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Abstract
Objectives

Xpert MTB/RIF (Cepheid) is a rapid molecular asshgwn to be sensitive and specific for
pulmonary tuberculosis (TB) diagnosis in highly emdc countries. We evaluated its
diagnostic performance in a low TB prevalence sgttexamined rifampicin resistance
detection and quantitative capabilities predictyngded auramine microscopy and time to

positivity (TTP) of culture.
Methods

Xpert MTB/RIF was used to test respiratory samplesr a 3 year period. Samples
underwent graded auramine microscopy, solid/ liquidure, in-house IEL10 real-time
PCR, and GenoType MTBDRplus (HAIN Lifescience) teatmine rifampicin and/or

isoniazid resistance.
Results

A total of 2103 Xpert MTB/RIF tests were performé&bmpared to culture sensitivity was
95.8%, specificity 99.5%, positive predictive vali®g®V) 82.1%, and negative predictive
value (NPV) 99.9%. A positive correlation was folretween auramine microscopy grade
and Xpert MTB/RIF assay load. We found a clear céida in the median TTP as Xpert

MTB/RIF assay load increased. Rifampicin resistamas detected.
Conclusions

Xpert MTB/RIF was rapid and accurate in diagnogotmonary TB in a low prevalence
area. Rapid results will influence infection pretren and control and treatment measures.
The excellent NPV obtained suggests further wodukhbe carried out to assess its role in

replacing microscopy.

Abstract Word Count 198



I ntroduction

Diagnosing tuberculosis (TB) can be problematipatgents may present with a wide range
of symptoms which may not be specifio. addition, the sensitivity of microscopy and sme
positivity in respiratory TB ranges from 57-81%teuutially leading to misdiagnostsiB
culture is the gold standard for diagnosing TB alholws drug susceptibilities to be tested.
There have been developments in rapid automatedhagterial liquid culture systems and
time to detection of growth of mycobacterial speaian be shortened significantlfven
with these advances there could be delays in degnleading to later initiation of

appropriate therapy and implementation of infecpoevention and control measures.

Xpert MTB/RIF (Cepheid) is a rapid, direct moleauiest for the diagnosis of pulmonary TB
and detection of rifampicin (RIF) resistance, whila marker of multidrug resistant TB
(MDRTB).2 It has been endorsed by the World Health Organisg?VHO) and extensive
evaluation has found it to be sensitive and spetfi pulmonary TB diagnosis and detection
of RIF resistance in high endemic countries fopsaged cases of MDRTBXpert MTB/RIF
has lower sensitivity in HIV-associated TBhere is however, considerably less data on the
use of Xpert MTB/RIF in low prevalence countriespiée increased uSeRecently a study

to examine the use of Xpert MTB/RIF versus AFB snaal culture to identify pulmonary
TB found that the diagnostic performance of XpefB/RIF in the United States was similar

to higher TB prevalence sites in Brazil and Souftica.’

Scotland’s TB incidence was 6.5 cases per 100,000lption in 2014 with low rates of
MDR-TB (around 0.9%#. In that year, Scotland had an estimated rafie5df

diagnosed HIV-infected persons per 1000 populatoadults aged 15-59 years (Glenn
Codere, Health Protection Scotland, Personal Conation 14 December 2016). The UK
National Institute for Health and Care ExcellendéQE) guidance recommends rapid
diagnostic nucleic acid amplification tests forghasing pulmonary (including laryngeal) TB
in adults if there is clinical suspicion of TB dése and the person has HIV or in
circumstances in which rapid information about niyaxterial species would alter the
persons care or in a situation where a large cotiacing initiative is being exploredOther
guidance advises rapid detection of MDRTB is alsmmmended on the basis that filtering

face piece (FFP3) masks respiratory protection lshoeliused until MDRTB has been
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excluded'® The Public Health England (PHE) position statenperished in July 2013

states that molecular testingMf tuberculosis complex (MTBC)on respiratory samples is
superior to smear microscopy for the diagnosis®fand should be accessible in all areas of
Scotland, England and Wales with results availallein 1 - 2 working days of the sample
being takert?

The objective of this study was to evaluate thégoerance of Xpert MTB/RIF for detection
of pulmonary TB in patients from the Tayside regudrScotland which has a low TB and
HIV prevalence. In addition we aimed to examinedhantitative capabilities of Xpert
MTB/RIF in relation to predicting auramine stairading, as well as looking at TTP of

culture.



Materialsand Methods
Study Design and clinical samples

This is a retrospective review and analysis of datkected for clinical purposes. Respiratory
samples (sputum, bronchoalveolar lavage (BAL), aedusputum, and endotracheal aspirates
(ETA)) were submitted over a 3 year period (Feby2fx11 to March 2014) and tested by
Xpert MTB/RIF at the Department of Medical Microlngy, Ninewells Hospital and

Medical School, Dundee (NHD). Samples came froth bospital inpatient and community
settings and were sent for graded auramine smeaoseopy and culture using solid
Lowenstein-Jensen (LJ) media (containing pyruvata growth supplement) and BACTEC
MGIT 960 liquid media at the Scottish Mycobactdrieference Laboratory (SMRL) at the
Royal Infirmary of Edinburgh.

Xpert MTB/RIF

At NHD, a minimum of 1 ml raw sputum or BAL was lagted from samples. Xpert TB/RIF
was performed on a GeneXpert instrument with G>@ftware (GX) according to the
manufacturer’s instructions. A 2ml volume of samq@agent was added to each sample and
shaken vigorously 10-20 times. This was incubated. 5 minutes at room temperature. At a
point between 5-10 minutes of incubation the samjale shaken vigorously again 10-20
times. The liquefied sample was aspirated intealsttransfer pipette until the meniscus was
above the minimum mark then added to the Xpert NRIB/cartridge and then run on the
machine according to the manufacturer’s instrustidrine GeneXpert DX System interpreted
Xpert MTB/RIF results depending on the cycle the#8H{Ct) value of MTB target present in
the sample. When MTB was detected results werdagisg as high (Ct <16), medium (Ct
16-22), low (Ct 22-28) or very low (Ct >28). Theme known as the Xpert MTB/RIF assay
load. Negative results were displayed as MTB nteated. Rifampicin resistance was

reported as either detected, not detected or indetate.



Sample processing

Respiratory samples were sent to SMRL where theg Viguefied and concentrated using
Sputasol (1:1 v/v; Oxoid) and a loopful of sedimeséd to prepare a smear for auramine
phenol microscopy using standard laboratory methdd@iee number of AFB present was
scored as: + (few AFB, one to 10 bacilli in 10di), ++ (moderate AFB, one to 10 bacilli
per field) or +++ (many AFB, 10 or more bacilli gezld). Specimen decontamination was
performed with 2% NaOH-NALC and the pellet resugfaehin 1.5ml phosphate buffer.
0.5ml was used to inoculate both a LJ with pyrusit@e and a BACTEC MGIT 960 tube
(Becton Dickinson) and 0.5ml was stored at’@6or further additional molecular testing

where appropriate.

Cultureidentification

Cultured mycobacteria were identified using Gen@E®MTBC GenoType® Mycobacteria
CM v1.0 or GenoType® Mycobacteria AS v1.0 (HAIN escience) following the
manufacturer’s instructions:** MGIT and LJ cultures were considered to have a thega

result if no mycobacterial growth was seen after €2 weeks of incubation respectively.

All MTBC-positive specimens were tested for resisiato RIF and INH using GenoType®
MTBDRplusv1.0 and v2.0 (HAIN Lifescience) to confirm the XpRIF-resistance result
and confirmed by phenotypic methods®

Statistical analysis

Clinical and laboratory data were stored in Micifb&xcel analysed using simple descriptive
methods in IBM SPSS version 23. Consecutive sanifasthe same patient were included
in our analysis. The sensitivity, specificity, gos predictive value (PPV) and negative
predictive value (NPV) of Xpert MTB/RIF were calatgd with 95% confidence intervals
(CI).*" Chi-squared test for trend was used to compareoptiops across ordered categories.
A Kruskal-Wallis test was used to compare the ihigtrons of times to positivity between

subgroups.



Ethics Approval

Caldicott guardian approval was gained from NHSsI@gy in order to enable appropriate

information sharing and protect the confidentiatifypatients.
Results
Performance of Xpert MTB/RIF

A total of 2103 Xpert MTB/RIF tests were performausamples from 1299 patients (Figure
1). The number of samples per patient ranged fran14, with a median of 1. A total of 38
samples were invalid on Xpert MTB/RIF testing (p&®im, 15 BAL, 3 ETA and 1 induced
sputum). A further 79 samples had insufficient matdor further testing. Of the 1986
remaining samples, 35 were contaminated on culleaeing 1951 samples from 1211
patients that received both Xpert MTB/RIF and adt(L141 sputa, 754 BAL, 51 ETA and 5

induced sputa).

In total 48 (2.5%) grew MTBC and 1903 were MTBCgative using culture (97.5%). Of the
1903 MTBC-negative samples, 97 grew non-tubercutoysobacteria (NTM) and no MTB
was detected using Xpert MTB/RIF. If culture is dises the gold standard, the overall
sensitivity of Xpert MTB/RIF was 95.8%, specific®p.5%, PPV 82.1%, and NPV 99.9%.
(Table 1)



Figure 1. Overview of Xpert MTB/RIF Tests and Cultures Performed
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Table 1. Overall Performance Characteristics of Xpert MTB/RIF For All Respiratory
Samples

Xpert MTB/RIF vs. Culture Number Estimate % 95% ClI
detected/Total

Sensitivity 46/48 95.8% 86.0, 98.8%

Specificity 1893/1903 99.5% 99.0, 99.7%

PPV 46/56 82.1% 70.2, 90.0%

NPV 1893/1895 99.9% 99.6, 100.0%4

Of note, two false negative Xpert MTB/RIF resultsn two different patients were obtained.
The first patient had four sputa and one BAL whigdre all AFB smear-negative with no
MTB detected using Xpert MTB/RIF. All showed no mbacterial growth except from a
sputum that grew MTB at 21 days. Interestingly, pynmode tissue from this patient was
AFB smear positive with MTB detected by in-hous61$80 PCR (Ct 25.1) and culture at the
reference laboratory. The other patient had a sps@ample that was AFB smear negative
with no MTB detected using Xpert MTB/RIF but grewlB® at 25 days. In addition two

other sputa collected at this time were AFB smegative but Xpert MTB/RIF positive then
subsequently grew MTB. Approximately 3 months affer study period this patient had
further sputa which were AFB smear-positive andvgkéT B.

Two BAL and 8 sputum produced false-positive Xp@TB/RIF results (6 with low level

and 4 with very low levels of MTB detected) frondifferent patients. Of these, six patients
had one false-positive Xpert MTB/RIF result and pa&ent had four false-positive Xpert
MTB/RIF results. Five patients had MTB detecteduhsequent sputum samples which grew
MTB. For the remaining two patients, one had 3 8A\EB smear- and culture-negative. One
of the samples had a low reading (give Ct 26.%)giXipert MTB/RIF, but no MTB detected
from a subsequent sputum. The reference lab dirdaduse 15110 PCR was MTBC-

positive and clinically the chest radiograph and<€@n was suggestive of infection such as
TB. This patient received a full course of TB thmravith a good response. The last patient
had 4 sputum submitted which were AFB smear- attdrednegative and two citrated blood
samples that did not grow mycobacteria. The XperBlRIF result for a BAL from this
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patient was very low (give Ct 33.3). They respahtiestandard antibiotic treatment for

pneumonia and following review in the infectiousatise clinic after admission it was

decided there was no good evidence the patienTBatt appears therefore that this patient

had a true false-positive Xpert MTB/RIF result.

For the 51 ETA and 5 induced sputum all culturese2TBC negative. The sensitivity,
specificity, NPV, PPV and 95% confidence intenv@l)(of Xpert MTB/RIF for sputum and

BAL samples is shown in Table 2.Within those witbudture result available, the PPV

increased with the increasing category of the XpErB/RIF assay load results.

Table 2. Sensitivity, Specificity, NPV, PPV of Xpert MTB/RIF for Sputum and BAL

Samples

Xpert Sputum Estimate | 95% ClI BAL Estimate | 95% CI
MTB/RIF numbers | % numbers | %

vs. Culture

Sensitivity 41/43 95.3% 845,98.7% 5/5 100.0% 56.6, 100
Specificity 1090/1098| 99.3% 98.6, 99.6% 747/749 99.7% 99.@9299.
PPV 41/49 83.7% 71.0,92.7% 5/7 71.4% 35.9,91.8
NPV 1090/1092| 99.8% 99.3,99.9% 747/747 100.0% 996,000

Detection of Rifampicin Resistance

One patient in the study was diagnosed with muligdesistant (MDR) TB using direct

0%

%

GenoType MTBDRplus at SMRL. Although two wild-typ@oB bands were not detected, no

mutation was identified using this assay suggestiaganother rpoB mutation was present to

confer resistance. Nine samples submitted frompaigent were found to contain MTB by

Xpert MTB/RIF and the presence of a rpoB mutati@swndicated by reduced binding of

Probe B during PCR resulting in a >3.5 Ct spread/éen the earliest and latest Ct values.
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Xpert MTB/RIF and Microscopy

Overall there were 1927 samples in which microscsgy carried out. It can be seen in
Table 3 and Figure 2 that there is a clear positlegionship between AFB microscopy
grade and the Xpert MTB/RIF assay load results evieen 97 atypical mycobacteria are
included. Of these there were 57 non-tuberculousofgcteria (NTM) with no AFB seen on
microscopy, 20 with few AFB seen on microscopy, a8dvith moderate AFB seen on
microscopy. The percentages in the upper two miomg groups increased as the Xpert
MTB/RIF assay load results increased, from 0%, 0% 4v.0%, to 84.6%. A chi-squared test
for trend confirmed the statistical significanceloése findings (p<0.001).

Table 3. Acid Fast Bacilli Microscopy and Xpert MTB/RIF Assay L oad Results

Xpert MTB/RIF assay | Microscopy | Negative | P+ (few P++ P+++ | Total

load results grouped (no AFB) | (moderate | (many
AFB) AFB) AFB)
MTB not detected Count 1825 23 20 3 1871
(57 (20 (20

atypical) | atypical) | atypical)

Per centage 97.5 1.2 11 0.2 100.0
Very low Count 6 3 0 0 9
Per centage 66.7 33.3 0.0 0.0 100.4G
L ow Count 10 7 0 0 17
Per centage 58.8 41.2 0.0 0.0 100.4G
Medium Count 2 7 3 5 17
Per centage 11.8 41.2 17.6 29.4 100.0
High Count 1 1 2 9 13
Per centage 7.7 1.7 154 69.2 100.0

12



Total Xpert MTB/RIF Count 1844 41 25 17

assay load results

1927

Per centage 95.7 2.1 1.3 0.9

100.G

Figure 2. Relationship between Xpert MTB/RIF Assay L oad and AFB Microscopy
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Xpert MTB/RIFand TTP

We examined time to positivity (TTP) in the 48 cué positive samples (Table 4). This
ranged from 6 to 56 days and was highly positisilgwed. The median TTP was 10 days.
There was a clear reduction in the median TTP eXpert MTB/RIF assay load results
increased. A Kruskal-Wallis test comparing timepaaitivity in the Cepheid PCR categories

showed a significant difference with p=0.005.

Table4. Xpert MTB/RIF assay load resultsand TTP

Xpert Samples | Number Median Percentile | Percentile 75
MTB/RIF with of TTP 25
assay load MTB/RIF | samples (days)
results result culture

available | positive

MTB NOT 1974 2 23 21 25
DETECTED

VERY LOW 9 5 16 15 20
LOW 17 11 12 8 21
MEDIUM 17 17 10 9 14
HIGH 13 13 7 6 8
Conclusion

We believe this study reports the results of tingdst number of Xpert MTB/RIF tests
carried out in a low prevalence area to date. Tp&irture as the gold standard, the overall
sensitivity of Xpert MTB/RIF was 95.8%, specific®p.5%, PPV 82.1%, and NPV 99.9%.

In this study, the Xpert MTB/RIF had a sensitivatyd specificity of 95.3% and 99.3%
respectively when used on sputum samples. Theseefigare similar to previously reported

studies in high prevelence aréahe sensitivity of Xpert MTB/RIF on BAL specimensisv
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found to be 100.0% which is higher in comparisoth®findings of a previous study where
is was found to be 81.698A recent study involving the Xpert MTB/RIF in Carsafbund it
had a sensitivity of 46% and specificity of 100% detection of MTB from induced sputum
samples. The authors concluded that paucibacillisgase and dilution of the sample in the
process of sputum induction may have accounteiisitow sensitivity"° There were small
numbers of ETA and induced sputum submitted alVlmth were culture-negative. In
particular the 5 induced sputa were sampled fradiiférent patients. This could be said to
have been observed as having 100% specificity leutamnot say if this would be true using

a larger number of samples

The percentage of samples which were invalid uXipert MTB/RIF was 1.8% (a total of 38
samples). Invalid results indicate that the sampbeessing control (SPC) has failed because
the sample was either not properly processed or R&Rinhibited. In real life comparisons
of methods there may be invalid results which décathe usefulness of tests. Our rate of

invalids was lower than previously reportéd.

It has previously been described that the Xpert MRIB is not specific for the detection of
rifampicin resistance as silent mutations inrpeB gene can give rise to the detection of
false-positive rifampicin resistané&We cannot comment on whether false positive regdin
can arise from silent mutations as we only found patient who had MDRTB. Xpert
MTB/RIF detected rifampicin resistance in 9/9 sa@snd this was confirmed by the
reference laboratory's standard methods. Anotmésakion of this study is that we cannot
provide the HIV status of the Xpert MTB/RIF testsatients.

We found a clear positive relationship between ARiBroscopy grade and the Xpert
MTB/RIF assay load results and this was statidjicgnificant (p<0.001). Additionally, a
clear reduction in the median TTP as the Xpert MAIB/assay load results increased was
found. A Kruskal-Wallis test comparing distributgoaf times to positivity in the Xpert
MTB/RIF categories showed a significant differefge0.005). These results support similar
findings from previous studi€s?* Molecular testing performed directly on respirgtor
samples is likely to be appropriate for the assessiof infectivity and Xpert MTB /RIF has
recently been approved for infection prevention emakrol use in the United States. A 2-
specimen Xpert strategy was found to be most effidin minimizing airborne infection

isolation time while identifying all TB cases amangividuals with presumptive T We
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believe we found only one true false positive Xp@B/RIF result from a patient who had
consolidation on chest radiograph and adrenalhediar 5 years however they responded to
standard treatment for pneumonia. In low prevalé@i@settings false positives should be
expected. They can lead to significant clinical anblic health implications as it did in this
case in which a problem assessment group meetiadnald with the local Health Protection

Team.

Our results suggest that Xpert MTB/RIF could prevatcurate results in low TB prevalence
settings. In particular, this assay had a very geB¥ which could be useful for ruling out a
diagnosis of pulmonary TB. Serious consideratiasusthbe given to using Xpert MTB/RIF

as a replacement for microscopy in low prevalentceatsons. Delays in transport of samples
to reference laboratories can detrimentally aféedture results. Introducing molecular tests
such as Xpert MTB/RIF potentially leads to prodatof rapid results which would enable
earlier detection or exclusion of pulmonary TB @ad be used to influence treatment
decisions and appropriate infection prevention @rtrol measures. Molecular testing for
detection of MTBC performed directly on respiratesgmples has the potential to be superior
to smear microscopy for the diagnosis of TB, altffoaulture should remain the gold

standard; essential for subsequent drug suscefytigisting and MTBC genotyping.
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Highlights

» Xpert MTB/RIF gave accurate resultsin alow TB and HIV prevalence setting
* It had avery good NPV useful for ruling out pulmonary TB

» Auramine microscopy grade and Xpert MTB/RIF assay |oad correlated

* Median TTP reduced as Xpert MTB/RIF assay |oad increased

* Molecular testing respiratory samples may be appropriate for infectivity assessment



