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Abstract

Background: Xpert® MTB/RIF assay is currently used in Ethiopia for the rapid diagnosis of Mycobacterium
tuberculosis (MTB) and mutations that confer Rifampicin resistance. Rifampicin resistance is determined based on
any mutation in the 81 bp of rpoB gene using five overlapping probes represented as Probe A (codons 507–511),
Probe B (codons 512–518), Probe C (codons 518–523), Probe D (codons 523–529) and Probe E (codons 529–533). In
this review, we assessed the frequency of missed probe types for Rifampicin Resistance results.

Methods: Data were reviewed from specimens received and tested using Xpert® MTB/RIF assay at Ethiopian
National Tuberculosis Reference Laboratory, in Addis Ababa from 15 July 2016 to 31 December 2018 retrospectively.
All archived data were reviewed carefully to describe missed probe types and the quantity of DNA in the sample.

Results: A total of 100 specimens were reported as MTB Detected Rifampicin Resistance Detected by Xpert® MTB/RIF
assay. More than half (55%) of these results were reported from male patients. The median age was 28.0 years (5
months to 88 years). Majorities (62%) of the cases were detected from sputum. Among the total of 38
extrapulmonary samples, lymph node aspirates were accounted for 50% (19/38). The most common mutations
(81.0%) were found in the Probe E region followed by Probe D (10.0%), and Probe B (3.0%). Mutations in Probe A
and Probe C regions were not observed. However, six (6.0%) Rifampicin resistance cases were found without any
missed probe type. The delta Ct max is ≥4.3. No specimen yielded Rifampicin resistance associated with more than
one probe failure or mutation combinations.

Conclusion: Mutations associated with Probe E (codons 529–533) region were identified as the commonest rpoB
gene mutations. The Rifampicin resistance results found without any identified missing probe needs further study.
The lower DNA amount was observed in extrapulmonary specimens compared with sputum.
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Background
World health organization (WHO) endorsed Xpert®
MTB/RIF assay for the diagnosis of Mycobacterium
tuberculosis (MTB) and the mutations that confer
Rifampicin resistance (RR) [1]. This assay has revolution-
ized the diagnosis of TB by simultaneously detecting the
bacteria and RR [2, 3], which is a surrogate marker for
MDR-TB [2, 4]. RR is determined based on mutations in
the 81 bp (codons 507–533) regions of the β-subunit of
the RNA polymerase enzyme (rpoB) gene using five
overlapping probes [3, 5]. These probes are named as
Probe A (codons 507–511), Probe B (codons 511–518),
Probe C (codons 518–523), Probe D (codons 523–529)
and Probe E (codons 529–533) [3, 5]. A mutation in
these regions accounts for more than 95% of RR [3, 4].
Ethiopia is among the 30 high TB, TB/HIV and MDR-

TB burdened countries in the world [1]. In 2017, there
was an estimated TB incidence of 164/100, 000 popula-
tion. In the same year, MDR/RR-TB rate was estimated
to be 2.7% among new cases and 14% among previously
treated cases [1]. Ethiopia has been implementing Xpert®
MTB/RIF assay for the diagnosis of TB and RR-TB
which provided encouraging results [6]. Studies showed
that the probe that confers RR is rarely reported in the
clinical practice of many countries [5]. Similarly, there is
no practice in reporting RR-TB with the type of
missed probe and the Ct values in Ethiopia, specific-
ally the current study setting. Identification of the
nature of rpoB mutation could provide useful infor-
mation for accurate diagnosis of RR-TB and when
there is a need to studying the epidemiology of RR-
TB in a particular region [3, 5]. However, information
on the frequency of rpoB gene mutations in this
study setting is scarce. Therefore, this review aimed
to provide relevant information on the frequency of
associated mutations for RR results using Xpert®
MTB/RIF assay in Addis Ababa, Ethiopia.

Methods
Setting
Data were reviewed retrospectively from archived result
log sheet for specimens received and tested using Xpert®
MTB/RIF assay at Ethiopian National Tuberculosis
Reference Laboratory (NTRL) from 15 July 2016 to 31
December 2018. NTRL is an accredited national refer-
ence laboratory located in Addis Ababa, Ethiopia, which
provides different services including diagnostic testing
using Xpert® MTB/RIF assay. Retrospective data were
reviewed from archived logbooks and databases. The
assay performed using Xpert® MTB/RIF assay (Cepheid,
Sunnyvale, CA, USA). Socio-demographic and clinical
data were reviewed for patients with RR-TB results.
Important details were accessed from the database.

Laboratory diagnosis
Sputum samples and extrapulmonary specimens [lymph
node aspirates, pleural fluid, pus, abscess, ascetic fluid
and bronco alveolar leverages (BAL)] were collected
from TB presumptive patients. Samples were trans-
ported by triple packaging system through trained cou-
riers within acceptable (2-8oc) temperature conditions to
NTRL. Approximate of 4 ml sputum was mixed with 8
ml of sample reagent buffer (supplied within the kit),
shaken the tubes vigorously 20 times and allowed to stay
for 10 min. Following this, it was mixed again and stayed
for 5 min. Later, an approximate of > 2 ml (not more
than 4ml) of the specimen was dispensed into Xpert
MTB/RIF’s cartridge and loaded into the GeneXpert
instrument (Cepheid, Sunnyvale, CA, USA). The result
was released after 2 h. For extrapulmonary samples,
different approaches were used based on the nature of
the specimen. For example, lymph node samples were
decontaminated by using a 3% NALC-NaOH method
and the sediment was used for the test in 1:3 ratios (0.5
ml sediment and 1.5 ml sample reagent buffer) as done
elsewhere [7].
Results fromXpert® MTB/RIF assay were categorized

into three result types such that; Mycobacterium
tuberculosis not detected, Mycobacterium tuberculosis
detected and Error/Invalid/No results. Along with all
Mycobacterium tuberculosis detected test results
Rifampicin resistance was determined. For all test results
having Mycobacterium tuberculosis detected results,
probe types and DNA amounts were assessed. Such that
all RR-TB test results were archived from the GeneXpert
instrument and exported to a database. All the informa-
tion including the missed probe types and level of each
DNA amount were reviewed from the database and
crosschecked on the GeneXpert instrument because the
GeneXpert instrument can give all details of test results
in PDF format.

Statistical analysis
Extracted data were checked for completeness, coded,
entered and analyzed by using Statistical Packages for
Social Sciences (SPSS) Version 20. Descriptive statistics
were used to characterize demographic and clinical vari-
ables. Frequency of specimen types, test results, DNA
amounts, and missed probe types were determined.

Results
Demographic and clinical information
Among all specimens processed by Xpert® MTB/RIF
assay at NTRL during the review period, MTB detected
Rifampicin resistance detected was reported from 100
specimens. Demographic characteristics and treatment
history were collected for TB patients having RR results
and more than half (55%) were males. The majority of
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the patients were found in the age group of 25–34 years.
Among all 100 RR-TB patients, half (50) were new pa-
tients and 29 were relapses, while the rest 11 were either
failures or return after loss to follow up. The majority
(62, 62%) of the specimens were sputum, while the
remaining 38(38%) were extrapulmonary samples.
Among the total of 38 extrapulmonary samples, lymph
node aspirates were accounted 50% (19, 50%) followed
by pleural fluid (5, 13.2%), pus (4, 10.5%), abscess (4,
10.5%), ascetic fluid (3, 8.0%), unspecified body fluids (2,
5.2%) and BAL (2, 2.6%) (Table 1) (Fig. 1).

Missed probe types
As Xpert® MTB/RIF assay gives the amount of DNA
semi-quantitatively, the DNA amount of RR results was
found as a very low (14, 14%), low (23, 23%), medium
(36, 36%) and high (27, 27%). Of the 63 medium or high
DNA amount test results, majority 51 (80.95%) were
from sputum samples, whereas among the 37 low or
very low DNA amount results, majority 24 (64.87%)
were from EPTB samples (Table 2). The commonest
mutation was located in probe E (codons 529–533)
region (81, 81%) followed by probe D region (codons
523–529) (10, 10%) and probe B region (codons 512–
518) (3, 3%). There was no mutation associated with
Probe A (codons 507–511) and Probe C (codons 518–
523) regions (Fig. 1). The delta Ct max was ≥4.3.
However, six (6, 6.0%) RR-TB cases were found without
any identified missed probe type. All these six RR results
were detected from sputum samples and of which five
were from new patients (Table 2).

Discussion
In addition to the simultaneous detection of MTB and
its resistance to Rifampicin, Xpert® MTB/RIF assay
might be used to understand the molecular epidemi-
ology of MTB and to identify hot spots of drug-resistant
TB transmission. Demographic characteristics and treat-
ment history were collected for all 100 RR-TB patients
and more than half of the RR-TB patients were males,
where it was reported previously that males are highly
affected by TB compared to females [1, 8]. In a system-
atic review conducted in Ethiopia, it was also reported
that being male has been identified as a risk factor for
multi-drug resistant tuberculosis [9]. The most highly af-
fected age groups were productive individuals found in
the age group of 25–34 years, which is comparable with
various studies [1, 10–12]. This might be due to expos-
ure to open cases of TB where young individuals espe-
cially males are prone to TB associated risk factors.
Although the Xpert® MTB/RIF assay was optimized for

the respiratory specimen [13], this study showed that the
assay can provide valid results in extrapulmonary sam-
ples. Among 100 RR-TB results, the majority (62) was
detected from sputum samples, while the remaining 38
samples were detected from different types of extrapul-
monary samples. From the extrapulmonary samples, half
was a lymph node aspirate sample which is similar to
the study reported from Dessie, Ethiopia [14]. In this re-
view higher DNA amount (high or medium) was ob-
served in the sputum samples, while lower DNA amount
(low or very low) was observed in extrapulmonary sam-
ples. This lower DNA amount in EPTB samples might
cause false-negative results [15–17] which should be
considered while preparing specimens for Xpert® MTB/
RIF assay to increase sensitivity.

Table 1 Demographic and clinical characteristics of study
participants (n = 100)

Characteristics Number Proportion

Age group

< 14 5 5%

15–24 29 29%

25–34 35 35%

35–44 17 17%

45–54 6 6%

55–64 4 4%

> 64 2 2%

Missed 2 2%

Total 100 100%

Sex

Male 55 55%

Female 45 45%

Total 100 100%

Treatment history

New 50 55.6%

Relapse 29 32.2%

Failure 7 7.8%

A loss to follow up 4 4.4%

Total 90 100.0%

Specimen type

Sputum 62 62.0%

Extrapulmonary 38 38.0%

Total 100 100.0%

Extrapulmonary samples

Lymph node 19 50.0%

Pleural fluid 5 13.2%

Pus 4 10.5%

Abscess 4 10.5%

Ascetic fluid 3 8.0%

Unspecified body fluid 2 5.2%

BAL 1 2.6%

Total 38 100.0%
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Rifampicin resistance is determined in Xpert® MTB/
RIF assay by rpoB gene mutations in the 81 bp-RRDR of
MTB which are five overlapping regions labeled as A
(codons 507–511), B (codons 511–518), C (codons 518–
523), D (codons 523–529) and E (codons 529–533) [3–5].
In this review, the commonest mutation was located in
codons covering 529–533 which is represented by Probe E
(81, 81%). This was also reported by previous studies con-
ducted in Ethiopia [18–20]. Similarly, in the previous stud-
ies done in Africa countries in Nigeria [21] and in Uganda
[2], mutations conferring RR are located in mostly the re-
gion of Probe E. Likewise, in studies done at Asian coun-
tries in India [3, 5], Pakistan [4] and Bangladesh [22]
missing of probe E was predominant. However, Most of
the RR cases detected by Xpert® MTB/RIF assay were as-
sociated with probe B (23/64) and probe E (23/64) in a
study done in Malawi [23]. The information about the
probes conferring RR could be used to assess trends over
time, identify pockets of transmission, or investigate out-
breaks, especially when the RR is secondary to mutations
outside the Probe E region. In this review following probe
E the proportion of each missed probe were: probe D
(10%) and probe B (3%). This was also observed in a study
done in Nigeria [21]. However, most of the previous stud-
ies conducted in African and Asian regions indicate that
following Probe E the most common mutations conferring
RR are located in the region was Probe B followed by

Probe D [2–5, 22]. In a study done in Malawi, the propor-
tion of mutation in Probe E and Probe B is equal [23]. In
this review there was no mutation associated with Probe
A and probe C, probably this particular site of RRDR is
less susceptible to mutations conferring this resistance or
might be the less common mutation of these probes in
this particular area (Addis Ababa). Similarly, the absence
of Probe C mutation was reported from Nigeria [21] and
from Uganda [2]. Likewise, it was also reported that muta-
tions in Probe A and Probe C were less common in other
studies [3–5, 22, 23].
In this review, we found that six (6, 6%) test results

were resistant to Rifampicin without any identified
missed probe. The possible reason behind this could be
the delta Ct (ΔCT) max. Delta Ct max is the difference
between the first (early CT) and the last (late CT) MTB
specific beacon [16]. In the Xpert® MTB/RIF assay, for
MTB Detected Rifampicin Resistance Detected/RR-TB/
test results the delta Ct max should be > 4 [24]. This has
happened in the current review where the ΔCT max was
≥4.3. However, it needs further study or clarification. In
addition, it was reported previously that, the amount of
DNA affects Rifampicin resistance results in the Xpert®
MTB/RIF assay [25]. Even though not used in this
review and previous studies, the codon used to detect
Rifampicin resistance could be used for contact tracing.
Berhanu et al reported that a Rifampicin resistant

Fig. 1 Flowchart of Rifampicin resistant results using the Xpert® MTB/RIF assay
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discordant result in Xpert® MTB/RIF assay was associ-
ated with Probe B [26].
The limitation of this review was that no gold standard

(phenotypic DST and sequencing) method was used for
the comparison of Xpert® MTB/RIF assay results to
estimate the proportion of false drug resistance or
susceptibility. Furthermore, as a retrospective review, it
lacks other relevant variables such as contact history,
HIV status, vaccination status and location of the house-
hold district.

Conclusion
Mutations associated with Probe E (codons 529–533)
are identified as the commonest rpoB gene mutation in
Ethiopia and other countries as identified in this and
previous studies. In the reviewed data, mutations associ-
ated with Probe A (codons 507–511) and Probe C (co-
dons 518–523) are not identified. RR-TB was found
without any missing probes in six sputum samples (6%)
which necessitate further study or investigation. The

lower DNA amount is observed in extrapulmonary sam-
ples compared with sputum samples. A further larger
study is needed to confirm RR-TB cases by using gold
standard methods (Mycobacterium culture and pheno-
typic DST).
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Table 2 Distribution of missed probe types across clinical factors of RR-TB patients (n = 100)

Characteristics Missed probes types, N Number Proportion

B D E No missed probe

Treatment history

New 1 7 37 5 50 55.6%

Relapse 2 25 1 1 29 32.2%

Failure – – 7 – 7 7.8%

A loss to follow up – 1 3 – 4 4.4%

Total 3 33 48 6 90 100.0%

Specimen type

Sputum 1 4 51 6 62 62.0%

Extrapulmonary 2 6 30 – 38 38.0%)

Total 3 10 81 6 100 100.0%

Extrapulmonary samples

Lymph node 2 2 15 – 19 50.0%

Pleural fluid – 2 3 – 5 13.2%

Pus – – 4 – 4 10.5%

Abscess – – 4 – 4 10.5%

Ascetic fluid – – 3 – 3 8.0%

Unspecified body fluid – 1 1 – 2 5.2%

BAL – 1 – – 1 2.6%

Total 2 6 30 – 38 100.0%

GeneXpert semi-quantification of MTB

Very low – – 11 3 14 14%

Low 1 3 19 – 23 23%

Medium 1 5 29 1 36 36%

High 1 2 22 2 27 27%

Total 3 10 81 6 100 100%

“-” = Not available, N=Number
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