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Objective: to identify the cost of the Gene Xpert MTB/Rif® technology and analyze its contribution to the rapid
diagnosis of tuberculosis. Method: quantitative and retrospective study, carried out in the period from 2014 to 2016.
Data search was performed on the Information System of Disease Notification and on the Laboratory Environment
Manager. The data were analyzed based on the techniques of descriptive statistics through distribution of absolute
and relative frequency. Results: 196 cases were studied, and the average time to perform the test for diagnosis of
tuberculosis through Gene Xpert MTB/Rif® was two days, with a cost of 35.20R$ per test performed. Conclusion:
the costs of Gene Technology Xpert MTB/Rif® are relatively higher than that of sputum smear microscopy, but
have great advantages in time to release the test result and higher sensitivity and specificity offered by the rapid
molecular assay.

Descriptors: Tuberculosis. Finding. Tuberculosis, Pulmonary. Costs and Cost Analysis. Diagnostic Techniques,

Respiratory System.

Objetivo: identificar o custo da tecnologia Gene Xpert MTB/Rif® e analisar sua contribuicdo para o diagnostico
rapido da tuberculose. Método: estudo quantitativo e retrospectivo realizado no periodo de 2014 a 2016. A busca de
dadlos foi realizada no Sistema de Informagdo de Agravo de Notificagdo e no Gerenciador de Ambiente Laboratorial.
Os dados foram analisados com base nas técnicas de estatistica descritiva por meio da distribuicdo de frequéncia
absoluta e relativa. Resultados: foram estudados 196 casos e a média de tempo para a realizagdo do exame para
diagnostico da tuberculose por meio do Gene Xpert MTB/Rif® foi de dois dias, com custo de R$ 35,20 por exame
realizado. Conclusdo: os custos da tecnologia Gene Xpert MTB/Rif® sdo relativamente superiores ao da baciloscopia
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de escarro, poréem tém-se grandes vantagens quanto ao tempo para a liberagdo do resultado do exame e maior
sensibilidade e especificidade oferecida pelo teste rdapido molecular.

Descritores: Tuberculose. Diagnostico. Tuberculose Pulmonayr. Custos e Andlise de Custo. Técnicas de Diagnostico
do Sistema Respiratorio.

Objetivo: identificar el costo de la tecnologia Gene Xpert MTB/Rif® y analizar su contribucion para el diagnostico
rapido de la tuberculosis. Método: estudio cuantitativo, retrospectivo, realizado en el periodo de 2014 a 2016. Se
realizo la bisqueda de datos en el Sistema de Informacion de Notificacion de Enfermedades y en el Supervisor del
Entorno de Laboratorio. Los datos fuieron analizados con base en las técnicas de la estadistica descriptiva por medio
de distribucion de frecuencias absolutas y relativas. Resultados: se estudiaron 196 casos y el promedio de tiempo para
realizar el examen para el diagnostico de la tuberculosis por medio del Gene Xpert MTB/Rif® fue de dos dias, con
un costo de 35.20R$ por cada examen realizado. Conclusion: los costos de la tecnologia Gene Xpert MTB/Rif® son
relativamente mds altos que los de la baciloscopia, pero tienen grandes ventajas en el tiempo para la publicacion de
los resultados del examen y mayor sensibilidad y especificidad ofrecidos por prueba rapida molecular.

Descriptores: Tuberculosis. Hallazgo. Tuberculosis Pulmonar. Costos y Andlisis de Costo. Técnicas de Diagndstico del

Sistema Respiratorio.

Introduction

Public health must prioritize goals that
solve health problems, so that there is an
improvement in the quality of life of citizens.
In Brazil, tuberculosis (TB) continues to be a
public health problem, since it is considered the
fourth cause of deaths from infectious diseases,
concentrated in vulnerable populations such as
people living with the human immunodeficiency
virus/acquired immunodeficiency syndrome
(HIV/Aids), deprived of freedom, in the streets,
indigenous populations, people who live in
unhealthy spaces and in poverty situation'’
According to the 2018 epidemiological bulletin,
in the year 2016, there were 4,426 deaths from
TB and 69,569 people were diagnosed in 2017,
with 8,074 reported in the Southern Region, in
which, only in Parani, there were 1,947 new
cases during this period”.

In 2018, the coefficient of incidence of TB per
group of 100,000 inhabitants in Brazil was 36.58,
in the Southern Region, 29.74, and in the state of
Paranda, 20.03; however, in Foz do Iguacu (PR),
the coefficient of incidence was higher, being
more than twice as identified in Parana (47.52)".
In addition, Foz do Iguacu is a peculiar city, due
to its location on the border with two countries,
Paraguay and Argentina, still being the second

city in Brazil that most receives international
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tourists, conforming a high flow of people of
different nationalities, and, consequently, with
greater chance of transmission of contagious
diseases due to the heterogeneity and diversity
of the population.

Even being considered as an endemic disease,
in the Brazilian territory, there is a concern of
health professionals and researchers in the area in
controlling the transmission of the disease, which
occurs from person to person through the airways .

TB can affect several organs and systems of
the human body, but is more frequent in the
lungs, being called pulmonary TB, caused by a
bacillus known as Mycobacterium tuberculosis or
Koch’s bacillus, an opportunistic bacteria, which
affects mainly people with vulnerable immune
system, such as immunocompromised patients
and even those in situations of social and health
vulnerability”. The main symptom of pulmonary
TB is a cough for more than three weeks, which
may be accompanied by fever, night sweats,
asthenia, lack of appetite and, consequently,
weight loss".

It is important to note that TB can be cured,
the diagnosis and treatment are offered free of
charge by the Unified Health System (SUS). The
diagnosis of the disease requires the completion

of laboratory tests, such as sputum smear
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microscopy, considered a low-cost test. To
perform sputum smear microscopy, the sputum
(pulmonary secretions) must be collected from
the patient, and, subsequently, there must be
the count of bacilli found in a microscope slide
with the smear of pulmonary secretions. This
method of diagnosis must be carried out in
two samples, that is, the first sample with the
patient’s biological material, collected when the
person seeks the health service and the second
sample, with the biological material collected the
next morning(7).

Currently, a technology called Gene Xpert
MTB/Rif® can perform the test and release the
result of the TB diagnosis in two hours, using
only a sample of biological material and, in
addition, check if the bacillus is resistant to the
Rifampicin antibiotic, the main drug used in the
“® The platform Gene Xpert MTB/

Rif® is a fast method that allows beginning the

treatment

treatment as soon as possible, in addition to
potentiating the decrease of the contagion by the
Koch’s bacillus”.

The Ministry of Health (MOH), through the
National Tuberculosis Control Program, initiated
the deployment of Gene Xpert MTB/Rif®, in
2013, in localities in Brazil with the highest
incidences of the disease. The difficulties found
in the adherence to the new technology were the
public health laboratories that had no consistent
structure or personnel trained for this new
diagnostic methodology”.

The sputum smear microscopy, in case of
pulmonary TB, has been cost-effective and
widely used in developing countries, as is the
case of Brazil, making it not only as a means
of diagnosis, but also, a means to measure
the monthly bacterial load, and control
the treatment"”.

Nevertheless, concerning the needs imposed
by the emergence of multidrug-resistant TB, the
delay in the diagnosis of the disease, the high
rate of morbidity and mortality among vulnerable
segments of the population and the factors that
involve the guarantee of range of specificity and
sensitivity of sputum smear microscopy, new

diagnosis technologies have been formulated
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and implemented, as is the case of the Gene
Xpert MTB/Rif®*"",

Given the above, this study aimed to identify
the cost of the Gene Xpert MTB/Rif® technology
and analyze its contribution to the rapid diagnosis

of TB in Foz do Iguagu, Parana.
Method

This is a descriptive, retrospective study
conducted in the context of operational research.
The data were obtained from a secondary source,
relating to pulmonary TB cases diagnosed in the
city of Foz do Iguacu, Parani, in the period from
2014 to 2016.

The consultation of the data was performed
with the Tuberculosis Reference Service in
the studied city, on the Information System
of Disease Notification (SINAN) and on the
laboratory Environment Manager (GAL).

During the research development, the city
health network was organized in five health
districts, composed of 30 Primary Health Care
Units, 2 Emergency Care Units, 1 Reference
Service for Tuberculosis and Leprosy Control, 1
outpatient service of the Specialized Care Service
for Sexually Transmitted Infections (STIS)/AIDS,
3 hospitals and 1 Clinical Analysis City
Laboratory. These services involve the diagnosis,
treatment/follow-up and epidemiological survei-
llance in TB.

The study population consisted of patients
with  pulmonary TB, diagnosed with the
traditional sputum smear microscopy and rapid
molecular assay — Gene Xpert MTB/Rif® — in the
period from 2014 to 2016, both provided by the
UHS. There was exclusion of those with both
diagnosis means in the SINAN notification form.
During the studied period, as notifications on
SINAN, 320 people had a diagnosis of pulmonary
TB confirmed by sputum smear and/or Gene
Xpert MTB/Rif®, however, only 196 patients
were selected for the study, due to missing
information on the date of sputum collection or
release date of the result of the tests.

The data, according to the selected variables,

were entered in a spreadsheet in Microsoft

Rev baiana enferm (2020); 34:¢34803



Rapid molecular assay for tuberculosis: cost and contributions

Excel® and analyzed based on descriptive
statistical techniques through the distribution of
absolute and relative frequency.

To calculate the time to obtain the test result
to confirm or discard TB, using the Gene Xpert
MTB/RIif®, the arithmetic mean of days had to be
calculated, from the date of sputum collection until
the release of the test result, as recorded on GAL.

However, to find the average time (days) to
obtain the test result by sputum smear microscopy
technique, there was need to resort to the
National Handbook of Laboratory Surveillance
of Tuberculosis and other Mycobacteria from
the Ministry of Health"”, which indicates the
maximum time to issue the result, 24h - one day
(T), also considering the sample feasibility (SF)
that is five through seven days, since the dates
of sputum collection to perform the tests were
not available on GAL and were incomplete on
SINAN. Thus, the following formula was used:
SF + T =X (7 days + 1 day = 8 days), by applying
the calculation of the arithmetic mean, in which
the sum of all values is divided by the number
of elements added to find in how many days

(mean) the result of the bacilloscopy is released .

Arithmetic mean: X

Number of elements: n

XA X X))
< :

n

After knowing the average time (days) that the
patient waited for the test result by the sputum
smear microscopy technique and by the Gene
Xpert MTB/Rif® rapid molecular assay, there
was the calculation, through the equation below,
of the amount of people that the patient could
potentially infect while awaiting confirmation of

the positive result of TB in a year. Considering

the information from the Ministry of Health"”,
which signals that a patient with pulmonary TB
can transmit the disease and infect an average
of 10 through 15 people during one year, the
researchers chose to use the maximum value (15

people/year).

“— Total days of the year

Amount of people that a sick person

can infect per year

Thus, to calculate the amount of people
who could potentially become infected with
Mycobacterium tuberculosis during the wait for
the confirmation of the test result, in case it was
positive, the equation X= y.z was applied (y
being the number of people that can become
infected, and z, the number of days expected to
receive the result of the diagnosis of TB).

Regarding the cost of the Gene Xpert MTB/
Rif® molecular test and of the sputum smear
microscopy, the reference for the survey of
monetary values was the Technical Report:
Economic studies of the incorporation of the
Gene Xpert MTB/Rif® molecular test for the
diagnosis of pulmonary tuberculosis in the
Unified Health System"”.

The study was approved by the Human
Research Ethics Committee (REC), with Opinion
n. 2.515.3606.

Results

The male population accounted for 74.5%
of affected individuals with pulmonary TB,
the age range of higher frequency was 20-39
years old, the white ethnicity had 60.2% of
representativeness, and in relation to education,
the majority reported having incomplete primary
education (57.1%) (Table 1).

Table 1 — Distribution of sociodemographic variables of people diagnosed with tuberculosis. Foz do

Iguacu, Parand, Brazil — 2014-2016 (N=196)

(continued)

Characteristics ‘ n ‘ %
Sex
Male 146 74.5
Female 50 255
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Table 1 — Distribution of sociodemographic variables of people diagnosed with tuberculosis. Foz do

Iguacu, Parand, Brazil — 2014-2016 (N=196)

(conclusion)

Characteristics ‘ n ‘ %
Age Range
01-19 18 9.2
20 - 39 95 48.5
40 - 59 67 34.2
60 - 79 13 6.6
80 - 99 3 1.5
Ethnicity
White 118 60.2
Black 10 51
Yellow 2 1.0
Pardo 64 32.7
Indigenous 0 0.0
Ignored 2 1.0
Education
Iliterate 8 4.1
Incomplete Primary Education 112 57.1
Complete Primary Education 17 8.7
Incomplete Secondary Education 18 9.2
Complete Secondary Education 16 8.2
Incomplete Higher Education 4 2.0
Complete Higher Education 1 0.5
Ignored/Not applicable/Inconclusive 20 10.2

Source: Created by the authors.

Table 2 shows that, in the year 2014,
64.8% of the patients had a diagnosis of TB
by the sputum smear microscopy, being the
Basic Health Units (BHU) the main sources of
notification in this period (68%). Concerning

the active search of cases among acquaintances

of TB patients examined, 85% were evaluated.
The mean time to perform the test for the
diagnosis was two days, when using the Gene

Xpert MTB/Rif® rapid molecular assay, at a

cost of 35.20 R$ per assay performed.

Table 2 — Operational data of patients diagnosed and notified with tuberculosis. Foz do Iguacu, Parana,

Brazil — 2014-2016

(continued)

. o Mean Monetary value
Variables Frequency %o (days) (RS)
Type and year of Diagnosis

Sputum Smear Microscopy 2014 127 64.8 - -
Gene Xpert MTB/Rif® 2015 39 19.9 - -
Gene Xpert MTB/Rif® 2016 30 15.3 - -
Total 196 100 - -
Reporting Institution
Basic Health Unit 134 68.0 - -
Emergency Room 20 10.2 - -
Hospital 39 19.8 - -
Center of Medical Specialties 3 2.0 - -
Patients’ acquaintances
Identified acquaintances 523 100 - -
Examined acquaintances 443 85 - -

Rev baiana enferm (2020); 34:¢34803
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Table 2 — Operational data of patients diagnosed and notified with tuberculosis. Foz do Iguacu, Parana,

Brazil — 2014-2016

(conclusion)

. Mean Monetary value
Variables Frequency % (days) R$)
Mean waiting time for the Result

Sputum Smear Microscopy - 4.5 -

Gene Xpert MTB/Rif® - 2 -
Unitary Cost of the diagnoses”

Sputum Smear Microscopy - - 14.40

Gene Xpert MTB/Rif® - - 35.20

Source: Created by the authors.

Note: Conventional sign used:

- Numeric data equal to zero not resulting from rounding.

* The mean waiting time for the smear result was established based on data from the National Handbook of Laboratory Surveillance
of Tuberculosis and other Mycobacteria from the Ministry of Health"?.

"Based on the Technical Report: Economic studies of the incorporation of the Gene Xpert MTB/Rif® molecular assay for the

diagnosis of pulmonary tuberculosis in the Unified Health System

The amount of people who could poten-
tially become infected with Mycobacterium
tuberculosis during the wait for the confirmation
of the positive result of TB, next to a suspected
case is 0.08 people when the test employed is
the Gene Xpert MTB/Rif® assay and 0.18 people

when the method is the sputum smear microscopy.
Discussion

The knowledge of the population with higher
likelihood of developing the disease allows
targeting the prevention and care methods to the
population in greater risk. The sociodemographic
profile of the patients of Foz do Iguagu is similar
to some regions of the country, as in the state of
Rio de Janeiro"" and in Vale do Ribeira™”.

The justification may be connected to
the vulnerability of individuals regardless of
geographic location, since, even in locations with
high income profile and Human Development
Index (HDID), there will be vulnerable groups,
because one of the global causes of persistence
of the occurrence of TB is social inequality
that causes asymmetry in access to income,
educational apparatuses, housing/society, safety
and range of quality of life"”.

One of the tricks to diagnose this disease is
the sputum smear microscopy, a fast, simple and

low-cost method to the UHS. Another quicker
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method is the Gene Xpert MTB/Rif®, which, in
about two hours, can release the result and, in
addition to the diagnosis, identifies if there is
resistance to Rifampicin, one of the antibiotics
used in the treatment'”.

The World Health Organization historically
emphasizes the importance of search strategies
that strengthen the access to prevention,
diagnosis and treatment of TB, aiming to reduce
the incidence and mortality from the disease™.
Thus, the National Plan for the end of Tuberculosis
comprises measures in this direction, so that, in
the year 2013, the Molecular Rapid Assay for
Tuberculosis (MRA-TB) was included in the
UHS, formed by a Rapid Assay Network for TB,
formed by 127 laboratories in 92 municipalities.
Foz do Iguacu is included as it meets the election
criteria, one of which is being an international
border city"”.

Since then, the city of Foz do Iguacu has
been implementing the diagnosis of new cases
through the MRA-TB. The frequency of cases
diagnosed with this method is greater, but, due
to lack of information on the date of entry of the
application on the system and the result release,
they could not be considered in this research.

An important way to diagnose symptomatic
cases of pulmonary TB in the community
should occur along the work of Community
Health Workers (CHW), who have bonds with
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the families and interact in the space (housing)
where people live. Thus, the CHW, along with
his/her team, linked to a BHU, has a primary role
in the discovery of new cases'"”.

In this study, 32% of the new cases were
diagnosed outside the BHU, even with the control
of TB formally decentralized to Primary Health
Care. A study carried out in Manaus showed
that 0.20% of cases were reported in hospital
institutions®”. These numbers are important,
because the existence of TB notifications in the
hospital environment indicates a late diagnosis
and a situation of urgency/emergency regarding
the patient’s health, that is, the time to seek the
health system was longer and/or the BHU team
could not perform an active search necessary to
reach individuals™”.

Another essential point to be discussed is the
amount of acquaintances of a TB patient examined.
This is an activity that needs to be performed by
the BHU, vital for the diagnosis of new cases
and fundamental to reduce the prevalence of the
disease. This study evidenced that 85% of patients’
acquaintances were examined, a positive result
when compared to the percentage of the Brazilian
capitals in 2017, in which the best percentage
was in the cities of Sao Luis (MA) (77.5%) and in
Brasilia (DF) (66.3%)"”.

In terms of the mean waiting time for the result
of the TB diagnostic tests, when the technique
applied was the sputum smear microscopy, it
took 4.5 days on average for the issuance of
the result, although, according to the Handbook
of Recommendations for Tuberculosis Control
in Brazil, the result of the bacilloscopy should
be available within 24 h"*'”. As noted, this
did not occur in this study, and may have
been triggered by several reasons, such as the
high number of assays to be performed by the
laboratory, the management to send the sample
of biological material, and the return logistics
for the result be delivered to the patient. These
challenges can increase the mean time to obtain
the diagnosis. The Gene Xpert MTB/Rif® can
detect the bacterium in the sample in just 2
hours"”, however, due to issues related to

management, the result in Foz do Iguacu took,
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on average, two days to be available. In this
way, the Gene Xpert MTB/Rif®, despite being
a fast method, issues related to the logistics of
transporting samples and providing the result
can elevate and postpone the diagnosis with
laboratory confirmation.

Knowing that an individual with pulmonary
TB can transmit the bacillus to up to 15 people in
one year ", the waiting period for the diagnosis
may increase or decrease the incidence of
transmission, depending on the method used to
identify the bacterium.

Under this perspective, according to the
time of issuance of the result (as shown in this
study), the patient can infect 0.08 people (in
2 days) when the technique of identification
of the Mycobacterium tuberculosis gene is the
Gene Xpert MTB/Rif®; on the other hand, when
identification is done by the sputum smear
microscopy, the value rises to 0.18 persons (4.5
days). These values, when observed in isolation
are small, but they have a wide spread when
analyzing with the values of new cases in the
country. In this sense, the need for only one
sample of sputum and the automation of the
Gene Xpert MTB/Rif® was the main variable
that accelerated the availability of test results,
reducing the chance of spreading the disease.

Another significant aspect is the cost of
sputum smear microscopy (14.40 R$) and the
Gene Xpert MTB/Rif® (35.20 R$). Nonetheless,
the smear microscopy should be performed in
two samples, i.e., twice'”; thus, the final value
of the test, when performed with sputum
smear microscopy, is R$ 28.80. In view of these
results, one can say that the cost of sputum
smear microscopy remains lower than the
Gene Xpert MTB/Rif®, with a difference of R$
6.40. However, a study”" states that the smear
should reach 70% of sensitivity, and performing
two sputum smear microscopies can reach
80%. On the other hand, the new technology
has higher sensitivity (88%) to identify the TB-
causing bacillus, which consequently decreases
the chances of result error. Pregnant women
and immunocompromised patients, such as HIV

patients, have more difficulty to diagnose the

Rev baiana enferm (2020); 34:¢34803



Rapid molecular assay for tuberculosis: cost and contributions

disease; however, according to studies, the Gene
Xpert MTB/Rif® still has greater sensitivity *”.

As published in the Brazilian Bulletin of
Health Technology Assessment (BRATS), the
sensitivity of tests in samples with positive results
for sputum smear microscopy and bacterial
culture is from 98% to 100%, but the test was
able to detect up to 78% of negative cases (false-
negative with sputum smear microscopy). If there
are false-negative results in the sputum smear
microscopy, this number may gradually increase,
which would be avoided by the use of molecular
assay. Regarding specificity, the results obtained
with the Gene Xpert MTB/Rif® range from 90.9%
to 100%, in relation to the culture'"”.

Therefore, even being R$ 6.40 more expensive,
the Gene Xpert MTB/Rif® has advantages in
relation to the rapidity and specificity in obtaining
the result, and additionally detects the presence
of resistance to Rifampicin, information that
provides the establishment of proper treatment
to the patient. Thus, the faster the diagnosis of
TB, the faster can be the healing, and the smaller
is the risk of spreading the disease®”

The limitations of this research are linked to
those inherent in the use of data from secondary
basis. The direct influence on the results of the
present study was the lack of data to identify the
time for the analysis and release of the test result,
when using the diagnosis technique of sputum

smear microscopy.
Conclusion

The rapid diagnosis is one of the solutions
to reduce TB indices, since, after the test result
and the treatment, the chain of transmission of
the bacillus that causes the disease is interrupted.
The new diagnostic technology presents a higher
cost, for being a high-tech equipment, but its
benefits ensure an accurate, safe and rapid
diagnosis, which can bring great changes in
assistance in TB. However, for this to occur, the
Gene Xpert MTB/Rif® should be made available
to the counties along with training for health
professionals, allowing the operational change

with impact on the health of the collectivity.
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Besides the economical aspect, it is worth
considering the importance of false-negative
results in sputum tests for Mycobacterium
tuberculosis, because, with the technology of
Gene Xpert MTB/Rif®, this problem is drastically
reduced. In the event of a false-negative, the
contaminated patient becomes a source of
transmission to the population, spreading the
disease, until he/she is eventually diagnosed
and treated, being a serious issue to be resolved
by public health. The rapid diagnosis for TB
collaborates to reducing the disease transmission
and, in the long term, decreasing the prevalence
and, therefore, reducing costs, because, with
fewer people infected, there will be less people
needing diagnosis and treatment.

Future studies should be carried out on the
use of new technologies in the detection and
treatment of TB, contributing to discussions
on cost/effectiveness, aiming at the control

of the disease.
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