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A B S T R A C T   

Background: Latent Tuberculosis infection (LTBI) has a large global burden especially among refugees. We aimed 
to test the cost effectiveness of weekly rifapentine plus isoniazid for 3 months (3HP) versus nine months of daily 
isoniazid (INH-9) to treat LTBI in Syrian refugees residing in Turkey. 
Methods: We used a Markov state transition model to estimate the incremental cost-effectiveness of 3HP relative 
to INH-9 using a simulated cohort of Syrian refugees. Both cost and effectiveness were assessed assuming that 
LTBI screening would be performed, with treatment of those who screen positive. Costs were measured in 2017 
US dollars, and effectiveness was estimated as quality adjusted life years (QALYs) gained. An annual discount 
rate of 3% was applied to future costs and QALYs over the analytical time horizon of 20 years. 
Results: Per 100 individuals screened at age 30 in the base case scenario, treating LTBI with 3HP rather than INH- 
9 resulted in a gain of 0.08 QALYs (95% uncertainty interval: -0.007, 0.221) and savings of $1421 ($483, $3478). 
Assuming a value of $100000 per QALY, the incremental net monetary benefit of 3HP was $9772 ($639, 
$24517). Findings were robust to sensitivity analyses except when treating older individuals. 
Conclusions: 3HP is likely to save costs and improve health compared to INH-9 when used for LTBI treatment 
among Syrian refugees in Turkey.   

1. Introduction: 

Tuberculosis (TB) remains the single most important infectious cause 
of death in the world causing 1.4 million deaths in 2019 [1]. Latent 
Tuberculosis infection (LTBI) serves as a large reservoir for tuberculosis 
with an estimated global burden of 1.7 billion individuals [2]. Turkey’s 
share of that burden has increased since the start of the Syrian Civil War 
in 2011. As of May 2020, Turkey hosts more than 3.5 million Syrian 
refugees [3] who have a higher prevalence of TB and LTBI compared to 
the local population [4,5]. Historically, latent tuberculosis was treated 
with isoniazid-based regimens that had higher rates of toxicity and long 
duration of treatment, which limited adherence [6]. Refugee pop
ulations tend to move frequently back and forth between their home and 
host countries depending on conflict situations, which may additionally 
reduce adherence. Recently, shorter regimens with weekly or daily 
dosing proved at least as safe and as effective compared to the tradi
tional 9 months of isoniazid (INH-9) for LTBI treatment [7,8]. These 
regimens included rifapentine in combination with isoniazid either daily 
for a month or weekly for three months. The price point for rifapentine 

dropped in 2019 from $45 to $15[9]. In this analysis, we aimed to 
evaluate the cost-effectiveness of weekly rifapentine and isoniazid for 
three months (3HP) compared to INH-9 to treat LTBI in Syrian refugees 
residing in Turkey. 

2. Methods 

We used a decision tree followed by a Markov state transition model 
to estimate the incremental cost-effectiveness of 3HP relative to INH-9 
using a hypothetical cohort of Syrian refugees (50% men and 50% 
women). The estimated age-specific burden of LTBI in the population of 
Syrian refugees was calculated based on an assumption of constant 
annual risk of infection, assuming a median age of 30 (The median age of 
TB patients in Syria) and a prevalence at age 30 of 16.3% based on LTBI 
prevalence in the Eastern Mediterranean Region [2]. 

Fig. 1 shows the model structure and transition states. All individuals 
in the cohort underwent testing for LTBI by Tuberculin Skin Test (TST) 
which has an estimated sensitivity of 71% and specificity of 89% [10]. 
Individuals who test positive for LTBI (whether truly or falsely) are 

* Corresponding author: Johns Hopkins University Bloomberg School of Public Health Department of Epidemiology 615 N. Wolfe St. Baltimore, MD, USA. 
E-mail address: gilaiwy@virginia.edu (G. Ilaiwy).  

Contents lists available at ScienceDirect 

Journal of Clinical Tuberculosis and Other  
Mycobacterial Diseases 

journal homepage: www.elsevier.com/locate/jctube 

https://doi.org/10.1016/j.jctube.2021.100262    

mailto:gilaiwy@virginia.edu
www.sciencedirect.com/science/journal/24055794
https://www.elsevier.com/locate/jctube
https://doi.org/10.1016/j.jctube.2021.100262
https://doi.org/10.1016/j.jctube.2021.100262
https://doi.org/10.1016/j.jctube.2021.100262
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jctube.2021.100262&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 24 (2021) 100262

2

treated with 3HP in one scenario and with INH-9 in the alternate sce
nario. These two populations were further divided based on treatment 
completion, which was also estimated from published literature [11]. 

After undergoing LTBI testing and treatment (if eligible), individual 
trajectories were simulated using a Markov model with four transition 
states: LTBI, active TB, cure (of active TB) and death (due to TB or other 
causes). Annual probability of death in the absence of active TB was 
based on World Health Organization (WHO) age- and sex-specific 
lifetables for the Syrian Arab Republic [12]. Annual transition proba
bilities from LTBI to active TB were derived from a randomized clinical 
trial in a population with low HIV prevalence [7]. Annual transition 
probabilities from active TB to cure and death were based on published 
literature [13].Individuals with false-positive test results were assumed 
to have no risk of reactivation to active TB. Reinfection with TB after the 
testing and treatment period was assumed to occur equally in all arms 
and was thus not explicitly modeled. 

We assumed that, in the absence of reactivation to active TB, in
dividuals with LTBI have the same age-specific annual probability of 
death as the general population. We assumed the cost of LTBI treatment 
to include an initial outpatient visit for consultation followed by a 
monthly outpatient visit for follow-up and refill over the duration of 
treatment. We assumed that LTBI treatment would be delivered by self- 
administered therapy (SAT) and thus excluded costs of directly-observed 
therapy (DOT) and used completion rates that reflected SAT [11]. In the 
base scenario we assumed that the cost of incomplete treatment included 
the full medication cost but only half the number of outpatient visits, 
and that partial treatment provided no protection against future reac
tivation. We also performed sensitivity analyses in which incomplete 
treatment incurred 25% to 75% of both the cost and number of outpa
tient visits. We assumed that adverse events in both treatment regimens 
resulted in similar excess cost and morbidity and thus did not explicitly 
include incremental adverse events in the model [14]. Finally, we 
assumed that Syrian refugees residing in Turkey will experience age and 
gender specific mortality similar to what Syrians experienced in pre-war 

Syria and that the war experience or residing in Turkey would not 
significantly alter those probabilities. 

Table 1 shows all model parameters. The cost of the 3HP regimen 
was based on 36 tablets of isoniazid 300 mg at $0.02 each plus $15 for a 
course (72 tablets 150 mg each) of rifapentine with the added cost of 4 
outpatient visits. The cost of INH-9 was based on 270 tablets of isoniazid 
300 mg at $0.02 each with the added cost of 10 outpatient visits [9,15]. 
To estimate the cost of active TB, we used an estimate of $218 for drug 
cost and administration [15] and added a cost of hospitalization 
assuming that 50% of patients with active TB will be hospitalized with 
an average 5-day length of stay, based on WHO data for active TB in 
Turkey [13]. The cost of outpatient visits and hospitalizations was based 
on WHO data for healthcare delivery in Turkey [16]. All costs were 
measured in 2017 US Dollars after adjusting for consumer price index 
[17]. 

Effectiveness was estimated as the number of quality adjusted life 
years (QALYs) gained, assuming that utility for the LTBI state was 
similar to that of the underlying general population (0.9), whereas the 
utility for active TB was assumed to be 0.76 based on published litera
ture [18]. Based on literature regarding post-TB sequelae, we also 
assumed a decrement in health utility of 0.053 following successful 
treatment of active TB [19]. 

Both cost and effectiveness were discounted by 3% per year based on 
the recommendations of the U.S. Panel on Cost-Effectiveness in Health 
and Medicine [20]. The analysis had a horizon of 20 years. The analysis 
was performed from the perspective of the Turkish healthcare system 
which allows access to Syrian refugees [21]. Net monetary benefit was 
calculated based on a value of $100,000 per QALY. 

Our base case was based on a population of Syrian adults 30 years of 
age based on the median age of TB patients in Syria [13]. In order to 
determine the parameters that had the most effect on model outputs, we 
performed a one-way deterministic sensitivity analysis by varying each 
parameter by +/-50% of the base value, except for the completion rates 
and utilities where the value was varied by 5% to avoid crossing the 

Fig. 1. Model Structure. The model first implements a decision tree among a hypothetical group of 100 Syrian refugees residing in Turkey who are screened for latent 
tuberculosis infection (LTBI) with the tuberculin skin test (TST). Those who screen positive are treated with 3 months of weekly rifapentine and isoniazid (3HP) in 
one scenario or with 9 months of daily isoniazid (INH-9) in the alternative scenario. This results in eight subgroups based on regimen and completion of treatment. 
Numbers in each box represent the number (rounded to the nearest whole number) of people who follow each path. Each subgroup then enters a Markov state 
transition model with four possible states: latent tuberculosis infection (LTBI), active tuberculosis (TB), cured from active TB (Cure) and death. This Markov process is 
simulated over a time horizon of 20 years. 
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logical upper bound. We also performed multivariate probabilistic 
sensitivity analysis (PSA) based on 1000 trials. In each trial, parameters 
where varied according to an appropriate statistical distribution 
(Gamma distribution for cost parameters and beta distribution for all 
other parameters) to account for uncertainty. Age was randomly 
selected between 18 and 64 at the time of cohort treatment for each trial. 
The PSA was used to generate a cost effectiveness plane comparing the 2 
interventions. We used our PSA to calculate uncertainty ranges at the 
2.5th and 97.5th percentile for each reported value. A probabilistic one- 
way sensitivity analyses (POSA) was then conducted to quantify the 
effect of each parameter value (in deciles) on net monetary benefit. We 
also performed deterministic two-way sensitivity analyses to evaluate 
the effect of varying the two most relevant parameters simultaneously. 
For this analysis, we selected three scenarios: all other parameters as in 
the base case, other parameters set to favorable values for 3HP, and 
other parameters set to unfavorable values for 3HP. All analyses were 
performed using Microsoft Excel 2019 (Microsoft, Redmond, Washing
ton) software and STATA 16 (StataCorp LLC, College Station, TX). 

Institutional review board (IRB) approval was not required accord
ing to guidelines from the Johns Hopkins School of Public Health IRB 
office, as this research did not involve human subjects. 

3. Results 

In the base case, for every 100 individuals (age 30) tested for LTBI, 
treating those who test positive with 3HP compared to INH-9 resulted in 
0.09 (-0.006, 0.25) fewer active TB cases, 0.003 (-0.002, 0.007) fewer 
deaths and 0.08 (-0.007, 0.221) QALYs gained (Table 2). We estimated 
that 3HP resulted in savings of $1421 ($482, $3478) per 100 people 
tested, compared to INH-9. Assuming a value of $100,000 per QALY, this 
translated into a net monetary benefit (NMB) of $9772 ($639, $24516) 
per 100 people tested for 3HP compared to INH-9. 

Two parameters – the cost of outpatient visits and LTBI prevalence – 
had strongest influence on the estimated cost-effectiveness and cost- 
benefit of 3HP relative to INH-9 (Fig. 2). For example, increasing the 
cost of outpatient visit by 50% resulted in a 55% increase in costs saved. 
In a similar fashion, changing LTBI prevalence by 50% changed NMB by 
46% in the same direction. Nevertheless, probabilistic one-way sensi
tivity analysis illustrated that 3HP was projected to offer net monetary 
benefit over INH-9 across a wide range of parameter values (Fig. 3). For 
example, after incorporating a range of reasonable values for LTBI 
prevalence, only 1% of simulations projected NMB less than $4,000. 

Fig. 4 shows the variation in costs saved and net monetary benefit 
according to LTBI prevalence and the estimated cost of an outpatient 
visit. Cost savings and net monetary benefit associated with 3HP 
increased as LTBI prevalence and cost of outpatient visit increased. In 
the 3HP-favorable scenario, the effect of changing LTBI prevalence on 
NMB was more prominent while in the 3HP-unfavorable scenario, the 
estimated cost of an outpatient visit on NMB was more influential. 

In probabilistic uncertainty analysis (Fig. 5), all simulations pro
jected 3HP to be less costly than INH-9. Across all simulations, 93% 
suggested that 3HP would also be more effective than INH-9 (Fig. 5B), 
whereas INH-9 was projected to be more effective in 7% (Fig. 5C). In 
simulations that found INH-9 to be more effective, the age of patients 
treated (median 59 years) and the assumed effectiveness of INH-9 
(median annual risk of reactivation after completing INH-9: 0.07%) 
was higher than for those simulations in which 3HP was more effective 
(median 40 years, annual risk of reactivation after INH-9: 0.14%). 

4. Discussion 

To date, few analyses have estimated the comparative cost- 
effectiveness of two regimens for LTBI treatment in refugee pop
ulations. Our analysis suggests that, following testing with TST, treating 
Syrian refugees in Turkey with 3HP rather than INH-9 is likely to 
generate important cost savings (due to fewer outpatient visits) with a 
corresponding small gain in QALYs. These estimates are robust to vari
ation of parameters across wide ranges. The cost-benefit of 3HP in
creases with increasing LTBI prevalence and cost of outpatient visit and 
decreases with increasing age. These findings can help to inform policy 
to reduce the burden of LTBI and TB reactivation in this epidemiologi
cally important population. 

Our results are consistent with those performed in other populations. 
An analysis by Holland et al. found that newer and shorter regimens that 
included rifapentine were both more effective and cost saving compared 
to the standard INH-9 in the United States [22]. Another analysis by 
Johnson et al among people living with HIV in a high-burden setting 
showed that 3HP was cost effective over INH-9 only if the price of 
rifapentine would drop below $20 per treatment course and high 
completion rate of 85% can be achieved [15]. Johnson et al performed 
their analysis prior to the change in rifapentine price and did not use a 
test and treat approach due to the high prevalence of LTBI in their 
setting. Our population had a negligible prevalence of HIV according to 
WHO data [13]. A cost-benefit analysis by Wingate et al. investigated 

Table 1 
Model parameters.*,+

Parameter Base 
Case 

Low 
Value 

High 
Value 

Source 
(s) 

LTBI Prevalence1 16.30% 8.15% 24.45% 2 
TST Sensitivity 71% – – 10 
TST Specificity 89% – – 10 
INH-9 Completion rate 65.90% 62.61% 69.20% 11 
3HP Completion rate 81.90% 77.81% 86% 11 
Age-specific probability of death Life 

Table 
– – 12 

LTBI probability of death Life 
Table 

– – 12 

Transition probability from LTBI to 
active with incomplete 
treatment2 

0.26% 0.13% 0.38% 7, [26] 

Transition probability from LTBI to 
active with 3HP 

0.06% 0.03% 0.10% 7 

Transition probability from LTBI to 
active with INH-9 

0.15% 0.07% 0.22% 7 

Transition probability from active 
TB to death 

6.90% 3.45% 10.35% 13 

Transition probability from active 
TB to cure 

86.05% 81.74% 90.35% 13 

3HP drug cost3 $ 15.72 $ 7.86 $ 23.58 9 
INH-9 drug cost4 $ 5.40 $ 2.70 $ 8.10 15 
Outpatient visit cost $ 16.25 $ 8.13 $ 24.38 16 
Cost of active TB regimen and 

administration 
$ 218 $ 109 $ 327 15 

%of active TB cases hospitalized 50% 25% 75% 13 
Average cost of hospitalization $ 664 $ 332 $ 996 16 
Utility LTBI 0.9 0.855 0.945 18 
Utility Cure5 0.85 0.80 0.89 18, 19 
Utility Active TB 0.76 0.722 0.798 18 
Discount Rate (Cost and outcome) 3%   20  

1 LTBI prevalence was calculated based on age. The annual infection rate was 
based on a median age of 30 in the base case scenario. 

2 Transition probability from LTBI to active with incomplete treatment was 
also based on 0.57 improvement of INH-9 over placebo (26). 

3 The total upfront cost per person for 3HP was estimated at $80.72 for 
complete treatment and $48.22 for incomplete treatment assuming total cost of 
pills and 2 outpatient visits for incomplete treatment compared to 4 visits for 
complete treatment. 

4 The total upfront cost per person for INH-9 was estimated at $167.90 for 
complete treatment and $86.65 for incomplete treatment assuming total cost of 
pills and 5 outpatient visits for incomplete treatment compared to 10 visits for 
complete treatment. 

5 Utility of cure was based on an assumed decrement of 0.053 compared to 
utility of LTBI (19). 

* For probabilistic analyses, TST sensitivity and specificity were not varied, 
age was varied randomly between 18 and 64, cost parameters followed a gamma 
distribution and the remaining variables followed a beta distribution. 

+ All transition probabilities are on an annual basis. 
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LTBI screening for refugees to the United States before compared to after 
arrival followed by 3HP treatment for those who tested positive. The 
analysis found the intervention beneficial for refugees coming from 
countries with moderate to high prevalence of LTBI (defined as TST 

positive of 35% and 55% respectively) [23]. This analysis compared 
screening strategies rather than treatment strategies and thus is not 
directly comparable to the results presented here. 

While our analysis assumed equal rates of adverse events between 

Table 2 
Incremental cost-effectiveness of 3HP in Syrian refugees.   

People Treated Cases of Active TB All-Cause Deaths Cost (Discounted US dollars) QALY (Discounted) NMB (Thousands of US dollars) 

3HP 21 0.10 3.77 $1,629 219.11 $21,909   
(0.03, 0.21) (2.38, 17.81) (755, 3505) (134, 311) (13404, 31048) 

INH-9 21 0.19 3.77 $3,050 219.02 $21,899   
(0.05, 0.44) (2.38, 17.81) (1256, 7116) (134, 310) (13403, 31041) 

(3HP)-(INH-9) 0 − 0.09 − 0.003 -$1,421 0.08 $9.77   
(-0.25, 0.006) (-0.007, 0.002) (-3478, − 483) (-0.007,0.221) (0.64, 24.52)  

Fig. 2. One-way sensitivity analyses. Scenarios 
consider outcomes when 100 Syrian refugees 
residing in Turkey are tested with tuberculin skin 
testing (TST) and provided treatment for latent TB 
infection (LTBI) if positive, comparing the use of 
12 weeks of isoniazid and rifapentine (3HP) 
versus nine months of isoniazid (INH-9). Panel A 
shows quality adjusted life years (QALYs) gained, 
panel B shows costs saved and panel C shows in
cremental net monetary benefit (NMB), under 
high and low values of each model parameter 
(varied in deterministic fashion). Orange bars 
represent the outcome when the parameter’s 
value is increased by 50% while the blue bars 
represent the outcome when the parameter’s 
value is decreased by 50%. Utility parameters 
were only varied by 5% to avoid violating logical 
bounds. All model parameters where anayzed, but 
this figure only includes parameters that pro
duced a change in outcome that is greater than 
10% of the outcome in the base case scenario 
(shown as a dark vertical line in each panel). (For 
interpretation of the references to colour in this 
figure legend, the reader is referred to the web 
version of this article.)   
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Fig. 3. Probabilistic one-way sensitivity analysis. 100,000 simulations were performed in a probabilistic analysis that included all model parameters. Deciles of each 
parameter were then defined and plotted on the x-axis. The corresponding conditional expected incremental net monetary benefit (cNMB) is shown on the y-axis. As 
with panels A-C, this analysis included all model parameters, but only parameters from panel C (i.e., those most influential on net monetary benefit) are shown. 

Fig. 4. Two-way sensitivity analysis on the effect of cost of outpatient visit and latent TB prevalence on net monetary benefit. Contours show the net monetary 
benefit (NMB) in 2017 US dollars, evaluating a scenario where 100 Syrian refugees residing in Turkey are tested with tuberculin skin testing (TST) and provided 
treatment for latent TB infection (LTBI) if positive and comparing the use of 3HP to INH-9. Darker shades represent scenarios in which 3HP is more cost-saving and 
more effective than INH-9. The x-axis shows a reasonable range of prevalence of LTBI in this population, and the y-axis shows a corresponding range of per-visit costs 
for outpatient treatment. Panels A, B & C show costs saved, without reference to non-monetary benefit. Panels D, E & F show changes in net monetary benefit 
assuming a value of $100,000 per quality adjusted life year (QALY) gained. The favorable scenarios assume high values for all parameters except utilities of active TB 
and cure, age, 3HP cost, INH-9 completion and transition probabilities from LTBI to active TB with 3HP, whereas the unfavorable scenarios assume the opposite. The 
most favorable scenarios for 3HP are those in which both the prevalence of LTBI and the cost of outpatient treatment are high. 
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the two regimens, we still found that older adults were unlikely to 
benefit from LTBI treatment, as the disutility of treatment outweighed 
its benefits. This finding is consistent with the published literature. For 
example, in a systematic review, Hosford et al found that older in
dividuals (over the age of 60) had higher rates of hepatotoxicity when 
treated for LTBI with isoniazid monotherapy regimens [24]. Other 
rifampin-based regimens such as rifampin for 4 months have been 
shown to be non-inferior to INH-based regimen with a better safety 
profile [25], but these were not included in our analysis as they are not 
currently in wide use in Turkey or in many high-TB-burden countries 
such as Syria. Given the evidence on safety and efficacy of these 
isoniazid-free regimens, it is hoped that they will find broader use in 
settings with low prevalence of rifampin resistance (such as Turkey) in 
the future. 

Strengths of this analysis include its epidemiologically important 
population of refugees and extensive sensitivity analyses indicating 
consistent results over a large number of plausible clinical scenarios. 
Nevertheless, our analysis also has important limitations. First, we relied 
solely on published literature which had a paucity of data particular to 
our target population. For example, we applied the LTBI prevalence of 
the WHO Eastern Mediterranean region which might underestimate the 
true LTBI prevalence in our refugee population. Because of this, we 
varied LTBI prevalence across a wide range in our sensitivity analysis. 
Second, while the completion estimates of both 3HP and INH-9 are 
consistent with published literature, they might overestimate the true 
completion rate in our highly mobile refugee population. Third, we did 
not include opportunity cost for treatment from the patient perspective 
because many Syrian refugees in Turkey are not authorized to partici
pate in the formal labor market. Thus, our findings from the Turkish 
healthcare perspective might underestimate the benefits of shorter- 
course treatment as measured from a societal perspective. We did not 
compare either INH-9 or 3HP against a no-screening scenario; thus, this 
analysis speaks only to the regimen that should be used if screening is 
undertaken. We also did not explicitly include secondary transmission in 
this analysis; from this perspective, our results are likely to be conser
vative, underestimating the benefit of 3HP in averting these trans
mission events. 

These results suggest that 3HP is likely to be cost saving and more 
effective than INH-9 among Syrian refugees living in Turkey. Our esti
mates could be improved by targeted surveys to estimate the prevalence 
of LTBI in this population and through pilot studies to evaluate the cost 
of outpatient visits and adherence to treatment under programmatic 
conditions. Nevertheless, our sensitivity analyses suggest that these re
visions are unlikely to change the ultimate direction of our findings. 

In summary, this simulation analysis suggests that using three 

months of weekly rifapentine and isoniazid is likely to improve health 
and save costs compared to nine months of daily isoniazid when used for 
treatment of Syrian refugees (Especially age 59 and younger) residing in 
Turkey who test positive with TST. These findings are robust to wide 
parameter variation and argue for consideration of short-course treat
ment of LTBI in this highly mobile population. 
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