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Rifampicin Resistance by Xpert MTB/RIF
Assay in Pulmonary Tuberculosis- Is there
a Need for Confirmation by Retesting?
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ABSTRACT

Introduction: Xpert Mycobacterium tuberculosis/Resistance to
Rifampicin (MTB/RIF) assay detects MTB Complex (MTBC) and
rifampicin resistance simultaneously. In high prevalence countries
like India, detection of rifampicin resistance in sputum specimen
of a newly diagnosed case of pulmonary TB with a low pretest
probability needs to be confirmed by retesting.

Aim: To evaluate the results of retesting of rifampicin resistant
specimens in newly diagnosed pulmonary TB cases.

Materials and Methods: A retrospective analysis of the data of
Xpert assay was performed on specimens received in Department
of Microbiology, Seth G.S. Medical College and KEM Hospital,
Mumbai, Maharashtra, India from 15t June 2018 to 315t May 2020.
If rifampicin resistance was detected in a newly diagnosed case
of Tuberculosis (TB), a second specimen was retested by Xpert
assay for confirmation. Concordance of retesting was seen with
results of Line Probe Assay (LPA).
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Results: Total 27,429 specimens were processed by Xpert
assay of which 803 specimens showed rifampicin resistance,
157 sputum specimens fulfilling criteria of Programmatic
Management of Drug resistant Tuberculosis (PMDT) guidelines
were retested. High, medium, low and very low bacterial load
was observed in 30, 51, 34 and 42 specimens’ respectively.
All specimens having high or medium bacillary load showed
rifampicin resistant result on retesting. On retesting 34 sputum
specimens with low bacterial load, rifampicin resistance was
confirmed in 30 specimens. LPA done after growing them by
liquid culture confirmed rifampicin resistance in remaining four
specimens.

Conclusion: Xpert assay is recommended when the bacterial
load identified by Xpert assay is very low and when there is
discordance between Xpert results of rifampicin resistance and
the reflex LPA testing.
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INTRODUCTION

Drug resistant TB is an important challenge in the control and
elimination of TB. World Health Organisation (WHO) endorsed
Xpert MTB/RIF assay (Xpert assay) for the diagnosis of MTB
and Rifampicin resistance [1]. The gene Xpert diagnostic system
developed by Cepheid (Sunnyvale, CA, USA) has been in use since
2013 and has proved to be a game changer in TB diagnosis and
rifampicin resistance detection especially in high burden countries.
The Xpert assay uses molecular beacon technology to detect DNA
sequences amplified in a heminested real-time-Polymerase Chain
Reaction (PCR) assay. The test uses a cartridge-based system.
All the steps required for PCR like extraction, amplification and
detection of targeted sequences from the patient’s samples takes
place inside the cartridge [2]. The limit of detection of the assay is
approximately 131 colony forming units per ml (cfu/mL) of sputum
specimen [3].

Xpert MTB/RIF assay detects MTBC and rifampicin resistance
simultaneously as most common mutation conferring rifampicin
resistance occurs in the same 81 bp region of genome which also
codes for MTBC specific Deoxyribonucleic Acid (DNA) sequence
[4,5]. This assay identifies rifampicin resistance associated mutations
in codon 507 to 533 of rpoB gene of Mycobacterial genome [6]. It
detects either absence of binding of the probe affected (negative
analyte result for the affected probe) or sensing a “significant” delay
in amplification of the mutated segment/s compared to wildtype
segments. The delay is considered as significant if it is more than
four cycles. [7]. The assay also gives a semi-quantitative indication
of the bacterial load in the specimen as high, medium, low and
very low [2].

Rifampicin resistance is considered a surrogate marker of multidrug
resistant TB [8]. Timely and accurate diagnosis of rifampicin resistant

TB is important as the diagnostic algorithm under PMDT guidelines
depend totally on status of rifampicin resistance [9]. In high
prevalence countries like India, detection of rifampicin resistance in
sputum specimen of a newly diagnosed case of pulmonary TB with
a low pretest probability needs to be confirmed by retesting. Since
June 2018, all such specimens were retested for confirmation of
rifampicin resistance irrespective of their bacterial load [10]. As per
revised guidelines of June 2021, only specimens having low (Cycle
threshold (Ct) value 22-28] and very low (Ct value >28) bacterial load
needed to be retested [9]. Xpert assay is an expensive test and each
cartridge used for retesting creates huge burden on the National TB
Elimination programme [11]. Hence, this study was undertaken with
the primary objective of evaluating the results of retesting of rifampicin
resistant specimens in newly diagnosed pulmonary TB cases.

MATERIALS AND METHODS

This retrospective analytical study was conducted in the Department
of Microbiology Seth G.S. Medical College and KEM Hospital,
Mumbai, Maharashtra, India. Data was collected for a period of two
years, from 15t June 2018 to 315t May 2020 and was analysed in next
four months (June 2020-September 2020). This study was ethically
approved from the Institutional Ethical Committee (IEC) (EC/OA-
174/2020) of same medical college. As this study involved analysis
of results entered in laboratory register; waiver was obtained for
informed consent.

Inclusion criteria: A total of 27,429 patients, either outpatient
or admitted in the hospital, submitted sputum specimen to the
laboratory for Xpert assay during the study period. All specimens
were tested and results were entered in lab register.

Exclusion criteria: All the specimens were included in this study
and there was no exclusion criterion.
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Study Procedure

Clinically suspected cases of pulmonary tuberculosis is any person
who presents with symptoms or signs suggestive of tuberculosis
[12]. Two sputum specimens were collected from the cases which
were clinically suspected cases of pulmonary tuberculosis. Same
sample ID was given to both specimens with sublabel as “A” and
“B”. This assay provided the result as “MTB not detected” or “MTB
detected” using three specific primers and five unique molecular
probes to ensure a high degree of specificity. Positive result like
“MTB Detected” is reported when minimum two probes combine
and the difference between their Ct value is less than 2.0 [13]. If
MTB is detected, a semi-quantitative estimation of bacterial load
is also provided by machine as high (Ct value <16), medium (Ct
value 16-22), low (Ct value 22-28) and very low (Ct value >28) [2].
Simultaneously information was obtained as “Rifampicin resistance
detected’ or “Rifampicin resistance not detected”. If Rifampicin
resistance was detected in a newly diagnosed case of TB, then
second specimen was retested for confirmation as per PMDT
guidelines [9]. Results of testing as well as retesting were entered in
the laboratory register. Results obtained by retesting were analysed
and percentage of discordant results was determined. As per PMDT
guidelines, additional sputum specimen was collected from the
patient having discordant results and it was tested by LPA for first
line anti-TB drugs [9]. LPA technology involves the DNA extraction
from MTB culture isolates or directly from clinical specimens. Using
PCR, amplification and hybridisation was done to detect presence
or absence of resistance to rifampicin in of MTBC [14]. LPA was
performed only for specimens showing discordance between first
and repeat Xpert assay.

STATISTICAL ANALYSIS

Data was analysed using Microsoft excel. Total number and
percentage of concordant and discordant results were calculated.
Result of LPA testing was compared with result of Xpert assay.

RESULTS

During the study period, total 27,429 patients visited the lab and
submitted same number of specimens. The age range were from
1-60 years with mean age being 39.59+10.74 years, including
both male (16404) and female (11025) [Table/Fig-1]. They were
processed by Xpert MTB/RIF assay. Of these 27,429 patients, MTB
was detected in 3353 (12.22%) specimens and in this category,
rifampicin resistance was detected in 803 (23.95%), but was not
detected in 2454 (73.19%) and indeterminate resistance was
found in 96 (2.86%) specimens. Of the 803 specimens showing
rifampicin resistance results, 157 sputum specimens were from
newly diagnosed patients and 646 from previously treated patients
[Table/Fig-2].

Gender
Age (years) Male Female
1-10 588 578
11-20 1211 1022
21-30 5126 3601
31-40 4215 3521
41-50 2951 1005
51-60 1625 968
>60 688 330
Total 16404 11025

[Table/Fig-1]: Age and gender distribution.

All 157 newly diagnosed patients were retested. High, medium, low
and very low bacterial load was observed in 30, 51, 34 and 42
specimens respectively [Table/Fig-3]. All specimens having high (30,
19.11%) or medium (51, 32.48%) bacillary load showed rifampicin
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Specimens tested by 1*Xpert assay
(n=27429)

}

| MTB detected (n=3353) |

— T

RIF resistance Not
Detected (n=2454)

RIF indeterminate
(n=96)

RIF resistance Detected
(n=803)

— T

Newly diagnosed
cases (n=157)

[Table/Fig-2]: Workflow chart showing sample retesting process.

resistant result on retesting demonstrating 100% concordant
results. However, specimens having low (34, 21.66%) or very low
(42, 26.75%) bacillary load had 88.23% concordance.

Previously treated
cases (n=646)

RR by
1st Xpert MTB MTB
Bacterial assay Result of detected detected | MTB not
load (N=157) retesting by -RR -RS detected
High 2nd Xpert assay 30 0 0
30
LPA 30 0 0
Medium 2nd Xpert assay 51 0 0
51
LPA 51 0 0
Low 2 Xpert assay 30 0 4
34
LPA 34 0 0
Very low 2" Xpert assay 29 2 11
42
LPA 38 (29+9) 4 (2+2) 0

[Table/Fig-3]: Result of retesting of specimens having rifampicin resistant result.

RR: Rifampicin resistant; RS: Rifampicin sensitive

On retesting 34 sputum specimens with low bacterial load by Xpert
assay, rifampicin resistance was confirmed in 30 specimens. In
remaining four specimens, MTB was not detected. These four
specimens were tested by LPA, either directly or after obtaining
mycobacterial isolate from Mycobacteria Growth Indicator Tube
(MGIT) liquid culture. All four showed presence of rifampicin resistance.

Total 42 patients with rifampicin resistance and very low bacterial
load were retested by Xpert assay. Rifampicin resistance was
confirmed in 29 specimens by retesting. Remaining 13 patients
were tested by LPA by using culture isolates obtained by growing
them in MGIT 960 liquid culture system. Rifampicin resistance
was confirmed in nine patients. Four patients showed absence of
rifampicin resistance and responded to drug sensitive TB treatment.

In two specimens, rifampicin resistance was not detected which
was confirmed by LPA. These two patients were started on
treatment for rifampicin sensitive TB and they responded to it. In
11 specimens, Xpert assay could not detect MTB. LPA confirmed
rifampicin resistance in nine patients, rifampicin resistance was
detected in nine specimens. In two specimens, MTB was detected
but rifampicin resistance was not detected.

Overall, in 140 patients with rifampicin resistance, concordant
results were obtained on retesting by Xpert assay. In the remaining
17 patients, LPA confirmed rifampicin resistance in 13 patients.
Four patients having very low bacterial load showed discordance
between Xpert assay and LPA results [Table/Fig-4].
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Result of 2™ Xpert Result of LPA

assay RR RS MTB not detected Total
RR 140 0 0 140
RS 0 2 0 2
MTB not detected 13 2 0 15
Total 153 4 0 157

[Table/Fig-4]: Comparison of result of retesting of specimens by 2™ Xpert assay

and LPA (n=157).
RR: Rifampicin resistant; RS: Rifampicin sensitive

Of the 157 specimens retested, 17 specimens showed rifampicin
resistance due to delay in hybridisation with probes while remaining
140 specimens showed rifampicin resistance due to dropout of one
or more probe.

DISCUSSION

Molecular diagnosis of tuberculosis and rifampicin resistance by
Xpert MTB/RIF assay is a game changer for tuberculosis control
programme. The advantages of this test are that it can be performed
directly on sample, give rapid results within two hours, provides
information on rifampicin resistance when MTB is detected [2].
Getting the results on the same day helped the clinicians to decide
appropriate treatment.

Rifampicin resistance when detected in patients with a low pretest
probability, a repeat testing with a fresh sample is advised. In the
present study, an attempt was made to understand the necessity of
repeat testing for confirmation of rifampicin resistance by comparing
results of first and repeat test. Of the total 27,429 specimens tested
by Xpert assay, MTB was detected in 3353 (12.22%) specimens, of
which 803 (23.95%) showed presence of rifampicin resistance on
first testing. As per guidelines of National TB Elimination Programme,
specimens from 157 newly diagnosed TB cases were retested for
confirmation of presence of rifampicin resistance [10].

Xpert assay detects rifampicin resistance by probing for point
mutations in the 81 bp (27 codons) rifampicin resistance determining
region of rpoB gene of MTB. It is detected by using five overlapping
probes labelled as A, B, C, D and E [15-17]. The Xpert assay also
offers a semi-quantitative estimation of bacterial burden in form of Ct
values. Ct values have been useful to predict rifampicin resistance.
The difference between the first (early Ct) and last (later Ct) MTB-
specific molecular beacon (delta CT Max) is the basis of rpoB
mutation and rifampicin resistance detection [18,19]. In Xpert assay,
to detect rifampicin resistance, delta Ct max should be >4 [17].
Mutation that completely inhibits one or more probe hybridisation
is defined as causing probe “dropouts” whereas rpoB mutation that
permit partial probe hybridisation and produce a measurable Delta
CT Max of >4 cycles is considered “delays” [20]. Amount of DNA
in the specimen may have some impact on detection of rifampicin
resistance [21].

Xpert assay also provides information about semi-quantitative
load of MTBC in the given sample as per the Ct value as high,
medium, low and very low. Ct values demonstrate the number of
PCR cycles that the MTB DNA goes through to reach the level of
detection; higher Ct values correlate with lower bacterial loads [22].
In the present study, bacterial load of rifampicin resistant specimens
was found as high (30), medium (51), low (34) and very low (42) in
first testing. Such variable Ct values are observed in various other
studies also [23,24]. On retesting, 81 specimens having high and
medium bacterial load showed 100% concordant results for MTB
detection and rifampicin resistance.

On retesting of second specimen from 34 patients with low bacterial
load, 30 (88.23%) specimens confirmed rifampicin resistance.
In remaining four specimens, LPA testing confirmed presence of
rifampicin resistance in these specimens. All of them responded to
treatment and got cured. On retesting 42 specimens with very low
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bacterial load, rifampicin resistance was confirmed in 29 (69.04%)
specimens. Of the remaining 13 patients, LPA confirmed rifampicin
resistance in 11 patients. Similar finding were reported in other
studies. Van Rie A et al., reported six samples as rifampicin resistant
by Xpert assay. Five out of these six samples were found resistant
by LPA [25]. In a study by Rufai SB et al., 64.4% of rifampicin
monoresistant TB cases by LPA were correctly diagnosed by the
Xpert MTB/RIF assay [26].

Detection of rifampicin resistance by Xpert assay depends on two
important factors such as proportion of mutants present in the
sample as well as type of mutation like “dropouts” or “delays”.
Some of the issues with Xpert highlighted by other studies are false
rifampicin resistant results related to existence of “disputed” and
silent mutations [27-32]. Blakemore R et al., evaluated the analytical
performance of Xpert MTB/RIF assay in their study and tested the
ability of the assay to detect the rifampicin resistant fraction of a
mixed sample (MTB DNA with a wild-type rpoB sequence was mixed
in various ratios with MTB DNA that contained rpoB mutations) [20].
Their study showed that the proportion of mutant DNA required for
the detection of rifampicin resistance was dependent on the type
of mutation. Xpert assay is capable of detecting the presence of
rifampicin resistance mutations down to a concentration of 40%
mutant DNA [33]. Chakravorty S et al., demonstrated that detection
of rifampicin resistance in DNA mixtures with 10, 20, and 30%
mutant DNA were indistinguishable from a sample containing 100%
wild-type DNA [33]. Significantly higher mutant proportions were
needed (65%-100% of the total bacterial population) for a positive
identification compared to the minimum 1% mutant population
required for clinical resistance [20,34]. Solid media-based proportion
method and even liquid media based automated testing method
(MGIT 960) to a certain extent, are capable of identifying such low
proportions [35].

In a country like India, cost of a test is an important factor to decide
its use. Cost of a single Xpert assay cartridge is approximately
Rs 1500/- and hence there are strict protocols for its use under the
National TB elimination programme [10]. In this study, in 140 (89.17%)
specimens, same result was confirmed on retesting by Xpert assay.
These patients were started on treatment for drug resistant TB and
they responded well. Hence retesting of these 140 specimens did
not either provide any additional information or help the clinicians to
start the appropriate treatment. Instead, it delayed the report by few
hours or a day and resulted in wastage of cartridges.

Limitation(s)

Phenotypic DST was not performed for confirmation of rifampicin
resistance could be a limitation of the present study. Long turnaround
time of phenotypic test limit its use for starting the early treatment
to the patient.

CONCLUSION(S)

Based on the results of the present study, it can be suggested that
retesting by Xpert assay is recommended in situations (a) when the
bacterial load identified by Xpert assay is very low and (b) when
there is discordance between Xpert results of rifampicin resistance
and the reflex LPA testing, a repeat Xpert assay with backup liquid
culture DST should be considered.
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