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1. I ntroduction

The increasing threat of multidrug-resistanttubkrsis (MDR-TB) poses a seriouschallenge to the
control of TB[1].Rifampicin resistance is a goodrke of MDR-TB [2],defined as combined
resistance to both rifampicin and isoniazid. &¢rert® MTB/RIF [3, 4] is a rapid molecular
assay for the diagnosis of TB and rifampicin resise in patient specimens and it can be used close

to the point of care with minimal technical expset{5].

The WHO globally and within the European region leaslorsed the use of GeneXpert for the
detection of TB and rifampicin resistance [6, 7]pimmary specimens (and as a proxy for MDR-
TB). A strong recommendation was to use GeneXed first diagnostic choice for individuals at
high-risk of MDR-TB and as a secondary diagnosticicefor individuals that are not at high-risk
of MDR-TB. The Foundation for Innovative and NewaBnostics (FIND) secured a discounted
price for low and middle-income countries [8],whibhs facilitatedthe implementability of these

recommendations.

While the cost-effectiveness of GeneXpert has bselh documented in countries with a high
incidence of MDR-TB [9], the situation in low-in@dce (high-income) countries is less clear.
The first issue is that high-income countries dobenefit from the FIND discount and the cost of
testing with GeneXpert might exceed the willingnespay, which in the United Kingdom, through
UK NICE is set at 20,000 British pounds per QALYad[10] or 29,369 USD per QALY saved
based on the average exchange rate in 2015: 1 WSEB4 British pound[11].The second issue is
that the universal use of GeneXpert in low incidenountries might be associated with a relatively
high number of false positive cases[12],with subsed unnecessary treatment with second-line

drugsincluding the risk of adverse effects suchaegicity (from aminoglycosides)[13].The third
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issue is related to the uncertainty of opting faeatralised system where the GeneXpert is limited

tospecialized referral laboratories,versusa deakstd GeneXpert in each hospital.

Tackling the above-mentioned issues is criticalstecting the most cost-effectivediagnostic
strategy in low MDR-TB incidence countries. The tceavings and the benefits gained from
adopting rapid molecular TB diagnostics (wheregy&tem diagnoses TB and rifampicin resistance
within the same assay) depends on the size of ifterisk groups for MDR-TBand theactual

MDR-TB prevalence rate in the high-risk group witlpatients presenting to the hospital (Chest

Clinic).

This article aims to provide hospital managers,h@aigists, policy developers and service
providers with core criteria to take informed dems onthe most cost-effectiveTB
diagnosticstrategy in countrieswith a low inciderioe MDR-TB. Although the parameters we
have used for the analysis are fromthe United Kamgd(UK), the results are likely to
berelevanttosimilarcountries with low MDR-TB inciaee rates.We analyze pragmatically the cost-
effectiveness of using a centralisedor a decest@dlGeneXpert system, for TB populationsin the
UK with different proportions ofactual MDR-TB caseghin the high-risk group for MDR-TB. In
this context, the high-risk groupincludesindividualith a previous TB diagnosis, and/or birth in
countries with a high MDR-TBincidence. The cousdriat high risk for MDR-TB are those listed

by WHO athttp://www.stoptb.org/countries/tbdata.asp

2. Materials and methods

2.1 Diagnostic methods
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This cost-effectiveness analysis has a health pareder's perspective and starts after suspected
TB patients have been referred to the relevantnafeenters such as the hospital chest clinicis |
assumed that in the UK patients do not access thjirac hospital chest clinic without some
intermediate referral. Therefore, the patientsehaveady gone through a preliminary assessment
by the general practitioners (GPs) or other prinfaeglth care gatekeepers. The GPs have treated
the productive severe cough as a bacterial chésttion and prescribed beta-lactams/macrolide
antibiotics first. The patients have not improad hence they have been referred to a hospital
chest clinic, which might include general clinicslow TB incidence areas and specialist TB clinics
in high TB incidence areas such as London. Inctinest clinic, the suspected TB patients have
provided sputum specimens, which have been exanfipatnear microscopy and then cultured on
bacteriological media. Whilst the bacterial crdtus proceding, decisions follow and our

simulation starts after the above mentioned preasebave taken place.

Therefore, this analysis begins by assessing wilahappen after the results of the sputum smear
test are known if GeneXpert or another comparapétes is present. The aim is to answer the
following questions for countries with a low incrdee of MDR-TB such as the UK:

a) “In what circumstances is it cost-effective to havdecentralized GeneXpert analyser in every
hospital for TB diagnostics vs. a centralised oneeferral laboratories ?”; and

b) “Should GeneXpert be limited to sputum smear-pesitcases only vs. testing any TB

suspected case whatever the sputum smear status ?”.

We consider the following diagnostic strategie3:gthtus quo ie universal microbiological culture
and microbiological drugusceptibilitytest (DST) only ifM. tuberculosis is grown (comparator);

(2) universal microbiological culture and DST pluencurrent centralised GeneXpert in a referral
laboratory, applied to sputum smear-positive casmdy; (3) as above but with a decentralised

GeneXpert analyser in every hospital; (4) universatrobiological culture and DST with
4
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concurrent centralised GeneXpert analysis in arnaféaboratory, applied regardless of sputum-

smear status; and (5) as above but with a decsatlabeneXpert analyser in every hospital.

The GeneXpert alternatives are carried out in aggon with microbiological culture and
subsequent microbiological or whole genome sequbased DST. The objective of this analysis
is not to consider substitution of culture and D&ih GeneXpert but to measure the added value of
speeding up informed decisions that will be finatizy a confirmed culture and DST, which is the
current practice in the UK and most high-incomentoas. The rationale for considering the
testing of sputum smear-positive cases only waataelto the potential budget constraints that
might not permit universal testing. The ratiendbr considering a decentralised versus a
centralised system is related to the potential mihge of gaining a minimum of one day in
obtaining the diagnostic results (no need to trarisghe specimen to ta referral laboratory)

balanced with the extra costs of purchasing théagent by hospitals in a decentralised system.

2.2 Data sources

The parameters used for the cost-effectiveness/sinadre in Table 1. The average size of the
high-risk group within TB populations accessing NH&spitals is set at 6.8% and the MDR-TB
prevalence in this high-risk group is set at 3.7%his is based on the national TB statistics for
England in 201414] which reported that 6.8% of TB patients had be@vipusly diagnosed with
TB and the MDR-TB rate was 3.7%. The probability 7@ among patients with positive and
negative smears is in accordance with the cultuBec®nfirmation rates among patients with
positive and negative smears reported in Englar®ial. The average MDR-TB prevalence rate in
the low-risk group has been set at 0.6%, in accmelavith the MDR prevalence found in TB
patients that were born in the UK. Half of themponary sputum-smears are assumed to be

positive in accordance with existing data repoitdeéhgland in 2014 [14]. The other parameters,
5
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from Drobniewski et al [15], include: the sensityviand specificity for TB among positive and
negative smears and the sensitivity and speciffoityMDR diagnosis in confirmed pulmonary TB;
the unit costs of the GeneXpert tests, the daibgctor standard and negative pressure isolatidn an
first and second-line drugs in 2012, which weréatieid to 2015 prices according to the hospital and

community health services (HCHS) index [16].

Also the QALYs were estimated according to Drobrskwmet al [15]. The impact of TB morbidity
was associated with daily utility decrements of08.2or each day spent as inpatient and 0.67 for
each day as outpatient (Table 1). The utility dewnts were multiplied by the number of days
spent as inpatient and outpatient and then divimle865 (days in a year) to estimate the QALYs
lost while being treated as inpatient or outpatierifthe impact of permanent hearing loss due to
second-line drug treatment (aminoglycosides) for RADB was estimated in accordance with
Drobniewski et al [15] as 0.008 QALY per day ofdrment (Table 1), which were multiplied by the
number of days a suspected case would have begadrduring the 27 day period envisaged in the
diagnostic pathways. We have assumed that in thgddld in any high-income country based on
accepted international diagnostic standards), vieeage time taken for microbiological culture and
identification, and for the DST results are 14 &l days respectively, while the results of

GeneXpert takes 2 and 3 days for decentralisec¢anulalised GeneXpert respectively.

2.3 Cost-effectiveness

The costs and benefits of GeneXpert accrue duheg2Z days of the diagnostic pathways and

cease on the 28th day whereupon the microbioldgidatermined DST results finalise the

treatment decision, with or without the presenc&eheXpert.
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Figure 1 shows how the parameters of Table 1 wsed to generate the costs and the QALYSs lost
for a hypothetical cohort of 100 patients that warspected to have pulmonary TB and undergoing
testing with microbiological culture and DST onlgo(mparator). Of these 100 hypothetical
patients, 6.8 would be expected to have been prshiaiagnosed with TB (high-risk group) as per
the 2014 TB national statistics for England. Haflfthe TB patients are expected to be smear
positive and to be confirmed as drug-sensitive TBDR-TB, or non-TB, according to the 2014
national statistics for England reported in Tablelhe parameters of Table 1 drive the expected
number of cases undergoing isolation and treatmiile they are waiting for the results of the
culture and the DST. The actions in Figure 1 aradoordance with the presumed risk associated
with belonging to a high-risk group for MDR-TB aifmr being smear positive or negative, in line

with the TB control guidelines as summarized in@riewski et al [15].

The above-mentioned actions determine the expecsd and QALY's lost described in the Annex.
The rationale for isolation and treatment in thespnce of sole culture and DST (Figure 1) is
modified by the concurrent use ofthe GeneXpertétigzves (FiguresA.1-A.4 in the Annex), which
allows detection of TB and MDR-TB in 2 (decentrai} or 3 (centralised) days. Although
GeneXpert can produce the results on the samevwtayave taken a conservative approach and

allowed for 1 and 2 extra days.

The number of true and false TB and MDR-TB positieses, which depends on the sensitivity and
specificity of GeneXpert for TB and MDR-TB and th@revalence drives the costs and QALYs
lost. For example, the costs associated withdthé low-risk SM+ in Figure A.1 is obtained by

multiplying the unit costs of the test by 46.6 ahé unit cost of isolation and treatment by the
number of days accruing between the 1st and the @4t before the DST results are known. By

the same token, the QALYSs lost by the 46.6 patianésthe results of the daily utility decrements
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associated with first-line treatment multiplied tiye number of treatment days and divided by 365

(days in a year) in addition to the daily fractiarfQALYs lost because of second-line treatment.

The cost-effectiveness has been estimated by comgpitue expected costs and QALY lost across
diagnostic alternatives. The status quo and theegert alternatives were ranked according to
increasing costs to estimate their incremental effettiveness ratio (ICER). If the ICER> £20,000
(29,369 USD in 2015 value) per QALY saved, whiclhis maximum willingness to pay in the UK,

the diagnostic strategy was considered not costfle. Then, the next higher cost alternative
was compared with the least costly one, and so il all the remaining alternatives were

exhausted. Vice versa, any diagnostic strategh WB@ER <=£20,000 was considered cost-

effective.

3. Reaults

Table 1, Figure 1 and the figures in the Annex @lewhe basis for the cost-effectiveness of the
alternative GeneXpert strategies versus the saeoficulture and DST.  As mentioned in the
methodology, the parameters in Table 1 represemtatlerage profile of the TB population in
England, while the diagnostic sensitivity and speity, the QALYSs lost and the unit costs are from
the systematic review of Drobniewski et al [15].heTscenario represents what happens to a
hypothetical cohort of 100 suspected cases for poary TB that are referred to a UK hospital with
a microscopy smear positive or negative and as aiglow-risk for MDR-TB according to their
previous TB diagnosis. Figure 1 represents thatswegith culture and DST only, while the Figures
in the Annex represent the events with a concuiGameXpert at the hospital level (decentralised)

or at a referral laboratory (centralised).
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Table1l Parametersused in the estimation of the cost-effectiveness of diagnostic alter natives.

CATEGORIES | VARIABLE Variable Definition Average Estimate | Reference
High-risk Size of the high-risk Proportion of TB patients with 6.8% Based on
Group. group. a previous TB diagnosis. national TB
MDR prevalence in the| The prevalence of MDR-TB in 3.7% statistics for
high-risk group. patients with a previous TB England[14].
diagnosis.
Low-Risk Size, of the low-risk Proportion of TB patients with 93.2%
Group. group. no previous TB diagnosis.
MDR prevalence in The prevalence of MDR-TB in 0.6%
low- risk group. patients with no previous TB
diagnosis.
Share of smear-| Proportion of pulmonary| Number of positive smears / 50%
positive smears that are positive| total smears.
patients. for mycobacterium TB.
Risk of TB in No TB. It is based on the negative 5%
Pulmonary culture of pulmonary positive
Smear- positive smear in for 2014.
patients. TB. It is based on the culture 95%
confirmation of pulmonary
positive smear in 2014 in
England.
Risk of TB in No TB. It is based on the negative 36%
Pulmonary culture of pulmonary negative
Smear- negative smear in England in 2014.
patients. TB. It is based on the proportion of 64%
negative smears that were TB
culture-confirmed in 2014 in
England.
GENEXPERT | Positive smears. Sensitivity for TB. 98% Drobnikivs
diagnostics. Specificity for TB. 99% et al[15].
Negative smears. Sensitivity for TB. 75%
Specificity for TB. 99%
Positive smears. MDR sensitivity for confirmed 96%
TB.
MDR specificity for confirmed 97%
TB.
Negative smears. MDR sensitivity for confirmed 94%
TB.
MDR specificity for confirmed 95%
TB.
QALYs lost. Daily utility decrements.| For first-line treatmeatute 0.206
phaseas inpatient.
For first-line treatment as 0.067
outpatient.
QALYs lost to Associated with each day of 0.008
permanent hearing loss.| second-line treatment.
Costs. Standard room isolation. £405
Daily costs.* Negative pressure isolation. £1168
First-line treatment. £0.4
Second-line treatment. £22
Cost per test (it Decentralised. £71
includesthe cartridge, | Centralised. £65
staff time and equipment Cost of sample transport. £7

capital cost)*

*The daily costfor isolation, treatment and testsfaom Drobniewski et al[15] and include the Bttifne, consumable
supplies, capital cost of equipment. The lowet émsthe centralised test are also from Drobnléws al [15] and
have taken into consideration economy of scalel@andr initial set up costs at the central leveljle/ithe centralised

9
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test incurs the cost of transporting the specinfiiemma the hospitals to the referral laboratory tinatead is not present
at the decentralised level.

The concurrent use of GeneXpert makes a differamicen the high-risk group for MDR-TB

reaches a proportion of 6%. Table 2 is basedisnassumption for different sizes of the high risk
group for MDR and different MDR prevalence among gaients in the high risk group. Patients
presenting to a chest clinic will have received s@reliminary review by a general practitioner or

Emergency Department physician.

Table 2 shows that when the size of the high-riskig (e.g. previous TB diagnosis) is between 1%
and 2% (first two sets of rows), the sole use difuce and DST costs less and loses fewer QALY's
(dominant) compared with any GeneXpert alternatiw&hen the high-risk group accounts for 3%-
5%o0f the people with suspected TB in the clinie #ole use of culture and DST is still the best
option because the alternatives have an ICER >820p@r QALY gained. When the size of the
high-risk group in the clinic reaches 6% (as is tiase for previous TB diagnosis in the UK),
universal testing with a decentralised Genexpedasiinant because it is associated with lower
costs and fewer QALYs lost compared with culture &8T only. The dominance of universal
testing with decentralised GeneXpert persistedioes of the high-risk group larger than 6% (data

not shown).

10



215 Table2 Costsand QAL Yslost in a cohort of 100 suspected Pulmonary TB patients according to alter native diagnostic strategies.
SIZE OF THE | STRATEGY MDR-TB RATE AMONG PULMONARY TB IN HIGH-RISKGROUP
HIGH-RISK 1% 5% 10% 15%
GROUP* Cost QALY ICER Cost QALY Lost ICER Cost* QALY ICER Cost QALY Lost ICER
Lost lost
1% No GeneXpert £ 309,238 0.89 DOM*¥ £309,238 0.89 DOM £309,238 0.89 DOM £309,238 0.89 DOM.
SM+ only Dec. £ 370,649 1.09 Dominated £371,0701.09 Dominated £371,597 1.10 Dominated £372,124 0 1.1Dominated
SM+ only Cen. £389,193 1.07 Dominated £389,594 7 1.0Dominated| £390,095 1.08 Dominated £390,596 1.08 omibated
All smears Dec. £403,467 1.21 Dominated £404,143 .22 1 Dominated| £404,988 1.22 Dominated  £405,832 1.2B®ominated
All smears Cen. £420,412 1.17 Dominated  £421,056.18 1 Dominated] £421,862 1.19 Dominated  £422,668 1.1®ominated
2% No GeneXpert £335,329 1.08 DOM £335,329 1.08 DOM £ 335,329 1.08 DOM £ 335,329 1.08 DOM
SM+ only Dec. £384,717 1.18 Dominated £385,560 81.1Dominated| £386,614 1.19 Dominated £387,668 1.20 omibated
SM+ only Cen. £403,641 1.16 Dominated £404,443 6 1.1Dominated| £405,445 1.17 Dominated £406,446 1.18 omibated
All smears Dec. £405,746 1.22 Dominated £407,098.23 1 Dominated] £408,787 1.24 Dominated £410,476 1.2®ominated
All smears Cen. £423,069 1.18 Dominated £424,359.19 1 Dominated] £425,971 1.21 Dominated £427,583 1.2Dominated
3% No GeneXpert £ 361,421 1.27 DOM £ 361,421 1.27 DOM £ 361,421 1.27 DOM £ 361,421 1.27 DOM
SM+ only Dec. £398,785 1.27 Dominated  £400,050 71.2Dominated| £401,630 1.29 Dominated £403,211 1.30 omibated
All smears Dec. £408,025 1.23 NOT CE £410,052 1.2NOT CE £412,586 1.27 Dominated  £415,120 1.28 Dataih
SM+ only Cen. £418,089 1.24 NOT CE £419,291 1.25 OTNCE £420,794 1.26 NOT CE £422,297 1.28 Dominated
All smears Cen. £425,727 1.20 NOT CE £427,661 1.2INOT CE £430,079 1.23 NOT CH £432,497 1.25 NOT CE
4% No GeneXpert £ 387,512 1.45 Best**4 £ 387,512 451. Best £ 387,512 1.45 Best £ 387,512 1.45 Best
All smears Dec.| £410,304 1.24 NOT CE £413,007 1.2eNOT CE £416,385 1.29 NOT CH £419,764 1.31 NOT CE
SM+ only Dec. £412,853 1.35 NOT CH £414,539 1.37 OTNCE £416,647 1.38 NOT CE £418,755 1.40 NOT CE
All smears Cen. £428,384 1.21 NOT CE £430,963 1.22NOT CE £434,187 1.25 NOT CE £437,411 1.27 NOT CE
SM+ only Cen. £432,537 1.33 NOT CE £434,140 1.34 OTNCE £436,144 1.36 NOT CE £438,147 1.37 NOT CE
5% No GeneXpert £ 413,604 1.64 Best £413,604 1.64 Best £ 413,604 1.64 Best £ 413,604 1.64 Best
All smears Dec.| £412,582 1.25 NOT CE £415,961 1.28NOT CE £420,185 1.31 NOT CE £424,408 1.34 NOT CE
SM+ only Dec. £426,921 1.44 NOT CHE £429,029 1.46 OTNCE £431,664 1.48 NOT CE £434,298 1.50 NOT CE
All smears Cent| £431,042 1.22 NOT CE £434,266 41.2 NOT CE £438,296 1.27 NOT CH £442,326 1.30 NOT CE
SM+ only NOT CE
Centr. £446,985 1.42 £448,988 1.43 NOT CE £451,493 1.45 NOT GE £453,998.47 NOT CE
6% All smears Dec. £414,861 1.26 DOM £418,916 1.29 DOM £423,984 1.33 DOM £429,052 1.37 Best
No GeneXpert £ 439,695 1.82 Dominated £ 439,695 82 1. Dominated| £ 439,695 1.82 Dominated £ 439,69582 1. Dominated
All smears Cen. £433,699 1.23 NOT CE £437,568 1.29NOT CE £442,404 1.29 NOT CH £447,240 1.33 NOT CE
SM+ only Dec. £440,989 1.53 Dominated £443,519 51.5Dominated| £446,680 1.57 Dominated £449,842 1.60 omibated
SM+only Cent. | £ 472,433 1.50 Dominated  £463,837 .521 Dominated] £466,843 1.55 Dominated  £469,848 1.5Dominated
216  * % TB patients with previous history of TB andlmrn in countries with high prevalence of MDR-TBPDOM (Dominant) because it costs less and lose®fe®ALYs, while
217 dominated if it costs more and loses more QALYS'B#st intervention because the alternatives areinatexd or NOT CE (Not Cost-effective) ICER>£20.00@LY
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Figure 2 provides a tornado diagram on the mostential variables affecting the average cost
savings per patient if universal decentralised Ggeet were adopted versus the sole use of culture
and DST in an average TB population. The averagle profile considered here is 6.8% of
pulmonary TB patients belonging to the high-riskug for MDR-TB and having an actual MDR-
TB rate of 3.7%. These values have been seledeause in England 6.8% of the pulmonary TB
patients had a previous TB diagnosis and this higlhgroup had an MDR prevalence of 3.7%. At
these rates, decentralised GeneXpert for all stypas would be dominant, saving both costs and

QALYSs.

Therefore, the net savings of a decentralised GpegX/s the sole use of microbiological culture
and DST has been calculated according to the variat the parameters of Table 1. The wider the
bar, the higher the variation in cost saving peeaaf universal decentralised GeneXpert versus the
status quo when each variable is set to vary betaeminimum and maximum, while keeping the
other variables constant. In a hypothetical cob6t00 pulmonary TB patients,in which 6.8% of
patients belong to the high-risk group and hav®&mR-TB prevalence of 3.7%, if GeneXpert has
0.91 specificity for MDR-TB, a total of £4,515 wauaccrue during the 27 days before the DST
results are known versus £4,606 with the statwes sgving £91 per patient. If the specifiaty
GeneXpert for MDR-TB were 0.97, the costs wouldrdase to £4,151 versus £4,606 with the
status quo, yielding a saving of £455. The otlatables with a higher influence on cost saving
included the GeneXpert specificity for MDR detentim smear positive cases, the proportion of
smears which are positive and the costs of isaglatioThe remaining parameters had a minor

influence on cost saving.
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4. Discussion

When 6% or more TB patients have been previoustgridbsed with TB and/or are born in high
incidence countries, testing any sputum regardiéssnear-status with a decentralised GeneXpert

system is cost-effective versus the sole use ¢fi@ibnd DST.

This economic evaluation has specifically taken icnsideration the first 27 days that on average
are required to produce the results of mycobadteriiure, identification and DST (based on
accepted international standards), which is theeatirstandard approach. This is based on the
rationale that the advantage of GeneXpert ceasesisbonce the culture and DST results become
available and thus any cost-effectiveness accruesglthis initial diagnostic phase. The other
assumption of this economic evaluation was thate&eert is implemented in parallelwith culture
and DST and not in substitution. The contexthist of a state-funded health system and so
complements the analysis of Choi et al [17] forimsurance-based model in the USA and adds

several findings that are critical for the decisioakers.

Locating GeneXpert at hospital level makes the rsease. Because of economies of scale, health
authorities might be inclined to centralize the &¢pert at a referral laboratory. However, the
results of this analysis suggest that locating Geeet at hospital level would be the most cost-
effective diagnostic alternative. This is mainlyedto the fact that the decentralised GeneXpert
reduces the costs of isolation of the patient b&eahe results are known one day in advance
compared with the centralised alternative. Anyaadage would increase if DST results were
available later than day 28.Anecdotally, admintsteadelays in sending samples and ensuring the

results reach the clinical team do add additioagkdas well.
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As the average for previous TB diagnosis in thenaulary TB cases in Englandis 6.8%, it is likely
that testing every TB patient with a decentraliSsheXpert would suit the general profile of the
TB population. In this average situation, the &&pert alternative would dominate (ie be superior
to) the status quo with the variation in MDR-TB eifieity likely to influence the gains in cost

saving compared with the status quo. Not surmigijrthe variation in costs of isolation was also

influential in driving the costs.

Last but not least, the results of this analysis cantribute to antimicrobial stewardship. The
results have identified at what prevalence of mgk-individuals it would make the most sense for
a hospital to use GeneXpert to reduce the timaagnasis for drug sensitive and MDR-TB. This
would improve “the appropriateness of antimicrohiak to reduce resistance generally, but also

benefit individual patients” [18], which is the amhantimicrobial stewardship.

We acknowledge limitations in our study. The patdrutility decrements that might be associated
with isolation, while waiting for the results ofeélseneXpert, were not taken into account. The
higher risk group stays isolated while waiting fioe 2 or 3 days required for the GeneXpert results
and, in case of a negative result, this unnecedsalgtion might cause some utility decrement.
However, it is unlikely that this limitation mightave produced a different ranking of cost-effective
diagnostic alternatives, as isolation would havenbeven longer with the sole use of culture and
DST. Conversely, not having factored in the potnitility decrements associated with isolation is

likely to have penalized the GeneXpert alternativese than the status quo.

Most negative smears that are culture negative tmgh be reported to PHE (although a large
proportion of TB cases are notified based on theicel/radiological picture alone), with the
consequence that the real culture confirmationushrower than the 64% used in this analysis. To

take this potential bias into account we have reéhenanalysis using an overall culture positivity
14
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rate of only 5% among negative smears. The memults (not shown) confirmed that testing all
the sputum regardless of smear-status with a dedisett GeneXpert was the best choice when the
proportion of suspected TB cases belonging to tgke hsk group for MDR TB was only 4% ie

even smaller than the 6% figure used in Table 2.

We have assumed that empiric MDR-TB therapy (bylarid of drug sensitive therapy and reserve
drugs) and negative pressure isolation is routis&yted for the patients in the *high-risk’ groifip
GeneXpert is not performed. However, physicianghmstart most of this group on DS TB
therapy instead. To take this possibility intea@mt, we have rerun the sensitivity analysis of
Table 2 by assigning the high risk group to empd® TB therapy instead of empiric MDR TB
therapy. The only change (not shown) was a $ligbtver cost and a lower number of QALYs
lost with each strategy, due to the avoidance efside effects of MDR TB therapy. In terms of
cost-effectiveness of the alternative strategies, results did not change, with the decentralised
GeneXpert testing of all smears as the best siratdgn 5% or more of the TB suspects belonged

to a high risk group for MDR TB, which is lower tht¢he 6% cut of points of Table 2.

The costs due to culture and DST (or any equivaéatnative approach) have not been taken into
consideration because they continue to be presenmatter what is the alternative. As the
diagnostic alternatives were set to run in paraligh the culture and DST, only the additional sost
due to the GeneXpert has been taken into accoAstculture and DST are present in both the
comparator and in the diagnostic alternatives, th@yot add information in terms of incremental

costs.

It has been assumed that isolation is strictly enmnted according to guidelines and that the

culture and DST are known by the 14th and 28th apectively. Although we recognize that
15
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there is a high variation in implementing such gliites and in the test turnaround time, this
limitation is unlikely to have biased a specifiteahative versus the status quo. In fact, argyde
in the culture and or the DST results will furthiecrease the cost-effectiveness of a decentralised

GeneXpert when the prevalence of the high-risk grisi6% or higher.

The definition of the high-risk group has combina@vious TB diagnosis and or birth in high

MDR-TB risk countries. Although it might have bedesirable to differentiate between these two
risk factors, it is unlikely to be possible to cdetply disentangle their separate effect as previou
TB diagnosis and country of birth are likely to d@related. In any case, the sensitivity analysis

(Table 2) took into account the uncertainty in bibit size of the target group and its MDR rate.

Notwithstanding the above-mentioned limitations tlesults of this analysis are value-added in
informing strategic directions in TB molecular dagtics. GeneXpert is cost-effective when 6%
or more TB patients belong to the high-risk gronpatever their MDR rate. This is likely to be the
case in the average hospital, as 6.8% of TB patierdre reported to have been previously
diagnosed with TB in England in 2014. Howevervensal testing with GeneXpert is likely to be
even more cost-effective in high-migration aredsast but not least, universal testing with a
decentralised GeneXpert would be more cost-effedtian targeting the test to the positive smears
only. Where other diagnostic systems have sinp&formance and cost parameters, the overall
conclusions are likely to be similar (including f@hole genome sequencing strategies which are

currently largely centralised).

Hospitals should review their most recent TB st@Bsto estimate the proportion of TB patients
who were previously diagnosed with TB and/or wesenlin countries with high MDRprevalence.

If 6% or more TB patients belong to these risk gatees, adoptinga decentralised GeneXpert to test
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any pulmonary smear would be cost-effective. Simtlanclusions are likely to be true for new

diagnostic systems with equivalent performancecnst parameters.
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TitleTablel Parameters used in the estimation of cost-effectiveness of diagnostic

alter natives.

Legend Table 1l

It is assumed that on average, the size of the-tsgghgroup for MDR-TB would be 6.8% of the
total pulmonary TB patients and that 3.7% in thighkrisk group would be MDR-TB.  This is
based on the fact that in 2014 in England, 6.8%Bpatients were previously diagnosed with TB

and that 3.7% of these patients were found to b&kMIB.

TitleTable2 Costsand QAL Yslost in a cohort of 100 Pulmonary TB patients according to

alternative diagnostic strategies.

Legend Table 2

Table 2 shows the results of a two-way sensitiaitglysis. The first column represents the size of
the high-risk group, which is between 1% and 6%thaf pulmonary TB patients. The second
column represents the diagnostic strategies andfdl@wving columns provide the costs and
QALYs lost across strategies according to MDR-TR$a1%-15%) in the high-risk group. This
variation in MDR-TB should take into account thetféahat the high-risk group has other risk
factors besides “previous TB diagnosis®. For exiemim areas of high immigration, the high-risk

group includes patients who are born in countrigl tigh MDR-TB incidence.
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TitleFigurel Scenariofor cultureand DST only, for a cohort of 100 patients accessing a

hospital for confirmation of TB diagnosis.

Legend Figurel

Figure 1 represents the scenario of a cohort 6f sipected pulmonary TB patients reaching a
hospital with a smear diagnosis to be confirmedugh the sole use of culture and Drug Sensitivity
Test. Using previous TB diagnosis as a proxgdbne the high-risk group for MDR-TB and
taking the latest national TB statistics [14], 98.2nd 6.8% of TB patients would be at low and
high-risk for MDR-TB respectively.  The probatés for TB and MDR-TB in smear positive and
smear negative cases presented in Figure 1 areimlsxcordance with the latest national

statisticsfor England [14].

The upper section of Figure 1 represents the ewbatsare expected to accrue in the 93.2% of TB
cases belonging to the low-risk group for MDR. céing to common practices described in
Drobniewski et a[15], the patients with smear-positive results willgaced in standard isolation
and treated with first-line treatment during thstfil3 days required forthe result of the culturt

the 14th day, the culture negative patients willdischarged and the culture positive patients will
continue the first-lineTB treatment as outpatientszor the patients in the low-risk group with
negative smear, no action will be taken duringfits¢ 13 days, while the culture results will deeid

if to treat these patients after the 13th day.

The lower section of Figure 1 represents the evexpected in the 6.8% of pulmonary TB cases
belonging to the high-risk group for MDR-TB. Thesitive pulmonary smears will be placed in

negative pressure isolation and preemptively it@tdéo the 2nd line treatment. The smear negative
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cases will still be placed in negative pressuréatgm but the treatment will be deferred up to the

results of the culture.

The bottom of figure 1 represents the daily cossoaiated with isolation and treatment, the daily
utility decrements associated with each day of-fire treatment and the QALY lost for each day
of second-line drug treatment as per parametef@able 1. The costs and QALYs lost are the
results of the unit costs, utility decrement andL@4 at the bottom of the Figures 1 and the
number of days spent in isolation and under treatme Taking as an example the low-risk SM+
patients, Figure 1 shows that a hypothetical cobbri00 suspected pulmonary TB patients is
expected to generate 46.6 low-risk SM+, of whickh @ not have TB, 44 have DS TB and 0.3 are
MDR TB. These low-risk SM+ cases are expectesptend the first 13 days in standard isolation
at a cost of £ 405 per day and to receive fifge treatment at a cost of £ 0.4 per day. @n th
14" day, the culture results allow to discharge tfBec2ses that do not have TB and to continue the
first-line treatment of the culture positive casessoutpatients at a daily cost of £ 0.4. Theydail
utility decrement associated with the first-lineatment, which is 0.206 as inpatient and 0.067 as
outpatient treatment as per Drobniewski €t 8], are multiplied by the number of relative days and
divided by 365 (days in a year) to obtain the facof QALYs lost during the 27 days taken into

consideration by this study.
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Title Figure 20ne-way Sensitivity analysis on the cost savings per case with parameters

varying between a minimum and a maximum.

Legend Figure 2

Figure 2 is based on one-way sensitivity analysigléntify which parameters was influencing the
variation in the average costs. The rationals based on the following: (a) the results of the-tw
way sensitivity analysis in Table 2 indicate thditemever 6% or more of TB patients belong to the
high-risk group for MDR-TB, universal testing withdecentralised GeneXpert system is dominant
versus the sole use of culture and DST (status; guna)) (b) in England, 6.8% of TB patients were
previously diagnosed with TB, which is a group @hhrisk for MDR-TB and their MDR-TB rate
was found to be 3.7%. It was therefore assuthation average, the universal decentralised
GeneXpert testing would dominate the status quo vaadld be automatically selected as the
diagnostic intervention.  The net cost savinghef above mentioned alternative versus the status
guo was equal to the difference between the cotlieadtatus quo versus the universal decentralised
GeneXpert testing in an average TB population @itB% previous TB diagnosis and with an
MDR-TB of 3.7%. In this one-way sensitivity ansily, each parameter in Table 1 was set to vary
according to the minimum and maximum reported lgy ghistematic review of Drobniewski et al

[15].
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1 Table2b Rerun of the analysis presented in Table 2, with 5% smear negative being culture-confirmed (compared with 64% in Table 2)

SIZE OF THE | STRATEGY MDR-TB RATE AMONG PULMONARY TB IN HIGH-RISKGROUP
HIGH-RISK 1% 5% 10% 15%
GROUP* Cost QALY ICER Cost QALY Lost ICER Cost* QALY ICER Cost QALY Lost ICER
Lost lost
1% No GeneXpert £ 304,132 0.79 DOM £ 304,132 0.79 DOM £ 304,132 0.79 bomMm £ 304,132 0.79 DOM
All smears dec £ 363,978 0.84 Dominated £ 364,420 0.84 Dominated £ 364,971 0.84 Dominated £ 365,523 0.85 Dominated
Smear+ only dec £ 365,543 0.98 Dominated £ 365,965 0.99 Dominated £ 366,491 0.99 Dominated £ 367,018 0.99 Dominated
All smears central £ 382,451 0.81 Dominated £ 382,871 0.82 Dominated £ 383,396 0.82 Dominated £ 383,921 0.82 Dominated
Smear + only central £ 384,088 0.96 Dominated £ 384,488 0.96 Dominated £ 384,989 0.97 Dominated £ 385,490 0.97 Dominated
2% No GeneXpert £ 325275 0.94 Best £ 325275 0.94 Best £ 325275 0.94 Best £ 325275 0.94 Best
All smears dec £ 364,996 0.84 NOT CE £ 365,879 0.85 NOT CE £ 366,983 0.85 NOT CE £ 368,086 0.86 NOT CE
Smear+ only dec £ 374,662 1.04 Dominated £ 375,505 1.04 Dominated £ 376,559 1.05 Dominated £ 377,613 1.06 Dominated
All smears central £ 383,849 0.81 NOT CE £ 384,689 0.82 NOT CE £ 385,738 0.83 NOT CE £ 386,788 0.84 NOT CE
Smear +only central | £ 393,587 1.02 Dominated £ 394,388 1.02 Dominated £ 395,390 1.03 Dominated £ 396,392 1.04 Dominated
3% No GeneXpert £ 346,418 1.09 Best £ 346,418 1.09 Best f 346,418 1.09 Best £ 346,418 1.09 Best
All smears dec £ 366,015 0.84 NOT CE £ 367,339 0.85 NOT CE £ 368,994 0.86 NOT CE £ 370,649 0.88 NOT CE
Smear+ only dec £ 383,782 1.09 Dominated £ 385,046 1.10 Dominated £ 386,627 1.11 Dominated £ 388,208 1.13 Dominated
All smears central £ 385,247 0.82 NOT CE £ 386,506 0.83 NOT CE £ 388,081 0.84 NOT CE £ 389,655 0.85 NOT CE
Smear + only central £ 403,086 1.07 Dominated £ 404,288 1.08 Dominated £ 405,791 1.09 Dominated £ 407,294 1.10 Dominated
4% No GeneXpert £ 367,560 1.25 £ 367,560 1.25 £ 367,560 1.25 £ 367,560 1.25
All smears dec £ 367,633 0.84 CE £ 368,798 0.86 CE £ 371,005 0.87 CE £ 373,213 0.89 CE
All smears central £ 386,645 0.82 NOT CE £ 388,324 0.83 NOT CE £ 390,423 0.85 NOT CE £ 392,522 0.86 NOT CE
Smear+ only dec £ 392,901 1.15 Dominated £ 394,587 1.16 Dominated £ 396,695 1.18 Dominated £ 398,803 1.19 Dominated
Smear + only central £ 412,585 1.12 Dominated £ 414,188 1.14 Dominated £ 416,192 1.15 Dominated £ 418,195 1.17 Dominated
5% All smears dec £ 368,051 0.84 Best £ 370,258 0.86 Best £ 373,017 0.88 Best £ 375,776 0.90 Best
No GeneXpert £ 388,703 1.40 Dominated £ 388,703 1.40 Dominated £ 388,703 1.40 Dominated £ 388,703 1.40 Dominated
All smears central £ 388,042 0.82 NOT CE £ 390,142 0.84 NOT CE £ 392,765 0.86 NOT CE £ 395,389 0.88 NOT CE
Smear+ only dec £ 402,020 1.20 Dominated £ 404,128 1.22 Dominated £ 406,763 1.24 Dominated £ 409,397 1.26 Dominated
Smear + only central £ 422,084 1.18 Dominated £ 424,088 1.20 Dominated £ 426,592 1.22 Dominated £ 429,097 1.24 Dominated
6% All smears dec £ 369,069 0.85 Best £ 371,718 0.87 Best £ 375,028 0.89 Best £ 378,339 0.92 Best
All smears central £ 389,440 0.82 NOT CE £ 391,959 0.84 NOT CE £ 395,108 0.87 NOT CE £ 398,256 0.89 NOT CE
No GeneXpert £ 409,846 1.55 Dominated £ 409,846 1.55 Dominated £ 409,846 1.55 Dominated £ 409,846 1.55 Dominated
Smear+ only dec £ 411,140 1.26 Dominated £ 413,669 1.28 Dominated £ 416,831 1.30 Dominated £ 419,992 1.33 Dominated
Smear + only central £ 431,583 1.23 Dominated £ 433,987 1.25 Dominated £ 436,993 1.28 Dominated £ 439,999 1.30 Dominated

2 * 06 TB patients with previous history of TB and or born in countries with high prevalence of MDR-TB **DOM (Dominant) because it costs less and loses fewer QALY's, while

3 dominated if it costs more and loses more QALY's ***Best intervention because the alternatives are dominated or NOT CE (Not Cost-effective) ICER>£20.000 QALY



1 Table2c Rerun of the analysis presented in Table 2, with the only change being empiric DS TB treatment started in high risk group
2 for MDR TB (instead of empiric MDR TB treatmentin Table 2).
SIZE OF THE | STRATEGY MDR-TB RATE AMONG PULMONARY TB IN HIGH-RISKGROUP
HIGH-RISK 1% 5% 10% 15%
GROUP* Cost QALY ICER Cost QALY Lost ICER Cost* QALY ICER Cost QALY Lost ICER
Lost lost
1% No GeneXpert £ 303,532 0.64 Best £ 303,532 0.64 Best £ 303,532 0.64 Best £ 303,532 0.64 Best
All smears dec £ 362,577 0.49 NOT CE £ 363,005 0.49 NOT CE £ 363,540 0.49 NOT CE £ 364,075 0.49 NOT CE
Smear+ only dec £ 364,077 0.66 Dominated £ 364,486 0.66 Dominated £ 364,996 0.66 Dominated £ 365,507 0.66 Dominated
All smears central £ 381,106 0.48 NOT CE £ 381,513 0.48 NOT CE £ 382,021 0.48 NOT CE £ 382,530 0.48 NOT CE
Smear + only central £ 382,674 0.65 Dominated £ 383,063 0.65 Dominated £ 383,548 0.65 Dominated £ 384,033 0.65 Dominated
2% No GeneXpert £ 324,075 0.64 Best £ 324,075 0.64 Best £ 324,075 0.64 Best £ 324,075 0.64 Best
All smears dec £ 363,588 0.49 NOT CE £ 364,443 0.49 NOT CE £ 365513 0.49 NOT CE £ 366,583 0.49 NOT CE
Smear+ only dec £ 373,043 0.71 Dominated £ 373,860 0.71 Dominated £ 374,882 0.71 Dominated £ 375,903 0.71 Dominated
All smears central £ 382,49 0.48 NOT CE £ 383,310 0.48 NOT CE £ 384,327 0.48 NOT CE £ 385,344 0.48 NOT CE
Smear +only central | £ 392,020 0.70 Dominated £ 392,797 0.70 Dominated £ 393,767 0.70 Dominated £ 394,738 0.70 Dominated
3% No GeneXpert £ 344,618 0.65 Best £ 344,618 0.65 Best f 344,618 0.65 Best £ 344,618 0.65 Best
All smears dec £ 364,598 0.49 NOT CE £ 365,881 0.49 NOT CE f 367,486 0.49 NOT CE £ 369,091 0.49 NOT CE
Smear+ only dec £ 382,009 0.76 Dominated £ 383,235 0.76 Dominated £ 384,767 0.76 Dominated £ 386,299 0.76 Dominated
All smears central £ 383,886 0.48 NOT CE £ 385,106 0.48 NOT CE £ 386,632 0.48 NOT CE £ 388,158 0.48 NOT CE
Smear + only central £ 401,366 0.75 Dominated £ 402,531 0.75 Dominated £ 403,987 0.75 Dominated £ 405,443 0.75 Dominated
4% No GeneXpert £ 365,160 0.65 Best £ 365,160 0.65 Best £ 365,160 0.65 Best £ 365,160 0.65 Best
All smears dec £ 365,608 0.49 NOT CE £ 367,319 0.49 NOT CE £ 369,459 0.49 NOT CE £ 371,598 0.49 NOT CE
All smears central £ 385,276 0.48 NOT CE £ 386,903 0.48 NOT CE £ 388,937 0.48 NOT CE £ 390,972 0.48 NOT CE
Smear+ only dec £ 390,975 0.82 Dominated £ 392,609 0.82 Dominated £ 394,652 0.82 Dominated £ 396,695 0.82 Dominated
Smear + only central £ 410,712 0.81 Dominated £ 412,265 0.81 Dominated £ 414,206 0.81 Dominated £ 416,147 0.81 Dominated
5% All smears dec £ 366,618 0.49 Best £ 368,758 0.49 Best £ 371,432 0.49 Best £ 374,106 0.49 Best
No GeneXpert £ 385,703 0.66 Dominated £ 385,703 0.66 Dominated £ 385,703 0.66 Dominated £ 385,703 0.66 Dominated
All smears central £ 386,666 0.48 NOT CE £ 388,700 0.48 NOT CE £ 391,243 0.48 NOT CE £ 393,785 0.48 NOT CE
Smear+ only dec £ 399,941 0.87 Dominated £ 401,984 0.87 Dominated £ 404,537 0.87 Dominated £ 407,090 0.87 Dominated
Smear + only central £ 420,057 0.86 Dominated £ 421,999 0.86 Dominated £ 424,425 0.86 Dominated £ 426,852 0.86 Dominated
6% All smears dec £ 367,628 0.49 Best £ 370,196 0.49 Best £ 373,405 0.49 Best £ 376,614 0.49 Best
All smears central £ 388,055 0.48 NOT CE £ 390,497 0.48 NOT CE £ 393,548 0.48 NOT CE £ 396,599 0.48 NOT CE
No GeneXpert £ 406,246 0.66 Dominated £ 406,246 0.66 Dominated £ 406,246 0.66 Dominated £ 406,246 0.66 Dominated
Smear+ only dec £ 408,907 0.92 Dominated £ 411,358 0.92 Dominated £ 414,422 0.92 Dominated £ 417,486 0.93 Dominated
Smear + only central £ 429,403 0.91 Dominated £ 431,733 0.91 Dominated £ 434,645 0.92 Dominated £ 437,556 0.92 Dominated
3 * 06 TB patients with previous history of TB and or born in countries with high prevalence of MDR-TB **DOM (Dominant) because it costs less and loses fewer QALY's, while
4 dominated if it costs more and loses more QALY's ***Best intervention because the aternatives are dominated or NOT CE (Not Cost-effective) ICER>£20.000 QALY
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Figure 1 Scenario for culture and DST only, for a cohort of 100 patients accessing a hospital for confirmation of TB diagnosis.
Proportion | Proportion | Expected Proportion Disease  Expected
of TB DAY 1-13 WAITING FOR DAY 14-27 WAITING FOR THE DST
patients smear Number expected cases THE CULTURE RESULTS RESULTS
in low and
high positive & | of cases
risk group | smear ISOLATION TREATMENT ISOLATION TREATMENT
Neg Neg
for MDR negative Standard  Press Ist line 2nd line | Standard Press 1st line 2nd line
5.0% NOPTB 2.3 X inpatient
50%
Smear + 46.6 SM+ 94.4% DS 44 X inpatient outpatient
0.6% MDR 0.3 X inpatient outpatient
Low
risk 93.2%
36.0% NO PTB 16.8
50%
Smear - 46.6 SM- 63.4% DS 29.5 outpatient
0.6% MDR 0.3 outpatient
5.0% NOPTB 0.2 X inpatient
50%
Smear + 3.4 SM+ 91.3% DS 3.1 X inpatient X inpatient
3.7% MDR 0.1 X inpatient X inpatient
High
risk 6.8%
36.0% NO PTB 1.2 X
50%
Smear - 3.4 SM- 60.3% DS 2.1 X X inpatient
3.7% MDR 0.1 X X inpatient
Cost per day £ 405 £1,168 £ 04 £22.00 £ 405 £1,168 £0.4 £22
Utility decrement per day because of first line treatment 0.206 0.067
QALY due to ototoxicity for each day of second line
treatment 0.008 0.008




Figure 2. One-way Sensitivity analysis on the cost savings per case with parameters varying between a minimum and a maximum.

£,50 £,100 £,150 £,200 £,250 £,300 £,350 £,400 £,450 £,500
GeneXpert specificity for MDR among negative smears (0.91-0.97) £,91 £,455
GeneXpert specificity for MDR among positive smears (0.95-98) £,289 £,432
Daily cost negative press isolation (£1051-£1285) £,252

% Smears that are smear positive (45%-55%) £,270

Daily cost standard isolation (£364-£445.)

% positive smears with culture confirmation for TB (93%-100%)
Cost decentralised GeneXpert test (£64-£78)

GeneXpert sensitivity for TB among negative smears (0.72-0.78)
GeneXpert sensitivity for MDR among negative smears (0.87-1)
GeneXpert sensitivity for MDR among positive smears (0.93-0.98)
Daily cost 2nd line treat (£20-£24)

GeneXpert specificity for TB among positive smears (0.98-1)
GeneXpert sensitivity for TB among positive smears (0.97-0.99)
Cost 1st line treatment (£0.35-£0.42)

GeneXpert specificity for TB among negative smears (0.98-1)
Cost for transporting the sample (£6-£7) in centralised GeneXpert




Annex

The decision-making process used in this cost-¥fEress analysis is based on the prevalence aatesg smears positive and negative
tests from the national TB program in Engldtd] and on the assumptions from Drobniweski g18]). Figures A1.1-Al.4 are related to
a hypothetical cohort of 100 suspected pulmonarycages that have been already depicted in Figiméht main text but that this time
undergoes GeneXpert testing, as well as the culime drug susceptibility test (DST). Figure A.Jpresents the decentralised
GeneXpert for the expected 46.6 low-risk smeartp@s(SM+) suspected TB cases spending the firstdeys in standard isolation but
with no treatment initiated until the results o t@eneXpert are known. The expected results oG Xpert are due to the interaction
between sensitivity and specificity of the GeneXp@erd the prevalence of drug sensitive (DS) TB audti dug resistant (MDR) TB in

the low-risk SM+, as per parameters of Table herhain text.

As in any test, also for the GeneXpert, there are &nd false results, with relative consequenmethée decision-making process. Of the
GeneXpert TB negative results that are discharg&® are false negative and on the 14th day theygarectly detected by the culture
and readmitted on the 14th day and placed in stdndalation and given 1st line treatment.  Tlaéigmts with a DS-TB GeneXpert
diagnosis remain in standard isolation and begirids treatment but the 0.02 that are false DStdifd out to be culture negative and
are discharged on the 14th day. The remainingmatthat are DS-TB to the GeneXpert and thatcaltire-confirmed TB remain in
standard isolation between day 3 (results of thee@pert) and day 16, after which they continue ¢otieated as outpatients, as per

Drobniewsky et aJ14], according to which DS-TB patients are releasethfstandard isolation after 14 days of first lireatment. The



patients with MDR-TB results to the GeneXpert al@ced in negative pressure isolation and treated gecond line drugs until the

results of the DST.

Figures A.2 represents the diagnostic procesh®n6.6 low-risk smear negative (SM-) suspectethpolry TB cases already depicted
in Figure 1 in the main text in case a decentrdliGeneXpert is available. These patients are ansidered infectious and they are
neither isolated nor treated during the first tvaysl required for the results of the GeneXpert. different prevalence rates of TB in
SM- compared with the SM+ produce different numbEr&eneXpert results compared with Table A.1. cAlhe decisions after the
GeneXpert results are less restrictive than inrféigul, with DS-TB being treated as outpatientslekMDR-TB are treated as in Figure

Al

Figures A.3 and A.4 deal with the high-risk pateenfThe 3.4 high-risk SM+ are placed in negativespure isolation but they are not
treated until the results of the GeneXpert are kmoafter which they receive: no treatment (GeneXperTB), standard isolation and
first-line treatment (GeneXpert DS-TB) and negatwessure isolation and second line treatment (&eee MDR-TB). The 3.4 high-

risk SM- are neither isolated nor treated during first two days while waiting for the GeneXpersults and then they receive first-line

treatment as outpatients (DS-TB) or second-lingttnent in negative pressure isolation (MDR-TB).

The costs and QALYs lost associated to Figure M4lafe the results of the unit costs, utility deoeats and QALYs as per parameters

of Table 1 in the main text multiplied by the numbédays spent in isolation and under treatment.



The decision-making process is not shown for therabsed system as it is the same of Figure A.4-with the difference for an extra
day required for the GeneXpert results and theaegtsts for transporting the biological sample frira hospital to the central

laboratory.



FigureA.l Average profile* of the diagnostic processfor the 46.6 low-risk smear positive patientstested (see Figure 1) if GeneXpert (GX) is
decentralised.
DAY 1-2 waiting for GX result§ XPERT REAL STATUS | Expect | DAY 3-13 between GX results Day 14-27 between culture results and DST results
RESUL ed and culture results (14th day
ISOLATION TREATME | '> number M55 ATION TREATM | ISOLATION TREATMENT
NT s ENT
Standard| Neg.| 1st | 2nd Stand | Neg. 1st | 2nd | Standard Neg 1stline 2nd
Press | line | line ard Press | line | line Press line
Inp. No TB | False (TB) 0.89 Inp.** Inp.**
Inp. True (No TB) 2.3]
Inp. False (No TB) 0.02 Inp. Inp|
Inp. Inp. Inp. Inp.*** Outp. ***
DS True (DS-TB) 41.74 (14"-16" day) (17" — 27" day)
Inp. False (MDR- Inp. Inp. Inp.*** Outp. ***
TB) 0.01 (14"-16" day) (17" - 27" day)
Inp. False (DS-TB) 1.38 Inp. Inp. Inp. Inp.
Inp. MDR True (MDR- Inp. Inp. Inp. Inp.
TB) 0.25

* The profile is based on the prevalence ratesBfrillow-risk SM+, the sensitivity and specificity GeneXpert, and the other parameters of Tabl®&T = Drug
** Thisl$@ negative GX is admitted after the positive wdtresults. *** As per Drobniewski et al [1B]S patients are de-
isolated after 14 days of first line treatment,toaring as outpatients afterward.

Susceptibility Test inp.=inpatient



FigureA.2 Average profile* of the diagnostic processfor the 46.6 low-risk smear negative patientstested (see Figure 1) if GeneXpert (GX) is

Decentralised.
COSTS DAY 1-2 waiting for GX results XPERREAL Expect | DAY 3-13 between GX results and | Day 14-27 between culture results a
T STATUS ed culture results (14th day) DST results
ISOLATION _1|:REATMEN ETE;SU Qumber ISOLATION TREATMENT ISOLATION TREATMENT
Standard | Neg. 1st 2nd Stand | Neg. 1st line 2nd | Stand | Neg 1stline 2nd
Press line line ard Press line ard Press line
No False (TB) 7.46 Outp.**
B
True (No TB) 16.61
False (No TB) 0.17 Outp.**
DS True (DS-TB) 21.08 Outp.*** Outp.***
False (MDR- Outp.*** Outp.***
TB) 0.01
False (DS-TB) 1.16 Inp. Inp. Inp. Inp.
MDR | True (MDR- Inp. Inp. Inp. Inp.
TB) 0.13

* The profile is based on the prevalence ratesBfriTlow-risk SM-, the sensitivity and specificiof GeneXpert and the other parameters of Table ST = Drug
Susceptibility Test inp.=inpatient ** the 7.&@lse Negative are found culture positive on #feday and treated as outpatients, while the 0.k falS-TB are
found culture negative on the"lday and treatment is stopped *** As per Drobnieitkal[15] low-risk GeneXpert DS patients are treated asatigpts.



FigureA.3

Average profile* of the diagnostic processfor the 46.6 high-risk smear positive patientstested (see Figure 1) if GeneXpert (GX) is

Decentralised.
DAY 1-2 waiting for GX XPERT | REAL STATUS Expe | DAY 3-13 between GX results and | Day 14-27 between culture results and DST results
results RESUL cted | culture results (14th day)
ISOLATION TREATME TS glrjsmb ISOLATION TREATMENT ISOLATION TREATMENT
NT
Standa | Neg. | 1st | 2nd Standard | Neg.| 1stline | 2nd Standard Neg 1stline 2nd
rd Press | line | line Press line Press line
Inp. No TB | False (TB) 0.04 Inp.** Inp.**
Inp. True (No TB) 0.17
Inp. False (No TB) 0.00 Inp. Inp.
Inp. Inp. Inp. Inp.*** Outp. ***
DS True (DS-TB) 2.95 (14"-16" day) (17" — 27" day)
Inp. Inp. Inp. Inp.*** Outp. ***
False (MDR-TB) 0.00 (14"-16" day) (17" — 27" day)
Inp. MDR False (DS-TB) 0.14 Inp. Inp. Inp. Inp.
Inp. True (MDR-TB) 0.11 Inp. Inp. Inp. Inp

* The profile is based on the prevalence ratesBfrThigh-risk SM+, the sensitivity and specificitf GeneXpert and the other parameters of Tabl®©$T = Drug

Susceptibility Test inp.=inpatient ** Thisl$a negative GX is admitted after the positive ungtresults. *** As per Drobniewski et Fl5] DS patients are de-

isolated after 14 days of first line treatment,toaring as outpatients afterward.




Figure A.4 Average profile* of the diagnostic process for the 46.6 high-risk smear negative patientstested (see Figure 1) if GeneXpert (GX) isdecentralised.

DAY 1-2 waiting for GX results XPER REAL Expect | DAY 3-13 between GX results and | Day 14-27 between culture results and DST
T STATUS ed culture results (14th day) results
ISOLATION TREATMEN fTESSU gumber ISOLATION TREATMENT ISOLATION TREATMENT
T
Standard | Neg. 1st 2nd Stand | Neg. 1stline 2nd | Standard | Neg 1stline 2nd line
Press line line ard Press line Press
No False (TB) 0.544 Inp. Inp.
TB
True (No TB) 1.21]
False (No TB) 0 Outp.**
DS True (DS-TB) 15 Outp.** Outp.**
False (MDR- Outp.** Outp.**
TB) 0
False (DS-TB) 0.09 Inp. Inp. Inp. Inp.
MDR | True (MDR- Inp. Inp. Inp. Inp.
TB) 0.06

* The profile is based on the prevalence ratesBfrThigh-risk SM-, the sensitivity and specificitf GeneXpert and the other parameters of Tabl®ST = Drug
Susceptibility Test inp.=inpatient  * thisdalnegative GX is admitted after the positive aeltesults **As per Drobniewski et fl15] DS patients are de-
isolated after 14 days of first line treatment,toaring as outpatients afterward.



