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Abstract

Tuberculosis (TB) and COVID-19 affect the lungs and are transmitted mainly by aerosols or particles of saliva from infected
persons. Clinical similarities between diseases can affect correct diagnosis. Individuals belonging to the population deprived
of liberty (PDL) are at increased risk of contagion due to precarious sanitary conditions and overcrowded environments.
A variety of specimens may be suitable for the diagnosis of COVID-19, using molecular diagnostic techniques; however,
there is little data on the analysis of sputum samples with the Xpert Xpress SARS-CoV-2® for the diagnosis of COVID-19,
especially in this population group. The present study reports a case of TB and COVID-19 co-infection detected in sputum
from an individual belonging to the PDL. For the detection, it used the GeneXpert platform (Cepheid, USA). Mycobacte-
rium tuberculosis complex (MTC) was detected using the Xpert MTB/RIF Ultra® cartridge and SARS-CoV-2 was detected
using the Xpert Xpress SARS-CoV-2® cartridge. The genes IS6110 and IS1081 were detected within 80 min indicating the
presence of MTC, with no mutations related to resistance to rifampicin. The SARS-CoV-2 E and N2 genes were detected
within 45 min. The result was confirmed by RT-qPCR with detection of E, N, and RdRP/S genes in the sputum and naso-
pharyngeal (NP) specimens. Rapid diagnoses that allow the identification and differentiation of such diseases are important
for adequate epidemiological surveillance, isolation of infected individuals, and interruption of the transmission chain. Using
the GeneXpert platform, specimens can be tested as soon as they are received, without the need for prior preparation. The US
Food and Drug Administration has issued emergency authorization for the use of the Cepheid Xpert Xpress SARS-CoV-2
for the rapid detection of SARS-CoV-2 using specimens from a NP or nasal wash/aspirate. The case presented here gains an
innovation with the use of the sputum to COVID-19 diagnosis.
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Coronavirus 2019 disease (COVID-19) has caused a global
pandemic of high transmissibility [1]. Tuberculosis (TB)
is considered a disease that predominantly affects the less
favored and vulnerable social classes, such as people living
with HIV/AIDS, individuals being treated with immunosup-
pressants, people in constant contact with individuals with
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and population deprived of liberty and living in a commu-
nity environment [2]. Since the beginning of the COVID-19
pandemic, concomitant cases of tuberculosis and COVID-19
have been reported [3-5], generating a growing number of
studies trying to elucidate the interactions between Myco-
bacterium tuberculosis (MTB) and SARS-CoV-2. Some case
reports point to a worsening of respiratory symptoms in indi-
viduals co-infected with TB/COVID-19 [4, 6].

Patients with TB and COVID-19 may be at greater risk
of disease severity and death when compared to those with
COVID-19 alone [4]. Sy et al. (2020) reported a risk of
death 2.17 times greater in patients with TB/COVID-19
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co-infection than in patients with COVID-19 alone, and the
co-infection reduces the chance of COVID-19 recovery by
25% [3]. It has been reported that individuals with pulmo-
nary sequelae caused by COVID-19 may be at increased risk
of developing tuberculosis in the future [7]. Associated with
this scenario of increased risk of complications to which
populations of individuals in vulnerable conditions are sub-
ject, the need for early detection of the association between
both diseases is highlighted for the proper management and
isolation of affected individuals [6, 8]. This study reports a
case of TB/COVID-19 co-infection in an individual belong-
ing to the population deprived of liberty.

Materials and methods

The present analysis is part of a research project aimed to
standardize the Xpert Xpress SARS-CoV-2® assay in spu-
tum samples from vulnerable populations, supported by the
Sao Paulo State Research Support Foundation (FAPESP).
The sputum sample and the nasopharyngeal secretion sam-
ple were obtained simultaneously. Both samples were deliv-
ered to the laboratory on the same day when they were taken.
For the investigation of the M. tuberculosis complex (MTC)
in the sputum sample, the Xpert MTB/RIF Ultra® cartridge
(Cepheid, USA) from the GeneXpert platform was used.
Briefly, a one mL sputum sample was diluted with 2 mL

Fig. 1 Xpert MTB/RIF Ultra®

of reagent provided by the manufacturer. The mixture was
shaken on a vortex mixer for at least 10 s and incubated at
room temperature for 15 min until complete liquefaction.
Two milliliters of this solution was transferred to the car-
tridge and proceeded to test, according to the manufacturer’s
instructions. This test simultaneously detects the presence of
MTC and rifampicin resistance genes [10, 11].

At the same time, the culture in liquid medium was per-
formed using an automated system BACTEC MGIT 960®
Mycobacteria Growth Indicator Tube (Becton & Dickinson,
USA). For this purpose, the sample was treated by the modi-
fied Petroft’s method [15]. To an approximate volume of
two mL of sputum, an equal volume of 1N NaOH solution
was added, containing phenol red indicator for fluidization
and decontamination of the sample. The tubes containing
the fluidized samples were homogenized and placed in a
bacteriological incubator at 36°C +1°C for 15 min and then
centrifuged at 3,000xg for 15 min. To adjust the pH, 1N
HCI was added to the sediment until it turned yellow. Then,
a sterile neutralizing solution was added until it turned pink
in color. After this process, an aliquot of 0.5 mL was seeded
in an MGIT liquid medium containing 800 pL of enrichment
solution and antibiotics (Becton & Dickinson, USA). The
tubes were incubated in the automated BACTEC MGIT 960
TB® system, with automatic growth monitoring every 60
min. Growth in liquid medium was confirmed for the pres-
ence of acid-fast bacilli (AFB) by a culture smear stained
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by the Ziehl-Neelsen method, followed by microscopy to
verify the culture purity, presence of AFB, and cord forma-
tion, which is a presumptive test used to differentiate MTC
species from non-tuberculous mycobacteria (NTM) [15].

For the qualitative MTC identification, an immunochro-
matographic test was used (SD Bioline TB Ag MPT64
rapid®, Standard Diagnostic, South Korea), according to
the manufacturer’s instructions.

The anti-tuberculosis drugs susceptibility was also
verified with the phenotypic test in liquid medium using
the automated BACTEC MGIT 960® system [16]. For
the detection of SARS-CoV-2 in sputum, the GeneX-
pert platform was used with the Xpert Xpress SARS-
CoV-2® cartridge (Cepheid, USA). The sputum sample
was diluted 1:2 in a sterile saline solution and vortexed
until complete liquefaction. Subsequently, 300 pL of the
liquefied sample was added to the cartridge, which was
inserted into the platform following the manufacturer’s
instructions. To confirm the detection of SARS-CoV-2
in sputum on Xpert Xpress SARS-CoV-2® cartridge,
the gold standard RT-qPCR methodology was performed
under routine diagnostic conditions. Briefly, both the lig-
uefied sputum sample and the nasopharyngeal secretion
sample collected with a combined swab were submitted

Fig. 2 Positive culture in liquid
medium using an automated
MGIT 960® system Mycobac-
teria Growth Indicator Tube
(Becton & Dickinson, USA)

to automatized extraction protocol with magnetic beads
(Loccus, Brazil) and the RT-qPCR was performed using
the Charité protocol [9], with detection of E, N, and
RdRP/S genes using the Allplex™ SARS-CoV-2 Assay
(Seegene, South Korea). Amplification curves were ana-
lyzed in the QuantStudio™ Design & Analysis Software
v1.5.1 (Thermo Fisher Scientific, USA).

Results and discussion

In this study, simultaneous detection of SARS-CoV-2 and
MTC in a sputum sample from an individual belonging to
the population deprived of liberty was described.
Currently, it has been shown that a variety of biological
samples, in addition to nasal and oropharyngeal secretions,
may be suitable for the diagnosis of COVID-19. Tianwen
et al. (2020) demonstrated a higher sensibility in the detec-
tion of SARS-CoV-2 in sputum and a lower rate of false

A agd

TB Ag MPT64

Fig.3 Presumptive and qualitative identification of MTC. A Culture
smear stained by the Ziehl-Neelsen method, followed by microscopy
to verify the culture purity, presence of acid-fast bacilli, and forma-
tion of structures called “cord factor”. B TB Ag MPT64 immuno-
chromatographic test. Antibodies conjugated to gold particles can
qualitatively recognize the MTC MPT64 epitope demonstrated by the
test line (T)
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negatives than nasopharyngeal smears [8]. However, it is
important to highlight few data in the literature using spu-
tum samples with the Xpert Xpress SARS-CoV-2® test for
the diagnosis of COVID-19, especially in vulnerable indi-
viduals, as well as on comparison between the Xpert Xpress
SARS-CoV-2® assay and the RT-qPCR method, the gold
standard for the diagnosis of the disease.

The genes IS6110 and IS1081 were detected in the Xpert
MTB/RIF Ultra® indicating the presence of MTC, with no
mutations in the rpoB gene related to resistance to rifampicin,
indicating the susceptibility of the strain (Fig. 1). The result
was made available in the laboratory environment manage-
ment system 2 h after the sample entered the laboratory.

The detection of MTC was confirmed by culture in liquid
medium on an automated system MGIT 960® Mycobac-
teria Growth Indicator Tube (Becton & Dickinson, USA)
(Figure 2).

The presumptive and qualitative identification of MTC
through the cord factor and immunochromatographic test
(Figures 3A and B).

The susceptibility test, in the liquid medium, using the
automated BACTEC MGIT 960® system, showed sensitive
results for the main anti-tuberculosis drugs, rifampicin, and
isoniazid (data not shown).

The GeneXpert platform is designed to minimize bio-
logical hazards during assay development, as the only man-
ual step consists of sample preparation and addition to the

cartridge. Unlike other real-time PCR assays, GeneXpert
is a simple technique that can be performed with minimal
personal training and provides results in a short period
[10, 11] at a cost equivalent to other molecular techniques.
Tadolini et al. (2020) carried out a study with 49 individu-
als from different countries with TB/COVID-19 co-infec-
tion and found 26 (53.0%) individuals had MTC infection
before COVID-19; 14 individuals (28.5%) had COVID-19
before TB; and 9 (18.3%) had both diseases simultaneously,
diagnosed in the same week [4]. In the present study, TB/
COVID-19 co-infection was diagnosed in a single sputum
sample, using a GeneXpert platform with two different car-
tridges (Xpert MTB/RIF Ultra® and Xpert Xpress SARS-
CoV-2®, respectively). Results were available within 80
min for TB (Fig. 1) and 45 min for COVID-19 (Fig. 4).

The presence of SARS-CoV-2 was confirmed in sputum
and nasopharyngeal secretion samples by RT-qPCR (Fig. 5A
and B).

The first aspect of the TB/COVID-19 co-infection lies
in the fact that the symptoms are similar between the two
diseases, which may initially make the differential diagnosis
difficult [12]. Both TB and COVID-19 may have a worsen-
ing clinical picture due to advanced age and the presence of
comorbidities, as well as social determinants such as poverty
and malnutrition [13].

According to the Brazilian Ministry of Health, the
golden standard test to confirm suspected cases of TB is

Fig.4 Xpert Xpress SARS-
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Fig. 5 RT-qPCR with Allplex™
SARS-CoV-2 Assay (Seegene,
South Korea). A Detection of
RdRP/S genes (orange line,
CT = 24); E gene (yellow line,
CT = 21), N gene (pink line,
CT = 20), and internal control
(IC, green line, not analyzed)
in sputum sample. B Detection
of RARP/S genes (orange line,
CT = 33.); E gene (yellow line,
CT = 30), N gene (pink line,
CT = 31), and internal control
(IC, green line, not analyzed)
in nasopharyngeal secretion
samples
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the culture in sputum, while COVID-19 is the RT-qPCR
in nasopharyngeal secretion [14, 15]. The Xpert MTB/
RIF Ultra® test is an additional nucleic acid amplification
test used for the MTC detection and the screening of anti-
tuberculosis drug-resistant genes [11]. The test consists of
sample preparation, amplification, and detection of nucleic
acids by qPCR with the benefit of the integration and auto-
mation of the three processes together, in one cartridge.

Conclusion
In conclusion, the case presented here demonstrates a diag-

nostic innovation that is the use of sputum for both diag-
noses, TB and COVID-19, using the GeneXpert platform.

GeneE M GeneN W IC

It is a simple and fast methodology, with performance and
results comparable to the gold standard methodology, capa-
ble of accelerating the detection and isolation time of posi-
tive patients. In addition, the use of sputum is better, as the
presence of a trained professional is not necessary to carry
out the collection of specimens, which can avoid the con-
tamination of the health professional during this procedure.
Another important point of this work is the evidence that,
if the individual was not part of this study, it would not be
possible to diagnose the coinfection and, consequently, the
infection by SARS-CoV-2 would go unnoticed. Therefore,
performing tests on the same sample, simultaneously, can
speed up adequate patient care and interrupt the chain of
transmission of both diseases. The authors hope that this
short communication, that reports a case of TB/COVID-19
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co-infection in an individual belonging to the population
deprived of liberty, can help and alert health systems to
consider this methodology for implementation in diagnos-
tic practice.
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