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Risk factors associated with tuberculosis among patients with chronic
kidney diseases: A hospital-based nested case-control study Bangkok

Metropolitan, Thailand

Chetsada Huenghok” ~ M.Sc., Mathuros Tipayamongkholgul® Ph.D., Songpol Tornee® Ph.D.,
Warangkana Pichaiwong* M.D.

ABSTRACT

The study aimed to study tuberculosis-related factors among patients with chronic kidney disease
(CKD). The matched nested case-control study was conducted in the cohort of chronic kidney disease patients
from eight hospitals under the jurisdiction of the Medical Service Department, Bangkok. The CKD comprised
CKD patients aged 18 and above, and free from tuberculosis. From the pool of CKD patients, 171 cases who
developed tuberculosis after registration were selected. Controls were chosen from a risk-set of CKD patients
who remained tuberculosis-free, registered in the same year, and visited the same hospital when a case was
diagnosed. The 171 controls were matched one-to-one by sex and age. Descriptive statistics, namely frequency,
percentage, and chi-square, were calculated. Conditional logistic regression was used to identify associated
factors, and the results were presented in terms of adjusted odds ratio (ORadj) and a 95% confidence interval
(95% Cl).

The study found that related factors for developing tuberculosis were CKD patients at stages 3-5
of severity (ORadj = 8.40, 95% CI = 3.32-21.23) and the duration of CKD until tuberculosis diagnosis of
2-24 months (ORadj =7.99, 95% Cl = 3.85-16.61), kidney dialysis (ORadj =5.08, 95% Cl = 1.42-18.21). Patients
with CKD should undergo regular screening for tuberculosis, especially those undergoing dialysis and
patients who were registered not longer than 1 year and 6 months, to prevent the spread of tuberculosis in

the kidney disease clinic.
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Introduction

Chronic Kidney Disease (CKD) has become a
major public health problem worldwide (Al-Efraij,
Mota, Lunny, Schachter, Cook, & Johnston, 2015;
Lv, & Zhang, 2019). In 2017, 697.5 million cases
of all stages of CKD and 1.2 million deaths from
CKD were reported globally that increased by
29.3% and 41.5% since 1990, respectively (Bikbov,
Purcell, Levey, Smith, Abdoli, Abebe et al., 2020).
The Thai Screening and Early Evaluation of Kidney
Disease (SEEK) reported the prevalence of CKD in
Thailand at 17.5% and the highest prevalence
was in Bangkok (23.9%). Every year, 20,000
end-stage renal disease (ESRD) cases in Thailand
require dialysis treatment. The incidence rate of
hemodialysis was 187 permillion population/year
and peritoneal dialysis was 159 per million
population/year (Kanjanabuch & Takkavatakarn,
2020). It has widely known that CKD associated
with human immunodeficiency frequently occurs
among ESRD patients than in the general population
(Pahl & Vaziri, 2015). Consequently, infections
contribute significantly to co-morbidity and mortality
in ESRD patients. Moreover, kidney dialysis induces
inflammation and contributes to an altered immune
system (Lamarche, lliuta, & Kitzler, 2019). Tuber-
culosis is a common opportunistic disease among
human immunodeficiency people in particular the
high endemic area of tuberculosis (Castro, 1995;
Ruangkanchanasetr et al., 2008)

In 2021, World Health Organization (WHO)
reported 105,000 new tuberculosis cases and
relapsed tuberculosis cases in Thailand (Ministry
of Public Health, 2018). Several studied have
confirmed that kidney dialysis is associated with
an increased risk of tuberculosis and reported a
greater risk than the general population (Al-Efraij

et al., 2015; Min, Kwon, Jeong, Han, Kim et al,,
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2018; Yan, Puyat, Shulha, Clark, Levin, & Johnston,
2021). In United Kingdom study the overall
incidence rate of tuberculosis in those without
CKD and in those with CKD was 9.89 (7.96-2.30)
and 14.63 (12.28-17.42) per 100,000-person-years,
respectively (Ruzangi, Iwagami, Smeeth, Mangtani,
& Nitsch, 2020). The factors related to tuberculosis
in patients with CKD have been studied, but the
findings have remained unclear (Cheng, Liao, Lin,
Liu, & Lai, 2018). The treatment outcome of tuber-
culosis in CKD was poor in patients with a low
estimated glomerular filtration rate (eGFR) of < 30
ml/min/1.73 m?, as successful treatment was
20.0% and death was 50.0%. The treatment
outcomes of CKD stages 4 and 5 were poor, with
lower successful treatment and higher death rates
(Igari, Imasawa, Noguchi, Nagayoshi, Mizuno,
Ishikawa et al., 2015). In the country with high
double burden of chronic diseases as CKD and
infectious diseases as tuberculosis as Thailand,
understanding the situation and related factors
of tuberculosis would likely provide a crucial
information for preventing and controlling tubercu-
losis among this immunity compromised CKD
patients.

Although the association of risk factors in
patients with CKD leading to tuberculosis had
been studied, the findings remained unclear.
Understanding the risk of infectious diseases such
as tuberculosis among non-communicable chronic
diseases such as CKD would have provided
essential information for public health policy makers
in the syndemic era.The results of this study
provide valuable insights into the risk factors
associated with tuberculosis development in
patients with CKD. This information can be utilized

to implement preventive measures and enhance
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tuberculosis screening protocols specifically
tailored for CKD patients. By identifying these
risk factors, healthcare systems can expedite the
process of admitting CKD patients into appropriate

healthcare programs.

Objectives
To identify factors associated with tuberculosis
among CKD patients in hospitals affiliated of

Bangkok Metropolitan Administration.

Methods

This study applied a matched nested case-
control design among the cohort of CKD patients
aged 18 years old and above who were diagnosed
with CKD stage 1-5 by physicians and registered
in the hospital database of eight hospitals under
jurisdiction of the Medical Service Department,
Bangkok Metropolitan Administration from 1 January
2017 to 31 December 2021.

This research protocol was approved by the
Ethical Review Committee for Human Research
Faculty of Public Health, Mahidol University
(Protocol no. MUPH 56/2022) and the Bangkok
Metropolitan Administration Ethic Committee
(Protocol no. U007h/65_EXP).

Population and sample

Cases were the CKD patients who were
diagnosed with tuberculosis after the date of CKD
diagnosis. Inclusion criteria of case were the CKD
patients who diagnosed of tuberculosis either
pulmonary or extrapulmonary tuberculosis from the
eight study sites after date of CKD diagnosis and
date of diagnosed of tuberculosis was available.
Exclusion criteria were transferred-in and out
tuberculosis cases were excluded. CKD-related
variables are not recorded i.e. CKD treatment, stage of

CKD. and the cases did not have matched controls.
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Risk-set was the CKD patients registered in
the same month, year, and hospital with the case
and visited the clinic on the same date that the
case was diagnosed with tuberculosis.

The inclusion criteria for controls were CKD
patients in the same risk-set as the cases, who
were not diagnosed with tuberculosis, and had
the same age and sex as the corresponding case.
The exclusion criteria included cases where CKD-
related variables such as CKD treatment and stage
of CKD were not recorded. One control was
randomly selected from the risk-set and matched
age and sex with cases in ratio of 1:1. In cases
where more than one control was matched with
a case, simple random sampling was used for
control selection. Total of 171 case-control pairs
were included and further analyzed. Sample Size
(Fleiss, Levin, & Paik, 2013)

e+ 1)[21_0,/2(1 +RR_) Ir zzl_,;x/E]z

2Mk(R + 1)P(1—P)

R= 2.47 (Odds ratio of dialysis exposure in
cases relative to controls) (Shu, Hsu, Lee,
Wang, Wu,Yang et al., 2015)
P = 0.10 (Probability of tuberculosis among
non-dialysis patients)
M =1 (Number of matched controls per case)
Z, = 1.96 (Significance level 0.05)
ZB = 1.28 (Power of test 0.80)
k = 1/[1+(R-1)P]
N =152 + 10.0% of compensation for missing data
N case = 168 persons, N control = 168 person
The study included 171 participants per group as
this was the number of cases that met the inclusion
criteria when the data was exported. Therefore, the
researcher selected all 171 cases to form the sample

size.
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Tools

Data of the patients who visited 8 selected
hospitals during the study period were retrieved
from the hospital information system called "E-PHIS"
identified by ICD10. Case record forms were used
to collect data of cases and controls from the
E-PHIS. The data from the E-PHIS contained of
personal characteristics, risk factors of CKD i.e.
stage of CKD, comorbidity, and CKD treatment.

Data collection

The matched nested case-control study was
conducted from July to December 2022. Data of
cases and controls were recorded in the Hospital
Information System called E-PHIS of all study sites.
CKD cases by indicating ICD10 (N180-N184),
pulmonary tuberculosis, ICD-10 (A15-A16),
extrapulmonary tuberculosis ICD-10 (A17-A19),
comorbidities i.e. diabetes ICD-10 (E10-E14),
COPD, ICD-10 (J44-J449), HIV, ICD-10 (B20-B24),
and types of CKD treatment were retrieved from
the hospital information system. To retrieved data,
we firstly selected tuberculosis cases among CKD
cohort and then selected one CKD patient from
risk-set with same age and sex with a case. Then
we used the code of hospital number to retrieve
study variables i.e. occupation, duration of CKD,
stage of CKD, type of CKD treatment, and
comorbidities.

Data analysis

Characteristics of cases and controls were
described i.e. frequency, percentage, and mean (S.D.)
The univariate analysis used for the differences of
categorical data between case and control using
Chi-square and 95% confidence interval were
calculated using conditional logistic regression.
p-value at < 0.05 considered statistically significant.
The multiple conditional logistic regression was

used to control other confounding factors as
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following steps: first step, only CKD-related factors
were in the model. In the second step, we added
personal characteristics, and in the final step added
comorbidities. A p-value < 0.05 was considered
statistically significant.

Comorbidities was categorized into 4 categories
including: Tuberculosis-related disease means the
CKD patients have a condition/preexisting disease
related to tuberculosis, i.e. diabetes mellites (DM),
chronic obstructive pulmonary disease (COPD) and
human immunodeficiency virus. Non-tuberculosis-
related disease means the CKD patients have the
condition that is not related to tuberculosis, i.e.
cardiovascular disease (CVD), hypertension (HT).
and stroke. Combination group means the CKD
patients have co-condition of illness related to
Tuberculosis, i.e. DM, COPD. and HIV and not
related to TB such as CVD, HT. and Stroke and no
comorbidity means the CKD patients who did not
have other preexisting diseases. Correlation matrix
was used to check collinearity among independent
factors, and found that strong correlation between
"Stage of CKD" and "Dialysis" (Correlation = 0.587,
p < 0.001). Then "Dialysis" was selected to add

into the multiple conditional logistic regression.

Results

There were 7,058 CKD patient in the cohort
met eligible criteria. Among this 7,058, 171 of cases
and controls were selected matched by sex and
age. Of 171 pair, 108 were males and mean age was
66.68 (S.D. = 13.56). Distribution of occupation
between cases and control do not differ (p-value =
0.533). The findings revealed a higher percentage
of CKD stages 3-5 among cases than controls
(94.7% vs. 73.1%). (p-value < 0.001), a higher
percentage of dialysis among cases than controls

(24.6% vs. 12.3%). The difference was statistically
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significant (p-value = 0.002). Higher percentage of
cases among group of CKD duration 2-24 months
than controls (69.0% vs. 26.9%). The difference
was statistically significant (p-value < 0.001).

The study results revealed a higher percentage of

97 6 atiufl 2 WoBMAL-RenInL 2567

cases in the combination group compared to
controls (46.1% vs. 36.4%) followed by not
TB-related 46 cases and 56 controls (26.9%
vs 32.6%, respectively) (p-value = 0.291) (Table 1).

Table1 Personal characteristics and CKD-related factors in case and control groups

Case (n =171) Control (n =171)
Variable p-value’
n % n %
Sex
Male 108 63.2 108 63.2
Female 63 36.8 63 36.8
Age (years)
25-44 16 9.4 16 9.4
45-64 52 30.4 52 30.4
65 above 103 60.2 103 60.2
Min-Max 28-93 28-93
Mean £ S.D. 66.68 * 13.56 66.68 + 13.56
Occupation 0.533
Housewives 33 19.3 39 22.8
Government officer 11 6.5 11 6.5
Merchant 13 7.6 12 71
Employee 76 44 .4 74 43.3
No data 38 22.2 35 20.3
Stage of CKD < 0.001
Stage 1-2 9 5.3 46 26.9
Stage 3-5 162 94.7 125 731
Type of CKD treatment 0.002
Dialysis 42 24.6 21 12.3
No dialysis 129 75.4 150 87.7
Duration of CKD (month) < 0.001
2-24 months 118 69.0 46 26.9
25-60 months 53 30.1 125 731
Min-Max 2-55 12-59
Mean = S.D. 18.35 £ 13.9 3727 £ 146
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Table1 Personal characteristics and CKD-related factors in case and control groups (Continued)

Case (n =171)

Control (n =171)

Variable p-value’
n % n %
Comorbidity 0.291
No comorbidity 23 13.5 24 14.0
No TB related 46 26.9 56 32.6
TB related 23 13.5 29 17.0
Combination 79 46.1 62 36.4

Footnote: Tp-value is calculated by Chi-square test and p-value < 0.05 is considered statistically

significant.

The univariate analysis

There was a statistically significant association
between the duration of CKD and tuberculosis
(p-value < 0.001). Duration of CKD illness for 2-24
months has greater odds of tuberculosis (OR =
5.00, 95% CI = 3.01-8.29, p-value < 0.001).
Similarly, CKD stage 3-5 has significantly greater
odds of tuberculosis (OR = 8.40, 95% CI = 3.32-
21.23, p-value < 0.001) than stage 1-2.CKD patients
who under dialysis has greater odds of tuberculosis
than non-dialysis patients (OR = 2.91, 95% CI =
1.47-5.78, p-value = 0.002). The association
between occupation, comorbidity and tuberculosis

was not statistically significant.

The multivariate analysis

In model 1, there was no statistically significant
association observed between occupation and
tuberculosis. In model 2, which added duration of
2-24 months and dialysis to the model, there was
no statistically significant association observed
between occupation and tuberculosis. In contrast,
a significant association was observed for duration
of 2-24 months (ORadj= 7.45,95% Cl = 3.70-15.01,
p-value < 0.001) and dialysis (ORadj = 6.30, 95%
Cl =1.81-21.92, p-value = 0.004). In model 3, which
added comorbidity to the model, the final model
showed that duration of 2-24 months (ORadj =7.99,
95% CI = 3.85-16.61, p-value < 0.001) and dialysis
(ORadj =5.08, 95% CI = 1.42-18.21, p-value = 0.013)
were significant risk factors for tuberculosis.
The combination group appeared to be not
statistically significant (ORadj =1.98, 95% CI = 0.64-
6.11, p-value = 0.236) (Table 2).
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Discussion and Conclusion

Tuberculosis risk among CKD patients is
more significant than normal kidney function.
The coexistence of systemic inflammation and
immunocompromised are the common implication
of the uremic state (Bandiara, Indrasari, Dewi
Rengganis, Sukesi, Afiatin, et al., 2022). Our study
included housewives, government officers, merchants,
and employees in both the case and control groups.
We found no statistically significant difference in the
incidence of tuberculosis between CKD patients
(p-value = 0.533). In a study examining risk factors
for tuberculosis infection among household contacts
in Bangkok, occupation (unemployed, officer,
laborer, and merchant) was not significantly
associated with the presence of tuberculosis
symptoms (Tornee, Kaewkungwal, Fungladda,
Silachamroon, Akarasewi, & Sunakorn, 2004).
However, a study in Saudi Arabia found that the
incidence rate was highest among workers in basic
engineering, followed by the agriculture, animal
husbandry, fishing, and services. Certain occupations
may be associated with exposure to silica dust,
which can lead to the development of silicosis and
silico-tuberculosis (Semilan, Abugad, Mashat, &
Abdel Wahab, 2021). The findings of this study
suggested that occupational exposure may not
have been a significant risk factor for tuberculosis
infection in CKD patients. However, the results
of studies conducted in different regions and
populations may have varied. Comorbidity was not
associated with tuberculosis. In contrast, a previous
study showed that diabetes is a common risk
factor for acquiring LTBI or developing active
tuberculosis (Moran, Baharani, Dedicoat, Robinson,
Smith, Bhomra et al., 2018) COPD and HIV were
found to have risk factor for developing tuberculosis

(Park, Lee, Kim, Lee, Kang, Cho et al., 2019;
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Romanowski, Clark, Levin, Cook, & Johnston, 2016).
DM is also an independent risk factor for
lower respiratory tract infections and predisposes
individuals to a higher risk of severe complications.
Increased levels of pro-inflammatory cytokines are
correlated with increased blood glucose levels, and
a delayed adaptive immune response (Cheng,
Wang, & Gong, 2022). Multiple diseases and
frequent use of medication among patients with
chronic diseases can result in lowered immunity and
increased susceptibility to tuberculosis infection.

The average duration of tuberculosis development
was 18.35 months after CKD diagnosed. In the
previous study in England, the median time from
diagnosis was 12 months (range 0-192 months)
(Ostermann, Palchaudhuri, Riding, Begum, & Milburn,
2016). Most patients who contracted tuberculosis
did so within the first year of dialysisinitiation
(Ali, Dosani, Corbett, Johansson, Charif, Kon et al.,
2022).

Stage CKD which had stage 3-5, had the
highest risk compared to stage 1-2. It also reported
that the risk of tuberculosis increased in patients
with CKD stage 3 or above (Shu et al., 2015).
Similarly, in the study in Taiwan. The incidence of
tuberculosis development tends to increase in
patients with a decline in kidney function of CKD
stage 3 and beyond, possibly due to the impact on
immune function, oxidative stress, and inflammation
resulting from reduced renal clearance of toxins.
Additionally, Vitamin D insufficiency, which is prevalent
among CKD and dialysis patients, may lead to
immune dysfunction. The attenuation of immune
cells like T cells, B cells, and natural killer cells
typically starts in stage 3 CKD, along with a significant
buildup of waste products (Shu et al., 2015). Patients

with stage 3 or above and dialysis are likely to
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develop tuberculosis, mainly because of the
impaired cellular immunity characteristic of this
condition. Multiple diseases and the often-used
drug among patients were the reason for low
immunity, and they became susceptible to tuber-
culosis infection.

This study found higher risk of tuberculosis
among dialysis CKD patients. From previous
studies, dialysis has a high risk of increased rate
ratio of 7.7 compared with the general population
(Romanowski et al., 2016). South Africa showed
a high incidence of 4.1 times that of the local
population (Ndamase, Okpechi, Carrara, Black,
Calligaro, & Freercks, 2020). Going in London,
it was also found that the risk increased 85-fold in
hemodialysis patients and 26-fold in peritoneal
dialysis patients (Ostermann, Palchaudhuri, Riding,
Begum, & Milburn, 2016). In our study, dialysis had
the highest risk compared to no dialysis (ORadj =6.30,
95% CI = 1.81-21.92). The finding can likely be
explained by the condition of impaired cellular
immunity suppresses the mitogenic response of
lymphocytes among the patients with ESRD.
Protein malnutrition, zinc, and pyridoxine deficiency,
and defects in leukocyte function following
exposure to dialysis membranes increase the
susceptibility of dialysis patients to tuberculosis

(Vikrant, 2019).

Suggestions
Suggestions for applying the research results
The more effective surveillance system to have
routine screening in the study suggested the need
for aggressive and routine diagnostic measures,
including Xpert MTB/RIF tests, among early CKD

and those under dialysis. It was essential to make
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an early diagnosis for instituting timely and
appropriate therapy and preventing TB transmission
among this vulnerable group. The factors found to
be associated with the occurrence of tuberculosis
in patients with CKD can be utilized to develop
guidelines for prevention and screening of
tuberculosis in CKD patients. Additionally, these
findings can be incorporated into collaborative
programs with the results of other research studies
to prevent tuberculosis infection in CKD patients.

Suggestions for future research

The future studies could be designed to
include variables such as salary and living with
tuberculosis patients to gain a more complete

picture of the factors associated with the disease.

Acknowledgement

We would like to express our gratitude to the
director of 8 affiliated hospitals of the Medical
Service Department, BMA for providing the data
used in this research, and to the staff who
facilitated the extraction of the data from the hospital

information system.

References

Al-Efraij, K., Mota, L., Lunny, C., Schachter, M.,
Cook, V., & Johnston, J. (2015). Risk of active
tuberculosis in chronic kidney disease:
Asystematic review and meta-analysis.
International Journal of Tuberculos is Lung
Disease, 19(12), 1493-1499. doi:10.5588/
ijtid.15.0081

Ali, M., Dosani, D., Corbett, R., Johansson, L., Charif,
R., Kon, O. M., et al. (2022). Diagnosis of
tuberculosis in dialysis and kidney transplant
patients. Hemodialysis International, 26(3),

361-368. doi:10.1111/hdi.13010



M98 81D UaZINEFN ami‘z\gmmw

Bandiara, R., Indrasari, A., Dewi Rengganis, A.,
Sukesi, L., Afiatin, A., & Santoso, P. (2022).
Risk factors of latent tuberculosis among
chronic kidney disease with routine
haemodialysis patients. Journal of Clinical
Tuberculosis and Other Mycobacterial
Diseases, 27, 100302. doi:https://doi.org/
10.1016/j.jctube.2022.100302

Bikbov, B., Purcell, C., Levey, A., Smith, M., Abdoli,
A., Abebe, M., et al. (2020). Global, regional,
and national burden of chronic kidney
disease, 1990-2017: A systematic analysis
for the Global Burden of Disease Study 2017.
The Lancet, 395, 709-733. doi:10.1016/
S0140-6736(20)30045-3

Castro, K. G. (1995). Tuberculosis as an opportunistic
disease in persons infected with human
immunodeficiency virus. Clinical Infectious
Disease, 21 (Supplement_1), S66-S71.
doi:10.1093/clinids/21.Supplement_1.S66

Cheng, K. C., Liao, K. F., Lin, C. L., Liu, C. S., &
Lai, S. W. (2018). Chronic kidney disease
correlates with increased risk of pulmonary
tuberculosis before initiating renal replacement
therapy: A cohort study in Taiwan. Medicine,
97(39), e12550-e12550. doi:10.1097/MD.
0000000000012550

Cheng, P., Wang, L., & Gong, W. (2022). Cellular
immunity of patients with tuberculosis
combined with diabetes. Journal of
Immunology Research, 2022, 6837745.
doi:10.1155/2022/6837745

Fleiss, J., Levin, B., & Paik, M. C. (2013). Statistical
methods for rates and proportions (3" ed.).
Wiley. Retrieved from https://www.perlego.
com/book/1010158/statistical-methods-
for-rates-and-proportions-pdf (Original work

published 2013)

19 6 20U 2 NEANAN-GIRIAN 2567

Igari, H., Imasawa, T., Noguchi, N., Nagayoshi, M.,
Mizuno, S., Ishikawa, S., et al. (2015).
Advanced stage of chronic kidney disease is
risk of poor treatment outcome for smear-positive
pulmonary tuberculosis. Journal of Infectious
and Chemotherapy, 21(8), 559-563.doi:10.
1016/j.jiac.2015.04. 008

Kanjanabuch, T., & Takkavatakarn, K. (2020). Global
dialysis perspective: Thailand. Kidney 360,
1(7), 671. doi:10.34067/KID.0000762020

Lamarche, C., lliuta, I. A., & Kitzler, T. (2019).
Infectious disease risk in dialysis patients:
A transdisciplinary approach. Canadian
Journal of Kidney Health and Disease, 6,
2054358119839080. doi:10.1177/2054358
119839080

Lv, J. C., & Zhang, L. X. (2019). Prevalence and
disease burden of chronic kidney disease.
Advances in experimental medicine and
biology, 1165, 3-15. doi:10.1007/978-981-13-
8871-2_1

Min, J., Kwon, S. K., Jeong, H. W., Han, J. H., Kim,
Y. J.,Kang, M., et al. (2018). End-stage renal
disease and risk of active tuberculosis:
Anationwide population-based cohort study.
Journal of Korean medical science, 33(53),
e341. doi:10.3346/jkms.2018.33.e341

Ministry of Public Health (2018). National
tuberculosis control programme guidelines,
Thailand, 2018. Nonthaburi.

Moran, E., Baharani, J., Dedicoat, M., Robinson, E.,
Smith, G., Bhomra, P., et al. (2018). Risk
factors associated with the development
of active tuberculosis among patients
with advanced chronic kidney disease. The
Journal of infection, 77(4), 291-295. doi:10.
1016/}.jinf.2018.06.003

95



213817798 8D URANENF E‘Wlﬁ?ﬁ;“ﬂﬂﬁw

Ndamase, S., Okpechi, I., Carrara, H., Black, J.,

Calligaro, G., & Freercks, R. (2020).
Tuberculosis burden in stage 5 chronic
kidney disease patients undergoing dialysis
therapy at Livingstone Hospital, Port
Elizabeth, South Africa. South Africa. South
African medical journal,110(5), 422-426.
doi:10.7196/SAMJ.2020.v110i5.14035

Ostermann, M., Palchaudhuri, P., Riding, A., Begum,

P., & Milburn, H. J. (2016). Incidence of
tuberculosis is high in chronic kidney disease
patients in South East England and drug
resistance common. Renal Failure, 38(2),

256-261. doi:10.3109/0886022x.2015. 1128290

Pahl, M. V., & Vaziri, N. D. (2015). Chapter

24-immune function in chronic kidney
disease. In P. L. Kimmel & M. E. Rosenberg
(Eds.), Chronic Kidney Disease (pp. 285-297).

San Diego: Academic Press.

Park, S., Lee, S., Kim, Y., Lee, Y., Kang, M. W.,

Cho, S., et al. (2019). Association of CKD
with incident tuberculosis. Clinical journal
of the American Society of Nephrology:
Clinical journal of the American Society of
Nephrology, 14(7), 1002-1010. doi:10.2215/
cjn.14471218

Romanowski, K., Clark, E. G., Levin, A., Cook, V. J.,

& Johnston, J. C. (2016). Tuberculosis and
chronic kidney disease: An emerging global
syndemic. Kidney International, 90(1), 34-40.
doi:https://doi.org/10.1016/j.kint.2016.01.034

Ruangkanchanasetr, P., Natejumnong, C., Kitpanich,

96

S., Chaiprasert, A., Luesutthiviboon, L.,
& Supaporn, T. (2008). Prevalence and
manifestations of tuberculosis in renal transplant
recipients: A single-center experience in Thailand.
Transplantation proceedings, 40(7), 2380-
2381.doi:10.1016/j.transproceed.2008. 06.020

97 6 atiufl 2 WoBMAL-RenInL 2567

Ruzangi, J., Iwagami, M., Smeeth, L., Mangtani, P.,

& Nitsch, D. (2020). The association between
chronic kidney disease and tuberculosis; A
comparative cohort study in England. BMC
Nephrology, 21(1), 420. doi:10.1186/s12882-
020-02065-4

Semilan, H. M., Abugad, H. A., Mashat, H. M., &

Abdel Wahab, M. M. (2021). Epidemiology
of tuberculosis among different occupational
groups in Makkah region, Saudi Arabia.
Scientific Reports, 11(1), 12764. doi:10.1038/
s41598-021-91879-9

Shu, C.C., Hsu, C. L., Lee, C. Y., Wang, J. Y., Wu,

V. C., Yang, F. J., et al. (2015). Comparison
of the prevalence of latent tuberculosis
infection among non-dialysis patients with
severe chronic kidney disease, patients
receiving dialysis, and the dialysis-unit staff:
A cross-sectional study. PLoS One, 10(4),
€0124104. doi:10.1371/journal.pone. 0124104

Tornee, S., Kaewkungwal, J., Fungladda, W.,

Silachamroon, U., Akarasewi, P., & Sunakorn,
P. (2004). Risk factors for tuberculosis
infection among household contacts in
Bangkok, Thailand. Southeast Asian Journal
of Tropical Medicine and Public Health,
35(2), 375-383.

Vikrant, S. (2019). Tuberculosis in dialysis: Clinical

spectrum and outcome from an endemic
region. Hemodialysis International, 23(1),

88-92. doi:10.1111/hdi. 12693

Yan, M., Puyat, J. H., Shulha, H. P., Clark, E. G,

Levin, A., & Johnston, J. C. (2022). Risk of
tuberculosis associated with chronic kidney
disease: A population-based analysis.
Nephrology Dialysis Transplantation, 37(1),
197-198. doi:10.1093/ndt/gfab222




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 true
  /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 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


