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Abstract

Background
Early diagnosis is one of the pillars of the TB (TB) control, and there are strong efforts to detect and treat
cases in Ethiopia. Smear microscopy testing has been a routine test for the diagnosis of pulmonary TB in
resource-constrained settings for a long time. Recently, many countries, including Ethiopia, are scaling up
the use of GeneXpert without a precise evaluation of the cost and cost-effectiveness of this technology.
Therefore, this study aimed to evaluate the cost-effectiveness of GeneXpert compared to smear
microscopy tests for the diagnosis of TB patients in Ethiopia.

Methods
We develop a decision tree model using TreeAge Pro 2020 software. The model accounts for the
prevalence and incidence of TB in the study area. The costs were estimated from the health providers'
perspective in one year (in 2017/18). We applied an ingredients-based costing approach to identify,
measure, and evaluate the smear microscopy cost and GeneXpert. We employed the 'proportion of cases
detected' as an outcome measure of effectiveness. The incremental cost-effectiveness ratio (ICER) was
calculated by dividing the changes in cost and change effectiveness. One way and probabilistic
sensitivity analysis were done by varying different input parameters. All costs and ICER are reported in
2018 US$.

Results
The unit cost per test for GeneXpert and smear microscopy testing was US$12.9 and $3.1, respectively.
The average cost of testing using GeneXpert was $113.0 and $3.3 for smear microscopy. The cost of the
cartridge ($10.7) was the primary (83%) parameter in�uencing the overall cost of GeneXpert, while it was
the cost of reagent and consumables $1.28 (41%) for the smear microscopy. The ICER for GeneXpert
strategy was $729.8 per new TB cases detected compared to smear microscopy. The sensitivity analysis
indicates that TB prevalence was the most in�uential parameter on the ICER.

Conclusion
The present study indicates that testing all individuals with suspected TB using GeneXpert is a very cost-
effective strategy compared to smear microscopy, and therefore, it can be part of the routine diagnostic
testing strategy in Ethiopia.

Background
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Tuberculosis (TB) is one of the signi�cant challenges globally and in Ethiopia. The 2016 global burden of
disease (GBD) study estimate that TB is responsible for 1 out of 4 Years Lived with Disability (YLD) and
1.3 million deaths annually. About 60% of the estimated number of cases occurred in Asia and Africa.
Following the launching of the Directly Observed Treatment Short Course (DOTS) in 1990, the global
prevalence and mortality of TB decreased substantially. It was estimated that 37 million lives were saved
between 2000 and 2013 through effective diagnosis and treatment. However, TB incidence in Africa
continues to be high, and Ethiopia is one of the high TB burden countries. For instance, in 2016, 163 new
TB cases were reported per 100,000 populations. From 2005 to 2015, the prevalence of Multiple Drug-
Resistant TB (MDR-TB) in Ethiopia has increased from 1.6–2.7% in new cases and 11.8 to 14.0% in
retreated TB cases [1–5].

Early diagnosis and treatment of cases are among the pillars of the National TB Control Program (NTCP)
in Ethiopia, and there is a need for an e�cient and sensitive diagnostic tool to detect and treat the
infection [6]. For a long time, TB diagnosis relies on smear microscopy [7]. Smear microscopy has a
sensitivity of about 70%, and it cannot detect MDR-TB from a patient sample. The low sensitivity of
smear microscopy can delay diagnosis and lead to the secondary spread of TB infection [8]. Therefore,
there is a critical need to apply new diagnostic methods that are highly sensitive and can also detect
MDR-TB strains [9].

GeneXpert is more sensitive than smear microscopy in detecting TB, with culture as a gold standard [10,
11]. According to the WHO report, GeneXpert has 89% sensitivity and 99.7% speci�city, and therefore, it
can increase TB case �nding from 72–85% to 95–99% compared to the smear microscopy. A national
validation study reports that the overall sensitivity and speci�city of GeneXpert for detecting MDR-TB was
nearly 100% in new cases, whereas it was about 95% and 90% in retreated cases. GeneXpert technology
is highly recommended in populations with a high MDR-TB burden like Ethiopia [12]. The overall
sensitivity and speci�city of GeneXpert in detecting MDR cases were 96.8% and 92.9%, respectively [13].
GeneXpert also has some other advantages: it is easy to train health workers in its use, no risk of sample
cross-contamination, and no need for a speci�c biological safety environment [14].

Many countries, including Ethiopia, are scaling up the use of GeneXpert without evaluating the tests' cost
and cost-effectiveness. Recently, the Ethiopian Federal Ministry of Health (FMoH) recommended routine
testing using GeneXpert at facilities having less than 12 tests per day. However, the scale-up of GeneXpert
as a diagnostic test in a routine healthcare delivery setting might have substantial economic
implications. For example, a study shows that the diagnosis of TB among suspected individuals can
increases the costs of testing from US$28–$49 to $137–$151 per TB case detected when GeneXpert is
used instead of smear microscopy [15]. The absence of information on cost and cost-effectiveness
analysis of this new technology on routine patients hinders policymakers from making decisions to scale
up the services to all facilities in the country. Therefore, this research aimed to evaluate the cost and cost-
effectiveness of the GeneXpert compared to smear microscopy method for the diagnosis of TB
suspected individuals as routine diagnostic testing.



Page 4/20

Methods

Study design and setting
In this cost-effectiveness analysis, we employed a decision analysis model to compare the two TB
diagnostic methods (GeneXpert and smear microscopy). The costing part of this study was conducted
using an institutional-based cross-sectional study design. A costing study was conducted in selected
Health Centers and Hospitals in Arsi Zone from January to February 2019. The Arsi Zone is located about
175 km away from Addis Ababa, and it comprises 28 woredas (districts) and two town administration.
The zone consists of a total of 7 hospitals and 102 health centers. Diagnoses of TB cases were
conducted using GeneXpert in four hospitals only while smear microscopy was conducted in all health
centers and Hospitals.

Description of the interventions
We compared two diagnostic methods: smear microscopy and GeneXpert methods. In the GeneXpert
methods, a single sputum specimen was tested for all persons suspected of TB. The test procedure was
used on fresh sputum samples or other samples. The sputum sample was combined with the reagent, in
a 2:1 ratio for sputum liquefaction and inactivation. Then it was incubated at room temperature for 15–
20 minutes. After incubation, a total of 2 ml of the mixture was introduced into a GeneXpert cartridge,
loaded into a GeneXpert instrument for analysis. The instrument generates the test report automatically
within 2 hours [16]. In the smear microscopy method, all persons were presented with spot-spot sputum
for TB diagnosis.

Model structure
A decision analysis model was developed using TreeAge Pro software version 2019 (Fig. 1). This
economic evaluation was conducted with 1332 suspected TB patients per diagnostic method. TB
prevalence was used as the probability of being positive for each testing method. A positive test result
might be either a Test Positive (True Positive) or a Test Negative (False Positive) based on the diagnostic
techniques' sensitivity. A negative test result might also be either a Test Negative (True Negative) or a Test
Positive (False Negative) based on the speci�city of the diagnostic method.

Identi�cation of cost
Identi�cation, measurement, and valuation of the cost of TB diagnosis techniques were conducted from
the health providers' perspective. All cost for diagnosis of TB suspected individuals with smear
microscopy, and the GeneXpert technique was included. For smear microscopy, different costs like
building space, equipment, overhead, staff, and training were included in cost-effectiveness analysis.
Besides, the cost of quality control conducted every week, and opening new batch reagents were
included. However, the cost of the microscope's annual calibration was not included in the study due to
the absence of data.
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For GeneXpert, the costs of building space, overhead, GeneXpert IV module machine, and accessories
were included. Moreover, the cost of operating staff and training needed for conducting GeneXpert
diagnosis were included in the analysis. Costs of External Quality Control (EQC) and annual calibration of
the GeneXpert module were also accounted for in the analysis. However, for both TB diagnostic methods,
the cost of annual service maintenance was not included due to the absence of cost data.

Measurement of cost
We collected overhead costs, building space, equipment, staff, reagents, and consumables related to each
technique from procurement invoice, expert and managers opinion, a systematic review, and
administration reports available in the health facilities. The cost types and quantity of each resource used
in each diagnostic technique were recorded in the Microsoft Excel 2010 spreadsheet.

Valuation of cost
Cost estimation for compared diagnostic methods was estimated for a one-year time frame using an
ingredients approach method. The cost of reagent and consumables for smear microscopy was obtained
by dividing the gross cost of a given measure of each reagent over the average number of tests that can
be performed using that amount. Besides, the cost of the cartridge for the GeneXpert test was obtained
from a published source [17]. The cost of overhead for each technique was calculated by taking 5% of the
total health overhead cost based on expert opinion and discussion with laboratory head. For buildings, an
expected lifetime of 30 years was used. Laboratory space cost was allocated based on the proportional
size required for conducting TB diagnosis. The cost of quality control (QC) for smear microscopy was
obtained by identifying all resources needed to perform QC and multiplying by the total QC recommended
according to guidelines and SOP in the year. The cost of EQC for GeneXpert was obtained by multiplying
the cartridge cost by the amount of cartridge used in four-term pro�ciency testing. GeneXpert module
annual calibration must be performed every 2000 tests or every 12 months. The cost of the annual
calibration was obtained from the Stop TB partnership. The cost of EQC per test was obtained by dividing
the annual calibration cost over 2000 tests, as recommended by the manufacturer when QC should be
performed [18]. The cost of equipment for each diagnostic method was obtained by dividing the
equipment's annualized cost over the number of tests performed. The useful life of microscopy was
assumed to be ten years and run �ve tests per day. Based on expert opinion and observation, about 100%
and 40% of microscopy use were allocated for smear microscopy at hospitals and health centers.

Concerning the GeneXpert testing, the laboratory utilized four modules GeneXpert machine operating four
simultaneous tests and running for 8 hours per day. The instrument was assumed to have a useful life of
10 years and to process, on average, eight sputum samples per day. We valued personnel cost based on
an estimated proportion of working time spent on TB diagnosis by each method. The smear microscopy
diagnostic procedure assumed to take 35, starting from sputum smear preparation to manual slide
reading. Moreover, we assumed that all procedures related to the GeneXpert method would take 25
minutes per test. The number of training days for conducting tests by AFB smear microscopy and
GeneXpert was assumed �ve days and three days. Data on the cost of training was obtained from
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OPHRCBQAL (Oromia Public Health Research Capacity Building & Quality Assurance Laboratory). Capital
costs were annualized using a standard discount rate of 3% per year as used in similar studies [19, 20].
Local costs were collected in Ethiopian birr and converted to United States Dollars (US$) using exchange
rates by the Commercial Bank of Ethiopia (1US$ = ETB 27.18) [21]. All the costs were adjusted for
in�ation using the consumer price index of the year 2018 as a base year cost.

Model parameters and effectiveness
The effectiveness parameters in this analytic decision model were based on the prevalence of TB and the
diagnostic accuracy of the diagnostic methods. Input for each method was obtained from the published
study on the diagnostic accuracy of the methods and TB prevalence. We used the pooled values as the
base estimates and the 95% con�dence interval (CI) values as the upper and lower limits for the tests'
diagnostic accuracy. For TB prevalence, we took +/- 50% of the average value as upper and lower bounds.
For cost data, we assumed the lower bound and the upper bound to be +/- 20% of the base case values.

Table 1
Parameters used in the decision analysis model

Model input Base value Min Max SD Sources

Test sensitivity GeneXpert 0.88 0.84 0.92 0.02 [13, 16]

Test speci�city GeneXpert 0.99 0.97 1.00 0.01 [13, 16]

Test sensitivity of two smear microscopy 0.79 0.52 0.82 0.13 [38–40]

Test speci�city of Two smear microscopy 0.97 0.94 0.99 0.01 [38–40]

TB prevalence 0.16 0.08 0.24 0.04 [41]

Cost of smear microscopy test negative (US$) 3.09 2.48 3.72 0.31 Primary

Cost smear microscopy test positive (US$) 55.84 44.67 67.01 5.80 Primary

Cost of GeneXpert test positive (US$) 77.84 62.30 93.46 7.79 Primary

Cost of GeneXpert test negative (US$) 12.92 10.34 15.50 1.29 Primary

Data collection
The cost data were collected from selected eight health facilities. The data collection tools were
developed based on the guidelines for cost and cost-effectiveness analysis of TB control prepared by
WHO in 2002. After the pretest was conducted, necessary correction was made on data collection tools.
The data collection process was coordinated and supervised by a hired supervisor and the principal
investigator. Data was collected from the procurement invoice, patient log book, payrolls of salary,
administration report, literature review, and estimates of expert opinion and other responsible bodies.
Trained laboratory technicians collected data after giving two-day training on data collection format. The
extracted data were cross-checked using the TB register, and the principal investigator checked
completeness of collected data.
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Cost-effectiveness analysis
The model's primary outcome measure was the proportion of positive cases detected when each
diagnostic method was used for TB diagnosis in suspected TB individuals. Cost and effectiveness data
were entered and analyzed using Microsoft Excel 2016 spreadsheet. TreeAge Pro version 2019 software
was used to build the decision tree model for cost-effectiveness and sensitivity analyses.

An analytic decision model was developed using TreeAge Pro software version 2019 to estimate the cost-
effectiveness of the routine diagnostic methods for TB's diagnosis. A cost-effectiveness analysis was
performed by putting the diagnostic accuracy, TB prevalence, the proportion of case detected, and costs
of each method into the software. The diagnostic method had payoff one for case detected, while cases
that were not detected had a payoff of zero. In all diagnostic techniques, the cost payoffs were the costs
for the diagnostic method for TB diagnosis. Since there is no widely accepted Willingness to pay (WTP)
threshold for this intermediate outcome (i.e., per case detected), we did not use any threshold, and only
estimated ICER was presented in this study.

Sensitivity analysis
We performed a one-way sensitivity analysis based on input parameters used in the model using the
minimum and maximum values obtained from a literature review. A tornado diagram was used to
illustrate the in�uence of model parameters based on the magnitude of their effects on the ICER. Besides,
we conducted a scenario analysis for low and high values of parameters used in the model. We also
conducted Probabilistic Sensitivity Analysis (PSA) for the distribution of selected variables using Monte
Carlo simulation with 100,000 iterations. The model parameters were speci�ed as a distribution and
varied to see what difference they created on ICER. The result of the analysis was presented using cost-
effectiveness acceptability frontiers, and cost-effectiveness scatters plot. Gamma distribution was used
for cost, while beta distribution was utilized for probabilities.

Results
Among 1,332 study participants diagnosed with smear microscopy, 692 (52%) were male, and 640 (48%)
were female. Out of the total patients diagnosed by smear microscopy, 1258(94.4%) had smear-negative
results, while 74 (5.6%) had smear-positive. About 724 (54.4%) males and 608 (45.6%) females were
tested by the GeneXpert method. Out of patients diagnosed by the GeneXpert technique, 221 (16.6%) had
TB, while about 1,111 (83.4%) were negative for TB (Table 1).
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Table 2
Characteristics of TB suspected patients by testing

techniques
Category Smear microscopy

Frequency (%)

GeneXpert

Frequency (%)

Male

Female

Test positive

Test negative

692 (52.0%)

640 (48.0%)

74 (5.6%)

1,258 (94.4%)

724 (54.4%)

608 (45.6%)

221 (16.6%)

1,111(83.4%)

The unit cost of GeneXpert and smear microscopy methods
The unit cost of smear microscopy and GeneXpert methods varies from facility to facility. The average
unit cost of the test in the smear microscopy group was $3.3 (ranging from $2.4 to $4.96 based on the
annual volume of testing and level of health facilities). The unit cost of the GeneXpert method was
$12.69 and $13.22 for high and low volume testing health facilities (Table 3).

Table 3
Unit cost of smear microscopy and GeneXpert diagnostic method in Arsi zone, Ethiopia, 2019

Health facilities Supplies Overhead and
space

Equipment Staff and
training

Unit
cost

Smear microscopy
sites

         

Bokoji HSP $312.30 $106.74 $210.70 $265.54 $2.79

Bokoji HC $240.98 $59.32 $64.58 $190.29 $3.32

Kersa HSP $214.14 $103.34 $151.88 $170.16 $4.96

Sagure HC $312.30 $59.39 $67.95 $189.95 $2.40

Gobesa HSP $271.97 $103.28 $188.01 $192.33 $3.62

Meraro HC $285.58 $58.21 $66.77 $183.61 $2.68

GeneXpert sites          

Asella HSP $8,002.7 $130.18 $882.18 $543.37 $12.69

R/Didea HSP $6,204.2 $102.06 $879.11 $466.12 $13.22

Note: HC: Health center, HSP: Hospital

Cost per patient tested
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Costs per test conducted were $12.9 for GeneXpert and $3.1 for smear microscopy, respectively. The
smear microscopy costs were attributable primarily to consumables $1.3 (41.3%). Similarly, the main
drivers (82.6%) of GeneXpert's unit cost were the GeneXpert cartridges ($10.7 per test). Overhead costs
associated with performing GeneXpert were low ($0.17 per test) compared to smear microscopy ($0.37
per test) (Fig. 2).

Cost per TB case detected
The cost per TB case detected for smear microscopy diagnostic method was $55.8. The cost of
consumable accounts for $23.0 (41.1%) and the cost of staff accounts for $16.1 (28.9%) of the total
cost. Overhead and equipment cost accounts for 30.01% of the total unit cost. Moreover, the cost per TB
case detected for the GeneXpert testing was $77.9. A higher percentage is attributed to the cost of
consumable (cartridge) $64.3 (82.5%) and equipment $7.97 (10.23%) (Fig. 3).

Scenario analysis of the costs
In the smear microscopy diagnostic method, reducing the useful life of the capital equipment from ten to
�ve years increased the cost of the test to $3.6. If the number of tests performed per day increased to ten,
the test's cost would decrease by 16.13%. Furthermore, allocating 100% of microscopy use at health
centers to smear microscopy increased the cost of the test to $3.3.

In the GeneXpert technique, reducing the cartridge price by 10% and increasing the number of tests
performed per day to sixteen from eight lowered the unit cost of GeneXpert per test to US$ 11.66 and
$11.9, respectively. However, reducing the useful life of the GeneXpert machine and another item to �ve
years increased the cost of GeneXpert by 7.0% (Table 4).

Table 4
A scenario analysis of cost assumptions

Parameter Unit cost
per test

Change
(%)

Cost per case-
detected

Smear microscopy (base-case unit cost = $3.1)      

Reduce the useful life of capital equipment from 10 to
5 years

$3.59 + 15.8 $64.6

Increase the number of tests to 10 per day $2.60 -16.1 $46.7

Allocate 100% of microscopy to smear microscopy at
the health center

$3.32 + 7.1 $59.7

GeneXpert (base-case unit cost = $12.92)      

Reduce the useful life of capital equipment from 10 to
5 years

$13.83 + 7.0 $83.4

Increase the number of tests to 16 per day $11.87 -8.1 $71.6

Reduce the price of the cartridge by 10% $11.66 -9.8 $70.3
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Cost-effectiveness ratio
During CEA, the GeneXpert strategy has a high expected number of cases detected and expected cost
compared to the smear microscopy. The expected cost was $22.2 for the GeneXpert method while it was
$11.1 for smear microscopy. As a result, the GeneXpert diagnostic method's ICER was $729.8 per
proportion of cases detected compared to AFB smear microscopy (Table 5).

Table 5
Incremental cost-effectiveness ratios of GeneXpert compared to smear microscopy

Interventions Cost Inc. Cost Effectiveness Inc. Effectiveness ICER ACER

Smear microscopy 11.1 Ref. 0.009 Ref. Ref. 1218.9

GeneXpert 22.2 11.14 0.024 0.015 729.82 912.4

ACER: Average Cost-effectiveness Ratio; Ref: Reference (Smear microscopy was the reference
strategy)

One-way sensitivity analysis
One-way sensitivity analysis for TB diagnostic methods was presented using a tornado diagram. In a
one-way sensitivity analysis, the prevalence of TB was a vital driver of the ICER of the GeneXpert. The
ICER increases from $530.57 to $1401.13 per proportion of cases detected for TB prevalence from 0.24
to 0.08. Other variables with a moderate in�uence on the model were the speci�city and sensitivity of the
GeneXpert diagnostic methods. The speci�city of GeneXpert ranges from 97–100%, and the ICER would
range from $659.72 to $739.86. Moreover, the ICER ranges from $756.50 to $706.69 for GeneXpert
sensitivity ranges from 0.84 to 0.92 (Fig. 4).

The incremental proportion of TB cases detected, comparing the GeneXpert method to smear the
prevalence of TB infection, mostly in�uenced the microscopy algorithm. The incremental proportion of
cases detected ranges from 7 per 1000 TB suspects to 23.6 per 1000 TB suspects for TB prevalence of
8–24% among TB suspects. However, as the GeneXpert diagnostic method's speci�city increases from
97–100%, the incremental effectiveness declines from 19.1 per 1000 TB to 14.8 per 1000 TB suspects
(Fig. 5).

Probabilistic sensitivity analysis output
A hundred thousand iterations of the PSA showed that the ICER of the GeneXpert algorithm was around
the baseline value. The ICER of the GeneXpert algorithm was $726.8 per proportion of TB cases detected.
The PSA results found that at the WTP threshold of, for example, $1000 per Tb case detected, the
probability of the GeneXpert diagnostic being cost-effective method is about 90% (Fig. 6).

Discussion
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TB is a public health threat despite the availability of advanced diagnostic tools [22]. In order to
successfully control the spread of MTB, cases must be detected and treated immediately. GeneXpert is
one of the advanced diagnostic tools enabling POC for same-day diagnosis and treatment[23]. This study
aimed to evaluate the cost-effectiveness of GeneXpert compared to smear microscopy using an analytic
decision model. An ingredient-based costing approach was employed. In this study, the unit cost per test
for smear microscopy diagnostic technique was $3.1, while the unit cost per case detected was US$ 55.5.

Moreover, the unit cost per test was high for the GeneXpert-based algorithm compared to the
conventional smear microscope technique. This is consistent with studies conducted in Brazil and India
[24, 25] and South Africa [26]. This relatively high cost might be due to expensive equipment and
cartridge and high maintenance costs required by the GeneXpert algorithm compared to the routine
smear microscopy method.

In this study, most drivers of the unit cost of GeneXpert were cartridge and consumable cost (80%).
Moreover, the study result indicated that if the cost of cartridge reduced by 10%, the unit cost would
reduce by 9.75% below the base case. This estimate was similar to a study conducted in South Africa
(47%) [19] and Uganda [27] that indicated the most of the costs of GeneXpert were attributed to the high
price of the cartridge. This estimate shows that the high cost of cartridges can be the major obstacle to
the full implementation of the diagnostic method as a routine test. Therefore, for the full scale-up of this
technology, controlling �nancial sustainability by either increasing TB funding or reductions in cartridge
price is needed, as indicated in another study [28].

In this study, the cost of smear microscopy and GeneXpert in low testing volume health facilities was
$4.96 and $13.22. Our scenario analysis result also revealed that the cost of both diagnostic algorithms
was reduced from the base case estimate by increasing the volume of tests per day. This cost estimate is
in line with �nding from sub-Sahara Africa [29] and Uganda [30] on the cost and cost-effectiveness of the
GeneXpert diagnostic test. The cost of the test method was high in health facilities where their testing
volume was low. The most probable reason was the decrease in cost capital equipment as testing
volume per day increased.

The control of TB is still the problem of developing countries due to the rise of MDR-TB and poor case
detection. This forced countries to raises their concern about using advanced laboratory diagnostic
methods [31]. However, advanced technology should have an acceptable cost and cost-effectiveness to
be used as a routine diagnostic procedure. Our study result demonstrated that GeneXpert testing among
patients with suspected TB is very cost-effective. This cost estimate is in line with a study in China [32]
and the United States [33] that found incorporating GeneXpert in the TB diagnostic algorithms was highly
cost-effective.

Moreover, this study's result was consistent with a study done in South Africa [34] that found that using a
novel diagnostic test (GeneXpert) for TB diagnosis was cost-saving and cost-effective. However, this
�nding contradicted the study in Uganda that found GeneXpert was not cost-effective [27]. This
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difference might be due to the algorithm compared with GeneXpert as MODS has almost similar
diagnostic accuracy and low cost compared with the GeneXpert diagnostic method.

The GeneXpert technique's cost-effectiveness was indicative of the potential use of this method for the
routine diagnosis of TB. However, this advanced technique's cost-effectiveness depends on the
prevalence of TB and the diagnostic accuracy of compared algorithms. In one way, sensitivity analysis,
the ICER of GeneXpert, was more sensitive to the prevalence of TB: As the prevalence of TB increases, the
GeneXpert algorithm becomes the best optimal strategy despite the higher cost. Besides, the ICER of
GeneXpert was moderately in�uenced by the speci�city and sensitivity of GeneXpert diagnostic methods.
Similarly, studies on the cost-effectiveness of GeneXpert indicated that the most driver of ICER of
GeneXpert was the prevalence of TB [35, 36]. On the other hand, other studies result demonstrated that
the diagnostic accuracy of GeneXpert was the most in�uential parameter on the ICER of this test [6, 37]. If
the GeneXpert was used at high TB prevalent areas, the probability of GeneXpert to detect more cases
might increase, and this algorithm could be an optimal strategy.

Even though this study is the �rst of its kind measuring the cost-effectiveness of TB diagnostic method in
Ethiopia, it has some limitations. First, the use of 1-times or 3-times GDP per capita per DALY averted, as
WTP to decide the cost-effectiveness of the strategies may not be directly applicable to our study since
we use an intermediate outcome and the ICER was in terms of cost per TB case detected. Another
limitation of our study is that the outcome data were collected from secondary sources, and it is
impossible to check the accuracy of the test result. Consequently, this can, to some extent, overestimate
or underestimate each method's result during diagnosis. However, as our sensitivity analysis shows, the
overall ICER's overall effect is likely minimal. Failure of the cost-effectiveness analysis to indicate the
affordability of the cost-effective strategy, as we did not conduct budget impact analysis, can also
in�uence the full implementation of results from our study.

Conclusion
The unit cost of GeneXpert is higher than that of the AFB smear microscopy technique. However, the
GeneXpert diagnostic method identi�ed more cases compared to smear microscopy techniques. The use
of GeneXpert as a routine test compared to standard care has ICER of $729.8 per proportion of cases
detected. However, the cost-effectiveness of this technology was in�uenced by the prevalence of TB.
Therefore, the FMOH and Regional Health Bureau and different stakeholders should consider facilities
testing volume, budget, and TB prevalence during the implementation of the diagnostic method as a
routine method.
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Figure 1

Decision tree analysis model for TB diagnostic methods
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Figure 2

Unit cost per test for smear microscopy versus GeneXpert diagnostic methods

Figure 3

Unit cost per TB case detected for smear microscopy versus GeneXpert diagnostic methods Scenario
analysis of the costs
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Figure 4

One-way sensitivity analysis of ICER comparing GeneXpert to smear microscopy method using tornado
diagram.

Figure 5
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One-way sensitivity analysis of incremental proportion case detected comparing the GeneXpert Algorithm
to smear microscopy

Figure 6

Cost-effectiveness acceptability curve comparing GeneXert and smear microscopy technique


