership of a motorbike were independently associated with a positive QFT-IT
in this study. The time since exposure and the duration ofexposure were the only
independentrisk factors for LTBIidentified by the TSTin this study.
The association between the time since exposure and the QFT-G wasobserved in

Cambodia (2008), where a period of > 12 weeks since diagnosis was
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significantly associated with a positive test. However, this association was not
confirmed after multivariate analysis (Okadaetal., 2008).
The household size and degree of crowdingalso influencethe intensity of

contact to the index case. Consistently with our findings, the transmission of
infection was strongly associated with the degree of overcrowding in the USA
(Cantwell et al., 1998).

The age of the child has often been associated with TB infection and risk of

progression to active TB. In our study however, age wasnotsignificantly
associated with either positive QFT-IT or TST in the multivariate analysis. In
Cambodia, 3 years old children had higher oddsratios of positive QFT-G
compared to 2 years old children. Similarly, TST was also more likely to be
positive in < 1 and > 3 years olds than 2 years old children (Okadaet al., 2008).

Sputum smeargradesanda closer relationship with the index case were among
the factors which, thoughinitially significant, lost their significance in the
multivariate analysis. These factors in addition to the age of the child were
included in the study conducted in a previous study in Brazil (2001) which found
that age <5 years, a close relationship with the index case and high sputum
smear grades of the index case were associated with positive TST (Almeidaet
al., 2001). However, these factors were not further tested for confounding in
multivariate analysis. Similarly, a first degree relationship between the index
case and the child was associated with increased risk of LTBI (defined as
positive ELISPOT) in Turkey (Soysalet al., 2005) and in the Gambia (defined as
positive TST) (Lienhardtet al., 2003) among children in contact with adults with
IST

smear-positive TB. Lastly, age of the child was associated with higherrisk of
acquiring TB infection in India (2005) and Spain (1996), among children< 5
years old in the former (Singhet al., 2005b) and amongchildren < 9 years old
compared to children >10 years old (Altetet al., 1996).
The association between passive smoking and increased risk of TB infections in
children has been investigated in several studies as cigarette smoking reducesthe

airways mucosal immunity renderingit a favourable environmentforthe inhaled
microbes (Balasubramanianetal., 1994) and has been associated with increased
risk of active TB in adults. Howeverin our study, this factor was not associated
with the QFT-IT assay and hadan inverse association with TSTresults during
the univariate analysis. However, this association wasnotsignificant during
multivariate analysis indicating that it was likely a factor linked to age of the
adult and other variables (confounding). Nevertheless, in Spain (1996) and India
(2005) passive smoking was amongthe factors independently associated with the
risk for TB infection and further studies are necessary (Altet et al., 1996, Singh

et al., 2005b).
Malnutrition has been reported asa risk factor for TB infection and disease in
children (Cegielski and McMurray, 2004). For example, malnutrition had a
positive correlation with a positive TST in Indian contact children (Singhet al.,
2005b). Additionally, malnutrition in adults (BMI< 18.5) was associated with an
increased risk of developing active TB (Shetty et al., 2006). However, no
association was found in our study between nutritional markers (WHZ, WAZ
and HAZ) and QFT-IT or TST results. This could be due to the difference in the
economic status between Brazil and India.
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A delay in diagnosis and/orthe initiation of TB treatment prolongs duration of
exposure andleads to high reproductive rate of the bacilli in the index cases,
henceintensifying their infectiousness. Howeverin our study, delay of treatment
had no association with QFT-IT responses, and was inversely associated with
TST in univariate analysis. Other factors with associations with TST in the

univariate but not significant in the multivariate analysis included using cooking
fuels other than gas and cookingin the living room. Thelatter factor was also
associated with positive QFT-IT in the univariate, but not the multivariate

analysis. Cooking in the living room, low education and having chronic diseases
were independentrisk factors for TB disease in a study by Shetty et al (Shetty et
al., 2006). Similar to our study, cooking with fuels other than gas (biomass) were
only associated with TB in the univariate analysis.
Almostall children enrolled in our study had received BCG at birth and had
BCGscars. This condition hindered the evaluation of BCGas risk factor for
test positivity of QFT-IT and TST in our population. Numerousstudies have
reported that previous BCG vaccinationis a risk factor for positive TST, and that
IFN-y assaysare less affected by BCG (Brocketal., 2004, Dograet al., 2007,
Eweret al., 2003, Kanget al., 2005).

In conclusion, several risk factors of TB infection were associated with the QFTIT responses among children in the univariate analysis, though, only few
maintained their significance in the multivariate analysis. QFT-IT responses
correlated well with the time since exposure, age of the index case, size of the
household and ownership of a motorbike. TST correlated with the duration of
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exposure andthe time since exposure. The only factor shared by a positive QFTIT and TST wasthe time since exposure to the index case.
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Chapter 7

Interferon-y inducible Protein-10 as a marker of Latent TB
Infection

7.1 Introduction

This chapter investigates if IP-10 could beused as analternative or adjunct to
IFN-y as markers of LTBI

Children in contact with adults with PTBare at high risk of developing active
TBafterinfection, with half of the infants and 15% ofolder children developing
active TB within 2 years of infection. The detection of LTBI andtheutilization
of Isoniazid (INH) chemoprophylaxistherefore are critical to reduce the risk of
disease progression, although this is not often implemented in low and middle
incomecountries for logistical reasons.

The TSTis the main diagnostic method used for the identification of LTBI. This
method however mayresult in false positive results especially in children
receiving BCG after birth (Farhatet al., 2006) or infected with non-tuberculous
mycobacteria andfalse negative reactions in children with intercurrentillnesses
like measles, malnutrition and immune-suppression.

IFN-y assays have recently been proposed asalternative or complementary tests
to identify LTBI. The tests use M. tuberculosis specific antigens andrely on the
principle that previously sensitised T cells release IFN-y when newly exposedto
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the antigens in vitro. Despite the potential for improvementofthese tests
however, the literature available for TB is very scanty.

Asincreasing the numberof antigens seemsto increasesensitivity, it also

implies that current IFN-y maynotidentify all individuals with LTBI.

The last few years has seen an intensive search for new biomarkersfor the
diagnosis of infection (Agranoffet al., 2006, Abramoetal., 2006). Current IFNy assays are based on the expression of IFN-y, although the complex
immunological interactions elicited using whole cell assaysresult in a large
numberof other cytokines being expressed by the sameor differentcell lines,
and some of these may have added value to the measurement of IFN-y (Ruhwald
et al., 2007, Azzurri et al., 2005).

Recent report suggests that interferon-gamma-induced protein 10 (IP-10), also
known as the Chemokine (C-X-C motif) ligand 10 or CXCL10)haspotential for
use as a marker of TB infection (Ruhwaldet al., 2007).

This chapter describes the in vitro expression of IP-10 in children recently
exposed to adults with smear-positive TB and IP-10 concentrationsin stimulated
and non-stimulated samples of children according to their TST and IFN-y
responses.
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7.2 Literature review

IP-10 chemokineis secreted by a range ofcells, including lymphocytes,
monocytes, endothelial cells and fibroblasts (Kaplan et al., 1987).
Recent reports suggest that baseline and antigen-induced IP-10 concentrations
are potential markers of TB infection (Ruhwaldet al., 2007, Ruhwaldetal.,

2009).
Although it has good agreement with the expression of IFN-y, it might be useful
in individuals whose lymphocytes have impaired IFN-y responses, potentially
improving the yield of IFN-y assays (Ruhwald et al., 2007).

IP-10 chemokine was found to be involved in delayed-type hypersensitivity
(Kaplanet al., 1987), in attracting monocytes and activated Thl lymphocytesto
inflammatory foci through interaction with CXCR3 chemokine receptor (Farber,
1997) and in promoting selective enhancement of Th1 responses and increased
IFN-y gene expression (Ganguret al., 1998). A number of observations
suggested that IP-10 is involved in TB. High levels of IP-10 were detected in TB
lymph node and lung granulomas(Ferreroet al., 2003), in supernatant in
bronchoalveolar lavage of TB patients compared with controls (Sauty et al.,
1999) and in the serum of TB patients than in sera of healthy contacts or controls
(Juffermanset al., 1999).
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7.3 Results

A total of 113 children were includedin this part of the study. A detailed
description of the characteristics of the children was included in chapter 5.

Thirty five (31%), 2 (2%) and 76 (67%) of the children had positive,
intermediate and negative TST results, respectively (Table 7.1). Similarly, 47
(42%), 1 (1%) and 65 (57%) children had positive, indeterminate and negative
QFT-IT responses(p = 0.2).

Table 7.1 TST and QFT-IT results
Test results

N (%)

TST
Positive

35 (31%)

Intermediate

2 (1.8%)

Negative

76 (67.2%)

Positive

47 (41.6%)

Negative

65 (57.5%)

Indeterminate

1(0.9%)

QFT-IT

IP-10 responsesin stimulated and non-stimulated supernatants are shown in
figure 7.1. Non-stimulated plasma concentrations had a median (range) of 172
pg/ml (0 - 2160 pg/ml). Stimulated samples had much higher concentrations with
a median of 529 pg/ml(0 - 3385 pg/ml). The difference in concentrations was
statistically significant (p< 0.001). Eight children had muchhigher IP-10
concentrations in the non-stimulated samples and onein the stimulated sample.
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These were presentedas outliers in the Boxplot (Figure 7.1). Four of these
children had positive QFT-IT, 3 had negative and one had indeterminate QFT-IT

results. All these children except one were contacts of adults with high sputum
smears (++ and +++). No specific characteristics were found in these children.

Figure 7.1 Concentrations of IP-10 in non-stimulated and stimulated
samples

*Boxplots describe medians, interquartile values and range. Astrix depict

outliers.
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Stimulated

IP-10 concentrations varied with TST responses as shownin figure 7.2. Children
with positive TST responses had higher [median, (range)] stimulated IP-10
concentrations [1384 pg/ml, (112 — 3385 pg/ml)] than children with negative
[283 pg/ml, 0 — 3112 pg/ml)] or intermediate [511 pg/ml, (492 — 530 pg/ml)]
TST responses (p< 0.001). Similarly, stimulated IP-10 concentrations were
statistically higher among children with positive QFT-IT responses [1446 pg/ml,
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(112 — 3385 pg/ml)] than among children with negative [208 pg/ml, (0 — 2556
pg/ml)] and the child with indeterminate responses (437 pg/ml) as shown in

figure 7.3 (p < 0.001).

Figure 7.2 IP-10 concentrations in stimulated samples by TST results
*Boxplots describe medians, interquartile values and range. Astrix depict
outliers.
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Figure 7.3 IP-10 concentrations in stimulated samples by IFN-y results.
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Asdescribed in chapter 5, sixty three (56%) children were both TST and QFT-IT
negative; 33 (29%) were TST and QFT-IT positive; 1(0.9%%) was TST positive
and QFT-IT negative, 13 (11.5%) were TST negative and QFT-ITpositive, 1
(0.9%) had Intermediate TST andpositive QFT-IT, 1 (0.9%) had Intermediate
TSTand negative QFT-IT andlastly, 1 (0.9%) had positive TST and
Indeterminate QFT-IT. The agreement betweenthe tests was 87% (K= 0.73).
As showninfigure 7.4, IP-10 responses varied between children with concordant
and discordant TST and QFT-IT (TST/QFT-IT)results, IP-10 concentrations
[median, (range)] were higher amongchildren with concordantpositive TST and
QFT-IT [1434 pg/ml, 112 — 3385 pg/ml)] than children with concordant negative

TST and QFT-IT [206 pg/ml, 0 — 2556 pg/ml)] (p< 0.001).
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Figure 7.4 IP-10 levels in stimulated samples by TST/QFT-IT results
*Boxplots describe medians, interquartile values and range. Astrix depict
outliers.
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7.4 Discussion

This study describes the expression of IP-10 concentrations of stimulated and
non-stimulated blood cells when incubated in an assay containing M.
tuberculosis specific antigens (ESAT-6, CFP-10 and TB7.7) and describes these
concentrations according to the children’s IFN-y and TST responses.

TB antigen-specific induced IP-10 concentrations were higher than nonstimulated samples. Although background IP-10 concentrations in nonstimulated plasma was quite high amongthe children, these concentrations
further increased after antigens stimulation, suggesting that the capacity of the
cells to respond after stimulation is high regardless of the background
concentration. Stimulated IP-10 concentrations varied between children whose
TST and IFN-y (QFT-IT) were in agreement and children who had discordant
TST and IFN-y responses. IP-10 concentrations were higher in children with
both positive TST and IFN-y and lowest in children with both negative TST and
IFN-y responses. Only a small numberof children had discordant TST and IFN-y
assays.
It is difficult to interpret these different responses in relation to TST and IFN-y
responses dueto the limited information available and the lack of a reference
standard for LTBI. The differences may be, amongotherfactors, due to
differences in the biological characteristics of the responses. For example,
although the children in our study had recent contact to adults with TB, it is not
possible to ascertain the precise time when the infection may have occurred and
is likely that these occurred within a wide range interval from one week to one
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year. As TST responses require several weeks to becomepositive but are stable
once they becomepositive, while IFN-y responses may becomenegative with
time or treatment (Eweret al., 2006, Paiet al., 2006a).
IP-10 responses mayreflect the characteristics of the TST and IFN-y responsesat
the time of enrolment, as discussed in chapter5.
With this in mind, hypothetically, children with negative TST but positive IFN-y
responses, may have had very recentinfections, not having enoughtimefor the
TST to becomepositive (the mean time since exposure was 18 weeks) while
children with positive TST and negative IFN-y may have been infected long
before enrolment and IFN-y may havestarted to wane. This is an area with

limited information and further studies are necessary.

IP-10 was expressedin fairly large amounts and washigh in few individuals who
had negative TST and IFN-y responses. If the high IP-10 responsestruly
represented LTBI infections, IP-10 may haveidentified infections — or
immunological processes — that had been missed by both TST and IFN-y.

This study suggests that M. tuberculosis-specific IP-10 release may be a
potential marker for the identification of LTBI evenin paediatric populations.It
is howeverdifficult to evaluate whether this marker is more or less sensitive or
specific than other markers such as IFN-y giventhe lack of a suitable reference
standard for LTBI. Similar observations were obtainedin a parallel study in
Nepal, and both the data described here and in Nepal were published (Petrucciet
al., 2008, Appendix 4) as shown in appendix 4. The good agreement with IFN-y

and/or TST, the large amounts expressed would facilitate the development of
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low technologytests, and the observation that some children with negative TST
and IFN-y have positive IP-10 responses howeveris promising. Further studies
to characterise IP-10 responses should be encouragedto define cut-offs for
positive and negative assays, characterise their natural evolution over time and

explore whether IP10 responsesare predictive of disease progression in high and
low TB incidencesettings.
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Chapter 8

Potential markers for Latent TB Infection in children

8.1 Introduction

This chapter investigates if other cytokines besides IFN-y and IP-10 could be
used as alternative or adjunct markers for LTBI

Most humans(90-95%) are able to produce effective immune responses when

first exposed to the TB microbe and despite the latent persistence of the
pathogen, the immune system containsthe infection in the vast majority of cases.

The complex network of cellular interactions in the immuneresponsesagainst
TBinfection is highly orchestrated and regulated via a cascade of cytokines and
chemokines secreted de novo in responseto antigens and other cytokine stimuli.
A clear understanding of the cytokine and chemokineactivities, in particularly
those with documented involvementin cell-mediated immunity to VM.
tuberculosis, could have major implications for the improvementof the available
and/or the development of new immunological diagnostics and therapeutics for
TB.

Several types of cytokines and chemokines have been reported to play crucial
roles in the immune responses against TB infection (Jo et al., 2003, Kasahara et
al., 1988, Leeet al., 2003, Riedel and Kaufmann, 1997). However, it is not clear
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which of these responses are protective and the M. tuberculosis pathogen may be

capable of provoking anti-inflammatory cytokinesthat favour its ownsurvival
(Henaoet al., 2006, Toossiet al., 1995).

In this chapter, the profiles of a selection of 14 stimulated and non-stimulated
cytokines and chemokines in plasmaofchildren in contact with adults with
smear-positive TB are described. The study included IL1, IL6, IL7, IL8, IL9,

IL10, IL-12p70, IP-10, MCP-1, MIP-1a, MIP-1B, RANTES, TNF-a and IFN-y
cytokines and examined them using flow-cytometry [Cytometric Bead Array,
CBA), (CBA LaserII cytometer machine, BD™.
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8.2 Literature review

8.2.1 Cellular immuneresponseto M. tuberculosis

Alveolar macrophagesare consideredthe first cell population to interact with the
inhaled TB bacillus and constitute the initial defence against the microbe.
Following activation, macrophagesstimulate the recruitment of more
macrophagesfrom the blood circulation to the site of infection (Dannenberg,
1991). Thebacilli replicate in the un-activated macrophagesandreside in the

lung parenchyma. Lung dendritic cells (DC) are also infected by the bacilli and
are believed to activate the naive T lymphocytes in the lymph nodes (GonzalezJuarrero and Orme, 2001) which then migrate backto the site of infection to

activate macrophagesto exhibit anti-mycobacterial activity.
CD4 T lymphocytes play an importantrole in the immuneresponse against TB
mainly by secreting IFN-y cytokine (Scangaet al., 2000). The growth of the
bacilli cannot be controlled in the absence of CD4 lymphocytes (Carusoet al.,
1999, Muller et al., 1987) as the case in patients with HIV co-infection.

CD8 T lymphocytesalso contribute to the immuneresponse against TB,
howeverthe effector mechanism ofthesecells is still not clear and whetherit is
mediated by the cytotoxic effect (Stengeret al., 1998) or the production of IFN-y
cytokine (Lazarevic and Flynn, 2002).
Other type of immunecells implicated are the natural killer (NK) lymphocytes
and v6 T lymphocytes, high levels of which are foundin the peripheral blood of
TB patients (Vankayalapati et al., 2002, Ito et al., 1992). Although B

lymphocytes are not consideredto be important in TB disease, these cells are
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found in large numbers in TB granulomasand believed to contribute to the
cytokine/chemokinerelease and T lymphocytestrafficking (Randhawa, 1990,
Bosio et al., 2000).

Finally, a granuloma formationis the hallmark of TB infection and is observed
concomitantly with a highly activated cell mediated immuneresponse. Thecells
involved in the formation of granulomas include T lymphocytes, macrophages,

giant cells, B lymphocytes and fibroblasts (Gonzalez-Juarrero et al., 2001).

8.2.2 T helper lymphocyte type response to M. tuberculosis

Although the inflammatory processis crucial in the control of TB infection,it
mayalso contribute to the pathology associated with the disease. This is believed
to rely on the type of T helper lymphocytes and cytokine profile responses
primed.
Priming of naive CD4 and CD8 T lymphocytes against M. tuberculosis antigens
follows the phagocytosis of the bacilli by the dendritic cells and macrophages
(Bodnaret al., 2001). High amountof cytokines such as IL-12, IL-18, IL-23 and
IFN- a and B are expressed by dendritic cells (Mellman and Steinman, 2001,
Wozniaket al., 2006). IL-12 and its other processed peptides favour the T helper
cell 1 (Th1) differentiation which secret the pro-inflammatory cytokines IFN-y,
IL-2 and TNF-a (Salgame, 2005, Flynn and Chan, 2001, Ladel et al., 1997, Sano

et al., 1999). The Thl-type immuneresponse is assumedto afford the host the
greatest protective capacity.
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The importance of [L-12 in the immuneresponse to TB infection was
demonstrated in animal studies. For example, the administration of IL-12 to TB

infected miceresulted in a significant reduction in the bacterial loads and
increased survival time (Flynnet al., 1995b). IFN-y plays a central role in the
activation of anti-mycobacterial activities of macrophages (Humphreysetal.,

2006) and high levels are detected in granulomas from the lymph nodes of
patients with TB lymphadenitis (Linet al., 1996). Furthermore, IFN-y knockout
mice are more susceptible to virulent TB (Cooperetal., 1993).
M. tuberculosis infection also induces TNF-a secretion by macrophages,
dendritic cells and T lymphocytes (Hendersonet al., 1997, Ladel et al., 1997),
which together act in synergy with IFN-y to stimulate the anti-mycobacterial
activation of naive macrophages (Flesch and Kaufmann, 1990).
TNF-a is believed to play multiple roles in the immuneand pathologic responses
against TB, though uncontrolled,it could also lead to severe tissue destruction
and necrosis (Sharmaet al., 2005). The importance of this cytokine proinflammatory response was confirmedin patients treated with anti-TNF-a agents
for rheumatoid arthritis, who experienced an increased risk of developing active
M. tuberculosis disease (Keane, 2005).

Successful M. tuberculosis infection can shift the T helper lymphocyte response
to a Th2 type response through their shed molecules that can interact with the
dendritic cells and macrophages to provoke anti-inflammatory cytokine
secretion, thereby suppressing dendritic cells and enhancing their own survival
(Kaufmann and Schaible, 2003). For example, it has been shown that IL-10, in
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the absence of IL-12, may lead to a deleterious Th2 type response (MaldonadoLopez and Moser, 2001).

8.2.3. Cytokines and chemokinesrole in the immuneresponses to M.
tuberculosis

Numerousstudies have described and characterized the expression of
chemokinesin response to TB infection. A diversity of antigenic components of

Mycobacteria has been used, including several types of cells from humansand
animal modelsin in-vivo and in-vitro experiments.

8.2.3.1 Macrophage inflammatory protein-1a and 1B (MIP-1 @ and MIP-1B)
MIP-1a also called CCL3 and MIP-1f also called CCL4 ( see 8.2.3.3) are
membersof the B chemokine (CC) family, which also includes monocyte
chemotactic protein-1 (MCP-1) and Regulated on activation, normalT cell
expressed and secreted (RANTES) chemokines. These B chemokines induce
activation, proliferation and chemotaxis of T lymphocytes and endorse
macrophage transendothelial passage into the site of infection. B chemokinesalso
promote Th] typecell differentiation (Roth et al., 1995, Fahey et al., 1992,
Karpus and Kennedy, 1997).

The role of B chemokines in TB infections was evaluated by testing the ability of
virulent H37Rvand avirulent H37Ra M. tuberculosis strains to induce (in-vitro)
MIP-1la and MIP-1f secretion from alveolar macrophages obtained from HIV
infected patients and normal volunteers. Stimulated macrophagesobtained from
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both groupssecreted significantly higher levels of MIP-1a and MIP-1B as
compared to non-stimulated macrophages. Moreover, MIP-1f was reported to
suppress M. tuberculosis intracellular growth by 2-3 fold (Saukkonenetal.,
2002). Sadek et al (1999) also found that M. tuberculosis stimulation of human
alveolar macrophagesinducedthe release of MIP-1a, MIP-18 and RANTES
when compared with stimulated blood monocytes, alveolar macrophages
producedsignificantly higher levels of MIP-la, RANTES and MCP-1. However,
unlike RANTES and MCP-1, no significant differences were found between
levels of MIP-1 a in the BALfluids from patients with PTB and healthy controls
(Sadeket al., 1998). In animal models, murine macrophagesand pleural
mesothelial cells responses to M .tuberculosis and BCGinfection reported an
increased expression of mRNAsfor MIP-a, MCP-1, MIP-2 and IP-10
chemokinesby the former and increased MIP-1B8 and MCP-1 in the latter
(Rhoadeset al., 1995, Mohammedetal., 1998).

8.2.3.2 Monocyte chemotactic protein-1 (MCP-1)
Also known as CCL2 followingthe positioning of the last cystine sequence (CC)
in their aminoacid, (L) stands for ligand and (2) for the numberof the respective
gene. MCP-1 is a memberof the B chemokine family
B chemokines can render protection to infected macrophagesvia generation of
Nitrous oxide (NO), as is the case with MIP-1a (CCL3) and MCP-1 chemokines
in Leishmania donovaniinfection (Bhattacharyyaet al., 2002). In TB infection,
the administration of MCP-1 to M. tuberculosis-stimulated macrophagesrestored
a previously impaired protein kinase C (PKC)signalling, induced the NO

178

production, increased TNF-a expression and reducedbacillary load in affected
mice organs (Majumderetal., 2008). In humans’ studies, MCP-1 levels are

higherin the pleural fluids from patients with TB pleurisy compared to fluid
from patients with congestive heart disease, but lower than patients with

malignancies. M. tuberculosis antigen-stimulated monocytes from patients with
chronic refractory TB were found to express significantly more MCP-1 than
patients in early stages of the disease. However, serum levels of MCP-1 were
similar in TB patients and healthy TST reactors (Lee et al., 2003). Furthermore,
Kuradhimaet al (1997) and Sadeket al (1998) examined bronchoalveolar lavage

fluid from patients with acute PTB and reported markedly elevated levels of
MCP-1 compared with normal subjects. Interestingly, MCP-1 levels decreased in
the convalescent phase (Kurashimaetal., 1997, Sadeket al., 1998).

Conversely, serum levels of MCP-1 werenotraised in patients with PTB or
extra-pulmonary TBin Pakistani patients, although the in-vitro BCG-stimulation
of a whole blood assay induced higher MCP-1 responses in samples from PTB
patients than samples from extra-pulmonary TB and controls (Hasanetal.,

2005).
8.2.3.3 RANTES (CCLS5)
RANTESis expressed by activated T lymphocytes and othercells such as
fibroblasts, renal and pulmonaryepithelial, endothelial and airway smooth
muscle cells (Berkmanetal., 1996, Marfaing-Kokaet al., 1995). It has strong
chemoattractant and activation effects on CD4 T lymphocytes, monocytes and
eosinophils to the site of infection (Schall et al., 1990, Siveke and Hamann,
1998). As an inducerofactivation of macrophages and T lymphocytes
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proliferation, RANTESparticipates in granuloma formation in TB (Taubetal.,
1996, Chensueet al., 1999). In animal experiments, mice treated with RANTES
antibodies had smaller granulomasafter being infected with MZ. bovis (Chensue
et al., 1999). In humans, the RANTESprotein and gene are expressed by
macrophages from human TB lymph nodes (Devergneet al., 1994).
Macrophagesstimulated with virulent M. tuberculosis induced the expression of
RANTESin CD8 T-lymphocytes from previously infected healthy donors (PPD
reactors) but not from PPD negative donors (Stegelmann etal., 2005).
Wickremasingheet al (2004) stimulated human pulmonary epithelial cells in
vitro by M. tuberculosis and reported that these cells had a high expression of
RANTES(Wickremasingheet al., 2004). RANTESlevels are markedly elevated
in BAL fluid of patients in the acute phase of PTB as compared with normal
controls and levels decreased after treatment. Moreover, the RANTES

concentrationscorrelated significantly with the number of CD4 T lymphocytes
in the BAL fluid (Kurashimaetal., 1997). Similarly, RANTES levels in BAL
fluid of patients with PTB were 8-fold higher than healthy controls (Sadeket al.,
1998). RANTESas well as MIP-1a and B are produced by alveolar macrophages
in response to M. tuberculosis infection and have been reported to hinder
intracellular growth of M. tuberculosis by 2-3 folds (Saukkonenet al., 2002).

8.2.3.4 IL-8 (CXCL8) chemokine
IL-8 is a chemoattractant chemokine of the a (CXC) family which is expressed
by monocytes, fibroblasts and polymorphonuclear granulocytes upon
stimulation. It acts on polymorphonuclear granulocytes, T lymphocytes,
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monocytes and natural killer cells (Mackay, 1996, Larsen et al., 1989, O'Kaneet

al., 2007).

The role of IL-8 in TB has been demonstrated in several studies. For example
Freidland et al (1992) found that IL-8 was produced(in-vitro) from human
monocytes following phagocytosis of M. tuberculosis, indicating their
involvement in granuloma formation in TB (Friedlandet al., 1992). Patients with
PTB hadhigher IL-8 levels in their serum than patients with extra-pulmonary
and healthy controls, though in-vitro stimulation of the whole blood cells with
bacterial lipopolysacharide (LPS) antigens showedno difference between TB
patients and controls (Hasanet al., 2005). Two other studies have demonstrated
high IL-8 and MIP-1a expression by polymorphonuclear granulocytes in
responseto in-vitro M. tuberculosis and to M. tuberculosis and PPD stimulations
(Kasaharaet al., 1998, Riedel and Kaufmann, 1997). IL-8 chemokineis
produced in responseto in-vitro M. tuberculosis stimulation of humanalveolar
epithelial cells by virulent and avirulent strains M. tuberculosis. Interestingly,
only viable mycobacteria elicited MIP-1a and IL-8 production but the difference
in the pathogen’s virulence had no effect on the results (Lin et al., 1998). IL-8
concentrations were higher in BAL fluid of patients with acute PTB than healthy
controls (Kurashimaet al., 1997). In studies in the USA (1995) and Mexico
(1998), IL-8 release wassignificantly higher in BAL fluid obtained from patients
with confirmed PTB comparedto healthy controls (Zhanget al., 1995, Sadek et

al., 1998).
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8.2.3.5 IP-10 (CXCL10) chemokine
Interferon-y inducible protein 10 (IP10), also called CKCL10, is a 10 KDa
protein of the a-chemokine (CXC) family (Luster, 1998). It is produced by
inflammatory cells such as macrophages, monocytes and humanepithelial cells
after exposure to M. tuberculosis and M.bovis (Zhanget al., 1995, Linet al.,
1998). IP-10 is a potent chemo-attractant for activated T lymphocytes and
monocytes (Taubet al., 1993).
Earlier studies observed a high expression of IP-10 by dermal macrophages and
endothelial cells in response to PPD injection (Kaplanet al., 1987) and that the
M. tuberculosis stimulation (In-vitro) of human dendritic cells induced the
expression of IP-10 chemokine (Landeet al., 2003). Serum IP-10 concentrations
(in addition to IL-8, MCP-1 and MIP-18) are higher in TB patients compared to
healthy controls although some (Juffermansetal., 1999) but not all authors
(Azzurri et al., 2005) have reported that its concentrations decreased significantly
by successful treatment and progressively increased in patients with treatment
failure. More recently, Ruhwaldet al (2009) reported that non-stimulated and
stimulated samples from patients with active TB (N= 8) had higher IP-10 and
MCP-3 concentrations than healthy controls (N= 7) (Ruhwaldet al., 2009).

8.2.3.6 IL-1B cytokine
IL-1B and IL-1a comprise the two agonist molecules of the IL-1 cytokine. It is
produced by macrophages, monocytes and dendritic cells and forms an important
part of the host immuneresponseagainst infection. A third IL-1 molecule called
IL-1 RA is an antagonist molecule that competes for receptor binding with IL-la
and IL-1, blocking their role in immuneactivation (Dinarello, 1994).
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IL- 1 has multiple effects on cells involved in immune responses and
inflammation, such as chemotaxis of polymorphonuclear cells and macrophages
(Lugeret al., 1983, Sauderet al., 1984). These characteristics may play an
important role in the development and maintenance of granulomas in TB
infections.

In murine models, the intranasal inoculation of M. tuberculosis cell-wall antigens
induces an increase in IL-1 secretion in the lungs of mice as comparedto those
inoculated with normal saline. Moreover, mice lacking IL-1R receptors produce
less IL-1 cytokine and less granulocytes influx in their BAL fluids (Juffermans
et al., 2000).

In human TBstudies, IL-1 levels in BAL fluid are significantly higher in
patients with PTB as compared to healthy controls (Tsaoet al., 1999), and in in-

vitro, human granulomasassociated with active M. tuberculosis infection contain
IL-1 expressing macrophages, while granulomasof patients with AIDS
associated with M. avium-intracellulare are negative for IL-1 expression
(Chensueet al., 1992).

8.2.3.7 IL-6 cytokine
Human IL-6 is a 21-28 KDasingle chain protein which wasfirst documented in
supernatants of T lymphocytes, fibroblasts and peripheral blood monocytes
(Hiranoet al., 1985, Van Dammeetal., 1987b, Van Dammeet al., 1988, Van

Snick, 1990). Its production has been demonstrated in other cells, such as
endothelial cells, mast cells and keratinocytes (Corbel and Melchers, 1984, Plaut
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et al., 1989, Baumannetal., 1984). IL-6 is not usually produced in the steady
state, but is induced by stimulation of cells by viral infections or other cytokines
such as IL-1, IFN-y and TNF-a (Sehgalet al., 1988, Shalaby et al., 1989, Van

Dammeet al., 1987a).

Regarding TB, one study in animal models that included normal and IL-6
knockout mice, reported that the latter had a higher lung bacterial load than
control mice (Saundersetal., 2000). Similarly, IL-6-deficient mice failed to
maintain the TB granuloma formation when injected with mycobacterial cellwall antigens in comparison to wild mice controls (Welsh et al., 2008). In human
studies, Verbonet al (1999) measured serum levels of IL-6 in patients with TB in
different stages of treatment, contacts of index cases and healthy controls. The
meanserum level wassignificantly higher amongpatients with active TB than
the other groups. The cytokine levels correlated with the presence of fever,
malaise and anorexia (Verbonet al., 1999). In a more recent study in Brazil
(2008), serum levels of IL-6 in patients with active PTB weresignificantly
higher than healthy controls, and susceptibility/resistance to drugs had noeffect
on results (Correia et al., 2008).

8.2.3.8 IL-7 cytokine
IL-7 is primarily a tissue-derived cytokine and its production was detected from
several stromaltissues including epithelial cells from several organs such as the
thymus, bone marrow,intestines and liver (Wileset al., 1992, Sakata et al., 1990,

Madrigal-Estebaset al., 1997). Il-7 inducesproliferation and maturation of
human B-lymphocytes andalso has a central role in modulating T-lymphocytes
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development and homeostasis (Goodwinet al., 1989, Murray et al., 1989,

Gringhuis et al., 1997).

Thl cytokine differentiation is fundamentalfor disease control in TB infection
and IL-7 is inclined to induce Th1 type immuneresponsesthroughits up-

regulation of the production of IFN-y and IL-2 pro-inflammatory cytokines
andits antagonist effects to Transforming growth factor-B cytokine (TGF-B)
(Gringhuis et al., 1997, Dubinett et al., 1995). Shalekoff and Tiemessen (2003)
studied the cytokineprofile of patients classified into 4 disease groups including
TB (N= 13), HIV group (N= 16), TB/HIV (N=11) and healthy controls (N= 19).
IL-7 levels were significantly higher in all the diseased groups compared to the
healthy controls (Shalekoff and Tiemessen, 2003). Furthermore, Kibiki et al

(2007) examined BALfluid from patients with AIDS associated PTB and
observed that IL-7 and IL-10 levels were significantly lower in patients with
cavitary TB compared with those with non-cavitary TB (Kibikiet al., 2007).

8.2.3.9 IL-9 cytokine
Il-9 is produced by T lymphocytes and specifically by CD4 T helper (Th2
subset) cells and acts as a regulator of a variety of hematopoietic cells (Renauld
et al., 1993). It has been implicated as a contributorto allergic airway
inflammations and asthma(Little et al., 2001).

A cascadeof cytokinesis involved in IL-9 production,starting with IL-2 which
induces IL-4 production which with IL-10 induces IL-9 secretion (Houssiau et
al., 1995). IL-9 is a regulatory cytokine that inhibits apoptosis and lymphokine
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production by IFN-y producing CD4 T lymphocytes and promotes the
proliferation of CD8 T lymphocytes (Gessneret al., 1993). These effects imply a
potential role of IL-9 in the immuneresponse against M. tuberculosis infection.
For instance, a recent in-vitro study tested peripheral blood monocytes (PBMCs)
from patients with active TB receiving < 9 weeks treatment (N= 34), individuals
with LTBI (N= 24) and healthy TST negative controls (N= 10). PBMCs from
patients with TB expressed higher levels of IL-9 when stimulated with M.
tuberculosis (ESAT-6) antigens compared to subjects with LTBI (p= 0.01).

Interestingly, neutralization of IL-9 cytokine partially restored the initially
reduced production of IFN-y and IL-12 in the PBMCs,indicating the importance
of IL-9 cytokine as a regulator of Th1 type responses in TB infection (Wuetal.,

2008).

8.2.3.10 IL-10 cytokine
M. tuberculosis infection induces macrophages and T-lymphocytes to produce
IL-10 cytokine. Although not confined to a particular T lymphocyte subset, IL10 has been traditionally linked with Th2 cells due to its anti-inflammatory
properties. IL-10 down-regulates IL-12 production and hence decreases IFN-y
secretion by T lymphocytes.

IL-10 has been shownto inhibit the anti-mycobacterial activity of macrophages
and enhancetheability of the mycobacteria to survive. Rojaset al (1999)for
example, showed that M. tuberculosis induction of IL-10 secretion in

experimental mice inhibited macrophage apoptosis and suggested that the TNF-
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a/IL-10 ratio may accountfor the balance between apoptosis and macrophage
survival (Rojaset al., 1999). Furthermore, transgenic mice constructed to express
IL-10, were unable to clear the infection after BCG despite normal release of

IFN-y (Murrayet al., 1997). Nevertheless, IL-10 knockout mice did not show
extra protection against TB infection as compared to wild type mice (North,

1998).
In human studies, Bonecini-Almeidaet al (2004) examined BALcells from
patients with PTB, patients with other diseases and healthy volunteers. BALcells
from patients with PTB were morelikely to express IL-10 than cells from
patients with other diseases and healthy individuals (Bonecini-Almeidaetal.,
2004). Similarly, Verbon et al (1999) reported that patients with active TB had
significantly higher serum IL-10 levels compared to treated patients and healthy
controls (Verbonetal., 1999). Moreover,in-vitro neutralization of IL-10
increased the production of IFN-y by the mononuclearcells in patients with TB
by meansof enhancing the monocytes’ IL-12 production (Gonget al., 1996).

8.2.3.11 IL-12p70 cytokine
IL-12p70 wasfirst identified by Kobayashiet al in 1989 as a heterodimeric
cytokine (70 KDa) made of two subunits, IL-12p35 and p40 (Kobayashietal.,
1989). IL-12 exerts action through bindingto its high affinity receptors IL-12R
B1 and B2 subunits (Preskyet al., 1996). It regulates the Thl response by
inducing IFN-y secretion (Trinchieri, 2003). For example, WUet al (2008)
reported that the addition of exogenous IL-12 to PBMN from TBpatients
significantly increased their expression of IFN-y (Wuetal., 2008).
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In murine experiments, only the absence of the IL-12p40 subunit is associated
with profound loss of immunity to M. tuberculosis (Cooperet al., 2002). This
could be explained by the suggestion that IL-23 (IL 12p19 subunit) can
compensate for the absence of the IL-12p35 subunit (Hoeveetal., 2003, Khader
et al., 2005). Giacominiet al (2008) evaluated cytokine production (in vitro) by
humandendritic cells in response to stimulation by M. tuberculosis and M. bovis
(BCG). A robust secretion of IL-12p70 was observed after M. tuberculosis
stimulation, while BCG infection induced only a small amount of IL-12p70. This
wasreasonedto be the result of a reduced expression of IL-12p35 gene
(Giacominiet al., 2008). More recently, in vitro stimulation of broncho-alveolar
cells by M. tuberculosis and PPD antigens induced significantly higher levels of
IL-12p70 in patients with active TB comparedto healthy controls (Herreraet al.,

2009).
However Varbonet al reported that serum IL-12p70 levels were not significantly
higherin patients with active TB compared with treated TB cases, contacts or
healthy controls groups (Verbonetal., 1999).

8.2.3.12 TNF-a cytokine
TNF-a (26 KDa)is a potent pro-inflammatory cytokine produced mainly by
macrophages, dendritic cells and T lymphocytes when simulated by .
tuberculosis (Ladelet al., 1997, Hendersonet al., 1997, Serbina and Flynn,

1999). However, many other cells secret TNF-a in response to a wide variety of
stimuli including viruses, bacteria, parasites and cytokines.
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Several studies, including murine models, have demonstrated the importance of
TNF-a in TB. TNF-ais essential for granuloma formation and for the
recruitment and activation of T lymphocytes and monocytes in TB infections
(Beanet al., 1999, Ehlerset al., 1999). Mice deficient in TNF a or TNF receptors
develop fewer activated macrophages and impaired granulomasafter M.
tuberculosis infection (Flynnet al., 1995a). The neutralization of TNF-a or IFNy also enhancethe susceptibility of mice to TB infection and the continuous
infusion of either TNF-a or IFN-y reduce the growth of M. tuberculosis and
increase the resistance of mice to H37Rvvirulent strains (Denis, 1991).
In humans,the treatment of patients with rheumatoidarthritis with TNF-a
blockers have offered a good opportunity to learn about the significance of TNFa in the containment of LTBI (Keaneet al., 2001, Gomez-Reinoet al., 2003).
Reports provided through the USA Med-Watch reporting system (FDA)
concerning cases of TB after Infliximab (TNF-a blocker) therapy reported that
Infliximab from its licensure in 1998 up to May 2001 was implicated in 70 cases
of TB (Keaneet al., 2001). TNF-a cytokine may also have an immunepathological rather than protective role in host immunity andoften cited as a
cause of lung tissue destruction (Rooket al., 1987).
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8.3 Results

This part of the study included 34 children in contact with adults with smearpositive TB. The children had a mean (SD) age of 8.2 (3.5) years and an average
of 2 — 15 years. Twenty (59%) children were male and 14 were female. These
children were selected from the 113 children in contact with adults with smear
positive TB described in chapter 5. The selection was done purposely after
grouping the children according to their TST/QFT-IT categories. Children were

grouped into +/+ TST/QFT-IT;-/- TST/QFT-IT; +/- TST/QFT-IT; -/+ TST/QFTIT; IM/+ TST/QFT-IT; IM/- TST/QFT-IT; +/ID TST/QFT-IT and -/IM
TST/QFT-IT. Oncethe list of children was complete, a representative sample
wasselected from each group (14 and 13 for +/+ and -/- groups) andall children
with discordant TST/QFT-IT. Consequently, 14 children had +/+, 13 had(-/-), 5
had (-/+), one had (IM/-) and one had +/ID.

The children’s plasma concentrations of the 14 cytokines and chemokinestested

(IL-1, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12p70, IFN-y, TNF-a, IP-10, MCP-1,
MIP-1la, MIP-18 and RANTES) were determined using BD™LSRII flow
cytometer as described in chapter 2. Stimulated and non-stimulated samples were
tested for each child, after diluting the specimensat 1:40.

8.3.1 Overview of the overall cytokine/chemokine expression

Scatterplots of the 14 cytokines/chemokinesin non-stimulated and stimulated
blood samples were obtained from the 34 children as shownin figure 8.1 (a-e). A
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wide variation in the plasma cytokine concentrations were obtained before
stimulation and some,but notall increased with stimulation.

Low median expressed cytokines in both non-stimulated and stimulated
specimens were observed for IFN-y (336 pg/ml and 431 pg/ml), TNF-a (409
pg/ml and 311 pg/ml), IL-7 (213 pg/ml and 196 pg/ml), IL-9 (298 pg/ml and 244
pg/ml), IL-10 (275 pg/ml and 218 pg/ml) and IL-12p70 (312 pg/ml and 250

pg/ml). Cytokines with intermediate release magnitudes included IL-1, IL-6,
IP-10, MIP-1a and MIP-1.
Other cytokines had muchhigher concentrations before and after stimulation,
including IL-8 (96213 pg/ml and 110364 pg/ml), MCP-1 (82992 pg/ml and
84518 pg/ml), MIP-1B (20440 pg/ml and 27004 pg/ml) and RANTES (90954

pg/ml and 96474 pg/ml).

IP-10 increased (p< 0.01) in response to TB antigen stimulation while both IL-7
and TNF-a decreased after stimulation (p= 0.02 and < 0.01, respectively). MIP1B, IFN-y and IL-8 had marginal increases while IL-1, IL-6, IL-9, IL-10, IL12p70, MIP-la, MCP-1 and RANTEShad marginal decreases with stimulation,
although noneof these changes achievedstatistical significance (Wilcoxon
Signed Rank Test).
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Figure 8. 1 (a-e) Cytokine concentrations in non-stimulated (N.S) and
stimulated (S) blood samples (a. IL-6, IL-1B and MIP-1a), (b. IFN-y and
TNF-a), (c. IL-7, IL-9, IL-10 and IL-12p70), (d. IL-8, MCP-1 and RANTES)
and (e. IP-10 and MIP-1)
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8.3.2 Cytokines and chemokines by TST/QFT-IT categories

Cytokine concentrations were then analysed according to the TST and QFT-IT
categories, [+/+ (N= 14), -/- (N= 13), -/+ (N= 5), Intermediate (IM)/- (N= 1) and
+/Indeterminate, ID (N= 1)]. The cytokines levels in non-stimulated and
stimulated samples described by TST/QFT-IT categories are shown in table 8.1.
Statistical comparisons were done only between the +/+ and-/- categories due to
the small numbersof the other categories.

In non-stimulated samples, children with (TST/QFT-IT) +/+ had significantly

lower IL-1 levels than children in the -/- category. The plasmalevels of the
other cytokines werenot significantly different across the children with different
TST/QFT-IT categories.

In stimulated samples, IL1-B levels were significantly lower in children with
(TST/QFT-IT) +/+ than amongchildren in the -/- category. In contrast to IL-1,
5 other cytokines (IFN-y, IP-10, MCP-1, MIP-1a and MIP-1B) were significantly
higher in children with +/+ than in children in the -/- category (p< 0.02forall),
see table 8.1.
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IL-6

IL-1B

Cytokine

13

14

13

14

N

N/A

58559.8
8262.6

+/ID

+/+

9723.6
16567.2

+/ID

195

N/A

N/A

4851.2 — 20938.8

6842.2

IM/-

6389.6 — 12906.4

11355.2

3388.8 — 9193.8

N/A

3898.2

3768.4

2241.2 — 8208.8

7393.6

IM/-

5200.4

4900 — 6839.6

0.08

21355

4851.2

4939

7781

6880.3

12329.4

2527.6

3776.4

5244.8

< 0.01

2019.8 — 4539.8

Median

3630.8

*p

+/+

IQR

Median

TST/QFT-IT

Non-stimulated serum samples

IQR

N/A

N/A

1739.2 — 11848.8

4169.2 — 12784

4243.8 — 9024.2

N/A

N/A

2442.4 — 5244.8

4736.4 — 6064

2800.4 — 4242.4

Stimulated serum samples

Table 8.1 Cytokine concentrations in non-stimulated and stimulated samples by TST/QFT-ITcategories

0.6

0.04

**D

IL-9

IL-8

IL-7

13

14

13

14

13

14

162.8 — 233.4
N/A
N/A

232
194.4

253.8

212.2 — 226.8
N/A

N/A
50410.8 — 113907.2

220.6
187

243.4
84089.1
134117.4

IM/-

+/ID

+/+

81310 — 144028.6

70601 — 123536.4
N/A
N/A

89809.2
106337
68363.2
409009.4

69100 — 158595.2
64124.4 - 154799

N/A
N/A

219.8 — 341.4

120692.6
89809.2
322155.6
252.2
360.6

313.4

IM/-

+/ID

+/+

185.4 — 341.4
243.8 — 252.2

227.6
243.8

196.6 — 519.8

269 — 313.4

196

133.6 — 370.4
276.6

0.3

81310 — 152940.6

120070.4

0.2.

187 — 218.2

192.4

213.4

204.6 — 253.8

0.3

175.2 — 204

202.8 — 220.6

211

196.7

+/+

0.9

0.5

0.4

IFN-y

IL-12p70

IL-10

14

13

14

13

14

N/A

308.2

N/A

265

+/ID

355

197

267.6 — 433

455.6 — 745

N/A
259

N/A

312

+/ID

571.9

N/A
203

N/A

298

IM/-

1.0

247 — 249.8
249.8

252.8 — 389.8

324.6

+/+

224.2 — 322.8

244

247 — 347.2

271.4

205.4 — 317.2

260 — 330

317.4

254.5

+/+

N/A

195.2

N/A

268.8

IM/-

0.8

196.8 — 320.8

229.2

296 — 374.4

351.4

211 —292.2

257.6

204.6 — 338

280.2

181.6 — 236.2

0.3

216.8

216 — 304.2

232.7

+/+

N/A

560.8

N/A

355.8

+/ID

N/A

114.8

N/A

231.6

IM/-

<0.01

0.8

0.2

IP-10

13

14

13

13
158.6 — 605.8
N/A
N/A

217.2

252
1244.2

319.6-—419.8

N/A
N/A

305 — 540.4

411.2
332.2
704.6
398.4
437.6

IM/-

+/ID

+/+

257.6 — 343.2
N/A
N/A

314.2
255

599.4

411.8 — 926.8

N/A
N/A

1603.6 — 5146.6

732
239.4
394.6

2821
2040.4

IM/-

+/ID

+/+

IM/-

252.4 — 433.4

303.4

390.8 — 658.2

996.4 — 7080.4

7187 — 8183.8

N/A

2714.4

7241.2
5537.6

1375.6 — 5218.4

1073 — 4533.4

N/A

1569.4

3245.8
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22251 — 145504.6
65112

0.8

252.4 — 498

326.5

0.3

202.2 — 332.2

211.6

231.4-451

321.4

< 0.01

0.6

MIP-1 B

MIP-1 a

MCP-1

13

14

13

14

13

14

N/A
N/A

15517

297072.8

N/A

4526.2 — 8179

27984

369566.6
6181.7

6132.8

IM/-

+/ID

+/+

199

12817.4 — 29139

17037.6

31439 — 66317.8
12602.4 — 23953.2

47418.2

18818.6

N/A
39845 .2

N/A

26921.4

+/ID

0.7

N/A

3991

N/A

5031.4

IM/-

13407.2 — 34848

3807 — 6784.2
4390

3856.2 — 9348.2

8910.2

21852.5

3556.2 — 6784.2

5452.4

5213.8 — 8825.4

+/+

6910.8 — 10100.2

8867.8

0.6

39273.8 - 95650

53749

54854.6 — 87200.2

69831.2

N/A

13338.4 — 123325.8

51619

27012 — 191394.8

110364

N/A
82393 — 164286.4

0.5

36043.6

118069.7

47192.6 — 102674.2

75858.4

+/+

N/A

11145.8

+/ID

< 0.01

< 0.01

0.02

+/+

-/-

-/+

IM/-

+/ID

13

5

1

1

+/ID

1

14

IM/-

1

95316

119574.4

136806.6

88858.8

79699

110663.6

17419

27448.6

N/A

N/A

103534.6 — 200203.6

82894.6 — 167180.2

59782.2 —90954.2

N/A

N/A

20103 — 32832.2

0.2.

94203.6

90954.2

98743.8

88344.8

114737.1

149063.4

10630.6

27004

N/A

N/A

73937.2 — 127861.8

64967 — 135128.2

60781 — 136806.6

N/A

N/A

20776.2 — 34286

0.7
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*P-value for differences between TST/QFT-IT categories in Non-stimulated samples. ** P-value for differences between TST/QFT-IT categories in
stimulated samples.

RANTES

-/+

5

8.3.3..Differences between stimulated and non-stimulated cytokines by
TST/QFT-IT results

Cytokine levels in the non-stimulated samples were subtracted from antigenstimulated samples. Table 8.2 and figure 8.2 (a-d) illustrate the differences in the
cytokine levels of the individual cytokines by TST/QFT-IT categories.
Again,statistical analysis included only children with +/+ and -/- TST/QFT-IT
due to the small numbersofthe other categories.

The difference between stimulated and non-stimulated samples of IFN-y, IP-10,
MCP-1, MIP-1a and MIP-18 were significantly higher in children in the +/+
TST/QFT-IT than in children with -/- TST/QFT-IT (p< 0.01 for all). For

example, the median (IQR) difference of IFN-y was much higher [253 pg/ml
(116 - 465 pg/ml)] in the +/+ group comparedto -28 pg/ml (-306 — 58 pg/ml)
amongchildren with -/-. Similarly the median IP-10 difference between
stimulated and non-stimulated samples were significantly higher [29366 pg/ml
(11351 — 91959 pg/ml)] in the +/+ group comparedto children in the -/- group
[522 pg/ml (73 — 1862 pg/ml)].

IL-1B, IL-6 and RANTES also showed higher median differences levels among
the children with +/+ comparingto the -/- group [181 pg/ml (-984 — 1610 pg/ml)
vs. -218 pg/ml (-1639 — 1971 pg/ml), 219 pg/ml (-1758 — 1611 pg/ml)vs. -764
pg/ml (-2069 — 1429 pg/ml) and 383100 pg/ml (-5136 — 52486 pg/ml)vs. -13627
pg/ml (-31649 — 26536 pg/ml), respectively], but these differences did not reach
statistical significance. Cytokines with slightly higher difference values in the
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+/+ group included IL-7, IL-8 and TNF-a, whereas cytokines with slightly
higher difference levels in the -/- group included IL-9, IL-10 and IL-12p70.

Table 8.2 Cytokine concentrations differences [Stimulated — Nonstimulated] by TST/QFT-IT categories
Differences in cytokines levels
Cytokine
IL-1B

IL-6

IL-7

IL-8

IL-9

TST/QFT-IT

Median

IQR

DP

+/+

181.2

-984 — 1610

0.7

-218.4

-1639.2 — 1971.4

-4440.4

-4951.2 —-718.2

-1370.6

N/A

6469.6

N/A

218.6

-1758 - 1611.2

-763.8

-2068.6 - 1428.8

-5103

-9090 - -3772.2

-4872.4

N/A

4787.8

N/A

-15.4

-44.4 - -10.6

-18.2

-59.4— 16

-13.4

-31.6 — 6.6

7.4

N/A

10.4

N/A

20732.3

-6792.2 — 59636.4

-2978.6

-21406.6 — 20709.2

2843.8

-48462 — 3897.2

-21446

N/A

86853.8

N/A

-46.1

-133.4 - 69.6

-33

-259 — 80.8

-61.2

-220 - -25.2

-116.8

N/A
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0.7

0.7

O21

0.4

N/A
-74.2 —15.2

IL-10

0.6

-69.2 — 39.8
-187 --1.8
N/A
N/A

IL-12p70

-85 — 36.6

0.8

-95 - 51
-184.6 — 31.2
N/A
N/A
IFN-y

TNF-a

IP-10

MCP-1

MIP-1loa

L263

115.8 — 464.6

-27.8

-306 — 58.2

-57.2

-161 — 106.6

-80.2

N/A

539.6

N/A

-36.4

-267.4 — 99.6

-77.4

-152.6 - -49.2

-592

-612.6 - -65.2

15.6

N/A

204.8

N/A

29366.2

11351.4-—91959

521.8

73.2 - 1862

6244.8

3585.6 — 6614.4

2291.8

N/A

24897.8

N/A

58453.7

-17869.6 — 96934.8

-27108.4

-76454.8 - -14583

-30557.4

-37406 — -1105.6

-12467

N/A

-72493.8

N/A

2124.1

-162.2 — 4408.8

203

<0.01

0.2

<0.01

<0.01

<0.01

MIP-1B

RANTES

af

“1451.2

4928.4 - -484.4

-/+

-2564

-5801 - -49.2

IM/-

-1040.4

N/A

+/ID

12923.8

N/A

+/+

21384.1

8591.6 — 32843.8

-/-

-2652.6

-11879.6 — 3693.2

-/+

-7123.6

-12056 — 10705.2

IM/-

-6788.4

N/A

+/ID

38399.8

N/A

+/+

17855.2

-5136.4 — 52486.2

-/-

-13627.2

-31648.6 — 26536.2

-/+

-24806.6

-109472.2 - -8944.8

IM/-

-28620.2

N/A

+/ID

-1112.4

N/A

<0.001

0.2

*TST/QFT-IT (N, %): +/+ (14, 41%),-/- (13, 38%), -/+ (5, 15%), IM/- (1, 3%), +/ID (1,
3%). ** P-value for +/+ vs. -/- groups only.
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Figure 8.2 (a-d) Boxplots of the differences in cytokine levels between
stimulated and non-stimulated blood samples by TST/QFT-ITcategories
*Boxplots describe medians, interquartile values and range. Astrix depict outliers.

*Denote a p value < 0.01.
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8.4. Discussion

The QFT-IT and T-SPOT.TBassays are based on the quantification of IFN-y

responses upon challenge of white blood cells with TB specific antigens.
Althoughit is widely recognised that these commercial assays have diagnostic
value for TB infection,there arestill areas that need further documentation for
their appropriate clinical interpretation. One of these areasis the performance of

the tests in children and immune-compromisedindividuals in high TB incidence
areas (Menzieset al., 2007, Brocket al., 2006).

In addition, the expression of cytokines other than IFN-y could allow the
developmentoffuture tests with higher sensitivity. Preliminary studies have
shownthat other cytokines such as IP-10, MCP-1, MCP-2 and MCP-3 have

promising potential as markers of TB infection (Petrucciet al., 2008, Appendix
4, Ruhwaldet al., 2009, Juffermanset al., 1999).

This chapter describes the cytokine/chemokineprofile of children in contact with
adults with smear-positive TB when using a whole bloodassay in non-stimulated
and TB antigen-stimulated samples and describestheir potential as diagnostic
biomarkers for infection. A selection of 14 cytokines/chemokines wasprepared
on the basesoftheir reported activity in TB infection and/or other infectious
diseasesin the literature, including both human and animalstudies.

The initial analyses described the pattern of the cytokine responsesinall the 34
children studied. This was followed by a description of the responses according
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to the IFN-y and TST responses which wasusedas surrogateofthe likelihood of
TB infection.

In non-stimulated samples, cytokine concentrations varied across the 34 children.
IL-8, RANTES, MIP-1B and MCP-1 had high concentrations, while IL-1, IL-6,
IP-10 and MIP-1a had moderate concentrations and IFN-y, TNF-a, IL-7, IL-9,

IL-10 and IL-12p70 low concentrations.

Stimulation of the blood samples induced increases in the concentrations ofthe
cytokineswith high initial backgrounds (IL-8, RANTES, MIP-1B and MCP-1).
Similarly, two of the non-stimulated cytokines with moderate concentrations (IP10 and MIP-1a), and one with low non-stimulated concentration (IFN-y) also
increasedafter stimulation. Only IP-10 concentration increasedsufficiently to
reach statistical significance.
It is noted that IFN-y levels did not rise significantly after stimulation at this
stage of the study using CBA assay whichis different from that observed in the
previous chapters using the QFT-IT assay. However, the two assays (QFT-IT
and CBAassay) use different formats in quantifying the IFN-y responses which
mayhaveled to different results.

In addition to the cytokines with increased concentrationsafter stimulation,
antigen stimulation had the opposite effect in other cytokines. Most of the
cytokines with low concentrations before stimulation (IL-7, IL-9, IL-10, IL12p70 and TNF-a) and two cytokines with moderate non-stimulated
concentrations (IL-1B and IL-6) had decreased concentrations after stimulation.
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However,this decreased concentration wasonlystatistically significant for IL-7
and TNF-a only.

Several criteria have been proposedfor the identification of an ideal biomarkerin

TB. Oneofthesecriteria is that the marker should be expressed in low
concentrations in non-stimulated samples from infected subjects and to have
strong responses whenstimulated by TB-antigens (Ruhwald et al., 2009).
Although this is a good principle, the governing rule is that the concentration of
the marker in a stimulated sample increases sufficiently to make a distinction
from that of the non-stimulated sample. Therefore, IP-10 which has moderate
concentration without stimulation and increased significantly by stimulation
could have potential as a marker, as reported by other studies (Petrucciet al.,
2008, Appendix 4, Ruhwald et al., 2009). These overall patterns howeverare
difficult to interpret unless stratified by the presence of TB infection.

Further characterisation of the cytokine responses wastherefore attempted
accordingto the likelihood of infection using TST/QFT-IT responsesas
surrogate markers of infection status.
Cytokine responses werestratified according to TST/QFT-IT categories
including children with LTBI (children with +/+ TST/QFT-IT responses) and
children unlikely to be infected (children with -/- TST/QFT-IT responses).
Although other TST/QFT-IT combinations occurred, the analysis wasrestricted
to these two groups dueto the small sample size of the study. This was
regrettable, as children with discordant associations could have provided useful
information.
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Children with +/+ (LTBI) had lower non-stimulated than IL-1B concentrations
than un-infected children (-/- TST/QFT-IT). Similarly, children with LTBI had
lower stimulated concentration than children with no LTBI. The difference
between stimulated and non-stimulated concentrations were notstatistically

significant between children with and without LTBI suggesting that the
background concentrations of non-stimulated samples could be used as a marker
of infection, albeit not necessarily specific to TB, the TB antigen-stimulation of

this cytokine does not add further information as a markerofinfection.

IL-1 has been reported to play an importantrole in granuloma formation and

preservation in TB infection (Juffermansetal., 2000) and high levels of the
cytokine have been documented in active TB (Tsaoet al., 1999). Our findings of
a lower IL-1B in children with +/+ TST/QFT-IT therefore was inconsistent with
the increased concentrations reported in response to M. tuberculosis infection in
human BALfluid, in granulomasofpatients with active PTB and in murine
models (Juffermanset al., 2000, Tsao et al., 1999, Chensueetal., 1992).

However, our results described IL-1B responses in a whole blood assay while
other studies have measured the cytokine on the site of infection (BAL and
granuloma). In addition, the migration of IL-1B secreting cells to the site of
infection and the IL-1 responseitself may vary between LTBI and active TB
and between adults and children, and further studies are therefore needed.

Children with and without LTBI had similar non-stimulated IP-10, MCP-1, MIPla and MIP-18 concentrations. Antigen-stimulation howeverresulted in
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significant differences between the concentrations in the children with and
without LTBI. In addition to IFN-y, these four cytokines (IP-10, MCP-1, MIP-la
and MIP-1f) had much higher concentrations in children with LTBI.

Interestingly, one child with TST/QFT-IT +/ID responses had high (36044
pg/ml) IP-10 concentrations which might suggest that this child had LTBI but
was missed by the current QFT-IT IFN-y cut-off.

Children with LTBI had significantly higher IP-10, MCP-1, MIP-la, MIP-1B
concentrations after stimulation than children without LTBI. Ourfindings
regarding IP-10 are consistent with a similar study in Nepal (Petrucciet al.,
2008, Appendix 4). Similar findings were also reported by Ruhwaldet al (2007)
and Azzurri et al (2005) in patients with active TB. Ruhwald et al examined IP10 production in stimulated whole blood samples and Azzurri et al measured
non-stimulated samples in patients with PTB and household contacts. Both
studies reported higher IP-10 concentrations in both patients with active TB and
household contacts, than in normal controls (Ruhwaldet al., 2007, Azzurri et al.,

2005).
Ourfindings are also consistent with Ruhwald’s et al recent study (2009) and
Hasanet al (2005) studies regarding MCP-1 after TB or BCG stimulation of
whole blood samples from adults with active TB (Ruhwaldet al., 2009, Hasan et
al., 2005). Moreover, animal models have demonstrated similar increases in the
expression (mRNA) of MCP-1 and MIP-1la (Rhoadeset al., 1995) and MCP-1
and MIP-18 (Mohammedetal., 1998) in response to M. tuberculosis infection.

IP-10 is readily produced by monocytes and other inflammatory cells when
stimulated by M. tuberculosis. It acts as a chemoattractant for activated T211

lymphocytes and macrophagesin response to TB infection and hence plays an

important role in their migration to construct granulomasatthe site of infection.
Granuloma formation is the main feature of TB infection and is observed
concomitant with a highly activated cell mediated immuneresponse (GonzalezJuarreroet al., 2001). In addition to the studies mentioned above, high IP-10
expression wasobserved in dermal and dendritic cells after PPD injection (invivo) in the former and after M. tuberculosis stimulation (in-vitro) in the latter

(Kaplan etal., 1987, Landeet al., 2003). However, high IP-10 level backgrounds
were also reported with other inflammatory and infectious diseases such as auto
immunediseases (SLE) and cerebral malaria (Lit et al., 2006, Jain et al., 2008)
which should be considered wheninterpreting results from non-stimulated
samples. Similarly, MCP-1, MIP-1a and MIP-18 as membersfrom the B
chemokines are widely reported to play an important role in immuneresponse to
TB. These chemokines enhance macrophages to generate Nitrous oxide in

responseto infections, as in the case of Leishmania donovaniinfection
(Bhattacharyyaet al., 2002) and to induce Protein Kinase C, Nitrous oxide and
TNF-a in the case of TB infection (Majumderet al., 2008). Furthermore, B
chemokinesare also reported to promote Th1 typecell differentiation (Roth et
al., 1995, Fahey et al., 1992, Karpus and Kennedy, 1997). Ourstatistically

significant findings regarding IP-10, MCP-1, MIP-1a and MIP-18 thus, are
consistent with the documented pro-inflammatory features of these chemokines
in TB infection.

In conclusion our study identified 5 chemokines withstatistically significant
associations with LTBI in children with recent contact with adults with smear-
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positive TB. In addition to the role of IFN-y, further 4 chemokines IP-10, MIPla, MIP-18 and MCP-1 might have a promising potential as biomarkers for TB
infection diagnosis. Our sample size however was too small and further studies

with larger sample sizes are needed to confirm the role of these chemokinesas
biomarkers for TB infection.
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Chapter9

General discussion

This chapter highlights the main findings of this thesis and how these findings
contribute to the rapidly growing knowledge on immune-based diagnostics of
TB, discusses the study limitations and identifies further areas for research.

9.1 QFT-IT assay (IFN-y responses) in active TB
Thefirst part of the study described the IFN-y responses amongBrazilian adults
with smear-positive PTB. About twothirds of the patients had positive QFT-IT
responses, irrespective of their treatment stage. A considerable proportion of
patients therefore had negative (30%) and indeterminate (7%) QFT-IT responses.
About 63% of the new patients had positive QFT-IT responses compared to 71%

of patients receiving treatment and 42% of patients who completed anti-TB
treatment.

These IFN-y differences by treatment stage might be explained by the presence
of anergy before initiation of treatment and/or sequestration of T lymphocytesat
the site of infection and away from the blood circulation. After initiation of
treatment, appropriate immuneresponsesare restored and T lymphocytes
produce higher IFN-y concentrations during treatment (Al-Attiyah et al., 2003,
Pai et al., 2007, Pai and Lewinsohn, 2005, Pathanet al., 2001, Robinsonetal.,

1994). The reduced IFN-y positivity rate observed amongpatients who
successfully completed treatment may indicate a drop in M. tuberculosis
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antigenic stimulation of T-cells by treatment (Andersen, 1994), although the
proportion of patients who become IFN-y negative varies acrossstudies.

The Time since start oftreatment wasalso inversely related to QFT-IT positivity
with increasing frequencies of negative QFT-IT responses after completion of
treatment compared to new cases. Elimination of antigens by treatment, in
addition to waning immuneresponses to TB antigens after successful treatment

are plausible explanations. Young age wasassociated with QFT-IT positivity
indicating stronger immuneresponses in youngeradult patients, an observation
consistent with other studies (Nicolet al., 2005). QFT-IT responses were also
associated with haemoptysis, which might reflect the association of positive
QFT-IT with the extent (cavitary lesions) and severity of the disease. Finally the

presenceofa fan in the household wasassociated with negative QFT-IT
frequencies; a factor which could imply a better ventilation and lowerbacillary
load.
The follow up ofpatients revealed a baseline QFT-IT positivity rate of 70% with
9% indeterminate results and 21% negative results and after 2 months, 70%
remainedpositive but the remaining 30% were negative. Substantial numbers of
individuals however had QFT-IT assay reversions and conversions. It is not clear
at this stage the clinical relevance of these patterns.

Furthermore, considerable decreases in IFN-y concentrations were noticed (from
a median of 4.1 [U/ml at enrolment to 2.9 IU/ml after 2 months of treatment).
This suggests a lowercut off may be able to discriminate patients with different
IFN-y response patterns and response to treatment.
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Despite the frequent studies in IFN-y assays in latent and active TB diagnosis,it
is still unclear whether IFN-y level increases or decreases overtime (Pai etal.,
2007, Ulrichset al., 2000, Al-Attiyah et al., 2003, Vekemansetal., 2001) and

whether IFN-y responses could be used to monitor treatment (Carraraetal.,
2004). In addition in low incidence countries, the treatment of TB might cause
steeper declines in IFN-y responses while in high incidencesettings re-infection
with M. tuberculosis or other NTM may boost the immuneresponses.

9.2 IFN-y responsesin children (LTBI)
This study has revealed that 42% of the children in contact with adults with
smearpositive TB had positive QFT-IT and 31% had positive TST responses.
These results adds to the observed infection rate (30% — 50%) observed among
household contacts in other high burden settings and therefore confirmsthat
children in contact with adults with TB are at high risk of infection (Pai etal.,
2005b, Hill et al., 2006).
In our study, the overall agreement proportion between the QFT-IT and TST was
85% (k= 0.69) with most discrepancies found among children with positive
QFT-IT but negative TST. Comparable test agreements were reported in children
from high TB burden country (the Gambia, 88%) while higher tests agreement
were found in some low TB incidencesettings (Denmark, 94%) (Okadaetal.,
2008, Brocket al., 2004). Hence, our results further indicate that the level of

agreement between the two tests might depend on the scale of TB problem in the
studied region as children in low incidence countriesare less likely to have BCG
vaccine or to encounter environmental mycobacteria as compared to children
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living in high TB burdensettings. These issues may influence TST but hardly
affect the QFT-IT assay.

A high smeargrade of the index case was foundto be associated with highertest
agreements. Interestingly, almost all of the test discrepancies among contacts of
adults with high smear grades were positive QFT-IT but negative TST which

may suggest that QFT-IT mayidentify an increased likelihood of recent
infection. Moreover, multivariate analysis revealed that children with time since

exposure > 9 months had a higherrate of discordance than children with shorter
exposure, with a higher numberofthe children with longer exposure having
positive QFT-IT/negative TST. This might reinforce the suggestion that delayed
type hypersensitivity (DTH) responsein the TSTis different from the protective
anti-TB immunity (IFN-y release) and they are thought to be mediated by
separate populations of T lymphocytes (Ormeand Collins, 1984). Furthermore,
TST responsesare reported to persist for many years after natural infection or
BCGvaccination while persistence of IFN-y expression long time after exposure
has not been documented yet (Farhatet al., 2006). Although the children in our
study had recent contact with adults with TB, it is not possible to ascertain the
precise time of infection acquisition which may have occurred within a wide
interval range interval from one week to one year.

With regard to the natural course of IFN-y responses in LTBI, this study found
that QFT-IT positive-responses decreased from 43% on enrolment to 31% after 2
months follow up. A similar trend was observed in children from the UK (Ewer
et al., 2006). Interestingly, children with concordant positive QFT-IT and TST
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on enrolment were morelikely to have positive QFT-IT on follow up (74%) than
children with discordant positive QFT-IT/negative TST (38%).

9.3 Risk factors for positive QFT-IT in children
The age of the index case, household size, time since exposure and ownership of
a motorbike in the house were independently associated with positive QFT-IT in
this study, whereasthe time since exposure and the duration of this exposure
were the only independentfactors associated with a positive TST.
These findings reinforce the idea of Eweret al that younger adults (index cases)
could have closer relations and more contact-source shared activities with their
children (Eweret al., 2003) and the possibility of young adults being moreliable
to have cavitation than older individuals and hence, being moreinfectious
(Godoyet al., 2004, Eweret al., 2003). The household size influences the
intensity of contact to the index case, hence the increasedrisk of infection
transmission found in our and others studies (Lienhardtet al., 2003, Cantwell et

al., 1998). The time since exposure > 9 months was independently associated
with positive QFT-IT results while time since exposure 3 — 6 and > 9 months
were associated with positive TST results. This observation reinforces the
implication about the often reported lack of agreement between TST and QFT-IT
with the time. This could indicate that QFT-IT detected early infections due to a
shorter window period betweeninfection and conversion to positive QFT-IT
while TST requires 8-12 weeks to becomepositive (Menzies, 1999). The
ownership of motorbikes as a socioeconomic marker would require a larger
sample size in order to be better assessed due to the small sample size of the
study.
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Lastly, the duration ofexposure in the present study was an independent factor
for TST but not for QFT-IT positivity, which is consistent with studies elsewhere
(Choiet al., 2007, Pai et al., 2005a).

9.4 Novel markers for LTBI diagnosis in children
IP-10 concentrations increased significantly after stimulation and children with
both positive QFT-IT and TST hadsignificantly higher IP-10 levels compared to
children with negative QFT-IT and TST.

The flow cytometry technique wasusedfor the exploration of further markers.
This technique canidentify the profile of several cytokines in a single sample
from an individual. A selection of further 14 cytokines and chemokinesin whole
blood samples of 34 children in contact with adults with smear-positive TB were
analysed. Antigen-stimulation of samples inducedstatistically significant
increases in IP-10 and decreases in IL-7 and TNF-a concentrations, irrespective
of the children’s TST/QFT-IT responses. Cytokine concentrations in the samples
were then studied according to the IFN-y and TST responsesof the children as
surrogate of the likelihood of LTBI. Stimulation of samples resulted in
significantly higher IP-10, MCP-1, MIP-la and MIP-1B concentrations in
children with LTBI than children without LTBI. These findings reinforce
findings by others in regards to these four cytokines. Similar findings were
reported about the potential role of IP-10 in LTBI in children in Nepal (Petrucci
et al., 2008, Appendix 4) and Nigeria in active TB in adults (Ruhwaldet al.,
2007, Azzurri et al., 2005).
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MCP-1, MIP-1a, MIP-18 have moderate concentrations without stimulation and
increased significantly by stimulation and could have potential as markers. Our
findings are consistent with Ruhwald’s et al (2009) and Hasanet al (2005)
studies who reported increases of MCP-1 after TB or BCG stimulation of whole
blood samples from adults with active TB (Ruhwaldet al., 2009, Hasanetal.,
2005) and in animal models (Rhoadeset al., 1995, Mohammedet al., 1998). The
present study thus, identified 5 cytokinesstatistically associated with LTBI in
children. In addition to IFN-y, IP-10, MIP-1a, MIP-18 and MCP-1 might have a

promising potential as biomarkers for infection. It is howeverdifficult to
evaluate the sensitivity and specificity of these markers given the lack of a

suitable reference standard for LTBI. High IP-10 levels in un-stimulated samples
may have a prognostic value and prospective studies need to be conducted to
evaluate this hypothesis. Our sample size however was too small and further
studies with larger sample sizes are also needed to confirm the role of these
chemokines.

In spite of the advantages of IFN-y based assays compared to TST,the ideal
diagnostic technique that can diagnose and differentiate active from LTBI in
high incidence settings has not yet been developed. However, continuous
research in potential biomarkers and inclusion of more prospective antigens such
as Heparin-binding-hemagglutinin antigen (HBHA), 309-kDa PPE55 (Rv3347c)
protein, Rv1983, Rv1986, Rv3872 (Hougardyet al., 2007, Singh et al., 2005a,
Cockleet al., 2002) may result in a suitable test in the future.
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Study results contribution into the context of TB control in Brazil

A substantial TB infection rate (31% to 42%) was found among household
children contacts of the index cases in Sergipe. These findings strengthen the

value of active contact tracing for children living in the households of adults with
smearpositive PTB. Local TB control programmesshould ensure protection of
latently infected children from acquiring the disease by follow up and/or by the
provision of prophylactic treatment to susceptible young children. Although
stated in the Brazilian guidelines for TB control (SBPT, 2004), the provision of
prophylactic treatment wasnot practiced by the medical staff in Sergipe state.
This reluctance to prescribe preventive treatment could be due to logistical
reasons or the erroneousperception that a positive TST result in settings with

high TB incidencesis not associated with a significant risk. The lack of
implementation of prophylaxis is thus a system problem, more than a lack of
suitable test, and both aspects need to be addressed to develop a suitable
preventive programmein Brazil.

Conclusion

QFT-IT assay has a modest sensitivity for the diagnosis of active TB in Sergipe,
Brazil. Children in contact with adults with smear-positive TB were morelikely
to have positive QFT-IT than TST results. QFT-IT responses correlated with
factors usually associated with a higher risk of LTBI including house size and
time since exposure. This study reported for the first time a significant
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difference in MIP-1a and MIP-18 chemokines concentrations between children
with and without LTBI. The study thus, suggests a promising potential of MIPloa, and MIP-18 as markers for infection in children. Additionally, the present
study reinforces the role of IP-10 and MCP-1 as markers for TB infection
(Ruhwaldet al., 2009, Ruhwaldet al., 2007, Whittaker et al., 2008).

Limitations

There were somesignificant limitations which could have affected the findings
of the study and need to be accountedfor its interpretation.
Thefirst limitation is the small sample size of the study. We could not meet the
required sample size calculated in the study protocol due to time limitations and
the reluctance of medicalstaff to initiate prophylaxis, which presented an ethical
dilemma. These factors were instrumental in curtailing the cohort part to 2
months follow up period. The small sample size hinderedthestatistical anlysis,
especially when dividing the participants into subgroups. The secondlimitation
is the enrolment of more than one child per household which may have added
cluster effect on data analysis. Another limitation wasthe selection ofall the
adult patients available andfulfilling the inclusion criteria without
randomisation. A further limitation is the lack of reference standards for LTBI,
although other authors havetried to construct reference standards from patients
with active TB, this is not entirely satisfactory and the interpretation of the
results has a degree of subjectivity.
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Recommendations

The QFT-IT assay identified more LTBIs than TST in children in contact with
adults with smear-positive PTB. Howeverits modestsensitivity (63%) among

adults with smearpositive TB,its relatively high cost and logistical issues make
this test unsuitable to identify LTBI and active TB in high TB endemicsettings
such as Brazil. Although deployment of IFN-y assays might not be feasible,
testing by TST is still advisable and remainsa valuabletest, as its positive

predictive value for the risk of developmentof active TB has been well
documented (Comstocket al., 1974). In special circumstances such as in young

children and immune compromisedpatients, confirmation of negative TST
results should be done using IFN-y assays to enable a more accurateclinical

decisionse.g. to initiate preventive treatment in household contacts of PTB
patients (Bakiret al., 2009).

Lacking a reference standard for the diagnosis of LTBI, clinical decisions must
consider the epidemiological risk of exposure and the prevalence of infection in
the population. The greater the risk of infection, the less confidence we have in a
single negative screeningtest result.

Larger studies are needed to generate the evidence required to decide whether
IFN-y assays could be used as alternative or adjunct to TST in the Brazilian
population. These should include prospective studies with larger sample sizes to
evaluate IFN-y assaysin active and latent TB infections in high TB incidence
settings, and longitudinal studies to examine the dynamics of IFN-y responses
over time in LTBI and active TB. Additional work is needed to validate our
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findings regarding MCP-1, MIP-la, MIP-18 and IP-10 as potential markers for

TB infection. Further efforts will be needed to characterise their natural
evolution over time and whethertheir responsesare predictive of disease
progression in high and low TB incidencesettings. Lastly, the immunological
responses of the chemokinesillustrated here and the dynamics of these responses
(after challenge with TB antigens) are useful for future development of new
diagnostics for TB infection.

To end with, research in TB has been exceptionally useful in the development of
knowledge in the immunology and immune-pathology of diseases in general, and
crucial concepts of basic immunology have emergedasa result of ongoing
research in TB. Most obviousis the discovery of cell-mediated immunology in
the early 1940's by Merill Chase while investigating serum vs. cells ability to
transfer tuberculin hypersensitivity in-between guinea pigs (Palomino, 2007).
Hopefully this will continue by encouraging influential research in TB immunediagnostics which will eventually lead to novel optimum assaysthat will
contribute to the control of this significant infectious disease.
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Appendix 1
Questionnaires used for the study

Form 1:

Contact children questionnaire
Index case study no:
Name:

Child study no:

CC‘dress:

Telephone home —_____________ mobile
Community agent —_____________ Health centre

How manychildren in the house?

Date of interview

Date index case started treatment?

(Day, month, year)

Age

(months):

Sex:

(male=1, female=2)

Relation to index case: (son/daughter=1,grandchild=2,sibling/nice/nephew=3, neighbour=4, other=5)

Birth order in his/her family (first child=1, second child=2,third child=3 etc)

Doesthe child stay with the index adult during the day (Most ofthe time=1,

Rarely= 2, Sometimes=3)

Approximately how many hoursper day do they spend together?
Approximately how manyhours per week do they stay together?
Doesthe child eat together with the index case?

(Yes=1, No=2)

Doesthe child sleep in the same room with the index case?

(Yes=1, No=2)

Doesthe child sleep in the same house with the index case?

(Yes=1, No=2)

Is there a window in the room wherethe child sleeps?

(Yes=1, No=2)

How many people share the bedroom with the child?
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Hashe/she received BCG vaccine:

(Yes=1, No=2)

Howold was he/she at that time

Is there a BCG scar? (Check in ALL children)

(Yes=1, No=2)

If yes whatis the size (mm)?

Hasthe child any respiratory illnesses?

(Yes=1, No=2)

If yes, which one?
Hasthe child had any of the following symptomsin the last month?
(Yes=1, No=2, not known=3)

If yes, duration weeks)

Unexplained fever
Cough
Difficulty to breath
Wheeze

Lost weight

Loss of appetite
Other symptoms:
Clinical assessment:

Weight(kg)

Height (cm)

Temperature (°C)

Lymphadenopathy

(Yes=1, No=2)

If yes, location
Size of largest node

(cm)

Bonejoint abnormality (Yes=1, No=2)
Chest Examination (normal=1, abnormal=2)

Specify

If abnormal, CXR taken? (Yes=1, No=2)

Results

PPD done?

(Yes=1, No=2)

Time:

PPD read?

(Yes=1, No=2)

Induration (mm)

Blood for QFT-IT taken (Yes=1, No=2)

Blood for cytokines (Yes=1, No=2)
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Follow up (2 months)
Study no:
Wasthe child visited (Yes=1, no=2)

If not visited, why not?

If visited, was the child at home?

Date of interview

Weight (kg)

Height (cm)

Temperature (°C)

Hasthe child had any majorillnesses since ourlast visit (Yes=1, no=2, not known=3)
If yes, which ones?
Hasthe child taken his/her INH?

(Yes=1, no=2, not applicable=3)

Hasthe child any respiratory illnesses?

(Yes=1, No=2)

If yes, which one?
Hasthe child had any ofthe following in the last 2 months: If yes, duration (wks)
Fever:

(Yes=1, No=2)

Cough (Yes=1, No=2)
Difficulty in breathing:

(Yes=1, No=2)

Wheeze:

(Yes=1, No=2)

Loss of weight:

(Yes=1, No=2)

Loss of appetite
Other symptoms:
Is the child unwell?

(Yes=1, No=2)

If unwell, was he/she taken to the health
centre? (Yes=1, No=2)
If taken, diagnosis? (TB=1, others =2)

Specify:

Blood sample taken for QFT-IT? (Yes=1, No=2)
Blood taken for cytokines?

(Yes=1, No=2)
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Form 2:

Adult index case/ cross sectional study
Date

Study number

Name

Address

Health centre

Registration no.

Age(years)

Sex (Male=1, Female=2)

Education: (none=1, primary=2, secondary=3, higher education=4)

Employed

(Yes=1, No=2)

Occupation:

Type of work:

Date offirst attendance at TB centre (day/month/year)
Date of diagnosis
Date started treatment

Smearstatus at the time of diagnosis (negative=1, scanty=2, +=3, ++=4, +++=5, Not

known=6)

Culture status at the time of diagnosis (positive=1, negative=2, not available=3)
Current TB treatment (ongoing=1, completed=2, interrupted or abandoned=3, unknown=4)

If ongoing, how many monthstreatmenthas he/she received?
If interrupted or abandoned, since whendid he/she discontinued treatment (wks)
Date of the last sputum smear check up
Results of last sputum smear(negative=1, scanty=2, +=3, ++=4, +++=5, Not known=6)
Whatis the current health of the patient (Same=1, better=2, worse=3, dead=4,cured=5,
unknown=6)

Clinical history
Doeshe/she haveanyotherillness? (Yes=1, No=2)
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which ones?

Did the patient have anyof the following? (Yes=1, No=2)
At the time of diagnosis?

Currently?

Fever:

Cough:
Haemoptysis:
Difficulty in breathing
Loss of appetite
Chest pains
Night sweats

Wheeze:
Loss of weight:
Other symptoms:
Weight (kg) at the start of treatment

currently

Height (cm)

Characteristics of the household:

Anyother adult with cough > 3 weeks at home? (Yes=1, No=2)

how many?

Is the house owned (=1), rented (=2) or shared with several families (=3)?
How many families share the house?
Numberof people living in the household?
How manyofthese are children (<18 years old)?
Numberof roomsin the house
Numberof roomsusedto sleep
Do you have animals at home (Yes=1, No=2)?
If yes, which ones?

253

Type of roof (cement=1, corrugated iron=2, wood=3, palm=4)

Typeof floor (cement=1, tiles=2, wood=3, soil=4)
Typeoflighting(electricity=1, kerosene=2, gas=3, candles=4, other=5)

What do you use to cook? (Gas=1, electricity=2, wood=3, charcoal=4, other=5)
Is the cooking place in a separate room (=1) or not (=2)?

Doesany ofthe residents smoke?
Does the house have(Yes=1, No=2)

Electricity

Piped water

Radio

Fridge

bicycle

TV

Motorbike

Car

Fan

Video
Laboratory results

Blood sample taken
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(Yes=1, No=2)

Form 3:

Adult index case/ Cohort study
Study number

Date
Name

Address

Registration no.

Health centre

Age (years)

Sex (Male=1, Female=2)

Occupation:

Employed

Type of work:

(yes=1, No=2)

Education

(none=1, primary=2, secondary=3, higher
education=4)

Date offirst attendance to TB centre (day/month/year)
Reason for attendance ?

Duration of coughatfirst attendance (weeks)

Date of diagnosis
Are there any other associated diseases? (Yes=1, No=2)
If yes, which ones?
Smearstatus (negative=1, scanty=2, +=3, ++=4, +++=5, Unknown=6)
Culture status (positive=1, negative=2, not available=3)

Hasthe patient had

(Yes=1, No=2) If yes, weeks

Fever:

Cough more than 3 weeks:
Haemoptysis:
Difficulty in breathing:
Wheeze:
Loss of weight:
Loss of appetite
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Chest pains
Night sweats
Other symptoms:

If yes, please explain:
Were X-Raystaken?

(Yes=1, No=2)

If taken, was whatthe result? (Compatible with TB=1, Not TB=2)
Are there other adults with cough > 3 weeks at home?

(Yes=1, No=2)

If yes how many?
Weight (Kg)

Height (cm)

Characteristics of the household
Is the house owned (=1), rented (=2) or shared with several families (=3)
How many families share the house?
Numberof people living in the household
How manyofthese are children (<18 years old)
Number of roomsin the house
Numberof roomsused to sleep
Do you have animals at home (Yes=1, No=2)

If yes, which ones?
Type of roof (cement=1, corrugated iron=2, wood=3, palm=4)
Type offloor (cement=1, tiles=2, wood=3, soil=4)

Typeoflighting (electricity=1, kerosene=2, gas=3, candles=4, other=5)
What do you use to cook? (Gas=1, electricity=2, wood=3, charcoal=4, other=5)
Is the cooking place in a separate room (=1) or not (=2)?
Doesany of the residents smoke?
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Do you havein the house (Yes=1, No=2)
Electricity

Piped water

Radio

Fridge

bicycle

TV

Motorbike

Car

Fan

Video

Laboratory results

Blood sample taken (Yes=1, No=2)
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Follow up (2 months)

Index case study number

Date

Visited? (Yes=1, No=2)

Current health of the index case? (Same=1, better=2, worse=3, dead=4, unknown=5)
TB treatment status (ongoing=1, completed=2, interrupted or abandoned=3, unknown=4)

Is he/she taking anti-TB drugs regularly? (Regularly=1, Irregular and missing doses=2)
If discontinued, date he/she discontinued the treatment?

Height

Weight (Kg)

Symptoms

Worse

Same

Better

NA

Fever:

Cough:
Haemoptysis:
Difficulty in breathing:
Wheeze:

Loss of weight:
Loss of appetite
Chest pains
Night sweats
Other symptoms: (If yes, explain):
Have youbeenvisited by the health agent?

(Yes=1, No=2)

If you have, how manytimesdid he/she visited you in the last week?
Hasthe health agent witness you taking the medicines?

(Yes=1, No=2)

Hasshe witnessed youall (=1) or the majority of times (=2), occasionally (=3) or very
rarely (=4)?

Sputum taken (Yes=1, No=2)
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Highest grade reported? (neg=1, scanty=2, + =3, ++ =4, +++ =5

Sample blood taken? (Yes=1, No=2)

If yes, date?
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Appendix 2
Consent forms used in the study

Form 1:
Consent form for Adults in cross sectional survey:

Mynameis Dr. Nabil Abu Amer. I’m a medical doctor whois doing a PhD in
Medicine in the UK.I am in Aracaju to do a study on Tuberculosis, whichis
caused by germsthat often affects the lungs. We are doing a study to examine the
efficiency and usefulness of a diagnostic bloodtest called Quantiferon-in tube, in

the diagnosis of tuberculosis and monitoring of the treatmentin different stages
of the treatment period. If you agree to participate in this study, we will ask you
some questions about yourself concerning the disease to be written in our study
records, then make a briefclinical examination, finally, obtain a five (5) ml of
blood sample for the Quantiferon test and other markers levels. Although you will
not benefit from the results of these tests, your participation would be very useful

to assess if these tests would be suitable for future patients who havethis illness.
You are however completely free to decline to participate in the study for any

reason, at any point,and this will not change yourrelationship withthestaff,
your diagnosis or the treatment youreceive. If you decided to participate, your
answerson the questionnaire will not change the treatment you receive at the
centre. You can also refuse to answer any question which you feel
uncomfortable with.

Thank you very much.
Nameofparticipant... eeeeeseeseeeeeeeees
Signature... seeeeeseeeeeees

DANG... ss a camncerenccsacca sna cata a

260

Form 2:
Consent form for Adults in the cohort:

My nameis Dr. Nabil Abu Amer. I’m a medical doctor who is doing a PhD in
Medicine in the UK. I am in Aracaju to do a study on Tuberculosis, which is
caused by germsthat often affects the lungs. We are doing a study to examine the
efficiency and usefulness of a diagnostic blood test called Quantiferon-in tube in

diagnosis of tuberculosis and monitoring the treatment in different stages of the
treatment period. If you agree to participate in this study, we will ask you some
questions about yourself concerning the disease to be written in our study records,

then make a brief clinical examination. Finally, we would take a five ml (5 ml)
blood sample for the Quantiferon test and other markers levels and the serum will
be stored in a deep freezer to investigate other tests for Tuberculosis in the future.
We would then visit you at home at 2, 4, 6 and 12 months after initiation of

treatment. At each of these visits, we will ask you how you are doing regarding

your illness and take a further five ml samples of blood to evaluate the tests.
Although you will not benefit from the results of these tests, your participation

would be very useful to assess if these tests would be suitable for future patients
whohavethis illness. You are however completely free to decline to participate

in the study for any reason, at any point, and this will not change your
relationship with the staff, your diagnosis or the treatment you receive. If you
decided to participate, your answers on the questionnaire will not change the
treatment you receive at the centre. You can also refuse to answer any question
which you feel uncomfortable with.
Thank you very much.
Nameof participant... eeeeeeeeeeseereeeees
SIPTIAUITE.......asenascansexessusns

ee
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Form 3:
Consent form for Children’s Parents:

Mynameis Dr. Nabil Abu Amer. I’m a medical doctor whois doing a PhD in
Medicine in the UK.I am in Aracaju to do a study on Tuberculosis, which is
caused by germsthat often affects the lungs and any other organ in the body. This
infection can be transmitted to other people wholive close to the affected patients.
Weare doing a study to examinethe usefulness of a diagnostic blood test called
Quantiferon-in tube in detecting infected children, so that to be given a

prophylactic treatment to prevent them from getting the disease. First we will ask
you somequestions about the child and the family, then makea clinical

examination of your child, after that we will apply the tuberculin skin test, which
is a test applied with a small injection under the skin, to check if yourchildis
infected with TB. This injection is routinely done for every child whois in contact
with TB patient. Finally, we would take a five ml (Sml) blood sample for the
Quantiferon test and other markers levels and the serum will be stored in a deep
freezer to investigate other tests for Tuberculosis in the future. We would then
comebackin 2 days to read the test and decide if your child would benefit by
receiving a medicine to prevent your child developing TB. We would then follow
your child for the next 6 months and obtain 5 ml blood samplesat two, four and
six monthsafter this visit and we would collect urine specimens during these visits
to monitor the treatment. If your child required treatment, we would refer your
child to the TB health centre.
You are however completely free to decline to participate in the study for any
reason,at any point, and this will not change yourrelationship with the staff,
your diagnosis or the treatment youreceive. If you decidedto participate, your
answers on the questionnaire will not change the treatment you receive at the
centre. You can also refuse to answer any question which youfeel
uncomfortable with.
Thank you very much.
Name of parent/Guardian..........ccceeeseeeeeeees
SigQNature...... cece

DANGcrccsermsnscumsseonsnameensnes
262

Appendix 3

A) Risk factors for positive QFT-IT in the newly diagnosed adults with TB:
Table 1

Generalrisk factors of the patients

General characteristics of patients
Number

Mean(SD)age (years)
Range
Male/Female (% Male)
Treatment Status
Ongoing
Treatment delay (days)
Median
IQR*
Weight (kg)
Height (cm)
Body mass index (BMI)
Education level:
Illiterate
Primary school
Secondary school
Higher education
Employed

*Inter-quartile range

Table 2

Positive
27
41.3 (17.5)
18 —79
18/9 (66.7%)
27 (100%)
5
3 — 30
53.3 (8.1)
165.7 (7.1)
19.4 (3)
6 (22.2%)
13 (48.1%)
8 (29.6%)
0
10 (37%)

QFT-IT New cases
Negative Indeterminate
10
6
54.1 (20)
53.7 (15.8)
19-87
38 - 80
6/4 (60%)
4/2 (66.7%)
10(100%)
6 (100%)
8
33
3-15
24 — 70
48.2 (9.1)
52.8 (4.9)
164 (8.7)
169.3 (7.4)
17.8 (2.8)
18.4 (1.3)
2 (20%)
3 (50%)
6 (60%)
3 (50%)
2 (20%)
0
0
0
3 (30%)
5 (83.3%)

P
0.1
0.9
0.4
0.2
0.5
0.3
0.4
0.08

Clinical risk factors of the patients

Clinical characteristics

Number
Patient had a history of:

Fever
Cough > 3 weeks
Wheezychest
Difficulty in breathing
Loss of appetite
Weight loss
Haemoptysis
Chest pain
Sputum smear grade
Scanty
+
++
44+

Positive
2d
21(77.8%)
26 (96.3%)
14 (51.9%)
21 (77.8%)
19 (70.4%)
26 (96.3 %)
9 (33.3%)
22 (81.5%)
0
13 (48.1%)
11 (40.7%)
3 (11.1%)
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QFT-IT New cases

Negative
10

Indeterminate
6

P

8 (80%)
9 (90%)
7 (70%)
5 (50%)
5 (50%)
9 (90%)
2 (20%)
8 (80%)
0
4 (40%)
5 (50%)
1 (10%)

5 (83.3%)
6 (100%)
1 (16.7%)
4 (66.7%)
6 (100%)
5 (83.3%)
2 (33.3%)
5 (83.3%)
0
5 (83.3%)
1 (16.7%)
0

1.0
0.6
0.1
0.3
0.1
0.5
0.7
1.0

Table 3

Household risk factors of the patients

Household characteristics

Positive
27

Numbers
Mean (SD) numberof:
Personsliving in the house
Children < 18 years old
Mean (SD) numberof bedrooms

Type of Roof:

4.3 (2.4)
1.2 (1.5)
2.2 (1.0)
9 (33.3%)
1 (3.7%)
17 (63%)
12 (44.4%)
14 (51.9%)
1 (3.7%)
24 (88.9%)
3 (11.1%)
17 (63%)
10 (37%)
0
24 (88.9%)
25 (92.6%)
24 (88.9%)
24 (88.9%)
22 (81.5%)
17 (65.4%)
2 (7.4%)
2 (7.4%)
13 (48.1%)
15 (55.6%)
25 (92.6%)
2 (7.4%)
0
11 (40.7%)
13 (48.1%)

Cement

Corrugated iron
Wood/Palm
Cement
Type offloor:
Tiles
Soil
Typeoflighting:
Electric
Kerosene
Owned
House ownership:
Rented
Shared with other family

Household utilities

Cooking in
Cooking fuel

Electricity

Piped water
Fridge
Radio
TV
Fan
Car
Motorbike
Bicycle
Separate room
Gas
Wood
Others

Smokerin the house
Animals in the house
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QFT-IT New cases
Negative Indeterminate
10
6

4 (1.6)
1 (1.5)
2.6 (0.8)
3 (30%)
1 (10%)
6 (60%)
4 (40%)
6 (60%)
0
10 (100%)
0
7 (70%)
2 (20%)
1 (10%)
10 (100%)
10 (100%)
9 (90%)
8 (80%)
8 (80%)
6 (60%)
3 (30%)
0
5 (50%)
6 (60%)
10 (100%)
0
0
5 (50%)
6 (60%)

4.8 (4.7)
1.3 (2.3)
1.7 (0.8)
3 (50%)
1 (16.7%)
2 (33.3%)
4 (66.7%)
1 (16.7%)
1 (16.7)
6 (100%)
0
4 (66.7%)
1 (16.7%)
1 (16.7%)
6 (100%)
5 (83.3%)
3 (50%)
5 (83.3%)
3 (50%)
2 (33.3%)
1 (16.7%)
0
2 (33.3%)
0
4 (66.7%)
1 (16.7%)
1 (16.7%)
4 (66.7%)
2 (33.3%)

0.9
0.9
0.2

0.4
0.4
0.05
0.8
0.3
0.4
0.2
0.5
0.8
0.04

0.3
0.6

B) Risk factors for positive QFT-IT in the adults receiving < 2months
treatment:

Table 1

Generalrisk factors of the patients

General characteristics of patients
Positive
5
42(11.7)
28 — 60
4/1 (80%)
5 (100%)
42
24 — 45
51.4 (6.0)
164.4 (5.2)
19.1 (2.8)
1 (20%)
4 (80%)
0
0
2 (40%)

Number

Mean(SD)age (years)
Range
Male/Female (% Male)
Treatment Status
Ongoing
Treatment delay (days)**
Median
IQR*
Weight (kg)
Height (cm)
Body massindex
Education level:
Illiterate
Primary school
Secondary school
Higher education
Employed
*Inter-quartile range

Table 2

QFT-IT <2 months
Negative Indeterminate
3
1
45.3 (16.7)
81 (0)
26 —55
81-81
3/0 (100%)
0/1 (0)
3 (100%)
1 (100%)
40
11
4— 43
11-11
55.7 G3)
35 (0)
166.3 (4.5)
160 (0)
20.1 (1.7)
13.7 (0)
1 (33.3%)
0
2 (66.7%)
1 (100%)
0
0
0
0
1 (33.3%)
0

P
0.3
0.1
0.4
0.2
0.3
02
0.8

0.7

Clinical risk factors of the patients

Clinical characteristics

QFT-IT < 2 months

Number
Patient had a history of:

Fever
Cough > 3 weeks
Wheezychest
Difficulty in breathing
Loss of appetite
Weight loss
Haemoptysis
Chest pain
Sputum smear grade
Scanty
+
++
+++
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Positive
5 (55.6%)

Negative
3 3.3%)

Indeterminate
1 (11.1%)

P

4 (80%)
4 (80%)
2 (40%)
4 (80%)
4 (80%)
5 (100%)
1 (20%)
3 (60%)
1 (20%)
0
3 (60%)
1 (20%)

3 (100%)
2 (66.7%)
1 (33.3%)
1 (33.3%)
2 (66.7%)
3 (100%)
1 (33.3%)
3 (100%)
1 (33.3%)
2 (6.7%)
0
0

1 (100%)
1 (100%)
0
1 (100%)
0
0
0
0
0
1 (100%)
0
0

0.6
0.8
0.7
0.3
0.3
0.01
0.8
0.2

Table 3

Household risk factors of the patients

Household characteristics

QFT-IT < 2 months

Positive
5

Numbers
Mean (SD) numberof:
Personsliving in the house
Children < 18 years old
Mean (SD) number of bedrooms
Type of Roof:
Cement
Corrugated iron
Wood/Palm
Type offloor:
Cement
Tiles
Soil
Electric
Kerosene
House ownership:
Owned
Rented
Shared with other family
Household utilities
Electricity
Piped water
Fridge
Radio
TV
Fan
Car
Motorbike
Bicycle
Cooking in
Separate room
Cooking fuel
Gas
Electricity
Wood
Others
Smoker in the house
Typeoflighting:

Animals in the house

Indeterminate
1

P value
0.7
0.7
0.07

3.8 (1.3)
1.2 (1.6)
1.8 (0.8)
2 (40%)
0
3 (60%)
3 (60%)
2 (40%)

5.3 (4.0)
1.7 (1.5)
2 (0)
0
0
3 (100%)
1 (33.3%)
2 (66.7%)

4 (0)
0
4 (0)
1 (100%)
0
0
0
1 (100%)

0
4 (80%)
1 (20%)
4 (80%)
0
1 (20%)
4 (80%)
4 (80%)
3 (60%)
4 (80%)
4 (80%)
1(20%)
1 (20%)
5 (100%)
1 (20%)
1 (20%)
4 (80%)
0
0
1 (20%)
2 (40%)

0
3 (100%)
0
2 (66.7%)
1 (33.3%)
0
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
3 (100%)
1 (33.3%)
3 (100%)
0
2 (66.7%)
3 (100%)
0
0
0
1 (333.3%)

0
1 (100%)
0
1 (100%)
0
0
1 (100%)
1 (100%)
1 (100%)
1 (100%)
1 (100%)
1 (100%)
1 (100%)
1 (100%)
1 (100%)
1 (100%)
1 (100%)
0
0
0
0

2 (40%)

266

Negative
a

1 (33.3%)

1 (100%)

0.6

0.6
0.6
0.4
0.6
0.6
0.06
0.3
0.1
0.2
0.6

0.7
0.5

C) Risk factors for positive QFT-IT in the adults receiving 2 — 6 months
treatment:

Table 1

Generalrisk factors of the patients

General characteristics of patients
Number

Mean(SD)age (years)
Range
Male/Female (% Male)
Treatment Status
Ongoing
Completed
Treatment delay (days)**
Median
Inter-quartile range (IQR)
Weight (kg)
Height (cm)
Body massindex
Education level:
Illiterate
Primary school
Secondary school
Higher education
Employed

Table 2

Positive
17 (77.3%)
34.6 (11.9)
18 —59
9/8 (52.9%)
16 (94.1%)
1 (5.9%)
ae.
13 —55
53.9 (11.9)
165.8 (6.2)
19.7 (4.5)
1 (5.9%)
11 (64.7%)
4 (23.5%)
1 (5.9%)
3 (17.6%)

QFT-IT 2 — 6months
Negative Indeterminate
5 (22.7%)
NA
44 (14.1)
22 —59
2/3 (40%)
5 (100%)
0
30
21-49
60.4 (9.5)
163.6 (7.2)
22.6 (3.1)
0
2 (40%)
3 (60%)
0
4 (80%

P
0.2
0.5
0.8
0.9
63
0.5
0.2

0.02

Clinical risk factors of the patients

Clinical characteristics

Number
Patient had a history of:

Fever
Cough > 3 weeks
Wheezychest
Difficulty in breathing
Loss of appetite
Weight loss
Haemoptysis
Chest pain
Sputum smear grade
Scanty
+
++
+++

Positive
17 (77.3%)
12 (70.6%)
17 (100%)
10 (58.8%)
13 (76.5 %)
14 (82.4%)
17 (100%)
10 (58.8%)
15 (88.2%)
5 (29.4%)
2 (11.8%)
6 (35.3%)
4 (23.5%)
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QFT-IT 2 — 6 months

Negative
5 (22.7%)

3 (60%)
5 (100%)
1 (20%)
2 (40%)
3 (60%)
4 (80%)
2 (40%)
3 (60%)
2 (40%)
1 (20%)
1 (20%)
1 (20%)

Indeterminate
NA

P
0.5
0.2
0.2
0.3
02
0.4
0.2

Household risk factors of the patients

Table 3

Household characteristics
Positive
17 (77.3%)

Numbers
Mean (SD) numberof:
Personsliving in the house
Children < 18 years old
Mean (SD) numberof bedrooms
Type of Roof:
Cement
Corrugated iron
Wood/Palm
Cement
Typeoffloor:
Tiles
Soil
Electric
Type oflighting:
Kerosene
Owned
House ownership:
Rented

5.8 (4.3)
1.7 (1.4)
2.2 (1.1)
2 (11.8%)
0
15 (88.2%)
9 (52.9%)
8 (47.1%)
0
17 (100%)
0
13 (81.3%)
2 (12.5%)
1 (6.3%
17 (100%)
17 (100%)
16 (94.1%)
15 (88.2%)
16 (94.1%)
8 (47.1%)
2 (11.8%)
4 (23.5%)
7 (41.2%)
6 (37.5%)
15 (93.8%)
0
1 (6.3%)
0
9 (52.9%)
7 (41.2%)

Shared with other family

Household utilities

Cooking in
Cooking fuel

Electricity
Piped water
Fridge
Radio
TV
Fan
Car
Motorbike
Bicycle
Separate room
Gas
Electricity
Wood
Others

Smokerin the house
Animals in the house
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QFT-IT 2 — 6 months
Negative Indeterminate
5 (22.7%)
NA

3.8 (2.6)
0.8 (1.8)
3.6 (2.9)
2 (40%)
0
3 (16.7%)
1 (20%)
4 (80%)
0
5 (100%)
0
4 (80%)
1 (20%)
0
5 (100%)
5 (100%)
4 (80%)
4 (80%)
4 (80%)
4 (80%)
3 (60%)
0
0
4 (80%)
5 (100%)
0
0
0
1 (20%)
2 (40%)

0.4
0.3
0.3

02
0.2

0.4
0.6
0.4
0.2
0.06
0.3
0.1
0.1
0.8
0.2
0.7

D) Risk factors for positive QFT-IT in the adults receiving 6 — 12 months
treatment

Table 1

Generalrisk factors of the patients

General characteristics of patients
Number

Mean(SD)age (years)
Range
Male/Female (% Male)
Treatment Status
Ongoing
Completed

Treatment delay (days)**

Education level:

Employed

Table 2

Median

IQR
Weight(kg)
Height (cm)
Body mass index
Illiterate
Primary school
Secondary school
Higher education

Positive
13
39.9 (14.6)
24 —- 69
7/6 (53.8%)
0
13 (100%)

30

9-60
58 (10.5)
156.9(29.70
21.5 (4.1)
2 (15.4%)
7 (53.8%)
3 (23.1%)
1 (7.7%)
5 (38.3%)

QFT-IT 6 — 12 months
Negative Indeterminate
8
NA
35.2 (7.9)
23 — 46
4/4 (50%)
0
8 (100%)

59.5

28 — 97
54.2 (9.4)
166.4 (4.0)
19.6 (3.4)
0
4 (50%)
4 (50%)
0
5 (62.5%)

P value
0.4
0.6

0.1
0.4
0.5
0.3

0.3

Clinical risk factors of the patients
QFT-IT 6 — 12 months

Clinical characteristics

Number
Patient had a history of:

Fever
Cough > 3 weeks
Wheezy chest
Difficulty in breathing
Loss of appetite
Weight loss
Haemoptysis
Chest pain
Sputum smear grade
Scanty
+
++
+++
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Positive
13

Negative
8

13 (100%)
13 (100%)
8 (61.5%)
7 (53.8%)
11 (84.6%)
11 (84.6%)
9 (69.2%)
11 (84.6%)
2 (15.4%)
10 (76.9%)
1 (7.7%)
0

5 (62.5%)
7 (87.5%)
6 (75%)
7 (87.5%)
6 (75%)
7 (87.5%)
2 (25%)
5 (62.5%)
1 (12.5%)
4 (50%)
1 (12.5%)
2 (25%)

Indeterminate
NA

P value
0.04
0.4
0.4
0.1
0.5
Ghat
0.06
0.3

Household risk factors of the patients

Table 3

Household characteristics

Positive
13

Numbers
Mean (SD) numberof:

5.1 (2.6)
1.7 (1.3)
2.3 (0.9)
2 (15.4%)
1 (7.7%)
10 (76.9%)
5 (38.5%)
8 (61.5%)
0
5 (38.5%)
8 (61.5%)
11 (84.6%)
2 (15.4%)
0
13 (100%)
12 (92.3%)
11 (84.6%)
13 (100%)
13 (100%)
11 (84.6%)
3 (23.1%)
1 (7.7%)
8 (61.5%)
6 (46.2%)
13 (100%)
0
0
0
6 (46.2%)
3 (23.1%)

Personsliving in the house

Children < 18 years old
Mean (SD) numberof bedrooms
Type of Roof:
Cement
Corrugated iron
Wood/Palm
Cement
Type of floor:
Tiles
Soil
Electric
Type oflighting:
Kerosene
Owned
House ownership:
Rented

Shared with other family
Household utilities
Electricity

Cooking in
Cooking fuel

Piped water
Fridge
Radio
TV
Fan
Car
Motorbike
Bicycle
Separate room
Gas
Electricity
Wood
Others

Smokerin the house
Animals in the house
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QFT-IT 6 — 12 months
Negative Indeterminate
NA
8

4.1 (1.6)
1.4 (1.5)
2 (1.2)
0
1 (12.5%)
7 (87.5%)
4 (50%)
4 (50%)
0
4 (50%)
4 (50%)
8 (100%)
0
0
8 (100%)
8 (100%)
8 (100%)
7 (87.5%)
8 (100%)
6 (75%)
1 (12.5%)
1 (12.5%)
6 (75%)
5 (62.5%)
8 (100%)
0
0
0
4 (50%)
4 (50%)

0.4
0.6
0.5

0.5
0.5

0.4

0.6
0.4
0.4
0.5
0.5
0.6
0.4
0.4

0.6
0.2

E) Risk factors for positive QFT-IT in the adults receiving > 12 months
treatment

Table 1

Generalrisk factors of the patients

General characteristics of patients
Positive
5
31(7.7)
23 — 42
4/1 (80%)
0
5 (100%)
33
30-122
57.6 (12.5)
171 (6.8)
19.5 (3.2)
1 (20%)
3 (60%)
0
1 (20%)
2(40%)

Number

Mean(SD)age (years)
Range
Male/Female (% Male)
Treatment Status
Ongoing
Completed
Treatment delay (days)**
Median
IQR
Weight (kg)
Height (cm)
Body massindex
Education level:
Illiterate
Primary school
Secondary school
Higher education
Employed

Table 2

QFT-IT >12 months
Negative Indeterminate
6
1
37.2 (1.42)
35 (0)
18—52
35 — 35
3/3 (50%)
1/0 (100%)
0
0
6 (100%)
1 (00%)
21
18
9 — 36
18-18
54.5 (4.6)
70 (0)
164.3 (4.5)
168 (0)
20.2 (1)
24.8 (0)
0
0
2 (33.3%)
1 (100%)
4 (66.7%)
0
0
0
2 (33.3%)
1 (100%)

P
0.7
0.4
0.4
0.2
0.1
0.3

0.5

Clinical risk factors of the patients

Clinical characteristics
Positive
5

Number
Patient had a history of:
Fever
Cough > 3 weeks
Wheezy chest
Difficulty in breathing
Loss of appetite
Weightloss
Haemoptysis
Chest pain
Sputum smear grade
Scanty
+
++
+++

4 (80%)
5 (100%)
3 (60%)
2 (40%)
4 (80%)
4 (80%)
2 (40%)
4 (80%)
0
0
4(80%)
1(20%)
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QFT-IT >12 months
Negative Indeterminate
6
1
5 (83.3%)
6 (100%)
4 (66.7%)
5 (83.3%)
6 (100%)
5 (83.3%)
3 (50%)
6 (100%)
0
233.3%)
2 (33.3%)
2 (33.3%)

1 (100%)
1 (100%)
0
1 (100%)
1 (100%)
1 (100%)
0
1 (100%)
0
1 (100%)
0
0

P
0.9
0.5
0.2
0.5
0.9
0.6
0.5

Table 3

Household risk factors of the patients

Household characteristics

QFT-IT > 12 months

Numbers
Mean (SD) numberof:
Personsliving in the house
Children < 18 years old
Mean (SD) numberof bedrooms
Type of Roof:
Cement
Corrugated iron
Wood/Palm

Typeof floor:

Typeoflighting:
Kerosene
House ownership:

Cement

Positive
5

Negative
6

Indeterminate
1

P

3.6 (1.5)
1.2 (0.8)
1.8 (0.8)
2 (40%)
0
3 (60%)

6.7 (2.3)
1.8 (1.7)
2.3 (0.8)
1 (16.7%)
0
5 (83.3%)

2 (0)
0
1 (0)
0
0
1 (100%)

0.04
0.5
0.3

4 (66.7%)
0
6 (100%)
0
5 (83.3%)
1 (16.7%)
0
6 (100%)
6 (100%)
6 (100%)
4 (66.7%)
6 (100%)
6 (100%)
4 (66.7%)
1 (16.7%)
3 (50%)
4 (66.7%)
6 (100%)
0
0
0
3 (50%)
4 (66.7%)

1 (100%)
0
1 (100%)
0
0
1 (100%)
0
1 (100%)
1 (100%)
1 (100%)
1 (100%)
1 (100%)
1 (100%)
0
1 (100%)
0
0
1 (100%)
0
0
0
0
1 (100%)

0:5

3 (60%)

Tiles
Soil
Electric

2 (40%)
0
5 (100%)
0
4 (80%)
1 (20%)
0
4 (80%)
5 (100%)
3 (60%)
5 (100%)
5 (100%)
2 (40%)
1 (20%)
0
2 (40%)
4 (80%)
4 (80%)
1 (20%)
0
0
2 (40%)
2 (40%)

Owned
Rented
Shared with other family
Household utilities
Electricity
Piped water
Fridge
Radio
TV
Fan
Car
Motorbike
Bicycle
Cooking in
Separate room
Cooking fuel
Gas
Electricity
Wood
Others
Smoker in the house
Animals in the house

Zl

2 (33.3%)

0

0.6

0.2
0.5
0.2
0.3
0.06
0.2
0.05
0.6
0.3
0.5

0.6
0.5
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positive QFT-IT (medians 1434 pg/mL in Brazil and 1402 pg/mL in
Nepal) and lowest in children with both negative TST and negative
QFT-IT (medians 206 pg/mL in Brazil and 81 pg/mL in Nepal).
Children with negative TST and positive QFT-IT had higher IP-10
concentrations than children with positive TST but negative QFT-IT.
Conclusions: IP-10 is a potential marker to identify latent TB
infections that is expressed in large quantities and with good agreement with QFT-IT. The reasons for the discrepant results observed
are discussed.
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hildren in contact with adults with pulmonary tuberculosis (TB) are at high risk of infection and disease
progression. Upto half of infected infants and 15% of older
children develop active TB, most within 2 years of infection.
The timely detection of latent TB infections (LTBI) and the
provision of chemoprophylaxis therefore are critical to reduce
the risk of disease progression in this vulnerable population.
For many years, the tuberculin skin test (TST) was the main
diagnostic test used for the identification of LTBI. Although
this method has reasonable performance in somesettings,'
often children receiving bacillus calmette-guérin (BCG) after
birth or infected with nontuberculous mycobacteria have false
positive indurations' and children with intercurrent serious
ailments such as measles, malnutrition, or immune suppression have false negative reactions.°° In vitro T-cell-based
interferon gamma release assays (IGRAs) have recently become available as alternative or complementary tests to the
TST. These tests use Mycobacterium tuberculosis complex
specific antigens to elicit the release of interferon gamma
(INF-y) by T cells that have beensensitized by a previous TB
infection. Although it is often suggested that the IGRAs
detect LTBI more accurately than TST,* the lack of a standard for LTBI has hampered the assessment of their sensitivity and specificity.
IGRAs have used varying combinations of M. tuberculosis antigens since their initial development.” For example,
earlier versions of the assays used single antigens (eg, Early
Secretory Antigenic Target-6; ESAT-6) and more recent
formulations have used a combination of antigens, with a
reported increase inthe sensitivity ofthe tests, suggesting that
further antigen combinations may continue to optimize their
performance.
Current IGRAs are solely based on the detection of
INF-y, even though the complex immunologic interactions
elicited after infection results in the expression of a large
number of other pro- and anti-inflammatory cytokines.°”
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There are thus other markers that may be expressed by the
same or different cell lines, and these could have added value
or potential to replace the measurement of INF-y in the
identification of LTBI. The last few years has seen anintensive search for new biomarkers for the diagnosis of infection,
and especially of markers that could distinguish recent from
past infections or latent from active disease.*” Recent reports
suggest that baseline and antigen-induced concentrations of
the INF-y-induced protein LO (IP-10, also known as the
Chemokine (C-X-C motif) ligand 10 or CXCL10) are poten-

tial markers of TB infection.'°'' Several observations have

previously suggested that IP-10 is involved in TB. High
concentrations of IP-10 were detected in delayed type hypersensitivity reaction to PPD,'* in lymph node and lung TB
granulomas,'* and in serum and supernatant of bronchioal-

veolar lavage of TB patients compared with controls.'*'°

Although the expression of IP-10 has good agreement with
the expression of INF-y, the concentrations elicited are of a
higher magnitude; therefore, IP-10 might be useful in individuals whose lymphocytes have impaired INF-y responses,
potentially improving the yield of IGRAs.'°
This study reports the in vitro IP-10 concentrations in
the supernatant of unstimulated and antigen-stimulated blood
of children recently exposed to adults with smear-positive TB
in Brazil and Nepal and describes howthese concentrations
vary with the TST and INF-y responses.

MATERIALS AND METHODS

The study comprised 2 cross-sectional surveys, one
conducted in Kathmandu, Nepal and one in Aracaju, northeast Brazil. The studies used the same study protocol. Adults
attending health services with a history of cough for more
than 3 weeks duration were invited to participate if they had
smear-positive TB and at least 1 child at home. Adults were
classified as having scanty, +, ++, and +++ acid fast
bacilli (AFB) (http:/(www.who.int/tb/dots/laboratory/policy/
en/index.html) in sputum and adults with at least | smear
with = scanty AFB were enrolled in both settings. Households were defined as all the individuals residing under a
single roof who shared most of the meals. Only children 0—I5
years old were enrolled and those with a history of previous
treatment for active PTB were excluded. Children were
examined for the presence of a BCG scar, signs, and symptoms suggestive of TB and weretested with TST using 2 units
of purified protein derivative (PPD RT 23, Statens Serum
Institute, Copenhagen, Denmark) using the Mantoux method.
Indurations were measured independently by 2 trained research assistants using the palpation method 48 to 72 hours
later and discrepant readings were resolved by remeasuring
the induration to reach a consensus. TST indurations were
graded as negative (<5 mm), intermediate (=5 and <10 mm)
and positive (=10 mm). Children with positive responses
were referred for prophylaxis in Brazil or given medical
advice in Nepal, as preventive chemotherapy is not provided
in the latter setting.
IFN-y concentrations were measured using QuantiFERON-TB Gold In-Tube (QFT-IT) (Cellestis, Victoria,
Australia). Briefly, 3 mL of blood were drawn from each
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child before the application of the TST and divided into 3
collection tubes of | mL each. One tube contains overlapping
peptides from TB-specific antigens (ESAT-6, CFPLO, and
TB7-7), | is blank (nil), and | contains nonspecific mitogen

(phytohemagglutinin). The third tube with mitogen was incorporated into the assay in recent months (as positive control) and only the samples collected in Nepal were tested with
this tube. The tubes were incubated at 37°C for 16-24 hours
and centrifuged. Supernatant plasma was then harvested,
divided into cryotubes and stored at —70°C. IFN-y was
measured by the manufacturer’s enzyme-linked immunosorbent assay using a Bio-Rad Plate reader (Model n 550) and
read at 450 nm. Results were classified as positive, negative,
or indeterminate using the manufacturer’s software.
IP-10 concentrations were measured using one of the
aliquots of the supernatant obtained with the QFT-IT and
using a Human IP-10 enzyme-linked immunosorbent assay
Construction Kit (Antigenix America Inc, New York, NY).
IP-10 concentrations were expressed in pg/mL and samples
with values outside the upper limit of the standard curve were
diluted and remeasured.
Data analysis was undertaken using EpiInfo and
Minitab. Continuous variables were analyzed using parametric statistics to compare means if normally distributed or
nonparametric statistics to compare medians if not normally
distributed. Categorical variables were analyzed using y” test
or Fisher exact test as appropriate. The agreement of categorical diagnostic tests and discrepancies between TST and
QFT were analyzed using Kappa statistics. Statistical tests
results were deemed significant if P values were <0.05.
The study protocols for both studies were approved by
the Research Ethics Committee of the Liverpool School of
Tropical Medicine, Sergipe University Ethics Committee in
Brazil, and Nepal’s Health Research Council Institutional
ReviewBoard, respectively.

RESULTS

A total of 259 children, 146 in Nepal and 113 in Brazil,
were included. A summary of their characteristics is described in Table |. Sixty-seven (46%) and 55 (49%) of the
children in Nepal and Brazil were male and their mean (SD)
age was 8.5 (3.8) and 8.4 (4) years, respectively. Most
children had received BCG in both settings. Children had
similar characteristics in the 2 settings, with the exception that
children in Nepal were more likely to be exposed to adults with
high AFB counts in sputum and to spend less time in contact
with the index cases than in Brazil (P < 0.001 for both).
Sixty-five (45%), 4 (3%), and 77 (53%) children in

Nepal had negative, intermediate, and positive TST responses, compared with 76 (67%), 2 (2%), and 35 (31%)in
Brazil, respectively (P = 0.001). Similarly, 71 (49%), 5 (3%),

and 70 (48%) children in Nepal had negative, indeterminate,
and positive QFT-IT responses, compared with 65 (57%)
negative, | (1%) indeterminate, and 47 (42%) positive
QFT-IT responses in Brazil (P = 0.2).
IP-10 responses in antigen-stimulated, nonstimulated,
and mitogen-stimulated supernatants are shownin Figure 1.
Nonstimulated plasma concentrations had a median of 53
©2008 Lippincott Williams & Wilkins
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TABLE 1.

Characteristics of the Children

Variable
Male/female (%M)
Age (mo)
Mean (SD)
Range
Age groups, N (%)
<2 yr

Brazil N = 113

Nepal N = 146

P

55/58 (48.7)

67/79 (46)

NS

101 (45.5)
12-180

102 (49)
2-180

NS

8(7)

3-5 yr
6-10 yr
11-15 yr
Received BCG
vaccination,
Y/N (%Y)
Missing data, N (%)
BCG scar, Y/N (% Y)
Size of BCG scar
Mean (SD)

12 (8.2)

22 (19.5)
45 (39.8)
38 (33.6)
1138/0

28
51
55
137/2

0
111/2 (98.2)

7 (4.8)
109/37 (74.7)

6.7 (2.5)

Range

6 (2.43)

3-12

Smearstatus of
index

Scanty
+
++
+++
Timespent with the

10
40
49
14

(19.2)
(35)
(37.7)
(94)

1-15

(8.8)
(35.4)
(43.4)
(12.4)

9
36
40
60

(6)
(25)
(27.6)
(41.4)

NS

NS

<0.001
NS

<0.001

Latent Tuberculosis

IP-10 concentrations varied with TST and QFT-IT
responses. In both settings, children with positive TST responses had higher antigen-stimulated IP-10 concentrations
(medians 1189 pg/mL and 1384 pg/mL in Nepal and Brazil)
than children with negative (medians 85 pg/mL and 283
pg/mL) or intermediate TST responses (medians 80 pg/mL
and 511 pg/mL), respectively (P < 0.001 for both, Fig. 2A).
Similarly, antigen-stimulated IP-10 concentrations were
higher among children with positive QFT-IT responses (medians 1316 pg/mL and 1446 pg/mL in Nepal and Brazil,
respectively) than among children with negative (medians 85
pg/mL and 208 pg/mL) and indeterminate QFT-IT (medians
215 pg/mL and 437 pg/mL), as shown in Figure 2B (P <
0.001 for both). Antigen-stimulated IP-10 concentrations of
children with both negative TST and QFT-IT responses were
lower in Nepal than in Brazil (P < 0.001).
After exclusion of children with indeterminate QFT-IT
or intermediate TST responses (9 in Nepal and 3 in Brazil),
63 (56%) children in Brazil and 58 (40%) in Nepal were both
TST and QFT-IT negative; 33 (29%) and 65 (45%) were both
TST and QFT-IT positive; 2 (2%) and 9 (6%) were TST

index case,

h/wk
Mean (SD)

119.8 (18)

Range

76.3 (40)

42-168

Timesince the start

of exposure (wk)

Mean (SD)

7-168

34 (22.4)

<0.001
a

18 (16.5)

Brazil

50004

<0.001

Nepal

NSindicates not significant; SD, standard deviation; BCG,bacillus calmette-guerin.
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FIGURE 1. IP-10 (pg/mL) concentrations in stimulated (Ag),
unstimulated (Nil), and mitogen-stimulated (Mit) samples in
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pg/mL (range, 13-891 pg/mL) in Nepal and 172 pg/mL
(range, 0-2160 pg/mL) in Brazil (P < 0.001). Antigenstimulated samples had higher concentrations with medians
of 229 pg/mL (range, 0-4487 pg/mL) in Nepal and
529pg/mL (range, 0 pg/mL—3385 pg/mL) in Brazil, and
concentrations were not statistically different for the two
study sites (P = 0.2). Mitogen-stimulated concentrations in
Nepal were even higher than antigen-stimulated concentrations with a median of 1333 pg/mL (range, 0—2160 pg/mL).
©2008 Lippincott Williams & Wilkins
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FIGURE 2. IP-10 (pg/mL) concentrations in antigen-stimu-

lated samples by (a) TST and (b) QFT-IT responsesin Brazil

and Nepal. Box plots describe medians, interquartile values,
and range. Asterisks depict outliers (Pos indicates positive;
Neg, negative; Int, intermediate; Ind, indeterminate).
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FIGURE 3. Dotplots of IP-10 (pg/mL) concentrations in antigen-stimulated samples by TST and QFT-IT concordance ordiscordance in Brazil and Nepal.

positive and QFT-IT negative; and 12 (11%) and 5 (3%)
children were TST negative but QFT-IT positive, respectively. The agreement betweenthe tests was 87%in Brazil
and 90% in Nepal (Kappa 0.73 and 0.80, respectively).
IP-10 responses varied in children with concordant and
discordant TST and QFT-IT, as shownin Figure 3. Concentrations were higherin children with concordant positive TST
and QFT-IT (medians 1434 pg/mL and 1402 pg/mL in Brazil
and Nepal, respectively) and lowest in children with concordant negative TST and QFT-IT (medians 206 pg/mL and 81
pg/mL in Brazil and Nepal, P < 0.001 for both). Concentrations among children with discordant TST/QFT-IT however
varied across the study sites. Children with negative TST but
positive QFT-IT had intermediate IP-10 concentrations and
were higher in Brazil than in Nepal.

DISCUSSION

This study describes the expression of IP-10 concentrations of antigen-stimulated and un-stimulated blood cells
when incubated with M. tuberculosis specific antigens
(ESAT-6, CFP-10, and TB7.7) in 2 populations of childrenin
contact with adults with smear-positive TB and how these
concentrations vary with INF-y and TST responses.
Despite the 2 geographic settings, the study populations
were remarkably similar with very fewstatistically significant
differences. Among these, the adult index cases in Nepal had
high (+++) AFB grades more frequently than in Brazil,
suggesting that patients in Nepal may seek medical attention
at more advanced stages of the disease. As patients with
higher AFB counts are known to be more infectious than
patients with scanty or smear-negative TB, this may explain
whychildren in Nepal had a higher frequency of positive TST
responses. Despite these differences, the concordance of TST
and QFT-IT in both settings was high (Kappa 0.73 in Brazil
and 0.80 in Nepal), with only about 10% of the TST and
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QFT-IT tests being discordant, possibly reflecting that the
transmission within the household was high in bothsettings.
The IP-10 concentrations in antigen-stimulated supernatants were higher than in nonstimulated samples in both
settings. Although the IP-10 concentrations in nonstimulated
samples were higher in Brazil than in Nepal (P < 0.001), the
concentrations observed after stimulation were similar in the
2 settings, suggesting that the capacity of the cells to respond
to the antigens was high, regardless of the background concentration. The antigen-stimulated IP-10 concentrations varied between children with concordant and discordant TST
and QFT-IT, with higher concentrations in children with
concordant positive and lower in children with concordant
negative TST and QFT-IT responses. Although only a small
numberof children had discordant TST and QFT-IT assays,
children with negative TST and positive QFT-IT seemed to
have higher [P-10 concentrations than children with positive
TST but negative QFT-IT. It is difficult to interpret these
differences with the lack of a suitable number of samples and
a reference standard for LTBI. If these differences are true,

they could be because of differences in the populations or the
biologic characteristics of the responses. For example, although children in both settings had been in contact with
adults with TB, it is not possible to ascertain the precise time
of the infection and is likely that these infections occurred
within a wide range of days to months before the study.
Althoughit is well known that TST responses require several
weeks to becomepositive and that they are stable once they
becomepositive, INF-y responses are less well characterized
over time. QFT-IT responses may become negative with
time!®!” or treatment'®:'? and IP-10 responses mayalso vary
over time.'' Hypothetically, children with positive QFT-IT
and negative TST may have hadrecent infections that did not
have sufficient time for TST conversion (the mean time since
the start of exposure was 18 weeks in Brazil versus 34 weeks
©2008 Lippincott Williams & Wilkins
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in Nepal, P < 0.001), while children with positive TST but

involved in delayed-type hypersensitivity,'* including lym-

phocytes, monocytes, fibroblasts, and endothelial cells. If
these responses truly represented LTBI, IP-10 could be an
adjunct marker to TST and QFT-IT. It acts in the inflammatory
foci as a potent chemoattractant to monocytes andactivated T,,1
lymphocytes,” promoting selective enhancement of ThI responses and increased IFN-y gene expression.”!
In summary, this study describes the M. tuberculosisspecific release of IP-10 and that this is a potential markerfor
the identification of LTBI in children. The good agreement
with the INF-y (as expressed in the QFT-IT assay) and/or
TST and the large amounts expressed, have the potential to
develop lowtechnology tests that may be suitable for low and
middle income countries. The observation that some children
with negative TST and QFT-IT havepositive IP-10 responses
needs to be further explored to characterize the significance
of these responses. Further studies to characterize IP-10
responsesin other populations, its natural evolution overtime
and whether IP10 responses are predictive of disease progression in high and lowincidencesettings should be encouraged.
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