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Take-home message:

Borderline and indeterminate results for the Quantiferon test occur frequently and 35% of results in a borderline range change when repeated. 



The Quantiferon Gold test is one of two commercially available tuberculosis (TB) Interferon Gamma Release Assays (IGRA) recommended for the diagnosis of latent TB infection.1 A Quantiferon Gold test is considered positive if the result is >0.35 IU/ml.2 However, longitudinal studies have demonstrated that a significant number of test reversions and conversions occur if results just above or below this threshold are repeated.3, 4 This variation may be due to random chance or other factors such as test-related errors, differences in absolute lymphocyte numbers and within-subject variability of the interferon-gamma response.5,6  The high proportion of conversions and reversions around the 0.35 IU/ml cut-off has led some to suggest a borderline or equivocal range should be used,7 as this avoids treatment of individuals who do not have a “stable” positive result, as well as failure to treat those just below the 0.35 threshold who would convert to a positive result if the test were repeated.6 

Two versions of the Quantiferon Gold test are currently available: the Gold In-Tube and Gold Plus. The latter was introduced in 2016. Despite some technical differences, they use similar test platforms and give equivalent readouts.8, 9 

Various cut-offs have been proposed for a Quantiferon equivocal range: European studies  and a systematic review have suggested 0.2-0.7 IU/ml,10-13 as conversions have been shown to occur most frequently when the first IGRA result is between 0.2-0.35 IU/ml, and reversions when the initial result is between 0.35-0.7 IU/ml.14 On the other hand, American workers have suggested ranges including 0.1-1.0 IU/ml,7 0.35-1.1 IU/ml  and 0.35-2.0 IU/ml.15, 16 In our centre, we used the 0.2-0.7 IU/ml range in line with other low-incidence TB European settings.

In addition to borderline results, Quantiferon tests may be uninterpretable if either the positive (mitogen) or negative control tubes fail to give an appropriate response. Such results are termed “indeterminate” and the test may need to be repeated.

To evaluate the proportion of Quantiferon tests performed in clinical practice which do not give a clear positive or negative result, and the yield of repeating indeterminate or equivocal tests, we undertook a retrospective review of all individuals undergoing Quantiferon Gold testing between 2010 to 2014 at the Royal Free London NHS Foundation Trust, London, UK. This retrospective study specifically evaluated indeterminate and equivocal results, and the yield of repeating these; tests that gave a clearly positive or negative result were not repeated.

Three thousand and two individuals undergoing Quantiferon Gold testing were identified. Of these, 1752 (58.4%) were female and the median (IQR) age was 32 (25-44) years. Indications for testing were: routine occupational health screening in 1328 individuals (44.2%); work up prior to biological therapy in 1185 (39.5%) and screening of contacts of active TB cases in 291 (9.7%): this group were tested within 6 months of recent contact with active TB.  Three individuals had Quantiferon tests as part of new entrant (migrant) screening and 195 (6.5%) were tested for other reasons, or the indication for testing was not recorded. 

Using a 0.35 IU/ml cut-off, 390 of 3002 results (13%) were positive, 2485 (83%) negative and 84 (3%) indeterminate. If an equivocal range of 0.2-0.7 were used then 2412 (80%) results were negative [<0.2], 342 (11%) were positive [>0.7], and 156 (5%) had values lying in the equivocal range (Figure 1). Of the 130 equivocal tests for which numerical results were available, 56 (43%) were ≥0.35 and 73 (56%) were <0.35 (27 results were in the 0.2-0.7 range and reported as equivocal but the absolute value was not available). 

Eighty-four tests (3%) were indeterminate - primarily due to a lack of response in the mitogen tube (71 of 73 with numerical results available). Individuals tested prior to initiation of biologic (e.g. anti-TNF) therapy were more likely to have an indeterminate result than other groups: 6% (66/1185) had an indeterminate result, compared to 0.5% (6/1328) of healthcare workers tested (Chi-squared test p <0.001).

One hundred and seven individuals who had an initial equivocal or indeterminate result had a repeat test undertaken within 6 months of the original test. Of the 107 repeat tests: 56 (52%) were negative; 14 (13%) positive; 25 (23%) equivocal; 10 (9%) indeterminate; and 2 could not be analysed due to laboratory processing issues such as the tubes being under-filled or the wrong tubes being sent (Figure 1).

To evaluate the use of an equivocal range for borderline results, we specifically looked at the 69 tests with initial results in the equivocal range which were repeated within 6 months: 34 (49%) of these repeat tests were negative; 24 (35%) were again equivocal; 11 (16%) were positive. If an equivocal range were not used and a cut-off of 0.35 applied to these repeat results, then 49 (71%) repeat tests were negative and 20 (29%) positive.
 
Of the 38 initial tests with results in the equivocal range below the 0.35 cut-off (i.e. 0.2-0.34) which were repeated, 7 (18%) had a positive repeat test (≥0.35) of which 5 (13%) were above the higher 0.7 threshold. In contrast, of the 28 individuals with an initial equivocal result over 0.35, 16 (57%) were negative (<0.35) on repeat testing (11 had results below 0.2 and 5 had results between 0.2 and 0.34) and 12 (43%) were positive (>0.35) on repeat testing (5 had results above 0.7 and 7 had results between 0.35 and 0.7). In 3 individuals documented as having an initial equivocal result which was then repeated, a numerical value for the equivocal result was not available. Thirty-five percent (23/66) of results in the equivocal range therefore changed when repeated.  

In conclusion, although the Quantiferon Gold test seeks to provide a positive or negative result, in routine clinical practice 9% of tests are either not interpretable or lie in an “equivocal” range where the risk of progression to active TB is likely to be different to those results which are clearly positive or negative.17 Our data therefore lend support to the use of an equivocal range for the reporting of Quantiferon tests: nearly one-fifth of results just below the 0.35 cut-off were positive when repeated, and a half of those just above the 0.35 threshold were negative when repeated. This suggests that relying on a single result within this equivocal range may result in both over-treatment and under-treatment of patients.

This study has significant limitations. In particular this relied on the retrospective use of routinely collected clinical data and not all equivocal or indeterminate results were repeated. Individuals with a first test which was positive or negative did not have repeat tests, so we are unable to evaluate the stability of these results. Where results converted from positive to negative around the 0.35 IU/ml threshold, tests were not repeated again so we are not able to determine if these represented “stable” conversions. 

The relatively high frequency of indeterminate results in our cohort is likely to be a consequence of the high proportion of individuals (39%) tested prior to receiving biological therapies (e.g. anti-TNF) and may therefore have been using immunosuppressant treatments or had conditions that could affect their immune responses, as there were a significantly higher proportion of indeterminate results in this group than healthcare workers tested. This reinforces the need to specifically evaluate the performance of such tests in immunocompromised groups who may be at greater risk of progression to active TB, particularly given that Quantiferon tests would be of most value in this subpopulation. 

The recently introduced Quantiferon Gold Plus test contains an additional patient tube seeking to elicit CD8 in addition to CD4 lymphocyte responses [Petruccioli]. 8,9 This modification might in fact increase the risk of borderline test results, given that there are now two TB antigen tubes rather than the one which is in Gold In-Tube. As newer immunodiagnostic tests for tuberculosis infection enter clinical practice, evaluation of the frequency of indeterminate and borderline results will remain important, particularly as the cut-offs used may affect the number of people offered treatment for latent TB infection, which in turn will impact on the cost and yield of such programmes.
 
In summary, indeterminate or equivocal results from the Quantiferon Gold test are common and results in the borderline range changed from positive to negative or vice versa in 35% of cases. This therefore supports the use of an equivocal range for the Quantiferon assay.
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