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Abstract

Background

Interferon-y Release Assays (IGRA) reversions have been reported in different clinical sce-

narios for the diagnosis of tuberculosis (TB) infection. This study aimed to determine the

rate of QuantiFERON-TB Gold Plus (QFT-Plus) reversions during contact investigation as a

potential strategy to reduce the number of preventive treatments.

Methods

Prospective, multicentre cohort study of immunocompetent adult contacts of patients with

pulmonary TB tested with QFT-Plus. Contacts with an initial positive QFT-Plus (QFT-i)

underwent a second test within 4 weeks (QFT-1), and if negative, underwent a repeat test 4
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weeks later (QFT-2). Based on the QFT-2 result, we classified cases as sustained reversion

if they remained negative and as temporary reversion if they turned positive.

Results

We included 415 contacts, of whom 96 (23.1%) had an initial positive test (QFT-i). Following

this, 10 had negative QFT-1 results and 4 (4.2%) of these persisted with a negative result in

the QFT-2 (sustained reversions). All four sustained reversions occurred in contacts with

IFN-γ concentrations between�0.35 and�0.99 IU•mL-1 in one or both QFT-i tubes.

Conclusion

In this study, TB contact investigations rarely reveal QFT-Plus reversion. These results do

not support retesting cases with an initial positive result to reduce the number of preventive

treatments.

Introduction

Currently, no method exists to confirm whether positive Interferon-y Release Assay (IGRA)

results in tuberculosis (TB) contact tracing are due to recent exposure or more distant infec-

tion. A pragmatic approach in clinical practice is to consider all positive cases as being caused

by recent exposure. This unavoidably leads to unnecessary preventive treatment in many

cases. Interestingly, repeating IGRA tests leads to frequent conversions and reversions [1].

Since there is not a gold standard for latent TB infection diagnosis, the meaning of such con-

versions and reversions are rather speculative. In contact tracing studies, part of these conver-

sions may be due to a de novo infection. Likewise, some of the reversions may be consequence

of clearing the infection [2, 3]. However, since a significant proportion of them occur with val-

ues near to the threshold of positivity of the test–uncertainty zone- suggests that in many

instances they are due to biological variability of the technique. Reversions with QuantiFER-

ON-TB Gold (QFT) serial testing when investigating TB contacts have been reported in differ-

ent studies [4–7], though the extent to which these reversions represent clearance of the

infection or inconsistency of the test is unknown. If these observations could be proved consis-

tently, repeating the initial positive QFT test may help to reduce the preventive treatments pre-

scribed. However, most existing data come from studies conducted in populations with

diverse risk and susceptibility to TB infection and not specifically designed to study reversions

[4–9]. In addition, these studies were performed with the no longer used QFT In-tube

(QFT-GIT) test. In here, we aimed to determine the rate of QuantiFERON1-TB Gold Plus

(QFT-Plus) reversions to see if the number of preventive therapies prescribed in contact inves-

tigation could be reduced.

Materials and methods

Study design

We conducted a prospective, multicentre cohort study of TB contacts tested with the QFT-Plus

at eight health centres in Spain: Bellvitge University Hospital (L’Hospitalet de Llobregat, Barce-

lona), Complexo Hospitalario de Pontevedra, University Hospital Lucus Augusti (Lugo), Hos-

pital Moisès Broggi (Sant Joan Despı́, Barcelona), Hospital General Universitario Gregorio

Marañón (Madrid), Hospital de la Santa Creu i Sant Pau (Barcelona) Hospital Universitari
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Son Espases (Palma de Mallorca) and Hospital Universitario Virgen Macarena (Sevilla).

Patients were recruited between March 1st, 2019, and June 30th, 2021. Eligible subjects were

those contacts of patients with pulmonary or laryngeal TB, aged� 18 years, who attended at

TB units of every healthcare centre for evaluation as a part of a TB contact investigation. Exclu-

sion criteria were HIV infection, debilitating chronic conditions (end-stage renal failure or

liver cirrhosis stage Child-Pugh B or C), or treatment with immunosuppressive drugs, or che-

motherapy in the previous 3 months. Previous diagnosis of latent or active TB was also an

exclusion criteria.

At the first visit, participants underwent clinical assessment and QFT-Plus testing. All con-

tacts with a positive QFT-Plus result also underwent chest X-ray and respiratory samples were

collected if active TB was suspected. Patients who were diagnosed of active TB were excluded.

Contacts with initial negative QFT-Plus were managed according to physician’s practice at

each centre and no further follow-up was carried out after the result of the first test. Contacts

who had an initial positive test (QFT-i) underwent a second test within the following 4 weeks

(QFT-1). If the QFT-1 was positive, we considered it a persistent positive QFT-Plus result. If

the QFT-1 was negative, it was repeated 4 weeks later (QFT-2): if the QFT-2 was negative it

was considered a sustained reversion and if it was positive it was considered a temporary rever-

sion. Participants with persistent positive QFT-Plus results and those with temporary rever-

sions where considered as having TB infection and required preventive therapy. Participants

with sustained reversion were considered as no having TB infection and decision on treatment

of these contacts was left to the discretion of the treating physician. No participant started pre-

ventive therapy until the last test was performed. All participants were followed-up until the

last QFT was performed or until the preventive therapy was finished if it was indicated.

Concerning to contacts, we collected data on demographics, bacillus Calmette-Guérin

(BCG) vaccination status, extension and date of initiation and end of the contact period, and

QFT-Plus qualitative and quantitative results. Contacts were categorized in three groups based

on the likelihood of transmission. High transmission risk (close contact) was considered when

the exposure occurred in an favourable environment to transmission, for at least 6 hours per

day, and included household contacts, members of the same classroom or premises, close

work contacts, intimate friends, and contacts in nursing homes or prisons. Medium risk (fre-

quent contact) was considered when exposure occurred in an environment that favoured

transmission for less than 6 hours a day, without the conditions for high risk. Finally, low

transmission risk (sporadic contact) was reserved for non-daily contacts [10]. Concerning to

the index case, we collected data on the type of TB (cavitary or non-cavitary and bacilliferours

or non-bacilliferous TB) and the diagnostic technique used (culture and/or nucleic acid ampli-

fication test [NAAT]). De-identified anonymous clinical data were collected prospectively and

handled using REDCap (Research Electronic Data Capture) tools [11].

Samples were processed according to local standard clinical practice. The research protocol

did not call for sample storage. QuantiFERON1-TB Gold Plus was performed in accordance

with the manufacturer’s instructions. Four centres changed from the QFT-Plus ELISA [12] to

the LIAISON QFT-Plus [13] over the study period. None individual participants included in the

analysis were tested by different QFT-Plus techniques. We used the 0.35–0.99 IU�mL-1 positive

borderline range of the QFT-Plus in line with other low-incidence TB European settings [14].

Statistical analysis

The sample size was determined based on the assumption that around 35% of contacts would

have a positive initial result [15]. Assuming a prevalence of 35% negative results for the first

repeated test (QFT-1) [1, 4], with 80% of these remaining negative in QFT-2, 355 contacts
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were needed to obtain a sample of 113 with a positive initial result (QFT-i). This would allow

the estimation of 25% sustained reversion with an 8% precision and a 95% confidence interval

(CI) of 17%–33%, allowing for 10% expected losses.

Categorical variables are presented as the number of cases and percentages, and continuous

variables are presented as the mean and standard deviation or median and interquartile range

(IQR) according to the distribution. Continuous variables were compared using Student t test

or Mann-Whitney U test where appropriate. Fisher exact test or Pearson chi-square test was

applied to assess the relationship between categorical variables. Statistical analysis was per-

formed with the statistical package R, version 3.4.1.

Ethics statement

This prospective study was reviewed and approved by the ethics committee of Bellvitge Uni-

versity Hospital (approval number PR165/18) and conducted in accordance with the Declara-

tion of Helsinki. Written informed consent was obtained from all participants.

Results

As the 26.1% prevalence of positive QFT-Plus results was lower than the 35% expected, we

finally recruited 415 contacts. Of these, 297 had a negative QFT-i and therefore they were

removed from subsequent analyses and 13 were excluded for different reasons. Of the 105

individuals with a positive QFT-i result, 9 were excluded, leaving 96 for the reversion analysis.

See Fig 1 for patient flow diagram. The main characteristics of the 96 contacts with positive ini-

tial QFT-Plus result are showed in the Table 1.

In the QFT-1, 86 (89.6%) contacts tested positive again and were considered persistent posi-

tive results, while only 10 contacts (10.4%) tested negative. Twenty-four of the 96 (25%)

Fig 1. Flowchart of the study. Selection of participants and main results. Abbreviations: QFT-i, initial QuantiFERON

Gold Plus; QFT-1, week 4 QuantiFERON Gold Plus; QFT-2, week 8 QuantiFERON Gold Plus.

https://doi.org/10.1371/journal.pone.0285917.g001
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contacts had a QFT-i result within the borderline range of whom 10 (41.7%) reverted (4 sus-

tained reversion, and 6 had temporary reversion), and 14 (58.3%) did not revert. Table 2

shows the quantitative results of all QFT-Plus tests for the 10 contacts with a negative QFT-1

result, which reveals 4 cases of sustained reversion and the 6 cases of temporary reversion. The

median TB1–Nil and TB2–Nil IFN-γ concentrations in the QFT-i for the 10 individuals with

any reversion (sustained or temporary) were 0.5 (interquartile range [IQR] 0.44;0.55) and 0.53

(IQR 0.37;0.66) IU�mL-1, respectively; the corresponding values for those without reversion

were 3.78 (IQR 1.55;5.66) and 3.75 (IQR 1.7;5.54) IU�mL-1 (p< 0.001 for the median TB1–Nil

and p< 0.001 for the median TB2–Nil IFN-γ concentrations). Note that only one reverter

(10%) had a QFT-i result >0.99, the upper limit of the positive borderline range, and only one

of the temporary reverters had a QFT-2 result >0.99, and only in TB1 tube.

Discussion

In this study, we prospectively assessed QFT-Plus reversions in a cohort of TB contacts in a

low incidence TB setting. The 4.2% reversion rate was very low compared with studies pub-

lished to date. In a retrospective study in Sweden [4], which included TB contacts among

Table 1. Main characteristics of the 96 contacts with a positive initial QFT-Plus result.

Non-reversion group n = 86 Reversion group n = 10

Age, median [IQR 25%;75%] 48 [39;56] 57.5 [52.25;68.5]

Gender, N (%)

Male 40 (46.5) 3 (30.0)

Female 46 (53.5) 7 (70.0)

TB incidence in country of birth, N (%)

�25 × 105 31 (36.0) 1 (10.0)

<25 × 105 55 (64.0) 9 (90.0)

BCG vaccination status, N (%)

Yes 33 (38.4) 4 (40.0)

No 46 (53.5) 4 (40.0)

Unknown 7 (8.1) 2 (20.0)

Type of contact, N (%)

Close 43 (50.0) 4 (40.0)

Frequent 23 (26.7) 3 (30.0)

Sporadic 19 (22.1) 3 (30.0)

Unknown 1 (1.2) 0

Days of exposure, median [Q1;Q3] 91.5 [61.0;123] 63.0 [15.0;91.8]

Chest X-ray of the index case

Cavitary TB 51 (59.3) 5 (50.0)

Non-cavitary TB 35 (40.7) 5 (50.0)

Diagnosis of TB of the index case

By culture 25 (29.1) 6 (60.0)

By NAAT 8 (9.3) 1 (10.0)

By both techniques 53 (61.6) 3 (30.0)

AFB smear-positive sputum 55 (64.0) 4 (40.0)

Abbreviations: TB, tuberculosis, BCG, Bacillus Calmette–Guérin; AFB, acid-fast bacilli; MTC, Mycobacterium

tuberculosis complex; NAAT, nucleic acid amplification test; QFT-i, initial QuantiFERON Gold Plus; TB,

Tuberculosis.

https://doi.org/10.1371/journal.pone.0285917.t001
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others, repeating positive QFT-GIT tests (initial IFN-γ concentration, 0.35–0.99 IU�mL-1)

after 3–12 weeks yielded a reversion rate of 54.7%, and reached 59.4% in a subgroup when it

was retested within 4 weeks. In a study of household contacts in India, repeating the

QFT-GIT after 12 months revealed an overall reversion rate of 6.7%, which reached 20%

among those with initial IFN-γ values of 0.35–0.7 IU�mL-1 [5]. Finally, a study of adult

household contacts in South Africa reported a reversion rate of 14.5% when repeating the

QFT-GIT after 6 months [6].

Only limited data exists about QFT-Plus reversion, and no data have been reported for TB

contacts. A retrospective analysis of 2.2 million QFT-Plus tests found reversion rates of 24%

and 30% depending on whether the test had been repeated within or after the first 30 days,

respectively [16]. When comparing reversion rates among three IGRA tests repeated 3 and 6

months apart among registered village doctors in China, persistent reversion occurred in 13%

for QFT-Plus, 5.9% for the QFT-GIT, and 6.5% for the T-SPOT.TB [17].

Most reversions could be explained by the biological variability of tests resulting in a cross

pass from above the borderline limit. Repeating the test only once may lead to reversions,

which might become positive again in a second repetition. Therefore, we tried to identify sus-

tained reversions with negative results in two determinations at least 4 weeks apart. Whatever

the reason for sustained reversion, the low rates observed do not support the systematic repeti-

tion of QFT-Plus testing for contacts with an initial positive test. Nonetheless, since 90% of

reversions occurred in participants with a positive QFT-i of 0.35–0.99 IU�mL-1, it may be help-

ful to eventually retest certain contacts in case of results within this range and an unclear risk

of exposure.

We do not have a convincing explanation for the discrepancy in reversion rate we found

compared with studies published to date. That said, our study was conducted to confirm/refute

these previous findings, which derived from studies not designed primarily for this purpose.

Our study was prospectively designed with the aim of providing a definitive answer on the rel-

evant issue of the diagnosis, and consequently need for treatment, in TB contact tracing. The

other two factors explaining such discrepancy may be the more conservative definition of

reversals ("two consecutive negative tests 4 weeks apart"), and the use of the QFT-Plus version,

Table 2. Interferon-γ production in QuantiFERON-TB Gold Plus tubes in 10 contacts with reversion.

Case Sex/age Contact QFT-i (IU�ml-1) QFT-1 (IU�ml-1) QFT-2 (IU�ml-1) Reversion

TB-1 TB-2 TB-1 TB-2 TB-1 TB-2

1 Female/70 y. Frequent 0.40 0.24 0.19 0.20 0.12 0.09 Sustained

2 Female/57 y. Sporadic 0.77 0.72 0.10 0.20 0.07 0.04 Sustained

3 Female/86 y. Close 0.51 0.17 0.00 0.00 0.01 0.01 Sustained

4 Female/48 y. Close 0.48 0.59 0.13 0.13 0.11 0.09 Sustained

5 Male/64 y. Frequent 0.50 0.62 0.24 0.24 0.17 0.40 Temporary

6 Female/75 y. Close 0.24 0.35 0.12 0.11 0.46 0.30 Temporary

7 Female/52 y. Frequent 0.57 0.67 0.26 0.18 0.46 0.41 Temporary

8 Male/30 y. Sporadic 0.43 0.44 0.31 0.26 1.12 0.94 Temporary

9 Female/58 y. Close 0.51 0.48 0.20 0.17 0.31 0.43 Temporary

10 Male/53 y. Sporadic 0.99 1.05 0.23 0.20 0.35 0.50 Temporary

Abbreviations: QFT-i, initial QuantiFERON Gold Plus; QFT-1, week 4 QuantiFERON Gold Plus; QFT-2, week 8 QuantiFERON Gold Plus; TB-1 & TB-2,

QuantiFERON-TB Gold Plus tubs with large-length and large- plus short-length ESAT-6 and CP-10 Mycobacterium tuberculosis antigens, respectively.

Note: Bold numbers denote interferon-γ values within the borderline positive range (defined as 0.35–0.99 IU�ml-1), and bold underlined numbers denote interferon-γ

values outside this range.

https://doi.org/10.1371/journal.pone.0285917.t002
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from which a different behavior from the previous QFT-TB Gold In-Tube cannot be ruled

out.

In conclusion, QFT-Plus reversion occurs rarely in TB contact investigations. Therefore,

we cannot advocate repeating the test in cases with an initial positive result as a potential strat-

egy for reducing the number of preventive treatments.
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Investigation: Sandra Pérez-Recio, Maria D. Grijota-Camino, Luis Anibarro, Ramón

Rabuñal-Rey, Josefina Sabria, Paloma Gijón-Vidaurreta, Virginia Pomar, Mercedes Garcı́a-
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Ruiz-Serrano, Erika I. Garcia-de-Cara, Fernando Alcaide, Miguel Santin.

References
1. Tagmouti S, Slater M, Benedetti A, Kik SV, Banaei N, Cattamanchi A, et al. Reporductibility of interferon

gamma (IFN-γ) release assays. A systematic review. Ann Am Thorac Soc. 2014; 11(8):1267–76.

2. Ewer K, Millington KA, Deeks JJ, Alvarez L, Bryant G, Lalvani A. Dynamics antigen-specific T cell

responses after point-source exposure to Mycobacterium tuberculosis. Am J Respir Crit Care Med.

2006; 174(7):831–9.

PLOS ONE QuantiFERON reversions in tuberculosis contacts

PLOS ONE | https://doi.org/10.1371/journal.pone.0285917 August 30, 2023 7 / 8

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0285917.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0285917.s002
https://doi.org/10.1371/journal.pone.0285917


3. Mpande CAM, Steigler P, Lloyd T, Rozot V, Mosito B, Schreuder C, et al. Mycobacterium tuberculosis-

Specific T Cell Functional, Memory, and Activation Profiles in QuantiFERON-Reverters Are Consistent

With Controlled Infection. Front Immunol. 2021; 12:712480. https://doi.org/10.3389/fimmu.2021.

712480 PMID: 34526988

4. Jonsson J, Westman A, Bruchfeld J, Sturegard E, Gaines H, Schön T. A borderline range for Quanti-

feron Gold In- Tube results. PLoS ONE. 2017; 12(11): e0187313. https://doi.org/10.1371/journal.pone.

0187313 PMID: 29095918

5. Pai M, Joshi R, Dogra S, Zwerling AA, Gajalakshmi D, Goswami K, et al. T-cell assay conversions and

reversions among household contacts of tuberculosis patients in rural India. Int J Tuberc Lung Dis.

2009; 13(1):84–92. PMID: 19105884

6. Shah M, Kasambira TS, Adrian PV, Madhi SA, Martinson NA, Dorman SE. Longitudinal analysis of

QuantiFERON-TB Gold In-Tube in children with adult household tuberculosis contact in South Africa: a

prospective cohort study. PLoS One. 2011; 6(10):e26787. https://doi.org/10.1371/journal.pone.

0026787 PMID: 22066009

7. Franken WP, Koster BF, Bossink AW, Thijsen SF, Bouwman JJ, van Dissel JT, et al. Follow-up study of

tuberculosis-exposed supermarket customers with negative tuberculin skin test results in association

with positive gamma interferon release assay results. Clin Vaccine Immunol. 2007 Sep; 14(9):1239–41.

https://doi.org/10.1128/CVI.00185-07 PMID: 17626157

8. Andrews J. R., Nemes E., Tameris M., Landry B. S., Mahomed H., McClain J. B. et al. Serial Quanti-

FERON testing and tuberculosis disease risk among young children: an observational cohort study.

Lancet Respir Med. 2017; 5(4):282–290. https://doi.org/10.1016/S2213-2600(17)30060-7 PMID:

28215501

9. Andrews JR, Hatherill M, Mahomed H, Hanekom WA, Campo M, Hawn TR, et al. The dynamics of

QuantiFERON-TB gold in-tube conversion and reversion in a cohort of South African adolescents. Am J

Respir Crit Care Med. 2015; 191(5):584–91. https://doi.org/10.1164/rccm.201409-1704OC PMID:

25562578

10. Grupo de Estudio de Contactos de la UITB. Documento de Consenso sobre el estudio de contactos en

los pacientes tuberculosos. Med Clin (Barc) 1999; 112:151–6.

11. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture

(REDCap)—a metadata-driven methodology and workflow process for providing translational research

informatics support. J Biomed Inform 2009; 42(12):377–81. https://doi.org/10.1016/j.jbi.2008.08.010

PMID: 18929686

12. Qiagen. 2014. QuantiFERON-TB Gold Plus ELISA package insert. Qiagen, Hilden, Germany: https://

www.quantiferon.com/wp-content/uploads/2020/01/L1083163-R06-QF-TB-Gold-Plus-ELISA-IFU-CE.

pdf.

13. Qiagen. 2019. DiaSorin LIAISON QuantiFERON-TB Gold Plus. Qiagen, Hilden, Germany: https://www.

quantiferon.com/products/liaison-quantiferon-tb-gold-plus/.

14. Wikell A., Jonsson J., Dyrdak R., Henningsson A. J., Eringfält A., Kjerstadius T., et al. The Impact of
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