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Abstract

This study investigated the benefit of incorporating Xpert MTB/RIF into the diagnostic algo-
rithm of fluid specimens received for immunophenotypic analysis to exclude lymphoma. It
was found that in a high burden HIV/TB setting, like South Africa, 130/229 (57%) of fluid
specimens referred forimmunophenotypic analysis to exclude lymphoma are not referred
for concurrent MTBC liquid culture testing by the treating clinician. Of 99/229 (43%) speci-
mens with corresponding culture results, Xpert sensitivity and specificity were 50% (Cl:26—
75%) and 99% (Cl:91-100%) respectively. This demonstrates that incorporation of Xpert
into the laboratory diagnostic algorithm in the immunophenotypic laboratory would improve
patient work-up and care.

Introduction

The Xpert MTB/RIF assay (Xpert) (Cepheid, Sunnyvale, CA) [1-8] is currently endorsed by the
World Health Organisation (WHO) for the diagnosis of pulmonary Mycobacterial Tuberculosis
Complex (MTBC) infection in sputum samples [9]. A systematic review of the Xpert for the
diagnosis of pulmonary MTBC showed a pooled sensitivity of 88% and a pooled specificity of
98% [10]. The Xpert has proved to substantially reduce the diagnostic delay for pulmonary
MTBC [8, 11, 12] with the added advantage of real time Rifampicin resistance testing. Resistance
to Rifampicin alone is rare and more than 90% of Rifampicin resistant MTBC cases also show
resistance to Isoniazid. The detection of Rifampicin resistance is therefore used a surrogate
marker to detect MDRTB [11]. There is comparatively less data on the use of Xpert for the diag-
nosis of extra-pulmonary MTBC (EPTB) owing to variations in study population, sample size,
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methodology and specimen type in studies performed but is being investigated for inclusion in
national Tuberculosis programs [13, 14]. The WHO meta-analysis of 15 studies showed a low
pooled sensitivity of 43.7% (95% Confidence interval (CI): 24.8-64.7%) and a high pooled speci-
ficity of 98.1% (CI: 95.3-99.2%) [14]. These studies also showed that Xpert performed on fluid
specimens (pleural and ascitic) have a lower sensitivity compared to other EPTB specimen types
e.g. lymph nodes [1, 3, 4, 10, 12, 15-21]. The lower sensitivity may be attributable to the low
bacillary load and/or the presence of an inhibitor within the fluid [22]. The major advantage of
using Xpert in the diagnosis of MTBC on fluid specimens, however, is that Xpert is able to pro-
duce a result despite the high rate of contamination of extrapulmonary fluid specimens [12].

In South Africa, MTBC infection is highly prevalent with up to 70% of presumptive MTBC
cases being HIV co-infected [23]. In South Africa, the incidence rate of MTBC infection
increased from 2010 to 2012 from an estimated 981/100 000 population to 1000/100 000 popu-
lation. In 2010, there was an approximate 60-61% HIV prevalence in incident MTBC cases
which increased to 62-63% in 2012 [24, 25]. Early detection of EPTB in this high burden HIV
setting is critical to improve patient care [2].

Furthermore, in HIV infection, the incidence of all subtypes of Non-Hodgkin lymphoma
(NHL) is increased by 60-200 times [26, 27] with pleural effusions occurring in 20-30% of
these patients [28]. In the South African setting, many fluid specimens (pleural and ascitic)
received for immunophenotypic analysis by flow cytometry are from HIV positive patients sus-
pected of lymphoma. During the diagnostic work-up of these patients, EPTB would need to be
excluded. This study, therefore, investigated the role of Xpert in the laboratory diagnostic algo-
rithm (LDA) of these fluid specimens referred for lymphoma testing. Incorporation of Xpert
into the LDA would enable early identification of EPTB, identification of Rifampicin resistant
MTBC, timely initiation of treatment and overall improving patient care. As the Xpert instru-
ment is not limited to a Biosafety Level (BSL) 3 laboratory, this would allow integration of labo-
ratory services, not limiting MTBC testing to specific areas of the laboratory.

Materials and Methods

Ethical approval was obtained from the University of the Witwatersrand Human Research Eth-
ics committee (HREC M121010) for this study. The committee allows for the use of residual
specimen in the laboratory for validation of new technology. This can be performed without
obtaining consent from the patient, with permission from the committee. This project’s proto-
col was submitted to the HREC committee and they waived the need for informed consent.
This study took place between August 2012 and February 2013. To investigate this integration,
all pleural and ascitic fluid specimens received in the immunophenotyping facility at the
National Health Laboratory Services in Johannesburg were processed for routine flow cyto-
metric analysis. A standard panel for exclusion of B and T-cell lymphoproliferative disorders
and non-haemopoietic tumours (anti-kappa, anti-lambda, CD19, CD5, CD4, CD3, CD8, and
CD45) was routinely performed. Any specimen with a raw (unprocessed) residual volume
(>0.5ml) was then tested with Xpert according to manufacturer’s instructions for pulmonary
samples. The specimens were not centrifuged, and were incubated at room temperature for 15
minutes with solvent reagent buffer in a 3:1 (0.5ml residual) or 2:1 (>0.5ml residual) ratio. Sen-
sitivity and specificity, including 95% CI, were calculated on specimens where both liquid cul-
ture MGIT (used as the reference) and Xpert results were reported and retrieved from the
Laboratory information system (LIS) [29]. Specimens without a corresponding culture result
on the LIS system were not included in the statistical analysis of this study. Concurrent disease
status of these patients, specifically HIV status, was not known to the authors as this informa-
tion fell outside of the scope of our ethics approval.
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Table 1. Xpert assay performance.

Specimens received

Fluid specimens received in immunophenotyping laboratory for testing 392

Specimens with sufficient residual for Xpert testing, n (%) 229 (58,4)

Pleural fluid, n (%) 169 (74)

Ascitic fluid, n (%) 60 (26)

Specimens submitted for liquid culture (MGIT), n (%) 99 (43)

MGIT culture Xpert Sensitivity Specificity

Positive, n (%) 9(9) (Culture reference) (Culture reference)

Negative, n (%) 81 (81) 50% (26,75) 98.5% (91,100)

Contaminated, n (%)

Error, n (%) 9(9)

Specimens not submitted for MTBC culture, but tested with Xpert MTB/RIF, n (%) 130 (57)
Xpert

Positive, n (%) 11 (8.5)

Negative, n (%) 111 (85)

Error, n (%) 8 (6)

doi:10.1371/journal.pone.0134404.t001

Results and Discussion

A total of 392 fluid specimens were received for immunophenotyping during the study period
(see Table 1), of which 58.4% (229/392) had residual volume for Xpert testing. Of these, 74%
(169/229) were pleural fluid and 26% (60/229) ascitic fluid. Lymphoma was not diagnosed
immunophenotypically on any of the specimens tested on Xpert during the study period. Sur-
prisingly, only 43% (99/229) of the specimens were submitted for concurrent MTBC culture by
the treating clinician at any point during admission of these patients, based on the LIS history.
Of these specimens, 3% (3/99) were MGIT contaminated, however a result was generated on
these samples when tested on Xpert. Xpert yielded 9% (9/99) positivity compared to 17% (17/
99) positive on MGIT. One false positive was detected on Xpert. MTBC positivity determined
by Xpert in the non-culture specimens was 8.5% (11/130), with 1 Rifampicin resistant case
identified. These cases would have remained undiagnosed for EPTB without Xpert testing in
the LDA. The Xpert error rate was 7.4% (17/229). The majority of these errors were attributed
to manufacturer’s error (code 5006/5007), but there was insufficient volume for repeat Xpert
testing.

The sensitivity of Xpert compared to MGIT is 50% (CI: 26-75%) and the specificity is
98.5% (91-100%). This is comparable to other studies performed on fluid specimens showing
overlapping Cls and the abovementioned WHO meta-analysis [1, 3, 4, 11-20]. The positive
predictive value of Xpert in fluid specimens from patients being investigated for lymphoma
and/or TB was found to be 88.9% (51, 99) with a positive likelihood ratio of 35.5%. This indi-
cates that a “MTBC detected” result generated by Xpert indicated a high likelihood of EPTB
infection in this patient group [30].

Our study demonstrates that, in a high burden HIV/TB setting like South Africa, >50% of
fluid specimens referred for immunophenotyping are not referred for MTBC culture testing by
the treating clinician. Specimens that are referred for culture can take up to 6 weeks for a result,
are prone to contamination and result in unnecessary diagnostic delay. This study shows that
incorporating Xpert into the LDA would have the following benefits (1) access to onsite rapid
testing for MTBC; (2) allow a rapid “turn-around-time” of results including Rifampicin resis-
tance; (3) improve the diagnostic approach to HIV positive patients with effusions by
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increasing the number of patients tested for MTBC. In view of the fact that Xpert will be an
additional test in the laboratory diagnostic algorithm, this will have financial implications and

a full costing analysis would be required before implementation and policy uptake.

There is potential for Xpert to be included in the LDA in many areas of the laboratory to

improve MTBC diagnosis and patient management.

Author Contributions

Conceived and designed the experiments: KMK EM LS WS. Performed the experiments: KMK.
Analyzed the data: KMK EM LS. Contributed reagents/materials/analysis tools: KMK LS WS.
Wrote the paper: KMK EM LS WS.

References

1.

10.

11.

12.

Armand S, Vanhuls P, Delcroix G, Courcol R, Lemaitre N. Comparison of the Xpert MTB/RIF test with

an 1IS6110-TagMan real-time PCR assay for direct detection of Mycobacterium tuberculosis in respira-
tory and nonrespiratory specimens. Journal of Clinical Microbiology. 2011; 49(5):1772—6. Epub 2011/
03/18. doi: 10.1128/JCM.02157-10 PMID: 21411592; PubMed Central PMCID: PMC3122654.

Boehme CN, Nabeta P, Michael J, Gotuzzo E, Tahirli R, Gler MT, B al. Feasibility, diagnostic accuracy,
and effectiveness of decentralised use of the Xpert MTB/RIF test for diagnosis of tuberculosis and mul-
tidrug resistance: a multicentre implementation study. The Lancet. 2011; 10(1016):1-11. Epub 19 April
2011.

Hillemann D, Rusch-Gerdes S, Boehme C, Richter E. Rapid molecular detection of extrapulmonary
tuberculosis by the automated GeneXpert MTB/RIF system. Journal of Clinical Microbiology. 2011; 49
(4):1202-5. Epub 2011/01/29. doi: 10.1128/JCM.02268-10 PMID: 21270230; PubMed Central PMCID:
PMC3122824.

Malbruny B, Le Marrec G, Courageux K, Leclercq R, Cattoir V. Rapid and efficient detection of Myco-
bacterium tuberculosis in respiratory and non-respiratory samples. The international journal of tubercu-
losis and lung disease: the official journal of the International Union against Tuberculosis and Lung
Disease. 2011; 15(4):553-5. doi: 10.5588/ijtld.10.0497 PMID: 21396219.

Blakemore R, Story E, Helb D, Kop J, Banada P, Owens MR, et al. Evaluation of the analytical perfor-
mance of the Xpert MTB/RIF assay. J Clin Microbiol. 2010; 48(7):2495-501. doi: 10.1128/JCM.00128-
10 PMID: 20504986; PubMed Central PMCID: PMC2897495.

Boehme CC, Nabeta P, Hillemann D, Nicol MP, Shenai S, Krapp F, et al. Rapid molecular detection of
tuberculosis and rifampin resistance. The New England journal of medicine. 2010; 363(11):1005-15.
doi: 10.1056/NEJM0a0907847 PMID: 20825313; PubMed Central PMCID: PMC2947799.

Marlowe EM, Novak-Weekley SM, Cumpio J, Sharp SE, Momeny MA, Babst A, et al. Evaluation of the
Cepheid Xpert MTB/RIF assay for direct detection of Mycobacterium tuberculosis complex in respira-
tory specimens. J Clin Microbiol. 2011; 49(4):1621-3. doi: 10.1128/JCM.02214-10 PMID: 21289151;
PubMed Central PMCID: PMC3122817.

Moure R, Munoz L, Torres M, Santin M, Martin R, Alcaide F. Rapid detection of Mycobacterium tubercu-
losis complex and rifampin resistance in smear-negative clinical samples by use of an integrated real-
time PCR method. J Clin Microbiol. 2011; 49(3):1137-9. doi: 10.1128/JCM.01831-10 PMID: 21191053;
PubMed Central PMCID: PMC3067676.

Tortoli E, Russo C, Piersimoni C, Mazzola E, Dal Monte P, Pascarella M, et al. Clinical validation of
Xpert MTB/RIF for the diagnosis of extrapulmonary tuberculosis. The European respiratory journal.
2012; 40(2):442-7. doi: 10.1183/09031936.00176311 PMID: 22241741.

WHO. World Health Organisation Global Tuberculosis Report 2013. Available: http://apps.who.int/iris/
bitstream/10665/91355/1/9789241564656_eng.pdf.

loannidis P, Papaventsis D, Karabela S, Nikolaou S, Panagi M, Raftopoulou E, et al. Cepheid GeneX-
pert MTB/RIF assay for Mycobacterium tuberculosis detection and rifampin resistance identification in
patients with substantial clinical indications of tuberculosis and smear-negative microscopy results.
Journal of Clinical Microbiology. 2011; 49(8):3068-70. Epub 2011/06/17. doi: 10.1128/JCM.00718-11
PMID: 21677069; PubMed Central PMCID: PMC3147726.

Helb D, Jones M, Story E, Boehme C, Wallace E, Ho K, et al. Rapid detection of Mycobacterium tuber-
culosis and rifampin resistance by use of on-demand, near-patient technology. Journal of Clinical
Microbiology. 2010; 48(1):229-37. doi: 10.1128/JCM.01463-09 PMID: 19864480; PubMed Central
PMCID: PMC2812290.

PLOS ONE | DOI:10.1371/journal.pone.0134404 August 17,2015 4/5


http://dx.doi.org/10.1128/JCM.02157-10
http://www.ncbi.nlm.nih.gov/pubmed/21411592
http://dx.doi.org/10.1128/JCM.02268-10
http://www.ncbi.nlm.nih.gov/pubmed/21270230
http://dx.doi.org/10.5588/ijtld.10.0497
http://www.ncbi.nlm.nih.gov/pubmed/21396219
http://dx.doi.org/10.1128/JCM.00128-10
http://dx.doi.org/10.1128/JCM.00128-10
http://www.ncbi.nlm.nih.gov/pubmed/20504986
http://dx.doi.org/10.1056/NEJMoa0907847
http://www.ncbi.nlm.nih.gov/pubmed/20825313
http://dx.doi.org/10.1128/JCM.02214-10
http://www.ncbi.nlm.nih.gov/pubmed/21289151
http://dx.doi.org/10.1128/JCM.01831-10
http://www.ncbi.nlm.nih.gov/pubmed/21191053
http://dx.doi.org/10.1183/09031936.00176311
http://www.ncbi.nlm.nih.gov/pubmed/22241741
http://apps.who.int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf
http://apps.who.int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf
http://dx.doi.org/10.1128/JCM.00718-11
http://www.ncbi.nlm.nih.gov/pubmed/21677069
http://dx.doi.org/10.1128/JCM.01463-09
http://www.ncbi.nlm.nih.gov/pubmed/19864480

@’PLOS ‘ ONE

Xpert MTB/RIF Excludes TB in Suspected Lymphoma Fluids

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.
30.

Scott LE, Beylis N, Nicol M, Nkuna G, Molapo S, Berrie L, et al. Diagnostic accuracy of Xpert MTB/RIF
for extrapulmonary tuberculosis specimens: establishing a laboratory testing algorithm for South Africa.
Journal of Clinical Microbiology. 2014; 52(6):1818-23. doi: 10.1128/JCM.03553-13 PMID: 24622091,
PubMed Central PMCID: PMC4042800.

WHO. Automated real-time nucleic acid amplification technology for rapid and simultaneous detection
of tuberculosis and rifampicin resistance: Xpert MTB/RIF system for the diagnosis of pulmonary and
extrapulmonary TB in adults and children 2013. Available: http://apps.who.int/iris/bitstream/10665/
112472/1/9789241506335_eng.pdf?ua=1.

Causse M, Ruiz P, Gutierrez-Aroca JB, Casal M. Comparison of two molecular methods for rapid diag-
nosis of extrapulmonary tuberculosis. Journal of Clinical Microbiology. 2011; 49(8):3065—7. Epub 2011/
06/10. doi: 10.1128/JCM.00491-11 PMID: 21653775; PubMed Central PMCID: PMC3147762.

Friedrich SO, von Groote-Bidlingmaier F, Diacon AH. Xpert MTB/RIF assay for diagnosis of pleural
tuberculosis. Journal of Clinical Microbiology. 2011; 49(12):4341-2. doi: 10.1128/JCM.05454-11
PMID: 21998430; PubMed Central PMCID: PMC3232996.

Ligthelm LJ, Nicol MP, Hoek KG, Jacobson R, van Helden PD, Marais BJ, et al. Xpert MTB/RIF for
rapid diagnosis of tuberculous lymphadenitis from fine-needle-aspiration biopsy specimens. J Clin
Microbiol. 2011; 49(11):3967-70. doi: 10.1128/JCM.01310-11 PMID: 21880965; PubMed Central
PMCID: PMC3209093.

Moure R, Martin R, Alcaide F. Effectiveness of an integrated real-time PCR method for detection of the
Mycobacterium tuberculosis complex in smear-negative extrapulmonary samples in an area of low
tuberculosis prevalence. Journal of Clinical Microbiology. 2012; 50(2):513-5. doi: 10.1128/JCM.06467-
11 PMID: 22162564; PubMed Central PMCID: PMC3264142.

Vadwai V, Boehme C, Nabeta P, Shetty A, Alland D, Rodrigues C. Xpert MTB/RIF: a new pillar in diag-
nosis of extrapulmonary tuberculosis? Journal of Clinical Microbiology. 2011; 49(7):2540-5. Epub
2011/05/20. doi: 10.1128/JCM.02319-10 PMID: 21593262; PubMed Central PMCID: PMC3147857.

Teo J, Jureen R, Chiang D, Chan D, Lin R. Comparison of two nucleic acid amplification assays, the
Xpert MTB/RIF assay and the amplified Mycobacterium Tuberculosis Direct assay, for detection of
Mycobacterium tuberculosis in respiratory and nonrespiratory specimens. Journal of Clinical Microbiol-
ogy. 2011; 49(10):3659—-62. Epub 2011/08/26. doi: 10.1128/JCM.00211-11 PMID: 21865419; PubMed
Central PMCID: PMC3187313.

Chang K, LuW, Wang J, Zhang K, Jia S, Li F, et al. Rapid and effective diagnosis of tuberculosis and
rifampicin resistance with Xpert MTB/RIF assay: a meta-analysis. Journal of Infection. 2012; 64
(6):580-8. Epub 2012/03/03. doi: 10.1016/.jinf.2012.02.012 PMID: 22381459.

Pai M, Flores LL, Hubbard A, Riley LW, Colford JM Jr. Nucleic acid amplification tests in the diagnosis
of tuberculous pleuritis: a systematic review and meta-analysis. BMC infectious diseases. 2004; 4:6.
Epub 2004/04/23. doi: 10.1186/1471-2334-4-6 PMID: 15102325; PubMed Central PMCID:
PMC387423.

Scott LE, McCarthy K, Gous N, Nduna M, Van Rie A, Sanne |, et al. Comparison of Xpert MTB/RIF with
other nucleic acid technologies for diagnosing pulmonary tuberculosis in a high HIV prevalence setting:
a prospective study. PLoS medicine. 2011; 8(7):e1001061. Epub 2011/08/05. doi: 10.1371/journal.
pmed.1001061 PMID: 21814495; PubMed Central PMCID: PMC3144192.

WHO. World Health Organisation Report: Global tuberculosis control 2011. Available from: http://www.
who.int/tb/publications/global_report/en/index.html.

WHO. World Health Organisation: Tuberculosis Country Profiles—South Africa 2013. Available from:
http://www.who.int/tb/country/data/profiles/en/.

Swerdlow SH CE, Harris NL, Jaffe ES, Pileri SA, Stein H, Thiele J, Vardiman JW, editor. WHO Classifi-
cation of Tumours of Haematopoietic and Lymphoid Tissues. Lyon: International Agency for Research
for Cancer (IARC); 2008.

Carbone A, Cesarman E, Spina M, Gloghini A, Schulz TF. HIV-associated lymphomas and gamma-her-
pesviruses. Blood. 2009; 113(6):1213-24. doi: 10.1182/blood-2008-09-180315 PMID: 18955561.

Das DK. Serous effusions in malignant lymphomas: a review. Diagn Cytopathol. 2006; 34(5):335-47.
doi: 10.1002/dc.20432 PMID: 16604559.

Clinical Calculator 2010. Available from: http://vassarstats.net/clin1.html.

OMERAD. Office of Medical Education, Research and Development 2008. Available from: http://
omerad.msu.edu/ebm/Diagnosis/Diagnosis6.html.

PLOS ONE | DOI:10.1371/journal.pone.0134404 August 17,2015 5/5


http://dx.doi.org/10.1128/JCM.03553-13
http://www.ncbi.nlm.nih.gov/pubmed/24622091
http://apps.who.int/iris/bitstream/10665/112472/1/9789241506335_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/112472/1/9789241506335_eng.pdf?ua=1
http://dx.doi.org/10.1128/JCM.00491-11
http://www.ncbi.nlm.nih.gov/pubmed/21653775
http://dx.doi.org/10.1128/JCM.05454-11
http://www.ncbi.nlm.nih.gov/pubmed/21998430
http://dx.doi.org/10.1128/JCM.01310-11
http://www.ncbi.nlm.nih.gov/pubmed/21880965
http://dx.doi.org/10.1128/JCM.06467-11
http://dx.doi.org/10.1128/JCM.06467-11
http://www.ncbi.nlm.nih.gov/pubmed/22162564
http://dx.doi.org/10.1128/JCM.02319-10
http://www.ncbi.nlm.nih.gov/pubmed/21593262
http://dx.doi.org/10.1128/JCM.00211-11
http://www.ncbi.nlm.nih.gov/pubmed/21865419
http://dx.doi.org/10.1016/j.jinf.2012.02.012
http://www.ncbi.nlm.nih.gov/pubmed/22381459
http://dx.doi.org/10.1186/1471-2334-4-6
http://www.ncbi.nlm.nih.gov/pubmed/15102325
http://dx.doi.org/10.1371/journal.pmed.1001061
http://dx.doi.org/10.1371/journal.pmed.1001061
http://www.ncbi.nlm.nih.gov/pubmed/21814495
http://www.who.int/tb/publications/global_report/en/index.html
http://www.who.int/tb/publications/global_report/en/index.html
http://www.who.int/tb/country/data/profiles/en/
http://dx.doi.org/10.1182/blood-2008-09-180315
http://www.ncbi.nlm.nih.gov/pubmed/18955561
http://dx.doi.org/10.1002/dc.20432
http://www.ncbi.nlm.nih.gov/pubmed/16604559
http://vassarstats.net/clin1.html
http://omerad.msu.edu/ebm/Diagnosis/Diagnosis6.html
http://omerad.msu.edu/ebm/Diagnosis/Diagnosis6.html

