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A B S T R A C T   

Tuberculosis (TB) resistance to rifampicin, the most powerful drug leads to increase in mortality. Globally, half a 
million new patients develop such resistant TB each year, coupled with both inappropriate diagnosis and 
treatment initiation. 

We report a case of rifampicin resistant Mycobacterium tuberculosis whose rifampicin resistance was missed by 
Xpert MTB/RIF Assay G4 but detected by the Xpert MTB/RIF Ultra assay at different time points leading to 
increased delays for MDR-TB treatment initiation at Mulago Hospital, Kampala, Uganda. Our case report compels 
greater urgency in accelerating the transition to the newer assay, Ultra, to benefit from higher sensitivity of 
rifampicin resistance detection.   

1. Introduction 

Treatment of tuberculosis (TB) becomes challenged when the disease 
causing agent, M. tuberculosis, becomes resistant to rifampicin. World
wide, half a million new patients develop rifampicin-resistant (RR-)TB 
each year, of whom only a minority are recognized and treated appro
priately[1]. In the last decade, the GeneXpert® MTB/RIF assay (Xpert; 
Cepheid, Sunnyvale, CA, USA ), a rapid qPCR-based assay, has revolu
tionized the diagnosis of TB and its resistance to rifampicin[2]. In 
Uganda, Xpert has been gradually rolled-out since 2011, allowing 
nationwide access for TB diagnosed among presumptive TB patients. 
Since 2017, Uganda started a phased replacement of Xpert to the next 
generation XpertMTB/RIF Ultra (Ultra; Cepheid, Sunnyvale, CA, USA). 
Patients who are resistant to rifampicin are initiated on multi-drug 
resistant TB (MDR-TB) treatment as they wait for full drug susceptibil
ity testing results. Here we present a discordant RR-TB case with asso
ciated delay in appropriate MDR-TB treatment initiation cause by 

discordance between two versions of Xpert. 

2. Case report 

A 40-year old, HIV seronegative male presented to Mulago national 
referral hospital, Kampala, Uganda in September 2019 with a five- 
month history of cough, weight loss, poor appetite and a month’s his
tory of haemoptysis. He had no prior history of exposure to anti- TB 
medication and no known TB contact. The patient was referred from the 
general health facility in Kampala with rifampicin resistance (RR) 
detected on 15th August 2019 using Xpert MTB/RIF Ultra assay (Ultra; 
Cepheid, Sunnyvale, CA, USA). Upon arrival at the Multi-drug resistant 
TB (MDR-TB) treatment unit sputum sample was requested for repeat 
testing to estimate the bacterial load before MDR-TB treatment initiation 
basing on cycle-threshold (Ct) values as a requirement for clinical trial 
eligibility. The Xpert testing was repeated from the trial laboratory, the 
College of American Pathologist Accredited Mycobacteriology (BSL-3) 
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laboratory at Makerere University, Kampala, Uganda. The trial labora
tory used Xpert MTB/RIF Assay G4, as it was always the test used for 
repeat testing of all potential trial participants. 

The repeat test with Xpert MTB-RIF Assay G4 was done on 19th 
August 2019 on a second smear positive (3+) sample and turned out to 
be “MTB detected high RR NOT detected” (Table 1). This created a 
discordance and led to repeat testing at the MDR-TB clinic on 22 August 
2019 by Ultra assay and the results remained “MTB detected high, RR 
Detected”. The trial laboratory could not believe the results and 
requested for the same sample to be tested again at the trial laboratory 
on 23 August 2019 and results did not change “MTB detected High, RR 
NOT detected”. The trial laboratory requested for a fresh sample which 
was tested again on 23 August 2019 and the results were “MTB detected 
Medium, RR NOT detected”. On 27th August 2019, a new/5th sample 
was sent to the National TB Reference Laboratory (NTRL) as a tie 
breaker, where Ultra was used and results turned out to be “MTB 
detected, RR Detected”. On 03rd September 2019, the trial laboratory 
repeated the testing on a new/6th sample with Ultra Assay and results 
were “MTB detected, Medium, RR Detected”. At this point we confirmed 
that the discordance was between the two versions of GeneXpert with 
Ultra Assay consistently detecting RR in this particular patient whereas 
Xpert MTB/RIF Assay G4 was consistently missing it (Table 1). The 
Fig. 1 shows the patterns of probes hybridization in both, Ultra Assay 
(panel A) and Xpert MTB/RIF Assay G4 (panel B). The melting peak 
temperature for the Ultra-probes were rpoB1 69.3, rpoB2 73.1, rpoB3 
75.1 and rpoB4 65.1, whereas for rpoB4 mutant was 73.6. 

On the other investigation, line probe assay (LPA) MTBDRplus and 
MTBDRsl assays were done on 20th August 2019 on the same/2nd 

sample to assess the patient for resistance to isoniazid and second line 
anti TB medicines; aminoglycosides and fluoroquinolones. Results for 
LPA were; sensitive to all drugs. Repeat LPA testing was done on 29th 
August 2019 on a 6th sample and results were rifampicin (WT8 and 
MUT3) and isoniazid resistant (KatG MUT1), but susceptible to amino
glycosides and fluoroquinolones. After culture, DST was set for Rifam
picin (1ug/mL) and isoniazid (0.2ug/mL) using both mycobacterial 
growth indicator tube (MGIT 960) and Agar proportional method 
(APM). Results of MGIT DST reported on 21/November 2019 were 
sensitive to both drugs whereas the isolate was resistant on APM for both 
drugs. 

The patient was examined again and he was in fair general condition, 
wasted, temperature was 37 ◦C. No jaundice, no lymphadenopathy, no 
digital clubbing. The systemic examination was unremarkable. The pa
tient was subjected to chest radiograph which showed bilateral upper 
and lower lung field infiltrates, with cavitation on the left (Fig. 2). Other 
laboratory testing revealed a normal complete blood count, normal 
renal & liver function tests, except for low serum Albumin of 29 g/L. He 
was initiated on second line Anti TB medicines on 29th August 2019 
including: Kanamycin (for 4-months), together with Isoniazid (400 mg 
daily), Prothionamide, Clofazimine, Ethambutol, Levofloxacin and 
Pyrazinamide, to make a total of 10 months of treatment. The screening 
sample 4 (23/08/2019) and the treatment initiation sample (enrolment, 
29/08/2019) were shipped to Institute of Tropical Medicine (ITM) in 
Antwerp, Belgium to perform Phenotypic Drug Susceptibility Testing 
using eggs-based medium Lowenstein Jensen (pDST) on the enrolment 
sample, Xpert G4 and Ultra on both samples and rpoB gene sequencing 
on the screening M. tuberculosis isolate. Results from ITM varied between 

Fig. 1. Patterns of probes hybridization in both, Xpert MTB/RIF Ultra Assay (panel A) and Xpert MTB/RIF Assay G4 (panel B). Key: PANEL A = The probe for 
rifampicin resistance Detected in Xpert MTB/RIF Ultra assay, a = SPC, b = rpoB4, c = rpoB3, d = rpoB2, e = rpoB1, and f = IS1081-IS6110. PANEL B = The probes 
amplified with rifampicin resistance NOT detected. a = probeE, b = Probe B, c = probe A, d = probe D, e = probe C and f = SPC. 
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tests and samples, with LPA suggestive of hetero-resistance in both 
samples, pDST resistant to rifampicin, Ultra and G4 assays on the 
screening and enrolment isolates showed resistance to rifampicin not 
detected and rpoB Sanger sequencing revealed wild type (WT) on the 
screening isolate Table 1. 

3. Discusssion 

We present a case report concerning an MDR-TB patient with 
discordant Mycobacterium tuberculosis results for RR between the Ultra 
and the Xpert MTB/RIF Assay G4 and the associated delays towards 
treatment initiation. Ultra assay was endorsed in March 2017 by the 
World Health Organization (WHO) to replace Xpert MTB/RIF Assay G4 
for diagnosis of Mycobacterium tuberculosis and detection of rifampicin 
resistance [3,4]. This was based on the improved sensitivity and speci
ficity for both diagnosis and detection for rifampicin resistance. Apart 
from modifications in the design of the sloppy molecular beacon probes 
there are mainly two modifications made on the cartridge toward Ultra 

including a larger DNA amplification chamber of 50 μl which is double 
the amount allowable for the Xpert MTB/RIF Assay G4, and two mo
lecular targets for Mycobacterium tuberculosis i.e. IS1081 and IS6110. 

To date, several high TB burden countries have been slow toward its 
implementation and most have not yet fully transitioned to Ultra. The 
discordance between the 1st and 2nd LPA for resistance determination 
could have been a technical challenge since resistance to both rifampicin 
and isoniazid were missed in the first test. Discordance was not only 
between Xpert assays but also between the pDST methods. Such 
discordance usually require sequencing of the rpoB gene to be resolved 
to investigate the presence of mutations reported to be missed by MGIT- 
DST and some other pDST methods[5]. Sequencing of the rpoB gene of 
the screening isolate at ITM revealed wild type strain for rifampicin 
highlighting more diagnostic challenges associated with hetero- 
resistance strains, yet Sanger sequencing is less sensitive to detect 
particular strains than the pDST or LPA. Previous studies have found 
mixed strains of M. tuberculosis to lead to false-negative results for 
rifampicin resistance on Xpert MTB/RIF Assay G4 which is also 

Fig. 2. Chest radiograph. Chest radiograph which shows bilateral upper and lower lung field infiltrates, with cavitation on the left.  
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associated with poor clinical outcome[6]. A recent study in Rwanda 
found out that reducing diagnostic and treatment delays reduces 
rifampicin-resistant tuberculosis mortality[7]. Deeplex® MycTB or 
Whole Genome Sequencing are more sensitive than Sanger sequencing 
to detect hetero-resistance or mixed infections[8]. 

Our report presents a case that uncovers diagnostic challenges to
wards confirming MDR-TB as well as the associated delays in resolving 
the discordances before MDR-TB treatment initiation. It also confirms 
that Ultra can detect RR better than the Xpert MTB/RIF G4 Assay. In our 
case, with access to other standard facilities such as the Uganda NTRL 
for results comparison, it took ~20 days (from 15th August to 03rd 
September 2019) to resolve discordance. Ultra has been found to 
unambiguously identify a wide range of RRDR mutations [9], referred to 
as “disputed mutations” which had been reported to be missed by the 
pDST [10–12], but none have been reported between two versions of 
GeneXpert assays currently in use. This is because the nature of the 
discordance is different, Xpert detects disputed mutations which are 
missed by the phenotypic drug susceptibility testing. Another study of 
follow-up GeneXpert testing found the RR detection discordance (Xpert 
MTB/RIF G4 false resistance) to be associated with Xpert probe delay 
and mainly probe B [13], with 22% of the discordance associated with 
delayed probe E (Ct-values 16.5, 17.9, 17.2, 17.8 and 19.0 for probes A, 
B, C, D and E). This discordance reported in the literature is due to false 
resistance of Xpert G4[14], whereas in the case presented here the 
“resistant result” was obtained with Ultra. Ultra has higher sensitivity 
and lower specificity to detect MTB but with higher sensitivity and 
specificity for RR detection [15]. Contrary to the previous study’s as
sociation of GeneXpert discordance among sample with MTB detected, 
very low and RR detected and recommendation for repeat testing for 
such cases[16], our case indicated persistence of the discordance for RR 
in presence of high levels of MTB detected due to hetero-resistance. It is 
worth noting that many low income settings have a low coverage for 
drug susceptibility testing[17]. For example, Uganda with approxi
mately 1700 TB diagnostic health facilities, only 264 (15.5%) currently 
have Xpert machines, and all transitioned to Ultra. This makes access 
another contributing factor for delay in appropriate treatment initiation. 

4. Conclusions 

The source of discordance may not differ much from the previous 
comparisons between tests and in samples with suspected hetero- 
resistance, but our findings present a real life implication of diagnostic 
discordances towards early MDR-TB treatment initiation. Such discor
dance should be resolved by Deeplex® MycTB or Whole Genome 
Sequencing methods. This dilemma further highlights that the imple
mentation of Xpert MTB/RIF Ultra, which seems to detect hetero- 
resistance better than G4, should be highly recommended. 
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