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Abstract

Background
Tuberculosis (TB) remains a public health problem and early detection of drug resistance is crucial to
prevent transmission of drug-resistant TB and avoid mortality. There is paucity of data on the prevalence
and distribution of MDR-TB at the Republic of Congo. However, the challenges of establishing a robust
testing program are signi cant. In resource limited settings there is a need to gather data to enable
prioritization of actions. The objective of this study was to characterize the epidemiological pro le of
MDR and XDR-TB among presumptive tuberculosis patients referred to Makélékélé hospital in Brazzaville,
Republic of the Congo.

Methods
We have conducted a cross-sectional study, including a total of 92 patients recruited at the Makélékélé
hospital from October 2018 to October 2019. The socio-demographic and clinical data were collected as
well as sputum samples. Rifampicin resistance was investigated using Xpert (Cepheid) and second-line
TB drugs Susceptibility testing were performed by the Brucker HAIN Line Probe Assay (GenoType
MTBDRsl VER 2.0 assay) method.

Results
From the 92 recruited patients, 57 (62%) were found positive for the Mycobacterium tuberculosis
complex. The prevalence of rifampicin-resistant tuberculosis (RR-TB) was 9.8% (9/92) and importantly
2.2% were pre-XDR/XDR.

Conclusion
This study showed a high rate of rifampicin resistance and the presence of extensively drug-resistant
tuberculosis in the study area in new patients. This study suggests early diagnosis of resistant
tuberculosis should be considered using more sensitive diagnostic tools. Rapid molecular diagnostic
tools such as GeneXpert need to be installed in health centers for better management of resistant
tuberculosis.

Introduction
Tuberculosis (TB) is a major public health problem worldwide. The World Health Organization (WHO)
estimated that there were 10 million new people of tuberculosis in 2019, of which 860,000 occurred
among PLHIV and 484,000 people were found to have rifampicin resistant tuberculosis (RR-TB) (WHO,
2019). (WHO, 2019)
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For several decades, the emergence Of MDR-TB as well as XDR-TB has been an obstacle to the control of
the disease (Ntoumi et al., 2016; Zumla et al., 2012). Early detection of drug resistance is crucial to
prevent transmission of drug-resistant TB and avoid mortality (Gardee et al., 2017). However, the
challenges of establishing a robust testing program are signi cant. In resource limited settings there is a
need to gather data to enable prioritization of actions. In the present study we demonstrate this process
for the Republic of Congo. In the Republic of Congo, the annual incidence of tuberculosis is estimated at
375 cases per 100,000 population. The proportion of people with tuberculosis who are also co-infected
with HIV was 108 cases per 100,000 population. (WHO Report Country pro les TB, 2019). It is reported
that MDR-TB accounts for 2.4% of new cases (WHO, 2019). However, no national survey on MTB drug
resistance has been carried out (PNLT, 2014–2018) and there is paucity of data on the prevalence and
distribution of MDR-TB in the country. Such information is essential to facilitate effective control
measures and the results of these tests are essential for clinicians in the design of the treatment regimen
in the management of MDR-TB patients (Zumla et al., 2012). Failure to diagnose and treat MDR-TB
patients have a negative impact on resistance level, transmission and mortality (Boehme et al., 2010;
Zumla et al., 2012).
The gold standard methods for the detection of MDR-TB are in vitro culture and drug susceptibility testing
(DST). These methods are time consuming, expensive (Nguyen et al., 2019) and also require a high-level
biosafety facilities (BSL3 / P3) with quali ed personnel (Nguyen et al., 2019). In the absence of culture
facilities rapid molecular diagnostic tests have been developed to overcome this diagnostic obstacle like
such as the Xpert MTB / RIF (Cepheid, Sunnyvale, CA, USA) system and Line probe Assays (LPA)with a
focus on the rapid detection of TB drug resistance (Pai et al., 2016; Gilpin et al., 2016). Indeed, since 2010,
WHO approved the Xpert MTB / Rifampicin test (Cepheid, Sunnyvale, CA, United States) as a routine tool
to be used for screening suspected MDR-TB patients or TB-HIV co-infected individuals (Sachdeva et al.,
2015). Furthermore, in 2016, WHO approved the use of version 2 of the HAIN GenoType MTBDRsl as the
genotypic test for drug susceptibility testing to detect resistance to uoroquinolones and injectable
second-line drug (SLI) (WHO, 2016).
However, in many countries the roll out of Xpert based systems has not been straightforward. Indeed, the
introduction of the rst GeneXpert in the Republic of Congo in 2013 (Okemba-Okombi et al., 2015a) did
not help to meet the expectations because of limited nancial resources that did not allowed to purchase
cartridges. Under the support of the Central Africa clinical Research Network (CANTAM, www.cantam.org),
our institution acquired a new GeneXpert and necessary reagents to conduct the present study with the
main objective of determining the epidemiological pro le of MDR- and XDR-TB among presumptive
tuberculosis patients referred to the Makélékélé hospital in Brazzaville, Republic of the Congo.

Materials And Methods
Ethical approval and consent
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The protocol of this study was submitted to the institutional ethics committee of the Fondation
Congolaise pour la Recherche Médicale and got the ethical approval referencenced under the number
015/CIE/FCRM/May 30, 2018. All adult participants gave their written informed consent and minor
participants gave their assent, we also obtained the consent of their parent or guardian. Con dentiality of
data was ensured, prior inclusion into the study.
Study location
The study was conducted in Brazzaville which is the political and administrative capital of the Republic
of Congo. Study participants were enrolled at the Makélékélé Hospital, which is the second largest
hospital of reference located in the south of Brazzaville, and covers the rst sanitary district of the city
covering an estimated population size of 74,815 inhabitants and an area of 15.53 km².
At Makélékélé hospital, the study was conducted in the infectious diseases department. All Presumptive
tuberculosis individuals coming for consultation at Makélékélé Hospital are received in the department of
infectious diseases. This department makes the diagnosis, treatment and hospitalization of patients. It
has a mycobacteria laboratory. At the department level, Directly Observed Treatment Short-course (DOTS)
is given free of charge to tuberculosis patients (Okemba-Okombi et al. 2020). Antiretroviral therapy (ART)
is also provided free of charge to TB/HIV co-infected patients. The prevalence of TB patients con rmed
by bacteriological tests was estimated at 17%, according to the department's registry.
Type and population of study
This is a cross-sectional study conducted at from October 2018 to October 2019 and targeted
presumptive pulmonary tuberculosis participants (only new patients). Eligible participants were between
8 and 70 years of age, suspected to suffer from TB, without prior anti-TB treatment, voluntarily consented
and assented to HIV testing, and resided in Brazzaville during the study period. Participants with diseases
such as cancer, advanced HIV-AIDS, severe malaria and hepatitis were excluded. The study was based
only on pulmonary TB and all participants with extra-pulmonary TB were not eligible.
Operational de nitions
Presumptive tuberculosis participants: individuals with evocative symptoms of TB (coughing for 3 weeks
or more, persistent and productive, sputum sometimes streaked with blood, chest pain, weight loss,
tiredness, anorexia, fever and night sweats).
New Patients: patients who have never received anti-TB drugs or who have received treatment for less
than a month.
Sample collection and study design
The study design is summarized on Fig 1. Brie y, after signing the informed consent, the sociodemographic data were collected by the study physician during the clinical examination. A total volume
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of 5 mL of the blood was collected from all participants for hepatitis and HIV testing (Pre-counseling was
done before the HIV test). Participants found to be positive for hepatitis B and/or C were excluded from
the study.
Two sputum specimens of 3mL each were collected from enrolled study participants in accordance with
the guidelines of the national tuberculosis control program (PNLT, 2016). The rst (spot) sputum
specimen was collected at Makélékélé Hospital on the rst day. The second (morning specimen) was
collected at home on the second day and delivered the same day to the mycobacteria laboratory at
Makélékélé Hospital.
The sputum and blood samples were transported at 4-8 ° C at the Mycobacterium TB laboratory (MTBL)
of the Centre de Recherches des Maladies Infectieuses - Christophe Mérieux (CeRMI-CM), Republic of
Congo. On receipt of the samples at the MTBL Blood samples were tested for hepatitis with the Hepatitis
B rapid test and the Promed Gold Hepatitis C test, as well as for HIV with the Determine HIV 1/2 rapid test
(Alere GmbH, Cologne, Germany) and the enzyme-linked immunosorbent assay (ELISA, Vironostika®HIV1 Plus O Microelisa System, United Kingdom). Sputum samples were decontaminated using the BD
BBL® MycoPrep™ Specimen Digestion / Decontamination Kit (Becton Dickinson) following the
manufacturer's instructions. The decontaminated samples were stored at -80 ° C until further analyses.
Detection of Mycobacterium tuberculosis complex and rifampicin resistance in the sputum was using the
Xpert® MTB/RIF test (Cepheid, Sunnyvale, CA, USA). All rifampicin-resistant samples were subjected to
Line probe Assay test (LPA: Geno Type® MTB DR sl assay; Hain Life Science, Gmbh, Germany) to detect
resistance to uoroquinolones and second-line injectable drugs (Amikacin, Kanamycin and
Capreomycin).
GenoType MTBDR sl
From the decontaminated sputum samples, we extracted the DNA by thermal lysis and sonication as
described below. Brie y, 500 μL of decontaminated sputum was centrifuged at 10,000xg at 4 ° C for 15
minutes. The supernatant was discarded, the pellet was resuspended in 100 μl of sterile distilled water
and the mycobacteria were lysed by incubation at 95 °C for 20 minutes and the sonication for 15
minutes, then centrifuged at 13000×g for 5 minutes. The supernatant was collected and stored at -20 °C
(HAIN LifeScience, 2015).
With the extracted DNA, ampli cation and hybridization were performed with the reagent GenoType
MTBDRsl VER2.0 (Hain Lifescience, Nehren, Germany) following the manufacturer's instructions.
Statistical analysis
The data were analyzed using SPSS Statistical Software version 24(IBM Corp, Armonk, NY). Sociodemographic data, TB risk Behaviours and clinical information were associated to the positivity of
GeneXpert method by logistic regression model and their Odd Ratio with the con dence interval at 95%
was determinate. The Mann-Whitney test and Kruskal-Wallis test were used to see the dependence of the
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Rifampicin Susceptibility and the factors. Differences were considered statistically signi cant when the pvalue was < 0.05.

Results
Socio-demographic characteristics of the participants
From October 2018 to October 2019, 110 suspected MTB patients were screened at Makélékélé hospital
in Brazzaville for TB. Based on clinical examination and inclusion criteria, 92 patients were included in
the study, 18 were excluded from the study because of hepatitis B and C positivity (Fig 1) or
manifestation of extrapulmonary tuberculosis.
This total of 92 patients consisted of 47 (51.1%) females and 45 (48.9%) males. The average age was
38.2 (± 15.1) years. However, most were 18 to 44 51(55.4%), followed by ≥ 45 years 33(35.9%) and ≤17
years 8(8.7%) (Table 1).
Clinical signs, co-infection and associated risk factors of the participants
Of the 92 participants in the study, 66(71.7%) had a chronic cough, 28(30.4%) had an acute cough,
72(78.3%) had a fever, 82(89.1%) had a weight loss, 27(29.3%) had a physical asthenia and 19(20.7%)
had an anorexia. The HIV positivity rate was 22(23.9%). Of all participants, 43(46.7%) accepted to be
alcoholic consumer, 20(21.7%) recognized to be smoker and 5(5.4%) recognized to be cannabis
consumer (Table 1).
Proportion of Mycobacterium tuberculosis complex (MTBC) positivity and associated characteristics
Of the 92 participants enrolled in the present study, 57 (62%) were found to be positive for MTBC by the
Xpert MTB/RIF test. The association between potential exposure variables and the participants' MTBC
positivity was analyzed and presented in Table 1. There was a signi cant association between the
participants' positivity to the MTB complex and seropositivity (95% CI = 0.07-0.53, P = 0.002), as well as
an association with acute cough (95% CI = 0.15-0.98, P = 0. 042). However, there was no signi cant
association between the other variables and positivity to the MTB complex.
Rifampicin sensitivity pro le
Of the 57/92 CMTB-positive participants, 2/92 (2%) were indeterminate and so removed from the
analysis, 9/55 (16.4%) were resistant to rifampicin, and 46 were rifampicin-sensitive (Table 2).
The association between the potential exposure variables and the participants' rifampicin-resistant
tuberculosis (RR-TB) was analyzed and presented in Table 2. Rifampicin-resistant tuberculosis was
statistically signi cant in HIV-positive participants (P = 0.006), there was a signi cant association
between rifampicin-resistant tuberculosis and chronic cough (P = 0.019), also a signi cant association
with acute cough (P = 0.019), and a signi cant association with anaemia (P = 006) and physical
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asthemia (P = 0.098). However, there was no signi cant association between the other variables and RRTB.
Sensitivity pro le for second-line drugs
For the 9 participants resistant to rifampicin, the results of the second-line drug sensitivity tests were
reported in Table 3. We found that 1/9 (11.1%) was resistant to uoroquinolones and 1/9 (11.1%) was
resistant to both uoroquinolones and injectable second line drugs. The remaining 7 rifampicin-resistant
participants were sensitive to second line drugs.

Discussion
The present study showed that the prevalence of rifampicin-resistant tuberculosis (RR-TB) among the 92
participants suspected of having tuberculosis and who had never received treatment was 9.8% (9/92)
and importantly 2.2% were pre-XDR/XDR. Currently, the data available in the study area do not allow a
more precise analysis of the exact causes of this increase (type of exposure, contact persons). However,
the detection of the relatively high rate of RR-TB resistance in the study population could be due to the
late diagnosis (patients with resistant strains are diagnosed late and often at the advanced stage of the
disease) which would be responsible for the spread of resistant strains in the community. The lack of
access to culture facilities and limited availability of rapid molecular diagnostic tools in some hospitals
means that the delay in diagnosing resistance is often long (Amona et al., 2017). The eligibility criteria for
GeneXpert set up by the national tuberculosis control program is such that only patients in therapeutic
failure are diagnosed with this molecular tool, for reasons of limited nancial resources causing breaks in
the purchase of cartridges (Okemba-Okombi et al., 2015a). According to the WHO, the estimate of MDRTB/MDR-TB at the national level was 2.4% in new patients (WHO, 2019).
The prevalence of RR-TB found in the present work is lower than that reported in the study conducted in
Gabon, in a sample of 124 patients (new and failed treatment), a prevalence of RDR-TB of 17% was noted
(Alame-Emane et al., 2017). Indeed, an earlier study conducted in the Republic of Congo at the
Tuberculosis Center reported a prevalence of 18% in a sample of 111 patients in treatment failure
(Okemba-Okombi et al., 2015a). Importantly, our study was conducted only in new patients, in contrast to
this study, and this is a cause for concern as it indicates increased transmission of drug resistant forms
of Mycobacterium tuberculosis.
It should be noted that, in most cases, it is possible to cure rifampicin-resistant tuberculosis, although
second-line treatment is long and requires strict adherence to a treatment regimen with support and
supervision of the patient during treatment (Nunn et al., 2019). First- and second-line treatment of
tuberculosis is provided free of charge by the National Tuberculosis Control Program in the Republic of
Congo (Okemba-Okombi et al.2020).
Our study also showed that HIV status (p = 0.006) was the only signi cant factor (p = 0.005) associated
with rifampicin-resistant tuberculosis; other factors such as alcohol, tobacco, and cannabis use were not
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signi cant. Thus, there is a relationship between rifampicin-resistant tuberculosis and HIV status. This
could be explained by the fact that tuberculosis is the most common opportunistic disease in HIVinfected patients. This nding has also been made by several authors (Harries et al., 2019; Najjingo et al.,
2019; Phyo et al., 2019).
Clinical signs such as chronic cough (p = 0.019), acute cough (p = 0.019), anemia (p = 0.06) and physical
asthenia (p = 0.098) were statistically signi cant (p = 0.005). The clinical signs of susceptible
tuberculosis are the same as those of resistant tuberculosis according to the WHO. Other authors have
also pointed out the presence of these clinical signs in relation to rifampicin-resistant tuberculosis
(Okemba-Okombi et al,2020.; Ossibi Ibara et al., 2016).
In this study, genotypic testing for second-line drug susceptibility was performed on the 9 participants
detected with rifampicin-resistant tuberculosis using the GenoType MTBDR sl test. This test recorded 1
participant who was resistant to uoroquinolones and also 1 participant who was resistant to both
uoroquinolones and second line injectable drugs. The proportion of this form of extensively drugresistant tuberculosis in our study population is of concern, requiring signi cant community action to
prevent the spread of resistant strains. These data suggest that efforts should be made to ensure that all
patients diagnosed with XDR-TB undergo sensitivity testing with uoroquinolones and second-line
injectables in order to initiate early and effective treatment. A study conducted in the Republic of Congo
reported that in a sample of 13 previously treated patients, a proportion of 3 patients were resistant to
uoroquinolones and 1 patient was resistant to uoroquinolones and second-line injectable drugs
(Okemba Okombi et al., 2018). The particularity of our study is that we detected this form of resistance in
untreated patients, whereas in the Okemba-Okambi et al study, this form of resistance was detected in
previously treated patients.
It is important to make the right diagnosis at an early stage in order to initiate effective treatment as early
as possible. It is possible to cure XDR-TB, but with the drugs currently available, the probability of cure
remains low. Cure depends on the extent of drug resistance, the severity of the disease and the state of
the immune system (WHO, 2019).
Our study is the rst to show a high prevalence of RR-TB and the presence of XDR-TB in new patients.
These results provide some useful information that should attract the attention of our health authorities
regarding the practical management of patients with drug-resistant TB. These data will further strengthen
the advocacy at the level of the national tuberculosis control program on the need to install rapid
molecular diagnostic tools for the detection of resistance in health centers. This will allow early detection
and better management of patients.
It would be necessary to extend this study to other hospitals in Brazzaville in order to have a better
understanding of the current status of the epidemiological pro le of resistance at the national level. It
would also be important to establish surveillance systems for resistance to rst- and second-line antituberculosis drugs, which can serve as key tools for data collection to provide indicators on the
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epidemiological characteristics of resistant tuberculosis on which the national tuberculosis control
program can be based.
However, this study is not without limitations. We were not able to conduct timely drug susceptibility
testing (DST) with other rst-line anti-tuberculosis drugs to determine whether polyresistant TB was
present in our study. In addition, our sample size did not allow us to make comparisons with other
studies.

Conclusion
This study showed a high rate of rifampicin resistance and the presence of extensively drug-resistant
tuberculosis in the study area in new patients. This study suggests early diagnosis of resistant
tuberculosis should be considered using more sensitive diagnostic tools. Rapid molecular diagnostic
tools such as GeneXpert need to be installed in health centers for better management of resistant
tuberculosis.
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