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Abstract

Background Patient and health system costs for treating multidrug-resistant tuberculosis (MDR-TB) remain high
even after treatment duration was shortened. Many patients do not finish treatment, contributing to increased trans-
mission and antimicrobial resistance. A restructure of health services, that is more patient-centred has the potential

to reduce costs and increase trust and patient satisfaction. The aim of the study is to investigate how costs would
change in the delivery of MDR-TB care in Ethiopia under patient-centred and hybrid approaches compared to the cur-
rent standard-of-care.

Methods We used published data, collected from 2017 to 2020 as part of the Standard Treatment Regimen of Anti-
Tuberculosis Drugs for Patients with MDR-TB (STREAM) trial, to populate a discrete event simulation (DES) model. The
model was developed to represent the key characteristics of patients’ clinical pathways following each of the three
treatment delivery strategies. To the pathways of 1000 patients generated by the DES model we applied relevant
patient cost data derived from the STREAM trial. Costs are calculated for treating patients using a 9-month MDR-TB
treatment and are presented in 2021 United States dollars (USD).

Results The patient-centred and hybrid strategies are less costly than the standard-of-care, from both a health
system (by USD 219 for patient-centred and USD 276 for the hybrid strategy) and patient perspective when patients
do not have a guardian (by USD 389 for patient-centred and USD 152 for the hybrid strategy). Changes in indirect
costs, staff costs, transport costs, inpatient stay costs or changes in directly-observed-treatment frequency or hospi-
talisation duration for standard-of-care did not change our results.

Conclusion Our findings show that patient-centred and hybrid strategies for delivering MDR-TB treatment cost

less than standard-of-care and provide critical evidence that there is scope for such strategies to be implemented

in routine care. These results should be used inform country-level decisions on how MDR-TB is delivered and also the
design of future implementation trials.
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Background

Globally more people are falling ill with multidrug-resist-
ant tuberculosis (MDR-TB), TB which cannot be treated
with the two main TB drugs, rifampicin and isoniazid [1].
Health outcomes for MDR-TB patients are considerably
worse than for those with drug-susceptible TB. MDR-
TB requires longer courses of treatment, which are more
costly for both the health system and patients [1].

In 2021, the MDR-TB incidence rate in Ethiopia was
1.5 per 100,000 population, being one of the 30 high
MDR-TB burden countries, as classified by World Health
Organization [1, 2]. In 2021, 12% of the previously treated
cases and 1.1% out of total new cases were MDR-TB [1].
Once diagnosed, treatment requires regular health moni-
toring and daily medication. In Ethiopia this is provided
free of charge for patients, with patients often kept in
hospital until they have had two consecutive negative
sputum-smear microscopies.

At this point—known as ‘conversion’—patients have
the option to receive the remainder of their treatment at
a health facility, their workplace, or their home. Despite
this, in practice, patients often stay in hospital through-
out their intensive phase of treatment, which typically
lasts 16 weeks and is more drug-intensive; the option to
receive directly-observed-treatment (DOT) at home—or
in the workplace—is rarely utilised. For patients receiving
care and DOT at the health facility, daily travel to receive
medication presents a considerable time and cost burden,
particularly considering 78% of Ethiopians live rurally
[3], while 84% of MDR-TB centres are in urban locations
[4]. Unsurprisingly, the burden of these costs is felt most
severely by poorer patients, with higher costs associ-
ated with attrition during treatment and poorer health
outcomes [5-7]. Interviews reveal that many patients
consider the frequency of visits ‘unnecessary, with some
‘begging’ for several days’ medication at once; despite
being out with the guidelines, healthcare workers admit-
ted to fulfilling these requests [4].

A trial of a shorter regimen in Bangladesh suggested
MDR-TB could be successfully treated with considerably
shorter regimens [8]. The Standard Treatment Regimen
of Anti-Tuberculosis Drugs for Patients with MDR-TB
(STREAM) trial investigated the efficacy of this regi-
men, demonstrating that the 9-month Bangladeshi regi-
men is non-inferior to the previously recommended
20-to-24-month regimen. In 2017, the 9-month regi-
men—comprising a 16-weeks intensive phase, followed
by a 24-weeks continuation phase—was adopted as the
standard treatment for MDR-TB in Ethiopia [9]. Besides
evaluating clinical efficacy, STREAM collected extensive
health system and patient-cost data [10].

While the availability of shorter treatment regimens
has provided significant benefits to patients and health
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systems [11], patient-costs today remain high, and many
patients do not complete treatment, contributing to
increased transmission and antimicrobial resistance [12].
Over recent years, across many areas of health, there has
been a drive to rethink and restructure health services
to increase patient involvement and incorporate their
preferences into decisions made on their behalf. Often
termed ‘patient-centred approach; this model of care fac-
tors in patients’ personal and social circumstances, has
been shown to improve treatment adherence, and leads
to better health outcomes, achieved through increased
trust and patient satisfaction [13]. While it is clear that
adaptations to care-delivery which reduce the demands
placed on MDR-TB patients could be greatly beneficial,
addressing such issues requires a clear understanding of
how programmatic changes would affect patients and the
health system.

Using primary data from the STREAM trial and a dis-
crete event simulation (DES) operational model, this
study investigates how costs would change in the delivery
of MDR-TB care in Ethiopia under new patient-centred
approach.

Methods

Overall approach

We extrapolated data from the STREAM trial to simulate
two patient management strategies for MDR-TB com-
pared to the standard of care.

There are two components to the evaluation methodol-
ogy, a DES model and a cost model. The DES model itself
has two parts: (i) the ‘model’ which uses computer code
to represent the key characteristics of patients’ clini-
cal pathways, including stochastic elements such as the
outcome of a sputum test; (ii) the simulation code which
runs the model over time to create treatment pathways
for a specified number of patients (1000) for each of the
treatment strategies under consideration. The timings
spent by patients in each phase of treatment, as revealed
by the DES model, are then used in the cost model (by
multiplying the timings with the unit costs) to esti-
mate the costs incurred by the health system and by the
patient.

This study evaluates two management strategies for
MDR-TB in Ethiopia: a patient-centred and a hybrid
model, which are each then compared to the current
standard-of-care. The main difference between the
standard-of-care, patient-centered, and hybrid models is
the location care is provided. The patient-centred strat-
egy sees patients treated as outpatients throughout their
treatment, hospitalised only if they experience a seri-
ous adverse event (SAE). The nurse delivers medication
during these visits (eliminating patient travel to health
centres) and once a month collects a sputum sample for
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Table 1 Monthly probabilities of serious adverse events,
conversion rates and deaths used in simulation model, by week
period

Period (weeks)  Prob (SAE)®  Prob (convert)* Prob (death and
dropout)?

1-4 0.0175 0.62 0.013

5-8 0.0175 0.62

9-12 0.0175 027

13-16 0.0175 0.27

17-20 0.0101 027

21-24 0.0101 0.27

Up to week 48 0.0101 N/A®

#N/A is not applicable as patients who have not converted by week 24 were
excluded from the model

b As SAEs are more likely during the intensive phase (weeks 1-16) than in the
continuation phase, we considered the two period separately when calculating
the probabilities. This was done under the assumption that no SAE can happen
in consecutive months, but can happen a month apart

€ As high number of patients were converting in the first 8 weeks, we assumed a
constant, higher probability in the first eight weeks and lower afterwards

9 Probability of death and dropout are for each four-week interval. We assumed
a constant probability throught the treatment duration. Death and dropout
have been collated as in both cases the patients exit the model

testing. DOT home visit duration for nurses was calcu-
lated by summing the mean visit duration and mean
travel time (for a return journey) as revealed by patients
in the STREAM trial which was 45 min. The hybrid strat-
egy sees patients travelling to collect drugs and receive
injectable treatment during the intensive phase only, and
then follows the patient-centred approach during the less
intensive ‘continuation phase’. We considered daily DOT
visits in the main analysis and tested weekly DOT visits
in a scenario analysis.

As in the standard-of-care, both new strategies assume
patients who survive an SAE are hospitalised (or kept in
hospital if already hospitalised as part of treatment man-
agement), receiving their treatment there for the next
four weeks.

Discrete event simulation model

The DES model built to incorporate the three strategies,
with pathways reflecting patient journeys throughout
treatment is summarised in Fig. 1.

In the standard-of-care all patients start in hospital.
Following conversion they are discharged and receive the
remainder of their intensive phase treatment as an outpa-
tient with daily trips for DOT and a monthly assessment
at hospital. In the patient-centred and hybrid strategies
all patients start their treatment as outpatients. After
treatment start, the patients who have not died can be in
the following treatment states, depending on their allo-
cated strategies: intensive phase in hospital, intensive
phase at home, in hospital with SAE during the intensive
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Table 2 Unit costs used in calculating health system and patient

Costs
Cost category Unit Unit costs
(USD, 2021)

Health system costs
Regimen cost Per full treatment course  1494.99
Hospitalisation hotel cost Per day 2.55
Hospitalisation meal Per day 7.35
Sputum smear Per test 148
Sputum culture Per test 3448
LFT Per test 2.64
Serum creatinine Per test 191
TSH Per test 6.84
X-ray Per test 13.3
ECG Per test 10.95
Serious adverse event Per episode 2207
Nurse cost per minute Per minute 0.01
Doctor cost per minute Per minute 0.02
Consumables cost per visit ~ Per visit 264
Overheads Per month 152.96
Outpatient social support Per month 3837
cost

Patient costs
Mean transport cost Per return visit 0.88
Supplementary food Per week 1.17
expenditure
Income Per minute 0.01

LFT liver function test, TSH thyroid stimulating hormone, ECG electrocardiogram

phase, at home with SAE during the intensive phase, in
the extended intensive phase, in the extended intensive
phase with SAE, at home in the continuation phase or in
hospital with SAE during the continuation phase.

The likelihoods of SAEs, sputum conversion rates, and
death and dropout from STREAM have been amended
using a series of assumptions to fit the four-week inter-
vals of the model and can be seen in Table 1.

Cost model

STREAM patient-cost data were collected at two sites in
Ethiopia (St. Peter’s Specialized Hospital and Armauer
Hansen Research Institute Hospital, both in Addis
Ababa), using questionnaires adapted from the STOP-TB
questionnaire [14]. Data were collected from November
2012 to December 2017. Timings of different activities
such as patient travel to/from health facilities were also
collected [10]. Both health system and patient costs asso-
ciated with the three treatment strategies were calculated
by applying the relevant unit costs (Table 2) to the path-
ways of the 1000 patients, generated by the DES model.
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Health system costs

Regimen costs, tests costs, health worker costs, con-
sumables costs, outpatient social support costs (as they
are paid by the health system), travel costs for patient-
centred and hybrid strategies and costs related to hos-
pitalisation were included in the health system costing.
The unit costs for each of the categories above were taken
from STREAM and updated to 2021 prices (using con-
sumer price index) [15] (Table 2). The units for each cat-
egory, including staff time per visit were derived from
STREAM, with the exception of the clinical and safety
tests. As STREAM was a clinical trial, these tests were
conducted more frequently than in routine care, so in
accordance with the 2022 operational handbook on
tuberculosis [16], we assumed that the clinical and safety
monitoring was taking place once a month.

In STREAM, all patients were travelling to the health
facility for both DOT and clinical care and the timing of
these visits were collected. Hence, to calculate total travel
costs for health workers in the patient-centred and hybrid
strategies we assumed that the journey times and costs
were equal to those of patients in STREAM. As health
worker travel time was considered to count towards their
working time, we also added the health worker travel-
related costs calculated as minutes spent travelling times
their wage per minute.

MDR-TB outpatients in Ethiopia receive a monthly
social support payment to encourage treatment adher-
ence and to compensate for lost income. A social support
cost of USD 38.37 to the health system, calculated as the
monthly payments times the number of months under
outpatient treatment was therefore applied.

The mean health system costs per patient treated are
presented.

Patient costs

Patient direct costs related to transport and supplemen-
tary food were included. Transport costs were calculated
for each strategy by multiplying the mean cost of a sin-
gle health facility visit by the number of visits made. The
weekly costs associated with the supplementary food
expenditure, as collected in STREAM, was multiplied
by the number of weeks of outpatient treatment for each
strategy.

MDR-TB patients in Ethiopia do not incur direct medi-
cal costs (medication, hospitalisation costs) and these
were computed under health system costing.

We have not included patient direct medical costs
(medication, hospitalisation costs) as in Ethiopia these
are not paid by the patients who are under MDR-TB
treatment. We have included these in the health system
costing.
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Patient indirect costs (i.e. income loss for not being
able to attend work) were calculated by multiplying the
mean income per minute as revealed by the patients in
the STREAM trial with the number of minutes spent
seeking care (this included transport to and from DOT
facility or health centre and time spent inpatient for the
strategies where this was applicable).

The mean patient costs per treatment duration are
presented.

Sensitivity and scenario analyses

Costs used in this analysis are context-specific, so we var-
ied in a multi-way deterministic sensitivity analysis the
costs related to patient indirect costs, staff costs, trans-
port costs and inpatient stay costs.

Also, as outpatient treatment is becoming increasingly
common, we eliminated the initial inpatient stay duration
from standard-of-care to understand how results would
change.

A second scenario analysis was included on the fre-
quency of DOT delivery (from daily to weekly) to explore
the additional cost savings for the health system.

Results

Patient pathways

The average times spent in each of the treatment states
for the three patient management strategies generated by
the DES model can be seen in Table 3. The corresponding
health system and patient costs per four-week interval
are also in Table 3.

Health system and patient costs

Table 4 shows the overall per patient average health sys-
tem and patient costs for the 9-month MDR-TB treat-
ment of the three main treatment strategies and two
further variants.

The patient-centred and hybrid strategies are less costly
than the standard-of-care, from both a health system
perspective (i.e. USD 3037 for standard-of-care vs USD
2818 for patient-centred and USD 2761 for hybrid strate-
gies) and a patient perspective (i.e. USD 589 for standard-
of-care vs USD 77 for patient-centred and USD 368 for
hybrid strategy if patients have a guardian).

The patient costs are lower in the hybrid and patient-
centred strategies because patients are travelling less
or not at all for treatment-related purposes. Guardian
accompaniment caused some increase in patient costs,
from 4% for the patient-centred strategy to 27% for the
standard-of-care. Total costs of a patient with a guard-
ian in the standard-of-care represent 47% of an estimated
annual income of USD 1248.
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Table 3 Mean costs (in USD) per month by phase of treatment and average phase durations (in months)
Treatment state
1 2 3 4 5 6 7 8
IPin hospital IPathome IPSAEin IPSAEhome ExtendedIP Extended CPathome CP
hospital IP and SAE SAEin
hospital
Standard-of-care
Health system 7552 368.8 770.6 770.6 368.8 770.6 169.8 5716
Patient 1344 310 1344 1344 310 1344 310 1344
Patient with guardian 1344 573 1344 1344 573 1344 43.1 1344
Time spent in state 1.607 2.254 0.026 0.018 0.128 0.003 5216 0.041
Patient-centred with weekly/daily DOT visits
Health system 0 3978/411.0 0 7985 397.8/411.0 798.5 198.8/2120 5995
Patient 0 6.6 0 1344 6.6 1344 6.6 1344
Patient with guardian 0 73 0 1344 73 1344 6.6 1344
Hybrid with weekly/daily DOT visits
Health system 0 396.7 0 7985 396.7 7985 198.8/2120 5995
Patient 0 31.0 0 1344 59.0 1344 326 1344
Patient with guardian 0 453 0 1344 73.3 1344 326 1344
Time spent in state 0 3.858 0 0.055 0.145 0.003 5.198 0.042
IP intensive phase, CP continuation phase, SAE serious adverse events, DOT directly-observed treatment
Table 4 Mean per-patient health system and patient costs for the three strategies (USD)
Standard-of-care Patient-centred Hybrid (daily Patient-centred Hybrid
(daily DOT) DOT) (weekly DOT) (weekly
DOT)
Health system 3037 2818 2761 2697 2693
Patient 463 74 311 74 311
Patient with guardian 589 77 368 77 368
Societal, including guardian 3626 2895 3129 2774 3061

DOT directly-observed treatment

Sensitivity and scenario analyses

Sensitivity analyses showed that varying certain costs
in a deterministic sensitivity analysis did not change the
conclusions, with standard-of-care still being the most
expensive strategy from both a health system and patient
perspective (Table 5).

Moreover, the results did not change when we assumed
no hospitalisation at treatment initiation for standard-of-
care. Although standard-of-care became cheaper from a
health system perspective than both patient-centred and
hybrid, it was still more expensive for the patients and
more expensive overall (Table 6).

Scenario analysis showed that reducing the frequency
of DOT in the patient-centred strategies could further
reduce health system costs by USD 121 for patient-cen-
tred and USD 68 for the hybrid strategy (Table 4).

Table 5 Mean per-patient health system and patient costs for
the three strategies, when key unit costs have been varied in a
sensitivity analysis (USD)

Standard-of-care Patient-centred Hybrid
30% increase in staff and patient costs
Health system 3059.7 2866.9 27758
Patient 591.7 829 346.8
Patient with guard- 755.0 86.9 4212
ian
30% decrease in staff and patient costs
Health system 3015.1 2769.5 27209
Patient 3349 64.5 2755
Patient with guard- 4229 66.6 3155

lan
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Table 6 Standard of care costs when hospitalisation during the
treatment initiation was eliminated (USD)

Standard-of-care

Health system 2567.6
Patient 463.3
Patient with guardian 5889
Societal, including guardian 3156.5

Discussion

We have built an operational model of different MDR-
TB treatment delivery strategies, calculating the times
patients spend in eight different states during their treat-
ment in Ethiopia. Using STREAM cost data, we have then
calculated the costs of the three alternative strategies for
delivering TB treatment: a strategy reflecting the current
standard-of-care in Ethiopia, a patient-centred approach
and a hybrid approach. We showed that patient-costs can
be reduced under a hybrid or patient-centred approach.
Apart from reducing the costs, these strategies have the
potential to increase access to MDR-TB services, contrib-
uting to TB elimination. This study adds on the growing
evidence that a decentralised model of care in Ethiopia
contributes to an increase in number of people tested
and put on MDR-TB treatment [17].

However, treatment delivered at home/work might
not be appropriate for patients with severe TB dis-
ease, extremely infectious or for those who have seri-
ous comorbidities. Similarly, people who have access to
electricity, internet and are technologically literate can
benefit from the use of video-recorded DOT or other
electronic means of observing treatment. It is therefore
helpful for the treating clinician to have a few options
to choose from when deciding on how treatment is best
delivered for each patient. A hybrid approach, as mod-
elled in this study, with the intensive phase of treatment
monitored daily as in the standard-of-care (although not
in hospital), could be appropriate for most patients. Sev-
eral studies suggest that fully decentralised care for TB
patients, where patients are being treated as outpatients
and receive care in the community is less costly than the
centralised approaches, where inpatient care is provided
at specialised facilities [18—20]. In this study, we showed
that semi-decentralised (hybrid strategy) or fully decen-
tralised (patient-centred strategy) care, with treatment
for RR-TB, delivered at patients’ home, can also be less
costly (than the standard-of-care) from a societal per-
spective when DOT is delivered either daily or once a
week.

Currently, patients incur substantial costs when access-
ing treatment which are often catastrophic despite
the End-TB target of having no families affected by
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TB-related catastrophic costs. Appropriate social pro-
tection mechanisms could be provided to assist patients
in coping with these costs and end TB [21]. We showed
in this paper that switching to a new treatment delivery
strategy, with the same level of contact as in the stand-
ard-of-care, but with DOT delivered at patients’ home,
could shift costs from patients to the health system. Fur-
thermore, a reduction in the number of DOT visits, from
daily to weekly combined with the hybrid or patient-cen-
tred approach would further reduce health system costs.

While TB diagnosis has been previously modelled
using operational models [22], the present study has
demonstrated that TB treatment delivery strategies can
also be successfully modelled using this approach. Having
been built with a user-friendly Excel interface, the model
can be easily adapted in future as new data become avail-
able, and new strategies require evaluating. For example,
any of the unit costs in Table 2 can be revised and recom-
bined with the average phase durations (also in Table 2)
to give revised costs of treatment equivalent to those in
Table 4. For TB, this will be critical in the coming years
as treatment duration is being reduced and treatment
delivery redesigned. The model can also be used to show
the distribution of patients’ experiences as they move
through the alternative treatment strategies, including
for example the range of lengths of their patient journeys
and their associated costs.

It is important that we highlight several limitations of
our modelling. Our results find the patient-centred and
hybrid strategies cost-saving, although our modelling has
likely overestimated their costs. First, we assumed the
nurses providing DOT in the hybrid and patient-centred
strategies at patients’ homes were equally as qualified as
nurses in healthcare facilities today. However, treatment
could likely also be delivered by community health work-
ers, volunteers, or treatment supporters, which would
cost the health system less. Furthermore, there are also
potential health benefits our study has not captured:
studies have estimated a reduced rate of loss-to-follow-
up under a decentralised treatment delivery system with
less frequent DOT visits, compared to a centralised
approach [18-20], which we did not account for in our
model.

Second, we assumed treatment success rate to be inde-
pendent of treatment management strategy. However, a
2017 systematic review showed that treatment success
was more likely in patients following a decentralised set-
ting [23]. The Loveday et al. [20] study also showed that
a decentralised model results in better clinical outcomes.
The same study also showed that there was a reduced
lost-to-follow up for those following a decentralised
pathway, while other studies reported similar estimates
versus centralised approaches [24, 25].
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Ancillary costs such as those related to minimising
transmission were not included. If strategies such as
those we modelled were to be implemented, a policy-
maker may choose to include some infection control
education at household level. However, such a scheme’s
cost would be unlikely to exceed USD 264 per patient
treated—the difference between the standard-of-care and
patient-centred strategy—and so would be unlikely to
alter the conclusions of our study.

Increasingly more patients are being diagnosed with
MDR-TB globally each year. While undergoing an often-
challenging MDR-TB treatment regimen, these patients
and their families currently must withstand an additional
severe burden on household finances [26, 27]. TB pro-
grammes urgently require strategies able to reduce these
costs. Our findings provide critical evidence that there
is scope for such strategies based on the reorganisation
of patient care. Patient-centred treatment delivery for
MDR-TB could be the first step of an integrated patient-
centred care system, where patients are getting tested
and diagnosed with MDR-TB in the community, thanks
to the expansion of Xpert/MTB/RIF use, that simultane-
ously detects Mycobacterium tuberculosis and resistance
to rifampicin. This would be a practical approach for
scaling up treatment and care for the MDR-TB patients.

Conclusions

Now, more than ever, TB programmes need a rethink on
how MDR-TB treatment is delivered. Our findings show
that patient and health system costs can be reduced by
implementing patient-centred approaches to deliver
MDR-TB treatment. These results should be used to
inform country-level decisions on delivering MDR-TB
care and potential phase-IV evaluations.
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DES Discrete event simulation
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