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Abstract

distinguishing between active TB and LTBI.
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Background: Vitamin D levels are associated with the extent of mycobactericidal activity. Interleukin (IL)-15 and IL-
32 play roles in the vitamin D-mediated tuberculosis (TB) defense mechanism. Vitamin D induces IL-1(3, which plays
an important role in terms of resistance to TB. We evaluated whether the levels of vitamin D-related cytokines
distinguished between those with active TB and latent TB infection (LTBI).

Methods: In total, 50 TB-infected patients (25 with active TB and 25 with LTBI following a TB outbreak in a high school)
were enrolled. Plasma 25-hydroxyvitamin D (25[OH]D), IL-15, IL-32, and IL-13 levels were measured via enzyme-linked
immunosorbent assays. Mycobacterium tuberculosis-specific antigen-induced and unstimulated cytokine levels were
measured in the supernatants of the QuantiFERON TB Gold-In-Tube (QFT-GIT) assay.

Results: Plasma 25(0OH)D and plasma IL-15 levels were lower in patients with active TB than in LTBI subjects (25(OH)D:
16.64 ng/mL vs. 21.6 ng/mL, P=0.031; IL-15: 1489 pg/mL vs. 189.8 pg/mL, P=0.013). Plasma 25(0OH)D levels correlated
with the plasma levels of IL-15 and IL-1(3 in TB-infected patients. In addition, the plasma 25(OH)D levels correlated
positively with the level of unstimulated IL-15 (IL-15,;) and negatively with that of TB antigen-stimulated IL-32 (IL-32+p)
in QFT-GIT supernatants. Although the IL-15,; and IL-157g levels were higher in LTBI subjects than patients with active
TB, the IL-32,,; and IL-32+5 levels were higher in the latter patients. A combination of the IL-15,; and IL-3215 levels
accurately predicted 91.3% of active TB patients and latent subjects, with an area under the curve of 0.964.

Conclusions: Our preliminary data showed that the levels of the vitamin D-related cytokines IL-15 and IL-32 differed
between active TB patients and LTBI subjects. This result might be used as a basic data for developing biomarkers

Background

Tuberculosis (TB) is the leading cause of death from a
single infectious agent, ranking above Human immuno-
deficiency virus (HIV), causing an estimated 1.3 million
deaths annually in HIV-negative subjects [1]. New diag-
nostics, treatments, and vaccines are required. Vitamin
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D plays an immunomodulatory role in several auto-
immune diseases, altering T cell responses and protect-
ing the epithelial mucosal barrier against inflammation
[2, 3]. Similarly, vitamin D protects against Mycobacter-
ium tuberculosis infection by modulating immune re-
sponses, stimulating the production of antimicrobial
peptides such as cathelicidin and promoting autophagy
[4-7]. Vitamin D regulates the production of interleukin
(IL)-6, IL-17, and IL-10 in patients with congestive heart
failure and inflammatory bowel disease [2, 8]. Several
studies have evaluated the clinical utilities of the levels

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-019-3798-5&domain=pdf
http://orcid.org/0000-0002-3132-7706
mailto:mdhong@hallym.or.kr
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Hong et al. BMC Infectious Diseases (2019) 19:151

of TB antigen-stimulated serum cytokines in terms of
differentiating active from latent TB [9-11]. However,
few studies have explored the levels of vitamin D-related
cytokines both in serum and in the supernatants of the
QuantiFERON TB Gold-in-Tube (QFT-GIT) test for TB.

IL-15 plays a protective role against M.tuberculosis
and is used as an adjuvant during vaccination against
various diseases [12—14]. Krutzik et al. found that IL-15
mediated a vitamin D-dependent antimicrobial pathway
[15]. [L-32 augments immunity to M. tuberculosis by in-
creasing the expression levels of the vitamin D receptor
and antimicrobial peptides, as well as caspase-mediated
apoptosis or autophagy [16, 17]. 1,25-dihydroxyvitamin
D3 significantly increased the levels of IL-1pB associated
with resistance to TB [18]. Here, we explored the associ-
ations between the levels of vitamin D and several cyto-
kines in sera and QTF-GIT supernatants, and whether
these levels distinguished those with active and latent
TB infections (LTBI).

Methods

Study population

In 2017, a TB outbreak occurred in a high school of
Chuncheon city in South Korea. The first patient diag-
nosed with TB in April 2017 and two additional cases
were identified in September 2017. The Korea Centers
for Disease Control and Prevention established 1st Na-
tional TB control Plan (2013-2017) based on
Public-Private Mix (PPM) TB control project and TB
contact surveillance through TB patient monitoring and
epidemiologic investigation [19]. It detected additional
TB patients through TB contact investigation and pro-
vided checkups and treatment to latent TB infection.

An epidemiological investigation involving all students
and staff was then performed in line with the national
LTBI  treatment policy [20]. The interferon
gamma-release assay (IGRA) was performed with the aid
of the QFT-GIT, and chest X-rays were taken. The
QFT-GIT results were scored as negative, indeterminate,
or positive (cutoff 0.35IU/mL), as recommended by the
manufacturer. A total of 106 subjects yielding positive
results on the QFT-GIT test or with abnormal chest
X-rays were transferred to Chuncheon Sacred Heart
Hospital or Kangwon National University Hospital.

High-resolution chest tomography (HRCT) was per-
formed on all subjects; HRCT distinguishes active TB
from LTBI [21]. Those positive on the QFT-GIT test and
lacking active TB lesions on HRCT were diagnosed with
LTBIL. Active TB was diagnosed if sputum specimens
were culture-positive for M. tuberculosis or if the clinical
TB criteria were met [22]. These included typical cavities
and branching centrilobular nodules evident on HRCT,
and good clinical and radiographic responses to anti-TB
treatment.
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We commenced anti-TB medication for active TB pa-
tients; LTBI subjects were treated as dictated by the na-
tional TB control plan. In total, 28 TB patients and 70
LTBI subjects were diagnosed. Finally, 25 patients with
active TB and 25 LTBI subjects gave written informed
consent for inclusion in the present study. The consent
of the parents was obtained because the age of partici-
pants was under 19 years old (Fig. 1).

Specimen collection and QFT-GIT assay

Blood samples were voluntarily given at enrolment, be-
fore therapy with anti-tuberculous drugs. The QFT-GIT
assay was performed according to the manufacturer’s in-
structions (Qiagen, Hilden, Germany); we evaluated both
active TB patients and LTBI subjects. After incubation
for 20 h at 30°C with M. tuberculosis-specific antigens
(ESAT-6, CFP-10, and TB 7.7), plasma supernatants
were collected after centrifugation and stored at — 80 °C
prior to the assay.

Measurement of vitamin D and cytokine levels by ELISA
Plasma 25-hydroxyvitamin D levels [25(OH) D levels] were
measured with the aid of a commercial enzyme-linked im-
munosorbent assay (ELISA) kit (Mybiosource, San Diego,
CA, USA) according to the manufacturer’s instructions. The
plasma levels of IL-15, IL-32, and IL-1p in all patients were
measured using commercial ELISA kits according to the
manufacturers’ instructions (IL-15: Raybiotech, Norcross,
GA, USA, Catalog # ELH-IL15; IL-32: Mybiosource, Catalog
# MBS720152; and IL-1f: Cusabio, Houston, TX, USA, Cata-
log # CSB-E08053h); the levels of these materials in
QFT-GIT supernatants from the QuantiFERON nil and anti-
gen tubes were also measured.

Statistical analysis

Data are expressed as medians with interquartile ranges
(IQRs); we performed nonparametric analysis. Continuous
variables were compared using the Kruskal-Wallis test or
the Mann—Whitney U-test. Correlations between vitamin
D and cytokine levels were sought using Spearman’s rank
test. The most appropriate cutoff values for vitamin D and
cytokine levels were derived by reference to the maximal
Youden indices of receiver operating characteristic (ROC)
curves. Multivariate logistic regression analysis was used to
determine the probability of active TB in each patient based
on an equation featuring independent factors. Statistical
analysis was performed with the aid of GraphPad Prism
(GraphPad, San Diego, CA, USA) and the Statistical Pack-
age for the Social Sciences (v. 20; SPSS, Chicago, IL, USA).

Results

Study participants

We enrolled 25 patients with active pulmonary TB and 25
LTBI subjects. The demographic characteristics of all
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TB outbreak in a high school

Index case in April

Active TB cases in September (n=2)

1st IGRA screening in September
(n=158) |

2st IGRA screening in Novermber
(n=678)

Follow-up IGRA test of subjects
with 1st negative IGRA in Novermber
(n=126) o

X-ray screening in November (n=758)

Fig. 1 Schema of the TB outbreak investigation and management
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participants are shown in Table 1. The age and gender distri-
butions of the active TB and LTBI groups did not differ. Two
patients in the active TB group yielded negative IGRA re-
sults, and 15 patients in that group were acid-fast bacillus
(AFB) culture-negative. As TB was diagnosed soon after con-
tact, lung involvement was limited to one lobe in most cases.

Levels of plasma cytokines, and M. Tuberculosis antigen-
induced and unstimulated cytokines

As shown in Fig. 2, the 25(OH)D level differed between
those with active TB (median 16.64 IU/mL, IQR: 13.32—

Table 1 Basic characteristics of the study population

Active TB (n = 25) LTBI (n=25)

Aget 18 (17-18) 18 (17-18)
Male, n (%) 25 (100) 25 (100)
BMIt+ 218 (19.7-24.2) 232 (21.5-26.1)
BCG vaccination history, n (%) 25 (100) 25 (100)
Pulmonary TB diagnosis, n (%)

Positive AFB smear 1 (4%)

Positive AFB culture 10 (20%)
Extent of lesion evident on HRCT

Single lobe involvement 20 (80%)

Multiple lobe involvement 5 (20%)

Positive on IGRA test, n (%) 23 (92%) 25 (100%)

IFNYrg-ni Of QFT-GITH 493 (1.78-10) 0.92 (0.64-2.36)

tAge in years; body mass index (BMI) in kg/m?

36.81) and latent TB (median 21.60 IU/mL, IQR: 13.32—
36.811U/mL, P=0.033). The plasma IL-15 was signifi-
cantly lower in patients with active TB (median 148.9
pg/mL, IQR 120.6-184.8 pg/mL) than LTBI subjects
(median 189.8 pg/mL, IQR 174.2-225.7 pg/mL). How-
ever, the plasma IL-32 levels and plasma IL-1p level did
not differ between active TB and LTBI subjects.

Figure 3 shows the IL-15, IL-32, and IL-1p levels following
antigen stimulation during the QFT-GIT test in the active
TB and LTBI groups. The median levels of unstimulated
IL-15 (IL-15.;) and the IL-15 response to TB antigens
(IL-15p) were significantly lower in those with active TB
than the LTBI group (IL-15,;: active TB 94.62 pg/mL, IQR
79.08-109.6 pg/mL; LTBI 162.8 pg/mL, IQR 146.1-222.6 pg/
mL, P<0.001; IL-157p: active TB 152.2 pg/mL, IQR 114.7—
234.6 pg/mL, LTBI 2104 pg/mL, IQR 177.4-272.4 pg/mL, P
=0.025). On the contrary, the medians of the unstimulated
IL-32 (IL-32,y) and IL-32 responses to TB antigen (IL-321p)
were significantly higher in the active TB than the LTBI
group (IL-32,: active TB 1925 pg/mL, IQR 766.5-2927 pg/
mL; LTBI 410.2 pg/mL, IQR 306.7-842.9 pg/mL, P < 0.001;
IL-321p: active TB 992.8 pg/mL, IQR 741.4-2132 pg/mL;
LTBI 4052 pg/mL, IQR 361.3-552.0 pg/mL, P < 0.001). Nei-
ther the unstimulated IL-1p level nor the IL-1p response to
TB antigen differed between the active TB and LTBI groups.

Correlation between cytokine and vitamin D levels
In TB-infected patients (25 active TB and 25 LTBI), the
25(OH)D level correlated positively with those of plasma
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IL-15 (r=0.390, P =0.007) and plasma IL-1B (r=0.382,
P=0.013) (Fig. 4). In terms of the QFT-GIT test data,
25(OH)D levels correlated positively with the IL-15,; (r
=0.355, P=0.018) and negatively with the IL-3215 (r=
~0.314, P=0.038) and IL-327p_; (r = — 0.418, P = 0.005)
values (Fig. 5). We found no significant correlation be-
tween the plasma concentrations of cytokines. Signifi-
cant correlations were evident between the IL-15,; value
and those of other cytokines measured in QFT-GIT su-
pernatants The IL-15,; value correlated negatively with
the 1L-32,; (= - 0.314, P=0.038), IL-32p (r=— 0.314,
P=0.038), and IL-1B,; (r = — 0.314, P = 0.038) values.

Capacity of vitamin D/cytokine levels to discriminate
between active and latent TB

To evaluate the use of vitamin D-related cytokine levels
for the diagnosis of active TB and LTBI, we performed
ROC analysis of several markers in plasma and superna-
tants of the QFT test (Table 2). IL-15,; exhibited the
highest area under the curve (AUC) (0.951), followed by
IL-327p (0.941), IL-32,; (0.811), and plasma IL-15
(0.777). At a cut-off of 167.6 pg/mL, plasma IL-15
afforded 65.2% sensitivity and 82.6% specificity, whereas
IL-15,;, at a cut-off of 137.2 pg/mL, afforded a sensitivity
and specificity of 90.9 and 88% respectively. At a cut-off
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of 174.2 pg/mL, IL-151p afforded 63.6% sensitivity and
80.0% specificity. IL-32,; afforded 86.4% sensitivity and
76% specificity at a cut-off of 662.3 pg/mL and IL-32tp
90.9% sensitivity and 92.0% specificity at a cut-off of
627.6 pg/mL. We used multivariate logistic regression to
analyze the cytokines exhibiting the highest AUCs
(IL-15,; and IL-327g). Both were independent predictors
of active TB, as revealed by the equation:

Logit (probability) =Ln (probability/1 — probability)
=[3.357 x (IL-15, < 137.2 pg/mL)] + [3.890 x (IL-3275 >
627.6 pg/mL)] — 3.785.

ROC analysis showed that the predicted probability had an
AUC of 0.964 at an optimal cut-off of 0.208 (100% sensitivity
and 82.6% specificity). Active TB was favored if one of two
criteria (IL-15.3 < 137.2 pg/mL or IL-32 1p>627.6 pg/mL)
was met. This two-factor model afforded increased sensitivity
at the cost of mildly reduced specificity compared to models
involving other biomarkers. There was no false-negative pa-
tient in the active TB group but three false-positive patients
in the LTBI group. Notably, in two patients, active TB was
correctly diagnosed based on both criteria, although the ini-
tial IGRA results were negative.
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Biomarker AUC Sensitivity Specificity PPV NPV LR+ LR-
Plasma IL-15 < 167.6 pg/mL 0.7769 65.2% 82.6% 789 70.3 375 042
IL-154y < 137.2 pg/mL 0.9509 90.9% 88.0% 88.3 90.6 7.58 0.1
IL-1575 < 174.2 pg/mL 0.6927 63.6% 80.0% 76.1 68.7 3.18 045
IL-321 2 662.3 pg/mL 0.8109 86.4% 76.0% 783 84.8 36 0.18
IL-3275 2 627.6 pg/mL 0.9491 90.9% 92.0% 91.8 90.9 11.36 0.1
Vitamin D < 12.05 ng/mL 0.6843 39.1% 91.3% 8138 60 449 067
IL-1541 < 137.2 pg/mL or IL-3215 2 627.6 pg/mL 0.964 100% 82.6% 852 100 575 0

ROC curves were drawn
ROC: receiver operating characteristic; AUC: area under the curve

PPV, positive predictive value; NPV, negative predictive value; LR+, likelihood ratio-positive; LR—, likelihood ratio-negative

Discussion

Several studies have described associations between TB
and vitamin D deficiency [23-26]. One epidemiological
study found that Korean TB patients exhibited a higher
prevalence of vitamin D deficiency than healthy subjects
[23]. Arnedo-Pena et al. found that vitamin D concentra-
tion correlated with a low incidence of conversion after
TB infection [27]. Similarly, Balcells et al. found that the
most important determinant of vitamin D deficiency was
seasonality and LTBI acquisition risk was higher in spring
compared with other season of the year [28]. Our results
are consistent with those of a Spanish study demonstrat-
ing that a severe deficit of vitamin D (< 10 ng/mL) could
be used to distinguish active TB from LTBI [29].

Several in vitro studies found associations between vita-
min D levels and antimicrobial cytokine release. IL-15 me-
diates TLR2/1-induced induction of the CYP27b1, VDR,
and cathelicidin as vitamin D-dependent pathways in-
volved in macrophage differentiation [15]. Montaya et al.
found that IL-32 induced vitamin D-dependent antimicro-
bial peptides during the IL-15-mediated defense response
of the macrophage gene network [17]. Vitamin D
triggered IL-1f secretion in macrophages of TB patients,
effectively restricting bacterial growth [18]. 1,25-dihydrox-
yvitamin D-induced IL-1B secretion from macrophages,
and reduced the mycobacterial burden by modulating
paracrine signaling [30].

We showed that there is a significant difference in
vitamin D-related cytokines between active TB patients
and latent TB subjects. The plasma IL-15 and IL-15.;
levels correlated positively with the vitamin D level. The
plasma IL-15 levels and IL-15,; and IL-157p levels were
significantly higher in those with LTBI than active TB,
but the TB-specific antigen-dependent IL-15 level
(IL-151g_ni) was not. This result is similar to that of
Chandrashekara et al., who found that the serum IL-15
level was significantly lower in a TB-infected group than
healthy controls [31]. IL-15 boosts the immune response
to infection by activating NK cells and enhancing prim-
ing of CD4/CD8 cells in terms of IFN-r production in

patients with TB [32, 33]. Frahm et al. reported that the
IL-151p_ny level was significantly higher in those with
active than latent TB [34]. This differs from our finding,
perhaps because the cited study included those with
HIV infections and patients who had completed TB
treatment at the time of enrolment.

The plasma IL-32 level did not distinguish active from
latent TB and did not correlate with the vitamin D level,
but the IL-32rp level was significantly higher in those
with active than latent TB, and correlated negatively
with the vitamin D level in the present study. To the
best of our knowledge, this is the first study to measure
IL.-32 levels in QFT-GIT supernatants.

Previous studies yielded inconsistent results. Bao et al.
reported that the serum IL-32 level of a TB group was
significantly higher than that of a control group [35] and
later reported that lung IL-32 expression was increased
in patients with active TB [36]. On the contrary, Mon-
taya reported that the IL-32 mRNA level in peripheral
blood was lowest in those with active TB, compared to
those with latent TB and healthy controls [17]. Both
IL-15 and IL-32 protect against TB [13, 37]. Weighted
gene co-expression network analysis revealed that IL-32
was linked to IL-15 in terms of induction of the defense
response network [17]. However, in our present in vivo
study, we found differences in the expression levels of
the two cytokines in those with active TB and LTBI sub-
jects. The reason may be that IL-32 production could be
affected by other signal pathways such as IL-18 and
caspase-1. Further research is needed to conclude the
role of IL-32 according to the spectrum of TB infection.

We found that the plasma IL-1f level correlated posi-
tively with the vitamin D level but did not distinguish
active TB from LTBI. Wergeland et al. showed that the
IL-1f level of unstimulated (“nil”) supernatants was
lower in an active TB than an LTBI group [38], but we
found that IL-1( levels in QFT-GIT supernatants did
not differ between the active TB and LTBI groups.

We chose optimal cytokine cutoff levels distinguishing
active TB from LTBI. We performed logistic regression
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by reference to vitamin D and vitamin D-related cyto-
kine levels. On multivariate logistic regression, an
IL-15,; level < 137.2 pg/mL and IL-32tg level > 627.6 pg/
mL independently predicted active TB. When the prob-
ability predicted by the regression model was >0.208
(100% sensitivity and 82.6% specificity), active TB was fa-
vored when QFT-GIT analysis fulfilled one of above two
criteria (IL-15,; and IL-32tg). The predictive factor
model combining IL-15,; and IL-32tg improved the
sensitivity compared with each marker and continued
high sensitivity.

Our study had several limitations. First, there is no
gold standard test for latent TB infection, LTBI was de-
fined by QFT-GIT to assess the immunologic reaction to
specific antigens of M. tuberculosis in this study. Sec-
ond, we lacked healthy controls of TB outbreak in a high
school. Third, validation is needed in larger population
because the sample size is small and potential for type I
error exists. Because this study is done through TB con-
tact investigation after TB outbreak, the additional sub-
jects could not be recruited.

The strength of the study is that the LTBI and active
TB groups were enrolled from a TB outbreak in a high
school. Therefore, age, gender, and the TB exposure en-
vironment were near-identical in the two groups.

Conclusions

In summary, the levels of vitamin D, plasma IL-15,
IL-15,;, and IL-32y differentiated active TB from LTBI.
The correlations between vitamin D and cytokine levels
suggest that certain cytokines mediate the TB-protective
effects of vitamin D. Measurement of both IL-15,; and
IL-321p in QFT-GIT supernatants accurately discrimi-
nated active TB from LTBI. Further studies in more di-
verse populations are required to validate the utility of
these markers.
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