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1. Introduction 12 

 13 

The increasing threat of multidrug-resistanttuberculosis (MDR-TB) poses a seriouschallenge to the 14 

control of TB[1].Rifampicin resistance is a good marker of MDR-TB [2],defined as combined 15 

resistance to both rifampicin and isoniazid.    GeneXpert® MTB/RIF [3, 4] is a rapid molecular 16 

assay for the diagnosis of TB and rifampicin resistance in patient specimens and it can be used close 17 

to the point of care with minimal technical expertise [5]. 18 

 19 

The WHO globally and within the European region has endorsed the use of GeneXpert for the 20 

detection of TB and rifampicin resistance [6, 7] in primary specimens (and as a proxy for MDR-21 

TB). A strong recommendation was to use GeneXpert as a first diagnostic choice for individuals at 22 

high-risk of MDR-TB and as a secondary diagnostic choicefor individuals that are not at high-risk 23 

of MDR-TB. The Foundation for Innovative and New Diagnostics (FIND) secured a discounted 24 

price for low and middle-income countries [8],which has facilitatedthe implementability of these 25 

recommendations. 26 

 27 

While the cost-effectiveness of GeneXpert has been well documented in countries with a high 28 

incidence of MDR-TB [9], the situation in low-incidence (high-income) countries is less clear.    29 

The first issue is that high-income countries do not benefit from the FIND discount and the cost of 30 

testing with GeneXpert might exceed the willingness to pay, which in the United Kingdom, through 31 

UK NICE is set at 20,000 British pounds per QALY saved[10] or 29,369 USD per QALY saved 32 

based on the average exchange rate in 2015: 1 USD= 0.681 British pound[11].The second issue is 33 

that the universal use of GeneXpert in low incidence countries might be associated with a relatively 34 

high number of false positive cases[12],with subsequent unnecessary treatment with second-line 35 

drugsincluding the risk of adverse effects such asototoxicity (from aminoglycosides)[13].The third 36 
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issue is related to the uncertainty of opting for a centralised system where the GeneXpert is limited 37 

tospecialized referral laboratories,versusa decentralised GeneXpert in each hospital.    38 

 39 

Tackling the above-mentioned issues is critical to selecting the most cost-effectivediagnostic 40 

strategy in low MDR-TB incidence countries. The cost savings and the benefits gained from 41 

adopting rapid molecular TB diagnostics (where the system diagnoses TB and rifampicin resistance 42 

within the same assay) depends on the size of the high-risk groups for MDR-TBand theactual 43 

MDR-TB prevalence rate in the high-risk group within patients presenting to the hospital (Chest 44 

Clinic).    45 

 46 

This article aims to provide hospital managers, pathologists, policy developers and service 47 

providers with core criteria to take informed decisions onthe most cost-effectiveTB 48 

diagnosticstrategy in countrieswith a low incidence for MDR-TB.   Although the parameters we 49 

have used for the analysis are fromthe United Kingdom (UK), the results are likely to 50 

berelevanttosimilarcountries with low MDR-TB incidence rates.We analyze pragmatically the cost-51 

effectiveness of using a centralisedor a decentralised GeneXpert system, for TB populationsin the 52 

UK with different proportions ofactual MDR-TB cases within the high-risk group for MDR-TB.   In 53 

this context, the high-risk groupincludesindividuals with a previous TB diagnosis, and/or birth in 54 

countries with a high MDR-TBincidence.  The countries at high risk for MDR-TB are those listed 55 

by WHO at http://www.stoptb.org/countries/tbdata.asp 56 

 57 

2. Materials and methods 58 

 59 

2.1 Diagnostic methods 60 

 61 
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This cost-effectiveness analysis has a health care provider's perspective and starts after suspected 62 

TB patients have been referred to the relevant referral centers such as the hospital chest clinic.   It is 63 

assumed that in the UK patients do not access directly a hospital chest clinic without some 64 

intermediate referral.  Therefore, the patients have already gone through a preliminary assessment 65 

by the general practitioners (GPs) or other primary health care gatekeepers.  The GPs have treated 66 

the productive severe cough as a bacterial chest infection and prescribed  beta-lactams/macrolide 67 

antibiotics first.   The patients have not improved and hence they have been referred to a hospital 68 

chest clinic, which might include general clinics in low TB incidence areas and specialist TB clinics 69 

in high TB incidence areas such as London.   In the chest clinic, the suspected TB patients have 70 

provided sputum specimens, which have been examined by smear microscopy and then cultured on 71 

bacteriological media.   Whilst the bacterial culture is proceding, decisions follow and our 72 

simulation starts after the above mentioned processes have taken place.   73 

 74 

Therefore, this analysis begins by assessing what will happen after the results of the sputum smear 75 

test are known if GeneXpert or another comparable system is present.  The aim is to answer the 76 

following questions for countries with a low incidence of MDR-TB such as the UK: 77 

a) “In what circumstances is it cost-effective to have a decentralized GeneXpert analyser in every 78 

hospital for TB diagnostics vs. a centralised one in referral laboratories ?”; and 79 

b) “Should GeneXpert be limited to sputum smear-positive cases only vs. testing any TB 80 

suspected case whatever the sputum smear status ?”. 81 

 82 

We consider the following diagnostic strategies: (1) status quo ie universal microbiological culture 83 

and microbiological drug susceptibility test (DST) only if M. tuberculosis is grown (comparator); 84 

(2) universal microbiological culture and DST plus concurrent centralised GeneXpert in a referral 85 

laboratory, applied to sputum smear-positive cases only; (3) as above but with a decentralised 86 

GeneXpert analyser in every hospital; (4) universal microbiological culture and DST with 87 
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concurrent centralised GeneXpert analysis in a referral laboratory, applied regardless of sputum-88 

smear status; and (5) as above but with a decentralised GeneXpert analyser in every hospital. 89 

 90 

The GeneXpert alternatives are carried out in association with microbiological culture and 91 

subsequent microbiological or whole genome sequence based DST.  The objective of this analysis 92 

is not to consider substitution of culture and DST with GeneXpert but to measure the added value of 93 

speeding up informed decisions that will be finalized by a confirmed culture and DST, which is the 94 

current practice in the UK and most high-income countries.  The rationale for considering the 95 

testing of sputum smear-positive cases only was related to the potential budget constraints that 96 

might not permit universal testing.    The rationale for considering a decentralised versus a 97 

centralised system is related to the potential advantage of gaining a minimum of one day in 98 

obtaining the diagnostic results (no need to transport the specimen to ta referral laboratory) 99 

balanced with the extra costs of purchasing the equipment by hospitals in a decentralised system.    100 

 101 

2.2 Data sources    102 

 103 

The parameters used for the cost-effectiveness analysis are in Table 1.  The average size of the 104 

high-risk group within TB populations accessing NHS hospitals is set at 6.8% and the MDR-TB 105 

prevalence in this high-risk group is set at 3.7%.  This is based on the national TB statistics for 106 

England in 2014 [14] which reported that 6.8% of TB patients had been previously diagnosed with 107 

TB and the MDR-TB rate was 3.7%. The probability of TB among patients with positive and 108 

negative smears is in accordance with the culture TB confirmation rates among patients with 109 

positive and negative smears reported in England in 2014.  The average MDR-TB prevalence rate in 110 

the low-risk group has been set at 0.6%, in accordance with the MDR prevalence found in TB 111 

patients that were born in the UK.   Half of the pulmonary sputum-smears are assumed to be 112 

positive in accordance with existing data reported inEngland in 2014 [14].  The other parameters, 113 
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from Drobniewski et al [15], include: the sensitivity and specificity for TB among positive and 114 

negative smears and the sensitivity and specificity for MDR diagnosis in confirmed pulmonary TB; 115 

the unit costs of the GeneXpert tests, the daily costs for standard and negative pressure isolation and 116 

first and second-line drugs in 2012, which were inflated to 2015 prices according to the hospital and 117 

community health services (HCHS) index [16]. 118 

 119 

Also the QALYs were estimated according to Drobniewski et al [15]. The impact of TB morbidity 120 

was associated with daily utility decrements of 0.206 for each day spent as inpatient and 0.67 for 121 

each day as outpatient (Table 1).  The utility decrements were multiplied by the number of days 122 

spent as inpatient and outpatient and then divided by 365 (days in a year) to estimate the QALYs 123 

lost while being treated as inpatient or outpatient.   The impact of permanent hearing loss due to 124 

second-line drug treatment (aminoglycosides) for MDR-TB was estimated in accordance with 125 

Drobniewski et al [15] as 0.008 QALY per day of treatment (Table 1), which were multiplied by the 126 

number of days a suspected case would have been treated during the 27 day period envisaged in the 127 

diagnostic pathways. We have assumed that in the UK (and in any high-income country based on 128 

accepted international diagnostic standards), the average time taken for microbiological culture and 129 

identification, and for the DST results are 14 and 28 days respectively, while the results of 130 

GeneXpert takes 2 and 3 days for decentralised and centralised GeneXpert respectively.    131 

 132 

2.3 Cost-effectiveness 133 

 134 

The costs and benefits of GeneXpert accrue during the 27 days of the diagnostic pathways and 135 

cease on the 28th day whereupon the microbiologically-determined DST results finalise the 136 

treatment decision, with or without the presence of GeneXpert.  137 

  138 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

7 

 

Figure 1 shows how the parameters of Table 1 were used to generate the costs and the QALYs lost 139 

for a hypothetical cohort of 100 patients that were suspected to have pulmonary TB and undergoing 140 

testing with microbiological culture and DST only (comparator).  Of these 100 hypothetical 141 

patients, 6.8 would be expected to have been previously diagnosed with TB (high-risk group) as per 142 

the 2014 TB national statistics for England.   Half of the TB patients are expected to be smear 143 

positive and to be confirmed as drug-sensitive TB,  MDR-TB, or non-TB, according to the 2014 144 

national statistics for England reported in Table 1. The parameters of Table 1 drive the expected 145 

number of cases undergoing isolation and treatment while they are waiting for the results of the 146 

culture and the DST. The actions in Figure 1 are in accordance with the presumed risk associated 147 

with belonging to a high-risk group for MDR-TB and for being smear positive or negative, in line 148 

with the TB control guidelines as summarized in Drobniewski et al [15]. 149 

 150 

The above-mentioned actions determine the expected costs and QALYs lost described in the Annex.  151 

The rationale for isolation and treatment in the presence of sole culture and DST (Figure 1) is 152 

modified by the concurrent use ofthe GeneXpert alternatives (FiguresA.1-A.4 in the Annex), which 153 

allows detection of TB and MDR-TB in 2 (decentralised) or 3 (centralised) days. Although 154 

GeneXpert can produce the results on the same day, we have taken a conservative approach and 155 

allowed for 1 and 2 extra days.  156 

 157 

The number of true and false TB and MDR-TB positive cases, which depends on the sensitivity and 158 

specificity of GeneXpert for TB and MDR-TB and their prevalence drives the costs and QALYs 159 

lost.   For example, the costs associated with the 46.6 low-risk SM+ in Figure A.1 is obtained by 160 

multiplying the unit costs of the test by 46.6 and the unit cost of isolation and treatment by the 161 

number of days accruing between the 1st and the 27th day before the DST results are known.   By 162 

the same token, the QALYs lost by the 46.6 patients are the results of the daily utility decrements 163 
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associated with first-line treatment multiplied by the number of treatment days and divided by 365 164 

(days in a year) in addition to the daily fractions of QALYs lost because of second-line treatment. 165 

 166 

The cost-effectiveness has been estimated by comparing the expected costs and QALYs lost across 167 

diagnostic alternatives.  The status quo and the GeneXpert alternatives were ranked according to 168 

increasing costs to estimate their incremental cost effectiveness ratio (ICER).  If the ICER> £20,000 169 

(29,369 USD in 2015 value) per QALY saved, which is the maximum willingness to pay in the UK, 170 

the diagnostic strategy was considered not cost-effective.   Then, the next higher cost alternative 171 

was compared with the least costly one, and so on until all the remaining alternatives were 172 

exhausted.  Vice versa, any diagnostic strategy with ICER <=£20,000 was considered cost-173 

effective. 174 

 175 

3. Results 176 

 177 

Table 1, Figure 1 and the figures in the Annex provide the basis for the cost-effectiveness of the 178 

alternative GeneXpert strategies versus the sole use of culture and DST.    As mentioned in the 179 

methodology, the parameters in Table 1 represent the average profile of the TB population in 180 

England, while the diagnostic sensitivity and specificity, the QALYs lost and the unit costs are from 181 

the systematic review of Drobniewski et al [15].  The scenario represents what happens to a 182 

hypothetical cohort of 100 suspected cases for pulmonary TB that are referred to a UK hospital with 183 

a microscopy smear positive or negative and as high or low-risk for MDR-TB according to their 184 

previous TB diagnosis.  Figure 1 represents the events with culture and DST only, while the Figures 185 

in the Annex represent the events with a concurrent GeneXpert at the hospital level (decentralised) 186 

or at a referral laboratory (centralised). 187 

 188 

 189 
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Table 1  Parameters used in the estimation of the cost-effectiveness of diagnostic alternatives. 190 

 191 

CATEGORIES VARIABLE Variable Definition Average Estimate 
 

Reference 

High-risk 
Group. 

Size of the high-risk 
group. 

Proportion of TB patients with 
a  previous TB diagnosis.   

6.8%  Based on 
national TB 
statistics for 
England[14]. 
 

MDR prevalence  in the 
high-risk group. 

The prevalence of  MDR-TB in 
patients with a previous TB 
diagnosis. 

3.7%  

Low-Risk 
Group. 

Size, of the low-risk 
group. 

Proportion of TB patients with   
no previous TB diagnosis.   

93.2%  

MDR prevalence  in 
low- risk group. 

The prevalence of MDR-TB in 
patients with no previous TB 
diagnosis. 

0.6%  

Share of smear- 
positive 
patients. 

Proportion of pulmonary 
smears that are positive 
for mycobacterium TB. 

Number of positive smears / 
total smears. 

50%  

Risk of TB in 
Pulmonary 
Smear- positive 
patients. 

No TB. It is based on the negative 
culture of pulmonary positive 
smear in for 2014. 

5%  

TB. It is based on the culture 
confirmation of pulmonary 
positive smear in 2014 in 
England. 

95%  

Risk of TB in 
Pulmonary 
Smear- negative 
patients. 

No TB. It is based on the negative 
culture of pulmonary negative 
smear in England in 2014. 

36%   

TB. It is based on the proportion of 
negative smears that were TB 
culture-confirmed in 2014 in 
England. 

64%  

GENEXPERT 
diagnostics. 

Positive smears. Sensitivity for TB. 98%  Drobniewski 
et al[15]. 
 

Specificity for TB. 99%  
Negative smears. Sensitivity for TB. 75%  

Specificity for TB. 99%  
Positive smears. MDR sensitivity for confirmed 

TB . 
96%  

MDR specificity for confirmed 
TB. 

97%  

Negative smears. MDR sensitivity for confirmed 
TB. 

94%  

MDR specificity for confirmed 
TB. 

95%  

QALYs lost. 
 
 

Daily utility decrements. For first-line treatment, acute 
phaseas inpatient. 

0.206  

 For first-line treatment as 
outpatient. 

0.067  

QALYs lost to 
permanent hearing loss. 

Associated with each day of 
second-line treatment. 

0.008  

Costs. 
 
 

Daily costs.* 
 
 

Standard room isolation. £405 
Negative pressure isolation. £1168 
First-line treatment. £0.4 
Second-line treatment. £22  

Cost per test (it 
includesthe cartridge, 
staff time and equipment 
capital cost)* 

Decentralised. £71 
Centralised. £65 
Cost of sample transport. £7 

*The daily costfor isolation, treatment and tests are from Drobniewski et al[15] and  include the staff  time, consumable 192 
supplies, capital cost of equipment.  The lower cost for the centralised test are also from  Drobniewski et al [15] and 193 
have taken into consideration economy of scale and lower initial set up costs at the central level, while the centralised 194 
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test incurs the cost of transporting the specimens from  the hospitals to the referral laboratory that instead is not present 195 
at the decentralised level. 196 

 197 

The concurrent use of GeneXpert makes a difference when the high-risk group for MDR-TB 198 

reaches a proportion of 6%.   Table 2 is based on this assumption for different sizes of the high risk 199 

group for MDR and different MDR prevalence among TB patients in the high risk group.   Patients 200 

presenting to a chest clinic will have received some preliminary review by a general practitioner or 201 

Emergency Department physician. 202 

 203 

Table 2 shows that when the size of the high-risk group (e.g. previous TB diagnosis) is between 1% 204 

and 2% (first two sets of rows), the sole use of culture and DST costs less and loses fewer QALYs 205 

(dominant) compared with any GeneXpert alternative.   When the high-risk group accounts for 3%-206 

5%of the people with suspected TB in the clinic, the sole use of culture and DST is still the best 207 

option because the alternatives have an ICER >£20,000 per QALY gained. When the size of the 208 

high-risk group in the clinic reaches 6% (as is the case for previous TB diagnosis in the UK), 209 

universal testing with a decentralised Genexpert is dominant because it is associated with lower 210 

costs and fewer QALYs lost compared with culture and DST only.   The dominance of universal 211 

testing with decentralised GeneXpert persisted for sizes of the high-risk group larger than 6% (data 212 

not shown).     213 

 214 
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Table 2 Costs and QALYs lost in a cohort of 100 suspected Pulmonary TB patients according to alternative diagnostic strategies. 215 

SIZE OF THE 
HIGH-RISK 
GROUP*  

STRATEGY MDR-TB RATE AMONG PULMONARY TB IN HIGH-RISKGROUP 
1% 5% 10% 15% 

Cost QALY 
Lost 

ICER Cost QALY Lost ICER Cost* QALY  
lost 

ICER Cost QALY Lost ICER 

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 £371,070 1.09 Dominated £371,597 1.10 Dominated £372,124 1.10 Dominated 
 SM+ only Cen. £389,193 1.07 Dominated £389,594 1.07 Dominated £390,095 1.08 Dominated £390,596 1.08 Dominated 
 All smears Dec. £403,467 1.21 Dominated £404,143 1.22 Dominated £404,988 1.22 Dominated £405,832 1.23 Dominated 
 All smears Cen. £420,412 1.17 Dominated £421,056 1.18 Dominated £421,862 1.19 Dominated £422,668 1.19 Dominated 
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 1.18 Dominated £386,614 1.19 Dominated £387,668 1.20 Dominated 
 SM+ only Cen. £403,641 1.16 Dominated £404,443 1.16 Dominated £405,445 1.17 Dominated £406,446 1.18 Dominated 
 All smears Dec. £405,746 1.22 Dominated £407,098 1.23 Dominated £408,787 1.24 Dominated £410,476 1.26 Dominated 
 All smears Cen. £423,069 1.18 Dominated £424,359 1.19 Dominated £425,971 1.21 Dominated £427,583 1.22 Dominated 
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 1.27 Dominated £401,630 1.29 Dominated £403,211 1.30 Dominated 
 All smears Dec. £408,025 1.23 NOT CE £410,052 1.25 NOT CE £412,586 1.27 Dominated £415,120 1.28 Dominated 
 SM+ only Cen. £418,089 1.24 NOT CE £419,291 1.25 NOT CE £420,794 1.26 NOT CE £422,297 1.28 Dominated 
 All smears Cen. £425,727 1.20 NOT CE £427,661 1.21 NOT CE £430,079 1.23 NOT CE £432,497 1.25 NOT CE 
4% No GeneXpert £ 387,512 1.45 Best*** £ 387,512 1.45 Best £ 387,512 1.45 Best £  387,512 1.45 Best 
 All smears Dec. £410,304 1.24 NOT CE £413,007 1.26 NOT CE £416,385 1.29 NOT CE £419,764 1.31 NOT CE 
 SM+ only Dec. £412,853 1.35 NOT CE £414,539 1.37 NOT CE £416,647 1.38 NOT CE £418,755 1.40 NOT CE 
 All smears Cen. £428,384 1.21 NOT CE £430,963 1.22 NOT 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 NOT CE £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 1.28 NOT CE £420,185 1.31 NOT CE £424,408 1.34 NOT CE 
 SM+ only Dec. £426,921 1.44 NOT CE £429,029 1.46 NOT CE £431,664 1.48 NOT CE £434,298 1.50 NOT CE 
 All smears Cent. £431,042 1.22 NOT CE £434,266 1.24 NOT CE £438,296 1.27 NOT CE £442,326 1.30 NOT CE 
 SM+ only 

Centr. £446,985 1.42 
NOT CE 

£448,988 1.43 NOT CE £451,493 1.45 NOT CE £453,998 1.47 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 1.82 Dominated £ 439,695 1.82 Dominated £  439,695 1.82 Dominated 
 All smears Cen. £433,699 1.23 NOT CE £437,568 1.25 NOT CE £442,404 1.29 NOT CE £447,240 1.33 NOT CE 
 SM+ only Dec. £440,989 1.53 Dominated £443,519 1.55 Dominated £446,680 1.57 Dominated £449,842 1.60 Dominated 
 SM+ only Cent. £ 472,433 1.50 Dominated £463,837 1.52 Dominated £466,843 1.55 Dominated £469,848 1.57 Dominated 

* % 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 QALYs, while 216 

dominated if it costs more and loses more QALYs; ***Best intervention because the alternatives are dominated or NOT CE (Not Cost-effective) ICER>£20.000 QALY  217 
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Figure 2 provides a tornado diagram on the most influential variables affecting the average cost 218 

savings per patient if universal decentralised GeneXpert were adopted versus the sole use of culture 219 

and DST in an average TB population.  The average risk profile considered here is 6.8% of 220 

pulmonary TB patients belonging to the high-risk group for MDR-TB and having an actual MDR-221 

TB rate of 3.7%.  These values have been selected because in England 6.8% of the pulmonary TB 222 

patients had a previous TB diagnosis and this high-risk group had an MDR prevalence of 3.7%. At 223 

these rates, decentralised GeneXpert for all smear types would be dominant, saving both costs and 224 

QALYs.   225 

 226 

Therefore, the net savings of a decentralised GeneXpert vs the sole use of microbiological culture 227 

and DST has been calculated according to the variation in the parameters of Table 1.  The wider the 228 

bar, the higher the variation in cost saving per case of  universal decentralised GeneXpert versus the 229 

status quo when each variable is set to vary between a minimum and maximum, while keeping the 230 

other variables constant.  In a hypothetical cohort of 100 pulmonary TB patients,in which 6.8% of 231 

patients belong to the high-risk group and have an MDR-TB prevalence of 3.7%, if GeneXpert has 232 

0.91 specificity for MDR-TB, a total of £4,515 would accrue during the 27 days before the DST 233 

results are known versus  £4,606 with the status quo, saving £91 per patient.      If the specificity of 234 

GeneXpert for MDR-TB were 0.97, the costs would decrease to £4,151 versus £4,606 with the 235 

status quo, yielding a saving of £455.    The other variables with a higher influence on cost saving 236 

included the GeneXpert specificity for MDR detection in smear positive cases, the proportion of 237 

smears which are positive and the costs of isolation.   The remaining parameters had a minor 238 

influence on cost saving.     239 

 240 

  241 
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4. Discussion 242 

 243 

When 6% or more TB patients have been previously diagnosed with TB and/or are born in high 244 

incidence countries, testing any sputum regardless of smear-status with a decentralised GeneXpert 245 

system is cost-effective versus the sole use of culture and DST. 246 

 247 

This economic evaluation has specifically taken into consideration the first 27 days that on average 248 

are required to produce the results of mycobacterial culture, identification and DST (based on 249 

accepted international standards), which is the current standard approach.  This is based on the 250 

rationale that the advantage of GeneXpert ceases to exist once the culture and DST results become 251 

available and thus any cost-effectiveness accrues during this initial diagnostic phase.  The other 252 

assumption of this economic evaluation was that GeneXpert is implemented in parallelwith culture 253 

and DST and not in substitution.    The context is that of a state-funded health system and so 254 

complements the analysis of Choi et al [17] for an insurance-based model in the USA and adds 255 

several findings that are critical for the decision makers. 256 

 257 

Locating GeneXpert at hospital level makes the most sense.  Because of economies of scale, health 258 

authorities might be inclined to centralize the GeneXpert at a referral laboratory.  However, the 259 

results of this analysis suggest that locating GeneXpert at hospital level would be the most cost-260 

effective diagnostic alternative.  This is mainly due to the fact that the decentralised GeneXpert 261 

reduces the costs of isolation of the patient because the results are known one day in advance 262 

compared with the centralised alternative.  Any advantage would increase if DST results were 263 

available later than day 28.Anecdotally, administrative delays in sending samples and ensuring the 264 

results reach the clinical team do add additional days as well. 265 

 266 
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As the average for previous TB diagnosis in the pulmonary TB cases in Englandis 6.8%, it is likely 267 

that testing every TB patient with a decentralised GeneXpert would suit the general profile of the 268 

TB population.   In this average situation, the GeneXpert alternative would dominate (ie be superior 269 

to) the status quo with the variation in MDR-TB specificity likely to influence the gains in cost 270 

saving compared with the status quo.  Not surprisingly, the variation in costs of isolation was also 271 

influential in driving the costs. 272 

 273 

Last but not least, the results of this analysis can contribute to antimicrobial stewardship.  The 274 

results have identified at what prevalence of high-risk individuals it would make the most sense for 275 

a hospital to use GeneXpert to reduce the time to diagnosis for drug sensitive and MDR-TB.   This 276 

would improve “the appropriateness of antimicrobial use to reduce resistance generally, but also 277 

benefit individual patients” [18], which is the aim of antimicrobial stewardship. 278 

 279 

We acknowledge limitations in our study.  The potential utility decrements that might be associated 280 

with isolation, while waiting for the results of the GeneXpert, were not taken into account.  The 281 

higher risk group stays isolated while waiting for the 2 or 3 days required for the GeneXpert results 282 

and, in case of a negative result, this unnecessary isolation might cause some utility decrement. 283 

However, it is unlikely that this limitation might have produced a different ranking of cost-effective 284 

diagnostic alternatives, as isolation would have been even longer with the sole use of culture and 285 

DST. Conversely, not having factored in the potential utility decrements associated with isolation is 286 

likely to have penalized the GeneXpert alternatives more than the status quo. 287 

 288 

Most negative smears that are culture negative might not be reported to PHE (although a large 289 

proportion of TB cases are notified based on the clinical/radiological picture alone), with the 290 

consequence that the real culture confirmation is much lower than the 64% used in this analysis.  To 291 

take this potential bias into account we have rerun the analysis using an overall culture positivity 292 
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rate of only 5% among negative smears.    The main results (not shown) confirmed that testing all 293 

the sputum regardless of smear-status with a decentralised GeneXpert was the best choice when the 294 

proportion of suspected TB cases belonging to the high risk group for MDR TB was only 4% ie 295 

even smaller than the 6% figure used in Table 2.   296 

 297 

We have assumed that empiric MDR-TB  therapy (or a hybrid of drug sensitive therapy and reserve 298 

drugs) and negative pressure isolation is routinely started for the patients in the ‘high-risk’ group if 299 

GeneXpert is not performed.   However, physicians might start most of this group on DS TB 300 

therapy instead.   To take this possibility into account, we have rerun the sensitivity analysis of 301 

Table 2 by assigning the high risk group to empiric DS TB therapy instead of empiric MDR TB 302 

therapy.   The only change (not shown) was a slightly lower cost and a lower number of QALYs 303 

lost with each strategy, due to the avoidance of the side effects of MDR TB therapy.   In terms of 304 

cost-effectiveness of the alternative strategies, the results did not change, with the decentralised 305 

GeneXpert testing of all smears as the best strategy when 5% or more of the TB suspects belonged 306 

to a high risk group for MDR TB, which is lower than the 6% cut of points of Table 2. 307 

 308 

 309 

The costs due to culture and DST (or any equivalent alternative approach) have not been taken into 310 

consideration because they continue to be present no matter what is the alternative.  As the 311 

diagnostic alternatives were set to run in parallel with the culture and DST, only the additional costs 312 

due to the GeneXpert has been taken into account.  As culture and DST are present in both the 313 

comparator and in the diagnostic alternatives, they do not add information in terms of incremental 314 

costs. 315 

 316 

It has been assumed that isolation is strictly implemented according to guidelines and that the 317 

culture and DST are known by the 14th and 28th day respectively.  Although we recognize that 318 
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there is a high variation in implementing such guidelines and in the test turnaround time, this 319 

limitation is unlikely to have biased a specific alternative versus the status quo.    In fact, any delay 320 

in the culture and or the DST results will further increase the cost-effectiveness of a decentralised 321 

GeneXpert when the prevalence of the high-risk group is 6% or higher.   322 

 323 

The definition of the high-risk group has combined previous TB diagnosis and or birth in high 324 

MDR-TB risk countries. Although it might have been desirable to differentiate between these two 325 

risk factors, it is unlikely to be possible to completely disentangle their separate effect as previous 326 

TB diagnosis and country of birth are likely to be correlated.   In any case, the sensitivity analysis 327 

(Table 2) took into account the uncertainty in both the size of the target group and its MDR rate. 328 

 329 

Notwithstanding the above-mentioned limitations, the results of this analysis are value-added in 330 

informing strategic directions in TB molecular diagnostics.   GeneXpert is cost-effective when 6% 331 

or more TB patients belong to the high-risk group, whatever their MDR rate.  This is likely to be the 332 

case in the average hospital, as 6.8% of TB patients were reported to have been previously 333 

diagnosed with TB in England in 2014.  However, universal testing with GeneXpert is likely to be 334 

even more cost-effective in high-migration areas.  Last but not least, universal testing with a 335 

decentralised GeneXpert would be more cost-effective than targeting the test to the positive smears 336 

only.  Where other diagnostic systems have similar performance and cost parameters, the overall 337 

conclusions are likely to be similar (including for whole genome sequencing strategies which are 338 

currently largely centralised). 339 

 340 

Hospitals should review their most recent TB statistics to estimate the proportion of TB patients 341 

who were previously diagnosed with TB and/or were born in countries with high MDRprevalence.  342 

If 6% or more TB patients belong to these risk categories, adoptinga decentralised GeneXpert to test 343 
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any pulmonary smear would be cost-effective. Similar conclusions are likely to be true for new 344 

diagnostic systems with equivalent performance and cost parameters. 345 

 346 
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Title Table 1 Parameters used in the estimation of cost-effectiveness of diagnostic 415 

alternatives. 416 

 417 

Legend Table 1 418 

 419 

It is assumed that on average, the size of the high-risk group for MDR-TB would be 6.8% of the 420 

total pulmonary TB patients and that 3.7% in this high-risk group would be MDR-TB.    This is 421 

based on the fact that in 2014 in England, 6.8% of TB patients were previously diagnosed with TB 422 

and that 3.7% of these patients were found to be MDR-TB.  423 

 424 

Title Table 2 Costs and QALYs lost in a cohort of 100 Pulmonary TB patients according to  425 

alternative diagnostic strategies. 426 

 427 

Legend Table 2 428 

 429 

Table 2 shows the results of a two-way sensitivity analysis.   The first column represents the size of 430 

the high-risk group, which is between 1% and 6% of the pulmonary TB patients.  The second 431 

column represents the diagnostic strategies and the following columns provide the costs and 432 

QALYs lost across strategies according to MDR-TB rates (1%-15%) in the high-risk group.  This 433 

variation in MDR-TB should take into account the fact that the high-risk group has other risk 434 

factors besides “previous TB diagnosis“.  For example, in areas of high immigration, the high-risk 435 

group includes patients who are born in countries with high MDR-TB incidence.     436 

 437 

  438 
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Title Figure 1   Scenario for culture and DST only, for a cohort of 100 patients accessing a 439 

hospital for confirmation of TB diagnosis.  440 

 441 

 442 

Legend Figure 1  443 

 444 

Figure 1  represents the scenario of a cohort of 100 suspected pulmonary TB patients reaching a 445 

hospital with a smear diagnosis to be confirmed through the sole use of culture and Drug Sensitivity 446 

Test.    Using previous TB diagnosis as a proxy to define the high-risk group for MDR-TB and 447 

taking the latest national TB statistics [14], 93.2% and 6.8% of TB patients would be at low and 448 

high-risk for MDR-TB respectively.     The probabilities for TB and MDR-TB in smear positive and 449 

smear negative cases presented in Figure 1 are also in accordance with the latest national 450 

statisticsfor England [14]. 451 

 452 

The upper section of Figure 1 represents the events that are expected to accrue in the 93.2% of TB 453 

cases belonging to the low-risk group for MDR.   According to common practices described in 454 

Drobniewski et al [15], the patients with smear-positive results will be placed in standard isolation 455 

and treated with first-line treatment during the first 13 days required forthe result of the culture.   At 456 

the 14th day, the culture negative patients will be discharged and the culture positive patients will 457 

continue the first-lineTB treatment as outpatients.   For the patients in the low-risk group with 458 

negative smear, no action will be taken during the first 13 days, while the culture results will decide 459 

if to treat these patients after the 13th day. 460 

 461 

The lower section of Figure 1 represents the events expected in the 6.8% of pulmonary TB cases 462 

belonging to the high-risk group for MDR-TB.   The positive pulmonary smears will be placed in 463 

negative pressure isolation and preemptively initiatedto the 2nd line treatment.   The smear negative 464 
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cases will still be placed in negative pressure isolation but the treatment will be deferred up to the 465 

results of the culture. 466 

 467 

The bottom of figure 1 represents the daily costs associated with isolation and treatment, the daily 468 

utility decrements associated with each day of first-line treatment and the QALYs lost for each day 469 

of second-line drug treatment as per parameters in Table 1.   The costs and QALYs lost are the 470 

results of the unit costs, utility decrement and QALYs at the bottom of the Figures 1 and the 471 

number of days spent in isolation and under treatment.    Taking as an example the low-risk SM+ 472 

patients, Figure 1 shows that a hypothetical cohort of 100 suspected pulmonary TB patients is 473 

expected to generate 46.6 low-risk SM+, of which 2.3 do not have TB, 44 have DS TB and 0.3 are 474 

MDR TB.   These low-risk SM+ cases are expected to spend the first 13 days in standard isolation 475 

at a cost of  £ 405 per day and to receive first- line treatment at a cost of  £  0.4 per day.   On the 476 

14th day, the culture results allow to discharge the 2.3 cases that do not have TB and to continue the 477 

first-line treatment of the culture positive cases as outpatients at a daily cost of £ 0.4.   The daily 478 

utility decrement associated with the first-line treatment, which is 0.206 as inpatient and 0.067 as 479 

outpatient treatment as per Drobniewski et al [15], are multiplied by the number of relative days and 480 

divided by 365 (days in a year) to obtain the fraction of QALYs lost during the 27 days taken into 481 

consideration by this study. 482 

 483 

 484 

 485 

  486 
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Title Figure 2One-way Sensitivity analysis on the cost savings per case with parameters 487 

varying between a minimum and a maximum.   488 

 489 

Legend Figure 2 490 

 491 

Figure 2 is based on one-way sensitivity analysis to identify which parameters was influencing the 492 

variation in the average costs.    The rationale was based on the following: (a) the results of the two-493 

way sensitivity analysis in Table 2 indicate that whenever 6% or more of TB patients belong to the 494 

high-risk group for MDR-TB, universal testing with a decentralised GeneXpert system is dominant 495 

versus the sole use of culture and DST (status quo); and (b) in England, 6.8% of TB patients were 496 

previously diagnosed with TB, which is a group at high-risk for MDR-TB and their MDR-TB rate 497 

was found to be 3.7%.     It was therefore assumed that on average, the universal decentralised 498 

GeneXpert testing would dominate the status quo and would be automatically selected as the 499 

diagnostic intervention.    The net cost saving of the above mentioned alternative versus the status 500 

quo was equal to the difference between the costsof the status quo versus the universal decentralised 501 

GeneXpert testing in an average TB population with 6.8% previous TB diagnosis and with an 502 

MDR-TB of 3.7%.   In this one-way sensitivity analysis, each parameter in Table 1 was set to vary 503 

according to the minimum and maximum reported by the systematic review of Drobniewski et al 504 

[15]. 505 

 506 
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Table 2b Rerun of the analysis presented in Table 2, with 5% smear negative being culture-confirmed (compared with 64% in Table 2)      1 

SIZE OF THE 
HIGH-RISK 
GROUP*  

STRATEGY MDR-TB RATE AMONG PULMONARY TB IN HIGH-RISKGROUP 
1% 5% 10% 15% 

Cost QALY 
Lost 

ICER Cost QALY Lost ICER Cost* QALY  
lost 

ICER Cost QALY Lost ICER 

1% No GeneXpert  £     304,132  0.79 DOM  £     304,132  0.79 DOM  £     304,132  0.79 DOM  £     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  £     325,275  0.94 Best  £     325,275  0.94 Best  £     325,275  0.94 Best  £     325,275  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  £     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 

* % 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 QALYs, while 2 

dominated if it costs more and loses more QALYs  ***Best intervention because the alternatives are dominated or NOT CE (Not Cost-effective) ICER>£20.000 QALY 3 
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Table 2c Rerun of the analysis presented in Table 2, with the only change being empiric DS TB treatment started in high risk group 1 

for MDR TB (instead of empiric MDR TB treatmentin Table 2). 2 

SIZE OF THE 
HIGH-RISK 
GROUP*  

STRATEGY MDR-TB RATE AMONG PULMONARY TB IN HIGH-RISKGROUP 
1% 5% 10% 15% 

Cost QALY 
Lost 

ICER Cost QALY Lost ICER Cost* QALY  
lost 

ICER Cost QALY Lost ICER 

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  £     365,513  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  £     382,496  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  £     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  £     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 

* % 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 QALYs, while 3 

dominated if it costs more and loses more QALYs  ***Best intervention because the alternatives are dominated or NOT CE (Not Cost-effective) ICER>£20.000 QALY 4 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

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 

patients smear  Number expected   cases   

DAY 1-13 WAITING FOR 

THE CULTURE RESULTS       

DAY 14-27 WAITING FOR THE DST 

RESULTS 

  
in low and 

high  positive & of cases                   

  risk group smear           ISOLATION TREATMENT ISOLATION TREATMENT 

  for MDR negative           Standard 

Neg 

Press 1st line 2nd line Standard 

Neg 

Press 1st line 2nd line 

          5.0% NO PTB 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% NO PTB 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 £  0.4 £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 
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Figure 2. One-way Sensitivity analysis on the cost savings per case with parameters varying between a minimum and a maximum.   

 

 

 

£,91 

£,289 

£,252 

£,270 

£,289 

£,289 

£,291 

£,292 

£,294 

£,296 

£,296 

£,297 

£,297 

£,297 

£,297 
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£,376 

£,326 
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£,303 
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£,302 
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£,299 

£,299 

£,299 

£,298 

£,298 

£,298 

 £,50  £,100  £,150  £,200  £,250  £,300  £,350  £,400  £,450  £,500

GeneXpert specificity for MDR among negative smears (0.91-0.97)

GeneXpert specificity for MDR among positive smears (0.95-98)

Daily cost negative press isolation (£1051-£1285)

% Smears that are smear positive (45%-55%)

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
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Annex 

 

The decision-making process used in this cost-effectiveness analysis is based on the prevalence rates among smears positive and negative 

tests from the national TB program in England [14]  and on the assumptions from Drobniweski et al [15].  Figures A1.1-A1.4 are related to 

a hypothetical cohort of 100 suspected pulmonary TB cases that have been already depicted in Figure 1 in the main text but that this time 

undergoes GeneXpert testing, as well as the culture and drug susceptibility test (DST).  Figure A.1 represents the decentralised 

GeneXpert for the expected 46.6 low-risk smear positive (SM+) suspected TB cases spending the first two days in standard isolation but 

with no treatment initiated until the results of the GeneXpert are known.  The expected results of the GeneXpert are due to the interaction 

between sensitivity and specificity of the GeneXpert and the prevalence of drug sensitive (DS) TB and multi dug resistant (MDR) TB in 

the low-risk SM+, as per parameters of Table 1 in the main text.     

 

As in any test, also for the GeneXpert, there are true and false results, with relative consequences for the decision-making process.  Of the 

GeneXpert TB negative results that are discharged, 0.89 are false negative and on the 14th day they are correctly detected by the culture 

and readmitted on the 14th day and placed in standard isolation and given 1st line treatment.    The patients with a DS-TB GeneXpert 

diagnosis remain in standard isolation and begin 1st line treatment but the 0.02 that are false DS-TB turn out to be culture negative and 

are discharged on the 14th day.   The remaining patients that are DS-TB to the GeneXpert and that are culture-confirmed TB remain in 

standard isolation between day 3 (results of the GeneXpert) and day 16, after which they continue to be treated as outpatients, as per 

Drobniewsky et al [14], according to which DS-TB patients are released from standard isolation after 14 days of first line treatment.   The 
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patients with MDR-TB results to the GeneXpert are placed in negative pressure isolation and treated with second line drugs until the 

results of the DST.      

 

Figures A.2 represents the diagnostic process for the 46.6 low-risk smear negative (SM-) suspected pulmonary TB cases already depicted 

in Figure 1 in the main text in case a decentralised GeneXpert is available.  These patients are not considered infectious and they are 

neither isolated nor treated during the first two days required for the results of the GeneXpert.  The different prevalence rates of TB in 

SM- compared with the SM+ produce different numbers of GeneXpert results compared with Table A.1.  Also, the decisions after the 

GeneXpert results are less restrictive than in Figure A.1, with DS-TB being treated as outpatients while MDR-TB are treated as in Figure 

A.1. 

 

Figures A.3 and A.4 deal with the high-risk patients.  The 3.4 high-risk SM+ are placed in negative pressure isolation but they are not 

treated until the results of the GeneXpert are known, after which they receive: no treatment (GeneXpert no TB), standard isolation and 

first-line treatment (GeneXpert DS-TB) and negative pressure isolation and second line treatment (GeneXpert MDR-TB).   The 3.4 high-

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

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

 

The costs and QALYs lost associated to Figure 1.1-1.4 are the results of the unit costs, utility decrements and QALYs as per parameters 

of Table 1 in the main text multiplied by the number of days spent in isolation and under treatment.           
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The decision-making process is not shown for the centralised system as it is the same of Figure A.1–A.4 with the difference for an extra 

day required for the GeneXpert results and the extra costs for transporting the biological sample from the hospital to the central 

laboratory.      
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Figure A.1   Average profile* of the diagnostic process for the 46.6 low-risk smear positive patients tested (see Figure 1) if GeneXpert (GX) is  

decentralised.  

DAY 1-2 waiting for GX    results XPERT 
RESUL
TS 
 

REAL STATUS Expect
ed 
number
s 

DAY 3-13 between GX results 
and culture results (14th day) 

Day 14-27 between culture results and DST results 

ISOLATION TREATME
NT 

ISOLATION TREATM
ENT 

ISOLATION TREATMENT 

Standard Neg. 
Press 

1st 
line 

2nd 
line 

Stand
ard 

Neg. 
Press 

1st 
line 

2nd 
line 

Standard Neg 
Press 

1st line 2nd 
line 

Inp.    No TB 
  

False  (TB) 0.89     Inp.**  Inp.**  
Inp.    True  (No TB) 2.31         
Inp.    

DS 
  
  

False (No TB)  0.02 Inp.  Inp.        
Inp.    

True (DS-TB) 41.74 
Inp.  Inp.  Inp.***  

(14th-16th day) 
 Outp. ***  

(17th – 27th day) 
 

Inp.    False (MDR-
TB) 0.01 

Inp.  Inp.  Inp.***  
(14th-16th day) 

 Outp. ***  
(17th – 27th day) 

 

Inp.    
MDR 
  

False  (DS-TB) 1.38  Inp.  Inp.  Inp.  Inp. 
Inp.    True   (MDR-

TB) 0.25 
 Inp.  Inp.  Inp.  Inp. 

* The profile is based on the prevalence rates of TB in low-risk SM+, the sensitivity and specificity of GeneXpert, and the other parameters of Table 1.   DST = Drug 
Susceptibility Test   inp.=inpatient     ** This false negative GX is admitted after the positive culture results.   *** As per Drobniewski  et al [15] DS patients are de-
isolated after 14 days of first line treatment, continuing as outpatients afterward.      
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Figure A.2  Average profile* of the diagnostic process for the 46.6 low-risk smear negative patients tested (see Figure 1) if GeneXpert (GX) is  

Decentralised.  

COSTS DAY 1-2 waiting for GX    results XPER
T 
RESU
LTS 
 

REAL 
STATUS 

Expect
ed 
number
s 

DAY 3-13 between GX results and 
culture results (14th day) 

Day 14-27 between culture results and 
DST results 

ISOLATION TREATMEN
T 

ISOLATION TREATMENT ISOLATION TREATMENT 

Standard Neg. 
Press 

1st 
line 

2nd 
line 

Stand
ard 

Neg. 
Press 

1st line 2nd 
line 

Stand
ard 

Neg 
Press 

1st line 2nd 
line 

    No 
TB 
  

False  (TB) 7.46       Outp.**  
    

True  (No TB) 16.61 
        

    
DS 
  
  

False (No TB)  0.17   Outp.**      
    True (DS-TB) 21.08   Outp.***    Outp.***  
    False (MDR-

TB) 0.01 
  Outp.***    Outp.***  

    
MDR 
  

False  (DS-TB) 1.16  Inp.  Inp.  Inp.  Inp. 
    True   (MDR-

TB) 0.13 
 Inp.  Inp.  Inp.  Inp. 

* The profile is based on the prevalence rates of TB in low-risk SM-, the sensitivity and specificity of GeneXpert and the other parameters of Table 1.     DST = Drug 
Susceptibility Test   inp.=inpatient    ** the 7.46 False Negative are found culture positive on the 14th day and treated as outpatients, while the 0.17 false DS-TB are 

found culture negative on the 14th day and treatment is stopped *** As per Drobniewski et al [15]  low-risk GeneXpert DS patients are treated as outpatients.   
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Figure A.3  Average profile* of the diagnostic process for the 46.6 high-risk smear positive patients tested (see Figure 1) if GeneXpert (GX) is  

Decentralised.  

DAY 1-2 waiting for GX    
results 

XPERT 
RESUL
TS 
 

REAL STATUS Expe
cted 
numb
ers 

DAY 3-13 between GX results and 
culture results (14th day) 

Day 14-27 between culture results and DST results 

ISOLATION TREATME
NT 

ISOLATION TREATMENT ISOLATION TREATMENT 

Standa
rd 

Neg. 
Press 

1st 
line 

2nd 
line 

Standard Neg. 
Press 

1st line 2nd 
line 

Standard Neg 
Press 

1st line 2nd 
line 

 Inp.   No TB 
  

False  (TB) 0.06      Inp.**  Inp.** 
 Inp.   True  (No TB) 0.17         
 Inp.   

DS 
  
  

False (No TB)  0.00 Inp.  Inp.      
 Inp.   

True (DS-TB) 2.95 
Inp.  Inp.  Inp.***  

(14th-16th day) 
 Outp. ***  

(17th – 27th day) 
 

 Inp.   
False (MDR-TB) 0.00 

Inp.  Inp.  Inp.***  
(14th-16th day) 

 Outp. ***  
(17th – 27th day) 

 

 Inp.   MDR 
  

False  (DS-TB) 0.10  Inp.  Inp.  Inp.  Inp. 
 Inp.   True   (MDR-TB) 0.11  Inp.  Inp.  Inp.  Inp. 
* The profile is based on the prevalence rates of TB in high-risk SM+, the sensitivity and specificity of GeneXpert and the other parameters of Table 1.   DST = Drug 

Susceptibility Test   inp.=inpatient     ** This false negative GX is admitted after the positive culture results.   *** As per Drobniewski et al [15] DS patients are de-
isolated after 14 days of first line treatment, continuing as outpatients afterward.      
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Figure A.4 Average profile* of the diagnostic process for the 46.6 high-risk smear negative patients tested (see Figure 1) if GeneXpert (GX) is decentralised.  

DAY 1-2 waiting for GX    results XPER
T 
RESU
LTS 
 

REAL 
STATUS 

Expect
ed 
number
s 

DAY 3-13 between GX results and 
culture results (14th day) 

Day 14-27 between culture results and DST 
results 

ISOLATION TREATMEN
T 

ISOLATION TREATMENT ISOLATION TREATMENT 

Standard Neg. 
Press 

1st 
line 

2nd 
line 

Stand
ard 

Neg. 
Press 

1st line 2nd 
line 

Standard Neg 
Press 

1st line 2nd line 

    No 
TB 
  

False  (TB) 0.544      Inp.  Inp. 
    

True  (No TB) 1.21 
        

    
DS 
  
  

False (No TB)  0   Outp.**      
    True (DS-TB) 1.5   Outp.**    Outp.**  
    False (MDR-

TB) 0 
  Outp.**    Outp.**  

    
MDR 
  

False  (DS-TB) 0.08  Inp.  Inp.  Inp.  Inp. 
    True   (MDR-

TB) 0.06 
 Inp.  Inp.  Inp.  Inp. 

* The profile is based on the prevalence rates of TB in high-risk SM-, the sensitivity and specificity of GeneXpert and the other parameters of Table 1.   DST = Drug 

Susceptibility Test   inp.=inpatient     * this false negative GX is admitted after the positive culture results   **As per Drobniewski et al [15] DS patients are de-
isolated after 14 days of first line treatment, continuing as outpatients afterward.   

 

 


