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ABSTRACT

Objective To determine the cost-effectiveness of Xpert
Omni compared with Xpert MTB/Rif for point-of-care
diagnosis of tuberculosis among presumptive cases in a
low-resource, high burden facility.

Design Cost-effectiveness analysis from the provider’s
perspective.

Setting A low-resource, high tuberculosis burden district
in Eastern Uganda.

Participants A provider’s perspective was used, and
thus, data were collected from experts in the field of
tuberculosis diagnosis purposively selected at the local,
subnational and national levels.

Methods A decision analysis model was contracted from
TreeAge comparing Xpert MTB/Rif and Xpert Omni. Cost
estimation was done using the ingredients’ approach. One-
way deterministic sensitivity analyses were performed to
identify the most influential model parameters.

Outcome measure The outcome measure was
incremental cost per additional test diagnosed expressed
as the incremental cost-effectiveness ratio.

Results The total cost per test for Xpert MTB/Rif was
US$14.933. Cartridge and reagent kits contributed to
67% of Xpert MTB/Rif costs. Sample transport costs
increased the cost per test of Xpert MTB/Rif by $1.28.
The total cost per test for Xpert Omni was $16.153.
Cartridge and reagent Kits contributed to over 71.2%

of Xpert Omni’s cost per test. The incremental cost-
effectiveness ratio for using Xpert Omni as a replacement
for Xpert MTB/Rif was US$30.73 per additional case
detected. There was no dominance noted in the cost-
effectiveness analysis, meaning no strategy was
dominant over the other.

Conclusion The use of Xpert Omni at the point-of-care
health facility was more effective but with an increased
cost compared with Xpert MTB/Rif at the centralised
referral testing facility.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Nationally representative data sources for preva-
lence based on a particular population were used to
increase generalisability.

= Sensitivity analysis was done to determine the un-
certainty in the estimates.

= The costing was solely based on the provider’s per-
spective and does not contribute to the WHO End
TB strategy goal to reduce catastrophic costs for
patients with tuberculosis.

= Treatment outcomes as measures of cost-
effectiveness were not measured.

INTRODUCTION

Tuberculosis (TB) remains a global epidemic
infecting approximately one-third of the
world’s population. WHO reported an esti-
mated 10million incident TB cases in 2020
and 1.3million TB deaths among HIV-
negative people with an additional 214000
deaths among HIV people.! Uganda falls
among the world’s top 16 countries that
contribute 93% of the world’s TB burden
and ranks among the top 12 countries with
the highest HIV-TB coinfection globally.'
Uganda has an estimated TB prevalence of
33.7% of TB among HIV-positive people.
The prevalence is almost half (46.3%)
among HIV-positive men compared with
25.2% among HIV-positive women.”® TB case
detection rate in Uganda is low.* The Uganda
National Health Sector Performance report’
indicated the detection rate of all forms of
TB was estimated at 52% with a treatment
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success rate of 54% and a death rate of 5.4% in all diag-
nosed cases.

Insufficient case detection is a persistent obstacle to
furthering the WHO’s stated goal of eliminating TB by
2035.° One strategy for achieving this goal is to enhance
TB case finding by implementing new diagnostic tests with
improved sensitivity and turnaround time, particularly
in settings that primarily rely on sputum smear micros-
copy for diagnostics.” Although the introduction of Xpert
MTB/Rif molecular assay for the detection of TB and
resistance to rifampicin has provided substantial improve-
ments in sensitivity over sputum smear microscopy.” It is
reported to give a false-positive result for strains that carry
phenotypically silent mutations. It has decreased capacity
to detect rpoBCH33G mutations responsible for some
cases of RIF-R™ and occasionally gives false-positive
RIFR results for especially paucibacillary samples.'” In
addition, no evidence to date proves that Xpert MTB/Rif
has provided a substantial clinical impact in reducing TB
morbidity and mortality."* '*

In 2015, Cepheid unveiled the GeneXpert Omni,
(referred to us as Xpert Omni in this study), which is the
world’s most portable point-of-care (POC) diagnostic
test. Xpert Omni runs the same high-quality PCR-based
cartridge tests as Cepheid’s Xpert MTB/Rif Systems. It
can detect TB with concentrations as low as 130 bacilli/
mL of sputum. The Xpert Omni will provide increased
access to rapid TB testing in remote areas with unstable
electricity supply.”” It uses an Xpert Ultra cartridge
whose performance has been subsequently evaluated in
a large 10-site and eight-country study that confirmed its
increased sensitivity for the diagnosis of active TB rela-
tive to the existing standard Xpert MTB/Rif cartridge."®
A multicentre non-inferiority study at 10 sites in eight
low-income and middle-income countries demonstrated
Xpert Omni Ultra cartridge’s general sensitivity was 5%
higher than standard Xpert MTB/Rif cartridge, 17%
higher in smearnegative samples and 12% higher in
HIV-infected patients. However, its general specificity
was up to 3% lower than the standard cartridge.'® Based
on its improved sensitivity, the WHO endorsed the Ultra
cartridge for use in all settings."”

To enhance TB case detection, the Ministry of Health
in Uganda has scaled up the use of Gene Xpert MTB/
Rif as a standard of care for TB diagnosis at hub labora-
tories. In Serere district, GeneXpert testing is centralised
at the hub laboratory located in Serere Health Center IV.
Peripheral facilities refer smear-negative samples to this
hub. There is still inadequate capacity to provide labo-
ratory confirmation of TB by Xpert MTB/Rif at POC in
lower facilities due to the complexity of its technology
and high costs. This is contributing to gaps in finding,
treating and following up on patients with TB in remote
peripheral facilities.

GeneXpert Omni is userfriendly compared with the
standard of care test and maybe a better POC PCR test
to be used at the peripheral facilities that are ordinarily
transporting samples to the centralised testing laboratory

hub. However, there is no certainty that the improved
sensitivity of Xpert Omni is worth the cost when applied
as a POC test. As to whether the increased sensitivity of
Xpert Omni is worth the cost is not known since no such
studies have been done in a similar setting. We thus set
out to establish the cost-effectiveness of Xpert MTB/
Rif compared with Xpert Omni for its use at POC in a
high-burden, low-resource setting in a remote district in
Eastern Uganda.

METHODS

Study site and design

The study was done in Pingire Health Center III, Serere
district in Eastern Uganda. This facility serves the fishing
communities of Lake Kyoga with demonstrated high prev-
alence of HIV, a risk factor for TB." We used a decision
tree to support cost-effect analysis. The analysis was done
from the providers’ perspective. The providers included
the Ministry of Health, donor agencies and imple-
menting partners. The reference case used in the cost-
effect analysis was an HIV-positive male adult presumptive
TB case above 35 years without previous TB. This case was
chosen because the incidence of TB in Uganda among
this population is higher than in all other populations. It
is a population with poor health-seeking behaviour that
would benefit more from the POC diagnosis.” The time
horizon for cost-effectiveness was about 1 month, which
includes the time from identification of the presumptive
cases to the final determination of TB status by either
method. The model did not include the long-term effects
of missed diagnoses and delays in treatment.

Description of study alternatives

The comparator was the standard of care (Xpert MTB/
Rif), which consists of the instrument, a computer and a
barcode scanner and requires single-use disposable Xpert
MTB/Rif cartridges that contain assay reagents. This is
a four-module cartridge-based nucleic acid amplification
test automated to detect MTB DNA and RR. The Xpert
MTB/Rif detects DNA sequences specific for MTB and
RR by PCR. The primers in the Xpert MTB/Rif assay
amplify a portion of the rpoB gene containing the eight
base pair ‘core’ region. The probes can differentiate
between the conserved wild-type sequence and muta-
tions in the core region that is associated with resistance
to RIE." The Xpert MTB/Rif purifies and concentrates
TB bacilli from sputum samples, isolates genomic mate-
rial from the captured bacteria by sonication and subse-
quently amplifies the genomic DNA by PCR. The process
identifies all the clinically relevant Rifampicin Resistant-
inducing mutations in the RNA polymerase beta (rpoB)
gene in the Mycobacterium tuberculosis genome in a real-
time format using fluorescent probes called molecular
beacons.”’ The steps involved in processing the sample,
amplification and detection of the mycobacterial DNA
are automated. This enables reporting of test results in
9_3hours.? The Xpert MTB/Rif machine is located at
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the hub laboratory, which serves the entire district and
lower facilities refer samples through the sample referral
system facilitated by riders.*

The intervention was the Xpert Omni. Xpert Omni is
a single-module battery-powered platform whose mech-
anism of operation is the same as the Xpert MTB/
Rif. The Xpert Omni platform operates on a unique
cartridge with a near-field communication (NFC) chip
for connectivity and data transfer. The device is small
and portable, durable, battery-operated, wireless and web
enabled, allowing instrument and test information to be
transmitted in real time. Its cartridge technology uses
advanced fluidics that regulates the testing process within
the cartridge from nucleic acid extraction to amplifica-
tion to detection. The intuitive user interface is driven by
a dedicated mobile that controls a single module. Secure
cloud-based connectivity integrates real-time data streams
for greater productivity and performance. The mobile
device to a single module enables the placement of the
device in all testing environments.'” The device provides
increased access to rapid, accurate and potentially life-
saving TB testing in some of the most remote areas. Due
to the portable nature of the device and it being battery
powered, the testing can be done at lower health facilities
without electricity supply as opposed to transporting TB
samples to a centralised testing laboratory hub.

Cost of data collection

Cost estimates of Xpert MTB/Rif and Xpert Omni
machines, accessories, cartridges, calibration and
warranty were obtained from the negotiated prices
provided for low-income countries.” Additional infor-
mation was obtained from budgetary documentation
reviews, procurement guides and publicly available
product information. Expert opinion about the cost of
inputs was sought from suppliers, implementing part-
ners, district health officials, laboratory personnel and
sample transporters. Previous costing studies in Uganda
were reviewed to validate these estimates.” ** Costs asso-
ciated with sample collection, biosafety requirements and
transportation to the hub were estimated from Pingire

Health Center III and Serere Health Center IV. More cost
data were obtained from the literature, national medical
stores’ price catalogue,” joint medical stores’ price cata-
logue® and health facility records such as delivery notes,
budgets and invoices. Cost data for Xpert Omni was
mostly got from literature (table 1) and expert opinion
from the National TB Reference Laboratory in Kampala
because the machine was not available at the study site.

Costing inputs

Costs for Xpert MTB/Rif included: Xpert MTB/Rif
four-module machine, power back-up, printer, installa-
tion and building space. Other costs for Xpert MTB/Rif
include standard cartridge and reagent kit, staff salary,
sample transport costs, calibration costs, maintenance,
staff training costs, utilities and consumables. Costs for
Xpert Omni included: Xpert Omni machine and accesso-
ries; installation costs; supplemental rechargeable power
battery and iPhone 5; building space; maintenance, ultra-
cartridge plus CFC chip; calibration; network running
cost; charging batteries; staff salary; staff training; utilities
(water and power); and consumables (sample collection
and biosafety requirements).

Costing approach

The bottom-up (ingredient costing) approach was used to
determine the costs incurred when carrying out a single
test if the same sample is subjected to either Xpert MTB/
Rif test or Xpert Omni. Microcosting was conducted by
exhaustively identifying all the inputs and their specific
quantities required to perform a single test in each test
method. The resources used associated with the Xpert
MTB/Rif test were measured through observation of
standard operating procedures as the laboratory tech-
nician performed the tests at the hub. Staff salary was
allocated to the time required to analyse one sample for
Xpert MTB/Rif and one sample of Xpert Omni. For both
Xpert Omni and Xpert MTB/Rif, a staff was assumed
to work for 260 days annually. It required 2hours and
40 min to prepare, incubate, process and generate results
for four samples in the Xpert MTB/Rif. The Xpert Omni

Table 1 Decision model parameters
Parameter Base case value (%) Low (%) High (%) Source/reference
Prevalence of TB among HIV-positive patients. 20 10 30 3, 40
Xpert MTB/RIif (standard cartridge)
Sensitivity 77 68 84 16, 33, 30
Specificity 98 97 99 16, 31, 30
Cost of Xpert MTB/Rif 14.924 12.547 17.301 Primary cost data
Xpert Omni (Ultra cartridge)
Sensitivity 90 83 95 16, 36
Specificity 96 94 98 16, 36
Cost of Xpert Omni 16.153 13.58 18.726 Primary cost data

TB, tuberculosis.
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processes one sample at a time, and it requires approx-
imately 1hour and 30min to prepare, incubate, analyse
and record results.

The useful life span of both the Xpert MTB/Rif and
Xpert Omni was assumed to be 5years,”? " and 100% of
their use was allocated to TB testing. Based on the capacity
of each machine to deliver results four times within eight
working hours, the Xpert MTB/Rif test would perform
an average of 16 tests per day, while Xpert Omni runs an
average of four tests per day for all suspected TB cases
irrespective of age and sex. The cost of the supplemental
power battery for Xpert Omni was assumed to be 10%
of the cost of the power backup of Xpert MTB/Rif. The
manufacturer recommends an iPhone 5 as an appro-
priate mobile device for Xpert Omni to relay results,
and thus, its cost was considered in the analysis. Network
service costs were obtained from the Xpert Omni fact-
sheet 2018.%

The motorcycle was used to transport sputum, blood,
viral load and early infant diagnosis samples in varying
quantities per month. A proportion of the useful life
of the motorcycle, sample carrier, expenditure on the
resources (fuel, maintenance and communication) and
hub rider’s salary was allocated to sputum samples trans-
ported. The cost per sample was then determined by
dividing the cost incurred for each cost item by the total
number of sputum samples transported. Information
from the riders’ register as of 30 April 2018 showed that
an average of 244 sputum sample areas were transported
to the GeneXpert site per month. This represents approx-
imately 30% of all the sample categories transported to
the hub. Therefore, 30% of the useful life of the motor-
cycle, sample carrier, expenditure on the resources (fuel,
maintenance and communication) and hub riders’ salary
were allocated to transporting sputum samples.

We assumed that one technician required a 5-day
training in using Xpert Omni or Xpert MTB/Rif per year
and that Xpert cartridge procurement and transportation
would equal 10% of the US$10 cartridge list price, based
on consultation with experts from National Tuberculosis
Reference Laboratory and The AIDS Support Organisa-
tion. The cost of shipping the Xpert MTB/Rif or Xpert
Omni system was incorporated into the original conces-
sional price. Annual maintenance would be based on
annual warranty cost with a 5-year expected lifetime.* We
assumed building space occupied by Xpert MTB/Rif to be
5% of the total cost each year given the assumed expected
lifetime of 30 years, and Xpert Omni was assumed to take
10% of the space occupied by Xpert MTB/Rif.

Valuation and quantification of inputs

All costs were estimated as of mid-2018 prices and
converted to US dollars using published exchange
rates. The local costs were converted using the average
exchange rate of 3730 Uganda shillings to US$1 as of 15
June 2018. Because of the differential timing of costs,
all future costs were not discounted at recommended
inflation discount rate of 3% per year™ because the time

horizon was 1month, and the valuation of inputs was
done at one point in time in June 2018. A unit cost per
test was calculated by dividing the cost of the equipment
by the total adjusted number of tests it would perform
in its useful lifetime. For example, an Xpert MTB/Rif
machine has capacity to run 16 tests a day, 4160 tests per
year and 20800 tests in 5years of its life. With the total
cost of the machine being US$17 000, the unit cost per
test would be 17 000/20 800 giving US$0.817. A similar
approach was used in determining the costs allocated per
test for all other equipment used in Xpert TB testing.

Decision analysis model for cost-effectiveness analysis

A decision tree analysis model (figure 1) was constructed
using TreeAge V.2015 software (TreeAge Pro Inc, William-
ston, Massachusetts, USA) to compare the diagnostic
outcomes and costs of GeneXpert MTB/Rif and GeneX-
pert Omni. A positive test was either a true positive or a
false negative based on the sensitivity of Xpert Omni or
Xpert MTB/Rif. A negative test was either a true negative
or a false positive based on the specificity of Xpert Omni
or Xpert MTB/Rif.

Sensitivity analysis

One-way deterministic sensitivity analysis was performed
in the TreeAge software to identify the most influential
model parameters and to test the robustness of the model.
Uncertainty was centred on the costs, sensitivity and speci-
ficities of the Xpert MTB/Rif and Xpert Omni. A param-
eter was considered sensitive if the possible changes
altered the incremental cost-effectiveness ratio (ICER)
sufficiently to switch preference to the alternative. Sensi-
tivity analysis was majorly centred on the costs because
the values were majorly obtained from expert opinion
and fluctuating market prices. Costs for both tests were
reduced by half and increased by half to ascertain their
impact on cost-effectiveness. Analysis was also performed
on sensitivity, specificity and prevalence because the values
used in the model were obtained from previous studies
that gave varying values. Analysis was performed from the
model by adjusting the model parameters of Xpert MTB/
Rif and Xpert Omni tests based on the minimum and
maximum values from published literature.® '° 2750-35 7R
prevalence corresponding to the national estimates at the
time of the study obtained from reports and systematic
reviews were used in the analysis.! ***

The useful life of each Xpert machine varied between 5
and 10 years. The average number of tests performed per
day by Xpert MTB/Rif varied between 8 and 24 tests per
day. The tests done by Xpert Omni varied between two
and eight tests per day. Different prices of the standard
and ultra-cartridges for Xpert MTB/Rif and Xpert Omni,
respectively, were varied by using costs obtained from
market prices at the time of the study. The percentage
allocated for staff time varied from 10% to 30% due
to fluctuations in the number of patients per day. TB
prevalence varied from 159/100 000 to 253/100 000 as
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reported by Uganda’s national population-based TB prev-
alence survey (2014-2016).%

Effectiveness outcome measure

The model’s primary effectiveness outcome measure was
incremental cost per additional PTB test diagnosed when
the Xpert MTB/Rif test or Xpert Omni test was used for
TB diagnosis among presumptive cases. A positive test was
either a true positive or a false negative and a negative test
was either a true negative or a false positive based on the
sensitivity and specificity of Xpert Omni or Xpert MTB/
Rif. Estimates for sensitivities and specificities of the tests
were obtained from pooled values from the systematic
reviews and clinical trials that took mycobacterial culture
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Decision analysis model for cost-effectiveness analysis.

as a reference standard.'®*’*' ** TB prevalence from the
Uganda national TB survey of 2016 was considered for
analysis, and model probabilities (table 1) were entered
and analysed in TreeAge Pro version 2017 software
(TreeAge Pro Inc).

Cost-effectiveness outcome measure

The cost-effective analysis outcome measure was incre-
mental cost per additional Pulmonary Tuberculosis test
diagnosed expressed as the ICER. The ICER was defined
as the change in costs over the change in the effectiveness
of moving from Xpert MTB/Rif to Xpert Omni expressed
as USD per TB patient diagnosed. The cost per diagnostic

Xpert Omni positive
N <] [16.15 1.00; P=0.180
TB Positive 0.900
16151090 |
0.200 Xpert Umni negative
N ) <] [16.1510.00, P=0.020
Apert omnt
v 16,151 0.21 0.100

Xpert Omni positive

TB Negative

Presumptive TB cases

[Xpert MTB/RIE 1492 017 |

Prev. TB=02
Sensitivity_MTBrif = 0.78
Sensitivity_Omni = 0.9
Specificity MTBrif = 0.98

Totalcost MTBrif = 14.924
Totalcost_Omni = 16.153

| Xpert MTBRi

14.9210.17

<
0.040
-
0.800 Xpert Umni negative

0.960
Xpert MTB/R{f positive

TB Positive 0.780
Hic 3 \ 14.9210.78
specificity_Omni = 0.96 \ 0.200 Xpert MIB/RE negative

0.220
Xpert MTB/R{f positive

0.020

TB Negative 02
14.9210.02 .
0.800 Xpert MIB/KE negative

0.980
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Table 2 Cost estimates for Xpert MTB/Rif (US$)

Inputs Total cost Cost per test Source
Capital costs
Xpert MTB/RIf four module machine 17000 0.817 Invoice
Power back-up 2680.96 0.129 Invoice
Printer 100 0.005 Invoice
Installation costs 537.6 0.064 Invoice
Building space allocation per test 0.12 Primary data
Overhead costs
Standard cartridge and reagent 10 10.0 Invoice
Staff salary 51 0.15 Salary payslips
Aggregated transport costs per test 1.28 Primary data
Calibration kit per 2000 tests 450 0.225 Invoice
Maintenance per year 335 0.084 Budget document
Training costs (5days) per year 284 0.85 Budget document
Utilities (water, power) per month 23 0.82 Invoice
Aggregated consumables per test 0.38 Delivery notes
Total cost per test 14.924

outcome was used as a more proximal measure for
exploring the key drivers of cost-effectiveness (figure 2).

Summary of assumptions

This study used the concessional prices of the Xpert
MTB/Rif and Xpert Omni machines and cartridges
that are provided for resource-poor settings. The study
assumed that all the overhead costs of laboratory infra-
structure, installation costs, sample collection require-
ments and biosafety requirements were equal for both
tests. The useful life of the motorcycle and sample carrier
was assumed to be 10 years as per the donor’s grant
requirements to the implementing partner. A presump-
tive TB case was assumed to have had cough and fever for
2weeks or more, excessive night sweats and a noticeable
loss of weight or current cough for HIV-positive patients.3
A hypothetical population of 10000 patients was used
in the analysis to determine the effectiveness of the test
methods under study.

Patient and public involvement
None.

RESULTS

Cost per test for Xpert MTB/Rif and Xpert Omni

The total cost per test for Xpert MTB/Rif was US$14.933
(table 2). Cartridge and reagent kits contributed to 67%
of Xpert MTB/Rif. Sample transport costs increased the
cost per test of Xpert MTB/Rif by $1.28.

Table 3 shows the total cost per test for Xpert Omni.
Cartridge and reagent kits contributed to over 71.2%
of Xpert Omni’s cost per test. The cost of the near field
communication (NFC) chip increased the price of the
Xpert Omni Ultra cartridge by $1.5.

Effectiveness and cost-effectiveness

In the analysis involving a cohort of 10000 presumptive
TB cases with an average prevalence of 20% among HIV-
positive patients, the test method using Xpert Omni would
diagnose 2120 patients compared with 1720 patients
diagnosed by Xpert MTB/Rif (table 4). The average cost-
effectiveness of using Xpert MTB/Rif was US$86.77 per
TB patient diagnosed compared with US$76.19 when
Xpert Omni was used. The ICER for using Xpert Omni
as a replacement for Xpert MTB/Rif was US$30.73 per
additional case detected. There was no dominance noted
in the cost-effectiveness analysis meaning no strategy was
dominant over the other. From the cost-effectiveness
plane shown in figure 3, it is observed that the GeneX-
pert Omni is more effective but with an increased cost
compared with Xpert MTB/Rif although Xpert MTB/Rif
was not dominated.

Sensitivity analysis

Sensitivity analysis was done on the input costs and proba-
bility variables in the model for both Xpert MTB/Rif and
Xpert Omni (figure 4). This was done to determine which
variables had an impact on the ICER. All variables were
assigned too low and high ranges as shown in table 1. The
model remained robust for plausible variations in the
sensitivities, specificities and prevalence. The model was
however sensitive to variations in the costs over time when
adjusted for differential timing of the useful life of the
GeneXpert machines (figure 4).

DISCUSSION
Findings show the average cost-effectiveness of using
Xpert MTB/Rif was US$86.77 per TB patient diagnosed
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Table 3 Costs estimates for Xpert Omni (US$)

Inputs Total cost Cost per test Source
Capital costs
Xpert Omni machine and accessories 5135 0.96 15
Installation costs 537.6 0.064 Assumption*
Supplemental rechargeable battery 268.1 0.052 Assumption*
iPhone-5 649 0.031 Local market costs
Building space allocation per test 0.12 Primary data
Overhead costs
Ultra-cartridge plus CFC chip 11.5 11.5 &)
calibration cartridge per 2000 tests 450 0.225 &)
Network running cost estimate per year (Vodacom) 550 0.55 &)
Cost of charging batteries 0.27 0.067 Expert opinion
Staff salary allocated for Omni test 51 0.45 Salary payslips
Maintenance per year 335 0.084 Assumption*
Training costs (5days) per year 284 0.85 Assumption*
Utilities (water, power) per month 23 0.82 Assumption*
Consumables per test 0.38 Assumption*
Total per test 16.153

*Assumption shows the costs of Omni that are assumed to be equal to the costs of Xpert MTB/Rif.

compared with US$76.19 when Xpert Omni was used. The
findings indicate that Xpert Omni would be a more effec-
tive strategy at a point of care. Therefore, the placement
of Xpert Omni at POC could facilitate increased TB case
detection. TB diagnosis in patients who harbour lesser
quantities of the bacilli such as children, HIV positive
cases and sputum smear-negative presumptive cases. This
would in turn reduce early morbidity.”® Related studies
that compared Xpert MTB/Rif to culture had found that
Xpert was the least costly at reducing early mortality.” *®
The ICER for using Xpert Omni as a replacement
for Xpert MTB/Rif was US$30.73 per additional case
detected. This means that it shall require an additional
US$30.73 for every additional TB case diagnosed by
Xpert Omni. The Xpert Omni was however not dominant
over the Xpert MTB/Rif. There are no cost-effectiveness
studies published currently that have reported ICERs
comparing Xpert Omni to Xpert MTB/Rif. However,
studies that have compared the Xpert Ultra cartridge
used in Omni and Xpert MTB/Rif cartridge have found
the Ultra cartridge more effective in detecting PTB and
rifampicin resistance. The Xpert Ultra cartridge was

reported to be superior to the standard cartridge for TB
case detection in participants with sputum smear-negative
pulmonary TB. Xpert Ultra had superior sensitivity for
TB case detection in HIV-infected persons.'®*

The study found that the estimated average total cost
per testfor Xpert MTB/Rif was US$14.924 and US$16.153
for Xpert Omni. This finding of the cost of Xpert MTB/
Rif'is slightly higher than that reported in a previous eval-
uation study in Uganda that found that the average cost
of an Xpert MTB/Rif was US$12.41.2* However, other
similar evaluations based on the observed mean monthly
volume of 54 tests per site found the mean unit cost of
Xpert to be US$21.% In this study, however, the cartridge
and reagent kit costs accounted for 67% of Xpert MTB/
Rif and over 71% of Xpert Omni cost per test less than
84% reported in Walusimbi’s study for Xpert MTB/RIif.
The evidence the cost of Xpert per test at POC in South
Africa was higher than our estimates due to the increased
price of the cartridge and reagent kit, which was set at
$14.00. The cost per test of Xpert MTB/Rif was found to
be US$26.54 for laboratory placement and US$38.91 for
point-of-treatment placement.”

Table 4 Cost-effectiveness table comparing Xpert MTB/Rif and Xpert Omni

Strategy Cost Inc.cost Eff Inc.eff Av. CER ICER Dominance
Xpert MTB/Rif 149240 1720 0 86.77 Undominated
Xpert Omni 161530 12290 2120 400 76.19 30.73 Undominated

Av.CER, average cost-effectiveness ratio; Eff, effectiveness; ICER, incremental cost-effectiveness ratio; Inc.cost, incremental cost; Inc.eff,

incremental effectiveness.
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Figure 3 Cost-effectiveness plane.

This study suggests that although the Xpert Omni test
has cost implications, its use at POC would improve the
diagnostic capacity, supplement the use of ZN micros-
copy for diagnosis, reduce the number of sputum
samples collected, reduce the need for sputum sample
transportation, reduce the median time to treatment
initiation and ultimately reduce pretreatment loss to
follow-up resulting from prolonged waiting for results
after referral of samples. Implementation of Xpert Omni
is likely to enable immediate identification of both non-
drug and drug-resistant TB and improve the proportion
of patients initiated on treatment. However, to maximise
patient-level outcomes of the new diagnostic tool, it will
require improvements in monitoring treatment through
follow-up tests, interventions to reduce pretreatment loss
to follow-up and time-to-treatment initiation.

This study had some limitations. First, the studyincluded
costs of Xpert MTB/Rif and Xpert Omni estimating diag-
nostic costs based on only the service providers’ perspec-
tive. It is therefore possible that we underestimated the
true diagnostic costs faced in the implementation of the
Xpert MTB/Rif and likely costs by Xpert Omni, especially
by the society. Second, since the study did not measure
the costs and outcomes related to treatment, survival and
disability, cost-effectiveness was not measured in terms
of cost per disability-adjusted life year averted, which are
more robust measures of cost-effectiveness. The results
maybe further weakened due to the fact probabilistic
sensitivity analysis to quantify the amount of uncertainty
and produce cost-effectiveness based on willingness to

Sensitivity Analysis

2000 @ Xpert MIBRIf
A- Xpert omni

Incr. Cost-Effectiveness

16153

148665
17.4395
18726

cost omni

Figure 4 Sensitivity analysis.

pay was not done. Third, the cost-effectiveness analysis is
quite limited as it included only male Tuberculosis - HIV
coinfected patients; thus, it is difficult to generalise this
study to other populations with different prevalence rates.

Xpert Omni is an innovation with limited literature
and robust supporting evidence for its adoption in the
national TB testing algorithm. These Cost Effectiveness
Analysis (CEA) results should only be interpreted and
implemented with supporting evidence from robust
studies such as the Xpert Omni performance (XPEL-TB)
parallel cluster-randomised study in Uganda and another
pragmatic clusterrandomised controlled trial of GeneX-
pert Omni combined with the Xpert MTB/Rif Ultra
for detection of TB and rifampicin resistance in adults
with presumptive pulmonary TB at primary-level diag-
nostic centres in Tanzania. Further research is therefore
needed to evaluate the performance of the GeneXpert
machine in the local setting. Since our analysis focused
on a specific population with a prevalence of TB as at the
time of data collection, these results are bound to change
with changes in prevalence rates from other populations.
Further research on the general population is needed
to provide generalisable findings. However, these find-
ings are indicative of Xpert Omni being a potential cost-
effective point of care test compared with Xpert MTB/
Rif.
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