
1 
 

Online Supplement 

 

1. Utilization of the XPERT® MTB/RIF test 

The following descriptions provide detail of the various treatment assumptions the model 

makes: 

a) XPERT® MTB/RIF following smear-positive results:  

Smear-positive patients are isolated immediately and treatment begins. Treatment and 

isolation are continued if the XPERT® result is positive on the following day or discontinued 

if negative. It can be assumed that in smear-positives (beside rare exceptions such as e.g. 

Nocardia or Actinomyces) culture will grow either due to tuberculous or to non-tuberculous 

mycobacteria (NTM) [1]. For simplification purposes, we further assume that the time 

required for a NTM culture to turn positive is the same as for a positive TB culture. 

If an XPERT® result is truly positive (PPV_Xpert_SP), i.e. the result is later confirmed by a 

positive TB culture, isolation for at least 14 days of treatment following the CDC guidelines 

[2] is mandatory and unavoidable costs result on side of the hospital. Conversely, false-

positive XPERT® results that fail to achieve TB culture confirmation (1-PPV_Xpert_SP) 

leads to unnecessary isolation and first-line treatment. Here, the count of days under such 

wasted measures ends with patient´s discharge. Costly procedures are redundant and TB 

disease confirmation is delayed until the date of the (unexpected) positive TB culture 

(dCulture_SP). With the conventional culture-only approach, in which XPERT® is not used, 

such additional diagnostics are performed only after a positive NTM culture result is 

received which does not induce any premature costs.  

If a negative XPERT® result is ultimately confirmed by negative TB culture, an event the 

frequency of which is determined by the test’s negative predictive value (NPV_Xpert_SP), a 

NTM infection is most likely the reason for smear positivity. Compared to the conventional  

culture-only approach, cost savings by utilizing the XPERT® result from the avoidance of 

unnecessary first-line treatment (cTBD), and from the avoidance of unnecessary isolation 

pending a positive NTM culture result (versus 1 day pending availability of the XPERT® test 

result). 

 In the case of a negative XPERT® test, additional diagnostic procedures (as also done for 

smear-negative patients), e.g. IGRA testing for detecting latent TB infection as a 

prerequisite for active disease, a thoracic computed tomography (TCT) and a 



2 
 

bronchoscopy, will immediately be performed to support the diagnosis of eventual NTM 

disease. If the XPERT® result is false-negative (1-NPV_Xpert_SP), these costly procedures 

are redundant and TB disease confirmation is delayed until the date of the (unexpected) 

positive TB culture (dCulture_SP). With the conventional culture-only approach, in which 

XPERT® is not used, such additional diagnostics are performed only after a positive NTM 

culture result is received which does not induce any premature costs.  

With respect to MDR-TB suspects, if the XPERT® test is positive and RIF resistance is 

simultaneously (and correctly) detected (PPV_Xpert_Res), second-line treatment is 

immediately started. If RIF resistance remains undetected (falsely negative) by the 

XPERT®, waiting for the result of culture-based DST (dResistance_SP) requires the taking 

into account of the ineffective first-line treatment (cTBD) up to the DST report. Potential 

savings due to the early detection of RIF resistance and prompt initiation of second-line 

treatment are weighted in proportion to those strain patterns for which prima vista at least 4 

drugs of the WHO standard regimen are effective in vitro (pMDR_Stand). A new regimen 

has to be established if the DST results reveal more complex resistance patterns. Vice 

versa, in case of a falsely positive diagnosis of RIF resistance in a TB patient by XPERT®, 

costly second-line MDR-TB drugs (cMDR_TB) are  prescribed for the period of waiting for 

the (susceptible) phenotypical DST result.  

If there is a false-positive XPERT® result (no TB patient) with RIF resistance being 

assigned by the test, costs of unnecessary isolation and second-line treatment occur up to 

the date of negative culture. If TB disease is falsely determined by XPERT® but RIF 

resistance not called, only the cost of unnecessary first-line treatment in the place of 

second-line medication is charged. 

In case of a negative XPERT® result, no RIF resistance is assigned. Thus, if there is a 

falsely negative XPERT® result, i.e. in fact a case of MDR-TB, irregular costs ensue from 

unnecessary further diagnostic workup and ineffective first-line treatment between the 

results of culture and DST. In the culture-only approach in MDR-TB suspects, ineffective 

first-line drugs are administered until MDR-TB is detected by DST.   

b)   XPERT® MTB/RIF in addition to smear-negative TB suspects:  

According to the CDC guidelines [2] and to the German guidelines [3], smear-negative TB 

suspects are kept isolated until three successive negative smears are registered, i.e. for at 

least for 3 days. In contrast, if an XPERT®, performed as an add-on, is positive 
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(PPV_Xpert_SN), treatment is started on the first day following hospital admission and no 

workup by the additional diagnostic procedures as mentioned above is done to find NTM or 

other alternative pulmonary diseases (see section 2.4). Such procedures are usually 

conducted over the first three days of hospitalization under the culture-based approach.  

If XPERT® is correctly negative (NPV_Xpert_SN), cost savings occur as in the case of no 

TB disease, and isolation is ended 2 days earlier than otherwise. In case of a falsely 

negative XPERT® result (1-NPV_Xpert_SN), followed by an ultimately positive TB culture, 

further diagnostic workup done is again considered unnecessary. This is also the case in 

the culture-only approach, when sputum smear is negative (1-NPV_Sputum) and TB only 

later revealed by a positive culture result.  

If sputum smear-negative MDR-TB patients are detected by a positive XPERT®, cost 

savings from the hospital perspective may occur through prompt treatment of MDR-TB 

ahead of the culture-based DST result. In the culture-only approach, significant costs arise 

from isolation of 3 days, two additional sputum smears and unnecessary diagnostic workup. 

Also, ineffective first-line treatment, administered between positive culture and phenotypical 

DST that reveals MDR-TB, bring significant costs.  

 

c)  XPERT® MTB/RIF replacing sputum smears  

 
In this approach, a single sputum specimen is collected for performing an XPERT® test as 

well as a sputum culture, but not for microscopy.  

This combines the advantages of adding the XPERT® as described above for smear-

positive and smear-negative TB suspects: Briefly, TB disease is deemed confirmed by a 

positive XPERT® result or excluded by a negative one according to the respective PPV or 

NPV of the XPERT® (PPV_Xpertoverall and NPV_Xpertoverall). This eliminates the 

unnecessary isolation and first-line treatment up to the NTM culture result that occur under 

the culture-only approach in smear-positive, TB culture-negative cases. It eliminates the 

performing of three sputum smears and the diagnostic workup in smear-negatives.  

 

2.) Derivation of costs 

a) Hospital opportunity costs 

According to U.S. and German guidelines [2,3] sputum smear-positive TB suspects must be 

isolated for the purpose of avoiding further MTB transmission from the time of admission 
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and up until the 14th day of treatment (unless an intervening positive NTM culture eliminates 

the need for isolation), as must be smear-negative TB suspects until they have produced 

negative sputum samples on three subsequent days. Under the premise that most TB 

patients are accommodated in a twin-bedded room (with or without negative pressure) and 

that TB wards in Germany are working at full capacity, the loss of the use of one bed is 

incurred by the hospital during the isolation period. New patients who could have been 

placed in the blocked beds are turned away. Consequently, the hospital will forego revenue 

(incur opportunity costs). These costs are not covered by healthcare insurance. To arrive at 

a representative estimate of the cost to hospitals of an unused bed, the minimal average 

revenue per bed and day was determined on the basis of the G-DRG catalog (version 2014, 

InEK GmbH). Using the DRG for uncomplicated TB patients with a low case severity (G-

DRG E76 C), who would have occupied a second, but now blocked bed in the twin-bedded 

room as follows:  

Average daily reimbursement per bed = (Cost weight for G-DRG E76 C x German base rate 

in 2014)/mean length of stay for G-DRG E76 C. Using the respective values as described in 

[4] and [5] results in (3,156.82 x 0.952)/7.1 = €423.28 

Since the hospital also saves costs (variable costs) by the non-treatment of a new case, the 

amount of revenue loss was reduced by 25% as suggested in hospital management theory 

[6] resulting in a value of €317,46 of opportunity costs per day (cOpp, see Table 1). 

Economic losses by opportunity costs may occur as long as a TB suspect is mistakenly kept 

in isolation, i.e. when subsequently TB is excluded by negative culture.  

It is assumed that a TB suspect will be discharged on average after 26.78 days as 

calculated elsewhere [7].  

b) Laboratory costs 

According  to the currently valid German statutory scale of fees for physicians (GOÄ), the 

costs for Ziehl-Neelsen (ZN) microscopy amount to €6.41 (GOÄ Nr. 4513), without any 

augmentation factor), for culture to €23.31 (GOÄ Nr. 4540) and for the XPERT® MTB/RIF to 

€110.75 (GOÄ Nr. 4780 and 4784).   

c)  Cost of medication and initiation of treatment  

Based on the calculation of Diel et al. [7] the per-day costs of € 6.30 for first-line treatment 

of fully susceptible TB for the first 2 months (cTBD) and €101.04 for standard WHO 
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treatment (cMDR_TBD, see Table 1). In case of primarily undetected MDR-TB, first-line 

treatment is started in vain as it is per definition not effective.  

d)  Additional hospital costs due to diagnostic workup 

Compared to smear-positive patients for whom treatment is usually started promptly, the 

handling of smear-negative TB suspects, or those with a negative XPERT® result, usually 

requires additional diagnostic procedures to either increase the pre-test probability of active 

TB or to establish alternative diagnoses. Consequently, in addition to the patient´s 

unspecific clinical signs, IGRA testing for detecting latent TB infection as a prerequisite for 

active disease may be performed as well as a thoracic computed tomography (TCT), and a 

bronchoscopy [8]. The latter usually includes a bronchial lavage for performing myco-

bacteriological diagnostics (ZN smear and mycobacteria culture, PCR and cytology). 

As most hospitals do not investigate the costs incurred per diagnostic procedure, we used 

the reimbursement allowed for these procedures by the currently valid German statutory 

scale of fees for physicians (GOÄ), without any augmentation factor. The cost figure thus 

derived for all procedures is €306.81 (cDcs, see Table 4). Under the premise that an initial 

CXR is performed prior to hospital admission, costs of CXR are not included.  

Smear-negative status is assigned to TB suspects only after they have provided three 

samples that all test negative. The costs of two additional ZN (cZN, Table 1) smears are 

attributed to such cases.  

e)  Costs of intrahospital contact investigation 

In cases of unidentified MDR-TB in sputum smear-positive TB suspects, first-line treatment 

is administered and only known to be ineffective once the DST result is available. The 

possibility of transmission of MTB to health care workers (HCW) as contacts of an initially 

unidentified MDR-TB patient has to be considered, as isolation ends at 14 days, according 

to CDC guidelines. We adjusted for inflation the 2005 figure of €91.06 for a TST-based 

strategy from a prior German cost analysis [9] according to the harmonized indices of 

consumer prices [10] to 2013 Euros, to arrive at a cost estimate of €105.81 [cContact] per 

hospital contact investigation. Due to lack of information on how many HCW may be 

exposed we very conservatively assumed that each index TB case has a mean of 10 

contacts [pContact]. For sensitivity analysis we halved and doubled that estimate, 

establishing a range of 5 to 20 contact persons. 
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3. Tables: 

Table S6: Univariate sensitivity analysis for different utilizations of the XPERT® 

a) Use of XPERT® in sputum smear-positive TB suspects 
 

Variable name Variable range 
Low value 
(€) 

High valuea 
(€) 

Spread 
 

Cost 
increase (%) 

Thresholdb 

 

cZN €5.13 to €7.692 -48.27 -48.27 0 0 - 

cCulture €18.65 to €27.97 -48.27 -48.27 0 0 - 

cXPERT® 
€88.60 to 
€132.90 

-70.42 -26.12 44.4 63.05 - 

cTBD €5.04 to €7.56 -48.95 -47.58 1.37 0.03 - 

PPV_XPERT®_SP 1.0 to 0.96 -48.27 +127.41 175.68 363.95  0.989 

NPV_XPERT®_SP 1.0 to 0.48  -50.01 -48.27 1.74 0.03 - 

PPV_Sputum 0.88 to 0.98 -269.79 +69.67 338.46 125.45  0.962  

cOpp 
€380.95 to 
€253.97 

-79.39 -17.15 62.24 78.40 - 

NPV_Sputum 0.90 to 0.94  -48.27 -48.27 0 0 - 

dDischarge 
21.42 days to 
32.14 days 

-48.27 -48.27 0 0 - 

dCulture_SP 
15.02 days to 
5.62 days 

-128.31 +31.77 160.08 124.76  7.49 days 

 
aPositive values (in bold) represent a chance in the optimal strategy in favor of the conventional 
approach  

bDenotes the corresponding value of the variable when using the XPERT® and the conventional 

approach have the same expected value. The symbols  and  denote a decrease or increase 
compared to the base case value, respectively. 
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b) Use of XPERT® in sputum smear-positive MDR-TB suspects 

Variable name Variable range 
Low value 
(€) 

High valuea 
(€) 

Spread 
Cost 
increase (%) 

Thresholdb 

cZN €5.13 to 7.69 -189.56 -189.56 0.00 0 - 

cCulture €18.65 to 27.97 -189.56 -189.56 0.00 0 - 

cXpert €88.6 to €132.90 -211.71 -167.41 44.30 20.92 - 

cTBD €5.04 to €7.56 -195.41 -183.72 11.70 5.99 - 

PPV_Sputum 0.88 to 0.98 -394.40 -80.01 314.39 79.71 - 

NPV_Sputum 0.90 to 0.94 -189.56 -189.56 0.00 0 - 

NPV_Xpert_SP 1.0 to 0.48  -189.56 -185.13 4.43 2.34  

cOpp €380.95 to 
€253.97 

-220.69 -158.44 62.25 28.21 - 

pMDR_Stand 1 to 0.74 -232.93 -79.08 153.85 66.05 - 

pMDR_TB 0.30 to 0  -272.98 -48.30 224.68 82.31 - 

cDcs 203.22 to 304.83 -189.56 -189.56 0 0  

dResistance_SP 32.8 days to 
15.0 days 

-199.62 -179.51 20.10 10.06 - 

PPV_Xpert_SP 1 to 0.96 -189.56 -17.24 172.32 90.91 - 

cMDR_TBD €80.83 to 
€121.25 

-200.13 -179.0 21.13 5.91 - 

dDischarge 21.42 days to 
32.14 days 

-189.56 -189.56 0.00 0 - 

dCulture_SP 15.02 days to 
5.62 days 

-269.60 -109.52 160.08 59.38 - 

PPV_Xpert_Res 0.92 to 0.0 -189.56 -25.63 163.93 86.48 - 

NPV_Xpert_Res 1.0 to 0.99 -212.23 -186.50 25.73 12.12 - 

pContact 20 to 5 contacts -357,82 -105.44 252.38 70.53 - 

cContact €126.97 to 
€84.65  

-223.21 -155.92 67.3 30.15 - 

 

c)  Use of XPERT® in sputum smear-negative TB suspects 

Variable name Variable range 
Low value 
(€) 

High valuea 
(€) 

Spread 
Cost 
increase (%) 

Thresholdb 

cZN €5.13 to €7.69 -505.56 -500.43 5.13 1.01 - 

cCulture 
€18.65 to 
€27.97 

-503.00 -503.00 0 0 - 

cXpert €88.6 to €132.9 -525.15 -480.85 44.30 8.44 - 

cTBD €5.04 to €7.56 -503.38 -502.61 0.77 0 - 

NPV_Sputum 0.90 to 0.94 -509.20 -497.84 11.36 2.23 - 

cOpp 
€380.95 to 
€253.97 

-620.57 -385.42 235.15 37.89 - 

cDcs 
€245.45 to 
€368.17 

-505.99 -500.01 5.98 1.18 - 

PPV_Xpert_SN 0.93 to 0.69  -513.47 -459.64 71.84 13.99 - 

NPV_Xpert_SN 0.99 to 0.96 -505.50 -499.22 6.28 1.24 - 

dDischarge 
21.24 days to 
32.14 days 

-503.0 -503.0 0 0 - 
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d)  Use of XPERT® in sputum smear-negative MDR-TB suspects 
 

Variable name 
Variable 
range 

Low value 
(€) 

High valuea 
(€) 

Spread 
Cost 
increase (%) 

Thresholdb 

cZN €5.13 to €7.69 -518.78 -513.65 5.13 0.99 - 

cCulture 
€18.65 to 
€27.97 

-516.22 -516.22 0 0 - 

cXpert €88.6 to €132.9 -538.37 -496.07 42.30 7.86 - 

cTBD €5.04 to €7.56 -516.37 -516.07 0.30 0 - 

NPV_Sputum 0.90 to 0.94 -527.90 -506.50 12.11 2.29  

cOpp 
€380.95 to 
€253.97 

-633.83 -398.61 235.23 37.11 - 

cMDR_TBD 
€80.83 to 
€121.25 

-517.02 -515.42 1.60 0 - 

cDcs 
€245.45 to 
€368.17 

-519.21 -513.23 5.99 1.15 - 

PPV_Xpert_SN 0.69 to 0.93 -544.15 -473.68 70.70 12.99 - 

NPV_Xpert_SN 0.96 to 0.99 -518.72 -512.44 6.29 1.21 - 

dCulture_SN 
8.02 days to 
18.32 days 

-516.73 -515.71 1.02 0 - 

dResistance_SN 
15.0 days to 
32.8 days 

-518.24 -515.71 2.54 0.49 - 

pMDR_TB 0.0 to 0.3 -523.13 -503.00 4.00 0.76 - 

pMDR_Stand 0.0 to 1.0 -519.31 -476.79 31.30 6.03 - 

PPV_Xpert_Res 0.0 to 0.92 -517.36 -516.12 0.36 0 - 

NPV_Xpert_Res 1.0 to 0.99 -517.75 -393.78 123.96 23.94 - 

dDischarge 
21.42 days to 
32.14 days 

-516.36 -516.07 0.29 0 - 

pContact 
20 to 5 contact 
persons 

-530.13 -507.81 22.32 4.21 - 

cContact 
€126.97 to 

€84.65  
-518.23 -512.28 5.95 1.15 - 

 

e) Use of XPERT® replacing sputum smears 

Variable name Variable 
range 

Low value 
(€) 

High valuea 
(€) 

Spread Cost 
increase (%) 

Thresholdb 

cZN 
€5.13 to 
€7.69 

-452.23 -447.73 4.50 1.0 - 

cCulture 
€18.65 to 
€27.97 

-449.98 -449.98 0 0 - 

cXpert 
€88.6 to 
€132.9 

-472.13 -429.83 42.3 9.0 - 

cTBD €6.3 to €7.56 -450.27 -449.69 0.58 0 - 

PPV_Sputum 0.88 to 0.98 -491.40 -446.43 44.97 9.15  

NPV_Sputum 0.90 to 0.94 -456.46 -444.59 11.87 2.60 - 

       

cOpp 
€380.95 to 
€253.97 

-562.65 -184.67 377.98 67.18 - 

cDcs 
€368.17 to 
€245.45 

-453.11 -446.85 6.26 1.38 - 

PPV_Xpertoverall 0.98 to 0.89  -476.75 -404.67 72.08 15.27 - 

NPV_Xpertoverall 0.99 to 0.97  -450.08 -449.91 0.17 0 - 

dDischarge 32.14 days to 
21.42 days 

-452.23 -447.73 4.50 1.0 - 
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Table S7: Probability sensitivity analyses by Monte Carlo-Simulation (n=1000) on cost-    

benefit by use of XPERT® MTB/RIF 

 

Probability 
sensitivity 
analysis 

Compa-
rators 

Mean Cost per 
patient (€)  

(± SD) 

Range (€): 

Minimum - 
Maximum 

Average 
benefit per 
admitted  TB 
suspect (€) 

Probability of 
cost saving by 
use of XPERT® 

(%) 

Sputum smear-
positive TB 
suspects  

XPERT® 
MTB/RIF as 
an add-on 

 
243.88 (53.25) 
 

140.13 –367.45  
9.04 
 

46.4 

Culture-
only 

252.92 (149.18) 29.5 – 891.66 

Sputum smear-
positive MDR-TB 

suspects 

XPERT® 
MTB/RIF as 
an add-on 

339.05 (73.23) 171.93 – 677.84 

130.19 76.2 

Culture-
only 

469.24 (175.02) 53.74 – 1159.59 

Sputum smear-
negative TB 
suspects  

XPERT® 
MTB/RIF as 
an add-on 

526.40 (39.08) 427.58 – 635.09  
491.05 
 

100 

Culture-
only 

1017.45 (77.51) 837.46 – 1197.22 

Sputum smear-
negative MDR-TB 
suspects  

XPERT® 
MTB/RIF as 
an add-on 

 
533.59 (40.02) 
 

417.09 – 654.10 

503.25 100 

Culture-
only 

1036.84 (109.79) 836.30 – 1233.55 

XPERT® replacing 
sputum smears 

XPERT® 
MTB/RIF  

448.79 (30.21) 364.69 - 540.42 

463.93 100 
Culture-
only 

912.72 (69.75) 741.22 - 1095.72 

 


