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Abstract

Introduction: The molecular test Xpert MTB/RIF (Xpert) has been recommended for use in the diagnosis of pulmonary
tuberculosis (PTB); however, data on the cost of incorporating it under routine conditions in high-burden countries are scarce.
The clinical impact and costs incurred in adopting the Xpert test in routine PTB diagnosis was evaluated in a prospective study
conducted from November 2012 to November of 2013, in the City of Rio de Janeiro, Brazil. Methods: The diagnostic and
therapeutic cascade for TB treatment was evaluated using Xpert in the first stage (S1), and sputum smear microscopy (SSM) in
the second stage (S2). The mean costs associated with each diagnostic test were calculated including equipment, human resources,
supplies, and infrastructure. Results: We included 232 subjects with probable TB (S1 =87; S2 = 145). The sensitivities of Xpert
and SSM were 91.7% (22/24) and 79.1% (34/43), respectively. The median time between triage and TB treatment initiation in S1
(n=24) was 14.5 days (IQR 8-28.0) and in S2 (n =43) it was 8§ days [interquartile range (IQR) 6-12.0]. The estimated mean costs
per examination in S1 and S2 were US$24.61 and US$6.98, respectively. Conclusions: Compared with SSM, Xpert test showed
a greater sensitivity, but it also had a time delay with respect to treatment initiation and a higher mean cost per examination.
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INTRODUCTION

Tuberculosis (TB) has become one of the top 10 causes
of death worldwide, being the major cause of mortality
among infectious diseases in 2015'2, with about 10.4 million
people becoming infected with TB, and 1.8 million dying
from this disease [including 0.4 million patients with human
immunodeficiency virus (HIV)]. Since 2008, the World Health
Organization (WHO) has prioritized the early diagnosis of
TB through new molecular technologies, which allow for
the adoption of appropriate measures, for both treatment and
infection control in the community**.
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Since 2010,the WHO has recommended the Xpert MTB/RIF
test (Xpert) as a substitute for the sputum smear microscopy (SSM)
test for TB diagnosis in adults and children'.In clinical trials that
analyzed the use of Xpert in TB diagnosis in comparison with SSM,
the Xpert test increased the number of bacteriologically-confirmed
TB patients, reduced the time between triage and treatment
initiation, but did not reduce either mortality or the number of
patients lost to follow-up’.In addition, a recent survey in South
Africa, using primary data obtained under routine conditions,
found that the use of Xpert was not cost-effective®. These
results indicate the need for studies that can evaluate the clinical
impact and costs of incorporating new diagnostic technologies
for TB, under routine conditions, in high-burden countries™.

In Brazil, owing to the low access to TB diagnosis in some
regions'®!! higher rates of mortality per 100,000 inhabitants due
to TB occur in the States of Rio de Janeiro, Pernambuco, and
Amazonas, being, 5.0, 4.5, and 3.2 respectively'.
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In a clinical trial performed in the Cities of Rio de Janeiro
and Manaus, using secondary data obtained from the Integrated
Laboratory System (ILS) and Disease Notification system
(DNS), compared to SSM, the use of Xpert resulted in a) a higher
proportion of bacteriologically-confirmed TB, a shorter time to
treatment initiation'?, and a lower cost'?, but there was no impact
on TB treatment outcomes'¥. Under this scenario, the Xpert
test was introduced into the Brazilian Health System in 20135,

In the present study, using primary data obtained from a
health unit in Rio de Janeiro City, we compared the care process
indicators related to the diagnostic and treatment cascades for
patients with probable TB, and the mean costs incurred using
either Xpert or SSM.

METHODS

Patients: A prospective, descriptive, analytical study was
conducted from November 2012 to November 2013, at the
Policlinica Augusto Amaral Peixoto (PAAP), a health unit located
in Guadalupe neighborhood at Programmatic Area AP 3.3, in
the city of Rio de Janeiro. Following the recommendations of
the Ministry of Health, eligible patients were defined as having
signs and/or symptoms suggestive of pulmonary TB, were older
than 12 years of age, were either male or female, had initiated or
not TB treatment at PAAP, and were residents of Rio de Janeiro
City's. Subjects with a history of coughing, hemoptysis, and/
or abnormalities on a chest X-ray compatible with pulmonary
TB, who signed the informed consent form, and those that
had their respiratory samples analyzed by Xpert or SSM were
included. Subjects whose clinical samples were not submitted for
mycobacterial culture, whose diagnosis was extra-pulmonary TB,
or who had already started an anti-TB treatment were excluded.

Confirmed bacteriological TB was defined as a positive culture
result, and Empirical TB treatment was defined when anti-TB
treatment was started by a physician based on the patient's symptoms
and clinical history, before having access to the laboratory test result'®.

Zichl-Neelsen staining and culture for mycobacteria were
used, following standard laboratory recommendations and
the Xpert test was performed according to the manufacturer’s
recommendations'”'8,Cultures for mycobacteria were carried
out in Lowenstein-Jensen or BACTEC™MGIT™960 systems
at the Mycobacteriology Laboratory of the University Hospital
Clementino Fraga Filho [Hospital Univeristdario Clementino
Fraga Filho (HUCFF)], Federal University of Rio de Janeiro
[Universidade Federal do Rio de Janeiro (UFRJ)], and the
Evandro Chagas Clinical Research Institute [ /nstituto de Pesquisa
Clinica Evandro Chagas, (IPEC)], Oswaldo Cruz Foundation
[Fundagcdao Oswaldo Cruz (FIOCRUZ)].The clinical samples
were collected in two stages, stage 1 (Nov 2012-April 2013) and
stage 2 (May-November 2013). In stage 1, Xpert was performed at
the Souza Marques Family Clinic located in another neighborhood
(Madureira), and in stage 2, owing to a lack of Xpert supplies,
SSM was reintroduced for TB diagnosis at PAAP.

Anti-HIV testing was proposed for patients who started anti-
TB treatment, following the guidance of the Ministry of Health
Standards Manual'®. Lost to follow-up cases were called when
the patient did not attend the health unit after two pre-scheduled,
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unfilled consultations. In cases of death, the medical records
were evaluated to confirm its relationship to TB.

Cost analysis

Following the recommendation of the Ministry of Health for
Health Technologies Evaluation', the costs associated with Xpert
and SSM were evaluated. The items evaluated were classified
into four different categories: equipment, human resources,
inputs, and infrastructure (electricity, safety, water, cleaning).
The appropriation method was used to estimate the mean cost
which was calculated by adding up all the monthly expenses of
the Laboratory associated with the exam, divided by the number
of exams carried out in one month. This had the advantages that
it simplified calculations and the information was easy to obtain.

It should be noted that the calculation of the item infrastructure
cost involved the use of the so-called apportionment method™.
For this, the values of the unit's total assets were known, and the
proportion used by each item in the laboratory was calculated.
The item human resources, was calculated as follows: (salary
of the professionals X amount of human resource per category
X the average dedication devoted to the accomplishment of the
procedure by category) / the total examinations. With regard to
estimated inputs costs we used a series of parameters to compute
the expenditure published elsewhere?!, which inform the model,
the average expenditure for each one to perform the exam. The
expenditure of the input by exam was multiplied by its market
price (at the time), divided by the total of exams made. In the
case of equipment, the amount of equipment was multiplied
by the price of the equipment used, discounting a depreciation
rate of 5%, obtained from its useful life divided by the total
of examinations carried out in the month. These values were
converted for US$, according to Brazil's central bank exchange
rate (November, 2013).2? The time (in days) from triage to TB
treatment initiation was used as a measure of the effectiveness of
the diagnostic procedure. A predicted cost effectiveness analysis
that incorporates the loss, in terms of costs, and the gain, in terms
of effectiveness, was performed using Xpert compared with the
traditional technology, sputum smear microscopy.

Statistical analysis

We compared the socio-demographic data and the clinical
characteristics between the patients in stage 1 and stage 2. For
categorical data, percentages, chi square tests, and odds ratios
were used. For variables, measures of central tendency, such
as median and quartiles, were used. For analysis of the time
between triage and process indicators linked to the diagnostic
and therapeutic cascade, analyses were performed to compare
continuous variables with normal and non-normal distributions,
such as the t-test and Mann Whitney test. To verify if there was
a difference between proportions, the 95% confidence interval
was used. The analyses were performed using the statistical
package SPSS, version 20.0.

Ethical considerations

The Research Ethics Committee of Faculdade de Medicina,
Hospital Universitdario Clementino Fraga Filho, Universidade Federal
do Rio de Janeiro approved the study under number 019/07.17.
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RESULTS

During the study period, 411 subjects with probable TB were
deemed eligible (146 in stage 1 and 265 in stage 2). Among
these, 232 (56.4%) were included in the study; 87 in stage
1 and 145 in stage 2. TB treatment was initiated in 67 (28.8%)
patients; 24 (27.6%) in stage 1 and 43 (29.6%) in stage 2. The
Xpert test used in stage 1 was positive in 22/24 (91.7%) patients,
and the SSM used in stage 2 was positive in 34/43 (79.1%)
patients (Figure 1).

From the data shown in Table 1, we observed that in both
stages, there was a predominance of male patients (70.2%),
a black or brown skin color (77.1%), economic class C and
D (84.5%), lower levels of schooling (87.5%), and smokers
or ex-smokers (65.5%). In addition, there was a high rate of
contact with pulmonary TB (34.9%) and a past history of TB
(22.8%). The empirical treatment ratio was higher in stage 1
(7.7%) than in stage 2 (2.4%). No significant differences were
observed when comparing stage 1 and 2 with respect to socio-
demographic and clinical variables.

In stage 1, the time from the triage and laboratory results,
receipt of the laboratory results by health professionals,
and initiation of TB treatment were, 4, 13, and 14.5 days,
respectively. In stage 2, the time from the triage and laboratory
results, receipt of the laboratory results by health professionals,
and the initiation of TB treatment were, 3, 7, and 8 days,
respectively. Comparing stage 1 to stage 2, the times (in
days) from triage and receipt of laboratory results by health
professionals and treatment initiation were significantly longer
with Xpert (p <0.001), but there was no difference between

triage and sputum collection and laboratory results release
(p =0.06) (Table 2).

Table 3 shows that there was no difference between the
TB treatment outcomes among the TB patients diagnosed in
stage 1 or stage 2. Among the 67 TB patients, 20 (29.8%) were
transferred to primary health units. Among the 47 patients who
remained at PAAP, 8 patients were lost to follow-up (11.9%).

The exams performed in stage 1 and 2 among the 232
patients were included in the cost analysis. In stage 1 and 2,
92 Xpert and 378 SSM exams were performed as a diagnostic
routine, respectively. In stage 2, 213 SSMs were performed in
the first exam and 152 in the second exam. On average, 31.3
tests per month were performed by Xpert and 70.2 tests by SSM.
The estimated mean costs of Xpert and SSM were US$24.61
and US$ 6.98 per exam, respectively (Table 4). The highest cost
categories associated with Xpert were supplies and equipment,
whereas for SSM the highest cost category was human resources
(Table 4).

A cost-effectiveness analysis was not performed, since the
patients who attended in stage 1 (Xpert) took 14.5 days on
average to start TB treatment, whereas the patients in stage 2
(SSM) took 8 days. In addition, the SSM has a lower mean cost
relative to Xpert. That way, in this sample, a dominated analysis
was characterized.

DISCUSSION

In our study, under routine conditions, patients who were
analyzed using Xpert (stage 1) experienced an average of 14.5
days from the time triage to the initiation of TB treatment.

Culture
positive n = 24

TB treatment
n=24

Xpert pos = 22

Xpert neg = 2

-

Culture positive
n=43

TB Treatment
n=43

SSM pos = 34
SSM neg =9

/

FIGURE 1: TB diagnosis and treatment cascade among presumed pulmonary tuberculosis cases during the study
period using Xpert MTB RIF and sputum smear microscopy.Xpert MTB RIF: Xpert Mycobacterium Rifampicin;
PTB:pulmonary tuberculosis; SSM: sputum smear microscopy; TB: tuberculosis.
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TABLE 1: Socio-demographic and clinical characteristics of patients with probable pulmonary tuberculosis treated at the health unit from November 2012
to November 2013.

Characteristics Total (n =232) Stage 1 — Xpert (n= 87) Stage 2 — SSM (n = 145) P value
n (%) n (%) n (%)

Sex
male 163 (70.2) 59 (67.8) 104 (71.7) 0.62
female 69 (29.7) 28 (32.2) 41(28.3)

Age in years (SD) 38,7 (£ 15.2) 38.2 (£15.1) 39.6 (£15.4) 0.93

Ethnicity
white 47,0 (20.2) 18 (20.7) 29 (20.0) 0.86
black 43 (18.5) 17 (19.5) 26 (17.9)
mixed race (white/black) 136 (58.6) 48 (55.2) 88 (60.7)
indigenous 6 (2.6) 4(4.7) 2(1.4)

Education (years)
>8 29 (12.5) 1 (12.6) 18 (12.4) 0.87
<8 203 (87.5) 76 (87.4) 127 (87.6)

Socioeconomic class
2B 36 (15.5) 16 (18,4) 20 (13,8) 0.45
<C 196 (84.5) 71(81.6) 125 (86.2)

Smoking
yes, currently 100 (43.1) 37 (42.5) 63(43.5) 0.89
ex- smoker 52 (22.4) 19 (21.8) 33 (22.8)
no 80 (34.5) 31 (35.6) 49 (33.8)

Alcoholism*
yes 31(25.2) 18 (35.3) 13 (18.1) 0.24
no 92 (74.8) 33 (64.7) 59 (81.9)

HIV testing
positive 5(4.9) 0(0,0) 5(8.5) 0.32
negative 96 (95.1) 37 (100.0) 59 (91.5)

History of hospital admission
yes 19 (8.2) 5(5.8) 14 (9.7) 0.62
no 213 (91.8) 82 (94.3) 131 (90.3)

Incarcerated
yes 7 (3.0) 5(5.8) 2(1.4) 0.42
no 225 (97.0) 82 (94.3) 143 (98.6)

Contact with TB
yes 81(36.2) 32 (39.5) 49 (34.3) 0.68
no 143 (63.8) 49 (60.5) 94 (65.7)

Previous TB treatment
yes 53 (22.8) 21 (24.1) 32 (22.1) 0.88
no 179 (77.2) 66 (75.9) 113 (77.9)

Anti-TB treatment initiation
yes 67 (28.9) 24 (27.6) 43 (29.6) 0.92
no 165 (71.1) 63 (72.4) 102 (70.4)

Empirical treatment™*
yes 3(4.5) 2(7.7) 1(2.4) 0.84
no 64 (95.5) 22 (92.3) 42 (97.6)

SSM: sputum smear microscopy.* Empirical treatment was initiated before the laboratory test results; TB: tuberculosis. SD: standar deviation. ** Alcoholism
analyzed by the test CAGE (Cutting down, Annoyance by criticism, Guilty feeling, and Eye-openers).
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TABLE 2: Time (in days) between triage and other process indicators for TB diagnosis and treatment cascade among 232 patients with probable pulmonary

TB, from November 2012 to November 2013.

Stage 1 (Xpert)

Stage 2 (SSM)

Process indicators total(n=87) TB active(n = 24) no TB(n =63) total(n =145) TB active(n = 41) no TB (n =104)
median (IQR) median (IQR) median (IQR) median (IQR) median (IQR) median (IQR)
Sputum collection 0 0 0 0 0 0
(0-1) (0-1) (0-1) (0-0) (0-0) (0-0)
Laboratory test result 4,0 6 4 3 3 3
released
(2-7) (2-8) (2-7) (2-5) (2-6) (2-5)
Laboratory results 13 10.5 14 7 7 7 (6-9)
received by HCWs
(8-22) (7-15) (8—24) (6-8) (6-8)
TB treatmentinitiation 14,5 8
(8-28) (6-12)

TB: tuberculosis;SSM: sputum smear microscopy ;IQR: interquartile range. HCWs: health care workers.

TABLE 3: Treatment outcomes in patients diagnosed by Xpert in stage 1 and by SSM in stage 2, from November 2012 to November 2013.

Effectiveness anti-TB treatment

Stage 1 (n=24)

Stage 2 (n=43)

Favorable (healing/complete treatment)

12 (75.0%)

23 (79.3%)

Unfavorable 4 (25.0%) 6 (20.7%)
Lost to follow-up 4 4
Death due to TB 0 1
MDR-TB 0 1
Others 8 14
Death not related to TB 1 3

Transferred

7 1"

SSM: sputum smear microscopy; TB: tuberculosis; MDR: multi drug resistance.

TABLE 4: - Average cost of sputum smear microscopy and Xpert (values in
US$1=2.32 Reals, 2012) according to the different categories.

Cost item SSM Xpert
Equipment 0.08 6.81

Human resources 4.61 2.06
Supplies 2.24 15.34
Infrastructure 0.05 0.39
Estimated average cost 6.98 24.61

SSM: sputum smear microscopy

This was also associated with a higher mean cost (US$24.61).
In contrast, patients who were analyzed using SSM (stage 2),
experienced an average of 8 days from time of triage to the
initiation of TB treatment, and this was associated with a lower
mean cost (US$6.98). These results are different from those
described in the literature>’'2, This discrepancy is probably
related to the fact that the primary data here were collected

routinely and not during a clinical trial. The health unit where
the data were collected participated in a previous pragmatic
trial conducted in Rio de Janeiro and Manaus. Using secondary
data collected in the Integrated Laboratory System and Disease
Notification system, they found that the time elapsed between
triage and the beginning of TB treatment was lower for patients
assessed using Xpert (8 days) compared to the SSM (11
days)'2. In this study, the Xpert and SSM tests were performed
at Policlinica Augusto Amaral Peixoto, but not mycobacterial
culture. When we conducted the current study, only patients
with culture results were included in the analysis. Delays were
observed for patients assessed using Xpert results, since the
equipment was moved to another health unit, whereas the SSM
analysis was retained at Policlinica Augusto Amaral Peixoto .
These results reinforce the argument that, in any analysis of the
incorporation of new diagnostic technologies, it is fundamental
to take into account all of the care process indicators related to
the diagnostic and treatment cascade, in order to analyze the
patients and clinical sample flow-through of locally collected
primary data, as has been reported by other authors>™.
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In our study, since we used only the mean cost, and not the
activity based cost (ABC), we adopted the apportionment method
to cope with any distortions, when we consider the proportion of
the laboratory expenses with the exam considered. We observed
the cost with Xpert (US$24.61) to be higher than the cost reported
by Pinto et al.(US$17.35)" in our country, and by Shah et al.?}
($14.93), but lower than the cost (US$60-61) reported in South
Africa®. However, since it was not possible to perform a cost-
effectiveness analysis, we cannot compare our data with the
unfavorable data reported by Vassal et al.'® and by Pinto et al®.

In stages 1 and 2, the sensitivities of Xpert and SSM were
91.7% (22/24) and 79.1% (34/43).

(34/43), respectively, similar to those described in a recent
meta-analysis, which analyzed studies comparing the two
technologies, where the sensitivity of Xpert (88%) was higher
than that of SSM (70.0%).

The proportion of TB (29.7%) identified in our study
among the probable pulmonary TB cases is similar to that
which has been described previously in the same health unit?’.
The proportion of empirical treatments was higher with Xpert
(7.7%), but was lower than that described in other series>'>.

The adoption of the Xpert molecular test, with a higher
diagnostic yield, did not provide more favorable TB treatment
outcomes, as has been described in other studies®”'*. The
proportion of patients lost to follow-up (11.9%) was high, but
similar to that described in the City of Rio de Janeiro'e.

In the present study, the majority of the patients were
young male adults, of low socioeconomic status with low
education levels, similar to the patient population described
previously''¢?%2 In our pragmatic, prospective study, primary
data were collected either through interviewing subjects with
probable pulmonary tuberculosis, as well as through secondary
laboratory data and the TB treatment outcomes, available from
the laboratory electronic system and the Disease Notification
System, respectively.

The limitations of this study include the following: a) a
small number of subjects with probable pulmonary tuberculosis
attended only one health unit in the City of Rio de Janeiro; b) no
data was collected on patient costs related to TB diagnosis; these
costs should be evaluated in the future, because of significant
and growing socioeconomic inequality, the free diagnosis
and treatment of TB is not sufficient to alleviate the financial
limitations to which most patients are exposed. For many
patients, expenditures related to TB care (transportation, food,
etc.) can be catastrophic, so this should be evaluated in future
studies; and ¢) we did not perform a qualitative evaluation to
analyze the barriers or facilitators factors to incorporating the
use of the Xpert molecular test compared to smear microscopy.

In addition, our results call attention to the importance
of rapid tests such as Xpert, when routinely incorporated. A
shorter time is required to release the data for the detection of
the Mycobacterium tuberculosis complex. The test also allows
for the detection of rifampicin resistance (a molecular marker of
MDR-TB). The SSM test only detects the presence or absence
of mycobacteria, and cannot differentiate non-tuberculous
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Mycobacteria from the Mycobacterium tuberculosis complex.
However, failures in the operation of health services, such as
those observed in our study, may negatively affect the potential
utilization of new technologies such as Xpert. With a new
promising technology that has been recommended by WHO, and
before its incorporation into the health system, the results of our
study highlight the need to evaluate the clinical impacts and the
costs of any new technology in association with care processes
adopted by the local health system, under field conditions’°.

In conclusion, in high-burden countries, it is necessary
to identify, through primary data, at both the regional and
local level, the most effective and cost-effective diagnostic
strategies that can expedite the TB diagnosis and the initiation
ofappropriate TB treatment, thereby lowering the transmission
of TB in the community and promote the sustainability of the
procedures adopted.
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