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Introduction: Patients with chronic kidney disease (CKD), especially end-stage
kidney disease (ESKD), are at risk of developing tuberculosis (TB). The
prevalence and predictors of LTBI assessed by a high-sensitivity, high-
specificity test such as an interferon-gamma release assay (IGRA) has not
been thoroughly explored.

Methods: All patients with CKD were prospectively recruited from September
2020 to November 2021 and retrospectively reviewed from December 2020 to
November 2021. The prevalence of LTBI was determined using IGRA by CKD stage
and dialysis type. Predictors of LTBI were assessed by logistic regression analysis.

Results: In total, 199 patients with CKD were enrolled (102 prospectively, 97
retrospectively). Of these, 173 patients were evaluable (mean age, 53 + 16
years; 44% male). Ninety-five (55%) patients had ESKD and were maintained on
renal replacement therapy. Overall, 39 (22.5%) patients had LTBI with a
prevalence of 25.0%, 12.5%, 25.0%, 25.0%, and 24.2% among patients with
CKD stage 1, 2, 3a, 3b, and ESKD, respectively (p=0.89). Among patients with
ESKD, the prevalence of LTBI was higher in those on hemodialysis than in those
on peritoneal dialysis (28.9% vs. 5.3%, p=0.03). In the multivariable analysis of
patients with ESKD, drinking alcohol was significantly associated with LTBI
(odds ratio, 8.51; 95% confidence interval, 1.24-58.38; p=0.029), and
hemodialysis was marginally associated with LTBI (odds ratio, 8.14; 95%
confidence interval, 0.95-69.91; p=0.056).
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Conclusion: In TB-endemic settings, 20% of patients with CKD and 25% of
patients with ESKD may have LTBI. Alcohol consumption and hemodialysis can
help to identify high-risk patients with ESKD and potentially screen for LBTI.

KEYWORDS

Mycobacterium tuberculosis, cell-mediated immunity, peritoneal dialysis,
hemodialysis, end-stage kidney disease

Introduction

Tuberculosis (TB) is a worldwide infectious disease with
high morbidity and mortality, and the number of patients with
TB infection reached 10 million globally in 2019 (Kanchar and
Swaminathan, 2019). The incidence of TB is considered to be
higher among patients with chronic kidney disease (CKD) than
in the general population. Patients with CKD are at increased
risk of TB because of their impairment in cell-mediated
immunity, and those who were latently infected with TB in
the past are prone to develop TB reactivation (Al-Efraij et al.,
2015). The risk of developing active TB is 8 to 25 times higher in
patients with CKD than in the general population; their TB-
associated mortality rate is also higher, especially those with end-
stage kidney disease (ESKD) requiring renal replacement
therapy (RRT) (Lundin et al., 1979; Dobler et al.,, 2011).
Furthermore, TB diagnosis in patients with CKD is usually
delayed because of atypical and occasional extrapulmonary
manifestations (Vikrant, 2019).

Because of their relatively immunosuppressed condition,
reactivation of latent TB infection (LTBI) is the core
pathogenesis in this patient population. In particular, patients
with ESKD who are maintained on hemodialysis (HD) are more
likely to have a higher prevalence of LTBI than those maintained
on peritoneal dialysis (PD) because of their more frequent
hospital visits and longer hospital stays. Therefore, identifying
patients with LTBI and preventing reactivation of active TB are
essential in this population.

The tuberculin skin test (TST) has been widely used to
determine the LTBI status in the general population and in
patients with CKD. However, the low sensitivity of this test may
limit its use in patients with CKD because of their decreased T-
cell function (Smirnoff, 1998). Furthermore, the TST is less
specific to Mycobacterium tuberculosis, especially in patients
who have received the bacillus Calmette-Guérin (BCG)
vaccine. Interferon-gamma release assays (IGRAs), either by
enzyme-linked immunosorbent spot (ELISpot) or enzyme-
linked immunosorbent assay (ELISA), are being increasingly

Abbreviations: CKD, chronic kidney disease; ESKD, end-stage kidney
disease; TB, tuberculosis; LTBI, latent TB infection.
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used to detect cases of LTBIL. IGRAs have been proven helpful in
immunocompromised patients with T-cell dysfunction,
particularly those who have received the BCG vaccine (Brock
et al., 2004; Simsek et al., 2010).

Studies focusing on the rate of LTBI among patients with
CKD in Thailand are limited, and most such studies used the
TST. Therefore, we analyzed the epidemiology of LTBI in Thai
patients with CKD (especially those with ESKD requiring RRT)
in TB-endemic areas using a highly sensitive and specific test
(IGRA). Additionally, we investigated risk factors that may assist
clinicians in identifying patients at risk of LTBI in an effort to
develop prevention strategies for this vulnerable population.

Overall, the aim of this study was to elucidate the prevalence
and predictors of LTBI among Thai patients with CKD,
including those with ESKD receiving RRT by either HD or PD.

Methods
Study population

All patients with CKD who underwent an investigation of
their LTBI status at Ramathibodi Hospital were prospectively
recruited from September 2020 to November 2021 and
retrospectively reviewed from December 2020 to November 2021.

LTBI was defined as a positive IGRA result without clinical or
radiographic findings compatible with active TB. The T-
SPOT®.TB assay (Oxford Immunotec, Abingdon, UK) was
performed, and the interferon-gamma level of the post-reaction
supernatant was then measured by ELISpot. The results were
interpreted as positive, negative, borderline, or indeterminate
(Dyrhol-Riise et al., 2010; Banach and Harris, 2011). Patients
with borderline results were included in a positive test for
comparative analysis. Those with indeterminate results were
excluded from the study.

In the evaluation of radiographic findings, a lung lesion
compatible with active TB was defined as a new patch of
consolidation, collapse, lymphadenopathy, mass or nodule, or
cavitary lesion without other proven etiology. Prior TB was
radiographically defined as the presence of fibrotic infiltrates
with pleural thickening or calcified nodules over the upper lung
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fields along with other fibrotic lesions documented from
previous TB disease (Jasmer et al., 2000). A certified
radiologist interpreted all chest radiographs in this study.

>CKD is defined by the presence of kidney damage or
decreased kidney function for at least 3 months, irrespective of
the cause. Kidney damage generally refers to pathologic anomalies
in the native or transplanted kidney as established via imaging or
biopsy or as deduced from clinical markers such as increased
albuminuria (albumin-to-creatinine ratio of >30 mg/g) or urinary
sediment alterations. Decreased kidney function refers to a reduced
glomerular filtration rate (<60 mL/min/1.73 m?) (Navaneethan
et al, 2021). The prevalence of LTBI was determined by the CKD
stage, which was classified by the estimated glomerular filtration
rate (stage 1, 2, 3a, 3b, 4, 5, or 5d). Patients with stage 5d CKD were
those who were maintained on RRT by either HD or PD. The
dialysis mode was defined as its use in the past 3 months prior to the
T-SPOT®.TB test. Every HD session regularly lasted for 4 hours in
accordance with the National Kidney Foundation Kidney Disease
Outcome Quality Initiative ([[NoAuthor|]) with two to three
sessions per week depending on the patient’s residual renal
function and adequacy of dialysis.

Current smokers were defined as those who had smoked
within 3 months prior to the study (Lin et al., 2009). Current
alcohol drinkers were defined as women who had drunk more
than 7 standard alcoholic drinks and men who had drunk more
than 14 standard drinks within 3 months prior to the study.

Data collection

The following demographic and clinical data were recorded in a
standardized case report form: age, sex, weight, body mass index
(BMI), etiology of CKD, underlying comorbidities, history of TB,
history of BCG vaccination, respiratory and constitutional
symptoms, smoking status, alcohol drinking status, blood
hemoglobin concentration, total white blood cell count, absolute
lymphocyte count, serum albumin concentration, blood urea
nitrogen concentration, and creatinine concentration.

Statistical analysis

The patients were classified according to their LTBI status for
further comparison. Intergroup differences were analyzed using
Student’s t-test for numerical variables and the chi-square test for
categorical variables. Predictors of LTBI were assessed by logistic
regression analysis. Multivariable analysis was used to identify
factors associated with the LTBI status. All potential predictors
with a p value of <0.10 were included in the stepwise variable
selection procedure. A two-sided p value of <0.05 was considered
statistically significant. All analyses were performed using SPSS
Version 13.0 (SPSS Inc., Chicago, IL, USA).
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Results
CKD population

The data of 199 patients with CKD were retrieved, among
whom 97 patients were from the Ramathibodi Hospital
database. Moreover, 102 patients were prospectively identified
during the study period (Figure 1). Twenty-six patients were
excluded because of active TB infection (n=14) and
indeterminate T-SPOT®.TB results (n=12). Therefore, 173
patients were eligible for the analysis. A total of 16.2%, 13.9%,
6.9%, 6.9%, 0.6%, 0.6%, and 54.9% of the patients had underlying
stage 1, 2, 3a, 3b, 4, 5, and 5d CKD, respectively. The patients’
mean * standard deviation age was 52.4 + 15.8 years. A total of
43.3% of the patients were male, and the mean BMI was 23.56 +
4.31 kg/m®. The etiologies of CKD were diabetes mellitus
(4.62%), hypertension (1.15%), chronic glomerulonephritis
(8.67%), other conditions (2.89%), and unknown (38.15%).
The comorbidities included diabetes mellitus (18.49%),
hypertension (66.47%), atherosclerotic vascular disease
(7.51%), and human immunodeficiency virus (HIV) infection
(0.50%). Among all patients with CKD, 29.48% received
immunosuppressants, 82.66% received BCG vaccination,
6.35% reported being a current smoker, and 4.62% reported
alcohol consumption (Table 1).

The prevalence of LTBI among patients with CKD was
22.5%. The distribution of LTBI was 25.0%, 12.5%, 25.0%,
25.0%, and 24.2% among patients with underlying stage 1, 2,
3a, 3b, and 5d CKD, respectively (p=0.89) (Figure 2). A
comparison of the demographics and laboratory data of
patients with and without LTBI is presented in Table 1. There
were no significant differences in parameters between patients
with and without LTBI.

ESKD population

A total of 95 (55%) patients had ESKD requiring RRT. The
characteristics of the patients with ESKD are presented in
Table 2. In this subpopulation, 80% and 20% of patients were
maintained on HD and PD, respectively. Their mean age was
44.30 + 11.54 years. Approximately 58.95% were male, and the
mean BMI was 23.01 + 4.19 kg/m*. The etiologies of CKD were
diabetes mellitus (8.42%), hypertension (2.10%), chronic
glomerulonephritis (14.73%), other conditions (5.26%), and
unknown (69.47%). The comorbidities comprised diabetes
mellitus (14.73%), hypertension (89.47%), and atherosclerotic
vascular disease (8.42%). Three (3.15%) and 94 (98.94%)
patients had previously received immunosuppressants and
BCG vaccination, respectively. Six (6.31%) patients reported
having smoking and drinking habits each.
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A total of 23 (24%) patients had LTBI. Among these patients,
the prevalence of LTBI was significantly higher in those receiving
HD than in those receiving PD (28.94% and 5.26%, respectively;
p=0.031). A comparison of the variables of patients with and
without LTBI is presented in Table 2. A significantly higher
proportion of patients with ESKD reported using alcohol in the
LTBI group than in the non-LTBI group (p=0.012).
Furthermore, more patients were maintained on HD in the
LTBI group than in the non-LTBI group (p=0.031).

In the multivariable analysis of patients with ESKD, drinking
alcohol was significantly associated with LTBI (odds ratio, 8.51;
95% confidence interval, 1.24-58.38; p=0.029), and HD was
marginally associated with LTBI (odds ratio, 8.14; 95% CI,
0.95-69.91; p=0.056) (Table 3).

Discussion

This study investigated the prevalence of LTBI using the T-
spoT® B assay as a diagnostic tool in Thai patients with CKD,
focusing on the need for dialysis. Approximately 20% of the
patients with CKD were found to have LTBI. More interestingly,
approximately 25% of the patients requiring RRT also had LTBI.
Among the latter, those who were current alcohol drinkers and
were receiving HD were more likely to be diagnosed with LTBL

The population of patients with CKD is increasing worldwide,
and TB is a commonly associated infectious disease (Stevens et al.,
2010; Hill and Fogarty, 2012). Investigation for LTBI is crucial to
identify patients at risk of TB reactivation and offer them LTBI
therapy. The IGRA-positive rate reportedly ranges from 21% to
40% in patients with CKD, whereas 6% to 11% of patients have

10.3389/fcimb.2022.1046373

indeterminate IGRA results (Lee et al., 2009; Lee et al,, 2010). The
prevalence of LTBI in the present study was approximately 22.5%.
We propose that patients with CKD in Thailand have a much
higher prevalence of LTBI than the general population and should
be prioritized for targeted prevention of active TB disease, especially
IGRA-positive patients.

Our study is unique regarding use of the IGRA, which offers
several advantages over the TST in terms of convenience and
accuracy [Brock, Weldingh et al, 2004, Simsek, Alpar et al.,
2010]. Use of the TST is limited in Thai patients because of
possible cross positivity with the BCG strain from childhood
vaccination and an emerging prevalence of non-tuberculous
mycobacterial disease in Asia (Yu et al, 1999; Lai et al, 2010).
Furthermore, the ELISpot assay offers advantages over ELISA by
incorporating a positive control (mitogen) tube and negative
control (no antigen) tube; the immune reaction to M.
tuberculosis-specific antigens can be differentiated from false-
positive results due to nonspecific activation and false-negative
results due to immunosuppression. Thus, the IGRA is a better
screening test for LTBI than is the TST. Furthermore, ELISpot has
higher sensitivity than ELISA for detection of LTBI in relatively
immunocompromised patients. However, this does not help to
differentiate LTBI from active TB disease. Two IGRAs are currently
commercially available in Thailand: the QuantiFERON®-TB Gold
In-Tube test and the T-SPOT®.TB test. Although not 100% precise,
their sensitivity of 98.0% and specificity of 99.1% have been proven
helpful in immunocompromised patients with T-cell dysfunction,
particularly those who have received BCG vaccination (Brock et al,
2004; Simsek et al., 2010).

It has been previously assumed that because patients
undergoing HD frequently visit the HD room, they are more

Prospective study
(n=102)

Retrospective study
(n=97)

| Recruit (n=199)

Excluded
¢ Active TB (n=14)
¢ Indeterminate T SPOT".TB. result (n=12)

| Eligibility (n=173)

| | |

Stage 1 Stage 2 Stage 3a
(n=28) (n=24) (n=12)

(n=12)

Stage 3b

FIGURE 1

Stage 4 Stage 5 Stage 5d
(n=1) (n=1) (ESKD)
(n=95)
———
HD PD
(n=76) (n=19)

Study flow chart. ESKD, end-stage kidney disease; HD, hemodialysis; PD, peritoneal dialysis
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TABLE 1 Characteristics of patients with CKD.

Characteristics Total (n=173)
Age, years 5243 + 15.81
Male sex 75 (43.35)
BMI, kg/m* 23.56 + 4.31
Cause of CKD

Diabetes mellitus 8 (4.62)

Hypertension 2 (1.15)

Chronic glomerulonephritis 15 (8.67)

Others 5(2.89)

Unknown 143 (82.65)
Comorbidities

Diabetes mellitus 32 (18.49)

Hypertension 115 (66.47)

ASCVD 13 (7.51)

HIV infection 1 (0.50)
Receiving immunosuppressants 51 (29.48)
BCG vaccination 143 (82.66)
History of TB infection 7 (4.04)
Current smoking 11 (6.35)
Current alcohol drinking 8 (4.62)
CKD stage

1 28 (16.20)

2 24 (13.90)

3a 12 (6.93)

3b 12 (6.93)

4 1(0.57)

5 1(0.57)
5d (ESKD) 95 (54.90)
White blood cell count, cells/mm? 6712 + 2150
Neutrophils, % 69 + 12
Lymphocytes, % 18+38
Absolute lymphocyte count, cells/mm’ 1149 + 557
Hemoglobin, g/dL 11+17
Albumin, g/L 3.7 £0.57
Parathyroid hormone, pg/mm’ 579 + 494
Calcium, mg/dL 93+ 1.0
Phosphorus, mg/dL 47+ 14
Blood urea nitrogen, mg/dL 44.6 £19.2
Creatinine, mg/dL 92+35

Data are presented as mean + standard deviation or n (%).

LTBI (n=39) Non-LTBI (n=134) p value
54.08 + 15.77 51.96 + 15.84 0.462
17 (43.58) 58 (43.28) 0.973
23.25 + 3.96 23.65 + 4.41 0.619
0.735
2 (5.12) 6 (4.47)
0 (0.00) 2 (1.49)
2 (5.13) 13 (9.70)
1(2.56) 4 (2.98)
39 (10.40) 137 (77.45)
6 (15.38) 26 (19.40) 0.569
26 (66.67) 89 (66.41) 0.977
2 (5.12) 11 (8.20) 0.514
0 (0.00) 1 (0.50) 0.594
9 (23.07) 42 (31.34) 0.319
31 (79.48) 112 (83.58) 0.552
1(2.56) 6 (4.47) 0.558
4 (10.25) 7 (5.22) 0.257
4 (10.25) 4(2.98) 0.051
0.89
7 (25.00) 21 (75.00)
3 (12.50) 21 (87.50)
3 (25.00) 9 (75.00)
3 (25.00) 9 (75.00)
0 (0.00) 1 (100)
0 (0.00) 1 (100)
23 (24.20) 72 (75.80)

7031 + 2902 6840 + 2211 0.661
67 + 12 66 + 13 0.649
22+ 10 22+ 11 0.886

1569 + 1028 1490 + 918 0.649

11.15 2.0 1124 + 1.7 0.781

3.7 +0.57 3.7 £0.52 0.959
607 + 425 570 + 517 0.761
9.4+09 93+ 1.1 0.667
44+ 14 48+ 1.4 0.242

33.8 +15.0 37.0 + 22.0 0.410

545 + 4.4 565+ 5.1 0.823

10.3389/fcimb.2022.1046373

ASCVD, atherosclerotic cardiovascular disease; BCG, bacillus Calmette-Guerin; BMI, body mass index; CKD, chronic kidney disease; ESKD, end-stage kidney disease; HIV, human

immunodeficiency virus; LTBI, latent tuberculosis infection; TB, tuberculosis.

likely to acquire TB via airborne transmission than are patients
undergoing PD. However, a report of patients undergoing PD in
Spain and Taiwan showed a comparable prevalence of LTBI
(Palomar et al,, 2011). This could be explained by the nature of
dialysis settings and practices in each country. In contrast to a
previous report (Banach and Harris, 2011), alcohol drinking was
not identified as an independent risk factor for LTBI among the
CKD population in the present study. Instead, consuming alcohol
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more than once a week is reportedly an independent predictor of
LTBI in the general Asian population (Yap et al,, 2018). If an IGRA
is unavailable, the focus should be on current alcohol drinkers and
HD recipients. Different combinations of these predictors may be
helpful to select the target population for preventive therapy for
LTBI. However, the costs and benefits of preventive therapy in this
particular population should be further evaluated. Furthermore, risk
factors for LTBI may vary based on the characteristics of patients in
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FIGURE 2

Prevalence of LTBI in patients with CKD by CKD stage. CKD, chronic kidney disease; HD, hemodialysis; LTBI, latent tuberculosis infection; PD,

peritoneal dialysis.

TABLE 2 Characteristics of patients with ESKD.

Characteristics

Age, years
Male sex
BMI, kg/m?
Cause of CKD
Diabetes mellitus
Hypertension
Chronic glomerulonephritis
Others
Unknown
Comorbidities
Diabetes mellitus
Hypertension
ASCVD
HIV
Receiving immunosuppressants
BCG vaccination
History of TB infection
Current smoking
Current alcohol drinking
Renal replacement therapy
Hemodialysis

Peritoneal dialysis

Total (n=95)

44.30 £ 11.54
56 (58.95)
23.01 +4.19

8 (8.42)
2 (2.10)
14 (14.73)
5 (5.26)
66 (69.47)

14 (14.73)
85 (89.47)
8 (8.42)
1 (1.05)
3 (3.15)
94 (98.94)
3 (3.15)
6 (6.31)
6 (6.31)

76 (80.00)
19 (20.00)

LTBI (n=23)

51.95 + 15.84
13 (56.52)
23.25 £ 3.96

2 (8.69)
0 (0.00)
2 (8.69)
1 (4.34)
18 (78.26)

8.69)
86.95)

2(
0 (
1(4.34)
(
(

2
0 (0.00)
1 (4.34)

23 (1.00)
0 (0.00)
3 (13.04)

4(17.39)

22 (28.94)
1(5.26)

Non-LTBI (n=72) p value
54.08 + 15.77 0.463
43 (59.72) 0.786
23.64 + 441 0.619
0.776
6 (8.33)
2(2.77)
12 (16.67)
4 (5.55)
48 (66.67)
12 (16.67) 0.348
65 (90.27) 0.651
7 (9.72) 0.410
1(1.38) 0.567
2(277) 0.708
71 (98.61) 0.570
3 (4.16) 0.320
3 (4.16) 0.128
2(2.77) 0.012
0.031
54 (71.05)
18 (94.73)

Data are presented as mean + standard deviation or n (%).
ASCVD, atherosclerotic cardiovascular disease; BCG, bacillus Calmette-Guerin; BMI, body mass index; CKD, chronic kidney disease; ESKD, end-stage kidney disease; HIV, human

immunodeficiency virus; LTBI, latent tuberculosis infection; TB, tuberculosis.
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TABLE 3 Risk factors for LTBl among patients with ESKD by logistic regression analysis.

Risk factors

Univariable analysis

Multivariable analysis

OR (95% CI) p value OR (95% CI) p value
Age 1.02 (0.98-1.06) 0.320
Male sex 0.87 (0.34-2.27) 0.786
BMI 0.91 (0.79-1.03) 0.154
Diabetes mellitus 0.47 (0.09-2.30) 0.357
Hypertension 0.72 (0.17-3.03) 0.653
ASCVD 0.41 (0.05-3.57) 0.424
Alcohol drinking 7.36 (1.25-43.32) 0.027 8.51 (1.24-58.38) 0.029
Receiving immunosuppressant 1.59 (0.14-18.39) 0.71
Current smoking 3.45 (0.65-18.43) 0.148
Hemodialysis 7.33 (0.92-58.33) 0.060 8.14 (0.95-69.91) 0.056

ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CI, confidence interval; ESKD, end stage kidney disease; LTBI, latent tuberculosis infection; OR, odds ratio.

different studies, such as age, race, the prevalence of HIV infection,
and the mode of dialysis. Further large-scale investigations are
necessary to confirm this finding and investigate its possible causes.

The present study has several limitations. First, this study was
conducted in a tertiary referral center that includes patients with
more underlying comorbidities and a higher prevalence of LTBI
than the general population. Second, recall bias in the retrospective
part of the study may have limited our acquisition of the patients’
actual previous TB exposure. Third, the long time gap between the
chest X-ray examination and the T-SPOT®.TB assay in some
patients prevented assessment of the most current clinical
condition. Fourth, the laboratory data were missing in a few
patients. Fifth, a true prevalence of LTBI among non-dialysis
CKD patients and dialysis patients may not be truly represented
and subjected to selection bias since this LTBI screening is still not
widely utilized in our resource-retrained setting. However, our data
could encourage clinicians to better explore this particular latent
infection among these high-risk populations. Finally, active TB
infection cannot be completely ruled out based on subjective
symptoms, and chest X-ray examination may not be sensitive
enough to provide evidence of active TB infection.

In conclusion, approximately 20% of patients with CKD and
25% of patients with ESKD may have LTBI. Therefore, LTBI
screening by highly specific and sensitive tests such as the IGRA
is encouraged in Thailand. Among patients with ESKD, those
who maintain HD for RRT and drink alcohol are at greater risk
of LTBI. These two predictors may help to better identify high-
risk patients with ESKD and potentially screen them for LBTI.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Frontiers in Cellular and Infection Microbiology

Ethics statement

The studies involving human participants were reviewed and
approved by Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand. The patients/
participants provided their written informed consent to
participate in this study.

Author contributions

Conceptualization: JB. Data collection: PH, JB. Data analysis:
PH, JB. Manuscript writing (original draft): PH, JB. Manuscript
reviewing and editing: PH, SB, PP, JB. All authors contributed to
the article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fcimb.2022.1046373
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Hayuk et al.

References

Al-Efraij, K., Mota, L., Lunny, C., Schachter, M., Cook, V., and Johnston, J.
(2015). Risk of active tuberculosis in chronic kidney disease: a systematic review
and meta-analysis. Int. J. Tuberc. Lung Dis. 19 (12), 1493-1499. doi: 10.5588/
ijtld.15.0081

(1997). NKF-DOQI clinical practice guidelines for hemodialysis adequacy. Am.
J. Kidney Dis. 30 (3 Suppl 2), S15-S66. National Kidney Foundation.

Banach, D. B, and Harris, T. G. (2011). Indeterminate QuantiFERON®—TB gold
results in a public health clinic setting. Int. J. Tuberc Lung Dis. 15 (12), 1623-1630.
doi: 10.5588/ijtld.11.0017

Brock, I, Weldingh, K., Lillebaek, T., Follmann, F., and Andersen, P. (2004).
Comparison of tuberculin skin test and new specific blood test in tuberculosis
contacts. Am. J. Respir. Crit. Care Med. 170 (1), 65-69. doi: 10.1164/rccm.200402-2320C

Dobler, C. C., McDonald, S. P., and Marks, G. B. (2011). Risk of tuberculosis in
dialysis patients: A nationwide cohort study. PloS One 6 (12), €29563. doi: 10.1371/
journal.pone.0029563

Dyrhol-Riise, A. M., Gran, G., Wentzel-Larsen, T., Blomberg, B., Haanshuus, C.
G., and Morkve, O. (2010). Diagnosis and follow-up of treatment of latent
tuberculosis; the utility of the QuantiFERON-TB gold in-tube assay in
outpatients from a tuberculosis low-endemic country. BMC Infect. Dis. 10, 57.
doi: 10.1186/1471-2334-10-57

Hill, C.J., and Fogarty, D. G. (2012). Changing trends in end-stage renal disease
due to diabetes in the united kingdom. J. Ren Care 38 Suppl 1, 12-22. doi: 10.1111/
j.1755-6686.2012.00273.x

Jasmer, R. M., Snyder, D. C., Chin, D. P., Hopewell, P. C., Cuthbert, S. S,,
Antonio Paz, E., et al. (2000). Twelve months of isoniazid compared with four
months of isoniazid and rifampin for persons with radiographic evidence of
previous tuberculosis: an outcome and cost-effectiveness analysis. Am. J. Respir.
Crit. Care Med. 162 (5), 1648-1652. doi: 10.1164/ajrccm.162.5.2003028

Kanchar, A., and Swaminathan, S. (2019). Tuberculosis control: WHO
perspective and guidelines. Indian J. Pediatr. 86 (8), 703-706. doi: 10.1007/
512098-019-02989-2

Lai, C. C, Tan, C. K,, Chou, C. H, Hsu, H. L, Liao, C. H,, Huang, Y. T, et al.
(2010). Increasing incidence of nontuberculous mycobacteria, Taiwan, 2000-2008.
Emerg. Infect. Dis. 16 (2), 294-296. doi: 10.3201/eid1602.090675

Lee, S. S., Chou, K. J., Dou, H. Y., Huang, T. S,, Ni, Y. Y,, Fang, H. C,, et al.
(2010). High prevalence of latent tuberculosis infection in dialysis patients using
the interferon-gamma release assay and tuberculin skin test. Clin. J. Am. Soc.
Nephrol. 5 (8), 1451-1457. doi: 10.2215/CJN.01790210

Frontiers in Cellular and Infection Microbiology

08

10.3389/fcimb.2022.1046373

Lee, S. S, Chou, K. ], Su, L. ], Chen, Y. S., Fang, H. C., Huang, T. S,, et al. (2009).
High prevalence of latent tuberculosis infection in patients in end-stage renal
disease on hemodialysis: Comparison of QuantiFERON-TB GOLD, ELISPOT, and
tuberculin skin test. Infection 37 (2), 96-102. doi: 10.1007/s15010-008-8082-3

Lin, H. H., Ezzati, M., Chang, H. Y., and Murray, M. (2009). Association between
tobacco smoking and active tuberculosis in Taiwan: prospective cohort study. Am.
J. Respir. Crit. Care Med. 180 (5), 475-480. doi: 10.1164/rccm.200904-05490C

Lundin, A. P., Adler, A. ], Berlyne, G. M., and Friedman, E. A. (1979).
Tuberculosis in patients undergoing maintenance hemodialysis. Am. J. Med. 67
(4), 597-602. doi: 10.1016/0002-9343(79)90240-7

Navaneethan, S. D., Zoungas, S., Caramori, M. L., Chan, J. C. N., Heerspink, H. J.
L., Hurst, C., et al. (2021). Diabetes management in chronic kidney disease:
Synopsis of the 2020 KDIGO clinical practice guideline. Ann. Intern. Med. 174
(3), 385-394. doi: 10.7326/M20-5938

Palomar, R., Arias Guillen, M., Robledo, C., Agiiero, R., Agiiero, J., Rodriguez,
C., et al. (2011). Detection of latent tuberculosis infection in peritoneal dialysis
patients: new methods. Nefrologia 31 (2), 169-173. doi: 10.3265/
Nefrologia.pre2011

Simsek, H., Alpar, S., Ucar, N., Aksu, F., Ceyhan, I, Gozalan, A., et al. (2010).
Comparison of tuberculin skin testing and T-SPOT.TB for diagnosis of latent and
active tuberculosis. Jpn J. Infect. Dis. 63 (2), 99-102. doi: 10.7883/yoken.63.99

Smirnoft, M., Patt, C., SecKler, B., and Adler, J. J. (1998). Tuberculin and anergy
skin testing of patients receiving long-term hemodialysis. Chest 113 (1), 25-27. doi:
10.1378/chest.113.1.25

Stevens, L. A., Viswanathan, G., and Weiner, D. E. (2010). Chronic kidney
disease and end-stage renal disease in the elderly population: current prevalence,
future projections, and clinical significance. Adv. Chronic. Kidney Dis. 17 (4), 293
301. doi: 10.1053/j.ackd.2010.03.010

Vikrant, S. (2019). Clinical profile of tuberculosis in patients with chronic kidney
disease: A report from an endemic country. Saudi J. Kidney Dis. Transpl 30 (2),
470-477. doi: 10.4103/1319-2442.256854

Yap, P, Tan, K. H. X,, Lim, W. Y., Barkham, T., Tan, L. W. L., Chen, M. L, et al.
(2018). Prevalence of and risk factors associated with latent tuberculosis in
Singapore: A cross-sectional survey. Int. J. Infect. Dis. 72, 55-62. doi: 10.1016/
j.1jid.2018.05.004

Yu, M. C,, Suo, J., Huang, C,, Bai, K. ], Lin, T. P, and Luh, K. T. (1999). Annual
risk of tuberculous infection in Taiwan, 1996-1998. J. Formos Med. Assoc. 98 (7),
496-499.

frontiersin.org


https://doi.org/10.5588/ijtld.15.0081
https://doi.org/10.5588/ijtld.15.0081
https://doi.org/10.5588/ijtld.11.0017
https://doi.org/10.1164/rccm.200402-232OC
https://doi.org/10.1371/journal.pone.0029563
https://doi.org/10.1371/journal.pone.0029563
https://doi.org/10.1186/1471-2334-10-57
https://doi.org/10.1111/j.1755-6686.2012.00273.x
https://doi.org/10.1111/j.1755-6686.2012.00273.x
https://doi.org/10.1164/ajrccm.162.5.2003028
https://doi.org/10.1007/s12098-019-02989-2
https://doi.org/10.1007/s12098-019-02989-2
https://doi.org/10.3201/eid1602.090675
https://doi.org/10.2215/CJN.01790210
https://doi.org/10.1007/s15010-008-8082-3
https://doi.org/10.1164/rccm.200904-0549OC
https://doi.org/10.1016/0002-9343(79)90240-7
https://doi.org/10.7326/M20-5938
https://doi.org/10.3265/Nefrologia.pre2011
https://doi.org/10.3265/Nefrologia.pre2011
https://doi.org/10.7883/yoken.63.99
https://doi.org/10.1378/chest.113.1.25
https://doi.org/10.1053/j.ackd.2010.03.010
https://doi.org/10.4103/1319-2442.256854
https://doi.org/10.1016/j.ijid.2018.05.004
https://doi.org/10.1016/j.ijid.2018.05.004
https://doi.org/10.3389/fcimb.2022.1046373
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Interferon-gamma release assays for diagnosis of latent TB infection in chronic kidney diseases and dialysis patients
	Introduction
	Methods
	Study population
	Data collection
	Statistical analysis

	Results
	CKD population
	ESKD population

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


