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Abstract

Objective: To investigate the possibility of combining tuberculosis (TB)-interferon (IFN)-y
release assays (IGRAs) with lymphocyte enumeration for diagnosis of Mycobacterium tuberculosis
infection.

Methods: We performed a retrospective study of 166 TB patients [68 patients with pulmonary
tuberculosis TB (PTB) and 98 patients with extra-pulmonary TB (EPTB)] diagnosed in our hos-
pital between January 2016 and May 2018 along with 377 non-TB patients. The diagnostic per-
formance of the TB-IGRA was evaluated using receiver operating characteristic (ROC) curves.
Youden’s index was used to determine the optimal cut-off threshold.

Results: IFN-vy release in patients with PTB and EPTB were dramatically higher compared with
non-TB patients (203.58+18.00 pg/mL, 201.83£14.56 pg/mL and 32.12+4.36 pg/mL, respective-
ly). IFN-v release was positively correlated with lymphocyte counts and percentages in patients
with PTB (r =0.252 and r = 0.278, respectively) and EPTB (r =0.229 and r = 0.298, respectively).
No correlation was observed in non-TB patients. The area under the ROC curve for TB-IGRA
was 0.884. When the optimal cut-off value for IFN-y (14 pg/mL, Youden’s index 0.661) was
applied, the sensitivity was 88.6% and the specificity was 77.5%.

Conclusions: Combining TB-IGRA with lymphocyte enumeration was effective for diagnosis of
early-stage Mycobacterium tuberculosis infection.
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Introduction

Mycobacterium tuberculosis (MTB) infec-
tion remains a major public health problem
worldwide, and was the leading infectious
cause of death as late as the 1910s." A sys-
tematic review conducted in 2011 found
that about 70% of patients with sputum
smear-positive  pulmonary  tuberculosis
died within 10 years of infection without
appropriate drug treatment.”> MTB repre-
sents a significant public health challenge
in China because of poverty, delayed diag-
nosis and development of multi-drug resis-
tance.® In 2016, there were an estimated
10.4 million new cases of MTB worldwide,
of which 9% occurred in China.* Three
potential clinical outcomes occur following
exposure to MTB: clearance of the bacillus,
development of resistance, or latent MTB
infection (LTBI). Without prompt diagno-
sis and treatment, asymptomatic LTBI can
persist for decades, eventually becoming
symptomatic and leading to pulmonary
tuberculosis (PTB) or extra-pulmonary
tuberculosis (EPTB). Therefore, early and
accurate diagnosis and appropriate treat-
ment of LTBI are critical for achieving opti-
mal patient outcomes.

Recently, interferon (IFN)-y release
assays for diagnosis of MTB infection
(TB-IGRAs) have been developed as a
promising diagnostic tool for PTB and
EPTB.>® MTB antigen specific CD4" T
cells are isolated from whole blood of
patients. Following stimulation with MTB
antigens, TB-IGRAs directly detect IFN-y
release from treated CD4" T cells to deter-
mine whether patients are infected with
MTB.” The MTB antigens used in TB-
IGRAs include early secretory antigenic

target-6 (ESAT-6) and culture filtrate
protein-10 (CFP10). These two antigens
are encoded within the RD-1 genomic
region of MTB; all Bacillus Calmette—
Guérin strains and most non-tuberculous
mycobacteria lack these two antigens.®’
Two methods are typically used for
IGRAs: enzyme-linked immunosorbent
assays (ELISAs) and enzyme-linked
immune absorbent spot (ELISpot) assays.
ELISA measures IFN—y released by T
cells in whole blood, while ELISpot
detects the number of IFN-y-secreting T
cells responding to specific MTB antigens.
Several studies have indicated that the
TB-IGRA has higher specificity and sensi-
tivity than sputum smears and tuberculin
skin tests for diagnosis of MTB infec-
tion.'*12

TB-IGRAs are influenced by immune
function and the inflammatory status of
the body. Combined evaluation of
immune status and TB-IGRAs can improve
the reliability of TB-IGRAs and contribute
to improved clinical diagnosis of MTB
infection. Here, we investigated the cellular
immune status associated with MTB infec-
tion using TB-IGRA and a series of clinical
laboratory indexes. Our overall goal was to
develop improved strategies for diagnosis of
MTB infection by combining multiple
parameters. We propose a new diagnostic
threshold for TB-IGRA to diagnose MTB
infection. Our results confirmed the neces-
sity of conducting TB-IGRA during the
early stages of MTB infection. These data
may be helpful for future studies attempting
to evaluate and diagnose elderly and immu-
nocompromised patients with MTB infec-
tion as well as other patient groups and
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stages of infection that are currently diffi-
cult to diagnose.

Materials and methods

Subjects

MTB patients (PTB and EPTB patients) and
non-TB patients visiting Ningbo City First
Hospital between January 2016 and May
2018 from were enrolled in the study. MTB
patients were diagnosed according to the
Clinical Diagnosis Standards for TB in
China."® All patients were divided into
three groups: (1) PTB, (2) EPTB, and (3)
non-TB, which included patients with other
diseases as diagnosed by imaging or patho-
logical examination. PTB patients were sub-
divided into those with negative and positive
sputum smears. Information on age, gender,
erythrocyte sedimentation rate (ESR), and
levels of C-reactive protein (CRP), white
blood cells (WBCs), neutrophils, lympho-
cytes, total protein, albumin, immunoglobu-
lin, complement, adenosine deaminase
(ADA) and CAI125 were obtained from
medical records. Patients with hematological
diseases, human immunodeficiency virus
infection, or solid cancers as well as patients
receiving immunosuppressive treatments
were excluded from the study. The study
was approved by the Ethical Committee of
Ningbo City First Hospital and written
informed consent was obtained from all
participants.

TB-IGRA

The IGRA was carried out according to the
manufacturer’s instructions (Wantai
Biology Ltd., Beijing, China). In brief, 1
mL of heparinized whole blood was added
to each of three tubes containing either spe-
cific MTB antigens (ESAT-6, CFP-10),
no antigens (negative control) or
phytohemagglutinin-P  (positive control)
within 2 hours of sampling. The tubes

were incubated at 37°C for 24 hours and
then centrifuged at 3,000 xg for 10 minutes
to harvest the supernatants. Subsequently,
IFN-y concentrations were determined by
ELISA. First, 20 pL of sample were diluted
and then 50 pL of sample plasma or cali-
bration solution were added into sample or
standard wells. The wells were gently mixed
and incubated at 37°C for 60 minutes.
Then, 50 pL of enzyme-labeled antibody
was added to the sample and standard
wells, gently mixed, and incubated at 37°C
for 60 minutes. After washing five times,
50 uL. of chromogenic solutions A and B
were sequentially added into the wells and
incubated for 15 minutes at 37°C. Finally,
the reaction was stopped and absorbance
was measured using a microplate reader at
450 nm. Standard curves were prepared for
each experiment. According to the manu-
facturer’s  recommendations, vy >0.98,
IFN-y > 14 pg/mL was classified as posi-
tive. The linear range of detection was 2
pg/mL to 400 pg/mL.

Flow cytometry analysis

Lymphocyte subpopulations in whole
blood were analyzed for a subset of PTB
patients, EPTB patients and non-TB
patients by flow cytometry. The following
monoclonal antibodies were purchased
from BD Biosciences (San Diego, CA,
USA) and wused for cell staining:
CD3-fluorescein  isothiocyanate, CD4-
peridinin-chlorophyll-protein-cyanine S,
CD8-phycoerythrin (PE), CD19-
allophycocyanin, and CD16/56-PE. Four-
color flow cytometry was performed using
a BD Canto II flow cytometer (BD
Biosciences). Data were analyzed using
FACSDiva software (BD Biosciences).

Statistical analyses

All statistical
using SPSS version

analyses were performed
17.0 (SPSS Inc.,
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Chicago, IL, USA). Data were presented as
means + standard errors of the mean
(SEMs). The Kruskal-Wallis H test was
used to assess differences in age, CRP,
ESR, WBCs, neutrophils, lymphocytes,
total protein, albumin, immunoglobulin,
complement, ADA and CAI125. The chi-
square (3°) test was used to assess differen-
ces in gender proportion. Nonparametric
correlation analysis was used to assess cor-
relations between IFN-v levels and frequen-
cies or percentages of lymphocytes, CD4" T
cells, and CD8™" T cells. Receiver operating
characteristic (ROC) curves were used to
plot sensitivity versus 1-specificity (evaluat-
ed at several different diagnostic thresholds
of TFN-y concentrations). Youden’s index
was used to determine the optimal cut-off
threshold. Two-sided values of p<0.05
were considered statistically significant.

Results

Comparison of clinical parameters in PTB,
EPTB and non-TB patients

A total of 166 TB patients (68 PTB and 98
EPTB patients) and 377 non-TB patients
were enrolled in the study between
January 2016 and May 2018. Among PTB
patients, 42 had negative sputum smears
and 26 had positive sputum smears. The
mean age of TB patients was 48.8 +1.50
years and the mean age of non-TB patients
was 52.7+0.96 years.

Levels of CRP, complement C3, ADA
and CAI25 in the sera of patients with
PTB and EPTB were significantly elevated
compared with non-TB patients (p =0.019,
p=0.019, p=0.009 and p<0.001, respec-
tively; Table 1). The total serum protein
levels of patients with PTB were lower than
those of patients with EPTB and those of
non-TB patients (p = 0.004, Table 1). No sig-
nificant differences in other parameters were
identified among the three groups.

Comparison of lymphocyte
subpopulations in PTB, EPTB
and non-TB patients

Lymphocyte subpopulations in whole
blood were analyzed for 37 PTB patients,
30 EPTB patients and 336 non-TB patients
by flow cytometry There was no significant
difference in WBC and neutrophil counts
among PTB, EPTB and non-TB patients
(»p=0.145 and p=0.392, respectively,
Table 2). However, the lymphocyte counts
of patients with PTB and EPTB were lower
than those of non-TB patients (p=0.004,
Table 2). No significant differences were
observed in the proportions of CD3" T
cells, CD4™ T cells, CD8" T cells, CD19"
B cells or CD16"756" NK cells among PTB,
EPTB and non-TB patients.

Comparison of IFN-y release levels in
PTB, EPTB and non-TB patients

The levels of IFN-y release in PTB, EPTB
and non-TB patients were 203.58+18.00 pg/
mL, 201.83+14.56 pg/mL and 32.124+4.36
pg/mL, respectively. PTB and EPTB
patients showed clear signs of higher IFN-
v release than non-TB patients (both
p<0.001, Table 3).

Spearman correlation between IFN-y
release and lymphocytes in PTB, EPTB
and non-TB patients

IFN-y release levels were positively correlated
with lymphocyte counts (r = 0.252, p =0.038)
and lymphocyte percentages (r=0.278,
p=0.022) in patients with PTB. Similarly,
lymphocyte counts (r=0.229, p=0.023)
and lymphocyte percentages (r=0.298,
p=0.003) were positively correlated with
IFN-y concentrations in patients with
EPTB (Figure 1). However, IFN-y levels
showed no correlation with
lymphocyte counts and percentages in non-
TB patients (p=0.820 and p=0.396,
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Table I. Demographic and clinical characteristics of TB and non-TB patients.

Clinical parameters PTB (n=68) EPTB (n=98) Non-TB (n=377) p value*
Age (years)® 49.1 £2.40 48.7 £2.02 52.74+0.96 0.078
Gender

Male (n, %) 35 (51.5%) 49 (50%) 177 (46.9%)

Female (n, %) 33 (48.5%) 49 (50%) 200 (53.1%) 0.722
CRP (mg/L)* 37.77 £5.05 39.67 £4.05 35.254+2.76 0.019
ESR (mm/h)* 45.9+4.05 51.2+2.68 49.0+ 1.64 0414
Total protein (g/L)* 65.6 +-0.94 68.8+0.82 66.81+0.41 0.004
Albumin (g/L)* 37.2+0.73 38.1 £0.50 37.3+£0.29 0.354
IgG (mg/dL)* 1342.5 £50.86 1556.3 +£74.55 1422.9 £23.36 0.175
IgM (mg/dL)* 128.7 +£8.80 120.9 +£8.35 117.8+£3.29 0.185
IgA (mg/dL)* 283.3+16.79 310.3+16.53 291.7+7.46 0.286
C3 (mg/dL)’ 103.2£3.55 107.9 £4.07 97.2+1.54 0.019
C4 (mg/dL)* 238+ 1.13 250+ 1.20 22.8+0.45 0.146
ADA (U/L)* 11.7+0.78 124+0.77 I1.1+£0.37 0.009
CAI125 (U/mL)* 84.6 +20.23 121.8 £24.90 39.7+482 <0.001

Abbreviations: TB, tuberculosis; PTB, pulmonary tuberculosis; EPTB, extra-pulmonary tuberculosis; CRP, C-reactive
protein; ESR, erythrocyte sedimentation rate; IgG, immunoglobulin G; IgM, immunoglobulin M; IgA, immunoglobulin A;
ADA, adenosine deaminase.

$Data are shown as means =+ SEMs.

*From Chi-square (1) test and Kruskal-Wallis H test.

Table 2. Analysis of lymphocyte subpopulations in TB and non-TB patients.

Cells PTB (n=37) EPTB (n=30) Non-TB (n=336) p value*
WBCs (*10°/L)¥ 7.314+0.36 6.4440.21 7.39+0.19 0.145
Neutrophils (*10%/L)" 5294035 4.50+0.20 51940.17 0.392
Lymphocytes (*10%/L)" 1.31+£0.08 1.23+0.06 .48 £ 0.05 0.004
CD3 (%)¥ 72.47 + 1.56 66.60+2.13 70.35 +0.59 0.093
CD4 (%)¥ 41.90+ 1.34 37.86 +2.22 40.05 + 0.60 0.335
CD8 (%)" 27.41 £ 1.41 26.46 + 1.34 28.11+£0.63 0.967
CD4/CD8 ratio" 1.74+0.14 1.64+0.20 1.79+0.07 0.678
CDI6+56 (%)" 13.38 + 1.31 18.34+ 1.95 15.09 +0.48 0.104
CDI19 (%)" 13.09 +0.83 13.39 4 1.53 13.0340.39 0.776

Abbreviations: TB, tuberculosis; PTB, pulmonary tuberculosis; EPTB, extra-pulmonary tuberculosis; WBC, white blood
cell.

YData are shown as means 4 SEMs.

*From Kruskal-Wallis H test.

Table 3. Comparison of IFN-y levels in PTB, EPTB and non-TB patients.

Variables PTB EPTB Non-TB
IFN-y (pg/mL)e 203.58 + 18.00 201.83 +14.56 32.12+4.36
p value* <0.001 <0.001 —

’Data are shown as means + SEMs.
*Comparison of IFN-y level in PTB and EPTB patients with the level in non-TB patients by Mann—Whitney U test.
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Figure |. Analysis of correlations between plasma IFN-y levels and lymphocyte counts and percentages in
PTB and EPTB patients. (a) Correlation between plasma IFN-y levels and absolute numbers of lymphocytes
in PTB patients. (b) Correlation between plasma IFN-y levels and lymphocyte proportions in PTB patients.
(c) Correlation between plasma IFN-y levels and absolute numbers of lymphocytes in EPTB patients.

(d) Correlations between plasma IFN-y levels and lymphocyte proportions in EPTB patients.

IFN, interferon; PTB, pulmonary tuberculosis; EPTB, extra-pulmonary tuberculosis.

respectively). No correlations between [FN-y
release and frequencies or percentages of
CD4" T cells or CD8" T cells were identified
among the three groups (data not shown).

Comparison of IFN-vy release levels in PTB
patients with positive and negative
sputum smears

Levels of IFN-y release in PTB patients

with positive sputum smears were 136.81+
28.49 pg/mL, lower than those of patients

with negative sputum smears (244.91+
21.02; p=0.004).

ROC curve analysis of IFN-y release level
for diagnosing MTB infection

Analysis of the ROC curve for IFN-y
showed that the AUC for MTB diagnosis
was 0.884, with a sensitivity of 88.6% and
specificity of 77.5% when the recommended
cut-off value of 14 pg/mL (Youden’s index
0.661) was applied (Figure 2). If a cut-off
value of 28 pg/mL was used, the sensitivity
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ROC, receiver operating characteristics; IFN, interferon; MTB, mycobacterium tuberculosis; Cl, confidence

interval.

was 84.9% and the specificity was 83.6%,
although Youden’s index was slightly
decreased to 0.685.

Discussion

Over time, the symptoms of MTB infection
become more and more insidious, and the
signs become more and more atypical.
Clinical diagnosis of MTB infection is still
a major challenge because existing diagnos-
tic methods have shortcomings. TB-IGRA
is widely used for diagnosis of MTB infec-
tion, but this method is influenced by
immune function and the inflammatory
status of the body. Combined evaluation
of immune status and TB-IGRA can
improve the reliability of TB-IGRA for
clinical diagnosis of MTB infection.

In the current study, we evaluated the
diagnostic performance of TB-IGRAs in 68
PTB, 98 EPTB and 377 non-TB patients. We
found that IFN-y release was significantly
higher in PTB and EPTB patients than in
non-TB patients. IFN-y release in PTB
patients and EPTB patients was similar.
Serbina et al.'* first found that IFN-y was
produced by CD8' T cells through studies
of CD4" T cell-deficient mice. Another
study showed that mycobacterium-specific
CD8' T cells can secrete IFN-y without
help from CD4" T cells."”” Our results are
in agreement with those of previous stud-
ies,'®'® which indicated that IFN-y release
was clearly elevated during MTB infection.
Furthermore, we found that 28 pg/mL of
IFN-y had advantages over the recom-
mended cut-off value of 14 pg/mL for TB-
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IGRA. The specificity (83.6%) at the cut-off
value of 28 pg/mL was higher than that
(77.5%) at the recommended value of 14
pg/mL. This suggests that the cut-off value
for TB-IGRA should be reconsidered. Our
results are consistent with those of previous
studies,'"""” which indicated that TB-IGRA
was a reliable diagnostic tool for MTB
infection.

We also found that IFN-y release was
lower in PTB patients with positive
sputum smears compared with PTB
patients with negative sputum smears.
However, Kim and colleagues found no dif-
ference between the IFN-vy levels of active
TB and LTBI patients (p=0.639).%
Another study showed that IFN-y levels
in LTBI patients were higher compared
with those in patients with active TB,
although this difference was not statistically
significant.?! Pathan et al.'® found that fre-
quencies of circulating ESAT-6 peptide-spe-
cific IFN-y-secreting CD4" T cells were
higher in LTBI patients than in patients
with active TB. This population of Thl-
type ESAT-6 peptide-specific CD4" T cells
in LTBI patients could secrete high levels of
IFN-y to restrict MTB in vivo,'® which sup-
ports our results. Both activated CD4" T
cells and CD8" T cells are primed for
IFN-y production, but CD4" T cells are
responsible for the majority of IFN-y pro-
duction during the active TB phase.”> We
found no statistical difference in the counts
and percentages of CD41 or CD8" T cells
between PTB patients with positive sputum
smears and PTB patients with negative
sputum smears.

Spearman correlation analysis suggested
that IFN-y release in PTB and EPTB
patients was positively correlated with
counts and proportion of lymphocytes.
However, WBC and neutrophils counts
did not show obvious relationships with
IFN-v release levels. Our data agree with
those of Jun et al.>* and imply that lympho-
cytes are the primary participants in defense

against MTB infection. Studies in vitro have
suggested that CD4" T cells mediate potent
immunity against MTB infection by secret-
ing cytokines and eliminating infected mac-
rophages.**** Transgenic mice lacking
CD4" T cells are also susceptible to MTB
infection.?® CD8" T cells may also secrete
IFN-y and kill mycobacteria via cytotoxic
mechanisms.?>?” However, the absolute
counts and proportions of CD3" T cells,
CD4" T cells, CD8" T cells, CDI9" B
cells, and CDI16756" NK cells among
PTB, EPTB and non-TB did not differ sig-
nificantly. Leung and colleagues also found
that the absolute counts of CD3" T cells,
CD4" T cells, CD8 T cells, CD19" B cells,
and CDI16756" NK cells did not differ
between TB patients and healthy controls.*?
However, a study by Guglielmetti et al.
showed that absolute numbers of CD47"
and CD8" T cells in active PTB patients
were lower than in controls.?® In addition,
they found that the proportions of
CD4"DR™ and CD8™" T cells were elevated,
while the proportions of CD5YCD19" and
CD277CDI19" cells were decreased in active
PTB patients compared with healthy con-
trols.”® The studies above suggested that
PTB, especially active PTB, is associated
with altered lymphocyte homeostasis. Our
results showed no statistical differences in
lymphocyte subpopulations among PTB,
EPTB and non-TB patients. This finding
may have several explanations. First,
patients with PTB and EPTB could have
been in the active phase or latent phase of
disease at the time of testing, which may
have influenced lymphocyte subpopulation
counts. Second, non-TB patients may suffer
from other diseases that influence lympho-
cyte populations. Third, the number of PTB
and EPTB patients studied was not large
enough to identify more subtle differences
between these groups.

Taken together, the results of the present
study demonstrate that the IFN-vy release in
patients with PTB and EPTB was
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significantly elevated compared with non-
TB patients. IFN-y release in patients with
positive sputum smears was lower com-
pared with patients with negative sputum
smears. The counts and proportions of
CD4" and CD8" T cells in patients with
PTB and EPTB were not significantly dif-
ferent than those of non-TB patients. The
TB-IGRA can be used as a reliable diagnos-
tic tool for MTB infection with high sensi-
tivity and specificity. A cut-off value of 28
pg/mL IFN-y may offer improved MTB
diagnosis with higher specificity. Further
studies are required to confirm the optimal
cut-off value. TB-IGRA is useful to diag-
nose MTB infection, especially in the early
stages of LTBI.
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