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Interferon-c responses to Mycobacterium
tuberculosis-specific antigens in diabetes
mellitus

To the Editor:

Although diabetes mellitus has long been recognised as a risk factor for tuberculosis, it was only recently that

strong evidence for this emerged [1]. Persons with diabetes mellitus have a two or three times higher risk of

developing tuberculosis disease than nondiabetics; those with tuberculosis and diabetes mellitus have a four

times higher risk of death during tuberculosis treatment and a higher risk of tuberculosis relapse [2, 3].

Diabetics therefore constitute a target group in whom the identification of latent tuberculosis infection

(LTBI) and its treatment may potentially be an important strategy for tuberculosis elimination [4, 5].

Interferon-c release assays (IGRAs) are immunodiagnostic tests for identification of LTBI. These tests have

shown superior specificity and positive predictive value for progression to active disease over the tuberculin

skin test [6–9]. Although the IGRAs do not distinguish active from latent tuberculosis [10, 11], they are

often done as part of the work-up for active tuberculosis in cases where diagnostic uncertainty exists. To

date, there is scant information in the literature regarding the performance of these assays in diabetics.

In a previous report in which we evaluated the T-SPOT.TB (Oxford Immunotec, Abingdon, UK) and

QuantiFERON In-Tube (QFT-IT) (Cellestis, Melbourne, Australia) assays in a head-to-head manner in 270

culture-confirmed pulmonary tuberculosis patients, we had found undiminished sensitivity of these assays

in the presence of diabetes mellitus [12]. WALSH et al. [13] have also reported that diabetes did not affect the

performance of the second-generation QuantiFERON TB Gold (QFT-G) and T-SPOT.TB [13].
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In the present study, we compared the quantitative T-cell responses to Mycobacterium tuberculosis-specific

antigens as measured by the T-SPOT.TB and QFT-IT, and to mitogen as measured by the QFT-IT, among

diabetics and nondiabetics with culture-confirmed pulmonary tuberculosis. We also evaluated these

responses according to diabetic control as indicated by glycated haemoglobin (HbA1c) levels.

Data for this analysis were extracted from a main study designed to evaluate the effect of tuberculosis

treatment on the T-SPOT.TB and QFT-IT in a head-to-head manner [11]. This study was approved by the

Domain Specific Institutional Review Board of the National Healthcare Group (Singapore). The study

population comprised pulmonary tuberculosis patients treated at the Singapore Tuberculosis Control Unit

who were prospectively recruited between April 2006 and February 2007 within 2 weeks of starting

tuberculosis treatment. All study participants gave informed consent. At least two sputum specimens were

obtained on separate days for acid-fast bacilli (AFB) smears and tuberculosis culture and drug sensitivity

testing prior to starting treatment. Peripheral venous blood was drawn for both IGRAs at the time of

recruitment. HIV testing was routinely offered. Baseline liver enzymes, serum creatinine and random blood

glucose level were routinely performed. For this study, patients were classified as diabetic if they had history

of diabetes at the time of tuberculosis diagnosis, or if they were found to have two random glucose level

measurements .11.0 mmol?L-1 at baseline and on repeat testing. Patients with guarded prognoses (e.g. the

frail elderly or those with co-existing advanced malignancy), HIV and those who could not be followed-up

for relapse (e.g. non-Singapore residents) were excluded from the study. Data on patient demographics,

comorbidities, bacteriological status and radiological findings were captured.

The T-SPOT.TB and QFT-IT assays were performed according to the manufacturers’ instructions at the Tan

Tock Seng Hospital microbiology laboratory. The T-SPOT.TB was considered reactive if either or both of

panel A (containing the 6-kDa early secretory antigen target (ESAT-6)) or panel B (containing the 10-kDa

culture filtrate protein (CFP-10)) had o6 more spots than the negative control and this number was at least

twice the number of spots in the negative control. The QFT-IT was considered positive if the interferon

(IFN)-c measured in the antigen tube was o0.35 IU?mL-1 above that produced in the negative control

tube. Indeterminate results were excluded from the multivariate analysis.

Analysis was performed using SPSS for Windows version 17 (IBM, Armonk, NY, USA). The statistics for

qualitative data were performed using the Chi-squared test or Fisher’s exact test while the quantitative data

were analysed by Mann–Whitney U-test and Kruskal–Wallis test. Multivariate models were used to test the

association between diabetes and IGRA positivity rate (logistic regression) or quantitative responses (linear

regressions), by adjusting for potential confounding factors (age, sex, ethnicity, cavitary disease, body mass

index (BMI), smoking and smear positivity). A p-value ,0.05 was regarded as statistically significant.

There were 99 diabetic and 176 nondiabetic patients. Their baseline characteristics, IGRA positivity rates

and quantitative results (mean spot-forming cells and IFN-c concentrations) are shown in table 1. Diabetics

were more likely to be older (mean age 54 years), of non-Chinese (i.e. Malay or Indian) ethnicity, to have

cavitary disease, have a BMI o19 kg?m-2 and to be sputum AFB smear-positive. By univariate analysis,

there were no statistically significant differences in the IGRA positivity rates and the quantitative responses

between diabetic and nondiabetic tuberculosis patients. However, the QFT-IT indeterminate rate was

significantly higher in diabetic than nondiabetic tuberculosis patients (7.1% versus 1.7%, p50.039).

Multivariate logistic regression analysis showed that, after taking into account the concurrent influences of

age, sex, ethnicity, BMI, smoking, smear status and chest-radiographic cavitation, the IGRAs performed as

well in tuberculosis patients with diabetes as in those without diabetes (T-SPOT.TB, p50.108; QFT-IT,

p50.831). Moreover, in linear regression analysis, there was no significant difference in the response to

ESAT-6 (p50.538) and CFP-10 (p50.892) or antigen-nil (p50.084) and mitogen-nil (p50.702) between

diabetic and nondiabetic tuberculosis patients. 77 (78%) of our diabetic patients had HbA1c levels

measured at baseline. Of these, 10 (12.9%), 36 (46.8%) and 31 (40.3%) had HbA1c ,7%, 7–10% and

.10%, respectively. The median HbA1c value was 9.5% (range 4.9–15%). By univariate analysis, there was

no significant difference in the AFB smear positivity (p50.226), cavitary status (p50.659) and quantitative

responses (median) of both IGRAs: ESAT-6 (p50.495), CFP-10 (p50.341), antigen-nil (p50.774) and

mitogen-nil (p50.841) among those with diabetes and HbA1c ,7%, 7–10% and .10%, respectively.

We found no significant differences in the qualitative or quantitative T-cell IFN-c responses to

M. tuberculosis-specific antigens as measured by the QFT-IT and T-SPOT.TB assays between diabetic and

nondiabetic patients with culture-confirmed pulmonary TB. There was also no significant difference in the

quantitative responses to mitogen as measured by the QFT-IT between diabetics and nondiabetics. The

performance of both IGRAs was unaffected by diabetes mellitus control as reflected by HbA1c levels at

the time of tuberculosis diagnosis.

806



WALSH et al. [13] found a significantly increased sensitivity of the QFT-G and higher secretion of IFN-c in

response to QFT-G antigens in diabetics than in nondiabetic tuberculosis patients. They attributed this to

the observation that diabetic patients have higher bacterial burden, resulting in more robust stimulation of

IFN-c. However, in the univariate analysis, we found a lower sensitivity (74.7% versus 83.5%, p50.079) and

a significantly higher indeterminate rate of the QFT-IT (7.1% versus 1.7%, p50.039) in diabetics than in

nondiabetics, despite our diabetics being significantly more likely to have smear-positive and cavitary

disease. In contrast, the T-SPOT.TB assay showed a consistently low test failure rate (2.0% versus 1.1%), and

high sensitivity (92.9% versus 92%) in both diabetics and nondiabetics, a finding that is corroborated by

WALSH et al. [13].

A limitation of our study is that newly diagnosed diabetes mellitus was based on two random glucose

readings of .11 mmol?L-1, which may have resulted in overdiagnosis of diabetes, as acute infection may

cause transient hyperglycaemia.

This study demonstrates that IFN-c production in diabetic tuberculosis patients is independent of

microbiological burden. While it adds to current evidence that the sensitivity of the IGRAs is unaffected in

diabetic patients with active tuberculosis, it should be noted that the performance of the QFT-IT falls short

of that of the T-SPOT.TB in these patients.
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TABLE 1 Comparison of characteristics and interferon-c release assay (IGRA) results between diabetic and nondiabetic
subjects, and multivariate analysis models for IGRA responses (positivity rate and quantitative) among diabetic patients

Comparison of characteristics Diabetics Nondiabetics p-value#

Subjects n 99 176
Age years mean 54.3 43.2 0.001
Males 77 (77.8) 126 (71.6) 0.263
Non-Chinese ethnicity 43 (43.4) 46 (26.1) 0.003
Cavitary lesion on chest radiography 64 (64.6) 76 (43.2) 0.001
Sputum AFB smear positive 86 (86.9) 124 (70.5) 0.002
BMI o19 kg?m-2 76 (77.6) 72 (41.1) ,0.001
Ever-smokers 58 (58.6) 95 (54.0) 0.460
T-SPOT.TB assay

Positive 92 (92.9) 162 (92.0) 0.791
Failure 2 (2.0) 2 (1.1) 0.621
Response to ESAT-6 SFCs per 250000 PBMCs median 28 25 0.717
Response to CFP-10 SFCs per 250000 PBMCs median 33 37 0.773

QFT-IT assay
Positive 74 (74.7) 147 (83.5) 0.079
Indeterminate 7 (7.1) 3 (1.7) 0.039
Antigen-nil response IU?mL-1 median 2.5 2.0 0.474
Mitogen-nil response IU?mL-1 median 14.2 13.6 0.665

Multivariate
analysis

Positivity rate Logistic regression Quantitative response Linear regression

Adjusted
OR (95% CI)

Adjusted
p-value

Adjusted b

coefficient
(95% CI)

Adjusted
p-value

Diabetes T-SPOT.TB positivity
rate

3.02
(0.78–11.64)

0.108 ESAT-6 1.14 (0.75–1.72) 0.538
CFP-10 1.03 (0.64–1.65) 0.892

QFT-IT positivity
rate

1.09
(0.48–2.49)

0.831 Antigen-nil 1.30 (0.96–1.76) 0.084
Mitogen-nil 0.53 (0.02–13.75) 0.702

Data are presented as n (%), unless otherwise stated. AFB: acid-fast bacilli; BMI: body mass index; ESAT-6: 6-kDa early secretory antigenic
target; SFC: spot-forming cell; PBMC: peripheral blood mononuclear cell; CFP-10: 10-kDa culture filtrate protein; QFT-IT: QuantiFERON In-Tube.
#: Chi-squared, Fisher’s exact or unpaired t-test.
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In vitro synergy between linezolid and
clarithromycin against Mycobacterium
tuberculosis

To the Editor:

Approximately 3% of new tuberculosis cases worldwide represent multidrug-resistant tuberculosis (MDR-

TB) [1]. In these MDR-TB cases, resistance of Mycobacterium tuberculosis to the otherwise effective

rifampicin and isoniazid forces clinicians to diverge to other antimicrobial agents. Such treatment options

include the World Health Organization (WHO) group 5 drugs linezolid and clarithromycin [1]. Linezolid

shows excellent efficacy in the treatment of MDR-TB, but its use is often troubled by adverse events [2–4].

Linezolid has shown in vitro bacteriostatic activity against M. tuberculosis and is also effective at achieving

culture conversion in drug-resistant cases [5]. In vitro testing revealed that clarithromycin is not very active

against M. tuberculosis, as the minimal inhibitory concentrations (MICs) are relatively high. Clinical efficacy

seems questionable, as MICs, as reported in the literature, are significantly higher than achievable serum

peak levels in vivo [6]. Conversely, clarithromycin reaches adequate local concentrations in alveolar cells
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