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Abstract
Multidrug Resistant Tuberculosis (MDR-TB) is a serious threat which jeopardizes the worldwide efforts to control TB. The
Democratic Republic of Congo (DRC) is one of 27 countries with a high burden of MDR-TB. Data on the magnitude, trends,
and the distribution of MDR-TB in DRC are scanty. Kinshasa, the capital city of DRC which accounts for 20% of all TB cases
nationwide, is notifying more than 80% of all MDR suspects. We report here a cluster of MDR-TB cases that was investigated
in the Mosango health district, in the Bandundu south Province, DRC in 2008. Phenotypic Drug Sensitivity Testing and DNA
sequencing were performed on 18 sputum specimens collected from 4 MDR-TB suspects and 5 household contacts.
Sequencing data confirmed that the 4 suspects were indeed Rifampicin resistant cases. Sequencing of the rpoB gene
showed that 3 cases (patients A, B and D) had a single mutation encoding a substitution to 526Tyr, 531Trp and 526Leu
respectively. Patient C had a double mutation encoding a change to 531Leu and 633Leu. Two of the investigated cases died
within 4 months of a second-line treatment course. Results highlight the need to enhance adequate laboratory services
within the country for both clinical as well as surveillance purposes.
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National TB Program data; unpublished). The burden of MDRTB in the rest of the country is even less well defined as a result of
the scarce laboratory infrastructure and some logistical limitations.
Extremely long turn-around times for laboratory results to reach
the treating clinician increase the risk of the spread of resistant
strains.
Because of the need to closely monitor the spread of this
problem across DRC and the scarcity of data beyond the capital
Kinshasa, we report here a cluster of MDR-TB cases that
occurred in the Mosango health district, in the Bandundu south
Province, DRC in 2008.

Introduction
Multidrug Resistant Tuberculosis (MDR-TB) defined as the
resistance of clinical isolates of Mycobacterium tuberculosis strains
against Rifampicin (RMP) and Isoniazid (INH) is considered as a
serious threat which jeopardizes the worldwide efforts to control
Tuberculosis [1]. Conventional methods for diagnosing MDR-TB
are slow and cumbersome requiring at least 2 months for test
execution and the treatment is complex.
In Low-Income Countries such as the Democratic Republic of
Congo (DRC), the challenge posed by MDR-TB is huge. During
the two last decades, the history of the DRC has been rife with
civil unrest, which has led to the collapse of the health system and
the recrudescence of Tuberculosis (TB) and other infectious
diseases. DRC, with an estimated population of 66 million, is
ranked 11th among the 22 TB High Burden Countries and has an
estimated incidence of TB of 327 per 100 000 inhabitants per year
[2,3]. DRC is classified also among the 27 countries with a high
burden of MDR-TB [4], but the actual data on the magnitude,
trends, and the distribution of MDR-TB in DRC are scanty. In
2008 the World Health Organization (WHO) estimated that the
total number of MDR-TB cases in DRC was 5 600 (95%CI: 530–
11 000) [4]. However, less than 2% of this estimated number were
detected and put on specific treatment during that same year.
Kinshasa, the capital city of DRC which accounts for 20% of all
TB cases nationwide, is notifying more than 80% of all MDR
suspects, and not all of these are laboratory-confirmed (DRC
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Methods
Ethics statement
This study used specimens and data collected in the course of
routine patient care and resistance surveillance, performed without
ethics review or informed consent. The study was approved by the
health authorities of DR Congo. To ensure confidentiality, the
data were completely delinked from any personal identifiers before
data analysis.

Settings
During September 2008, the National TB Program (NTP) of
DRC was notified by the Chief Medical Officer of Mosango health
district about the admission of 2 laboratory-confirmed cases of
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and amino acid substitution [13]. INH resistance was not
determined genetically.

MDR-TB in the inpatient wards of the Mosango Hospital.
Mosango hospital is the third largest tertiary hospital in DRC with
a capacity of 541 beds of which 121 are fully dedicated to TB
patients. It is located at 420 Km from Kinshasa. In response to this
alert, the NTP launched an investigation and sent a team of 1
microbiologist and public health officer (MKK), 1 MDR program
officer (SB) and 1 laboratory technician (GK) to Mosango to
review the 2 case histories and actively search for other MDR
suspects amongst TB cases and contacts. The team reached the
hospital in October 2008 and reviewed all available NTP records
as well as the hospital admission register and patient files. Patients
in retreatment for tuberculosis with Acid-Fast Bacilli (AFB) smear
positive at month 3 or 5 were considered as MDR-TB suspects. A
contact was defined as a first degree relative of a MDR-TB suspect
living in the same household for at least 3 months. All retrieved
retreatment cases positive for AFB from Mosango Hospital area
were listed, their demographic data, clinical TB history and
household contacts information were collected and a list of their
close contacts was then established. Individual demographic,
clinical and laboratory data were captured in an Excel sheet
(version 5.0) and later analyzed by the software Epi-Info 3.5.4
(Centers for Disease Control and Prevention, Atlanta, GA).

Results
The two index cases mentioned above could not be included in
this investigation: one had died before the arrival of the team, and
no clinical specimens were available for the other case. The
Mosango district TB register listed a total of 24 cases as being in
retreatment in October 2008, including the two index cases. We
could retrieve 16 (73%) of the 22 suspects within a perimeter of
50 Km around the hospital (the others left an incorrect address,
had left the area or lived beyond 50 Km from the hospital). Ten
(42%) had clinical symptoms and we collected their sputum for
AFB testing. Four of them were AFB positive and were considered
as ‘‘MDR suspects’’. Three of them were on their third TB
treatment course, and one patient was taking the second course of
first-line drugs. None of them had ever interrupted treatment. The
team listed 28 household contacts for these 4 patients. Twenty
(71%) contacts were retrieved and screened for TB symptoms. Five
(25%) had at least one symptom suggesting TB. Culture,
phenotypic DST and DNA sequencing were performed on 18
sputum specimens collected from 4 MDR-TB suspects and 5
household contacts. Table 1 summarizes demographic, clinical
and laboratory results of the 9 suspects included in the final
analysis. Median age was 28 years (IQR 24–38), 5 (56%) were
female. All patient samples were positive in culture (4/4) but none
of the samples of their household contacts was positive.
Conventional DST showed RMP and INH resistance (MDR) in
2 out of the 4 positive patients and RMP resistance in one.
However, sequencing data confirmed that the 4 suspects were
indeed RMP-resistant cases. Sequencing of the rpoB gene showed
that 3 MDR cases (patients A, B and D) had a single mutation
encoding a substitution to 526Tyr, 531Trp and 526Leu respectively. Patient C had double mutations encoding a change to
531Leu and 633Leu. Patients B and D died within 4 months of
second line drugs (SLD) treatment with Kanamycin, Ofloxacin,
Prothionamide, Cycloserine, Pyrazinamide and Ethambutol.
Their HIV status was not known. Patients A and C had favorable
treatment outcomes under SLD. Recently we reviewed again the
TB registers of Mosango health district to assess clinical outcomes
of the 36 retreatment cases enrolled in 2008 (not including the 6
MDR patients described above). Treatment outcomes were
available for thirty three of the 36: 25 were cured, 4 died, 3 failed
and 1 was transferred out.

Laboratory procedures
From each suspect and those contacts identified and included in
this investigation, 2 sputum specimens were collected to ensure an
adequate recovery of Mycobacterium tuberculosis on solid medium
Löwenstein Jensen (LJ) and followed by detection of RMP and
INH resistance by conventional Drug Susceptibility Testing (DST)
on solid medium and further DNA sequencing. Firstly, sputum
specimens were collected in a Falcon tube containing 5 ml of cetylpyridinium chloride (CPC) at 1% and were transported to the
National Reference Laboratory (NRL) in Kinshasa for culture and
DST on LJ medium. For primary culture, sputum samples were
processed according to standard methods previously described [5]:
decontamination and processing with NaOH according to a
modified Petroff technique [6], with a contact time shortened to
10 min. First Line Drugs (FLD) DST was performed on Löwenstein-Jensen according to the indirect proportion method as
described by Canetti et al. [7] with final readings at 6 weeks.
Strains appearing to belong to the Mycobacterium tuberculosis
complex (because of their macroscopic appearance, acid fast
staining and slow growth) were tested at the critical concentrations
of INH 0.2 mg/ml and RMP 40 mg/ml, besides r-nitrobenzoic
acid (PNB) for differentiation from non-TB mycobacteria according to international guidelines [8]. Secondly, for each sputum
specimen collected, an aliquot was preserved in 50% alcohol to
permit additional genetic testing in the Supra National Reference
Laboratory (SRL) in Antwerp/Belgium. RMP mutations were
defined later and independently of DST result by sequencing of
the rpoB gene. DNA extracts from clinical specimens were
prepared using the automated Boom extraction method as
described elsewhere [9]. Detection of rpoB mutations, targeting a
1,674-bp region from codon 176 to 672, from which RMP
resistance-conferring mutations have been reported, was performed as described previously. A nested PCR with primers
rpoBgeneSAnew (59-GCAAAACAGCCGCTAGTCCTAGTCCGA-39) and rpoBgeneRA (59-GCGCCATCTCGCCGTCGTCAGTACAG-39) for the first run, and rpoBgeneSA and rpoBgeneRB as inner primers, was used for amplification [10]. All
Rifampicin resistance-determining region (RRDR) mutations, plus
others previously reported for the rpoB gene, were considered
potentially relevant for Rifampicin resistance [11,12]. Mutations
were identified by rpoB codon number (Escherichia coli numbering)
PLOS ONE | www.plosone.org

Discussion
The cluster of MDR-TB cases reported here is to our knowledge
the first published account of confirmed MDR-TB from a rural
area in DRC. Our findings suggest that MDR-TB is present in
Mosango Health district since at least 2008. The DNA sequencing
documented molecular mutations of rpoB genes conferring
resistance in MTBC strains in all 4 suspect patients investigated,
but in none of their contacts. Conventional DST performed poorly
and missed 2 of these 4 cases of MDR-TB. This is partly explained
by contamination of DST but also by highly variable results for
RMP sensitivity in the proficiency testing at the Kinshasa NRL.
Unfortunately, the delay in diagnosis and appropriate management of the cases led to a high case fatality rate: two of the 4
investigated cases and 1 of the two index cases died. This high case
fatality is most likely due to the inadequate retreatment regimen
used during several months, as the risk of death with standard
short-course chemotherapy is highest when there is resistance to
both INH and RMP [14,15].
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A1: First contact of case A; A2: Second contact of case A; B1: First contact of case B; C1: First contact of case C; D1: First contact of case D. M: male; F: female. F1: Failure in WHO standard first line treatment regimen for category 1
for new cases; F2: Failure in WHO standard first line treatment regimen for category 2 retreatment cases; R2: Relapse in WHO standard first line treatment regimen for category 2 retreatment cases. NA: Not applicable. N6 of FLD:
Number of first-line drugs. SM: smear microscopy results. NG: no growth. ID: identification. MTBC: Mycobacterium tuberculosis complex. NT: not tested. R: Resistant; S: sensitive; C: contaminated. SLD: second-line drugs.
doi:10.1371/journal.pone.0094618.t001
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The sequencing data did show a set of 4 different drug resistant
patterns in the 4 cases suggesting no evidence of a link between
these MDR-TB cases. Most likely, the MDR-TB was due to
acquired resistance in patients previously treated. Three MDR
patients had a strain with a single rpoB mutation (526Tyr, 531Trp
and 526Leu) and one patient had a strain with a double mutation
531Leu and 633Leu. This double mutation observed in a patient
who had been previously treated 3 times with First-Line Drug
treatment, is probably due to acquired drug resistance [16]. The
mutation 531Leu has been described recently as the most frequent
in Kinshasa among relapse and treatment failure TB cases. In a
prospective cohort study of TB patients starting retreatment, Van
Deun found that this mutation accounts for 63% of all rpoB
mutations from first recurrence sputum specimens from Kinshasa
[17]. Contrastingly, our series consisted of multiple retreatment
cases. The MDR-TB patient D had a strain with 526Leu, a
mutation that is considered rare by some authors [18]. However
the rpoB 526Leu, which is part of the group called ‘‘disputed’’
mutations described previously by Van Deun, is rather common in
DRC and elsewhere [17,18]. Of note, conventional DST at
Kinshasa NRL failed to detect it [19,20]. DNA sequencing
performed in our study showed the rpoB 633Leu in a double
mutation, and to the best of our knowledge, this was never
described before. Current molecular DST targeting only the
RRDR (codons 507–533) is missing it. We doubt its clinical
significance, as it has been found only once and accompanying
other, more common mutations. If more frequently seen and also
in isolation it might be assumed to have significance.
This study has some limitations. The case definition for a
suspect case used in the outbreak investigation was rather
restrictive and probably allowed to select only a part of all the
people at risk of MDR-TB. Secondly, INH resistance was not
determined genetically. Even if RMP resistance is widely
recognized as a proxy for MDR-TB, the genotypic pattern of
INH is important for surveillance and molecular epidemiology of
MDR-TB.
Culture of sputum on a solid agar medium could provide more
reliable DST results but is extremely lengthy and significantly
delays the initiation of adequate therapy [21]. Liquid-growth
based methods and Nucleic Acid Amplifications techniques have
demonstrated superior performance in many settings
[22,23,24,25,26]. However under field conditions in high TB
settings and low income countries, such as DRC, these methods
have high technical and logistical requirements that are not easy to
meet in a sustainable and accessible way. The latest genotypic
techniques might be definitely much easier to set up and run
[27,28]. From a public health perspective, rapid and timely
detection of TB cases and strengthened capacity to diagnose cases
of drug-resistant TB remain thus global priorities for TB care and
control.

Conclusion
Results observed during this investigation highlight the need to
enhance adequate laboratory services in countries confronted with
MDR-TB. Fragile states as DRC are facing huge barriers
requiring significant investment in laboratory infrastructures and
strengthening of human resources. MDR-TB is a serious concern
to be considered in all rural settings in Africa and elsewhere, and
surveillance of DR-TB should be strengthened globally. A Pointof-Care diagnostic tool, one that can be more readily deployed at
the district level would greatly facilitate the timely detection of
resistant TB. Its introduction will not only serve diagnosis but also
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routine surveillance. Sustained SLD provision and adequate case
management of MDR-TB patients are moreover essential.

Author Contributions
Conceived and designed the experiments: MKK SB OL AN. Performed
the experiments: GK MKK. Analyzed the data: MKK SB AVD MB.
Contributed reagents/materials/analysis tools: MKK GK AVD. Wrote the
paper: MKK. Reviewed the manuscript: MB AVD JJM.

References
1. (2011) The worldwide epidemic of multidrug-resistant tuberculosis. Editorial.
Lancet Infect Dis 11(5):333.
2. World Health Organization (2012) World Health Organization: Global TB
report 2012. (WHO/HTM/TB/2012.6). Geneva, WHO. Available at: http://
www.who.int/tb/publications/global_report/gtbr12_main.pdf Accessed 25 November 2013
3. World Health Organization (2013) World Health Organization: Global TB
Report 2013. Annex 2 Country Profiles: DR of Congo. P.120. Available at:
http://www.who.int/tb/publications/global_report/gtbr13_annex_2_country_
profiles.pdf Accessed 25 November 2013. World Health Organization 2013.
4. World Health Organization (2008) Anti-tuberculosis drug resistance in the
world. Fourth Global Report Geneva. The WHO/IUATLD Global Project on
Anti-tuberculosis Drug Resistance Surveillance. Fourth Global Report. Geneva,
WHO. WHO/HTM/TB/2008.394 Available at: http://whqlibdoc.who.int/
hq/2008/who_htm_tb_2008.394_eng.pdf Accessed 25 November 2013.
5. Van Deun A, Salim AH, Daru P, Das APK, Aung KJM, et al. (2004) Drug
resistance monitoring: combined rates may be the best indicator of programme
performance. Int J Tuberc Lung Dis 8:23–30.
6. Petroff SA (1915) A new and rapid method for the isolation and cultivation of
tubercle bacilli directly from the sputum and feces. J Exp Med 21: 38–42.
7. Canetti G, Fox W, Khomenko A, Mitchison DA, Rist N, et al. (1969) Advances
in techniques of testing mycobacterial drug sensitivity, and the use of sensitivity
tests in tuberculosis control programmes. Bull World Health Organ 41: 21–43.
8. Rieder HL, Van Deun A, Kam KM, Kim SJ, Chonde TM, et al. (2007)
Priorities for tuberculosis bacteriology services in low-income countries. Second
edition. Paris: International Union Against Tuberculosis and Lung Disease.
120p.
9. Boom R, Sol CJA, Salimans MMM, Jansen CL, Wertheim-van Dillen PME, et
al. (1990) Rapid and simple method for purification of nucleic acids. J Clin
Microbiol 28:495–503.
10. Rigouts L, Nolasco O, de Rijk P, Nduwamahoro E, Van Deun A, et al. (2007)
Newly developed primers for comprehensive amplification of the rpoB gene and
detection of rifampin resistance in Mycobacterium tuberculosis. J Clin Microbiol
45:252–254.
11. Ramaswamy S, Musser JM (1998) Molecular genetic basis of antimicrobial agent
resistance in Mycobacterium tuberculosis. Tuber Lung Dis 79:3–29.
12. Sandgren A, Strong M, Muthukrishnan P, Weiner BK, Church GM, et al.
(2009) Tuberculosis drug resistance mutation database. PLoS Med
6(2):e1000002. doi:10.1371/journal.pmed.1000002.
13. Van Der Zanden AGEM, Te Koppele-Vije N, Vijaya Bhanu D, Van Soolingen,
Schouls LM (2003) Use of DNA extracts from Ziehl-Neelsen-stained slides for
molecular detection of rifampin resistance and spoligotyping of Mycobacterium
tuberculosis. J Clin Microbiol 41:1101–1108.
14. Schreiber YS, Herrera AF, Wilson D, Wallengren K, Draper R, et al. (2009)
Tuberculosis retreatment category predicts resistance in hospitalized retreatment
patients in a high HIV prevalence area. Int J Tuberc Lung Dis 13(10):1274–80.
15. Lan NTN, Lademarco MF, Binkin NJ, Tung LB, Quy HT, et al. (2001) A case
series: initial outcome of persons with multidrug-resistant tuberculosis after

PLOS ONE | www.plosone.org

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

4

treatment with the WHO standard retreatment regimen in Ho Chi Minh City,
Vietnam. Int J Tuberc Lung Dis 5(6):575–8.
Lipsitch M, Levin BR (1998) Population dynamics of tuberculosis treatment:
mathematical models of the roles of non-compliance and bacterial heterogeneity
in the evolution of drug resistance. Int J Tuberc Lung Dis 2:187–199.
Van Deun A, Maug AK, Bola V, Lebeke R, Hossain MA, et al. (2013)
Rifampicin drug resistance tests for tuberculosis: challenging the gold standard.
J Clin Microbiol 51:2633–2640.
Yip CW, Leung KL, Wong D, Cheung DTL, Chu MY, et al. (2006) Denaturing
HPLC for high-throughput screening of rifampicin-resistant Mycobacterium
tuberculosis isolates. Int J Tuberc Lung Dis 10:625–630.
Ohno H, Koga H, Kohno S, Tashiro T, Hara K (1996) Relationship between
rifampin MICs and rpoB mutations of Mycobacterium tuberculosis strains
isolated in Japan. Antimicrob Agents Chemother 40:1053–1056.
Van Deun A, Barrera L, Bastian I, Fattorini L, Hoffmann H, et al. (2009)
Mycobacterium tuberculosis strains with highly discordant rifampin susceptibility test results. J Clin Microbiol 47:3501–3506.
Quezada CM, Kamanzi E, Mukamutara J, De Rijk P, Rigouts L, et al. (2007)
Implementation validation performed in Rwanda to determine whether the
INNO-LiPA Rif.TB Line Probe Assay can be used for detection of MultidrugResistant Mycobacterium tuberculosis in low-resource countries. J Clin Microbiol
45:3111–3114.
Pfyffer GE, Welsher HM, Kissling P, Cielslak C, Casal M, et al. (1997)
Comparison of the Mycobacteria Growth Indicator Tube (MGIT) with
radiometric and solid media for recovery of acid-fast bacilli. J Clin Microbiol
35:364–368.
Somoskovi A, Kodmon C, Lantos A, Bartfal Z, Tamasi L, et al. (2000)
Comparison or Recoveries of Mycobacterium tuberculosis Using the Automated
Bactec MGIT 960 System, the BACTEC 460 TB System and LowensteinJensen Medium. J Clin Microbiol 38: 2395–2397.
Cruciani M, Scarparo C, Malena M, Bosco O, Serpelloni G, et al. (2005) Metaanalysis of BACTEC MGIT 960 with or without solid media, for detection on
mycobacteria. J Clin Microbiol 42(5):2321–2325.
Bogard M, Vincelette J, Antinozzi R, Alonso R, Fenner T, et al. (2001)
Multicenter study of a commercial, automated polymerase chain reaction system
for the rapid detection of Mycobacterium tuberculosis in respiratory specimens
in routine clinical practice. Eur J Clin Microbiol Infect Dis 20:724–731.
Piersimoni C, Scarparo C, Piccoli P, Rigon A, Ruggiero G, et al. (2002)
Performance assessment of two commercial amplification assay for direct
detection of Mycobacterium tuberculosis complex from respiratory and extra
pulmonary specimens. J Clin Microbiol 40:4138–4142.
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