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Rationale: Isoniazid preventive therapy is effective in reducing the
risk of tuberculosis (TB) in persons living with HIV (PLWH); however,
screening must exclude TB disease before initiating therapy. Symp-
tom screening alone may be insufficient to exclude TB disease in
PLWH because some PLWH with TB disease have no symptoms. The
addition of chest radiography (CXR) may improve disease detection.
Objectives: The objective of the present analysis was to compare the
costs and effects of the addition of CXR to the symptom screening
process against the costs and effects of symptom screening alone.
Methods: Using data from Botswana, a decision analytic model was
usedtocomparea ‘‘Symptomonly’’ policyagainsta ‘‘Symptom1CXR’’
policy. The outcomes of interest were cost, death, and isoniazid- and
multidrug-resistant TB in a hypothetical cohort of 10,000 PLWH.
Measurements and Main Results: The Symptom1CXR policy prevented
16 isoniazid- and 0.3 multidrug-resistant TB cases; however, because
of attrition from the screening process, there were 98 excess cases of
TB, 15 excess deaths, and an additional cost of U.S. $127,100. The
Symptom1CXR policy reduced deaths only if attrition was close to
zero; however, to eliminate attrition the cost would be U.S. $2.8
million per death averted. These findings did not change in best- and
worst-case scenario analyses.
Conclusions: In Botswana, a policy with symptom screening only
preceding isoniazid-preventive therapy initiation prevents more TB
and TB-related deaths, and uses fewer resources, than a policy that
uses both CXR and symptom screening.
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Tuberculosis (TB) is a major health risk. An estimated one-third
of the world’s population is infected with Mycobacterium tuber-
culosis (1). Most of these individuals never develop TB disease or
experience symptoms, a condition termed latent TB infection.
However, persons living with HIV (PLWH) are at greatly in-
creased risk of progressing to TB disease (2). The annual risk of
TB disease in PLWH coinfected with M. tuberculosis is 5–10%,
compared with a lifetime risk of less than 10% in HIV-uninfected
individuals (3).

Botswana suffers a high HIV prevalence as well as one of the
highest rates of TB worldwide: one-quarter of 15- to 49-year-olds
were estimated to be infected with HIV (4), and the case
notification rate of TB disease tripled between 1989 and 2002

to 623 cases per 100,000 population (5), and 84% of patients
with TB were coinfected with HIV (6).

The progression from latent TB infection to TB disease can be
prevented in PLWH through isoniazid (INH) preventive therapy
(IPT), as demonstrated in clinical trials conducted in TB-endemic
countries (7, 8). IPT substantially reduces the risk of TB disease
in PLWH (9, 10) and is cost-effective in Africa (11–14).

Before commencing IPT, screening must exclude TB disease
to avoid treatment of TB disease with a single drug, which could
select for isoniazid-resistant (INH-R) microorganisms. World
Health Organization (WHO, Geneva, Switzerland) guidelines
recommend the use of chest radiography (CXR) in addition to
symptom screening to exclude TB disease (15).

Since 2001, Botswana has implemented a nationwide IPT pro-
gram for PLWH using symptom screening without CXR. During the
pilot phase of this program, which used CXRs during screening, only
1 of 563 (0.2%) asymptomatic PLWH with TB disease were
identified (16). Because of the low prevalence of TB disease in
these asymptomatic PLWH, and because 18% of potential benefi-
ciaries did not return for CXR during IPT screening (16), the
individuals not returning for CXR remained at increased risk for TB
disease because they would not have received IPT. An editorial
accompanying this report highlighted the unnecessary increased
cost to resource-constrained countries of CXR screening and urges
the WHO to reconsider its recommendation of requiring a CXR for
TB screening in asymptomatic PLWH. The Ministry of Health in
Botswana decided that CXR screening should not be required
routinely for asymptomatic PLWH during the IPT screening pro-
cess, because—in its judgment—the harm from the high attrition
outweighed the benefit of identifying few asymptomatic PLWH
with TB disease.

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Isoniazid prophylactic therapy (IPT) reduces the risk of
tuberculosis (TB) disease in HIV-infected persons. Screen-
ing for IPT must exclude TB disease in order to avoid
treatment of TB with a single drug. The addition of chest
radiography to symptom screening improves detection of
TB but also presents logistical difficulties and increases cost
to developing countries with high TB burdens.

What This Study Adds to the Field

Our economic analysis, even in best- and worst-case
scenarios, showed that addition of the chest radiograph to
symptom screening would result in an unacceptable loss of
potential beneficiaries from receiving IPT. In Botswana,
symptom screening alone before IPT is not only less costly,
but it also prevents more TB deaths and cases.
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From 2004 to 2006 a clinical trial for IPT was conducted, in
which candidates from Botswana government clinics were
screened (17). This clinical trial used symptom screening and
CXR. Using CXR, 1.6% of asymptomatic PLWH were identified
with prevalent TB disease (17). Although this proportion is
substantially higher than the 0.2% found in the pilot study,
decision-makers in Botswana were uncertain whether the bene-
fits of using CXR to identify these additional cases of asymptom-
atic TB disease were sufficiently high to justify the costs and the
risk of losing potential beneficiaries of IPT during the CXR

screening process. TB control programs around Africa face
a similar dilemma: on the one hand, CXR can decrease the
number of PLWH who develop INH-R TB disease by avoiding
provision of IPT to PLWH with asymptomatic TB disease; on
the other hand, requiring CXR has negative consequences due
to the obstacle presented to the patient resulting in attrition, as
well as increased costs. The objective of the present analysis
was to compare the costs and effects of the addition of CXR to
the symptom-screening process against the costs and effects of
symptom screening alone.

TABLE 1. CLINICAL MODEL PARAMETERS AND DATA SOURCES

Name Description Base-Case Estimate Estimate in Reference Reference Range

Attrition Attrition when adding CXR to

IPT screening in programmatic setting

18% 18% 16 0–24%

24% 24

10% 48

TB incidence Annual incidence of TB (HIV-infected,

regardless of CD4 count—no ART,

TST ignored)

4.1% 9.7/100 py 20 0.7–10%

0.7–9.1/100 py 3

1.5–10/100 py 22

2.9/100 py 21

Efficacy IPT Efficacy of IPT in HIV1, TST ignored 37.5% 42% reduction 9 33–42%

33% reduction 10

Duration IPT efficacy Duration of the efficacy of IPT 2.5 yr 1.0 yr 49 1–2.5 yr

2.5 yr 19

Risk INH-R TB Risk of INH-R TB as a consequence

of INH-monotherapy

14% 14% 31 10–50%

68% 41

48% 39

36% 40

Abnormal CXR Proportion of CXR in asymptomatic

PLWH read as abnormal

11% 11% IPT clinical trial 5–20%

True abnormal CXR Proportion of abnormal CXRs that are

interpreted correctly as abnormal

70% 70% IPT clinical trial (28) 61–75%

68% 50

True abnormal CXR

with TB disease

Proportion of abnormal CXRs that

are interpreted correctly as abnormal,

that also have TB disease

14% 14% IPT clinical trial 10–30%

False normal

CXR

Proportion of truly abnormal CXRs

that were misinterpreted as normal

4% 5.5% IPT clinical trial (28, 29) 1–9%

False normal CXR

with TB

Proportion of truly abnormal CXRs

that were misinterpreted as normal that

have TB disease

14% 14% IPT clinical trial 10–30%

Normal CXR misread

as abnormal

Proportion of normal CXRs that were

misinterpreted as abnormal

31% 31% IPT clinical trial 10–30%

25–39% 28

25–32% 29

Treatment success,

background TB

Treatment success rate for TB disease

with any resistance

70%* 85% 51 65–85%

72% 52

72% 33

Treatment success,

INH-R TB

Treatment success rate for INH-R TB 67%† 82% 51 62–82%

Treatment success,

MDR TB

Treatment success rate for MDR TB 40%* 52% 51 30–52%

Mortality,

background TB

Mortality in PLWH during TB treatment

without regard for drug susceptibility

15% 0–13% 34 10–25%

33%‡ 53

40%‡ 8

11% 33

7%x 51

6%x 52

Mortality, INH-R TB Mortality in PLWH during DOTS

treatment for INH-R TB

15%k 2%x 51 10–25%

Mortality, MDR TB Mortality DOTS MDR TB 40% 72–98% 35 20–60%

17% 52

Background rifampicin

resistance

Background resistance for rifampicin in Botswana 2% 2% 30 0.5–10%

Definition of abbreviations: ART 5 antiretroviral therapy; CXR 5 chest X-ray; DOTS 5 directly observed therapy short course; INH-R 5 isoniazid resistant; IPT 5 isoniazid

preventive therapy; MDR 5 multidrug resistant; PLWH 5 persons living with HIV; py 5 person years; TB 5 tuberculosis; TST 5 tuberculin skin test.

* Treatment success adjusted down because of poorer response in HIV-infected adults.
† Treatment success for INH-R is not established for PLWH and so a conservative estimate is used. In the IPT trial treatment success for patients with INH-R TB, all of whom

had cavitary disease, was 100% (four of four).
‡ These statistics are quoted from the pre-ART era and likely reflect outcomes from that period. Treatment outcomes are better in Botswana, where ART is widely available.
x Presumably these statistics were derived from mostly HIV-uninfected patients with TB.
k A more conservative base-case statistic was used in our model than the reference cited in order to reflect statistics more typical for Botswana and HIV-infected patients

with TB.
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We compared three screening policies preceding IPT on the
basis of the incremental cost per averted case of INH-R TB
disease, multidrug-resistant (MDR) TB disease, any TB disease,
and death. The three policies examined were as follows: (1)
‘‘Symptom’’ policy—IPT preceded by symptom screening alone,
which is the current policy of the National IPT Program; (2)
‘‘Symptom1CXR’’ policy—IPT preceded by symptom and
CXR screening; and (3) ‘‘Symptom1CXR1Tracking’’ policy—-
IPT preceded by symptom and CXR screening combined with
an intensive effort to prevent any attrition during the CXR-
screening process.

METHODS

A decision analytic model was designed (18) to estimate the costs and
effects of three screening policies in a cohort of 10,000 PLWH (Figure
E1 in the online supplement). The analysis was conducted from the
Botswana health-care perspective with an analytic horizon of 3 years
(duration of IPT is 0.5 yr plus the potential benefit from IPT of 2.5 yr
[19]), using a discount rate of 3%. We assumed that 1.6% of
asymptomatic PLWH had TB disease (17). For those PLWH who

failed to receive IPT because of attrition, we assumed a baseline annual
incidence of TB disease of 4.1% (3, 20–22). For the Symptom1CXR1

Tracking policy we assumed 0% attrition. Parameter values were
derived from the Botswana IPT Trial (17) and the literature (Table 1).

The incremental cost–effectiveness ratio (ICER) was calculated as
the difference in costs divided by the difference in health effects
between policies. Health effects were expressed in terms of deaths and
new cases of TB disease, subdivided as background resistant, INH-R,
and MDR TB disease. Primary and secondary outcomes were the
incremental cost per death averted and per case of INH-R TB disease
averted, respectively.

Screening to Identify PLWH Who Should Receive IPT

The Symptom policy screening procedures were identical to those of the
National IPT Program: individuals with fever or cough of any duration,
weight loss, AIDS-defining illness (23), a physical examination suspicious
for TB disease, or no proof of HIV infection were excluded. A positive
tuberculin skin test (TST) was not required, in accordance with WHO
recommendations (15), and also because the addition of TST could result
in 18–24% attrition (24, 25). In the Symptom1CXR and Symptom1

CXR1Tracking policies, any asymptomatic individual not excluded by
the Symptom policy was referred for CXR. PLWH with abnormal CXRs

TABLE 2. COST PARAMETERS IN 2008 U.S. DOLLARS AND DATA SOURCES

Item Resource Use Unit Cost

Total cost of IPT per additional patient $16.97

Nurse screening time (15 min during six follow-up visits) 90 min $13.81

Isoniazid (INH) 6 mo 182 DDD $2.31

Pyridoxine (B6) months 182 DDD $0.85

Total cost per CXR $13.50

Equipment costs per CXR $2.86

Film cost per CXR $2.94

Radiographer: administer CXR 20 min $2.92

Medical officer: reading CXR 10 min $4.78

Total cost per patient for DOTS (pan-susceptible) $288.28

Pharmacist: observation (10 min daily for 182 d) 1,820 min $278.92

Standard 182 d of DOTS treatment (HRZE2HR4) 182 DDD $9.36

Total cost per patient for DOTS (INH-R) $294.40

Pharmacist: observation (10 min daily for 182 d) 1,820 min $278.92

Standard 182 d of DOTS treatment (HRZE6) 182 DDD $15.48

Total cost per patient for second-line DOTS (MDR TB) $3,865.61

Nurse: observation and injection (10 min daily for 6 mo) $279.23

Pharmacist: observation (10 min daily for 18 mo) $838.28

Medical officer: medical evaluation (20 min monthly for 24 mo) $229.24

6 mo of Amik1Ethio1PZA1Cipro and 18 mo of Ethio1Cipro $2,518.86

Total cost of evaluation for TB disease $23.40

Nurse: intake 15 min $2.30

Medical officer: clinical evaluation 25 min $11.94

Lab technician: performance of three sputum smears 15 min $2.30

Materials for sputum smear microscopy 3 $6.86

Total cost per patient for patient tracking $30.39

Assistant health educator: time spent tracking patient 6 h $17.53

Telephone airtime $2.14

Vehicle use cost $10.71

Definition of abbreviations: Amik 5 amikacin; Cipro 5 ciprofloxacin; CXR 5 chest X-ray; DDD 5 daily defined dose; DOTS 5 directly observed anti-TB therapy short

course; Ethio 5 ethionamide; HR4 5 isoniazid plus rifampicin for 4 months; HRZE2, HRZE6 5 isoniazid plus rifampicin plus pyrazinamide plus ethambutol for 2 and 6

months, respectively; INH-R 5 isoniazid resistant; IPT 5 isoniazid preventive therapy; MDR TB 5 multidrug-resistant tuberculosis; PZA 5 pyrazinamide.

Salaries are based on the following hourly wages in Botswana: nurse (C4–C1 pay grade), $9.21; radiographer (C4–C2 pay grade), $8.77; medical officer (D4–D2 pay

grade), $28.65; laboratory technician (C4–C2 pay grade), $9.20; and assistant health educator (B1–B5 pay grade), $2.92 [reported in Adjustment of Salary Scales and

Review of Allowances 2008 DP 2/5 XI (115) 02/22/2008. Public Service Management Directive No. 1 of 2008].

TABLE 3. VALUES ASSUMED FOR MODEL PARAMETERS IN BASE-CASE, WORST-CASE, AND BEST-CASE SCENARIOS

Base-Case Scenario (%) Worst-Case Scenario (%) Best-Case Scenario (%)

Risk of selecting INH-R TB in asymptomatic HIV-infected adults with prevalent TB disease 14 50 10

Abnormal CXR rate in asymptomatic HIV-infected adults 11 20 5

Prevalent TB disease in asymptomatic HIV-infected adults with abnormal CXRs 14 30 10

Efficacy of IPT in HIV-infected adults (regardless of TST status) 37.5 33 42

Definition of abbreviations: CXR 5 chest X-ray; INH-R 5 isoniazid resistant; IPT 5 isoniazid preventive therapy; TB 5 tuberculosis; TST 5 tuberculin skin test.

All other parameters remained identical to the base-case values shown in Table 1.
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were assumed to receive an evaluation, to determine TB disease with
three sputum smears and a clinical assessment by a physician; PLWH
with a negative evaluation subsequently received IPT.

Attrition was defined as the refusal of PLWH to obtain a CXR or not
receiving a CXR either due to the nonavailability of CXRs, or nonreturn
for the CXR. We incorporated CXR interpretation errors by clinicians into
the model. Proportions of truly abnormal CXRs interpreted as normal and
truly normal CXRs interpreted as abnormal were derived from the
Botswana IPT Trial (26) and are similar to results of other studies (27–29).

IPT

Success of IPT was defined as no TB disease for 2.5 years and IPT was
assumed to impose a risk reduction of 37.5% in PLWH regardless of TST
status, which translates into an annual TB incidence of 2.6% (instead of
4.1%) after receipt of IPT (9, 10). As these data are derived from intent-
to-treat analyses from clinical trials, we assumed this efficacy incorporated
typical adherence levels. We assumed a 14% risk of selecting INH-R TB
in prevalent TB disease among asymptomatic PLWH with abnormal
CXRs initiating IPT (see DISCUSSION). We also assumed that beyond the
background rate of infection with INH-R TB, IPT does not select for
additional INH-R organisms.

MDR TB is combined INH-R and rifampicin-resistant TB. From the
new cases of INH-R TB disease, we estimated the proportion of new
MDR TB cases using the background rifampicin monoresistance rate of

2% (30), assuming that selection for INH-R microorganisms occurs at
the same rate in pan-susceptible as in rifampicin-monoresistant cases.

Adverse events due to IPT are uncommon (0.75%) (31), and therefore
their consequences were negligible for this analysis.

TB Treatment

TB disease in Botswana is treated in accordance with the WHO directly
observed therapy short course (DOTS) recommendations (32). Success-
ful TB treatment was defined as no TB disease for 3 years. We assumed
that all PLWH with TB disease, whether detected during screening or
not, received TB treatment once within the model’s time frame and that
patients were not previously treated. The outcomes of TB treatment
were categorized as ‘‘Death,’’ ‘‘Success’’ (cured, completed treatment),
or ‘‘Failure’’ (transfer, default, failure). TB treatment outcomes differed
according to microorganism susceptibility: background resistance (i.e.,
includes pan-susceptible and TB with any resistance), INH-R, and
MDR. The mortality of INH-R TB was assumed to be equal to that
of TB disease with ‘‘background resistance.’’ In Botswana, empiric
treatment for MDR TB disease consists of daily observed treatment
with amikacin (an injected drug), ethionamide, pyrazinamide, and
ciprofloxacin for 6 months, followed by 18 months of ethionamide and
ciprofloxacin. TB treatment success rates for PLWH are similar to those
for HIV-uninfected individuals, but they suffer higher rates of TB
mortality (33, 34). TB treatment success and mortality from MDR TB
are much poorer for PLWH than for HIV-uninfected persons but are
likely ameliorated with antiretroviral therapy (ART) (33, 35).

Cost Data

Costs, reported in 2008 U.S. dollars, were calculated by multiplying
resource use by unit costs (Table 2). The costs of labor and drugs were
derived from Botswana’s 2008 government salary scale and Central
Medical Stores Price List, respectively (36). Using resource-based
costing, we calculated the marginal costs of IPT, that is, the costs of
adding one HIV-infected person to the IPT program. We assumed that
PLWH lost after being sent for CXR (attrition) did not have a CXR
performed and therefore incurred no CXR costs.

The Symptom1CXR1Tracking policy employed a full-time tracker
who would spend 6 hours tracking each lost person and succeed in having
him obtain his CXR and initiate IPT.

Sensitivity and Scenario Analysis

We performed step-wise one-way sensitivity on all model parameters,
to evaluate the relative impact on the primary and secondary outcomes
of the Symptom1CXR policy relative to the Symptom policy. Clinical
parameters for the base-case scenario were varied over the ranges
shown in Table 1 and cost parameters were varied from 75 to 125% of
the base-case value (Table 2).

In addition, we investigated worst- and best-case scenarios for all
three policies to assess the simultaneous impact of changes in several
parameters. Assumptions that differed from their base-case value are
shown in Table 3 and are derived from references in Table 1.

TABLE 4. EFFECT OF THREE PRE-ISONIAZID PROPHYLACTIC THERAPY SCREENING POLICIES ON DEATHS, NEW ISONIAZID-RESISTANT
TUBERCULOSIS DISEASE, NEW MULTIDRUG-RESISTANT TUBERCULOSIS DISEASE, AND NEW TUBERCULOSIS DISEASE CASES FOR A
COHORT OF 10,000 HIV-INFECTED ADULTS IN BOTSWANA OVER THREE YEARS

Policy New INH-R TB Disease New MDR TB Disease New TB Disease Deaths Total Costs

Symptom (baseline) 21.63 0.44* 618.50 116.53 $395,100

Symptom1CXR 5.61 0.11* 716.20 131.11 $522,200

Symptom1CXR1Tracking 6.84 0.14* 618.50 116.45 $607,600

Policy

Difference in New

INH-R TB Disease

Difference in New

MDR TB Disease

Difference in New

TB Disease

Difference in

Deaths

Difference in

Costs

Symptom (baseline) 0 0 0 0 $0

Symptom1CXR 216.02 (274%) 20.33 (274%) 97.7 (16%) 14.58 (13%) $127,100

Symptom1CXR1Tracking 214.79 (268.4%) 20.301 (268.3%) 0 (0%) 20.075 (20.1%) $212,500

Definition of abbreviations: CXR 5 chest X-ray; INH-R TB5 isoniazid-monoresistant TB; MDR TB 5 multidrug-resistant TB; TB 5 tuberculosis.

The three policies are as follows: ‘‘Symptom,’’ in which only symptoms are used to exclude persons with TB disease; ‘‘Symptom1CXR,’’ in which chest radiography is

added to assist in the screening process; ‘‘Symptom1CXR1Tracking,’’ in which both chest radiography and active patient tracking to achieve 0% attrition are added.

Shown are the differences in cases and costs in comparison with the baseline ‘‘Symptom’’ policy.

* These numbers indicate less than 1 case in the cohort of 10,000 HIV-infected adults.

TABLE 5. INCREMENTAL COST–EFFECTIVENESS RATIOS OF TWO
POLICIES EXPRESSED IN 2008 U.S. DOLLARS PER CASE OF
ISONIAZID-RESISTANT TUBERCULOSIS AVERTED AND PER
DEATH AVERTED RELATIVE TO ‘‘SYMPTOM’’ POLICY FOR
A COHORT OF 10,000 HIV-INFECTED ADULTS

Policy

Incremental Cost–Effectiveness

Ratio in Dollars per

Isoniazid-resistant

TB Case Averted

Incremental

Cost–Effectiveness

Ratio in Dollars per

Death Averted

Symptom1CXR 1$7,933 Dominated

Symptom1CXR1Tracking 1$14,368 1$2,816,061

Definition of abbreviations: CXR 5 chest X-ray; TB 5 tuberculosis.

The two policies shown are as follows: ‘‘Symptom1CXR,’’ in which chest

radiography is added to assist in the screening process; and ‘‘Symptom1CXR1

Tracking,’’ in which both chest radiography and active patient tracking to

achieve 0% attrition are added. Both are compared with the baseline policy

‘‘Symptom,’’ in which only symptoms are used to exclude persons with TB

disease. ‘‘Dominated’’ means that the policy is less effective (i.e., there are more

deaths than with the ‘‘Symptom’’ policy; Table 4) and more costly than the

baseline policy. A positive value means that the policy is more effective but also

more costly than the baseline ‘‘Symptom’’ policy. The value of the cost–

effectiveness ratio is the result of the incremental costs divided by the incremental

effects. These ratios can be derived from the values in Table 4, but results may

differ slightly due to rounding.
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RESULTS

Base-Case Analysis

Table 4 shows cases and costs for a cohort of 10,000 PLWH over
a time frame of 3 years. The baseline Symptom policy resulted
in 618 new cases of TB disease and 21.6 new INH-R cases in
asymptomatic PLWH with prevalent TB disease who were
started on IPT. The Symptom1CXR policy reduced these cases
of INH-R disease by 16 (274%). On average, the Symptom1CXR
policy cost an incremental $12.71 per patient ($127,100 for the
cohort), resulting in an ICER of $7,900 per averted INH-R case
(Table 5). Although reducing resistance, the Symptom1CXR
policy indirectly increased the number of new cases of TB
disease by 115.8%, due to attrition from the IPT program.
These additional TB cases increase the total cost of this option
and they also increase deaths by 13%. The Symptom1CXR
policy is dominated by the Symptom policy, that is, switching
from the Symptom to the Symptom1CXR policy increases
deaths as well as costs.

The Symptom1CXR1Tracking policy has an additional cost
of $30 per person (Table 2) and offers all of the benefits of
preventing INH-R TB as the Symptom1CXR policy, without
the increase in the number of cases of TB disease due to
attrition (and consequently deaths). However, the costs of the
Symptom1CXR1Tracking policy are highest among the eval-
uated policies, due to additional tracking costs and the costs of
more PLWH receiving CXRs and IPT. This policy results in an
ICER of $14,400 per INH-R TB case averted, or $2,816,000 per
death averted (Table 5). The increase in new INH-R and MDR
TB cases with this policy compared with the Symptom1CXR
policy is caused by the increased number of persons who receive
IPT and become at risk of INH-R TB.

There was less than one case of MDR TB per 10,000 PLWH
as a consequence of any policy: 0.44, 0.11, and 0.14 in the
Symptom, Symptom1CXR, and Symptom1CXR1Tracking op-
tions, respectively.

Sensitivity Analysis

The tornado diagram in Figure 1 shows that even when using
extreme values for clinical model parameters, the Symptom1CXR
policy indirectly causes more deaths than the Symptom policy.
Symptom1CXR reduces deaths only when the attrition is less than
0.2%. It is noteworthy that with a higher incidence of TB disease,
this screening policy becomes even less beneficial. The tornado
diagram in Figure 2 shows the impact of varied model parameters
on the cost per death averted of the Symptom1CXR1Tracking
policy relative to the Symptom policy. The ICER drops below $0.5
million per death averted only when using extreme values for the
‘‘background rifampin resistance,’’ ‘‘risk of INH-R,’’ ‘‘mortality
INH-R,’’ and ‘‘Mortality background TB.’’ Figure 3 shows the im-
pact of varying model parameters on the cost per case of INH-R
TB disease averted, of the Symptom1CXR1Tracking policy rel-
ative to the Symptom policy.

Under the assumptions of the worst-case as well as the best-
case scenarios, Symptom1CXR is also dominated by the Symptom
policy, that is, switching from the Symptom to the Symptom1CXR
policy increases deaths as well as costs. In the worst-case
scenario, the ICER of the Symptom1CXR1Tracking policy
compared with the Symptom policy is much lower than for our
base-case scenario, at $906 per INH-R TB case averted, or
$151,000 per death averted. In the best-case scenario the ICER
of the Symptom1CXR1Tracking policy compared with the
Symptom policy is much higher than for our base-case scenario,
at $53,600 per INH-R TB case averted, or $17.0 million per
death averted.

DISCUSSION

Adding CXR to a ‘‘Symptom’’ policy will reduce new INH-R
and MDR TB cases; however, because of attrition by requiring
CXR, this indirectly increases TB cases and TB deaths because
fewer PLWH will benefit from IPT. Attrition must be close to
0% before deaths indirectly caused by a ‘‘Symptom1CXR’’

Figure 1. Tornado diagram showing the change in the number of incremental deaths in a cohort of 10,000 persons living with HIV (PLWH), using

the ‘‘Symptom1CXR’’ policy versus the ‘‘Symptom’’ policy, through variation of the model parameters. Parameters are ordered from top to bottom

by their impact on model outcome. Dark bars represent the upper limit and lighter bars the lower limit of the parameter value. The base-case value
is shown in parentheses and 14.5 deaths represents the base-case comparison of the two policies, that is, there are 14.5 more deaths with the

‘‘Symptom1CXR’’ policy than the ‘‘Symptom’’ policy. The ‘‘Symptom1CXR’’ policy reduces deaths only when the attrition is near 0%. CXR 5 chest

radiograph; INH-R 5 isoniazid-resistant TB disease; IPT 5 isoniazid preventive therapy; MDR 5 multidrug-resistant tuberculosis disease; TB 5

tuberculosis; Timeframe 5 post-IPT TB-free survival.
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policy equal those in a ‘‘Symptom Only’’ policy. Although
adding CXR also increases costs, a policy that includes intensive
tracking efforts to eliminate attrition is not cost-effective by
WHO standards at an incremental cost–effectiveness ratio of
about $2.8 million per death averted. According to the WHO,
ICERs greater than three times the GDP (3 3 $6,982 5 $20,946
for Botswana in 2008) per disability-adjusted life-year can be
considered not cost-effective (37).

A rapid point-of-care diagnostic test with high sensitivity and
specificity would be highly desirable to improve pre-IPT
screening. By producing immediate results, such a hypothetical
test would avoid attrition and patient-tracking costs. Ideally the
net costs (the costs of screening minus the savings from averted
disease and its treatment) of this strategy should be the same or
lower than symptom screening alone, which would be the case if
the hypothetical test cost is less than or equal to $0.3 per test per
patient (data not shown). Until such a test becomes available,
our analysis shows that provision of IPT to PLWH in endemic
settings should not be hampered by additional screening
modalities that would lead to more deaths in PLWH and

unacceptably high costs to society. Investigators at Yale Uni-
versity (Ithaca, NY) used a mathematical model to determine
the impact on the prevalence of INH-R TB of varying sensitiv-
ities of TB detection during screening for IPT (38). They
included transmission of TB within the population and made
an extreme assumption that 100% of PLWH with TB disease
receiving IPT developed INH-R TB. Their model showed that
improving TB screening sensitivity from 60 to 90% did not have
a significant impact on INH-R TB transmission rates whereas
IPT reduced TB by at least 12 cases per 100,000 PLWH each
year. We investigated the consequences of adding CXR to the
screening process in terms of cost, deaths, as well as the
development of INH-R TB. Both the Yale analysis and ours
agree that increasing the sensitivity of screening for TB disease
before IPT is not of great societal value.

Our analysis has several important limitations. For a number
of model parameters uncertainty existed around their values
because of the paucity of published data; nevertheless, our
conclusions remained robust in sensitivity and scenario analysis.
For example, the outcome of our model is strongly driven by the

Figure 2. Tornado diagram showing the change in the incremental cost–effectiveness ratio (ICER) of the ‘‘Symptom1CXR1Tracking’’ policy (0%

attrition) compared with the ‘‘Symptom’’ policy, expressed in millions of U.S. dollars per death averted in a cohort of 10,0000 HIV-infected adults.

Model parameters were varied as shown in Table 1 and cost parameters were varied from 75 to 125% of the base-case values shown in Table 2.

Parameters are ordered from top to bottom by their impact on model outcome. Dark bars represent the upper limits and lighter bars the lower limits
of the parameter value. The base-case values are shown in parentheses on the left and $2.8 million per death averted is the base-case ICER of the

‘‘Symptom1CXR1Tracking’’ policy compared with the ‘‘Symptom’’ only policy for a cohort of 10,000 HIV-infected adults. Not shown is the

incremental cost–effectiveness ratio of using the lower limit for the mortality of isoniazid-resistant TB (10%) or the upper limit for the mortality of

background resistant TB (25%), because in these cases the ‘‘Symptom1CXR’’ policy is dominated by the ‘‘Symptom’’ policy (the latter has fewer
deaths and is less costly). CXR 5 chest radiograph; DOTS 5 directly observed therapy for TB disease; INH-R 5 isoniazid-resistant TB disease; IPT 5

isoniazid preventive therapy; MDR 5 multidrug-resistant tuberculosis disease; TB 5 tuberculosis.
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risk of selecting for INH-R organisms when providing IPT to
PLWH with asymptomatic TB disease and abnormal CXR at
screening. This risk is not well established. Studies conducted in
the precombination chemotherapy era in primarily symptomatic
patients with cavitary (i.e., high bacillary load) TB disease
showed that 36–68% developed INH-R disease because they
were maintained on single-drug therapy for 6–12 months (39–41).
The screening context of the present analysis is one in which
PLWH with TB are asymptomatic, few have cavitary disease
(14%, or 3 of 22 in the Botswana Trial; T.S., personal commu-
nication), and all are screened monthly for symptoms of TB.
Furthermore unpublished data from the Botswana Trial showed
that one of seven participants with radiographically evident
disease who were taking INH and who developed symptomatic
TB disease had INH-R TB (T.S., personal communication).
When we varied this parameter to its upper limit (50% which
was seen in the pre-DOTS era in symptomatic patients with
cavitary TB receiving INH monotherapy) simultaneously with
several others in our worst-case scenario, ‘‘Symptom1CXR’’
remained an unacceptable policy because of the increase in
deaths due to attrition. Another example is factors that could
affect the efficacy of IPT, such as adherence to therapy and
the rate of TST positivity, which were not specifically mod-
eled. However, the efficacy of IPT in our model was derived
from intent-to-treat analyses, which would incorporate such
inefficiencies, and, additionally, we reduced the efficacy of IPT
in scenario analysis, which did not affect our major conclusion.

Our model did not incorporate the effects of the trans-
mission of INH-R TB bacilli, which is estimated to be 70% as
transmissible as pan-susceptible TB (42). This concern is un-
likely to be of significance because TB transmission would occur
not only among about 1.6% of participants with asymptomatic
TB disease but also among a similar proportion lost through
attrition due to the added requirement of a screening CXR.
Furthermore, those enrolled in IPT are monitored monthly for
TB symptoms, but those lost to the health care system are more
likely to have a prolonged period of transmission before
returning to the clinic. Finally, the majority of pulmonary TB
in Botswana is smear negative (33), which presents a lower risk
of transmission than smear-positive TB (43).

We examined models that included the costs of hospitalization
during DOTS (z$400 on average per patient) and the cost–
effectiveness rankings were essentially unchanged; hence in this
article we present the simpler models without hospitalization costs.

We did not include the effect of ART in reducing TB incidence,
even though its beneficial effect is established (20, 44) and ART is
widely available in Botswana (45). The reasons for not modeling
the ART effect include the following: (1) approximately 70% of
Botswana’s PLWH do not receive ART because of the eligibility
requirement of a CD41 lymphocyte count below 250 cells/mm (45),
whereas all HIV-infected adults are eligible for IPT; (2) although
there are preliminary data showing the superior efficacy of the
combination of ART and IPT (46, 47), this is not yet well established;
and (3) the results of this analysis will be more generalizable to

Figure 3. Tornado diagram showing the change in the incremental cost–effectiveness ratio of the ‘‘Symptom1CXR1Tracking’’ policy (0% attrition)

compared with the ‘‘Symptom’’ policy, expressed in millions of U.S. dollars per new case of isoniazid-resistant TB averted in a cohort of 10,000 HIV-

infected adults. Model parameters were varied as shown in Table 1 and cost parameters were varied from 75 to 125% of the base-case values shown
in Table 2. Parameters are ordered from top to bottom by their impact on model outcome. Dark bars represent the upper limits and lighter bars the

lower limits of the parameter value. The base-case values are shown in parentheses on the left and $14,400 represents the base-case ICER of adding

CXR and Tracking per isoniazid-resistant case of TB averted in a cohort of 10,000 HIV-infected adults screened. CXR 5 chest radiograph; DOTS 5

directly observed therapy for TB disease; INH-R 5 isoniazid-resistant TB disease; IPT 5 isoniazid preventive therapy; MDR 5 multidrug-resistant

tuberculosis disease; TB 5 tuberculosis.
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PLWH in TB-endemic countries that are resource constrained, as
ART is not widely available in the majority of such countries
whereas a 6-month course of IPT could be more readily available.

Our analysis implies that IPT would exert its greatest benefit
when more PLWH receive prophylaxis. Therefore there is a need
to increase the awareness for IPT among potential beneficiaries.
The Ministry of Health in Botswana could promote awareness of
the benefit of IPT among PLWH, as it has so successfully for
ART. This source of motivation may also reduce attrition during
the screening process and the 6-month follow-up period.

CONCLUSIONS

In Botswana, the negative effects of adding CXR screening to
symptom screening for IPT outweigh the beneficial effect of
preventing INH-R and MDR TB, because of attrition during the
screening process. A CXR screening policy is beneficial only when
attrition is close to 0%, but such a policy is unrealistic and un-
affordable for resource-constrained countries such as Botswana.
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