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ORIGINAL ARTICLE

Tuberculosis

Modelling the cost-effectiveness of strategies to
prevent tuberculosis in child contacts in

a high-burden setting

Anna M Mandalakas,'*® Anneke C Hesseling,® Robert P Gie,® H S Schaaf,?

Ben J Marais,*® Edina Sinanovic®

ABSTRACT

Background \WWHO recommends isoniazid preventive
therapy (IPT) for young children in close contact with an
infectious tuberculosis (TB) case. No models have
examined the cost effectiveness of this recommendation.
Methods A decision analysis model was developed to
estimate health and economic outcomes of five TB infection
screening strategies in young household contacts. In the
no-testing strategy, children received IPT based on age and
reported exposure. Other strategies included testing for
infection with a tuberculin skin test (TST), interferon
release assay (IGRA) or IGRA after TST. Markov modelling
included age-specific disease states and probabilities while
considering risk of re-infection in a high-burden country.
Results Among the 0—2-year-old cohort, the no-testing
strategy was most cost effective. The discounted societal
cost of care per life year saved ranged from US$237 (no-
testing) to US$538 (IGRA only testing). Among the 3—5-
year-old cohort, strategies employing an IGRA after

a negative TST were most effective, but were associated
with significant incremental cost (incremental cost-
effectiveness ratio >US$233 000), depending on the rate
of Mycobacterium tuberculosis infection.

Conclusion Screening for M tuberculosis infection and
provision of IPT in young children is a highly cost-effective
intervention. Screening without testing for M tuberculosis
infection is the most cost-effective strategy in 0—2-
year-old children and the preferred strategy in 3—5-
year-old children. Lack of testing capacity should therefore
not be a barrier to IPT delivery. These findings highlight the
cost effectiveness of contact tracing and IPT delivery in
young children exposed to TB in high-burden countries.

WHO estimates that 2 billion people are infected
with Mycobacterium tuberculosis. This reservoir of
infected people, together with ongoing exposure in
areas with poor tuberculosis (ITB) control, lead to
9 million new TB cases and 2 million deaths an-
nually. Children carry 15% of the global disease
burden, leading to approximately 1 million cases of
childhood TB annually. Young children are at dis-
proportionately high risk of primary disease pro-
gression and development of disseminated disease in
the absence of isoniazid preventive therapy (IPT)."
Early and accurate identification of children infected
with M tuberculosis could guide targeted delivery of
IPT and improve its cost effectiveness while ulti-
mately preventing TB disease in many children.
There is no gold standard for detecting M tuber-
culosis infection. The tuberculin skin test (TST) has

What is the key question?

» What is the most cost-effective strategy to
prevent tuberculosis (TB) in child contacts in
high-burden settings?

What is the bottom line?

» Screening without testing for Mycobacterium
tuberculosis infection is the most cost-effective
strategy in 0—2-year-old children and the
preferred strategy in 3—5-year-old children.

Why read on?

» Although WHO recommends isoniazid preven-
tive therapy for children younger than 5 years of
age who are in close contact with an infectious
TB case, no previous models have examined the
cost effectiveness of this recommendation.

limited sensitivity and specificity. The identifica-
tion of genes in the A ruberculosis genome that are
absent from Mycobacterium bovis bacillus Calmette-
Guérin (BCG)? and most non-tuberculous myco-
bacteria® supported the development of more
specific assays that quantify the in vitro production
of interferon y by T cells after stimulation with /]
tuberculosis-specific antigens. In children, the speci-
ficity of interferon 7y release assays (IGRAs) for TB
disease detection is estimated to be 91% for
the ELISA-based QuantiFERON (QTF Cellestis,
Australia) assays and 94% for the enzyme-linked
immunosorbent spot based T-SPOT.TB (Oxford
Immunotec, Oxford, UK), compared with 88% for
the TST* Estimates of test sensitivity for detection
of TB disease in children are similar: 83% (QTF),
84% (T-SPOT.TB) and 84% (TST).*

Although a systematic review of primarily adult
studies found IPT to reduce incident TB by 60%,” a
randomised control trial of IPT demonstrated 75%
efficacy in non-compliant adults versus 93% efficacy
in compliant adults.® Limited paediatric data indi-
cate that IPT efficacy is greater than 90% given good
adherence,” © but consistently demonstrate low IPT
usage rates in children from high-burden settings,
resulting in missed opportunities to prevent TB.7~!!
In South Africa, IPT uptake ranges from 21% in
the routine healthcare setting'' to 73% in clinical
research settings'?; adherence is approximately
24%."* Among South African children hospitalised
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for TB, missed opportunities for IPT occur in up to 64% of young
children.'®

WHO recommends IPT for children younger than 5 years of
age who are in close contact with an infectious TB case.'* Despite
longstanding guidelines recommending contact screening and IPT
for these child contacts, no models have examined the cost ef-
fectiveness of these recommendations. Using probability and cost
estimates derived from the existing literature, we developed a
decision analysis model to estimate health and economic out-
comes of five M tuberculosis infection screening strategies used in
young, HIV-negative South African household contacts. Markov
modelling was used to describe paediatric age-specific disease
states and probabilities while considering a high annual risk of TB
infection (ARI).

METHODS

Study design

A decision analysis model was developed using TreeAge ProTM
(TreeAge Software Inc, Williamstown, Massachusetts, USA) to

Table 1 Estimates of the probability of events in the model

examine the impact of household contact tracing with subse-
quent screening for M tuberculosis infection and provision of IPT
in the context of a middle-income country with an exceptionally
high ARI. We estimated the childhood costs and mortality of
five screening strategies for M tuberculosis infection. All screening
strategies initially evaluated children for TB disease. Subsequently,
four screening strategies tested children without TB for M ruber-
culosis infection with TST, single IGRA, positive TST followed by
IGRA to maximise specificity, or negative TST followed by IGRA
to maximise sensitivity. Commercially available IGRAs were
considered. One screening strategy did not test for M tuberculosis
infection. Model outcomes were compared using incremental
cost-effectiveness ratios (ICERs), which provide a measure of the
additional cost per extra unit of effect for each option under
comparison. In our model, ICERs measure the additional cost
per life year saved (US$/LYS) for each of the strategies being
compared. Cost-effectiveness analysis was prospectively under-
taken from provider and societal perspectives. In the base case,
costs and outcomes were discounted at the standard rate of 3%."?

Probability % (range) Reference
Prevalence of Mycobacterium tuberculosis infection in 0—2-year-old cohort: 28 (8—48) 19-21
child household TB contacts 3—5-year-old cohort: 40 (23—62)
Probability of test positivity in the study setting 0—2 years—TST: 31.2 (22.2—41.5), 22*
TSPOT: 32.6 (23.2—43.2), QTF: 33.7
(24.0—44.5)
3—5 years—TST: 39.8 (29.8—50.5),
TSPOT: 39.1 (28.8—50.0), QTF: 43.0
(32.4—54.2)
TSTt 23
Sensitivity+ 84 (75—93)
Specificity+ 88 (62—100)
Sensitivity in LMIC 70 (45—94)
Specificity in LMIC 93 (77—100)
QTF assays 23
Sensitivity+ 83 (75—92)
Specificity 91 (78—100)
Sensitivity in LMIC 58 (28—87)
Specificity in LMIC 94 (71-100)
T-SPOT 23
Sensitivity+ 84 (63—100)
Specificity 94 (87—100)
Sensitivity in LMIC 77 (23—100)
Specificity in LMIC 93 (83—100)
Child referred for IPT (referral) 75 12,24
Child begins IPT (uptake) 75 12,24
Child completes IPT (adherence) 24 (10—80) 10,12,24,25
IPT treatment efficacy 70 (50—90) 5—8,26,27
Development of disease given M tuberculosis infection Age Pulmonary Disseminated 1
in the absence of IPT <2 35 (30—40) 15 (10—20)
2 15 (10—20) 3.5 (2-5)
3-5 5 (5—5) 0.5 (0.5—0.5)
6—10 2 (2-2) 0.25 (0.25—0.25)
>10 15 (10—20) 0.25 (0.25—0.25)
Development of death given active TB disease Age Pulmonary Disseminated 13,28,29
<3 5 (2—-8) 10 (5—15)
3-5 1(0.5-2) 4 (2—6)
>6 0.5 (0.2-0.7) 2(1-3)
ARI 4 (2—6) 30
Dying from other causes South African 2003 life tables 31

*Data derived from study employing the Quantiferon-Gold In-tube version of QFN.
1Data derived from studies considering a TST to be positive if induration was =10 mm.

$Pediatric specific data from high, middle and low income countries used for base-case model.

ARI, annual risk of infection; IPT, isoniazid preventive therapy; LMIC, low middle income country (as defined by the World Bank Index); QTF, QuantiFERON; TB, tuberculosis; TSPOT, T-SPOT.TB;

TST, tuberculin skin test.
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The majority of model parameters and assumptions were derived
from published data obtained in high-burden settings. Extensive
evidence supports the assumption that isoniazid-related adverse
events are negligible in children® 2 197 (table 1 and box 1).

Model structure

The model assumed that the routine TB control programme
conducts contact tracing to identify children in recent household
contact with an infectious (smear/culture-positive) case of TB.
Identified children then participated in one of five M tuberculosis
infection screening strategies (figure 1). For the four strategies
that involved testing, we first modelled the probability of having
a positive test of A tuberculosis infection followed by the prob-
ability of test accuracy. For children in whom M ruberculosis
infection was detected, we modelled the probability of IPT
uptake and adherence. For base-case children who proceeded
through the no-testing strategy, we immediately modelled the
probability of IPT uptake and adherence. Once children com-
pleted screening, Markov modelling considered IPT effectiveness,
re-infection and subsequent disease, and mortality in children
who did and did not receive IPT (figure 1). Risk of re-infection
was based on ARI and supports the model to consider future risk
of disease. Hence, our model simulates typical policy in a high-
burden setting where IPT is only offered to children younger
than 5 years of age and typical practice where children generally
receive IPT once despite recurrent exposure.

Data

Characteristics of simulated children

The initial cohorts consisted of 10000 simulated children in
recent household contact with an infectious case of TB. Simu-
lated children who did not have TB disease or HIV infection at
the time of initial screening progressed through the model.*
Since rates of M tuberculosis infection and disease progression
vary according to age,' the model was run for two age cohorts:
children 0—2 years or 3—5 years of age.

Transition probabilities
For all strategies, we first modelled the probability of A tuber-
culosis infection in children given documented household TB

exposure while considering age'”™?!' (table 1). For the testing
strategies, we then considered the presence of true M ruberculosis
infection given a positive test (positive predictive values) and
absence of M tuberculosis infection given a negative test (negative
predictive value). These values were derived from robust esti-
mates of sensitivity and specificity based on paediatric studies
in countries of varying income.” For children who progressed
through screening strategies involving testing, only children with
positive tests were eligible for IPT. In the no-testing strategy, all
children were eligible for IPT.'* For all strategies, the model
considered the probability of IPT referral (75%), uptake (75%) and
adherence (24%).'* 12 24

Markov modelling

Our Markov model included seven health states: no infection,
initial infection, subsequent infection due to future exposures,
pulmonary TB, disseminated TB, TB death and death from other
causes. Initial health state probabilities were varied based on
M tuberculosis infection and IPT completion rates. The subse-
quent transition between health states varied according to the
child’s ARL* age-adjusted risk of all-cause mortality after
the perinatal period,®! and risk of disease progression in the absence
of IPT! 18 20 28 32 (table 1). Our model therefore evaluates the
impact of offering one course of IPT to children who survived the
perinatal period, experienced household TB exposure, were iden-
tified through contact tracing, and had a high risk of re-exposure
over 15 subsequent years. The model assumes that the protective
effect of IPT is limited to the initial exposure and employs cycles of
6 months’ duration simulating the length of IPT used in South
Africa (figure 2).

Costs

An ingredients-based costing methodology was used in which
quantities of resources were multiplied by their respective unit costs
to obtain total costs. We considered provider costs associated with
screening to exclude active TB (tests for infection, chest radiography
and culture), HIV testing, outpatient and inpatient visits, labora-
tory tests, procedures in children with pulmonary and disseminated
TB, IPT and TB drugs. Although inconsistent with current WHO
guidelines, routine chest radiography screening for all contacts was

Box 1 Assumptions used in the model

» When used as a confirmatory test following an accurate tuberculin skin test (TST), the interferon y release assay (IGRA) is 100%

sensitive and 100% specific.
» Test properties do not vary by age.

v

The TST testing strategy requires two tuberculosis (TB) clinic visits. The IGRA and TST following IGRA testing strategies require two

clinic visits and one outpatient laboratory visit to complete phlebotomy as IGRA testing is typically only available at peripheral laboratory

settings.

vvyyvyy

re-infected.

Isoniazid preventive therapy (IPT) uptake and adherence do not vary across age groups.

The duration of protection offered by a 6-month course of IPT is limited to the initial exposure and for the duration of treatment only.
Following Mycobacterium tuberculosis infection and completion of IPT, children remain M tuberculosis infected.

Following the initial exposure, children cannot progress from the M tuberculosis infection state to active disease states unless they are

» Children with a history of household TB exposure have the same subsequent annual risk of infection as calculated by formal surveys in

the setting.

» Children can only progress to the TB death state from the pulmonary or disseminated TB states. The disseminated disease state includes

TB meningitis and other forms of non-pulmonary TB.

» Children have the same risk of disease progression following each subsequent TB exposure.

v

Isoniazid-related adverse events are negligible in children.

8 12 16—18

» The cost of IGRA testing assumes that specimens are processed in batches.
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Figure 1

Decision tree (excluding null branches and IPT decision nodes). For simplicity, we present a version of the decision tree in which we have

excluded null pathway branches and sequential IPT decision nodes related to IPT referral, uptake and adherence. IGRA, interferon vy release assay; IPT,
isoniazid preventive therapy; LTBI, latent tuberculosis infection; NPV, negative predictive value; PPV, positive predictive value; TST, tuberculin skin test.

included in our model as this is recommended by many national
TB control programmes, including that of South Africa (table 2).
We did not include costs of IPT adverse reactions because these
are rare in children® ? 167 Since they are not available in the
South African public health sector, test costs were based on realistic
manufacturer’s pricing (Serum Statens Institute, Copenhagen,
Denmark for TST; Oxford Immunotec for T-SPOT.TB) and pricing
from the Foundation for Innovative New Diagnostics (Geneva,
Switzerland for QTF). Unit costs for testing included the costs of
tests and labour provided by the South African National Health
Laboratory Services (NHLS). Cape Town City Health provided unit

costs of IPT and other TB drugs. Laboratory costs for TB testing
were obtained from NHLS. Unit costs for inpatient and outpatient
visits and patient costs were derived from previously published
data.®® These cost data were adjusted for length of visit, inflated to
2009 values and then converted to US$ at the average 2009
exchange rate. Costs to the patient included time travelling and
waiting to receive care, and transport costs.

Sensitivity analysis
We performed one-way sensitivity analyses, varying key para-
meters over a range of reasonable values to evaluate the impact
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Figure 2 Markov model: health states and possible transitions
between states. Initial probabilities were varied to model the progression
of three subgroups through the Markov models. Among children with
LTBI who completed IPT, all children begin the Markov model in the LTBI
state; subsequent transitional probabilities are adjusted to consider the
protective efficacy of IPT. Among children with LTBI who do not
complete IPT, all children begin the Markov model in the LTBI state;
subsequent transitional probabilities reflect the natural history of TB
disease. Among children without LTBI, 98% of children begin the Markov
model in the no infection state and 2% begin the Markov model in the
LTBI state, reflecting an annual risk of infection of 4. IPT, isoniazid
preventive therapy; LTBI, latent tuberculosis infection; TB, tuberculosis.

of data uncertainties and determine the robustness of conclu-
sions. For each IGRA within each age cohort, key parameters
included test property estimates, test properties stratified by
World Bank income status, and latent TB infection (LTBI) pre-
valence (table 1). Sensitivity analysis of test properties compared
model outcomes when using the lowest and highest estimates of
sensitivity and specificity for each test while holding the per-
formance of the other tests constant. Sensitivity analysis of test
properties stratified by World Bank income status, serving as a
surrogate measure of ARI* simultaneously considered the lowest
or highest estimates of sensitivity and specificity of all tests and
assessed model generalisability.

RESULTS

Base-case scenarios

Cost effectiveness was measured as the cost of care included in
the model (ie, all diagnostic tests and appropriate treatment) per

Tuberculosis

LYS. For the 0—2-year-old cohort, the discounted societal cost of
care per LYS (ie, the cost effectiveness) was US$237 for no
testing, US$369 for TST, US$411 for QFT after positive TST, US
$439 for QFT after negative TST, and US$495 for QFT only.
Discounted LYS per child screened over 15 years varied among
the five screening strategies considered in the QFT model and
ranged from 9.51 (QFT after positive TST) to 10.43 (no testing);
undiscounted LYS were slightly higher (11.88—13.05) (table 3).
A strategy was considered dominant if it cost less but generated
a greater effect than all other strategies. For example, the no-
testing strategy saved more life years and cost less than all other
strategies from the societal and provider perspective. Hence, the
no-testing strategy dominated all other strategies. The results
obtained using properties of the QFT in the 3—5-year-old
cohort had a similar rank order and slightly lower costs per LYS
(US$140—358/LYS). In this older cohort, the QFT after negative
TST strategy saved the most life years, but was associated with
an ICER of $233516 compared with the no-testing strategy
(table 3).

In the 0—2-year-old cohort, discounted LYS per child screened
again varied among screening strategies considered in the T-SPOT.
TB model and was nearly identical to the QFT analysis, ranging
from 9.51 (T-SPOT.TB-after positive TST) to 10.45 (no testing).
The discounted societal cost of care per LYS was slightly higher
than the QFT model. Results in the 3—5-year-old cohort had a
similar rank order and slightly lower costs than the younger cohort
(US$140—375/LYS) when considering the societal perspective.
Similar to the QFT model, the T-SPOTTB after negative TST
strategy saved slightly more lives than the no-testing strategy
(ICER $254243). When considering a provider perspective in the
older cohort, the rank order changes because the T-SPOT.TB after
negative TST strategy became more costly than the single T-SPOT.
TB strategy (table 3).

Sensitivity analysis

In the younger cohort, the IGRA after negative TST strategy
was the most effective strategy when low estimates of TST
sensitivity were modelled; ICERs ranged from US$145606
(T-SPOT.TB model) to US$153206 (QFT model) compared with
the no-testing strategy. In the older cohort, the no-testing strategy
dominated the IGRA after negative TST strategy when high esti-
mates of TST sensitivity were modelled and ICERs of the IGRA
after negative TST strategy increased as estimates of TST specificity
decreased (table 4).

As the rate of LTBI increased, the IGRA after negative TST
strategy became more effective than the no-testing strategy in
both age cohorts; ICERs ranged from US$18381 to 75298
compared with the no-testing strategy. At the lower estimates of
LTBI, the no-testing strategy dominated all other strategies
(table 4).

Using estimates of test performance in low and middle income
countries produced cost-effectiveness rank orders identical to the
base-case models. Costs were similar to the base model; US
$237—554/LYS (0—2-year-old cohort) versus US$140—625/LYS
(8—5-year-old cohort).

Discussion

IPT substantially decreases rates of TB progression, morbidity
and mortality among close contacts of infectious TB cases.” We
compare the cost effectiveness of five M tuberculosis infection
screening strategies in child household TB contacts identified
through contact tracing. Simulating WHO guidelines,'* we
include a unique no-testing strategy in which IPT is offered to
child contacts based on age. Our model includes realistically

Mandalakas AM, Hesseling AC, Gie RP, et al. Thorax (2012). doi:10.1136/thoraxjnl-2011-200933 50f9
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Table 2 Cost of screening and treatment per patient (2009 USS$)

Provider cost Patient cost Total cost
Component costs
Clinic visit 12.8 10.9 23.7
Hospital outpatient visit 51.8 10.9 62.7
Hospital inpatient stay (per day) 155.3 0 155.3
TST (disposables, nurse administration and reading) 17.4 21.8 39.2
Chest radiography (includes reading and reporting) 30.6 10.9 4.5
TB culture and drug sensitivity testing 50.7 0 50.7
CT scan (includes reading and reporting) 211.4 0 211.4
Cerebral spinal fluid analysis 25.7 0 25.7
Liver function tests 36.1 0 36.1
HIV testing 4-3 0 4.3
Unit costs

Screening with TST* 71.9 21.8 99.7
Screening with T-SPOT.TB* 194.2 32.6 226.8
Screening with QuantiFERON* 172.9 32.6 205.5
Screening with TST + T-SPOT.TB* 2115 32.6 2441
Screening with TST + QuantiFERON* 190.2 32.6 222.8
Isoniazid preventive therapy courset 64.9 54.3 119.2
Pulmonary TB treatment$

Age 0—2 802.7 86.9 907.6

Age 3—5 12721 86.9 1359.0
Miliary TB treatment (excluding TB meningitis)§ **

Age 0—2 2233.9 108.6 33425

Age 3—5 3911.0 108.6 4019.6
TB meningitis treatmentq **

Age 0—2 28798.5 108.6 28907.1

Age 3—5 29249.9 108.6 29358.5
Disseminated TB treatment**

Age 0—2 16016.2 108.6 16124.8

Age 3—5 16580.4 108.6 16689.0

*The costs for all screening strategies include the costs of the tests (disposables, administration, reading, laboratory technicians), two clinic visits and one chest radiograph. Screening

strategies that include an IGRA also include the cost of one outpatient laboratory visit.

tAssumes that children receive five doses of INH per week for 6 months and complete five outpatient clinic visits.

FAssumes that all children receive five doses of combination therapy per week for 6 months, are hospitalised for 1 day and complete seven outpatient clinic visits, one TST, two chest
radiographs and two TB cultures; it is assumed that 30% of children will complete drug sensitivity testing.

§Assumes that all children receive five doses of combination therapy per week for 9 months, are hospitalised for 15 days, and complete eight outpatient clinic visits, one TST, two chest
radiographs and two TB cultures; it is assumed that 30% of children will complete drug sensitivity testing.

qAssumes that all children receive five doses of combination therapy per week for 6 months, are hospitalised for 6 months, and complete two outpatient clinic visits, one TST, two chest
radiographs, two TB cultures, one CT scan, and one evaluation of cerebrospinal fluid; it is assumed that 30% of children will complete drug sensitivity testing.

**Assumes that the cost of disseminated TB is 50% of the cost of miliary TB and 50% of the cost of TB meningitis.

TB, tuberculosis; TST, tuberculin skin test.

low estimates of IPT usage’ 2 ?* 3 and purposively measures

the impact of offering IPT once over a period of 15 years to
ensure that model outcomes are relevant to TB high-burden
settings.

In contrast to published adult models, our model includes
two dual testing methods to assess strategies maximising test
sensitivity (IGRA after negative TST) and specificity (IGRA after
positive TST). Assessment of both strategies is important because
young children might benefit from confirmatory IGRA testing to
maximise specificity in the presence of BCG vaccination and from
confirmatory IGRA testing to maximise sensitivity in recently
exposed child contacts.

Outcomes of our base case models varied between age cohorts
considered. In the 0—2-year-old cohort, the no-testing strategy
saved the most life years and cost less than the testing strategies
highlighting the cost effectiveness of offering IPT to all young
household contacts. In the 3—5-year-old cohort, the IGRA after
negative TST strategy saved slightly more lives than the no-
testing strategy. Although this strategy avoids overtreatment of
uninfected children, the cost of saving one additional life year
was at least US$233000. This strategy further requires public
health programmes to have more operational capacity than the

35—37
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no-testing strategy. The ICERs of the IGRA after negative TST
strategy notably decreased by up to 30% when considering the
provider perspective only, highlighting the substantial invest-
ment required by families and further limiting the strategies’
feasibility. Hence, in most TB high-burden settings, the preferred
screening strategy in TB-exposed children from 0 to 5 years of
age is likely the no-testing strategy.

There is ongoing discussion regarding the usefulness of IGRAs
in settings with high ARI.*® As rates of LTBI increase, the IGRA
after negative TST strategy becomes increasingly effective and
eventually saves more lives than the no-testing strategy in all
models. This change in dominance patterns reflects gains in LYS
by maximising sensitivity of screening. As rates of LTBI increase,
the ICER of the IGRA after negative TST strategy also decreases,
making this a more appealing strategy. In our model that
considered LTBI rates as high as 62%, US$18 000 was the least
expensive ICER associated with the IGRA after negative TST
strategy. However, an ICER of this magnitude may still be
considered too high to justify use of this more effective strategy
in many settings.

All of our models were sensitive to changes in IGRA sensi-
tivity and specificity while holding TST performance constant.
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Table 3 Costs, life years saved and incremental cost-effectiveness ratios associated with screening strategies in the base-case scenario

Life years savedt

ICER (life years)

15-year cost (US$)* Discounted§ Undiscounted Cost effectiveness Societal perspective Provider perspective

Base-case scenario, 0—2-year-old cohort, QTF

No testing 2477 10.43 13.05 2317

TST 3513 9.52 11.90 369 (Dominated) (Dominated)

QFT after (+) TST 3909 9.51 11.88 a1 (Dominated) (Dominated)

QFT after (—) TST 4563 10.39 13.00 439 (Dominated) (Dominated)

QFT 4891 9.88 12.35 495 (Dominated) (Dominated)
Base-case scenario, 3—5-year-old cohort, QTF

No testing 1483 10.56 13.21 140

TST 2251 9.73 1217 231 (Dominated) (Dominated)

QFT after (+) TST 2793 9.7 12.16 288 (Dominated) (Dominated)

QFT after (—) TST 3147 10.57 13.22 298 233516 162192

QFT 3535 9.87 12.35 358 (Dominated) (Dominated)
Base-case scenario, 0—2-year-old cohort, TSPOT

No testing 2610 10.45 13.08 250

TST 3718 9.52 11.90 391 (Dominated) (Dominated)

TSPOT after (+) TST 4180 9.51 11.89 440 (Dominated) (Dominated)

TSPOT after (—) TST 4934 10.42 13.03 474 (Dominated) (Dominated)

TSPOT 5317 9.89 12.37 538 (Dominated) (Dominated)
Base-case scenario, 3—5-year-old cohort, TSPOT

No testing 1483 10.56 13.21 140

TST 2251 9.73 1217 231 (Dominated) Rank

TSPOT after (+) TST 2893 9.71 12.16 298 (Dominated) Order

TSPOT after (—) TST 3294 10.57 13.22 312 254243 Changes+

TSPOT 3117 9.91 12.41 375 (Dominated)

*This value represents the 15-year cost per child. Cost data were collected in South African Rand; results were then converted to US$ (US$1 = 7.2 South African Rand, 2009 annual

average).

+This value represents the life years saved per child over the course of 15 years and reflects a South African life expectancy of 49 years for men and 53 years for women.®'

§Discounting at 3% annually is conventionally applied in cost-effectiveness analysis. Future costs and outcomes are discounted to account for time preference. Discounting makes current costs
and benefits worth more than those occurring in the future because there is an opportunity cost to spending money now and there is desire to enjoy benefits now rather than in the future. The
reason why current spending incurs an opportunity cost relative to delayed spending is that a monetary investment yields a real rate of return and therefore there is a cost to spending money in

the present.

$Rank order of test changes to: (1) no testing; (2) TST; (3) TSPOT after positive TST; (4) TSPOT; (5) TSPOT after negative TST. The no-testing strategy continues to dominate the TST, the
TSPOT after positive TST, and the TSPOT strategies. The TSPOT after negative TST strategy becomes most effective and is associated with an ICER of $232 351 compared with the no-testing

strategy.

ICER, incremental cost-effectiveness ratio; QFT, QuantiFERON; TSPOT, T-SPOT.TB; TST, tuberculin skin test.

Among 0—2 year olds, as TST sensitivity decreased, the IGRA
after negative TST strategy became more effective but remained
considerably more costly than the no-testing strategy (ICERs
ranged from US$146 000 to 153 000). Similarly, in the 3—5-year-old
cohort, as TST sensitivity decreased, the IGRA after negative
TST strategy became more attractive with ICERs of US
$42000—45000. Nevertheless, these ICERs remain excessive,
likely precluding use of the IGRA after negative TST strategy in
TB high-burden areas.

Our model has limitations. Test performance estimates
were derived from studies examining test accuracy for the
identification of TB disease.* Studies using exposure as a
surrogate measure of infection suggest that IGRAs may be
more sensitive for the detection of M tuberculosis infection
compared with the TST.* We also assumed that IPT usage was
similar across strategies; however, testing for infection may
improve IPT usage. Both of these limitations may lead our
model to underestimate the advantages of IGRA testing
strategies. Since our model incorporated the high 4% ARI
present in the study setting, over 60% of our cohort experi-
enced re-infection during the 15-year period modelled. A
portion of these children developed subsequent TB disease and
died without the benefit of a second course of IPT. Our model
clearly underestimates the impact of an ideal contact tracing
programme offering IPT following every TB exposure.

TB control programmes are challenged to appropriately allo-
cate funds to support TB prevention and treatment. Similar to
adult models, >~ we have demonstrated the cost effectiveness

of IPT conducted during contact tracing. Adult models have
further illustrated limitations in cost effectiveness due to poor
uptake and adherence.®® *' Despite the realistically low IPT
usage and recurrent TB exposure included in our model, the
societal cost of care per LYS ranged between US$140 and 538
depending on the screening strategy and cohort age. The WHO
Commission on Macroeconomics and Health considers an
intervention to be cost effective if it does not exceed three times
the gross domestic product (GDP) of a nation.*? South Africa’s
GDP per capita in 2009 was US$5724.** Our model therefore
provides strong support for the use of contact tracing, screening
for M tuberculosis infection and IPT in young children in South
Africa and in other middle and low income countries. Our model
illustrates that screening without testing for M tuberculosis
infection is the most cost-effective strategy in 0—2-year-old
children and the preferred strategy in 3—5-year-old children.
Lack of testing capacity should therefore not be a barrier to IPT
delivery.

CONCLUSIONS

Our realistic model illustrates that blanket IPT programmes
typical of TB high-burden settings are cost effective despite well
recognised deficiencies, including low rates of IPT usage and
missed opportunities to provide IPT for serial exposures. The
impact and cost effectiveness of these programmes could surely
be enhanced by raising IPT uptake and adherence, and decreasing
missed opportunities to provide IPT. Similar to recent WHO
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Table 4 The impact of alternative assumptions for test properties and latent tuberculosis infection rates (societal perspective)

Incremental cost-effectiveness ratios (US$ per life year saved)

No test TST IGRA after (+) TST IGRA after (—) TST IGRA
0—2-year-old cohort base-case estimates * (Dominated) (Dominated) (Dominated) (Dominated)
LTBI rates (%)
8 1x (Dominated) (Dominated) (Dominated) (Dominated)
48 * (Dominated) (Dominated) 183812 (QFT), 246347 (TSPOT) (Dominated)
TST sensitivity
75 * (Dominated) (Dominated) 153206t (QFT), 1456062t(TSPOT) (Dominated) +
93 1x (Dominated) (Dominated) (Dominated) (Dominated)
TST specificity
62 1% (Dominated) (Dominated) (Dominated)+ (Dominated) +
88 1x (Dominated) (Dominated) (Dominated) (Dominated)
QFT sensitivity
75 1x (Dominated) (Dominated) (Dominated) (Dominated)
92 * (Dominated) (Dominated) (Dominated) (Dominated)
QFT specificity
78 1x (Dominated) (Dominated) (Dominated) (Dominated)
100 1x (Dominated) (Dominated) (Dominated) (Dominated)
3—5 year old cohort Base-case estimates 1x (Dominated) (Dominated) 2335262 (QFT), 2542432 (TSPOT) (Dominated)
LTBI rates (%)
23 1x (Dominated) (Dominated) (Dominated) (Dominated)
62 1x (Dominated) (Dominated) 681222 (QFT) 752982 (TSPOT) (Dominated)
TST sensitivity
75 1x (Dominated) (Dominated) 415682'1' (QFT), 451562T (TSPOT) (Dominated)
93 1x (Dominated) (Dominated) (Dominated) (Dominated)
TST specificity
62 1x (Dominated) (Dominated) 61549021+ (QFT), 678254%+(TSPOT) (Dominated)
88 x (Dominated) (Dominated) 1645502 +(QFT), 1796972+(TSPOT) (Dominated)
QFT sensitivity
75 1 (Dominated) (Dominated) 2303357 t (QFT), 252,8607 1(T-SPOT) (Dominated) +
92 x (Dominated) (Dominated) 233326%1 (QFT), 25506521 (TSPOT) (Dominated)
QFT specificity
78 x (Dominated) (Dominated) 232023%1 (QFT), 25415621 (TSPOT) (Dominated)
100 1x (Dominated) (Dominated) 2320232t (QFT), 254156%1(TSPOT) (Dominated) t

*The superscript ' indicates the most cost-effective strategy while 2 indicates a more effective, but less cost-effective strategy. Incremental cost-effectiveness ratios are provided for both types

of IGRAs when the no-test strategy does not dominate.

1The single IGRA strategy is dominated by the IGRA after negative TST strategy. In all other instances, strategies are dominated by the no-testing strategy.
$Cost of IGRA after positive TST strategy becomes the most costly strategy. All strategies remain dominated by the no-testing strategy.
IGRA, interferon vy release assay; LTBI, latent tuberculosis infection; QFT, QuantiFERON assay, TSPOT, T-SPOT.TB; TST, tuberculin skin test.

recommendations in HIV-infected individuals,** our findings
highlight the need for intensified contact tracing and improved
IPT delivery to all TB-exposed children living in TB high-burden
settings.

Acknowledgements The authors wish to thank personnel from Cape Town City
Health and the South African National Health Laboratory Services for provision of
costing data.

Contributors All authors were involved in manuscript preparation. AMM conceived of
the idea to undertake the cost-effectiveness analysis, developed the models, gathered
data and directed discussion supporting estimation of model probabilities, participated
in cost determination, completed and synthesized the analysis, and wrote the first and
subsequent drafts of the manuscript. ACH was involved in model development
including estimation of model probabilities, completed cost determination, and
participated in data synthesis and manuscript preparation. RPG was involved in model
development including estimation of model probabilities and costs, and participated in
data synthesis and manuscript preparation. HSS and BJM were involved in model
development including estimation of model probabilities and manuscript preparation.
ES was involved in model development, including estimation of model probabilities,
completed cost determination, and participated in data analysis, data synthesis and
manuscript preparation.

Funding This project was supported by funding from the Thrasher Research Fund.
AM received salary support from the US Department of State to serve as a Senior
Fulbright Scholar to South Africa during the completion of this analysis. Funding
sources played no role in project implementation, analysis or reporting.

Competing interests None.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES

1. Marais BJ, Gie RP, Schaaf HS, et al. The natural history of childhood intra-thoracic
tuberculosis: a critical review of literature from the pre-chemotherapy era. Int J
Tuberc Lung Dis 2004;8:392—402.

2. Mabhairas GG, Sabo PJ, Hickey MJ, et al. Molecular analysis of genetic differences
between Mycobacterium bovis BCG and virulent M. bovis. J Bacteriol
1996;178:1274—82.

3. Harboe M, Oettinger T, Wiker HG, et a/. Evidence for occurrence of the
ESAT-6 protein in Mycobacterium tuberculosis and virulent Mycobacterium
bovis and for its absence in Mycobacterium bovis BCG. Infect Immun
1996,64:16—22.

4. Mandalakas AM, Detjen AK, Hesseling AC, et al. Interferon-gamma release assays
and childhood tuberculosis: systematic review and meta-analysis. /nt J Tuberc Lung
Dis 2011;15:1018—32.

5. Smieja M, Marchetti C, Cook D, et al. Isoniazid for preventing tuberculosis in
non-HIV infected persons. Cochrane Database Syst Rev. 1999:CD001363.

6. Efficacy of various durations of isoniazid preventive therapy for tuberculosis: five
years of follow-up in the IUAT trial. International Union against tuberculosis
Committee on prophylaxis. Bull World Health Organ 1982;60:555—64.

7. Curry FJ. Prophylactic effect of isoniazid in young tuberculin reactors. N Engl J Med
1967,277:562—7.

8. Hsu KH. Isoniazid in the prevention and treatment of tuberculosis. A 20-year study of
the effectiveness in children. JAMA 1974;229:528—33.

9. Claessens NJ, Gausi FF, Meijnen S, et al. Screening childhood contacts of patients
with smear-positive pulmonary tuberculosis in Malawi. Int J Tuberc Lung Dis
2002;6:362—4.

8 of 9 Mandalakas AM, Hesseling AC, Gie RP, et al. Thorax (2012). doi:10.1136/thoraxjnl-2011-200933

"yBuAdoo Aq paloalold 1sanb Aq +20z ‘£z [udy uo /wod g xeloyy/:dny woly papeojumod "ZT0Z aune 0Z Uo ££6002-TT0Z-ulXeioyy9sTT 0T Se paysignd 1siy :xeloy L


http://thorax.bmj.com/

20.

21.

22.

23.

24.
25.

26.

27.

Mandalakas AM, Hesseling AC, Gie RP, et al. Thorax (2012). doi:10.1136/thoraxjnl-2011-200933

Guwatudde D, Nakakeeto M, Jones-Lopez EC, et al. Tuberculosis in household
contacts of infectious cases in Kampala, Uganda. Am J Epidemiol 2003;158:887—98.
Van Wyk S8, Hamade H, Hesseling AC, et al. Recording isoniazid preventive therapy
delivery to children: operational challenges. Int J Tuberc Lung Dis 2010;14:650—3.
Marais BJ, van Zyl S, Schaaf HS, et al. Adherence to isoniazid preventive
chemotherapy: a prospective community based study. Arch Dis Child
2006;91:762—5.

Schaaf HS, Marais BJ, Whitelaw A, et al. Culture-confirmed childhood tuberculosis
in Cape Town, South Africa: a review of 596 cases. BMC Infect Dis 2007;7:140.
WHO. Guidance for National Tuberculosis Programmes on the Management of
Tuberculosis in Children. Geneva: WHO, 2006. Report No. WHO/HTM/ TB/2006.371.
Weinstein M, Siegel J, Gold M, et al. Recommendations of the panel on cost-
effectiveness in health and medicine. JAMA 1996;276:1253—8.

Wu S8, Chao CS, Vargas JH, et al. Isoniazid-related hepatic failure in children:

a survey of liver transplantation centers. Transplantation 2007;84:173—9.

Nolan CM, Goldberg SV, Buskin SE. Hepatotoxicity associated with isoniazid
preventive therapy: a 7-year survey from a public health tuberculosis clinic. JAMA
1999;281:1014—18.

Palusci VJ, O'Hare D, Lawrence RM. Hepatotoxicity and transaminase measurement
during isoniazid chemoprophylaxis in children. Pediatr Infect Dis J 1995;14:144—8.
Beyers N, Gie RP, Schaaf HS, et al. A prospective evaluation of children under the
age of 5 years living in the same household as adults with recently diagnosed
pulmonary tuberculosis. Int J Tuberc Lung Dis 1997;1:38—43.

Kruk A, Gie RP, Schaaf HS, et al. Symptom-based screening of child tuberculosis
contacts: improved feasibility in resource-limited settings. Pediatrics 2008;121:
£1646—52.

Lienhardt C, Sillah J, Fielding K, et al. Risk factors for tuberculosis infection in
children in contact with infectious tuberculosis cases in the Gambia, West Africa.
Pediatrics 2003;111:e608—14.

Mandalakas A, Kirchner HL, Lombard C, et al. Well quantified TB exposure is a reliable
surrogate measure of M.tb infection in children. Int J Tuberc Lung Dis 2012. http://dx.doi.
org/10.5588/jtld.12.0027.

Mandalakas AM, Detjen AK, Benedetti A, et al. Interferon-gamma Release Assays
for the Diagnosis of LTBI and Active TB In Children—A Systematic Review and Meta-
analysis. Geneva: World Health Organization, 2010.

van Zyl S, Marais BJ, Hesseling AC, et al. Adherence to anti-tuberculosis
chemoprophylaxis and treatment in children. Int J Tuberc Lung Dis 2006;10:13—18.
Alperstein G, Morgan KR, Mills K, et al. Compliance with anti-tuberculosis preventive
therapy among 6-year-old children. Aust N Z J Public Health 1998;22:210—13.
Comstock GW, Baum C, Snider DE Jr. Isoniazid prophylaxis among Alaskan
Eskimos: a final report of the bethel isoniazid studies. Am Rev Respir Dis
1979;119:827—-30.

Debre R, Perdrizet S, Lotte A, et al. Isoniazid chemoprophylaxis of latent primary
tuberculosis: in five trial centres in France from 1959 to 1969. Int J Epidemiol
1973;2:153—60.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Maree F, Hesseling AC, Schaaf HS, et al. Absence of an association between
Mycobacterium tuberculosis genotype and clinical features in children with
tuberculous meningitis. Pediatr Infect Dis J 2007;26:13—18.

van Well GT, Paes BF, Terwee CB, et al. Twenty years of pediatric tuberculous
meningitis: a retrospective cohort study in the western cape of South Africa.
Pediatrics 2009;123:e1—8.

Kritzinger F, den Boon S, Verver S, et al. No decrease in annual risk of tuberculosis
infection in endemic area in Cape Town, South Africa. Trop Med Int Health
2009;14:136—42.

ASSA. AIDS and Demographic Model of the Actuarial Society of South Africa. 2003.
http://www.assa.org.za (accessed 27 May 2012).

Marais BJ, Gie RP, Schaaf HS, et al. The spectrum of disease in children
treated for tuberculosis in a highly endemic area. Int J Tuberc Lung Dis
2006;10:732—8.

Sinanovic E, Moodley J, Barone M, et al. The potential cost-effectiveness of adding
a human papillomavirus to the cervical cancer screening programme in South Africa.
Vaccine. 2009;27.6196—202.

van Wyk S, Hamade H, Hesseling A, et al. Recording practices of isoniazid
preventive therapy delivery to children in a high-burden tuberculosis setting:
operational challenges. Int J Tuberc Lung Dis 2010;14:650—3.

Diel R, Nienhaus A, Lange C, et al. Cost-optimisation of screening for latent
tuberculosis in close contacts. Eur Respir J 2006;28:35—44.

Diel R, Nienhaus A, Loddenkemper R. Cost-effectiveness of interferon-{gamma}
release assay screening for latent tuberculosis infection treatment in Germany. Chest
2007;131:1424—34.

Wrighton-Smith P, Zellweger JP. Direct costs of three models for the screening of
latent tuberculosis infection. Fur Respir J 2006;28:45—50.

WHO. Use of Tuberculosis Interferon-gamma Release Assays (IGRAs) in Low- and
Middle Income Countries: Policy Statement. Geneva: World Health Organization,
2011.

Diel R, Nienhaus A, Schaberg T. Cost-effectiveness of isoniazid chemoprevention in
close contacts. Eur Respir J 2005;26:465—73.

Dasgupta K, Menzies D. Cost-effectiveness of tuberculosis control strategies among
immigrants and refugees. Eur Respir J 2005;25:1107—16.

Dasgupta K, Schwartzman K, Marchand R, et al. Comparison of cost-effectiveness
of tuberculosis screening of close contacts and foreign-born populations. Am J Respir
Crit Care Med 2000;162:2079—86.

WHO. Macroeconomics and Health: Investing in Health for Economic Development:
Report on the Commission on Macroeconomics and Health. Geneva: World Health
Organization, 2001.

WorldBank. World Development Indicators Database. \Washington: World Bank,
2006.

World Health Organization. Guidelines for intensified tuberculosis case finding and
isoniazid preventive therapy for peaple living with HIV in resource constrained
settings. Geneva, Switzerland: World Health Organization, 2011.

9of9

"yBuAdoo Aq paloalold 1sanb Aq +20z ‘£z [udy uo /wod g xeloyy/:dny woly papeojumod "ZT0Z aune 0Z Uo ££6002-TT0Z-ulXeioyy9sTT 0T Se paysignd 1siy :xeloy L


http://thorax.bmj.com/

