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Background: Tuberculosis (TB) is still themain cause ofmortality due to a single transfectant,Mycobacterium tuberculosis (MTB).
Latent tuberculosis infection (LTBI) is a condition characterized by the presence of tuberculosis (TB) that is not clinically apparent
but nonetheless shows a sustained response to MTB. Presently, tuberculin skin test (TST) and interferon gamma (IFN-γ) release
assays (IGRAs) are mainly used to detect LTBI via cell-mediated immunity of T-cells. For people with end-stage renal disease
(ESRD), the diagnosis of patients infected with MTB is difficult because of T-cell dysfunction. To get more accurate diagnosis
results of LTBI, it must compensate for the deficiency of IGRA tests.
Methods: Sixty-seven hemodialysis (HD) patients and 96 non-HD patients were enrolled in this study and the study population
is continuously included. IFN-γ levels were measured by the QuantiFERON-TB Gold In-Tube (QFT-GIT) test. Kidney function
indicators, blood urea nitrogen (BUN), serum creatinine (Cr), and estimated glomerular filtration rate (eGFR) were used to
compensate for the declined IFN-γ levels in the IGRA test.
Results: In individuals who were previously undetected, the results of compensation with serum Cr increased by 10.81%, allow-
ing for about 28% more detection, and compensation with eGFR increased by 5.41%, allowing for approximately 14% more
detectable potential among them and employing both of them could enhance the prior shortcomings of IGRA tests. when both
are used, the maximum compensation results show a sensitivity increase rate of 8.81%, and approximately 23% of patients who
were previously undetectable may be found.
Conclusion: Therefore, the renal function markers which are routine tests for HD patients to compensate for the deficiency of
IGRA tests could increase the accuracy of LTBI diagnosis.

Keywords: Mycobacterium tuberculosis (MTB); latent tuberculosis infection (LTBI); hemodialysis (HD); blood urea nitrogen (BUN);
serum creatinine (Cr); estimated glomerular filtration rate (eGFR)

Introduction

Tuberculosis (TB) is caused by a single transfectant
bacillus Mycobacterium tuberculosis (MTB), it represents
a worldwide health issue despite the improvements in med-
ical science and technologies, as it still has high infection
andmortality rates [1]. Latent tuberculosis infection (LTBI)

is characterized as a persistent immune response to MTB
antigens without any clinical testimony of active TB [2].
Nevertheless, LTBI may remain feasible and intransitive at
any time and then develop into active TB (ATB) [3].

TB might become the primary cause of death from a
single transfectant, substituting the coronavirus infectious
disease 2019 (COVID-19) in the future [2]. The COVID-19
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Fig. 1. Flowchart of this study. IGRA, interferon gamma release assay; HD, hemodialysis; BUN, blood urea nitrogen; TB, tuberculosis;
LTBI, latent tuberculosis infection.

pandemic continues to have negative effects on accurate TB
diagnosis and delays the prompt treatment for TB, in com-
parison to 2019, there has been a considerable decrease in
the number of newly identified cases of TB in 2020. After
large raises between 2017 and 2019, there was a decrease of
18% between 2019 and 2020, from 7.1 million to 5.8 mil-
lion. It recovered to 6.4 million in 2021 [2]. Abatement of
the announced population of novel diagnosed with TB in
2020 and 2021 indicated the increased risk of TB transmis-
sion [2].

To effectively control TB contagion, early diagnosis,
and prompt treatment of LTBI are required [4]. Detection
for LTBI can fundamentally decrease the potential for de-
veloping into ATB. Presently, the traditional tuberculin skin
test (TST) and interferon gamma (IFN-γ) release assays
(IGRAs) are optional uses for diagnostic methods [5]. The
TST used the Mantoux technique to induce an immunolog-
ical reaction to MTB and then measured the response of the
skin after 2 to 3 days of the infection. A major limitation
of TST is the false-positive result for Bacillus Calmette-
Guérin (BCG)-vaccinated individuals, and nontuberculous
mycobacteria (NTM) infections [6]. Contrary to in vivo
tests TST, IGRAs are ex vivo whole blood tests of cell-
mediated immune response that are laboratory-based [5].
IGRAs measure IFN-γ that are released by T-cells based on
stimulation via specific antigens to the MTB complex, such
as culture filtrate protein 10 (CFP-10) and early secreted
antigenic target 6 (ESAT-6) [7]. However, IGRAs might
have a cross-reaction with other environmental mycobacte-
rial species such as M. marinum and M. szulga. They are
also much more expensive than TST due to the use of reac-
tion reagents and laboratory equipment [8].

Nevertheless, the gold standard for LTBI diagnosis
still has some limitations, both TST and IGRAs are appro-
priate however defectivemethods [9]. They are circumstan-
tial methods that, according to the host’s sensitivity toMTB
antigens, assess the existence of persistent MTB-specific
T-cell responses [10]. Therefore, MTB is more dangerous
among immunocompromised patients, who are on dialysis
and are recipients of organ transplants [11]. End-stage renal
disease (ESRD) is defined as the irreversible failure of renal
function that requires another kidney replacement therapy
such as dialysis and transplantation [12].

The diagnosis of TB disease in ESRD is usually diffi-
cult due to the T-cell dysfunction of HD patients [13]. This
causes irregular IFN-γ levels, which would affect the cell-
mediated tests TST and IGRAs and lead to false-negative
results in the diagnosis of LTBI [14]. To estimate renal
function, we generally used easily gained plasma markers
containing blood urea nitrogen (BUN) and serum creatinine
(Cr) [15]. Both BUN and Cr are produced by the process of
metabolism of nitrogen compounds [16]. The most com-
monly used marker of renal function is serum Cr, which
supplies short-term ATP in muscle and other tissues. It is
cleared by glomerular filtration rate (GFR) and expelled in
the urine [17]. For patients who were both suffering from
LTBI and renal insufficiency, their IFN-γ levels might be
lower than the individuals who only suffered from LTBI be-
cause of their immune suppression due to HD. Therefore,
the IGRA test may lead to a false-negative result in indi-
viduals that were suffering from both LTBI and renal insuf-
ficiency.

Therefore, in the present study, for a more accurate
diagnosis of LTBI with ERSD who receive hemodialysis
(HD), three renal function indicators, BUN, serum Cr [1],
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Table 1. Characteristics of study participants.

Characteristics
Non-HD subjects, n (%) HD patients, n (%)

(median = 59 SD ± 14, range = 23–86) (median = 60 SD ± 11.84, range = 32–90)

Age

20 s 4 (4.2) 0 (0.0)
30–40 s 20 (20.8) 11 (16.4)
50–60 s 55 (57.3) 40 (59.7)
≥70 s 17(17.7) 16 (23.9)

Sex
Male 56 (58.3) 30 (44.8)
Female 40 (41.7) 37 (55.2)

Current smoker 8 (8.3) 1 (1.5)
BCG scar or vaccination 96 (100.0) 37 (55.2)
Contact TB history 3 (3.1) 0 (0.0)
Abnormal chest X-ray lesions 0 (0.0) 0 (0.0)

Underlying diseases

Diabetes mellitus 29 (30.2) 32 (47.8)
Autoimmune disease 17 (17.7) 3 (4.5)
Total 96 (100.0) 67 (100.0)
BCG, Bacillus Calmette-Guérin; SD, Standard Deviation.

and estimated glomerular filtration rate (eGFR), are used to
compensate for the whole blood IFN-γ level of IGRA tests.
We focus on the ESRD patients who received hemodial-
ysis treatment, and those patients are in the TB high-risk
group due to immune deficiency. However, the situation
that ESRD patients infected with LTBI and the gold stan-
dard for LTBI diagnosis rely on indirect immune response
[13]. ESRD patients frequently receive hospital treatment
or are hospitalized, this poses a significant risk for im-
munocompromised patients who have a weakened immune
system. To detect more patients who were potentially in-
fected with LTBI which easily develops into ATB such as
ESRD patients, we compensate the original IGRA results
with the renal function. The flow chart for classifying the
data is shown in Fig. 1. A total of 215 patients who under-
went the IGRA test between 2017 and 2018 were included
in the study. Patients with missing BUN values were ex-
cluded. The remaining patients were then separated into
two groups: Non-HD group and HD group. As a result,
67 ESRD-HD patients and 96 non-HD patients were regis-
tered in the present study, and their IFN-γ levels were mea-
sured by the QuantiFERON-TB Gold In-Tube (QFT-GIT)
test (Qiagen, Hilden, Germany). The compensated whole
blood IFN-γ level with BUN, serum Cr, and eGFR levels
could overcome the false-negativity of the QFT-GIT test
(Qiagen) results in the HD patient group to the diagnosis
of LTBI. In addition to the high risk caused by the immune
suppression for ESRD-HD patients, it is necessary to com-
pensate for the cut-off value for the diagnosis of LTBI in
ESRD-HD patients who might be infected with LTBI.

Materials and Methods

Study Participants
A total of 67 ESRD-HD patients and 96 non-HD sub-

jects were enrolled in this study, and their whole blood
samples were gathered from March 2017 to June 2018 at
the Kosin University Gospel Hospital, Busan, the Repub-
lic of Korea. These clinical samples were obtained from
the Institutional Ethics Committee of Catholic University of
Pusan and Kosin University Gospel Hospital approved the
study (approval numbers CUPIRB-2017-036 and KUGH
2017-11-042). All demographic clinical data were gathered
from an electronic medical chart reviewwhich contains sex,
age, TB contact history, prior TB, Bacillus Calmette-Guérin
(BCG) scar or vaccination history, co-morbidity diabetes
mellitus (DM) and ischemic heart disease (IHD), smoking
history, chest X-ray (CXR), and LTBI treatment history if
available. The criteria of abnormal CXRwere fibrotic infil-
trates with pleural thickening or calcified nodules over the
upper lung fields or other fibrotic lesions documented from
previous TB.

The characteristics of the participants registered in the
present study are described in Table 1. The statistic for
comparison of characteristics of the participants was im-
plemented by an unpaired t-test using GraphPad Prism v.
8.00 (GraphPad Software, San Diego, CA, USA). All en-
rolled participants were more than 19 years old; the me-
dian age of ESRD-HD patients was 60 years old, with a
range of 32 to 90 years old, and the male-to-female ratio
was 30:37 (44.8%:55.2%). HD groups of ESRD patients re-
ceived more than three months of HD therapy. Those who
are co-infected with human immunodeficiency virus (HIV)
infection, liver cirrhosis of Child-Pugh class C, cancer or
autoimmune disease, and patients who received chemother-
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Table 2. Formula of conversion factors used in this study.
Conversion factor

BUN
A = BUN value of HD patient/(BUN mean value of non-HD patients)
BUN index = (A value) of each HD patients/the lowest (A value) among All HD patients

Cr
B = Serum Cr value of HD patient/(Serum Cr mean value of non-HD patients)
Serum Cr index = (B value) of each HD patients/the lowest (B value) among All HD patients

eGFR
C = eGFR mean value of non-HD patients/eGFR value of HD patients
eGFR index = (C value) of each HD patients/the lowest (C value) among All HD patients

Mitogen-nil
D = 10/Mitogen-nil value of HD patients
Mitogen-nil index = (D value) of each HD patients/the lowest (D value) among All HD patients

Cr, creatinine; eGFR, estimated glomerular filtration rate.

Table 3. Formula of revisions used in this study.
Formula of revisions

BUN revision BUN conversion factor × HD patients IFN-γ value (TB-nil)
Cr revision Cr conversion factor × HD patients IFN-γ value (TB-nil)
eGFR revision eGFR conversion factor × HD patients IFN-γ value (TB-nil)
Mitogen-nil revision Mitogen-nil conversion factor × HD patients IFN-γ value (TB-nil)
Cr + eGFR Cr revision value × eGFR revision value × HD patients IFN-γ value (TB-nil)
IFN-γ, interferon gamma.

apy within the last three months, besides those who had any
active TB treatment history, were excluded. The QFT-GIT
test was performed for screening of LTBI for all partici-
pants. LTBI was diagnosed depending on positive results of
the QFT-GIT test, with no symptoms or signs of active TB
and no history of previous TB. HCs all displayed no symp-
toms or signs of active TB and no signs of active TB on
chest radiographs. Those eligible subjects were separated
into HD and non-HD groups depending on their medical
chart results.

Blood Collection and Serum Preparation
Whole blood samples were gathered, and serum was

separated using VACUETTE® Plain tube (Greiner Bio-
One, Frickenhausen, Australia). As recommended by the
instructions, AVACUETTE®Plain tube (Greiner Bio-One)
was kept at room temperature (RT) for 10 min, and cen-
trifuged the whole blood samples at 4000 ×g for 15 min
for separated serum samples and transferred to a 1.5 mL
Eppendorf tube and stored at –20 °C until use. ESRD-
HD patients’ whole blood samples were performed before
hemodialysis, and those blood samples were performed in
the IGRAs in advance, and then conducted the biochemical
tests.

Measurement of Blood Urea Nitrogen (BUN)
BUN was measured by an Atellica Ch 930 Ana-

lyzer (Siemens Healthineers AG, Erlangen, Germany) and
Atellica® CH Urea Nitrogen (Siemens Healthineers AG).
Urea creates ammonia and carbon dioxide in the situa-
tion with water and urease. The ammonia reacts with 2-
oxoglutarate when glutamate dehydrogenase (GDH) and re-

duced nicotinamide adenine dinucleotide (NAD)+hydrogen
(H) (NADH) exist. It is measured at 340/410 nm for the
inverse rate reaction of the oxidation of NADH to ox-
idized nicotinamide adenine dinucleotide (NAD). Auto-
mated analysis was performed according to the manufac-
turer’s instructions.

Measurement of Serum Creatinine (Cr) and
Estimated Glomerular Filtration Rate (eGFR)

Serum Cr was measured using a Chemistry Analyzer
AU5800 (Beckman Coulter, Brea, CA, USA) and an AU
Creatinine reagent (Beckman Coulter). The kinetic mod-
ification of the Jaffe procedure was used, which forms a
yellow-orange complex through creatinine having a reac-
tion with picric acid at pH 11.5. The rate of change in ab-
sorbance at 520/800 nm depends on the creatinine concen-
tration of the sample. The eGFR was calculated using the
following formulas [18], for males eGFR = 175 × (serum
Cr)−1.154 × (age)−0.203, for females eGFR = 175× (serum
Cr)−1.154 × (age)−0.203 × 0.742.

QuantiFERON-TB Gold In-Tube (QFT-GIT) Test
All enrolled participants were administered the QFT-

GIT test according to the manufacturer’s instructions. The
patients’ whole blood samples were gathered into a nega-
tive control nil tube, TB antigen tube, and positive control
T-cell mitogen stimulation tube. All these tubes required in-
cubation for 16 to 24 hours at 37 °C. The quantity of IFN-
γ (IU/mL) was detected by ELISA, and test results were
analyzed by QFT-GIT ELISA software (version no. 2.43;
Cellestis Ltd., Victoria, Australia). The response to IFN-γ
with ESAT-6/CFP-10/TB7.7 mixture ≥0.35 IU/mL above
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Fig. 2. Comparison of IFN-γ levels between the non-HD and end-stage renal disease (ESRD)-HD patients and ROC curve analy-
sis in non-HD and HD groups. (A) The comparison results of IFN-γ levels in LTBI and non-TB patients between the non-HD and HD
patients. Note: The IFN-γ levels were measured by QuantiFERON-TB Gold In-Tube (QFT-GIT), which were stimulated by Mycobac-
terium tuberculosis (MTB)-specific antigens for 24 h. The red line is cut-off value that the kit recommended. (B) ROC curve analysis
based on results of IFN-γ levels in non-HD patients. (C) ROC curve analysis based on results of IFN-γ levels in HD patients. Note:
Receiver operating characteristic (ROC) curves compare sensitivity versus specificity. The comparison of specificity and sensitivity
based on ROC curve in non-HD and ESRD-HD patients. Non-HD Patients (n = 96), ESRD-HD Patients (n = 67); p value was measured
by ROC curve, *** p < 0.0001.

Fig. 3. Comparison of the original IFN-γ levels and the IFN-γ levels revised by diagnostic indicator in ESRD-HD patients. (A)
Comparison of the original IFN-γ levels and the IFN-γ levels revised by BUN in ESRD-HD patients. (B) Comparison of the original
IFN-γ levels and the IFN-γ levels revised by Serum Cr in HD patients. (C) Comparison of the original IFN-γ levels and the IFN-γ levels
revised by eGFR in ESRD-HD patients. (D) Comparison of the original IFN-γ levels and the IFN-γ levels revised by Mitogen-nil in
ESRD-HD patients. Note: The red line is cut-off value that the kit recommended. The blue line is cut-off line for the revision results. p
value were measured by ROC curve, *** p < 0.0001, ** p < 0.01, * p < 0.05.

the nil control value was recognized as a positive result.
In the case of the IFN-γ level <0.35 IU/mL and mitogen
control ≥0.5 IU/mL, the test was recognized as a negative
result. In the case of the IFN-γ level <0.35 IU/mL and mi-
togen control<0.5 IU/mL, the test result was recognized as
indeterminate.

Formula of IFN-γ Revisions
The IFN-γ revision formulae for all of the biomarkers

calculates the conversion factor at first, and the formulae of
revisions are shown in Tables 2,3.
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Fig. 4. ROC curve based on the IFN-γ levels revised by diagnostic indicator. (A) ROC curve analysis based on results of IFN-γ
levels revised by BUN in ESRD-HD patients. (B) ROC curve analysis based on results of IFN-γ levels revised by Serum Cr in ESRD-HD
patients. (C) ROC curve analysis based on results of IFN-γ levels revised by eGFR in ESRD-HD patients. (D) ROC curve analysis based
on results of IFN-γ levels revised by Mitogen-nil in ESRD-HD patients. Note: Receiver operating characteristic (ROC) curves compare
sensitivity versus specificity. p value were measured by ROC curve, *** p < 0.0001.

Statistical Analysis
The statistical analysis was performed using Graph-

Pad Prism v. 8.00 (GraphPad Software, San Diego, CA,
USA). In order to compare the ESRD-HD patients’ and
non-HD patients’ IFN-γ release level, and in addition to
compare the IFN-γ revision results with the original IFN-
γ release level of ESRD-HD patients, the Receiver opera-
tor characteristic (ROC) curve analysis was performed on
the ESRD-HD group and the non-HD groups, by additional
ROC curve analysis to obtain p values and area under curve
(AUC). p values< 0.05 were considered statistically signif-
icant. Venkatraman test which compares the difference be-
tween two AUCs was performed using RStudio Team 2023
(RStudio: Integrated Development for R. RStudio, PBC,
Boston, MA, USA). To compare the IFN-γ revision ROC
results with the original IFN-γ release ROC of ESRD- HD
patients, the Venkaraman_test function was used.

Results

Population Characteristics
As for non-HD patients, the median age was 59 years

old, with a range of 23 to 86 years old, the male-to-female
ratio was 56:40 (58.3%:41.7%), and the group contained
eight smokers. The mean ages of the ESRD-HD group and
the non-HD group were approximately the same. In con-
trast to the ESRD-HD group, almost 37 participants had
received the BCG vaccination, and the non-HD group had
only two participants who received the BCG vaccination.
As for TB contact history, none of the ESRD-HD patients
had any contact, while two non-HD patients previously had
TB. None of the participants received any radiological le-
sions.

IFN-γ Level Analysis Results between ESRD-HD
and Non-HD Groups

The IFN-γ level of IGRA tests for the ESRD-HD
group and the non-HD group were significantly different,
as described in Fig. 2. For the ESRD-HD groups, when ap-
plied, the recommended cut-off value from the kit was 0.35,
specificity was 90.00%, sensitivity was 62.16%, p value <
0.0001, and ROC curvewas 0.8302. As for non-HD groups,
most of the data were much higher than the HD groups.
Cut–off value is 0.35, specificity was 83.93%, sensitivity
was 100%, p value was< 0.0001, and the AUCwas 0.9866.
As a result, it is indicated that ESRD-HD patients’ IGRA
test results are less accurate than non-HD patients.

Comparing IFN-γ Revised by BUN, Serum Cr, eGFR
and Mitogen-nil in the HD Groups

In order to compare the available biomarker for
IGRAs revision, three renal function biomarkers were se-
lected, including BUN, serum Cr, and eGFR. The compar-
ison figure and ROC curve are shown in Figs. 3,4. For
the BUN revisions of the IFN-γ, the results were lower
than the original data of the results, the cut-off value was
0.16, specificity was 90.00%, sensitivity was 62.16%, p
value < 0.0001, and AUC was 0.8279. As for the serum
Cr revision of IFN-γ, most of the data were much higher
than the original IFN-γ level. The cut-off value was 0.47,
specificity was 90.00%, sensitivity was 72.97%, the p value
was <0.0001, and the AUC was up to 0.8428. Compared
with the original data of ESRD-HD patients’ IGRAs results,
the sensitivity was increased by 10.81%, allowing about
28.00% more detection among previously undetectable pa-
tients. Similar to the eGFR revision of IFN-γ, the data
weremostly much higher than the original IFN-γ level. The
cut-off value was 0.78, specificity was 90.00%, sensitivity
was 67.57%, the p value was <0.0001, and the AUC was
up to 0.8428. Compared with original data of ESRD-HD
patients’ IGRAs results, the sensitivity was increased by
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Fig. 5. Comparison of the original IFN-γ levels and the IFN-γ levels revised by serum Cr and eGFR and ROC curve analysis
based on results of IFN-γ levels revised by serum Cr and eGFR in ESRD-HD patients. (A) The comparison results of the original
IFN-γ levels and the IFN-γ levels revised by serum Cr and eGFR. Note: The red line is cut-off value that the kit recommended. (B)
ROC curve analysis based on results of IFN-γ levels revised by Serum Cr and eGFR. Note: The red line is cut-off value that the kit
recommended. The blue line is cut-off line for the revision results. p value were measured by ROC curve, *** p < 0.0001.

5.41%, allowing about 14.00% more detection among pre-
viously undetectable patients. For the Mitogen-nil revision
of the IFN-γ, the results were lower than the original data
of the results, the cut-off value was 0.71, specificity was
90.00%, sensitivity was 62.16%, p value was<0.0001, and
AUC was 0.8293. As a result, it is indicated that the IFN-γ
revised by serum Cr and the results revised by eGFR are
both improved.

Comparing IFN-γ Revised by Serum Cr and eGFR in
the ESRD-HD Group

Maximizing the benefit of the revision and, utiliz-
ing the two increasing biomarkers which are serum Cr and
eGFR, results in better data. The comparison figure and
ROC curve are shown in Fig. 5. The cut-off value was 2.19,
specificity was 90%, sensitivity was 70.27%, the p value
was <0.0001, and AUC was up to 0.8505. Compared with
original data of HD patients’ IGRA results, the sensitivity
was increased by 8.81%, allowing about 23% more detec-
tion among previously undetectable patients. As a result, it
is indicated that the IFN-γ revised by serum Cr and eGFR
is improved.

Comparison of the AUC of IFN-γ Levels in HD
Patients and Revised Data

To compare the AUC after the revision, the Venkatara-
man tests were carried out. The comparison data are shown
in Table 4. The p-value of the AUC comparison value is in-

Table 4. Venkatraman test results between the AUC of IFN-γ
levels in HD patients and revised data.

Venkatraman test objects E Boot.n p-value

IFN-γ (ESRD-HD) & BUN revision 578 2000 0.9605
IFN-γ (ESRD-HD) & Cr revision 716 2000 0.8685
IFN-γ (ESRD-HD) & eGFR revision 716 2000 0.8685
IFN-γ (ESRD-HD) & Cr & eGFR revision 1852 2000 0.126

creased when using the recommended diagnostic markers
in this study. Meanwhile, the value for the test statistic E
in the Venkatraman test represents the sum of squared dif-
ferences in sensitivity values between the two paired ROC
curves at each threshold considered. E is used to evaluate
the degree of difference between the two ROC curves [19].

Discussion

TB still maintains high mortality rate worldwide as a
single transfectant, despite being an ancient contagious dis-
ease [1]. Latent tuberculosis infection (LTBI) is regarded as
the primary obstacle in achieving the objectives of the End
TB Strategy, as declared by the World Health Organization
(WHO).

Accurate diagnosis is key for controlling LTBI and
precautions for developing active TB. Therefore, the WHO
recommends TB testing for high-risk groups such as HIV-
positive individuals, patients who undergo dialysis, individ-
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uals with TB history, and patients who have initiated im-
munotherapy. However, because of the limitation of the
present diagnosis for LTBI, it may delay the treatment of
TB; without treatment, the mortality rate is approximately
50% [2].

Patients who are under immune suppressive situations
such as ESRD and receiveHDwith LTBI faced an increased
risk of developing active TB [14]. HD causes variations
in T-cell activation and leads to T-cell dysfunction, which
can affect IFN-γ release level [20]. IGRAs measure IFN-
γ level through T-cells that stimulate specific MTB com-
plex antigens [3]. Therefore, for patients who received HD
with LTBI, the IGRA tests result in false-negatives due to
their lower IFN-γ release levels. Many laboratory param-
eters have been used to evaluate renal function. The most
universal parameters include BUN and serum Cr concen-
trations [21].

In order to overcome this deficiency and more accu-
rately diagnose LTBI, in the present study, three renal func-
tion markers BUN, serum Cr, and eGFR were selected to
compensate for whole blood IFN-γ level of IGRA tests. As-
sessments of the levels of BUN, Cr, and eGFR are generally
used as renal function biomarkers. Serum Cr has been con-
sidered a universal marker of kidney function for decades,
and the eGFR measured by plasma levels is based on it
[15,22]. As a result, eGFR is generally original from Cr-
based equations which through age, sex, weight, and race
to calculate in clinical. BUN is considered a biomarker
for renal function that penetrates via the glomerulus, and at
tubules, urea absorbs once more. Consequently, BUN relies
on tubular function and eGFR simultaneously [15]. There-
fore, these three kidney function markers were selected to
compensate IFN-γ release levels for HD patients with LTBI
due to their ability to be processed with little or no renal
regulation on glomerular filtration or the reduction of renal
function.

In order to usher in significant achievements in TB
elimination and end the global TB epidemic by 2035, it is
important to continue innovating accurate diagnosis meth-
ods and medical knowledge [2]. Nevertheless, it is time-
consuming to develop novel techniques, launch them, and
then create corresponding commercial products with clin-
ical applications. For example, the latest generation of
IGRAs, QFT-Plus test, is an upgraded version of QFT-GIT
test launched in 2015 [23]. Contrary to the original ver-
sion, QFT-Plus test adds another MTB antigen tube for a
total of four reaction tubes. QFT-GIT test only has one
TB antigen tube containing ESAT-6, CFP-10, and TB 7.7
to mainly stimulate CD4+ T-cells. However, in addition to
CD4+ T-cells, CD8+ T-cells can also release IFN-γ when
stimulated by MTB antigens. Therefore, as the latest gen-
eration of IGRAs, the second added TB antigen tube could
both stimulate CD4+ and CD8+ T-cells based on the origi-
nal version [24]. However, evidence of recent research re-
sults indicates that compared with QFT-GIT test, the newest

generation QFT-Plus test has not reflected any meaningful
advancement in TB patients, including high- and low-risk
groups [5].

This study is focused on ESRD patients, as for other
different chronic kidney disease (CKD) stages that may get
different results, we also think that the other CKD stages
need to be analyzed, therefore, we will add other different
CKD stage patients to compare with in further study. The
BCG scar or vaccination is a significant difference between
the two groups (p < 0.0001***), but BCG vaccination is
required in South Korea. The statistical results of BCG
vaccination in this study were obtained from participants’
oral answers, most of them couldn’t remember whether they
had been vaccinated. In addition, BCG scar or vaccination
has a significant influence on TST results. Unlike the TST,
IGRAs are not affected by BCG vaccination in various stud-
ies for TB diagnostic methods. For underlying diseases,
there are differences between the two groups.

As for ESRD patients which are characterized by pro-
teinuria or progressive decline in the glomerular filtration
rate, therefore, although TB patients have high rates un-
derlying diabetes mellitus, morbidity of diabetes mellitus
in ESRD patients may be higher than the patients who are
only infected by MTB. Meanwhile, due to their lower im-
munity than the patients who are only infected byMTB, the
morbidity of autoimmune disease may be higher than those.

In clinical research, especially for diagnostic tests it is
important to evaluate the specificity and sensitivity for ac-
curate diagnosis [23]. Initially, we computed the receiver
operator characteristic (ROC) curves for both HD patients
and non-HD patients. To compare the updated levels of
IFN-γ using the diagnostic markers selected in this inves-
tigation from the HD patients, we conducted the Venka-
traman test. The results of this test are presented in Ta-
ble 4. The p-value of the AUC comparison value is in-
creased when using the recommended diagnostic markers
in this study. After careful study, it is clear that the value
of E has risen. The maximum value, reaching 1852, is ob-
tained when both Cr and eGFR are employed. This con-
trasts with the initial data point of 578. Therefore, it is cru-
cial to consider all the chosen diagnostic indicators when
implementing the revision formula in this study.

In conclusion, when choosing diagnostic indicators,
BUN is different from serum Cr and eGFR since it can
signal both liver and kidney functions. However, it is not
specifically used to assess kidney function. At present,
all diagnostics for latent tuberculosis infection (LTBI) rely
on indirect approaches that measure cell-mediated immune
responses. Consequently, individuals with weakened im-
mune systems, such as those with end-stage renal disease
on hemodialysis who are not tuberculosis insulators, are
more susceptible toMycobacterium tuberculosis (MTB) in-
fection due to their significantly reduced immunity com-
pared to healthy individuals. Thus, employing renal func-
tion markers, which are standard tests for patients with end-
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stage renal disease on hemodialysis, can enhance the preci-
sion of latent tuberculosis infection diagnosis by compen-
sating for the limitations of interferon-gamma release assay
assays.

Conclusion

This study aims to revise the IGRA results of LTBI
patients who received hemodialysis treatment at the end
stage of renal disease. ESRD-HD patients who belong to
the TB high-risk group, and those patients who have an im-
mune deficiency that causes the LTBI gold standard diagno-
sis of IGRAs to get more false-negative results than usual,
resulted in a higher number of undetectable patients who
suffered from both LTBI and ESRD.

In this study, we used AUC which is a popular tool to
assess the discriminability of different biomarkers. In ad-
dition, it is critical to select an ideal cut-off value for con-
sidering the presence or absence of disease. The groups
we compared have different numbers that are not equal.
Therefore, we chose an unpaired t-test which is a statisti-
cal procedure to compare two unrelated groups to consider
whether there is a significant difference. Based on the ROC
curves shown in Figs. 2,3,4,5, it is evident that there has
been an improvement in sensitivity. However, the speci-
ficity has not changed significantly, particularly when com-
pared to the IFN-γ data of patients with end-stage renal dis-
ease (ESRD). A specificity of 90% is considered high, as it
increases the likelihood of finding patients who were previ-
ously undetectable and improves sensitivity. Consequently,
incorporating serum Cr and eGFR into the IGRA test find-
ings can address the limitations of the IGRA tests and en-
hance their effectiveness. The low sensitivity was increased
and compensated with serum Cr increased by 10.81%, al-
lowing about 28% more detection among previously unde-
tectable patients, and eGFR increased by 5.41%, about 14%
more detectable potential among them. Using both of serum
Cr and eGFR, the sensitivity increase rate rises to 8.81%,
and there is a possibility of detecting about 23% of previ-
ously undetectable patients.
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