
This study was supported by the Institut Hospitalo-
Universitaire Méditerranée Infection, the French National 
Research Agency under the Investissements d’avenir 
programme, (reference ANR-10-IAHU-03), and the fourth 
Make Our Planet Great Again (MOPGA 4) program.  
This work was cofunded by the Labex Dispositif de  
Recherche Interdisciplinaire sur les Interactions  
Hommes-Milieux, and the Investissements d’Avenir 
program (ANR-11-LABX-0010), which is managed by the 
Agence nationale de la recherche.

About the Author
Dr. Mangombi-Pambou is a postdoctoral researcher at the 
Institut Hospitalo Universitaire Méditérranée Infection in 
Marseille, France. His research interests include infectious 
diseases of zoonotic origin and the ecology and role of 
rodents in the dynamics of zoonotic diseases.

References
  1. Angelakis E, Raoult D. Q fever. Vet Microbiol. 2010;140:297–

309. https://doi.org/10.1016/j.vetmic.2009.07.016
  2. Tissot-Dupont H, Raoult D. Q fever. Infect Dis Clin  

North Am. 2008;22:505–14, ix. https://doi.org/10.1016/ 
j.idc.2008.03.002

  3. Vanderburg S, Rubach MP, Halliday JEB, Cleaveland S, 
Reddy EA, Crump JA. Epidemiology of Coxiella burnetii  
infection in Africa: a OneHealth systematic review. PLoS 
Negl Trop Dis. 2014;8:e2787. https://doi.org/10.1371/ 
journal.pntd.0002787

  4. Mediannikov O, Fenollar F, Socolovschi C, Diatta G,  
Bassene H, Molez J-F, et al. Coxiella burnetii in humans and 
ticks in rural Senegal. PLoS Negl Trop Dis. 2010;4:e654. 
https://doi.org/10.1371/journal.pntd.0000654

  5. Angelakis E, Mediannikov O, Socolovschi C, Mouffok N, 
Bassene H, Tall A, et al. Coxiella burnetii–positive PCR in 
febrile patients in rural and urban Africa. Int J Infect Dis. 
2014;28:107–10. https://doi.org/10.1016/j.ijid.2014.05.029

  6. Sokhna C, Mediannikov O, Fenollar F, Bassene H, Diatta G, 
Tall A, et al. Point-of-care laboratory of pathogen diagnosis 
in rural Senegal. PLoS Negl Trop Dis. 2013;7:e1999.  
https://doi.org/10.1371/journal.pntd.0001999

  7. Dahmana H, Granjon L, Diagne C, Davoust B, Fenollar F, 
Mediannikov O. Rodents as hosts of pathogens and related 
zoonotic disease risk. Pathogens. 2020;9:202. https://doi.
org/10.3390/pathogens9030202

  8. Sikes RS, Gannon WL; Animal Care and Use Committee of 
the American Society of Mammologists. Guidelines of the 
American Society of Mammologists for the use of wild  
mammals in research. J Mammal. 2011;92:235–53.  
https://doi.org/10.1644/10-MAMM-F-355.1

  9. Diouf FS, Ndiaye EHI, Hammoud A, Diamanka A,  
Bassene H, Ndiaye M, et al. Detection of Coxiella burnetii and 
Borrelia spp. DNA in cutaneous samples and in household 
dust in rural areas, Senegal. Vector Borne Zoonotic Dis. 
2021;21:659–66. https://doi.org/10.1089/vbz.2020.2723

10. Granjon L, Ba K, Diagne C, Ndiaye A, Piry S, Thiam M.  
The Ferlo small rodent community: historical trends and 
characteristics of the current population [in French]. In: 
Boëtsch G, Duboz P, Guissé A, Sarr P, editors. The Great 

Green Wall, an African response to climate change [in 
French]. Paris: Centre national de la recherche scientifique; 
2019. p. 1–19.

Address for correspondence: Oleg Mediannikov, IHU 
Méditerranée Infection, 19-21 Boulevard Jean Moulin, 13005 
Marseille, France; email: olegusss1@gmail.com

Therapeutic Failure and  
Acquired Bedaquiline and 
Delamanid Resistance  
in Treatment of Drug- 
Resistant TB

James Millard, Stephanie Rimmer, Camus Nimmo, 
Max O’Donnell
Author affiliations: Guys and St Thomas’ NHS Foundation Trust, 
London, UK (J. Millard); Wellcome Trust Liverpool Glasgow Centre 
for Global Health Research, Liverpool, UK (J. Millard); University 
of Liverpool, Liverpool (J. Millard); Africa Health Research  
Institute, Durban, South Africa (J. Millard, C. Nimmo); Imperial 
College Healthcare, London (S. Rimmer); Francis Crick Institute, 
London (C. Nimmo); University College London, London  
(C. Nimmo); Columbia University Medical Center, New York,  
New York, USA (M. O’Donnell); CAPRISA MRC-HIV-TB Pathogen-
esis and Treatment Research Unit, Durban (M. O’Donnell)

DOI: http://doi.org/10.3201/eid2905.221716

Major improvements have been achieved in drug-
resistant tuberculosis (TB) treatment in recent 

years; 2 new drug classes, diarylquinolines (beda-
quilline) and nitroimidazoles (pretomanid and dela-
manid), have been central to this success (1). The Ze-
NiX trial demonstrated cure rates of >90% in complex 
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New classes of antitubercular drugs, diarylquinolines and 
nitroimidazoles, have been associated with improved 
outcomes in the treatment of drug-resistant tuberculosis, 
but that success is threatened by emerging drug resis-
tance. We report a case of bedaquiline and delamanid 
resistance in a 55-year-old woman in South Africa with 
extensively drug-resistant tuberculosis and known HIV.



drug-resistant TB when a bedaquiline, pretomanid, 
and linezolid (BPaL) regimen was given for just 6 
months (2); the TB-PRACTECAL trial used BPaL plus 
moxifloxacin to treat multidrug-resistant (MDR) TB 
and achieved cure rates of 89% versus 50% in controls 
(3). These regimens have been recommended as the 
preferred treatment option for drug-resistant TB by 
the World Health Organization (4).

Threatening those recent successes, resistance 
can emerge to bedaquiline through mutations in atpE, 
pepQ, or Rv0678 (with mutations in Rv0678 being by 
far the most common in clinical isolates) and to preto-
manid and delamanid through mutations of fbiA/B/C, 
ddn, and fgd1. Bedaquiline resistance has been increas-
ingly reported, but only a handful of cases of resis-
tance to both classes of agents in TB patients have been 
reported (4–8). All of those reports have described 
prolonged infections treated with differing drug com-
binations over time, and none were cases where all 3 
components of BPaL were administered concurrently. 
We present the case of a patient with pre-XDR TB (re-
sistant to rifampin, isoniazid, and fluoroquinolones) in 
South Africa whose treatment regimen failed when be-
daquiline resistance and subsequent delamanid resis-
tance developed, despite treatment with bedaquiline, 
delamanid, and linezolid beginning early in therapy.

A 55-year-old woman sought care in July 2018 
for weight loss and fatigue. She had completed treat-
ment for drug-susceptible TB in 2007 and received an 
HIV diagnosis in 2012 (initial viral load 31,222 cop-
ies/mL and CD4 count 174 cells/μL) that was treated 
with efavirenz/emtricitabine/tenofovir. Chest radi-
ography revealed extensive cavitary pulmonary TB. 
She had no other medical diagnoses. Initial sputum 
smear showed 3+ acid-fast bacilli and was culture-
positive for Mycobacterium tuberculosis consistent with 
rifampin resistance by the Xpert MTB/RIF assay (Ce-
pheid, https://www.cepheid.com).

A 9-month oral regimen consisting of bedaquiline, 
linezolid, clofazimine, levofloxacin, ethionamide, and 
pyrazinamide was commenced in line with guidelines 
in South Africa at the time, and the patient was en-
rolled in the PRAXIS study, a randomized controlled 
trial of bedaquiline adherence support (9). Antiret-
roviral drugs were changed to nevirapine/emtric-
itabine/tenofovir to manage interactions with beda-
quiline. GenoType MTBDRplus and MTBDRsl (Hain 
Lifescience, https://www.hain-lifescience.de) line 
probe assay results and phenotypic drug susceptibil-
ity testing (DST) on the baseline culture confirmed re-
sistance to rifampin, isoniazid, and fluoroquinolones. 
Because of fluoroquinolone resistance, we changed 
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Figure. Drug regime over time 
of patient with drug-resistant 
tuberculosis, South Africa. A) Drug 
treatment history by month. B) 
Development of drug resistance 
according to phenotypic drug 
susceptibility testing per month. 
Red indicates delamanid, blue 
indicates bedaquiline. PAS, 
P-aminosalicylic acid.



treatment to a modified World Health Organization 
long regimen (minimum 18 months) and added teri-
zidone and p-aminosalicylic acid. Delamanid became 
available through an expanded-access program and 
was added at week 6 when levofloxacin and p-ami-
nosalicylic acid were stopped.

We assessed adherence to bedaquiline and an-
tiretrovirals using a Wisepill medication dispenser 
(Wisepill Technologies, https://www.wisepill.com). 
We conducted extended-phenotypic DST at weeks 
6 and 34 and performed whole-genome sequencing 
(WGS) at weeks 6, 14, and 34. We assessed MICs for a 
range of drugs on week 6 isolates and week 34 isolates 
by using a microtiter plate (9). Phenotypic DST at week 
6 demonstrated additional resistance to moxifloxacin, 
ethionamide, ethambutol, streptomycin, and kanamy-
cin; we observed corresponding mutations in rpoB, 
katG, gyrA, ethA, embB, and rrs (Figure; Appendix Fig-
ure, https://wwwnc.cdc.gov/EID/article/29/5/22-
1716-App1.pdf). At week 10, the patient was dis-
charged from hospital for outpatient management.

Despite therapy, she remained smear-positive 
and culture-positive at week 34 and had lost a further 
5 kg. We extended bedaquiline to 9 months. Bedaqui-
line adherence from initiation of therapy was 45%. 
WGS at week 14 identified acquisition of 2 bedaqui-
line resistance-associated variants (RAVs) in Rv0678: 
one was a single-nucleotide variation (Gln22Pro) and 
the other was an insertion (Asp47frameshift). WGS 
at week 34 demonstrated acquisition of a further 6 
Rv0678 bedaquiline RAVs (Ala57Glu, Arg72Trp, Asp-
88frameshift, Asp88Ala, Gly121Arg, Leu122Pro) and 
the emergence of 2 heterozygous fbiC loss-of-function 
mutations (Ala487frameshift, 25%; Ser534stop, 12%). 
Phenotypic DST at week 34 confirmed emergent re-
sistance to bedaquiline and clofazimine, which com-
monly demonstrates cross-resistance with bedaqui-
line because of Rv0678 mutations (Figure). Delamanid 
phenotypic DST by microtiter plate confirmed an in-
crease in delamanid MIC from 0.015 to >0.5 µg/mL, 
consistent with resistance (10). The patient died ≈10 
months after initial diagnosis and treatment initiation.

Recent clinical trial evidence from ZeNix-TB and 
TB-PRACTECAL has been extremely encouraging for 
the development of an effective, 6-month regimen for 
complex drug-resistant TB (2,3). Despite promising 
clinical trial results, this case highlights the ease with 
which resistance can develop in real-world imple-
mentation, likely because of the complex interplay 
of factors such as inadequate regimens caused by de-
layed or limited DST, drug pharmacokinetics, lesion 
penetration of drugs, and medication adherence. As 
regimens based on BPaL are rolled out more widely, 

combining this treatment with contemporaneous ac-
cess to rapid DST for all agents, and access to adher-
ence support, is essential to limit the development of 
resistance and loss of these effective new regimens.
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To the Editor: Vazquez et al. report a convincing 
case of relapsing fever caused by Borrelia lonestari bac-
teria (1). This discovery highlights an existing prob-
lem with the nomenclature for relapsing fever. 

Tick-borne relapsing fever (TBRF) is the name 
given to illness caused by several genospecies of re-
lapsing fever Borrelia bacteria, all of which are trans-
mitted by argasid (soft) ticks (2). The limitations of 
this term became apparent after discovery of B. mi-
yamotoi, a related genospecies that is transmitted 
by ixodid (hard) ticks and causes illness that differs 
epidemiologically from traditional TBRF (3). Conse-
quently, 3 terms are used in the scientific literature 
to describe B. miyamotoi infections: Borrelia miyamotoi 
disease, hard tick–borne relapsing fever, and hard 
tick relapsing fever (3,4). In the interest of standard 
nomenclature, it is worth considering objectively the 
relative merits of each term.

The term Borrelia miyamotoi disease (BMD) is 
problematic because it is species specific and can-
not accommodate the discovery of related pathogens 
transmitted by ixodid ticks, including potentially B. 
lonestari (1,3). Disease names are most serviceable as 

umbrella terms that exist above the species level (e.g., 
Lyme disease, shigellosis).

The term hard tick–borne relapsing fever has a 
different problem, a grammatical one. The word hard 
rightly modifies tick, not tick-borne, which is a mode 
of transmission. This problem is solved by shorten-
ing to hard tick relapsing fever. The suffix “-borne” 
is not essential for clarity, as demonstrated by other 
established names (e.g., sand fly fever, Colorado tick 
fever) (2).

In the absence of a formal nomenclature deci-
sion by the World Health Organization, the follow-
ing terms are consistent with precedent, epidemio-
logically useful, linguistically sensible replacements 
for TBRF: hard tick relapsing fever (HTRF) for ill-
ness caused by relapsing fever–clade Borrelia trans-
mitted by ixodid ticks, and its congener, soft tick 
relapsing fever (STRF), for related agents transmit-
ted by argasid ticks.
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