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Sputum host biomarkers provide accurate diagnosis of tuberculosis and may be suitable for a rapid
point-of-care test http://ow.ly/tsx2S

Martin O.C. Ota1, Joseph F. Mendy1, Simon Donkor1, Toyin Togun1, Mohammed Daramy1, Marie P. Gomez1,
Novel N. Chegou2, Abdou K. Sillah1, Olumuyiwa Owolabi1, Beate Kampmann1, Gerhard Walzl2 and
Jayne S. Sutherland1

1Vaccinology Theme, Medical Research Council Unit, Fajara, the Gambia. 2DST/NRF Centre of Excellence for Biomedical
Tuberculosis Research and MRC Centre for Molecular and Cellular Biology, Division of Molecular Biology and Human
Genetics, Dept of Biomedical Sciences, Faculty of Medicine and Health Sciences, Stellenbosch University, Tygerberg,
South Africa.

Correspondence: Jayne S. Sutherland, MRC Unit, Atlantic Boulevard, Banjul, the Gambia. E-mail: jsutherland@mrc.gm

Received: Nov 07 2013 | Accepted after revision: Jan 28 2014 | First published online: March 13 2014

Support statement: This research was funded by European and Developing Countries Clinical Trials Partnership (grant
number 09.32040.011) and the UK Medical Research Council. The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Conflict of interest: Disclosures can be found alongside the online version of this article at www.erj.ersjournals.com

References
1 World Health Organization. WHO Global Tuberculosis Report 2013. www.who.int/tb/publications/factsheet_

global.pdf Date last updated: 2013. Date last accessed: February 28, 2014.
2 Weyer K, Mirzayev F, Migliori GB, et al. Rapid molecular TB diagnosis: evidence, policy making and global

implementation of Xpert MTB/RIF. Eur Respir J 2013; 42: 252–271.
3 Albanna AS, Bachmann K, White D, et al. Serum lipids biomarkers for therapeutic monitoring of latent

tuberculosis infection. Eur Respir J 2013; 42: 547–550.
4 Minion J, Leung E, Talbot E, et al. Diagnosing tuberculosis with urine lipoarabinomannan: systematic review and

meta-analysis. Eur Respir J 2011; 38: 1398–1405.
5 Chegou NN, Heyckendorf J, Walzl G, et al. Beyond the IFN-c horizon: biomarkers for immunodiagnosis of

infection with M. tuberculosis. Eur Respir J 2014; 43: 1472–1486.
6 Sutherland JS, Garba D, Fombah AE, et al. Highly accurate diagnosis of pleural tuberculosis by immunological

analysis of the pleural effusion. PLoS One 2012; 7: e30324.
7 Batz HG, Cook GS, Reid SD. Towards lab-free tuberculosis diagnostics. www.msfaccess.org/sites/default/files/

MSF_assets/TB/Docs/TB_Report_TowardsLabFreeTBDX_2011_ENG.pdf
8 Ribeiro-Rodrigues R, Resende Co T, Johnson JL, et al. Sputum cytokine levels in patients with pulmonary

tuberculosis as early markers of mycobacterial clearance. Clin Diagn Lab Immunol 2002; 9: 818–823.
9 Yang CT, Cambier CJ, Davis JM, et al. Neutrophils exert protection in the early tuberculosis granuloma by

oxidative killing of mycobacteria phagocytosed from infected macrophages. Cell Host Microbe 2012; 12: 301–312.
10 Cormican LJ, Schey S, Milburn HJ. G-CSF enables completion of tuberculosis therapy associated with iatrogenic

neutropenia. Eur Respir J 2004; 23: 649–650.
11 M.ariotti S, Sargentini V, Pardini M, et al. Mycobacterium tuberculosis may escape helper T cell recognition by

infecting human fibroblasts. Hum Immunol 2013; 74: 722–729.
12 Diel R, Loddenkemper R, Zellweger JP, et al. Old ideas to innovate tuberculosis control: preventive treatment to

achieve elimination. Eur Respir J 2013; 42: 785–801.

Eur Respir J 2014; 44: 254–257 | DOI: 10.1183/09031936.00209913 | Copyright �ERS 2014

Serial testing using interferon-c release
assays in nursing students in India

To the Editor:

We have previously shown that Indian healthcare workers have higher prevalence of latent tuberculosis

infection (LTBI) and are at increased risk for new infection [1–4]. Interferon-c release assays (IGRAs) have

been introduced as an alternative to the tuberculin skin test (TST) for diagnosing LTBI in healthcare

workers and other high-risk groups. They have logistical advantages over the TST and will not cross-react

with the bacille Calmette Guérin vaccine. IGRAs are now being widely used for screening healthcare workers

[5], yet recent reports indicate that switching from TST to IGRAs for the serial testing of healthcare workers

may result in increased rates of test conversions and reversions [3, 6–8]. Most of these studies are from low

tuberculosis (TB) incidence settings, with limited opportunity for nosocomial TB exposure; as a result, the

increased conversion rates are considered false-positive test conversions, making it difficult for clinicians to
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interpret IGRA test conversions in these settings [9]. It remains unclear whether IGRA conversions are

associated with TB exposure in high TB incidence settings where unprotected exposure to infectious TB

patients is more common among healthcare workers.

To evaluate whether IGRA conversions may represent new cases of LTBI, in a high TB incidence setting, in

the absence of a gold standard for LTBI, we employed TB exposure as a proxy measure. We established a

cohort of nursing students who underwent IGRA testing annually for 3 years at a tertiary level hospital in

southern India [1]. Annual rates of conversions and reversions were estimated in this cohort. A relationship

between occupational TB exposure and change in continuous interferon-c (IFN-c) levels were assessed over

time, in a longitudinal Tobit regression model, and association between test conversions and occupational

exposure was assessed in a multivariable logistic regression model. Detailed occupational and non-

occupational exposure to TB was collected through questionnaires and log books maintained by the nursing

students, and this was used to track how much time each student spent on various wards. Occupational

exposures assessed included total time (in months) spent working in healthcare, participation in and

frequency of bronchoscopy procedures or sputum collection, days spent caring directly for pulmonary TB

patients, any direct contact with pulmonary TB patients during interval between testing, days spent working

on isolation wards, days spent working on pulmonary wards and days spent working in DOTS clinics.

Over the study period, 281 nursing students participated and were tested using the QuantiFERON-TB Gold

In-Tube (QFT) test (Cellestis/Qiagen, Carnegie, Australia), giving a total of 674 valid QFT test results. The

majority of the cohort was female (258 of 281; 92%) and the median age was 17.5 years (interquartile range

16.9–18.4 years). Most students were recruited to the study upon entry into the nursing programme and

over two thirds (247 of 281; 88%) had never worked in healthcare prior to study enrolment. Among those

with previous experience in healthcare or nursing, median number of weeks worked in healthcare before

study enrolment was 15 weeks (interquartile range 4–24 weeks). All students had some occupational TB

exposure over the 3-year study period, the mean time spent working on the isolation ward was 6.6 days per

year (range 0–14 days); 44%, 30% and 23% of students reported direct contact with a smear positive

pulmonary TB patient before the initial test point or during each year between testing respectively.

QFT positivity at initial testing (QFT 1) was 19.4% (54 out of 279), 22.4% (58 out of 258) at the second

QFT test point (QFT 2) and 22.9% (30 out of 131) at the third (QFT 3) (table 1). Indeterminate results

were rare, with only one indeterminate result at QFT 1, and two indeterminate results at QFT 3. Among

those negative at initial testing (QFT 1), 9.7% (20 out of 207) had conversions at QFT 2 and a further 11.3%

(11 out of 97) at QFT 3. Among those with initial positive results (QFT 1), 25.5% (13 out of 51) reverted at

QFT 2 and a further 10.5% (two out of 19) reverted at QFT 3 (i.e. reversion after two consecutive positive

results at QFT 1 and QFT 2). None of those with initial positive results who reverted at QFT 2 re-converted at

QFT 3; however, among the converters at QFT 2, 72.7% (eight out of 11) experienced a reversion at QFT 3.

Converters had a slightly higher median initial IFN-c value of 0.04 (interquartile range 0.01–0.12) IU?mL-1

compared to that of 0.01 (0–0.03) IU?mL-1 in non-converters. Reverters had lower median IFN-c values,

of 0.8 (interquartile range 0.66–1.23) IU?mL-1, compared with those that did not revert, of 1.4

(0.7–5.36) IU?mL-1.

In a multivariable logistic model to assess the association between occupational and non-occupational TB

exposure and QFT conversions irrespective of time, only days spent working on an isolation ward was

statistically significantly associated with QFT conversions (OR 1.16, 95% CI 1.04–1.3). While the effect was

small, this effect is per day and may accumulate to clinically significant levels over a nurse’s career. Students

with QFT conversions were offered preventive therapy and this was controlled for in both analyses, but was

not statistically significantly associated with QFT reversions.

Alternative cut-off points have been suggested for the QFT test in an effort to provide improved correlation

between dichotomous positive /negative QFT results and TB exposure or likelihood of LTBI. Understanding

the relationship between change in continuous IFN-c and exposure would aid in deriving appropriate cut-

off points. A longitudinal Tobit regression model was used to assess the relationship between time-

dependent TB exposure variables and change in continuous IFN-c response over time, while accounting for

within- and between-person variation in IFN-c response. However, no variables (neither TB exposure nor

isoniazid preventive therapy) were associated with rates of change in IFN-c response over time in this

cohort. While no students withdrew consent during the study, some students completed their nursing

programme during the study and were therefore not available for repeat testing at QFT 3. All of the

trajectories presented here should be interpreted as snapshots in time; while we cannot exclude the

possibility that the students with missing test results at QFT 3 could have influenced study results, there is

no evidence to suggest that those who were available for testing at QFT 3 would have had more or less test

variability than those only available for QFT 1 and 2. This is supported by the similar rates of conversion, of
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9.7% (20 of 207) at QFT 2 and 11% (11 of 100) at QFT 3, and reversion rates of 25.5% (13 of 51) at QFT 2

and 33.3% (10 of 30) at QFT 3.

In conclusion, high rates of QFT conversions and reversions were found at each test point among this

cohort of young nursing students. This finding is in line with those from low TB incidence settings [8, 10].

Unlike previous studies, an association was identified between occupational TB exposure and QFT

conversions (days spent working on isolation wards). This association was not robust across multiple

exposure variables or analyses, despite collecting detailed occupational data and no occupational variables

were associated with change in continuous IFN-c over time.

With recent reports of unexplained conversions and reversions, concerns have arisen over the

reproducibility of IGRAs when used in serial testing. There have been several studies reporting large

variation in the reproducibility of IGRAs, either due to manufacturing issues [11], pre-analytical factors

including phlebotomy and sample processing [12], analytical sources of variation [13, 14] and

immunological sources of variation. High levels of assay variability may play an important role in

explaining high rates of conversions and reversions not correlated with exposure and warrant further

consideration. While the QFT test may have logistical advantages over the TST, the high rate of conversions

and reversions seen in this Indian cohort suggests IGRAs may not be an appropriate tool for LTBI

surveillance in this high-risk population. Ongoing efforts into novel test development should be encouraged

to continue to develop improved diagnostic tests for LTBI surveillance [15].
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TABLE 1 Dichotomous test results over three time points

QFT 1 QFT 2 QFT 3

225 negative 187/207 negative 85/97 negative
11/97 converters (11.3%)
1 indeterminate

20/207 converters (9.7%) 8/11 reverters (72.7%)
3/11 positive

54 positive 13/51 reverters (25.5%) 3/3 negative
0/3 converters

38/51 positive 2/19 reverters (10.5%)
16/19 positive
1 indeterminate

1 indeterminate 1 negative 1 negative

Overall positivity rate

19.4% (54/279 ) 22.4% (58/258) 22.9% (30/131)

QuantiFERON-TB Gold In-Tube test results, at initial testing (QFT 1), and second (QFT 2) and third (QFT 3) test
points. One student did not complete QFT 1 but did complete testing at QFT 2 and QFT 3; this student was
included in the longitudinal Tobit regression model but not in the table.
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