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ARTICLE INFO ABSTRACT

Keywords: Introduction: Since immune system alteration occurs, chronic kidney disease (CKD) on routine haemodialysis
Chronic kidney disease (HD) patients have a greater risk for latent tuberculosis (LTB). LTB needs special attention so that it does not
Haemodialysis

develop into an active form, because infection in CKD patients increases the mortality. This study aims to
determine the risk factors that associated with LTB among CKD on routine HD patients.

Methods: This was a cross-sectional study conducted in Haemodialysis Unit, Hasan Sadikin General Hospital,
Bandung. The subjects were recruited from March-May 2020. Subjects aged > 18 years at least have undergoing
HD in 3 months and twice a week HD were included in this study. Patients with active tuberculosis (TB) sus-
pected, malignancy, or immunocompromised were excluded. LTB was diagnosed using interferon-y release as-
says (IGRA). All data including age, sex, CKD etiologies, smoking status, HD adequacy that assessed using KT/V
and urea reduction ratio (URR), and contact status with TB patients were obtained and recorded in case report
form.

Results: A total of 120 subjects were involved. LTB based on IGRA was occurred in 39.2% subjects, while 56.7%
and 4.1% subjects had negative and indeterminate IGRA, respectively. Adequacy of HD based on KT/V value was
not significantly different between positive and negative IGRA subjects. Positive IGRA subjects had lower URR (p
= 0.042). Smoking status had significant association with LTB (OR = 2.5[95%CI 1.2-5.4, p = 0.017).
Furthermore, URR < 73% also had significant association with LTB (OR = 2.6[1.2-5.6, p = 0.013).
Conclusion: Smoking status and HD adequacy based on URR < 73% are associated factors that contribute to LTB
among CKD on HD patients.

Latent tuberculosis
Risk factors

1. Introduction

Tuberculosis (TB) risk among chronic kidney disease (CKD) patients
is greater than normal kidney function subjects [1]. Coexistence of
systemic inflammation and immunocompromised are the common
implication of uremic state. These two mechanisms contribute to the
morbidity and mortality of CKD patients [1,2]. Uremic state disrupts the
immune response through several pathways including decreased
phagocytosis activity of granulocytes and monocytes/macrophages,
impaired antigen presentation capacity of antigen presenting cells
(APC), decreased in amount of presented antigen on dendritic cells
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surface, decreased capacity of B cells production, increased T cell
apoptosis, and disrupted cell-mediated immunity (CMI) [2].

LTB among CKD patients are prevalent. Based on tuberculin subcu-
taneous test (TST), the prevalence of LTB among CKD patients in Brazil
was 10.3%, with average age of 53 years old and predominantly in male
individuals [3]. Another study that conducting screening for LTB in
dialysis unit, revealed 9 of 41 patients had LTB [4]. An Indian 10-years
cohort study yielded 10.5% LTB diagnosis after HD initiation. The mid-
point duration after HD initiation were 24 months. The study conducted
in Taiwan yielded 21.3% LTB according on IGRA [5].

Various factors are purposed to be predictors of LTB. Inadequate
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nutrition intake such as carbohydrates, vitamin, and minerals increase
the probability of LTB 2-4 times. Inadequate nutrition and dense pop-
ulation settlement, in combine, also increase 2-times probability LTB. In-
house contact with TB patients propagates the probability of LTB up to
14-times [6]. Among CKD patients, the risk is increased and it is
contributed by increased age, previous history of TB, and smoking
habits, both still active smokers and the quitters [7].

CKD patients are the high-risk population to develop LTB. Moreover,
TB reactivation risk is increased by 10-25 times among CKD on dialysis
[8]. Unfortunately, LTB is often not documented adequately. To date,
diagnosing LTB is still to be challenging. Two-most modalities, IGRA and
TST are used to detect LTB infection among CKD patients [9]. Compared
to immunocompetent individuals, immunocompromised patients might
have decreased IGRA response. However, IGRA is more superior than
TST [10].

LTB is the one of crucial steps in mortality of CKD patients that
accompanied by active TB. Infection contributes to mortality and
morbidity among CKD patients, even though HD has been started [11].
Active TB is an infection which worsens the prognosis of CKD patients
and increases the mortality [12]. Hence, LTB needs serious attention so
it could not be progressed to active form. Due to the magnitude and its
urgencies of LTB among CKD on HD patients, the investigation about
risk factors that associated with LTB is needed. Hence, the management
of CKD on HD patients could be more comprehensive, and as its impli-
cations, the morbidity and mortality could be decreased while quality of
life could be increased. The aim of the study was to identify the risk
factors that associated with LTB among CKD on HD patients.

2. Methods
2.1. Study design and subjects

This was an observational-analytic study with cross sectional
approach. The study was conducted on CKD on HD patients in Haemo-
dialysis Unit, Hasan Sadikin General Hospital, Bandung, with the subject
recruitment period of March-May 2020. The subjects were recruited
consecutively. Subjects aged more 18 years with minimum routine HD
period of 3 months at least twice a week were included in this study.
Patients with malignancy, infected by human immunodeficiency virus/
acquired immune deficiency syndrome (HIV/AIDS), or being treated
using immunosuppressive regiment were excluded. Patients with TB
history, being treated using anti-tuberculosis drugs, or radiologically
suspected for TB were also not involved in this study.

2.2. Data collection

Subjects that met the inclusion criteria but not met the exclusion
criteria were examined. The examinations were consisted of history
taking, physical examination, as well as laboratory investigations to
exclude active TB. Symptoms and signs of TB were fever, dyspneu,
decreased body weight, chronic diarrhea, and lymph node enlargement.
All subjects were examined for thoracic x-ray. Those were expertized by
independent radiologist (not involved in this study). Subjects were also
assessed for sputum acid-fast bacilli, culture, abdominal ultrasound, and
lymph node examination according to the presence of sign and/or
symptoms. IGRA was examined to each patient without signs and
symptoms of TB, before HD procedure.

Some data were obtained to accommodate this study. The age of
subjects was calculated and noted according to birthdate in identity card
and the date of the examination. Adequacy of HD was based on Kt/V
value and urea reduction ratio (URR). Etiologies of CKD was defined as
underlying disease that causing CKD, that could be diabetes mellitus,
hypertension, glomerulonephropathy, chronic glomerulonephropathy,
pyelonephritis, and polycystic kidney disease. Smoking status was
categorized as smokers and non-smokers, while smoker was defined as
an adults who has smoked 100 cigarettes in his/her lifetime, both
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everyday and somedays smokers [13]. History of TB patients contact
was defined as a presence of in-house contact with patient that has been
diagnosed as TB patients or proven by positivity of acid-fast bacilli in
sputum. LTB was diagnosed according to the IGRA result, which have
done during 24-48 h and could be interpreted qualitatively based on the
amount of yielded interferon gamma. The criteria of IGRA interpretation
is presented in on Table 1[14]. Each indetermined IGRA results were re-
examined to confirming the results. Study data were collected and
managed using REDCap electronic data capture tools hosted at Uni-
versitas Padjadjaran [15,16].

2.3. Statistic analysis

All date were analysed using SPSS (IBM corporation. IBM SPSS Sta-
tistics for Windows, Version 25.0. Armonk, NY: IBM Corp). Two-groups
numerical comparisons were analyzed using unpaired-T test with Mann-
Whitney as the alternative test. Categorical bivariate analyses were
performed by chi-square test, or Fisher’s exact as the alternative test.
Multivariate logistic regression analysis was conducted to produce
adjusted odds ratio. Each p value < 0.05 was considered as statistically
significant. Results have been reported according to the STROBE
guidelines on the reporting of observational studies [17,18].

2.4. Ethical approval

This study was approved by Ethical Committee of Hasan Sadikin
General Hospital Bandung. This study was a part of “Tuberculosis among
Chronic Kidney Disease on Haemodialysis in Hasan Sadikin General
Hospital and Habibie Kidney Hospital Bandung, with registered number
LB.02.01/X6.5/302/2019.

3. Results
3.1. Subject characteristics

CKD on HD patients in Haemodialysis Unit Hasan Sadikin General
Hospital Bandung were 159. The detailed process of subject recruitment
was depicted on Fig. 1. A total of 120 patients (53.0% females and 47%
males) fulfilled the inclusion criteria and did not met the exclusion
criteria. According to IGRA, forty-seven (39,17%) subjects were posi-
tive, meanwhile 68 (56.7%) subjects were negative. Indeterminate re-
sults of IGRA were found in 5 subjects (4.2%). Subject characteristics are
presented in Table 2. Mean age of the subjects was 47 + 13 years. Me-
dian of the HD period was 50 months. Hypertension (52.2%) was the
dominant CKD etiology, followed by diabetes mellitus, primary
glomerulonephropathy, chronic pyelonephritis, uric acid nephropathy,
lupus nephropathy, obstructive nephropathy, and polycystic kidney
disease. There was no significant difference in subject characteristics
between positive and negative IGRA subjects (p value > 0.05).

3.2. Bivariate analysis of HD Adequacy, smoking Status, and TB contact
with IGRA

Bivariate analysis of HD adequacy, smoking status, and TB contact
with IGRA results are presented in Table 3. However, indeterminate
IGRA subjects were not involved on bivariate analysis due to small
number of subjects. Adequacy of HD according to KT/V value, positive

Table 1
Interpretation of QuantiFERON-TB IGRA.

Interpretation Nill TB response Mitogen Response

Positive <8.0 >0.35 IU/ml and > 25% of Nill Any
Negative <8.0 <0.35 IU/ml and < 25% of Nill >0.5
Indeterminate <8.0 <0.35 IU/ml and < 25% of Nill <0.5

>8.0 Any Any
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CKD on routine HD patients

(n=159)

A 4

Included subjects according to the inclusion criteria

(n=146)

Excluded (n=26)

History of TB and/or on ATD (n=18)
Radiographically suspected for TB (n=5)
Subjects with malignancy (n=2)

- HIV infection (n=1)
v
Enrolled Subjects
(n=120)
v y
Positive IGRA Negative IGRA
(n=47) (n=68)

l

Subjects in bivariate analysis
(n=115)

Intermediate IGRA
(n=5)

Fig. 1. Flowchart of Subjects Recruitment. ATD: antituberculosis drugs; CKD: chronic kidney disease; HD: haemodialysis; HIV: human immunodeficiency virus;
IGRA: interferon-y release assay; TB: tuberculosis.

Table 2 Table 3
Subject characteristics. Bivariate analysis between study variables with latent tuberculosis.
Characteristics Total IGRA (+) IGRA () P Variables IGRA (+) IGRA (-) P value
n=115 n =47 n=68 value n =47 n =68
Age (years) Haemodialysis adequacy
Mean + SD 47 £ 13 48 + 12 47 + 14 0.669% KT/V
Sex Median (Interquartile 1.58 (1.42-1.88) 1.71 (1.52-1.82) 0.238%
Male 54 (47.0) 26 (55.3) 28 (41.2) 0.135° range)
Female 61 (53.0) 21 (44.7) 40 (58.8) Urea reduction ratio
Period of haemodialysis Median (Interquartile 70.45 74.15 0.042%
(month) range) (65.70-76.61) (70.71-77.33)
Median (Interquartile range) 50 45 52 0.527° Smoking status
(27-83) (26-80) (28-87) Smokers 30 (63.8) 28 (41.2) 0.017"*
CKD Etiologies Non-smokers 17 (36.2) 40 (58.8)
Hypertensive kidney disease 60 (52.2) 26 (55.3) 34 (50.0) 0.619¢ Tuberculosis contact 2(4.3) 8(11.8) 0.160°
Diabetes kidney disease 18 (15.7) 9 (19.1) 9(13.2) history
Uric acid nephropathy 4(3.5) 2(4.3) 2(2.9 B . P P . .
Lupus nephropathy 2(1.7) 1(21) 1(1.5) Notes: “Mann Whitney, "Chi Square, “Fisher Exact, *statistically significant.
Obstructive nephropathy 1(0.9) 1(2.1) 0(0.0)
g}ll"me_mlon‘lfphmﬁa_ﬂ}Y 23( 5(22(;.0) Z 2&23;?) 17(;295)-0) IGRA subjects had lower value, but not statistically significant,
ronic pyelonephritis . . . . . -
Polycystic kidney 1015 0 (0.0) 1(15) compared to negative IGRA subjects (1.6 [8] vs 1.7[1.5-1.8], p value =

Notes: Used tests: “Unpaired t-test "Mann Whitney, Chi Square, “Fisher Exact.

0.24). Subjects with positive IGRA had significant lower URR than
subjects with negative IGRA (70.4[65.7-76.6] vs. 74.2[70.7-77.31, p
value = 0.04). Positive IGRA results were significantly more prevalent in
smokers than non-smokers (63.8% vs 41.2%, p value = 0.017). There
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was no significant difference in the frequencies of contact with TB pa-
tients between positive and negative IGRA subjects (4.3% vs 11.8%, p
value = 0.16).

3.3. Categorical bivariate analysis of URR and smoking status with IGRA

Table 4 shows the results of categorical bivariate analysis of URR and
smoking status with IGRA results. Smokers were significantly more
frequent in subjects with positive IGRA results (OR = 2.5[1.2-5.4], p
value = 0.017]. Subjects with URR < 73% significantly more frequent
among positive IGRA subjects than negative IGRA subjects (OR = 2.6
[1.2-5.6], p value = 0.33).

4. Discussion and conclusion

In our study, the prevalence of LTB among CKD on HD patients based
on IGRA was 39.2%. It is slightly greater than in a study conducted by
Shu et al [19]. in Taiwan (21.3%), that also used IGRA as diagnostic
tools. In such study, age, albumin serum, dialysis requirement, and
previous history of TB were identified as independent predictors of LTB.
Grant et al [20]. has studied the presence of LTB among CKD on HD
patients, which revealed the prevalence of 27-29%% according to IGRA.
Kim et al. also reported the IGRA positivity of 42.1% patients whose
undergoing to kidney transplantation [21]. A study by Agarwal et al
[22] in India yielded similar results with our study, which was 36% LTB
among CKD on HD patients.

Our study also revealed no significant difference between positive
and negative IGRA, in age and sex distributions. Rao et al. also reported
the similar results with our study [5]. On the other hand, younger
average of subject ages and male-dominant distribution were reported in
Agarwal et al. [22] study. Shu et al reported the older average of ages
according to IGRA positivity [19].

Although no difference in sex distribution, our results indicated that
the positivity of IGRA is greater in male subjects, meanwhile negativity
of IGRA is more common in female. These might be explained by
smoking habits. Agarwal et al. [22] and Rao et al [5] also showed the
accordant results to our study. Moreover, in general population, the
incidence of TB is 2-times more common in male [5].

In CKD patients, haemodialysis could alter immune response through
pro-apoptotic effect due to direct contact to dialysis membrane which
affects the CMI [23]. In our study, period length of HD in positive IGRA
subjects was shorter than in negative IGRA subjects. This similar fact has
documented by Shu et al in previous study [19]. Period of HD in
negative IGRA subjects was significantly longer than in positive IGRA
subjects. Nevertheless, our study revealed non-significant difference.

In our study, DM in positive IGRA subjects, is more prevalent than in
the negative one. DM has known as risk factor for TB [24]. Patients with
DM also have greater risk for TB reactivation [24,25]. Moreover, In
Indonesia, the prevalence of LTB among DM patients is quietly high
(38.9%) [26]. Weakening of immune response increases the risk of TB
infection development, from latent to active form. In fact, besides TB,
DM is also an independent risk for lower respiratory tract infections and
predisposing factor to have higher risk for severe complications [27].
Increased pro-inflammatory cytokines is correlated with increased blood
glucose. Delayed adaptive immune response including T cell-produced
IFN-y, mycobacteria lung-to-lymph dissemination, and leukocytes ag-
gregation have observed in DM patients [28].

Haemodialysis adequacy is an important factor that represents urea
clearance during HD session. Uremic retention implies disruption of
immune response in various mechanisms [2]. Our study assessed HD
adequacy through KT/V and URR value. Positive IGRA subjects had non-
significant lower KT/V value. On the other hand, they had markedly
lower URR value. In categorical analysis with 73% cut-off, the associa-
tion of URR value with LTB was significant. These discordance results
between KT/V and URR value is probably due to KT/V is more sensitive
than URR because involving the urea volume that distribute based on

Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 27 (2022) 100302

Table 4
Odds ratio of smoking status and urea reduction ratio of < 73% with latent
tuberculosis.

Variables IGRA (+) IGRA () P value OR (95% CI)
n =47 n =68
Smoking status
Smokers 30 (63.8) 28 (41.2) 0.017* 2.52 (1.17-5.42)
Non-smokers 17 (36.2) 40 (58.8)
Urea reduction ratio
<73% 29 (61.7) 26 (38.2) 0.013* 1.58 (0.62-4.03)
>73% 18 (38.3) 42 (61.8)

body weight and dialysis duration.

According to our results, IGRA positivity is more frequent in smokers
significantly. Cigarettes smoke and its components alter respiratory tract
structure. These alterations consist of peribronchial inflammation and
fibrosis, increased mucosal permeability, disrupted mucocilliar clear-
ance, altered pathogen environment, and disrupted respiratory
epithelia. As consequences, development of respiratory tract infection
and its inflammation are enhanced. Both humoral and cell-mediated
immunity are also disturbed. These abnormal processes cause
decreased circulating immunoglobulin levels, depressed antibody
response to certain antigen, decreased amount of CD4" lymphocytes,
increased CD8" lymphocytes, supressed phagocytes activities, and
decreased proinflammatory cytokines release. Nicotine could stimulate
catecholamines and corticosteroids which also supressed host immunity.
These biological defects put the smokers as vulnerable individuals to TB
progression [29]. Moreover, smoking habits is also an independent risk
factor for LTB [19,30]. In general population, the prevalence of LTB is
higher in still active smokers than in who had previous smoking history
and non-smokers, respectively [7].

In our study, no significant difference of TB contact history between
positive and negative IGRA subjects. Using contact with TB patient
history and suggestive thoracic x-ray to define high-risk individuals. In
general population, the occurrence of LTB also was not associated to in-
house contact with TB patients. On the other hand, Fox et alconcluded
that in-house contact with TB patients increased the probability to
develop LTB [6]. Suggestively, the discordance results are caused by the
fact that in our study the contact with TB patients was occurred before
diagnosis of CKD and treat using HD.

As a limitation, since we conducted the cross-sectional study, it
merely described one-point of time frame conditions. Hence, it does not
yet represent a stronger causal relationship. However, our study is first
documentation in Indonesia that investigate important risk factors
associated with LTB among CKD on HD patients. Further longitudinal
study is needed to determine and evaluate the strength of these causal
inferences. Moreover, the outcome of LTB therapy might be recom-
mended. High proportion of people receiving chronic haemodialysis can
complete LTB therapy [31]. LTB therapy in chronic haemodialysis may
be safe but requires close evaluation and monitoring. Further study for
this issue is also needed.

In conclusion, LTB is prevalent among CKD on HD patients. In such
population, smoking habit increases the probability to develop LTB.
Adequacy HD according to URR < 73% is also significantly associated
with the occurrence of LTB. There is no significant difference in age, sex,
CKD etiologies, and contact status with diagnosed TB patient. Further
study to investigate the outcome and treatment matters of LTB on HD
patients is needed.
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