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Abstract

The genus Mycobacterium has two main groups, Mycobacterium tuberculosis
complex (MTBC) and atypical mycobacteria. The MTBC species, the causative agents of
tuberculosis (TB), has been further typed into different genotypes. Genotyping
methods of M. tuberculosis help in identifying the most predominant circulating
genotypes and their transmission dynamics and this helps in planning for a better
tuberculosis drug resistance surveillance system. In Rwanda, little is known about the
most predominant M. tuberculosis genotypes and there is limited data on drug resistance
especially pyrazinamide drug resistance profile. Moreover, the distribution of atypical
mycobacteria and their underlying epidemiological factors are also unknown. Our main
goal is to characterize epidemiologically and genotypically M. tuberculosis, establish drug
resistance and determine the distribution of atypical mycobacteria countrywide. Smear
positives collected from suspected TB patients from Januray to July 2015
were submitted for primary culture on both solid and liquid culture media. All
positive cultures on Lowenstein Jensen and BACTEC MGIT 960 liquid culture system
were followed by phenotypic drug susceptibility testing (DST) to characterize resistance
for first line anti-tuberculosis drugs. Isolates were tested for susceptibility to first line
anti-TB drugs using Isoniazid, Rifampin, Streptomycin, and Ethambutol. Speciation of
atypical mycobacteria was done using GenoType MTB DRplus Assay CM and AS. The
present review presents preliminary results from primary culture, drug resistance and
atypical mycobacteria. Out of 994 positive culture, MTBC accounted for 99.6% while
atypical mycobacteria represented 0.4%. Of the 990 samples, 932 (94.1%) were new
patients and 58 (5.9%) were patients with previous history of treatment for tuberculosis.
MDR-TB was detected in 1.4% cases among new patients and 8.6% in previous treated
patients. Among the mono-resistance pattern, Ethambutol represented the majority of
all mono-resistance, averaging 17.4%. Non- Tuberclosis Mycobacteria (NTM) included
M. celatum (0.1%), M. lentiflavum (0.1%), M. peregrinum (0.1%) and M. intracellulare
(0.1%). In light of the present preliminary results, further investigations are needed to
confirm the pan-resistance of Ethambutol. Molecular characterization is needed to decipher
the most predominant M. tuberculosis genotypes, drug resistance and understand the
extent of atypical mycobacteria in Rwanda. This would aid in strengthening TB treatment
and control.
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Résumé

Le genre Mycobacterium a deux groupes principaux, le complexe Mycobacterium
tuberculosis (MTBC) et les mycobactéries atypiques. Les especes MTBC; agents
responsables de la tuberculose (TB) pulmonaire ont été davantage classées dans différents
génotypes. Les méthodes de génotypage de Mycobacterium tuberculosis jouent un réle clé
pour comprendre les génotypes les plus prédominants et leur dynamique de transmission.
Ceci permet de planifier et de mettre en place un meilleur systeme de surveillance de
la résistance aux anti-tuberculeux. Au Rwanda, on en connait peu sur les génotypes
de M. tuberculosis les plus prédominants et il y a peu de données sur la résistance aux
médicaments en particulier le profil de résistance a la pyrazinamide. En outre, la répartition
des mycobactéries atypiques et leurs facteurs épidémiologiques sous-jacents sont
¢galement inconnus. Notre objectif principal est de caractériser I’espéce de M. tuberculosis
sur le plan épidémiologique et génotypique, établir la résistance aux médicaments anti-
tuberculeux et déterminer la répartition des mycobactéries atypiques au niveau national.
Les frottis positifs obtenus chez des patients suspects de la tuberculose a partir du mois de
Janvier jusqu’au mois de Juillet 2015 ont été soumis a une culture primaire a la fois sur
des milieux solides et liquides. Toutes les cultures positives sur Lowenstein Jensen et le
systéme de culture en milieu liquide utilisant le BACTEC MGIT 960 étaient suivies par
des tests phénotypiques sur la sensibilité aux médicaments pour caractériser la résistance
aux médicaments antituberculeux de premiere ligne. La sensibilité aux anti-tuberculeux de
premiére ligne a été testée sur toutes les souches en utilisant I’isoniazide, la rifampicine, la
streptomycine et 1’éthambutol. La spéciation des mycobactéries atypiques a été effectuée
a I’aide du test moléculaire ‘GenoType MTB DRplus Assay CM & AS’. Le présent article
présente les résultats préliminaires de la culture primaire, la résistance aux anti-tuberculeux
et la distribution des mycobactéries atypiques. Sur les 994 cultures positives, les MTBC
représentent 99,6%, tandis que les mycobactéries atypiques représentent 0,4%. Parmi les 990
¢chantillons, 932 (94,1%) provenaient de nouveaux-cas tandis que 58 (5,9%) provenaient
des patients ayant des cas de retraitement de la tuberculose. La tuberculose multi-résistante
(TB-MR) a été détectée dans 1,4% des cas chez les nouveaux patients et 8,6% chez les
patients traités précédemment. Parmi les modéles mono-résistants, éthambutol représente
la majorité de toutes les mono-résistances, avec une moyenne de 17,4%. Les mycobactéries
atypiques sont : M. celatum (0,1%), M. lentiflavum (0,1%), M. peregrinum (0,1%), et
M. intracellulare (0,1%). A la lumiére des présents résultats préliminaires, d’autres études
sont nécessaires pour confirmer la pan-résistance de 1’éthambutol. Les études utilisant la
technologie de Biologie moléculaire sont nécessaires pour déchiffrer les génotypes des
M. tuberculosis prédominants, la résistance aux médicaments et de comprendre 1’ampleur
des mycobactéries atypiques au Rwanda. Cela aiderait dans le renforcement du traitement
de la tuberculose et de son controle.

Mots clés: Mycobactéries atypiques, résistance aux médicaments, génotypes, Rwanda,
séquencage, Tuberculose.
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Background

Globally, Tuberculosis (TB) is a major public health problem. One third of the World’s
population is infected with Mycobacterium tuberculosis complex, the causative agent of
TB. Approximately 8.6 million people develop active TB disease and about 1.3 million
die of TB annually, and African region carries 75% of the TB burden (WHO, 2013).
In Rwanda, TB incident was 71/100.000 cases in 2014, with 25% occurring among
HIV-TB co-infected people (WHO, 2015). A national drug resistance survey in Rwanda
has recorded multi-drug tuberculosis (MDR-TB) cases in 3.9% and 9.4% new and
retreatment patients, respectively (Umubyeyi et al., 2007). The genus Mycobacteria
has two main groups, atypical mycobacteria and Mycobacterium tuberculosis complex
(MTBC). Atypical mycobacteria exist in over 20 species, among them Mycobacterium
kansasii, Mycobacterium avium-intracellulare, Mycobacterium marinum, Mycobacterium
ulcerans, Mycobacterium chelonae, Mycobacterium fortuitum, Mycobacterium
abscessus, among others (Aliyu et al, 2013), and they are found mainly among
immune-compromised patients (Nyamogoba et al., 2013).

Genotyping M. tuberculosis isolates has been used to demonstrate possible
epidemiological links between patients, distinguish re-infection versus reactivation or
to detect TB outbreak (van Embden et al., 1993). Molecular genotyping helps to identify
the most predominant circulating genotypes, transmission dynamics of TB, recent
transmission, clustering rates, recurrent TB , single versus multiple TB infection and aids
in TB drug resistance surveillance (Nagai Y I ef al.,, 2012). Different genotypic methods
exist and include: Insertion sequence (IS), IS 6110- based restriction fragment length
polymorphism (RFLP) (van Embden et al., 1993), Spolygotyping which is labor intensive
and has a low discriminatory power (Supply et al., 2016), Length single polymorphism,
Mycobacterial interspersed repetitive units and variable number of tandem repeats
(MIRU-VNTR) and genomic DNA sequencing. The later can be either partial or whole
genome sequencing that assigns lineage or different genotypes, sub-lineages, relatedness
and clustering (Steiner et al, 2014; Feuerriegel et al, 2015). Futhermore, genome
sequencing is faster and provides more information on drug resistance by detecting genes
mutations confering drug resistance to the microbial agent (Sekiguchi et al, 2017).

In Africa, studies have shown different genotypes of M. tuberculosis. These include:
Beijing family, T family (T), Latino-America and Mediterranean family (LAM), Central
Asia (CAS), Cameroun (CAM), Uganda I and II (Lari er al, 2011, Mbug et al., 2015),
and others. Beijing family is the most prevalent genotype associated with drug-
resistance (Marais et al, 2013). In Rwanda, little is known about M. tuberculosis
genotypes. Only two studies have so far been conducted on TB occurrence and
genotyping using MIRU-VNTR (Umubyeyi ef al., 2017) and spoligotyping (Gafirita et
al., 2012). This study is aimed at molecular characterization of M. tuberculosis
genotypes, establishing drug resistance and determining the distribution of atypical
mycobacteria in Rwanda.
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Study description

Sputum samples were collected from suspected TB patients from health facilities and
were tested microscopically using iLED Fluorescence microscopy. Smear positives were
submitted for primary culture on both solid and liquid culture media. All positive
cultures on Lowenstein Jensen and BACTEC MGIT 960 liquid culture system were
subjected to phenotypic drug susceptibility testing (DST) to characterize resistance for
first line anti-tuberculosis drugs. Isolates were tested for susceptibility to first line
anti-TB drugs using Isoniazid, Rifampin, Streptomycin, and Ethambutol. Drug
susceptibility testing included testing for drug resistance pattern to Isoniazid (0.2ug/
ml and 1.0 pg/ml), Rifampicin (20 pg/ml and 40 pg/ml), Ethambuthol (2.0 pg/ml) and
Streptomycin (4.0 pg/ml). SD Bioline MPT64 TB Ag was done to classify mycobacteria
into two groups namely: MTBC and NTM. Speciation of non-tuberculous mycobacteria
(NTM) was done using GenoType MTB DRplus Assay CM and AS. The GenoType MTB
DRplus Assay CM was used to identify common mycobacteria while GenoType MTB
DRplus Assay AS provided probes for additional species of atypical mycobacteria.

Molecular characterization and further study. To understand molecular epidemiology
of M. tuberculosis and drug resistance to it in Rwanda, further study will be conducted
on genetic diversity of M. tuberculosis. Harvested pure colonies will be heat killed
for genomic DNA extraction. Molecular genotyping and sequencing will be done
using Mycobacterial interspersed repetitive units and variable number of tandem
repeats (MIRU-VNTR) 15 loci or Single nucleotides polymorphism (SNP) and DNA
sequencing to determine M. tuberculosis genotypes and confirm drug resistance
patterns. PCR products will be analyzed using 2% agarose gel electrophoresis to
determine different genotypes, and clusters. DNA sequencing will beperformed on Kat
G, inhA, rpoB, pncA, rps, embB and pncA genes for first line drugs and Pyrazinamide.
DNA sequencing and MIRU-VNTR will be used to determine the distribution of MTB
genotypes, the most predominant MTB genotypes and sub-lineages of M. tuberculosis.

Results and Discussion

Mono-resistance analysis. There was a majority of monoresistant TB found in Ethambutol
drug resistance (Table 1). Phenotypically, we observed predominance in Ethambutol
resistance. Further analysis to sequence the highly conserved Ethambutol genes to get
evidence of the pan-Ethambutol resistance in clinical isolates in Rwanda will be done
since the genome sequencing provide accurate information on drug resistance and is a
powerful diagnostic tool to detect antibiotic resistance. The second mono-resistance was
found with Streptomycin drug resistance. Only one patient was having a mono-resistance
with Rifampicin.
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Table 1: Susceptibility patterns according to treatment history: new and previous treated patients

Characteristic New n =932 Retreatment n = 58 Total n=990
n (%) n (%) n (%)
Susceptible to all drugs 720 (77.3) 43 (87.9) 763 (77.8)
Mono resistance
Isoniazid (INH) 6 (0.6) 1(1.7) 7 (0.7)
Rifampicin (RIF) 1(0.1) 0(0.0) 1(0.1)
Streptomycin (Strep) 15 (1.6) 0(0.0) 15 (1.5)
Ethambutol (Eth) 164 (17.6) 8 (13.8) 172 (17.4
Poly-resistance other than MDR-TB 13 (1.4) 1(1.7) 14 (1.4)
Multi drug resistant TB (MDR-TB)
INH and RIF (MDR-TB) 13 (1.4) 5(8.6) 18 (1.8)

Key: MDR-TB: Multi-drug resistant tuberculosis

Out of the 990 positive cultures, 932 (94.1%) were from new patients and 58 (5.9%) patients
with previous history of treatment for tuberculosis (Table 2). Multi-drug resistant
tuberculosis occurred in 1.4% cases among new patients and 8.6% in previous treated
patients. Among the mono-resistance pattern, Ethambutol represented the majority
(17.4%). Atypical mycobacteria represented 0.4% of all positive culture while MTBC

accounted for 99.6% of the cases. The non tuberculosis mycobacteria identified included M.
celatum (0.1%), M. lentiflavum (0.1%), M. peregrinum (0.1%) and M. intracellulare (0.1%).

Table 2. Distribution and speciation of a typical mycobacteria in positive culture (n=994)

Result Species n (%)

Positive M. tuberculosis complex 990 (99.6)
NTM 4(0.4)
M. celatum 1(0,1)

NTM species M. lentiflavum 1(0.1)
M. peregrinum 1(0.1)
M. intracellulare 1(0.1)

Key: NTM: Non tuberculosis mycobacteria

Poly-resistance analysis. Poly-resistance includes either Rifampicin and Ethambutol,
or Streptomycin and Ethambutol or Streptomycin and Isoniazid. The preliminary
findings show that the most predominant poly-resistance was the one involving at the
same time Syreptomycin and Ethambutol while Rifampicin and Ethambutol had the
least occurrence in terms of poly-drug resistance. Where resistance to Rifampicin was
observed it was either mono-resistant or pan-resistant to all first line drugs (SSRS or RRRR).
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Multi-drug tuberculosis. Multi-drug resistant TB (MDR-TB) cases were more prevalent
in retreated patients (8.6%) and low (1.4%) among new patients. This suggests that
patients who have been treated for tuberculosis before are likely to get multi-drug resistant
tuberculosis.

Atypical mycobacteria. In the preliminary results, atypical mycobateria represented
0.4% among all positive culture in clinical isolates. The identified and confirmed
non tuberculous mycobacteria (NTM) also known as Mycobacteria other than tuberculosis
(MOTT) among clinical isolates included: M. celatum, M. lentiflavium, M. peregrinum and
M. intracelullare.

Gaps analysis, conclusions on preliminary and baseline results. Patients with multi-
drug resistant tuberculosis are predominantly found among patients with history of
previous treatment of tuberculosis. A high pan-resistance rate with Ethambuthol among
all drug resistance patterns was observed. However, there is still limited data on the most
predominant Mycobacterium tuberculosis genotypes in Rwanda. Furthermore, little is
known about atypical mycobacteria in Rwanda. Moreover, its distribution and underlying
epidemiological factors are also unknown. Hence, further investigations will be done
to get insight on M. tuberculosis genotypes, drug resistance, associated risk factors and
distribution of atypical mycobacteria countrywide. Further, pan-resistance in Ethambutol
drug was observed among clinical isolates in Rwanda band but this will require
further investigation to confirm these prevail findings for TB drug resistance control.

Genetic diversity and research application. Phenotypic drug resistance will be confirmed
by genotypic drug resistance profile for better understanding of the extent of TB drug
resistance. The analysis of genome sequencing will be used to determine different genotypes
of M. tuberculosis and confirm the drug resistance patterns obtained from phenotypic
drug susceptibility testing for better understanding of the extent of TB drug resistance and
underlying risk factors. The prevalence of atypical mycobacteria will be defined and this
will enable appropriate treatment and case management. Lastly, the findings of the present
study will be used to strengthen tuberculosis surveillance system in Rwanda, the entire East
African Region and hence contributing to the World Health Organization TB Stop strategy.
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