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Introduction: While QuantiFERON-TB gold (QFT) is frequently used, little attention is paid to the mitogen response. How it could be impacted and associated with outcomes is poorly known.

Methods: Retrospective, case-control study in hospitalized patients who underwent QFT testing in two hospitals between 2016 and 2019. We defined two groups of cases with either negative [interferon (IFN)-γ ≤ 0.5 IU/ml, official threshold] or weak (0.5–2 IU/ml) mitogen response, and one group of controls with normal (>2 IU/ml) mitogen response.

Results: A total of 872 patients were included. An ongoing infection was independently associated with both a negative (RR = 4.34; 95% CI = 2.94–6.41) and a weak mitogen response (RR = 2.44; 95% CI = 1.66–3.58). Among tuberculosis patients, a weak mitogen response was associated with a false-negative QFT result (75%) compared to a normal response (20%). Decreasing mitogen response (normal, weak and negative, respectively) was associated with increasing length of hospital stay [median (interquartile range) 5 (3–13), 11 (5–21) and 15 (10–30) days; p < 0.001] and increasing hospital mortality (3, 7, and 15%; p < 0.001).

Conclusion: Clinicians should take notice of the mitogen response since IFN-γ concentrations lower than <2 IU/ml were associated with false-negative QFT results in tuberculosis patients, independently associated with ongoing infections, and could be associated with worse prognosis.
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INTRODUCTION

One quarter of the world population is potentially affected by a latent tuberculosis infection (LTI) (1). Gamma interferon release assays (IGRAs), which measure Mycobacterium tuberculosis-specific CD4 + /CD8 + T cell immunity, are recommended for screening LTI (1). The use of QuantiFERON-TB Gold In-Tube (QFT, Qiagen) testing, which uses IGRA, is increasingly used to screen LTI. The interferon gamma (IFN-γ) response to phytohemagglutinin (PHA) as a mitogen is used as a positive control to confirm the proliferative capacity of patient lymphocytes at the time of sampling (2). A “negative” mitogen response (IFN-γ < 0.5 IU/mL) is considered a “negative” positive control, impeding a conclusive result on QFT (“indeterminate result”). Indeterminate results are obtained in 8 to 29% of patients (3–5). Several factors have been associated with indeterminate QFT results, including immunodeficiency, extreme ages and some chronic diseases (5, 6–10).

While most of the identified factors are related to chronic conditions, little attention has been paid to the factors potentially associated with acute conditions at the time of QFT sampling. For instance, the reported frequency of indeterminate results is higher in septic patients [up to 29% (5)] than in healthy individuals [1.5% (9)]. Such observations suggest that ongoing infection could be a frequent cause of negative mitogen response. However, the association between infection and negative mitogen response among patients tested for a suspicion of LTI or tuberculosis (TB) has not yet been addressed. Infections are the most common cause of lymphopenia in hospitalized patients (10), and functional alterations have been observed in lymphocytes during infections such as sepsis/septic shock (11) and pneumonia (12, 13). This well-known T-cell exhaustion phenotype (including quantitative and qualitative lymphocyte defects) is associated with worse outcomes during sepsis (14). Finally, increasing C-reactive-protein (CRP) levels (15) or neutrophil/lymphocyte ratios are also positively correlated with indeterminate QuantiFERON-TB gold (16). Identifying the situations that are associated with negative QFT performance could avoid unnecessary costs and diagnostic delay. This is of particular interest in the context of TB, for which QFT lacks sensitivity (1). It can be assumed that lymphopenia and T-cell exhaustion, which are frequent in TB (17), explain this lack of sensitivity in connection to an altered mitogen response.

In addition, the clinical relevance of the standard 0.5 IU/mL threshold is a matter of debate, and it has been suggested that a response to PHA with IFN-γ < 10 IU/mL could be considered “possibly altered” rather than “normal” (18).

In order to provide a better understanding of indeterminate QFT, our aim was to assess the factors associated with mitogen response, including ongoing or recent infection. The secondary objectives were to study differences between patients with a weak or a negative mitogen response, the association between mitogen response and clinical outcomes, and the QFT results in TB patients according to mitogen response.



MATERIALS AND METHODS


Study Design and Population

We conducted a retrospective, observational, case-control study in a cohort of patients hospitalized for at least 48 h in two healthcare facilities [Dijon University hospital and the Georges François Leclerc cancer (CGFL) center] between October 1, 2016 and October 31, 2019, and who underwent QFT testing during hospitalization. Patients under the age of 18, patients only admitted for consultation (as outpatients), those hospitalized for less than 48 h, and those with incomplete QFT results were not included (Figure 1). If a patient underwent several QFTs during the study period, only the first was retained for the analysis.
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FIGURE 1. Inverse correlation between INF-γ mitogen response and C-reactive protein levels in hospitalized patients. Correlation between INF-γ mitogen response of QFT and C-reactive protein levels was assessed in hospitalized patients included in the study and with available C-reactive protein data (n = 825); Spearman test. NB: IFN-γ, interferon γ, QFT, QuantiFERON-TB Gold.


The patients who met these criteria were classified into three groups according to the mitogen result of the QFT (IFN-γ concentrations). Cases were defined as patients with a “negative” mitogen response, (IFN-γ ≤ 0.5 IU/ml), as defined by the commercial supplier, or with a “weak” mitogen response (IFN-γ = 0.5–2 IU/ml). Controls were defined as patients with a “normal” mitogen response IFN-γ > 2 IU/ml. For each case (either with “negative” or “weak” mitogen response), we included the control patient who had a QFT performed chronologically just after the corresponding case patient (Figure 1). The mitogen threshold of 2 IU/mL was arbitrary defined to obtain balanced groups between negative and weak mitogen response groups.



QuantiFERON®-TB Gold Test

QuantiFERON-TB gold tests were performed by the same laboratory (virology laboratory of the Dijon University Hospital) according to manufacturer instructions. Briefly, four blood collection tubes were drawn: TB1, TB2, and controls (nil and mitogen). One milliliter of whole blood was incubated for 16–24 h at 37°C, after which plasma was harvested and tested using an enzyme-linked immunosorbent assay for the presence of IFN-γ produced in response to the peptide antigens or PHA (mitogen). The nil result was used to adjust for background, heterophile antibody effects or non-specific IFN-γ in blood samples.



Data Collection

Data were collected from the 3 groups of patients constituted, namely the cases (all the patients with a “negative” or a “weak” mitogen response) and the control patients (1 control patient/case with a “normal” mitogen response).

Clinical and biological data at the time of the QFT test were collected retrospectively. Patients were categorized as immunocompromised if they were treated with an immunosuppressive or corticosteroid therapy (>0.15 mg/kg/day prednisone equivalent during more than 2 weeks or more than to 2 mg/kg per day within 3 months before QFT), or if they had active cancer or hematologic disorder, HIV infection, or primary immune deficiency. Tuberculosis (TB) was recorded if there were associated clinical-radiological signs of TB and it was confirmed with laboratory testing (Mycobacterium tuberculosis identification with culture and/or polymerase chain reaction). The presence of an active infection within the last 3 months or at the time of the QFT sampling were recorded if the infection was clinically/biologically suspected or confirmed by the clinician in charge of the patient. Sepsis was considered as severe if requiring ICU admission. Septic shock as sepsis with persisting hypotension requiring vasopressors to maintain mean arterial pressure ≥65 mm Hg and had a serum lactate level >2 mmol/L (18 mg/dL) despite adequate volume resuscitation (19). Primary site and microbial origin of the infection at the time of the QFT were also recorded. Clinical outcomes (onset of an acute infection, sepsis or septic shock after QFT sampling, ICU admission, in-hospital mortality and hospital length of stay) were also recorded.

Study protocol and data collection were registered with the CNIL (Commission nationale de l’informatique et des libertés) and are in accordance with French (Loi Informatique et Liberté n°78–17 du 6 janvier 1978) and European (GRPD EU 2016/679) regulations on data protection and patient information (Commitment of compliance MR004 n°2210228 of 3 December 2018) with a waiver of informed consent given the non-interventional study design.



Statistical Analysis

Continuous variables were expressed as means ± standard deviation (SD) or medians and inter-quartile range (IQR), according to distribution, and categorical variables were expressed as frequencies and percentages. Comparisons were made between the three groups using Kruskal–Wallis tests or ANOVA when appropriate for continuous variables, and the Chi-square test for qualitative variables. When p-value was <0.05, post-hoc 2 × 2 comparisons were performed using the Student’s t-test, Wilcoxon Mann–Whitney test and Chi-square test (or Fisher’s exact test), as appropriate. A False Discovery Rate (FDR) was applied to account for multiple comparisons, and the results are expressed in Q-values.

To account for potential confounders, polytomous logistic regressions were fitted considering the normal mitogen response group as the reference. First, a model including only clinical data was fitted, followed by a model including both clinical and biological data. Correlations between variables were checked before their inclusion in the model to avoid colinearity. All variables associated with IFN-γ production with a p-value < 0.2 and at least 15 observations in each group were accounted for. Log-linearity was tested for each continuous variable using fractional polynomials (20). A backward step by step selection process was then applied to obtain the final models (one including only clinical variables and a second one including clinical and biological variables). In each final model, interactions between selected variables were systematically tested. Results are expressed as relative risks (RR) and 95% confidence intervals (CI). For variables whose association with mitogen response was non-loglinear, the predicted probabilities of negative or weak response were estimated and plotted against the values of the variables, along with the CIs. A p-value < 0.05 was considered statistically significant. Analyses were performed using Stata v15.1 (StataCorp LLC, College Station, TX, United States) and GraphPad Prism software version 9.1.1 (San Diego, CA, United States).




RESULTS

During the study period, 8,260 QFT were performed, including 2,459 in adult patients hospitalized for at least 48 h (Supplementary Figure 1). Among these patients, 208 (8%) had a “negative” mitogen response (IFN-γ ≤ 0.5 IU/ml) and 228 (9%) had a “weak” mitogen response (IFN-γ = 0.5–2 IU/ml).

Among the 2,023 patients (82%) with a “normal” mitogen response (IFN-γ > 2 IU/ml), 436 were included as controls. Age and sex in the 436 included control patients did not differ significantly from the 1,587 patients who were not selected as controls (59 ± 19 vs. 57 ± 19 years; p = 0.06, and 50% female vs. 48%; p = 0.54). Finally, 872 patients were included in the study (Supplementary Figure 1).


Compared Mitogen Responses in the 872 Hospitalized Patients Included

The clinical and biological characteristics of the three groups are compared in Table 1. The “negative” and “weak” mitogen response groups were younger (p < 0.001 for both) than “normal” response group and less frequently immunocompromised (p < 0.001 for both). The “negative” and “weak” mitogen response groups were not significantly different for these two variables.


TABLE 1. Baseline characteristics of patients according to the mitogen response on QFT testing.
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As compared to the “normal” mitogen response group, the “negative” response group were significantly more likely to have had surgery and an infection, or a severe infection within the 3 months preceding the QFT, and those with a “weak” response were significantly more likely to have had a severe infection in the 3 months preceding the QFT.

At the time of the QFT sampling, an ongoing infection was detected in, respectively, 18, 33, and 48% of patients with a “normal,” “weak” and a “negative” mitogen response, respectively, and septic shock was detected in 1, 4, and 11%, respectively. Acute infections observed at the time of QFT sampling were mainly bacterial (85%) and of pulmonary origin (56%) (Supplementary Table 1).

The “normal,” “weak” and “negative” mitogen response (respectively) was associated with decreasing hemoglobin, albumin and lymphocyte counts, but increasing neutrophil count and C-reactive protein levels (Table 1). In addition, mitogen response was inversely correlated with C-reactive protein concentrations (Figure 1).



Factors Independently Associated With “Negative” and “Weak” Mitogen Responses

When considering only clinical variables, multivariable analysis revealed that an ongoing infection at the time of QFT was independently associated with both a “negative” (“negative” vs. “normal” RR = 4.34; 95% CI = 2.94–6.41), and a “weak” mitogen response (“weak” vs. “normal” RR = 2.44; 95% CI = 1.66–3.58), as well as older age and immunodepression. In addition, male sex, diabetes, and an infection within 3 months before QFT were independently associated with a “negative” mitogen response, but not with a “weak” mitogen response, as compared with a “normal” response (Model 1, Table 2). In case of both immunodepression and diabetes, the effect of these both variables was lowered (p for interaction = 0.011 when comparing negative vs. normal mitogen response groups).


TABLE 2. Multinomial logistic regression for clinical factors associated with a “negative” and “weak” mitogen response on QFT test (Model 1).
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When the “severe infection at the time of the QFT” variable was added in the model instead of the “an ongoing infection at the time of QFT” variable (model 2), the first variable was independently associated with both a “negative” (RR = 20.09; 95% CI = 8.69–46.46) and a “weak” (RR = 7.10; 95% CI = 2.93–17.23) mitogen response (Supplementary Table 2).

When considering both clinical and biological variables (model 3), multivariable analysis revealed that lower serum albumin, hemoglobin and lymphocytes, but higher neutrophil counts were independently associated with both a “negative” and “weak” mitogen responses (vs. “normal”). In addition, sex, immunodepression and higher platelets were independently associated with a “negative” mitogen response, and diabetes was associated with a “weak” mitogen response when compared to the “normal” mitogen response group (Supplementary Table 3 and Supplementary Figure 2).

When the variable “a severe infection at the time of the QFT” was added in the model instead of “an ongoing infection at the time of QFT” (model 4), this first was independently associated with a “negative” mitogen response (RR = 2.78; 95% CI [1.03–7.51]) (Supplementary Table 4 and Supplementary Figure 3).



QuantiFERON-TB Gold Results in Patients With Confirmed Tuberculosis

Among the 872 patients included, 18 patients (2%) had microbiologically confirmed TB, among whom 6 (33%) had a false negative QFT [2/10 (20%) with a “normal” mitogen response, 3/4 (75%) with a “weak” and 1/4 (25%) with a “negative” mitogen response (Supplementary Table 6)]. Interestingly, one patient underwent serial QFT. The first test at the time of TB diagnosis (pulmonary and peritoneal involvement) was considered negative (Ag TB-Nil [IFN-γ] = 0.05 IU/mL), while the mitogen response was “weak” (mitogen [IFN-γ] = 1.03 IU/mL). The second one, 5 weeks after the start of antimycobacterial treatment, was positive (Ag TB-Nil [IFN-γ] = 3.86 IU/mL). This positive result was associated with an improved mitogen response (mitogen [IFN-γ] > 10 IU/mL), decreased C-reactive protein levels, and no change in the lymphocyte count (Supplementary Figure 4).



Clinical Outcomes According to the Mitogen Response

The mitogen response (respectively “normal,” “weak” and “negative”) was associated with an increasing proportion of patient with onset of infectious complications (2, 5, 12%; p < 0.001), ICU admissions (3, 15, 32%; p < 0.001), hospital length of stay [median (interquartile range) = 5 (3–13); 11 (5–21) and 15 (10–30) days; p < 0.001] and in-hospital mortality (3%, 7% and 15%; p < 0.001) (Figure 2 and Supplementary Table 6).
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FIGURE 2. Clinical outcomes of 872 hospitalized patients according to the mitogen response of QFT (negative, weak or normal). Proportion of patients with infectious complications during hospital stay after QFT sampling (A), intensive care unit (ICU) admissions (B), in-hospital mortality (C) and the median (interquartile range) hospital length of stay (D) were recorded and represented according to the mitogen response: negative (IFN-γ ≤ 0.5 IU/ml), weak (IFN-γ = 0.5–2 IU/ml) and “normal” (IFN-γ > 2 IU/ml). NB: QFT, QuantiFERON-TB Gold; ICU, intensive care unit; IFN-γ, interferon γ. Comparisons were made between the 3 groups using Kruskall-Wallis test for continuous variable, and the Chi-square test for qualitative variables. Post-hoc 2 × 2 comparisons were performed using the Wilcoxon Mann-Whitney test and Chi-square test as appropriate. False Discovery Rate post hoc correction for multiple comparisons was used and P value reported in the figure : *P < 0.05; **P < 0.01.





DISCUSSION

Our case-control study involving 872 hospitalized patients who underwent QFT testing yielded four main results. First, the presence of an ongoing infection at the time of QFT was independently associated with a “negative” mitogen response and therefore indeterminate QFT results. Second, patients with a “weak” mitogen response and “negative” mitogen response had several similarities. Third, among confirmed TB patients, a “weak” mitogen response was associated with false negative QFT results. Fourth, the mitogen response was associated with hospital length of stay and in-hospital mortality.

In our study, 8% of hospitalized patients had indeterminate QFT results, which is in the range of other previously published studies (5). Multivariable analyses identified age, immunodepression, serum albumin, hemoglobin, and neutrophil and lymphocyte counts as factors associated with a negative mitogen response, as previously reported (3, 7). However, interestingly, we found that both recent and ongoing infection were independent factors associated with a “negative” mitogen response. Infections are frequent in hospitalized patients, but our results suggest QFT should not be performed until after recovery. Infections, and particularly severe sepsis, are associated with both lymphopenia and functional lymphocyte defects (T-cell exhaustion or anergy), which resolve at least partially about 1 month after sepsis (21, 22).

We then addressed the problem of the cut-offs for mitogen positivity. We observed that patients with “negative” and “weak” mitogen responses have similar characteristics, especially for immunodepression status, which was identified in, respectively, 58 and 52% of these patients, compared with 36% of patients with “normal” response. Our results raise the question of whether a LTI can be confidently interpreted with a “weak” mitogen response. Seeing that such a result is not a “normal” response to PHA stimulation, it may be thought to be a false negative QFT when diagnosing LTI, or even TB. Furthermore, our data for patients with microbiologically confirmed TB are illustrative. QFT was less frequently positive if mitogen response was “weak” (25% of cases) compared to “normal” (80% of cases). In addition, in the patient who underwent serial QFT, there was a correction of both mitogen and TB antigen responses between TB diagnosis and 5 weeks later under treatment.

These results offer new insight about QFT performance, particularly during TB, which is associated with both systemic inflammation and T-cell exhaustion. One could assume that decrease in both lymphocyte activation and systemic inflammation (reflected by CRP levels) would improve lymphocyte function. The exhaustion of T lymphocytes is a well-known consequence of sepsis (23) and other chronic infections such as TB (17, 24), minimizing the damage to host tissue related to inflammatory response (25). This manifests through attenuated cell proliferation, impaired cytotoxic function, and attenuated IL-2 and IFN-γ production (23). The negative correlation we observed between C-reactive protein and mitogen response further supports this assumption. In the context of culture-confirmed TB, QFT testing has been associated with negative sensitivity (∼70%) (26, 27). If performed in such a context, clinicians must interpret QFT with caution, especially if mitogen response if weak (IFN-γ = 0.5–2 IU/ml), whatever the “official” interpretation. In addition, the contribution of the two tubes TB1 and TB2, evaluating, respectively, the T-CD4 and T-CD8 responses, did not allow to mitigate this limitation since both T-CD4 and CD8 are non-selectively affected by T-cell exhaustion during sepsis (23).

Finally, in hospitalized patients who underwent a QFT, we observed that weaker IFN-γ production was associated with a worse prognosis, considering infectious complications, ICU admission, in-hospital mortality, and hospital length of stay. Huang et al. previously reported that a lower mitogen response was associated with worse 1-year survival in TB patients (27). However, our study is novel in that it is the first study to observe an association between mitogen response and clinical outcomes in hospitalized patients. We can assume that confirmed TB cases with extensive diseases and/or those with systemic involvement were associated with both systemic inflammation and T-cell exhaustion. If QFT is performed, the mitogen response may serve as a surrogate biomarker for assessment of immune competence in hospitalized patients whose determinants are varied (old age, immunodepression, previous or current infection, which were associated with “negative” or “weak” mitogen response in our study).

Our study has several limitations. First, the retrospective design led to missing data, mainly for laboratory results. In addition, this was a single center study when considering the laboratory which performed QFT, and the results may not be reproducible in other settings. However, the laboratory is accredited for QFT analysis (COFRAC accreditation ISO15189 n°1–8125). Third, the cutoff we used to define “weak” mitogen response is rather arbitrary, and whether higher thresholds would be associated with different parameters and outcomes was not assessed.

In conclusion, it appears to be of utmost interest to consider the mitogen response in hospitalized patients who undergo QFT, in particular when this response is “negative” or “weak” (IFN-γ ≤ 2 IU/mL). In suspected TB, aside from the response to the TB antigen, it suggests the need for further testing to avoid premature interpretation and misdiagnosis. Outside the scope of TB, the “weak” mitogen response was independently associated with ongoing infections and could be associated with a worse prognosis. The IFN-γ response to mitogen and the threshold of 2 IU/mL may thus serve as a prognostic biomarker in hospitalized patients, even though further confirmation in other cohorts is needed.
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