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S1. Study setting

Our study focuses on two adjacent suburban communities with a high tuberculosis (TB) burden in Cape Town, South
Africa, covering an area of 3.4 km?, and with a total population of 39,930 people in 2011. The internationally-endorsed
TB control strategy (DOTS) was introduced in these communities in 1996. In the first year of the program, the rate of
notified TB (all forms) was 1,340 cases per 100,000 residents.! Treatment success rates were initially low but increased
rapidly and exceeded 80% amongst smear-positive TB cases in 2003.2 However, persistently high annual rates of
infection (estimated 3-7% in 1999 and 4-1% in 20052) suggest that control measures, while improving individual
outcomes, did not reduce transmission.® High local rates of recurrent TB after previous successful treatment*® and
after loss to follow-up from treatment’ have also been reported; a lung health survey conducted in 2001 identified a
high prevalence of undetected TB among previously treated residents.®

S2. Model structure

Main component (adults): Treatment-naive susceptible adults transition from the susceptible state to the latently
infected state or directly into the infectious TB state after primary infection (Figure 1, main manuscript). Latently
infected treatment-naive adults may experience reactivation disease and transition into the infectious TB state. If
reinfected while in the latently infected state, they may progress to infectious disease or remain latently infected.
Treatment-naive infectious adults may be diagnosed and move into either of the two treatment compartments
(treatment that is completed, treatment that is incomplete). The transition into these two treatment states is determined
by the case finding rate and the proportion of complete treatment among new (i.e. previously treatment-naive) TB
cases estimated for the study setting. Individuals in the incomplete treatment state move into a treatment-experienced
latently infected state or, upon continuous infectious TB, directly into the infectious TB state. From latent infection,
they may progress to infectious TB either via disease reactivation or following reinfection. Infectious individuals
transit, after passive case detection into either of two treatment compartments, reflecting completed treatment or
incomplete treatment. Individuals who complete their treatment are allocated to an intervention arm or non-
intervention arm. In the non-intervention arm, adults transit to a latently infected state (i.e. consistent with many TB
models, we assume that sterilizing cure is not achieved). From latent infection, they may progress to infectious TB
either via disease reactivation (relapse) or following reinfection, and infectious individuals may be passively detected
and transition again into either of the treatment compartments.

Similar transitions apply to individuals in the intervention arm, however, an additional case detection rate, incremental
to passive case finding, is implemented to model case detection during post-treatment follow-ups. Furthermore, we
allow rates of relapse and reinfection to differ from those in the non-intervention arm to account for the effect of
secondary preventive therapy.

Individuals in whom treatment remains incomplete may reach a latent compartment or transition directly into an
infectious compartment (i.e. reflecting those who remained infectious). Differential rates of relapse and reinfection
apply to latently infected individuals after incomplete treatment.

Individuals may exit the model due to death from any state, with additional excess mortality rates due to TB disease
and HIV infection implemented in out model.

Childhood subcomponent: At birth, individuals enter the childhood subcomponent of the TB model (Figure S1) in
the susceptible state, where they face a time-varying risk of infection, conditional on the force of infection which is
dependent on the total number of infectious cases (adults and children) at a given time. Upon primary infection,
children either progress rapidly to infectious TB or reach a latently infected (non-infectious) state. Children may
remain in the latent state, or their infection may reactivate and progress to infectious TB. They may also become
reinfected. Upon developing active disease, children may move into a recovered state after being found and treated.
Children may age out of the childhood model subcomponent into the main (adult) component at rates reflecting their
age progression beyond 14 years (Figure S1). Specifically, children transit from the susceptible state into the adult
treatment-naive susceptible state, from the latently infected state into the adult treatment-naive latently infected state,
and from the infectious state into the adult treatment-naive infectious state. We assume that treatment of childhood
TB is always complete, thus, children in the recovered state move into the adult latently infected after complete
treatment state.



Corresponding adult
comparments:

Susceptible Susceptible
Children Treatment-naive

Primary infection

Latent Latent

Children Treatment-naive

Rapid Natural

. Reactivation  Reinfection
progression recovery

. Infectious .
Children Infectious

Treatment-naive

Passive case detection
& Treatment

Recovered Latent
Children Prior complete treatment

Figure S1. Model subcomponent for children aged 0-14 years
Not shown are mortality rates; grey dashed arrows indicate age transition into the corresponding compartments of the
adult component of the model (see Figure 1, main manuscript)

Model subdivisions for HIV co-infection and antiretroviral treatment: Upon HIV infection (Figure 1, main
manuscript), HIV-negative adults transit into a non-immunocompromised HIV infected state, and upon progression,
into an immunocompromised subdivision. Upon initiation of antiretroviral treatment (ART), individuals in either of
the two prior HIV-positive subdivisions may transit into a fourth subdivision. Once initiated on ART, individuals were
assumed to stay on ART. We did not model HIV in children.

Model subdivisions for time after TB treatment completion: We distinguish two subdivisions reflecting the time that
has passed since the successful completion of TB treatment (Figure 1, main manuscript). Latently infected and
infectious individuals after complete treatment in both the intervention and non-intervention arm transition from a
subdivision reflecting the first year post-TB treatment and into a subdivision reflecting the time later than the 1% year.

S3. Model parameterization

Parameter values and ranges used in the model along with their sources are provided in the subsequent sections and
Tables S1-S14. Rates shown are per year unless otherwise specified.

S3.1.  Demographics

Estimates for demographic parameters are based on data from the Tygerberg sub-district of Cape Town in which the
study setting is situated. We assumed a constant birth rate throughout the study period which was estimated by dividing
the number of life births in the study setting reported for the year 2003° by the projected population in 2003 (Table
S1). Estimates of the natural death rates among children 0-14 years of age were derived from unpublished mortality
data (for 2011) provided by the City of Cape Town Directorate of Health (Table S1). In the absence of published data,
we derived an estimate of the natural mortality rate among adults through calibration, allowing for a 1-0% annual
population growth, consistent with unpublished census data for the study setting (Table S1). We assumed that the rate
of natural death among treatment-experienced adults was between equal and 5-times higher compared to treatment-
naive adults. This range takes into account the possibility that mortality among former TB patients may be higher'%12
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due to a variety of factors such as lung impairment and chronic pulmonary disease!® and an elevated risk of death from
lung cancer** compared to individuals without a history of TB.

We assumed that on average, a child would be in contact with 40 other children and 9 adults per day, and an adult
would be in contact with 15 adults and 9 children per day.*®

Table S1: Model Parameters — Demographics

Measure Value [Interval] Source

Annual per capita birth rate 0-0229 Ref 9

Annual population growth 1-0% Estimated from unpublished census data,

City of Cape Town

Annual natural death rate among children (<15 years) 0-0017 Estimated from unpublished census data,
[0-0016-0-0018] City of Cape Town

Annual natural death rate among adults (>15 years) 0-009 Experiments with the model
[0-0086-0-0096]

Natural death rate ratio, TB treatment-experienced adults to 4.0 Refs 16,17

treatment-naive adults [3-7-4-2]

S3.2.  Natural history of TB

Estimates for transition rates between TB-related states were derived from the published literature, where available
(Tables S2-S5). In accordance with prior modeling studies, we considered that distant prior (latent) infection would
lead to partial immunity reducing the susceptibility to reinfection (Table S4). Parameter estimates for HIV-infected
adults consider that HIV alters the natural history of TB. Specifically, HIV-infected individuals are subject to a higher
probability of fast progression to active TB following infection®® (Table S2), a higher probability of reactivation of
latent infection? (Table S3) and higher susceptibility to reinfection (Table S4).

We assumed that children were less likely to transmit TB by the ratio 0-12 [0-03-0-31] (compared to treatment-naive
adults) that was based on the probability of smear-positive TB among children and adults estimated in a recent meta-
analysis.?

Table S2: Model Parameters - Probability of Fast Progression to Active TB Upon Primary Infection

Subgroup Value [Interval] Source

Adults, susceptible/treatment-naive/HIV- 0-115 [0-09-0-14] Refs 22-24

Adults, susceptible/treatment-naive/HIV+/non-

. . 0-33 [0-18-0-51] Refs 22-24
immunocompromised

Adults, susceptlbl_e/treatment—nalve/HIV+/ 0-805 [0-75-0-91] Refs 22-24
immunocompromised

Children, susceptible 0-118 [0-09-0-14] Estimated from ref 25

Table S3: Model Parameters - Rate of Reactivation of latent TB infection

Subgroup Value [Interval] Source

. N 0-001
Adults, latently infected/treatment-naive/HIV- [0-0003-0-0024] Refs 23,24,26,27
Adults, latently infected/treatment-naive/HIV+/non- 0-003
immunocompromised [0-001-0-006] Refs 23,24,26,27
Adults, latently infected/treatment-naive/HIV+/ 0-1275
immunocompromised [0-080-0-200] Refs 23,24,26,27
Children, latently infected 0-001 Assumption

[0-0003-0-0024]




Table S4: Model Parameters — Relative susceptibility among latently infected people (reference: susceptible,
treatment-naive people)

Subgroup Value [Interval] Source
Adults, latently infected/HIV- 0-35[0-13-0-63] Refs 24,26,28-30
Adults, latently infected/HIV+/non- immunocompromised 0-65 [0-32-0-77] Refs 24,26,28-30
Adults, latently infected/HIV+/ immunocompromised 0-75[0-61-0-86] Refs 24,26,28-30
Children, latently infected 0-35[0-13-0-63] Assumption

Table S5: Model Parameters — Rate of Natural Recovery among Undetected Active TB Cases

Subgroup Value [Interval] Source
Adults, infectious/treatment-naive/HIV- 0-2 [0-15-0-25] Refs 23,24,28,31
Adults, infectious/_treatment-na'l've/HIV+/non- 0-1 [0-06-0-16] Refs 23,24,28,31
immunocompromised

Adults, infectious/treatment-naive/HIV+/ immunocompromised 0 Refs 23,24,28,31
Children, infectious 0-2 [0-15-0-25] Assumption

S3.3.  Natural history of TB: Characteristics of treatment-experienced adults

The model allows for specific characteristics in the natural history of TB among individuals with previous TB
treatment. In the absence of published estimates for many parameters, we specified prior parameter ranges and derived
posterior parameter values through calibration (see below).

After TB treatment, we distinguish people during the first year after treatment and after the first year. We assumed
that individuals after TB treatment were equally likely to be re-exposed to an individual with infectious TB in the
community compared with treatment-naive people. However, we allowed treatment-experienced adults to differ from
treatment-naive, latently infected adults in terms of their risk of becoming reinfected upon exposure. Due to the
uncertainty about the degree to which prior disease leads to protective immunity, we specified wide ranges of relative
susceptibility, allowing for some degree of protective immunity and up to 2-times higher susceptibility of previously
treated people compared to susceptible, treatment-naive people. The rate of TB resulting from reinfection was assumed
to be independent of the time that had passed since the completion of treatment.

After treatment completion, people may reactivate tuberculosis. We specified a prior range of reactivation (relapse)
in the first year after TB treatment completion of 2.1%-18.9%, an estimate informed by a molecular study conducted
in the setting (Table S7).1* We assumed that the rate of reactivation (relapse) was higher in the first year than in the
time after the first year, consistent with the literature (Table S7).532 We allowed for higher relapse rates among
individuals with HIV infection.

We specified identical prior ranges for the rate of TB reactivation after incomplete treatment. However, based on data
from a retrospective cohort study from the study setting’, we assumed that between 0 and 20% of those who were lost
to follow-up during treatment remained infectious and thus moved directly into the compartment of infectious TB
(Table S8), effectively resulting in higher rates of TB after incomplete treatment.

We finally assumed treatment-experienced cases of TB are equal to 1-5-times more likely to transmit TB compared
to treatment-naive TB cases. This assumption is based on findings from TB prevalence surveys that treatment-
experienced TB cases were more likely to be coughing and more likely to be sputum smear-positive.

Table S6: Model Parameters — Relative susceptibility after previously treated active TB (reference: susceptible,
treatment-naive people)

Subgroup Value [Interval] Source
Adults, latently infected/prior complete or incomplete ] ) .
treatment/HIV- [0-13-3-00] Assumption
Adults, latently infected/ prior complete or incomplete .. .
treatment/HIV+/non-immunocompromised [0-32-3-00] Assumption
Adults, latently infected/ prior complete or incomplete [0-61-3-00] Assumption

treatment/HIV+/ immunocompromised




Table S7: Model Parameters — Rate of Reactivation of active TB after treatment

Subgroup Value [Interval] Source

Adults, prior treatment/any HIV status, first year after treatment [0-021 - 0.189] Based on data from ref 6
completion/HIV-

Adults, prior treatment/any HIV status, first year after treatment [0-021 - 0.378] Assumption
completion/HIV+/ non-immunocompromised

Adults, prior treatment/any HIV status, first year after treatment ) ) .
completion/HIV+/ immunocompromised [0-021 - 0.756] Assumption
Ratio, relapse rate after year vs. first year [0-0-5] Assumption

Table S8: Model Parameters — Probability of Persistent Active TB Following Incomplete Treatment

Subgroup Value [Interval] Source

Adults, prior incomplete treatment/any HIV-status [0-00-0-20] Based on data from ref 7

S3.4.  TB case detection and treatment

Parameters for TB case detection rates were derived from calibration. We allowed for shorter times to detection
assuming that people who had experienced TB treatment may seek care more promptly than those without previous
TB treatment. We also assumed shorter times to detection for HIV-infected people (Table S9). The prior ranges used
were informed by estimates of infectious disease duration before detection from previous studies in South Africa®
and Zimbabwe®®.

We assumed that TB cases on treatment are non-infectious, i.e. they do not contribute to transmission. The duration
of complete treatment among new and re-treatment cases was estimated from treatment register data (Table S10). We
assumed that treatment is either complete or incomplete. Proportions of complete treatment among treatment-naive
and treatment-experienced people between 1996 and 2008 were estimated from the TB register database (Table S11).
For the years following 2008, we randomly sampled treatment completion probabilities from a uniformly distributed
range of probabilities specified by the 1996 to 2008 data.

Table S9: Model Parameters — Baseline time between disease onset and detection (years)

Subgroup Value [Interval] Source
Adults, infectious/treatment-naive/HIV- [0.083 - 2] Assumption
Adults, infectious/ or prior complete or incomplete treatment/HIV- [0.083 - 1.5] Assumption
Adults, infectious/treatment-naive or prior complete or incomplete [0.083 - 1.5] Assumption
treatment/HIV+

Children, infectious [0.083 - 2] Assumption

Table S10: Model Parameters — Duration of treatment (years)

Subgroup Value [Interval] Source
Adults, complete treatment 0-50 (0-47-0-57) TB program data
Adults, incomplete treatment 0-42 (0-31-0-52) TB program data




Table S11: Probability of complete treatment

Year
Subgroup Source
2002 2003 2004 2005 2006 2007 2008and
after

" 91 98 97 94 97 99 98

Adults, treatment-naive (87-94) (95-99) (94-98) (90-96) (94-98) (96-99) (96-99) TB program data
. 92 92 92 94 88 94 89

Adults, prior complete treatment (82-97) (83-96) (85-96) (86-97) (79-94) (87-98) (80-94) TB program data
60 84 82 65 83 55 77

Adults, prior incomplete treatment TB program data

(37-79)  (60-95)  (56-94)  (40-84)  (58-95)  (33-75)  (46-93)

S3.5.  TB-associated (excess) mortality

We considered excess mortality rates (incremental to natural death rates) for two different groups, those with untreated
active (infectious) TB (Table S12) and those on TB treatment (Table S13). We assumed that the excess mortality rate
among HIV-infected non-immunocompromised adults and those HIV-infected on ART was similar to that among
HIV-uninfected individuals. We further assumed that the excess mortality rate among untreated children was similar
to that among HIV uninfected adults, and that children would not die from TB while on treatment (Table S13).

Table S12: Model Parameters — Rate of TB-associated (excess) mortality rate, untreated TB

Subgroup Value [Interval] Source
Adults, infectious/prior treatment-naive or prior complete or 0-28 [0-20-0-37] Refs 23,24
incomplete treatment/HIV-

Adults, infectious/prior treatment-naive or prior complete or 0-28 [0-20-0-37] Assumption, see S3.5
incomplete treatment/HIV+/non-immunocompromised

Adults, infectious/prior treatment-naive or prior complete or ) VERE

incomplete treatment/HIV+/ immunocompromised 0-80 [0-47-1-27] Refs 24,36,37
Adults, infectious/prior treatment-naive or prior complete or ) 0.0 .

incomplete treatment/HIV+/ART 0-28 [0-20-0-37] Assumption, see S3.5
Children, infectious 0-28 [0-20-0-37] Assumption, see S3.5

Table S13: Model Parameters — Rate of TB-associated (excess) mortality rate, on TB treatment

Subgroup Value [Interval] Source
Adults, infectious (any subcategory) [0- 02'7?3?070] Estimated from TB program data
Children, infectious 0 Assumption

S3.6.  Natural history of HIV infection

Adults may be infected with HIV at any state in the model and move across the HIV subdivisions. The rate of HIV
transmission in the adult population was derived from calibration. Rates of progression from non-
immunocompromised to immunocompromised HIV and that of HIV-associated excess mortality among non-
immunocompromised people were estimated from data published in the literature (Table S14). The distinction
between non-immunocompromised and immunocompromised HIV-infected adults was made on the basis of CD4
count cut-off level of <350/mm3. HIV-associated excess mortality among immunocompromised people was calculated
from estimates of survival time among HIV-infected people not on ART, assuming that 75% of these died from HIV-
related causes other than TB. It was assumed that all children in the study setting were and remained HIV uninfected.



Table S14: Model Parameters — HIV-progression, HIVV-associated mortality and effect of ART

Measure Value [Interval] Source
Annual rate of progression to immunocompromised HIV from 0-142 Ref 38
non-immunocompromised HIV [0-135-0-149]
Survival time of HIV-infected people not on ART (years) [9%013 5] Ref 39
Annual non-immunocompromised HIV-associated excess 0-008
mortality rate [0-005-0-012] Refs 24,40-44
. . . . 0-24 Calculated from estimated survival time,
Annual immunocompromised HIV-associated excess mortality rate [0-192-0-288] see above
0-008

Annual HIV-associated excess mortality rate while on ART Refs 24,40-44

[0-005-0-012]

Effectiveness of ART in reversing effect of HIV on TB natural
history (compared to the HIV+/non-immunocompromised state, 0-69 [0-47-0-81] Ref 45
excluding mortality)

S3.7. Initiation of antiretroviral treatment among HIV-infected adults

Assumptions were made to consider ART initiation among HIV-infected people in the study setting.

ART among immunocompromised adults not on TB treatment. We assumed a (historical) rate of ART initiation among
immunocompromised people of 0-1 per year in 2004, the year of ART roll-out in Cape Town, and a linear increase of
this rate to 0-3 per year in 2016, after which the rate remains constant.

ART among non-immunocompromised adults not on TB treatment. Considering the possibility that ART is also offered
to HIV-infected people above a CD4 count of 350mms3, we assumed a rate of ART initiation among non-
immunocompromised people of 0-02 per year in 2004, and a linear increase of this rate in the following years to 0-1
per year in 2016, after which the rate remains constant.

ART among immunocompromised and non-immunocompromised adults starting TB treatment. In line with national
TB guidelines for South Africa®, it was considered that ART is also initiated when HIV-infected people start TB
treatment. We assumed that ART was initiated among 10% of HIV-infected individuals starting TB treatment. This
proportions increases linearly to 30% until 2016 and remains constant at 30% in the following years. We assumed that
ART was initiated at the start of TB treatment but was not initiated at a later stage during the course of TB treatment.

S4. Model implementation and simulation approach

The model was implemented in C# (https://github.com/yaesoubilab/APACECc) and the cost-effectiveness analysis and
data visualization were conducted in Python (https://github.com/yaesoubilab/APACEVisualization).

Let A;_;s denote the rates at which members of age group i € {Ch, Ad} contact members of age group i’ € {Ch, Ad}
and let H = {I1n, I, Ivc} denote the set of adult compartments with infectious status (TN = treatment-naive, T = prior
incomplete treatment and TC = prior complete treatment). We used N¢p,(t) and Ny4(t) for the number of children and
adults at time t, and N, (t) for the number of population members in model compartment h.

We defined the force of infection for susceptible and latent children (h € {Sch, Lcn}) at time t as:

Nycn(®) 1G)
Fy(6) = Bn </1Ch<-Ch N”Ch(t) + Zn'en Achead Nh (t)) )
and for susceptible and latent adults (h € {Stn, Ltn, Ltc, L1i}) as:
ICh(t) Ny (t)
Fp(t) = pn (AAw—Ch Nl NG Z Ardead Nh o)A 2

In above equations, 3, is the transmission parameter in compartments o € {Scn, Lch, Stn, Ltn, Lrc, L}, where S
denotes susceptible, and L denotes latently infected. Based on existing survey data,'® we assumed Acpccn = 4.7,
ACh<—Ad = AAd(—Ch = 31 and /1Ad<—Ad = 107


https://github.com/yaesoubilab/APACEc
https://github.com/yaesoubilab/APACEVisualization

To generate epidemic trajectories for this model, we use Monte Carlo simulation. Consider a particular compartment
Z in which members may depart due to J events. For example, members of Lty compartment may leave due to
reactivation of latent infection, reinfection, or natural death (i.e. J = 4) (see Figure 1). If the number of individuals in
compartment Z at time t is Z(t), then the number of individuals that leave this compartment due to events j €
{1,2, ..., ]} follows a multinomial distribution with total counts of Z(t) and probabilities (po, p1, D2, ... p;), Where p, =

J .
Z].:lu]At

1 — eZj=1%4t js the probability of not leaving the compartment Z during [t, ¢t + At], and p; = 7 al e is
j=1Hj

the probability of leaving the compartment Z during [¢t, t + At] due to eventj € {1,2,...,J}. Having obtained the

realizations for the number of individuals who move from one compartment to another during [¢, t + At], we can then

update the number of individuals in each compartment at time t + At.

Model Initialization
In the absence of published estimates for the prevalence of HIV, active TB and treatment-experienced individuals in
the year 1992 (which marks the start of our simulation warm-up period), we determined the initial size of model
compartments based on the following:

1.  Prevalence of immunocompromised and non-immunocompromised HIV is sampled, respectively, from

uniform distributions U [%3-5; %5-0] and U [%0-5; %1-0]. The prevalence of HIV-negative was set to 1
minus the sum of the above two samples.
2. Prevalence of the treatment-experienced within each HIV subgroup was sampled from the uniform

distribution U [%6-0; %10-0]. The proportion of treatment-experienced with history of complete or
incomplete TB treatment was set to be equal.
3. Within the HIV-negative subgroup:

a.  the prevalence of active TB was sampled from U [%0-4; %0-6] for treatment-naive subgroup, and
from U [%1-0; %10] for treatment-experienced subgroup;

b.  the prevalence of latent-TB among treatment-naive was sampled from U [%40; %60].
4. Within non-immunocompromised HIVV+ subgroup,

a. the prevalence of active TB was sampled from U [%0-5; %2-0] for treatment-naive subgroup and
from U [%1-0; %10] for treatment-experienced subgroup:

b.  the prevalence of latent-TB among treatment-naive was sampled from U [%55; %65]
5. Within immunocompromised HIV+ subgroup,

a. the prevalence of active TB was sampled from U [%0-5; %2] for treatment-naive subgroup and
from U [%1-0; %10] for treatment-experienced subgroup:

b.  the prevalence of latent-TB among treatment-naive was sampled from U [%55; %65]
6.  Among children:

a.  Prevalence of active TB was sampled from U [%0-1; %1.0],
Prevalence of latent-TB was sampled from U [%30; %70],

b
c.  Proportion recovered was sampled from U [%2.0; %10],
d.  Proportion susceptible was set to 1 minus the sum of the three samples above.

The initial size of compartments representing “on TB treatment” was assumed to be zero at the beginning of the
simulation period.



S5. Model calibration

S5.1.  Calibration data sources

We calibrated the model to data from three main sources. Population census data provided by the City of Cape Town
were used to obtain estimates of the size and age structure (i.e. children vs. adults) of the population in the study
setting. Data from a lung health prevalence survey conducted in the study setting in 20028 were used to derive estimates
of the proportion of adults with a history of previous TB treatment and of the prevalence of TB among treatment-naive
and treatment-experienced adults in 2002. Estimates of the crude prevalence of TB by treatment history were
calculated from® by dividing each, the number of treatment-naive and treatment-experienced adults detected with
culture-confirmed TB by the total number of adults in the survey sample multiplied by each, the proportion of
treatment-naive and treatment-experienced adults in the survey sample, respectively. Finally, we accessed TB
treatment data from an electronic TB treatment register database that had been cleaned for duplicate entries and
assessed for data consistency to obtain the number of new and previously treated TB cases registered for treatment in
the study setting. The proportion of new and previously treated TB patients with complete TB treatment was estimated
among new and previously treated TB cases by dividing the number of TB cases with documented treatment outcome
success by the total number of patients with either treatment success or treatment default (loss to follow-up; defined
by treatment interruption for at least two consecutive months) in that particular year (i.e. thereby excluding TB cases
with treatment failure, transfer out or unknown treatment outcome from the denominator).

To estimate parameters of HIV transmission in the community, we calibrated the model to an estimated HIV
prevalence of 5-2% (4-0%-6-0%) among adults living in the study setting in 2002, assuming that HIV-prevalence was
half of the 2002 antenatal survey estimate for the greater Tygerberg East Sub-district.”

Finally, based on estimates from a molecular epidemiological study conducted in the setting®, we calibrated the model
to observed fractions of recurrent TB cases occurring in the first year, and the fractions of recurrent TB cases during
and after the first year that were due to reactivation.

Calibration targets, data sources, and specified feasible ranges are shown in Tables S15, S16.
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Table S15: Overview of calibration targets and data sources

Description Year(s) Value 95% Confidence Source
Interval
Total adult population 2002-2008 Time-varying - City of Cape Town*
Total child population 2002-2008 Time-varying - City of Cape Town*
Number of children who started TB treatment 2002-2008 Time-varying - TB treatment register
database used in ref 6
Number of treatment-naive adults who started TB treatment 2002-2008 Time-varying - TB treatment register
database used in ref 6
Number of treatment-experienced adults who started TB 2002-2008 Time-varying - TB treatment register
treatment database used in ref 6
Percentage TB treatment-experienced adults 2002-2008 9.70 [8-70 - 10-90] Ref 8
Percentage TB prevalence, treatment-naive adults 2002 0-51 [0-26 - 0-76] Ref 8
Percentage TB prevalence, treatment-experienced adults 2002 2:99 [1-14 - 4.77] Ref 8
Percentage HIV prevalence, adults 2002 5.20 [4-2-6-2] Estimated from ref
47
Fraction of adult TB cases who previously completed TB 20021 0-33 [0-27 - 0-40] Ref 6
treatment that occur in the first year post-treatment
Fraction of TB cases occurring in the first year after 20021 0-80 [0-68 - 0-92] Ref 6
treatment completion that are due to reactivation*
Fraction of TB cases occurring after the first year post- 2002f 0-34 [0-24 - 0-44] Ref 6
treatment that are due to reactivation*

Based on unpublished end-of-year estimates (community level) from the 2001 South Africa population census
provided by the City of Cape Town.

as opposed to disease progression following reinfection

Imid-year of the study period

Table S16: Specified feasible ranges for calibration targets

Target Feasible Range
Number of adults in the study setting 24,000 - 30,000
Number of children in the study setting 10,000 - 12,500
Percentage treatment-experienced, all adults 5-15
Percentage prevalent TB, treatment-naive adults 0-1-5
Percentage prevalent TB, treatment-experienced adults 0-6-0
Percentage HIV-positive, all adults 2.6-10-4
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S5.2.

Calibration procedure

The goal of model calibration is to use the observations gathered throughout the epidemic to reduce the uncertainty
around model input parameters. We included all uncertain parameters described in in Tables S2-S14 in the calibration.
We used a Bayesian calibration approach® to identify parameters sets that result in simulated trajectories with good
fit to the calibration targets described above. To implement this approach, we used a ‘sampling-importance-
resampling’ algorithm:

Sampling: Uniform prior distributions were specified for each parameter, and multiple parameters sets were
then randomly and independently selected from these distributions.

Importance: The fit of each simulated trajectory was assessed in a two-step process. As a first step, we
rejected parameter sets if resultant projections fell outside broad ranges pre-specified as feasible ranges
(Table S16). The purpose of this step is to eliminate parameter sets with very poor fit to the calibration data
in order to improve computational efficiency of the calibration process. We initially sampled a total of 897
704 parameter sets until 20 000 simulated trajectories were obtained that did not violate the feasibility ranges.
As a second step, we estimated the goodness of these remaining simulations against the calibration targets.
For each remaining simulated trajectory, the likelihood of observations was measured using the probability
distributions described below. For a given simulated trajectory:

1.

The likelihood of the observed adult population size in each year (Table S15) is measured by a normal
distribution with mean equal to the adult population size generated by the simulated trajectory. In the
absence of sampling distribution for the estimated population size, we approximated the standard
division of these normal distributions by 0.05N,/z;_,,, Where N, is the adult population size in year
t and z;_q/ is the (1 — a/2) upper critical value of a standard normal distribution. We chose a =
0.05 (21-¢.05/2=1.96). The likelihood of observed population of children is measured using the same
approach.

The likelihood of observed prevalence of treatment-experienced adults is measured by a binomial
distribution where the number of trials is set to the number of population-based survey participants
and the probability of success is set to the prevalence of treatment-experienced adults projected by
the simulated trajectory. We approximate the number of survey participants from the reported

confidence intervals [L, U] (see Table S15) by solving % = Zi_a)2 /%ﬁ(l —p) forn, where pis

the estimated prevalence provided in Table S15. The likelihood of observed HIV prevalence,
percentage prevalent TB among treatment-naive adults and percentage prevalent TB among
treatment-experienced adults are calculated using the approach described above.

The likelihood of the observed number of treatment-naive adults starting TB treatment in each year
(Table S16) is measured by a binomial distribution where the number of trials is set to the population
size of treatment-naive adults produced by the simulated trajectory and the probability of success is
set to proportion of treatment-naive adults who started TB treatment in that year of the simulation.
The likelihoods of the observed number of treatment-experienced adults starting TB treatment and
the number of notified cases of pediatric TB are calculated in the same way.

Resampling: A subset of 1,000 parameter sets was then resampled (with replacement), with sampling
probability proportional to goodness of fit. This subset was then used for final analysis.

To ensure that we have obtained enough simulated trajectories to calibrate our model, we later repeated the
calibration procedure using a similar number of completely different parameter sets and different random number
seeds. Projections under this repeated analysis (Figure S7) show that the comparative performance of the
strategies considered is robust to the set of simulated trajectories selected for projecting cost-effectiveness

outcomes.
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S6. Posterior parameter estimates

Sampled posterior means and corresponding 95% uncertainty intervals for some of the key model parameters
describing differences in the natural history of TB between treatment-naive and treatment-experienced people are
provided below (Table S17).

Table S17: Comparison of prior and 95% posterior intervals for key model parameters describing differences
in the natural history of TB between naive and treatment-experienced people

Parameter Prior values Posterior values
Mean Uncertainty range Mean Uncertainty range
Natural death rate ratio, TB treatment-experienced adults to
treatment-naive adults 4-00 (3:70 - 4-20) 3:95 (3:71-4-19)
Ratio of infectiousness, TB treatment-experienced adults to
treatment-naive adults - (1-00 - 1-50) 1.24 (1.01-1-49)
Relative susceptibility towards reinfection compared to
primary infection
- Adults, latently infected/treatment-naive/HIV- 0-35 (0-13-0-63) 0-31 (0-15 - 0-56)
- Adults, latently infected/prior treatment/HIV- - (0-13 - 3-00) 1-26 (0-46 - 2:52)
- Adults, latently infected/treatment-naive/non-
immunocompromising HIV infection 0-65 (0-32-0-77) 0-54 (0-34-0:76)
- Adults, latently infected/prior treatment/non-
immunocompromising HIV infection - (0-32 - 3-:00) 1-61 (0-37 - 2:91)
- Adults, latently infected/treatment-
naive/immunocompromising HIV infection 0-75 (0-61 - 0-86) 0-73 (0-62 - 0-85)
- Adults, latently infected/prior treatment
/immunocompromising HIV infection - (0-61 - 3-:00) 1-79 (0-66 - 2:94)
Rate of reactivation of latent TB infection
- Adults, latently infected/treatment-naive/HIV- 0-001 (0-0003 - 0-0024) 0-0014 (0-0004 - 0-0023)
- Adults, latently infected/treatment-naive/non-
immunocompromising HIV infection 0-003 (0-001-0-006) 0-0034 (0-0011 - 0-0059)
- Adults, latently infected/treatment-
naive/immunocompromising HIV infection 0-128 (0-080 - 0-200) 0-1411 (0-0836 - 0-1973)
Rate of reactivation after completion of TB treatment (first
year)
- Adults, prior treatment/treatment-naive/HIV- - (0-021 - 0-189) 0-1035 (0-0250 - 0-1837)
- Adults, latently infected/prior treatment/non-
immunocompromising HIV infection - (0-021 - 0-378) 0-2058 (0-0330 - 0-3702)
- Adults, latently infected/prior
treatment/immunocompromising HIV infection - (0-021 - 0-756) 0-3897 (0-0396 - 0-7340)
Ratio of reactivation rate, first year vs. >1 year after TB
treatment - (0-0-50) 0-17 (0-06 - 0-:33)
Time to passive TB case detection (years)
- Adults, infectious/treatment-naive/HIV- - (0-083 - 2-:000) 0-4585 (0-0980 - 1-0746)
- Adults, infectious/treatment-naive/non-
immunocompromising HIV infection - (0-083 - 2:000) 0-9824 (0-1128 - 1-9475)
- Adults, infectious/treatment-naive/immunocompromising
HIV infection - (0-083 - 2-000) 1-0295 (0-1219 - 1-9387)
- Adults, infectious/prior treatment/HIV- - (0-083 - 1-500) 0-5826 (0-1176 - 1-3431)
- Adults, infectious/prior treatment/non-
immunocompromising HIV infection - (0-083 - 1-500) 0-7464 (0-1187 - 1-4605)
- Adults, infectious/prior treatment/immunocompromising
HIV infection - (0-083 - 1-500) 0-7532 (0-1184 - 1-4530)

S7. Outcome definitions and data analysis

We projected trajectories of TB incidence, prevalence and mortality. Incident TB was defined in our model as the
number of adults and children, regardless of treatment history and HIV status, who transitioned into any of the
infectious TB compartments; individuals remaining infectious after incomplete treatment were not counted in
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incidence estimates. Prevalent TB was defined as the number of adults and children in any of the infectious
compartments at a particular point in time. TB mortality was defined as the number of adults and children who died
while either in any of the infectious or TB treatment compartments.

Best estimates of incidence, prevalence and mortality were derived by calculating the mean of values projected from
the 1,000 sampled model trajectories. We calculated 95% percent uncertainty intervals representing the 2-5th and
97-5th percentiles of the 1,000 sampled trajectories. The impact of both interventions was defined as the cumulative
number of incident and prevalent TB cases and TB deaths that was averted in the population (compared to the baseline
scenario of no targeted interventions) during a 10-year period (2016 - 2025).

S8. Choice of diagnostic (screening) algorithms

We conducted a separate analysis to explore the characteristics and costs of different diagnostic test algorithms to
screen for recurrent active TB among people who previously completed TB treatment.

Diagnostic algorithms considered

Xpert MTB/RIF Ultra (Ultra) is currently recommended as the primary tool for routine diagnosis of TB amongst
presumptive TB cases in South Africa. Its advantage is the good accuracy and relatively rapid turnover which makes
this test interesting for screenings. A major concern of Ultra is the high probability of false-positive (culture-negative)
test results among individuals with a history of recent TB treatment because as Ultra can detect old DNA from non-
viable, non-intact bacilli.***° One in 7 Xpert-positive patients were found to be culture-negative in the study area, and
our preliminary diagnostic accuracy data suggest that, for patients with previous TB within the last two years, the
false-positive rate may be as high as 50%.

Another concern is the relatively suboptimal sensitivity of Ultra for detecting TB among HIV-infected individuals,
especially when early stage disease is present and symptoms are mild. This suboptimal sensitivity is why M.th culture
is currently recommended to verify Ultra-negative test results among HIV-infected presumptive TB patients in South
Africa, although follow-up via culture is currently inconsistently done.

We simulated screening among people with recent TB treatment (1 year after completion) using Ultra as the only
screening tool (Algorithm 1) and the following three alternative algorithms using M.tb culture (Algorithms 2-4). We
did not evaluate the previous-generation Xpert test, as this is in the process of being phased out by the manufacturer.

Algorithm 1. Xpert ultra for everyone.

Algorithm 2. M-tb culture for everyone.

Algorithm 3. Xpert ultra for HIV-uninfected people. Culture for HIV-infected people.
Algorithm 4. Xpert ultra for everyone, positive results are confirmed by M.tb culture.

Simulation method and parameters

We conducted a Monte Carlo simulation of follow-up screenings for TB among a hypothetical population of 1,000
individuals who completed an episode of TB treatment 12 months before the screening took place. It was assumed
that 17% of the 1,000 individuals were HIV-infected (ETR.net, 2013), and that by the end of the first year, 5.0% of
HIV-uninfected and 10.0% of HIV-positive people had a true episode of recurrent TB. These assumptions form the
basis for the choice of the parameters for the probabilities of TB and HIV in the screening population (see below).
Costs for the tests represent current NHLS estimates. Finally, test characteristics were derived from the literature, an
ongoing study (G. Theron et al.), or were assumed (Table S18).
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Table S18: Parameters for sub-analysis

A: Probabilities of TB and HIV

# Parameter Value Uncertainty interval Source

1 Recurrent TB after 12 months 0-06 0-04 - 0-08 Assumption

2 HIV-infected individuals among recurrent TB cases 0-29 0-25-0-35 Assumption
HIV-infected individuals among recurrent TB-free Assumption

3 individuals 0-17 0-14-0-18 (Data from ETR.net)

B: Costs of Xpert ultra and culture (in US-Dollar)

# Parameter Value Uncertainty interval Source

4 Xpert ultra 7-53 - NHLS

5 M-tb (liquid) culture 14.71 - NHLS

C: Test characteristics (people with recent TB treatment)

# Parameter Value Uncertainty interval Source
Xpert ultra:

6 Sensitivity HIV-uninfected people 0-91 0-86-0-95 Ref 52
Xpert ultra:

! Sensitivity HIV-infected people 0-90 0-83-0-95 Ref 52
Xpert ultra: . "

8 Specificity HIV-uninfected people 0-68 0-57-0-79 Unpublished data
Xpert ultra: . "

9 Specificity HIV-infected people 0-71 0-55-0-84 Unpublished data
M:tb culture:

10 Sensitivity HIV-uninfected people 0-95 ) Ref 53
M:tb culture: .

1 Sensitivity HIV-infected people 0-90 ) Assumption
M:tb culture:

12 Specificity HIV-uninfected people 0-996 ) Ref 54
M:tb culture: .

13 Specificity HIV-infected people 0-996 ] Ref 54 (assumption)

* Based on individuals treated within the last two years. More distant previous TB will be associated with higher
specificity.
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Analysis methods

For the Monte Carlo simulation, a total of 1,000 sets of parameters were randomly selected from uniform distributions
of values within the uncertainty intervals shown in the tables. (Point estimates were used for parameters where no
intervals are shown.)

Results (Table S19) are presented as median (best estimate) with the uncertainty interval representing the 2-5™ and
97-5™ percentile of the outcome values. The following outcome parameters are simulated:

(1) Positive predictive value

(2) Negative predictive value

(3) Total costs (USD) per 1,000 screenings

(4) Total costs (USD) per 1 recurrent TB case detected

Figure S2 shows expected numbers of true- and false-positive test results per 1,000 screenings for Xpert and
Culture.

Table S19: Results of the sub-analysis

QOutcome 1 2 3 4
Xpert Culture Xpert (HIV-)/ Xpert / Xpert+ conf.
Culture (HIV+) via culture
Positive predictive value (%) 15-0 (9-6 — 23-5) 93-4 (90-5-95-1) 17.5 (11-0 - 27:4) 93-4 (90-5-95-1)
Negative predictive value (%) 99-1 (98-4 — 99-5) 99-4 (99-1 — 99-6) 99-2 (98-6 — 99-6) 99-4 (989 —99-7)
Median costs per 1,000 screenings 14,709 7,533 13,503 17,382
(USD)
Median costs per 1 detected TB 275 (207 - 401) 141 (106 — 207) 251 (189 - 368) 324 (244 - 473)
case (USD)
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Figure S2. Expected numbers of positive test results per 1,000 screenings; left: Culture, right: Xpert (note: different
scale)
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Conclusions

Ultra as a screening tool has a high cost per TB case detected and results in a high number of false-positive test results
at screening which would require further testing and diagnostic follow-up. In our setting, culture-based screening is
therefore likely to be more acceptable to individuals and health-care services and more cost-effective, even though
positive results would have to be communicated with a delay of up 2-6 weeks (until culture results become available).
The effect of diagnostic delay associated with culture will be mitigated by potentially frequent early-phase disease
(and hence reduced infectiousness) in previously treated patients, especially if they are not yet symptomatic. The
effectiveness of the screening program would depend on whether culture-positive individuals can be successfully
recalled for treatment.
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S9. Methods for estimating disability-adjusted life years (DALYS)

Disability-adjusted life years form a composite of the years of life lost due to premature death (YLL) and the years
of life lost due to disability (YLD).

DALYs=YLL + YLD

Estimates of YLL
First, using data from the Global Burden of Disease Study 2016 we obtained an estimate of the average age at death
from HIV and TB among adults in South Africa:

Death due to HIV: 40-5 years
Death due to TB: 51-0 years

We then used synthetic life tables* for South Africa to estimate the average YLL:
YLL due to HIV: 33-8
YLL dueto TB: 26-8

Estimates of YLD

YLD were estimated using model outputs and disability weights:
YLD = average time in the respective model state x disability weight

The following disability weights were used (Table S20):

Table S20: Disability weights

Value | Uncertainty interval Source
Latent TB infection 0
Untreated active TB, HIV-negative 0-333 0-224 - 0-454 Ref 55
HIV, non-immunocompromised 0-012 0-006 - 0-023 Ref 55
HIV, immunocompromised 0-428 0-274 - 0-582 Ref 55
HIV, on antiretroviral treatment 0-078 0-052 - 0-111 Ref 55

We used estimates of disutility from HIV and active TB to estimate the disutility of having both HIV and active TB:
1— (1-HIV disutility) * (1-TB disutility).
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S$10.  Sensitivity analysis

To assess how sensitive the projected health impact (DALY averted) and incremental costs of the interventions were
to the input parameters of our model, we calculated partial rank correlation coefficients. In this analysis we focused
on the most expensive intervention strategy, ‘annual follow-up with continuous 2°IPT’ and refer to the base-case
scenario as a reference. The coefficients measure the correlation between an input parameter and the projected model
outcome (number of incident tuberculosis cases averted) while adjusting for other parameters in the model.

Sensitivity analysis (Table S.21) showed that projections of incremental health impact and incremental costs under
the ‘annual follow-up with continuous 2°IPT’ scenario (relative to base-case) were most sensitive to the average time
to passive TB case detection among previously treated TB cases (incremental health impact only), the rate of
reactivation (relapse) and the relative susceptibility to reinfection post-treatment, and the efficacy of 2°IPT.

Table S21: Sensitivity analysis: Partial Rank Correlation Coefficients (PRCC) for parameters describing
the natural history of TB among treatment-experienced people

Incremental DALYs Incremental costs
Model parameter
averted

Coefficient P-Value Coefficient P-Value
Excess mortality among treatment-experienced people
gldaJ:JtI;al death rate ratio, TB treatment-experienced adults to treatment-naive 0-007 0.829 0.022 0.485
Rate of Reactivation of active TB after treatment
Adults, prior complete treatment/1* year/HIV- 0-156 <0-001 -0-040 0-208
Adults, prior complete treatment/>1 year/HIV- 0-127 <0-001 -0-077 0-014
Adults, prior complete treatment/1* year/HIV+/non-immunocompromised 0-018 0-568 0.-054 0-090
Adults, prior complete treatment/>1 year/HIV+/non-immunocompromised 0-004 0-902 -0-002 0-955
Adults, prior complete treatment/1* year /HIV+/immunocompromised -0-023 0-466 0-014 0-654
Adults,_susceptlble/pnor pomplete treatment/>1 year 0013 0-690 -0-016 0-609
/HIV+/immunocompromised
Ratio reactivation 1 year vs. >1 year 0-001 0-980 -0-036 0-258
Relative susceptibility towards reinfection (treatment-experienced)
Adults, latently infected/treatment-experienced/HIV- 0-154 <0-001 -0-196 <0-001
Adults, latently infected/ treatment-experienced/HIV+/non-
immunocompromised -0-036 0-258 -0-044 0-168
Adults, latently infected/treatment-experienced/HIV+/immunocompromised -0-033 0-300 0-012 0-713
Baseline time between disease onset and passive case detection (years)
Adults, infectious/prior complete treatment/HIV- 0-415 <0-001 -0-055 0-085
Adults, infectious/prior complete treatment /HIV+/non-immunocompromised -0-056 0-079 -0-016 0-624
Adults, infectious/prior complete treatment /HIV+/immunocompromised -0-041 0-199 0-008 0-803
Cost estimates
Cost of DS-TB treatment -0-005 0-869 -0-054 0-086
Cost of DR-TB treatment -0-027 0-397 0-041 0-190
Cost of ART (per month) 0-004 0-902 0-051 0-106
Cost of IPT (including outpatient visits) -0-001 0-976 0-033 0-299
Cost of management of DILI events <0-001 0-990 -0-019 0-555
Cost for hospitalization (severe DILI) -0-019 0-540 0-029 0-353
Efficacy of 2°IPT
Reduction in TB reactivation rate 0-087 0-006 -0-064 0-043
Reduction in probability of fast progression to TB after reinfection 0-017 0-595 -0-010 0-745
Infectiousness
Ratio: adults, treatment-experienced to adults, treatment-naive 0-006 | 0-850 | -0-050 | 0-111
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S11.

Figure S3 shows an overview of the interventions modeled.

Overview of intervention scenarios and projected epidemiologic impact

Figure S4 shows model projections of TB incidence over time under each model scenario.

Intervention

Follow-up alone

Follow-up + 2°IPT

1st year

of the intervention

Intended duration
Continuous™*

Follow-up once at
month 12

Follow-up once at month 12
+ 2°IPT for 12 months

Annual follow-up every
12 months

Annual follow-up every 12
months + continuous
2°IPT

*The modeled duration is conditional on the rates of intervention drop-out, detected TB disease and
death during the intervention.

2°IPT = Secondary isoniazid preventive therapy

Figure S3. Two-by-two design of modelled intervention scenarios

2500

N

o

o

o
1

1500 ~

=
o
o
o
1

500

Incident TB cases per 100 000 population

First-year follow-up

Annual follow-up

First-year follow-up with limi
Annual follow-up with contin

Base case (no targeted intervention)

ted 2°IPT
uous 2°IPT

Figure S4. Best estimates of TB incidence in the general population (calculated as the mean of 1000 simulated
trajectories) under different scenarios of post-treatment follow-up and secondary preventive therapy among
adults who completed tuberculosis treatment in a high-incidence setting in suburban Cape Town, 2019-2028;
thick lines represent means, dashed lines upper and lower bounds of 90% uncertainty intervals.
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S12. Pairwise comparison of intervention scenarios and results of secondary analysis

Figures S5 shows a pairwise comparison of the intervention scenarios in terms incremental costs and DALY
averted.

Figures S6 and S7 show model projections for scenarios in which we varied the uptake of and drop out from follow-
up and secondary isoniazid preventive therapy.

Figure S8 shows a secondary analysis in which we resampled the initial parameter sets.

First-year follow-up Annual follow-up

2,000 : T -
i Cost-Saving 1 Cost-Saving

Base First-year follow-up Annual follow-up with limited 2°IPT with continuous 2°IPT
2,000 T T T
Cost-Saving H $15.7 i Cost-Saving ; Cost-Saving
1,000 . j . ; - |
] L H
j oo *
2 i
-1,000 . ¥ - E H
-2,000 T T T i T i T
2,000 T - T T - T -
! Dominated H $152.2 | Cost-Saving i Cost-Saving
1,000 1 . ' - i e
0 | -_-' . ------------- 1 ‘ #
; |
-1,000 ! 1 ] . ] - i
-2,000 }| T T Il T ‘I T T T

1,000

-1,000 §

Annual follow-up First-year follow-up

-2,000

2,000 - T -
Dominated | Dominated { Dominated $18.2%

o
1
il
1
I
1
s
(siejjoq puesnoyl) 1so) |euollIppy

1,000

-1,000 +

-2,000
2,000

Dominated

1,000 A B
5 4
0 i -‘4- ---------------- i -t --------------- T T i ___e
T

Dominated | Dominated !

-1,000 § 1

Annual follow-up First-year follow-up
with continuous 2°IPT with limited 2°IPT

-2,000 T T t T T T
-10.0 0.0 10.0 20.010.0 0.0 10.0 20.610.0 0.0 10.0 20.010.0 0.0 10.0 20.6010.0 0.0 10.0 20.0

DALY Averted (Thousands)

Figure S5. Pairwise comparison of intervention strategies

Each panel shows the additional cost and DALY averted of strategies listed on the top of each column with respect
to strategies listed on the left hand-side of each row. The label on each figure summarizes the results of the cost-
effectiveness analysis: Dominated if the strategy listed on top is dominated by the strategy listed on left; Cost-
saving, if the strategy listed on top is expected to avert DALY's and to result in lower cost; and the ICER is reported
if the strategy listed on top is expected to avert DALY and to increase the cost. The asterisks represent comparisons
between two strategies that are on the cost-effectiveness frontier.
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Figure S6. Secondary analysis: Additional costs and DALY averted by varying uptake of and drop out from
follow-up and secondary isoniazid preventive therapy; drop-out rates are per annum
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Figure S7. Secondary analysis:
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Figure S8. Secondary analysis: Cost-effectiveness analysis of modelled interventions for the original analysis
and for a repeated analysis for which we resampled a similar number of parameter sets with different
random seeds. The left panels show the expected incremental net-monetary benefit (NMB) of each strategy
with respect to the base-case strategy (for a given cost-effectiveness threshold, the optimal strategy is the one
with the highest expected incremental NMB). The right panes display the probability that a strategy results in
the highest NMB for various cost-effectiveness thresholds. The strategy with the highest expected NMB is
represented by the bold curve.

23



Appendix References

1.

2.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

Munch Z, Van Lill SW, Booysen CN, Zietsman HL, Enarson DA, Beyers N. Tuberculosis transmission patterns
in a high-incidence area: a spatial analysis. Int J Tuberc Lung Dis 2003; 7(3): 271-7.

Kritzinger FE, 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(2): 136-42.

Verver S, Warren RM, Munch Z, et al. Transmission of tuberculosis in a high incidence urban community in
South Africa. Int J Epidemiol 2004; 33(2): 351-7.

van Rie A, Warren R, Richardson M, et al. Exogenous reinfection as a cause of recurrent tuberculosis after
curative treatment. N Engl J Med 1999; 341(16): 1174-9.

Verver S, Warren RM, Beyers N, et al. Rate of reinfection tuberculosis after successful treatment is higher than
rate of new tuberculosis. Am J Respir Crit Care Med 2005; 171(12): 1430-5.

Marx FM, Dunbar R, Enarson DA, et al. The temporal dynamics of relapse and reinfection tuberculosis after
successful treatment: a retrospective cohort study. Clin Infect Dis 2014; 58(12): 1676-83.

Marx FM, Dunbar R, Enarson DA, Beyers N. The rate of sputum smear-positive tuberculosis after treatment
default in a high-burden setting: a retrospective cohort study. PloS one 2012; 7(9): e45724.

den Boon S, van Lill SW, Borgdorff MW, et al. High prevalence of tuberculosis in previously treated patients,
Cape Town, South Africa. Emerg Infect Dis 2007; 13(8): 1189-94.

City of Cape Town: 2003 - 2006 - Health Indicators - Tygerberg Sub-District; available from:
https://www.capetown.gov.za/EN/CITYHEALTH/HEAL THINFORMATION/Pages/TygerbergSub-
District.aspx (accessed 30/01/2019).

Waitt CJ, Squire SB. A systematic review of risk factors for death in adults during and after tuberculosis treatment.
Int J Tuberc Lung Dis 2011; 15(7): 871-85.

Shuldiner J, Leventhal A, Chemtob D, Mor Z. Mortality of tuberculosis patients during treatment in Israel, 2000-
2010. Int J Tuberc Lung Dis 2014; 18(7): 818-23.

Miller TL, Wilson FA, Pang JW, et al. Mortality hazard and survival after tuberculosis treatment. Am J Public
Health 2015; 105(5): 930-7.

Buist AS, McBurnie MA, Vollmer WM, et al. International variation in the prevalence of COPD (the BOLD
Study): a population-based prevalence study. Lancet 2007; 370(9589): 741-50.

Tocque K, Convrey RP, Bellis MA, Beeching NJ, Davies PD. Elevated mortality following diagnosis with a
treatable disease: tuberculosis. Int J Tuberc Lung Dis 2005; 9(7): 797-802.

Mossong J, Hens N, Jit M, et al. Social contacts and mixing patterns relevant to the spread of infectious diseases.
PLoS Med 2008; 5(3): e74.

Fox GJ, Nguyen VN, Dinh NS, et al. Post-treatment Mortality Among Patients With Tuberculosis: A Prospective
Cohort Study of 10 964 Patients in Vietnam. Clin Infect Dis 2018.

Osman M, Welte A, Dunbar R, et al. Morbidity and mortality up to 5 years post tuberculosis treatment in South
Africa: A pilot study. International journal of infectious diseases : 1JID : official publication of the International
Society for Infectious Diseases 2019; 85: 57-63.

Daley CL, Small PM, Schecter GF, et al. An outbreak of tuberculosis with accelerated progression among persons
infected with the human immunodeficiency virus. An analysis using restriction-fragment-length polymorphisms.
N Engl J Med 1992; 326(4): 231-5.

Di Perri G, Cruciani M, Danzi MC, et al. Nosocomial epidemic of active tuberculosis among HIV-infected
patients. Lancet 1989; 2(8678-8679): 1502-4.

Selwyn PA, Hartel D, Lewis VA, et al. A prospective study of the risk of tuberculosis among intravenous drug
users with human immunodeficiency virus infection. N Engl J Med 1989; 320(9): 545-50.

Kunkel A, Abel Zur Wiesch P, Nathavitharana RR, Marx FM, Jenkins HE, Cohen T. Smear positivity in paediatric
and adult tuberculosis: systematic review and meta-analysis. BMC Infect Dis 2016; 16(1): 282.

Vynnycky E, Fine PE. The natural history of tuberculosis: the implications of age-dependent risks of disease and
the role of reinfection. Epidemiol Infect 1997; 119: 183-201.

Dye C, Garnett GP, Sleeman K, Williams BG. Prospects for worldwide tuberculosis control under the WHO
DOTS strategy. Directly observed short-course therapy. Lancet 1998; 352: 1886-91.

24


https://www.capetown.gov.za/EN/CITYHEALTH/HEALTHINFORMATION/Pages/TygerbergSub-District.aspx
https://www.capetown.gov.za/EN/CITYHEALTH/HEALTHINFORMATION/Pages/TygerbergSub-District.aspx

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

Menzies NA, Cohen T, Lin HH, Murray M, Salomon JA. Population health impact and cost-effectiveness of
tuberculosis diagnosis with Xpert MTB/RIF: a dynamic simulation and economic evaluation. PLoS Med 2012; 9:
€1001347.

Marais BJ, Gie RP, Schaaf HS, et al. The clinical epidemiology of childhood pulmonary tuberculosis: a critical
review of literature from the pre-chemotherapy era. Int J Tuberc Lung Dis 2004; 8(3): 278-85.

Dowdy DW, Chaisson RE. The persistence of tuberculosis in the age of DOTS: reassessing the effect of case
detection. Bull World Health Organ 2009; 87: 296-304.

Ferebee SH. Controlled chemoprophylaxis trials in tuberculosis. A general review. Bibliotheca tuberculosea
1970; 26: 28-106.

Dye C, Williams BG. Criteria for the control of drug-resistant tuberculosis. Proc Natl Acad Sci U S A 2000;
97(14): 8180-5.

Dye C, Espinal MA. Will tuberculosis become resistant to all antibiotics? Proc Biol Sci 2002; 268: 45-52.
Cohen T, Lipsitch M, Walensky RP, Murray M. Beneficial and perverse effects of isoniazid preventive therapy
for latent tuberculosis infection in HIV-tuberculosis coinfected populations. Proc Natl Acad Sci U S A 2006; 103:
7042-7.

Datiko DG, Lindtjorn B. Cost and cost-effectiveness of smear-positive tuberculosis treatment by Health Extension
Workers in Southern Ethiopia: a community randomized trial. PloS one 2010; 5(2): €9158.

Nunn AJ, Phillips PP, Mitchison DA. Timing of relapse in short-course chemotherapy trials for tuberculosis. Int
J Tuberc Lung Dis 2010; 14(2): 241-2.

Marx FM, Floyd S, Ayles H, Godfrey-Faussett P, Beyers N, Cohen T. High burden of prevalent tuberculosis
among previously treated people in Southern Africa suggests potential for targeted control interventions. The
European respiratory journal : official journal of the European Society for Clinical Respiratory Physiology 2016;
48(4): 1227-30.

Corbett EL, Charalambous S, Moloi VM, et al. Human immunodeficiency virus and the prevalence of
undiagnosed tuberculosis in African gold miners. Am J Respir Crit Care Med 2004; 170(6): 673-9.

Corbett EL, Bandason T, Cheung YB, et al. Epidemiology of tuberculosis in a high HIV prevalence population
provided with enhanced diagnosis of symptomatic disease. PLoS Med 2007; 4(1): e22.

Manosuthi W, Tantanathip P, Chimsuntorn S, et al. Treatment outcomes of patients co-infected with HIV and
tuberculosis who received a nevirapine-based antiretroviral regimen: a four-year prospective study. International
journal of infectious diseases : 1JID : official publication of the International Society for Infectious Diseases
2010; 14(11): e1013-7.

van der Sande MA, Schim van der Loeff MF, Bennett RC, et al. Incidence of tuberculosis and survival after its
diagnosis in patients infected with HIV-1 and HIV-2. Aids 2004; 18(14): 1933-41.

Mahy M, Lewden C, Brinkhof MW, et al. Derivation of parameters used in Spectrum for eligibility for
antiretroviral therapy and survival on antiretroviral therapy. Sex Transm Infect 2010; 86 Suppl 2: ii28-34.

Todd J, Glynn JR, Marston M, et al. Time from HIV seroconversion to death: a collaborative analysis of eight
studies in six low and middle-income countries before highly active antiretroviral therapy. Aids 2007; 21 Suppl
6: S55-63.

Anglaret X, Minga A, Gabillard D, et al. AIDS and non-AIDS morbidity and mortality across the spectrum of
CD4 cell counts in HIV-infected adults before starting antiretroviral therapy in Cote d'lvoire. Clin Infect Dis 2012;
54(5): 714-23.

Badri M, Lawn SD, Wood R. Short-term risk of AIDS or death in people infected with HIV-1 before antiretroviral
therapy in South Africa: a longitudinal study. Lancet 2006; 368(9543): 1254-9.

Egger M, May M, Chéne G, et al. Prognosis of HIV-1-infected patients starting highly active antiretroviral
therapy: a collaborative analysis of prospective studies. Lancet 2002; 360(9327): 119-29.

May M, Sterne JAC, Sabin C, et al. Prognosis of HIV-1-infected patients up to 5 years after initiation of HAART:
collaborative analysis of prospective studies. Aids 2007; 21(9): 1185-97.

Phillips A, Pezzotti P, Collaboration C. Short-term risk of AIDS according to current CD4 cell count and viral
load in antiretroviral drug-naive individuals and those treated in the monotherapy era. Aids 2004; 18(1): 51-8.
Suthar AB, Lawn SD, del Amo J, et al. Antiretroviral therapy for prevention of tuberculosis in adults with HIV:
a systematic review and meta-analysis. PLoS Med 2012; 9(7): €1001270.

National Tuberculosis Management Guidelines; Department: Health, Republic of South Africa, 2008. Available
from: http://www.who.int/hiv/pub/national_guidelines/en (accessed 20/02/2020).

25


http://www.who.int/hiv/pub/national_guidelines/en

47,

48.

49.

50.

51.

52.

53.

54.

55.

Annual Report. Metropole District Health Services, Cape Town, 2003-2004. Available from:
https://www.westerncape.gov.za/text/2005/2/mdhs_partl.pdf (accessed 20/02/2020).

Menzies NA, Soeteman DI, Pandya A, Kim JJ. Bayesian Methods for Calibrating Health Policy Models: A
Tutorial. Pharmacoeconomics 2017; 35(6): 613-24.

Theron G, Venter R, Calligaro G, et al. Xpert MTB/RIF Results in Patients With Previous Tuberculosis: Can We
Distinguish True From False Positive Results? Clin Infect Dis 2016; 62(8): 995-1001.

Theron G, Zijenah L, Chanda D, et al. Feasibility, accuracy, and clinical effect of point-of-care Xpert MTB/RIF
testing for tuberculosis in primary-care settings in Africa: a multicentre, randomised, controlled trial. Lancet 2014;
383(9915): 424-35.

McCarthy KM, Grant AD, Chihota V, et al. Implementation and Operational Research: What Happens After a
Negative Test for Tuberculosis? Evaluating Adherence to TB Diagnostic Algorithms in South African Primary
Health Clinics. J Acquir Immune Defic Syndr 2016; 71(5): e119-26.

Dorman SE, Schumacher SG, Alland D, et al. Xpert MTB/RIF Ultra for detection of Mycobacterium tuberculosis
and rifampicin resistance: a prospective multicentre diagnostic accuracy study. The Lancet infectious diseases
2018; 18(1): 76-84.

Boehme CC, Nabeta P, Hillemann D, et al. Rapid Molecular Detection of Tuberculosis and Rifampin Resistance.
New England Journal of Medicine 2010; 363(11): 1005-15.

Cruciani M, Scarparo C, Malena M, Bosco O, Serpelloni G, Mengoli C. Meta-analysis of BACTEC MGIT 960
and BACTEC 460 TB, with or without solid media, for detection of mycobacteria. J Clin Microbiol 2004; 42(5):
2321-5.

Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2016 (GBD 2016) Disability
Weights. Seattle, United States: Institute for Health Metrics and Evaluation (IHME), 2017.

26


https://www.westerncape.gov.za/text/2005/2/mdhs_part1.pdf

