
icine®

ONAL STUDY
Med
OBSERVATI
Risk of Tuberculosis Among Patients on Dialysis
The Predictive Value of Serial Interferon-Gamma Release Assay

Chin-Chung Shu, MD, Chia-Lin Hsu, MD, Yu-Feng Wei, MD, Chih-Yuan Lee, MD,

t Wu, MD, PhD, Fen MD,
ng
Hung-Hsiang Liou, MD, PhD, Vin-Cen
Hsien-Ho Lin, MD, PhD, Jann-Yuan Wa
, a

and predictive value of QFT-GIT were analyzed.

The 940 dialysis patients enrolled had an average age of 59.3 years.

The initial QFT-GIT results were positive in 193, including 49.6% with

contacts (35% after 6 m
dialysis (46% after 6 m
clinical significance of
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Abstract: Patients on long-term dialysis are at high risk for tubercu-

losis (TB). Although latent tuberculosis infection (LTBI) is good target

for TB eradication, interferon-gamma release assay-defined LTBI has a

high proportion of negative conversion and lacks active TB correlation

among patients on dialysis.

Patients on long-term dialysis were screened in multiple centers in

Taiwan. QuantiFERON-TB Gold In-tube (QFT-GIT) was used to define

LTBI and was performed thrice at 6-month intervals. The primary

outcome was active TB diagnosed after LTBI screening. The incidence
, MD, PhD, Jin-Sh PhD,
nd Li-Na Lee, MD, PhD

persistent positive results on second check. In an average follow-up

period of 3 years, 7 patients had TB. Three (319.1 per 100,000 person-

yrs) and 4 (141.8 per 100,000 person-yrs) of them were prevalent and

incident TB cases, respectively. Persistent positive QFT-GIT for 2 and 3

times correlated with increased hazard ratio for TB (14.44 and 20.29,

respectively) compared with a single positive result (hazard ratio 10.38).

Among those with 3 positive QFT-GIT results, TB development rate

was 4.5% and incidence rate was 1352.3 per 100,000 person-years. In

contrast, none of the incident TB occurred in those with initial positive

and then negative conversion of QFT-GIT.

In an area of intermediate TB incidence, dialysis patients have high

TB risk. LTBI status is a good predictor of TB development, especially

for those with more than 1 positive result. After excluding prevalent TB

cases, serial follow-up of LTBI may narrow the target population to

reduce treatment costs.

(Medicine 95(22):e3813)

Abbreviations: CXR = chest radiograph, DILI = drug-induced

liver injury, Dx = diagnosis, HD = hemodialysis, HR = hazard ratio,

IGRA = interferon-gamma release assays, LR = likelihood ratio,

LTBI = latent tuberculosis infection, Mtb = Mycobacterium

tuberculosis, NPV = negative predictive value, PE = pleural

effusion, PPV = positive predictive value, QFT-GIT =

QuantiFERON-TB Gold In-tube, SD = standard deviation, Sen =

sensitivity, Spe = specificity, TB = tuberculosis.

INTRODUCTION

T uberculosis (TB) remains one of the most important infec-
tious diseases worldwide. According to the World Health

Organization estimates, there were 9 million new TB cases and
1.5 million related deaths in 2013.1 For future TB control,
preventing transmission by early treatment and reducing reac-
tivation by treatment of latent TB infection (LTBI) are 2 of the
most important strategies.2–4 Among high-risk population,
patients receiving dialysis have 7.8 to 25 times higher potential
for TB development than general population due to the reduced
cellular immunity.5–7 However, because extrapulmonary mani-
festations TB are common, diagnosis of TB is usually delayed in
patients with dialysis.8,9 Therefore, detection and treatment for
LTBI are important in this specific group.2,4

Positive results of interferon-gamma release assays
(IGRAs) and the exclusion of active TB are the current diag-
nostic bases of LTBI,10–13 which is a precursor of TB reactiva-
tion. However, recent studies show a high negative reversion
rate of quantiFERON Gold In-tube (QFT-GIT), a kind of IGRA,
in cohorts of healthcare workers (33% after 18 wks),14 close TB
os),15 and patients receiving long-term
os).16 This phenomenon questions the

a single positive IGRA result. Increasing
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the IGRA threshold or doing serial follow-up to improve
specificity have both been suggested,16,17 but there is no
comparison by the risk of TB development.

Moreover, the TB reactivation rate among patients on
dialysis is heterogeneously reported, possibly due to different
areas, and is not conductive for policy formation. Some small
studies show a rate of 8% to 12% in LTBI dialysis patients
within 2 to 3 years of follow-up,18,19 whereas the Tuberculosis
Network European Trials study in European areas recently
reported no TB development in the chronic renal failure group
within a median of 1.8-year surveillance.20 A large-scale pro-
spective study is required for the real-world experience of TB
development among patients on dialysis living in an intermedi-
ate TB incidence country.4

This cohort study aimed to survey TB development in
patients receiving dialysis and analyzed its correlation with
different status of IGRA-defined LTBI status.

METHODS

Patient Enrollment
This cohort study was conducted at the National Taiwan

University Hospital and its 3 branches, and a local hemodialysis
clinic. The study was approved by the institutional review board
of National Taiwan University Hospital. Adult dialysis patients
(age �20 yrs) under long-term (>3 mos) dialysis were pro-
spectively identified and recruited between April 2011 and
October 2015. Those with human immunodeficiency virus
infection, liver cirrhosis Child-Pugh class C,21 active cancer,
autoimmune disease receiving chemotherapy, or prior docu-
mented TB were excluded. Written informed consent was
obtained from all of the enrolled participants.

LTBI Diagnosis
Peripheral blood was collected from participants at base-

line and at 6 and 12 months later. The LTBI status was
determined using the QFT-GIT assay (Cellestis, Australia)
according to the manufacturer’s instructions.22 A 3-tube kit

Shu et al
of QFT-GIT was used, and QFT-GIT response was calculated by
subtracting interferon (IFN)-g level in the reaction supernatants
of the negative control tube from that in the TB-antigen tube.

FIGURE 1. Flow chart of case follow-up by quantiFERON-TB Gold In-tu
check was determinate, the result of the second check was shown. The
positive. (

�
) Lost to follow-up; (+) 1 was lost to follow-up.

2 | www.md-journal.com
The results were interpreted as positive, negative, or indeter-
minate.23,24

Data Collection
Demographic and clinical data included age, sex, under-

lying comorbidities, blood hemoglobin, and serum albumin
levels obtained from the medical records system. Respiratory
and constitutional symptoms, smoking status, and TB exposure
by history taking and physical examination were reviewed. All
data were recorded in a standardized case report form by
research assistants. Cough longer than 3 weeks was defined
as chronic cough. Current smoker was defined as those who
smoked >100 cigarettes, with the last time of smoking within 1
month before the study.25 A radiologist and a pulmonologist
reviewed the radiographic findings. Any discrepancy was
settled by discussion and consensus. The radiographic findings
were labeled as positive if there were lung lesions compatible
with prior TB,26 or active lung lesion, or cannot be excluded for
TB.27

The primary outcome was active TB development, docu-
mented by culture positive for Mycobacterium tuberculosis or
typical pathology of M tuberculosis infection.28,29 Patients with
active TB within 3 months since the present screen were defined
as prevalent cases and those after 3 months were incident cases.
Active TB occurrence was confirmed by reviewing the hospital
medical records and by the national TB registration. Patients
who died not by TB or those who were lost to follow-up
were censored.

Statistical Analysis
Intergroup differences were analyzed using the Student t

test or Mann–Whitney U test, when appropriate, for numerical
variables, and chi-square test for categorical variables. Cox
proportional-hazards regression analysis with forward factor
selection method was used to identify factors associated with
prevalent or incident TB cases. The assumption of the Cox
proportional-hazards model was tested using the Schoenfeld
residual. Factors applied in the model were QFT-GIT status,

Medicine � Volume 95, Number 22, June 2016
age, sex, dialysis mode and duration, current smoking, history
of diabetes mellitus or cancer, TB exposure, hemoglobin and
albumin levels, presence of respiratory and constitutional

be (QFT-GIT). The results of QFT-GIT were not all shown. If the first
third check was displayed only when the first 2 checks were both

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TB Risk in the Dialysis Population
symptoms, and radiographic findings of prior TB or active
infection lesion. The QFT-GIT status included first QFT-GIT,
first QFT-GIT with a cut-off value >1.0 IU/mL, first to second
QFT-GIT both (þ), and first to third QFT-GIT all (þ). Each one
was put in the model at 1 time of analysis. A 2-sided P< 0.05
was considered significant. All analyses were performed using
the SPSS (Version 19.0, Chicago, IL).

RESULTS

Characteristics of the Enrolled Dialysis Patients
At the initial screening, 940 dialysis patients (53% males)

were enrolled. Their average age was 59.3 years (standard
deviation [SD] 13.6) and dialysis duration was 5.5 (5.3) years.
Among them, 82% received hemodialysis, whereas the remain-
ing patients received peritoneal dialysis. Moreover, 7% had a
history of TB contact. In terms of radiographic findings, 42
(4%) had prior TB or active lesion, whereas TB could not be
excluded in 3 (0.3%). The respiratory and constitutional symp-
toms were noted in 199 (21%) including chronic cough in 179,
dyspnea in 11, fever in 8, and poor appetite in 1.

Results of QFT-GIT Follow-up
Initial QFT-GIT results were positive in 193 (20.5%)

patients, negative in 713 (75.9%), and indeterminate in 34
(3.6%) (Figure 1). Among them, 654 received a second
QFT-GIT check and 528 received a third. Populations receiving
QFT-GIT at different times had comparable demographic
data except for dialysis mode (Table E1, Supplemental File,
http://links.lww.com/MD/A996). On follow-up, the number of
patients using peritoneal dialysis decreased significantly. On the
second QFT-GIT (Figure 1), 70 (49.6%) still had positive
results, whereas 68 (47.9%) became negative. For the initial
negative result, 6.1% had a positive reversion on the second
determination. Among those with positive results on the first
and second QFT-GIT determination, 74.6% still had positive
results on the third determination.

Outcome on Follow-up
In an average follow-up period of 3 years (average [SD]

1096.4 [482.6] d), 679 (72.2%) participants continued to be
followed up, 156 (16.6%) died, 95 (10.1%) were lost follow-up,
and the remaining 10 received kidney transplant. There were 7
patients who had been diagnosed with active TB (Figure 1;
Table 1). Three were prevalent TB cases and their average
interval between screening and diagnosis was 36.7 days. The
prevalence rate was 319.1 (95% confidence interval [CI] 65.8–
932.7) per 100,000 person-years. One of the prevalent TB cases
had pulmonary TB and positive QFT-GIT status, whereas the
other 2 had extrapulmonary or disseminated TB, but negative
QFT-GIT (Table 1).

The 4 incident TB cases had an average of 1144.3 days
between screening and diagnosis. Two had pulmonary and
pleural TB with positive culture, and the remaining 2 had
lymphadenitis. Among them, 3 had initial positive QFT-GIT.
On the follow-up, 1 withdrew and the reaming 2 had persistent
QFT-GIT positivity. The rate of TB development was 1.6%,
2.9%, and 4.5% for those with single, 2, and 3 times of positive
QFT-GIT, respectively, and the rate was higher among those
continuing follow-up (Figure 2). The TB incidence rate was

Medicine � Volume 95, Number 22, June 2016
141.8 (95% CI 38.6–363.2) per 100,000 person-years for all,
and increased to 478.8 (98.7–1399.2), 861.4 (104.3–3111.8),
and 1352.3 (164.0–4885.0) per 100,000 person-years for those T
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with first, first and second, and first to third positive QFT-GIT,
respectively.

Factors Associated With Prevalent TB
Compared with those who did not develop TB (Table 2),

those with prevalent TB had more current smoking, shorter
dialysis period, and more radiographic lesions of prior TB or
active lesion, TB cannot be excluded, and also the presence of
respiratory or constitutional symptoms. Multivariate analysis
was not performed due to the small number of prevalent TB for
model set-up.

In univariate Cox proportional-hazards analysis (Table E2,
Supplemental File, http://links.lww.com/MD/A996), current
smoking (hazard ratio [HR] 22.11, 95% CI 2.01–243.88),
dialysis age �0.5 years (HR 7.54, 95% CI 1.05–53.91), active
chest radiograph findings (HR 154.22, 95% CI 13.98–1700.78),
and presence of fever (HR 265.90, 95% CI 24.03–2942.47)

FIGURE 2. Kaplan—Meier curves of incident tuberculosis by diffe
dashed line showed the indicated group, whereas the solid line repr
response >1 IU/mL.
were significantly associated with prevalent TB. However,
QFT-GIT, whether spot or serial results, had no significant
association.

4 | www.md-journal.com
If any 2 or 3 of the 4 associated factors were present,
sensitivity and specificity for prevalent cases were 100% and
99.6%, respectively (Table E3, Supplement File, http://links.
lww.com/MD/A996). Initial assessment for active TB case
finding before QFT-GIT was considered before LTBI screening
to do both arms of intervention in the high-risk group.

Factors Associated With Incident TB
For incident TB, QFT-GIT response was the only signifi-

cant difference between patients with incident TB and those
without (Table 2; Figure 2). A strong initial QFT-GIT response
(�1.0 IU/mL) significantly correlated with incident TB, but
the TB incidence rate was better predicted using persistent
QFT-GIT positivity. In Cox proportional-hazards regression
using forward conditional factors selection (Table 3), only
positive initial QFT-GIT was an independent predictor for
incident TB (HR 10.38, 95% CI 1.08–99.91). The Schoenfeld

t status of quantiFERON-TB Gold In-tube (QFT-GIT) results. The
ted the remaining group. Strong positive response of QFT-GIT was
residual showed no violation of the model assumption.
Although strong positivity (�1.0 IU/mL) of the initial

QFT-GIT was used in the model, HR was not obviously

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Characteristics of Patients on Long-term Dialysis, by Tuberculosis (TB) Development

TB Within 3 Mos
(n¼ 3) Py

TB After 3 Mos
(n¼ 4) P

�
TB Did Not Develop

(n¼ 933)

Age, yrs 69.1 (14.9) 0.246 69.9 (13.0) 0.136 59.2 (13.6)
Male sex 3 (100%) 0.103 3 (75%) 0.378 494 (53%)
Current smoking 2 (67%) <0.001 0 0.551 76 (8%)z

Ex-smoking 0 0.438 2 (50%) 0.076 156 (17%)
Dialysis mode, HD 3 (100%) 0.419 4 (100%) 0.351 766 (82%)
Dialysis age, yrs 0.5 (0.4) 0.009 3.2 (2.7) 0.363 5.6 (5.3)y

Malignancy 0 0.680 1 (25%) 0.084 50 (5%)
Diabetes mellitus 0 0.273 1 (25%) 0.873 267 (29%)
TB exposure history 0 0.641 1 (25%) 0.149 63 (7%)
Radiographic prior TB or active lung lesion 1 (33%) 0.016 0 0.668 41 (4%)y

Presence of symptomsz 3 (100%) 0.001 0 0.303 196 (21%)y

Hemoglobin, g/dL 9.2 (0.6) 0.053 10.0 (2.1) 0.677 10.5 (1.5)
Serum albumin, g/dL 3.4 (0.7) 0.085 4.1 (0.4) 0.740 4.0 (0.4)
First QFT-GIT response, IU/mL 0.21 (0.16) 0.190 1.68 (1.67) 0.013 0.49 (1.59)

�

Data were number (%) or mean (standard deviation)
HD¼ hemodialysis, QFT-GIT¼ quantiFERON-TB Gold In-tube.�

Statistical significance between patients with TB after 3 months and those without TB event.
y nd t

mpt

Medicine � Volume 95, Number 22, June 2016 TB Risk in the Dialysis Population
elevated (HR 7.54, 95% CI 1.05–53.91). Those with initial
positive but then negative conversion report had no correlation
with TB development. In contrast, persistent QFT-GIT posi-
tivity for 2 and 3 times correlated with increased HR (14.44 and
20.29, respectively) and specificity (89.6% and 92%, respect-
ively) (Tables 3 and 4). The positive likelihood ratio (LRþ)

Statistical significance between patients with TB within 3 months a
zIndicated chronic cough, dyspnea, fever, and other constitutional sy
from 1 to 2 to 3 positive QFT-GIT results increased from 3.69 to
6.41 to 8.33, respectively. Negative LR was stable at around
0.31 to 0.37 (Table 4).

TABLE 3. Cox Proportional-hazards Model for Tuberculosis Risk A
tube (QFT-GIT) Results

Assay Results

Characteristics Data

First QFT-GIT Negative
Positive

First QFT-GIT, Strong (þ)y Low (þ) or negative
Strong (þ)

First and second QFT-GIT, Both (þ) Not both (þ)
Both positive

First to third QFT-GIT, All (þ) Not all (þ)
All positive

CI¼ confidence interval, HR¼ hazard ratio, QFT-GIT¼ quantiFERON-T�
Multivariate analysis was performed by forward conditional factor selecti

smoking, history of diabetes mellitus or cancer, tuberculosis exposure,
constitutional symptoms, and radiographic findings of prior tuberculosis o
first QFT-GIT with cut-off value>1.0 IU/mL, first to second QFT-GIT both (
one time of analysis. The QFT-GIT was forced into the model. The P value
for the model containing first QFT-GIT (þ), first QFT-GIT with cut-off v
QFT-GIT all (þ).
yStrong positive meant response of QFT-GIT >1.0 IU/mL, whereas low

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
In the present study, initial QFT-GIT positivity was per-
sistent in around 49.6% and 37.0% on the second and third
determinations, respectively. The population of persistent QFT-
GIT was used to define the targeted LTBI treatment population.
In the present study, if the initial QFT-GIT (þ) participants all
received a second QFT-GIT, 96 of 193 patients with initial

hose without TB event.
oms.
positive QFT-GIT needed LTBI treatment (Table 5). If iso-
niazid LTBI treatment was not given in the 97 patients with
QFT-GIT results of first (þ) and second (�), the estimated cost

mong Dialysis Patients, by Different quantiFERON-TB Gold In-

TB
Multivariate With Forward

Factor Selection
�

No. No. % HR (95% CI) P

747 1 0.1 1 —

193 3 1.6 10.38 (1.08–99.91) 0.043
834 2 0.2 1 —

106 2 1.9 7.54 (1.05–53.91) 0.044
584 1 0.2 1 —

70 2 2.9 14.44 (1.31–159.25) 0.029
484 1 0.2 1 —

44 2 4.5 20.29 (1.84–223.83) 0.014

B Gold In-tube, TB¼ tuberculosis.
on with factors of QFT-GIT, age, sex, dialysis mode and duration, current
blood level of hemoglobin and albumin, presence of respiratory or
r active infection lesion. The QFT-GIT status included first QFT-GIT,
þ), or first to third QFT-GIT all (þ) and each one was put in the model at
of Schoenfeld residual was 0.105, 0.786, 0.158, or 0.155, respectively,
alue >1.0 IU/mL, first to second QFT-GIT both (þ), or first to third

positive was �0.35 and �1.0 IU/mL.
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TABLE 4. Predictive Power of Different QFT-GIT Assay Results for Incident Tuberculosis in the Dialysis Population

Markers
Cost

�

(USD)

Cut-off
Value,
IU/mL Sen. Spe. PPV NPV LRþ LR�

First QFT-GIT (þ) 74.4 0.35 75.0% 79.7% 1.6% 99.9% 3.69 (2.07–6.60) 0.31 (0.06–1.71)
First QFT-GIT, strong (þ) 74.4 1.0 50.0% 88.9% 1.9% 99.8% 4.50 (1.66–12.19) 0.56 (0.21–1.50)
First and second QFT-GIT, Both (þ) 74.4� 2 0.35 66.7% 89.6% 2.9% 99.8% 6.41 (2.78–14.65) 0.37 (0.08–1.84)
First to third QFT-GIT, All (þ) 74.4� 3 0.35 66.7% 92.0% 4.5% 99.8% 8.33 (3.56–19.56) 0.36 (0.07–1.80)

USD was calculated by exchange rate of 33.6 NTD to 1 USD (January 16, 2016).
LR¼ likelihood ratio, NPV¼ negative predictive value, PPV¼ positive predictive value, QFT-GIT¼ quantiFERON-TB Gold In-tube,
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reduction would be 320,944 USD because treatment fee and the
cost of drug-induced liver injury were saved.13,30 Similarly, if
only patients with persistent positive results in all 3 QFT-GIT
determinations were included, 396,763 USD could be saved.

DISCUSSION
The present study surveyed TB risk among patients on

dialysis and studied the usefulness of serial follow-up of LTBI
status by QFT-GIT. For all participants, prevalent TB was
notified in 319.1 per 100,000 persons and QFT-GIT had no
predictive role. In contrast, clinical information of current
smoking, short dialysis duration, active radiographic lesion,
and presence of fever were associated with prevalent TB. On
follow-up, the incidence of TB was 478.8, 861.4, and 1352.3 per
100,000 person-years in patients with 1, 2, and 3 persistent
QFT-GIT positive determinations. Positive QFT-GIT indepen-
dently correlated with incident TB development, with HR of
10.38, 14.44, and 20.29 by the single, twice, and thrice QFT-
GIT positivity, respectively.

The dialysis population is enlarging31 and is suggested as a
high-priority group for LTBI treatment,4 given their increased
TB risk.32 The possible explanations for the high risk of TB
acquisition and progression to active TB in renal failure
includes increased immune cell apoptosis, lymphocyte
depletion, and polymorphonuclear leukocytes dysfunction
due to blood oxidative stress and uremic toxins.33–36 In the
present study, dialysis patients with initial QFT-GIT positivity
had an HR of 10.38 compared with those without LTBI. The TB
incidence among dialysis patients with LTBI was 478.8 per
100,000 person-years, which was higher than that in the general
comparable age population (105 per 100,000 person-yrs), but
less than that in the cohort of household contacts in Taiwan
(3440 cases per 100,000 person-yrs).37

When the threshold of first QFT-GIT was elevated, the HR
for incident TB was not obviously increased and might not be a
good surrogate for serial testing, although a previous study
showed that strong titer of the initial QFT-GIT could predict
persistent positivity.16 For those with initial positive QFT-GIT,
but sequential negative conversion, no TB reactivation was
reported. These could be assumed as transiently positive or
false-positive. On the contrary, persistent positive QFT-GIT
correlated with increasing HR for TB incidence, up to 20.29 for
those with 3 positive determinations for 1 year. The high

Sen.¼ sensitivity, Spe.¼ specificity.�
Included only assay cost.
specificity of persistent QFT-GIT can be applied to narrow
the target treatment population.13,30 Thus, costs can be saved
from fewer patients who require LTBI treatment and decreased

6 | www.md-journal.com
drug-induced adverse events. But evaluating the cost-effective-
ness warrants more investigations in the future.

When a TB screening strategy is applied to the dialysis
population, prevalent and LTBI cases are both the concerns in
an intermediate TB-incidence area. If QFT-GIT is applied to all,
and clinical information and chest radiograph for those with
positive QFT-GIT are taken together (Figure E1, Supplement
File, http://links.lww.com/MD/A996), costs for chest radio-
graph and history review in negative QFT-GIT (75.9%) can
be saved, but 67% of prevalent cases may be missed or have
delayed diagnosis.13 However, whether chest radiograph and
review of history should be done before or after the QFT-GIT
test remains an open question. Future studies on cost-effective-
ness are needed. Because prevalent TB remains 3 times higher
in the present study than that in the 60-year-old general popu-
lation in study country,7,29 reviewing history and symptoms,
which is relatively easy to implement, are suggested before or
together with clinical QFT-GIT determination in an area with
intermediate TB incidence.

This study has several limitations. First, the case number of
active TB is small and many potential factors may become
statistically insignificant. The CIs of HRs of significant factors
are wide so data should be interpreted carefully. Second,
dialysis patients were continuously enrolled, so the follow-up
duration was not the same. The TB incidence may vary during
the follow-up period.29 Third, although dialysis patients were
consecutively enrolled, the enrollment and follow-up were
based on patients’ cooperation. About 27% of the data are
censored and the results may be biased. Lastly, generalizability
is limited in dialysis patients and may not be applied to
other populations.

In conclusion, TB risk in the dialysis population is high,
and QFT-GIT-positive LTBI indicates high risk for TB even
with a 49.6% negative conversion. Persistently positive QFT-
GIT correlates with increased HR and specificity for TB
development. The possibility of prevalent TB is suggested to
be reviewed before or together with LTBI screening. After
prevalent TB cases are excluded, serial follow-up of LTBI may
narrow the target population and reduce the costs of LTBI
preventive therapy.
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