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Abstract

Background: Patients with end-stage renal disease (ESRD) and Mycobacterium tuberculosis infection pose a high risk
of developing active TB disease. It is therefore important to detect latent TB infection (LTBI) to be able to offer
treatment and prevent progression to TB disease. We assessed the value of the tuberculin skin test (TST) and of an
interferon-gamma release assay (QuantiferonW-TB Gold in-Tube, QFT) for diagnosing LTBI in ESRD patients, after
prolonged exposure to a highly contagious TB case in a haemodialysis unit. As a high number of patients
presented erythema without induration in the TST response, this type of reaction was also analysed.

Method: The TST and QFT were simultaneously performed twelve weeks after the last possible exposure to a
bacilliferous TB patient. If the first TST (TST-1) was negative, a second TST (TST-2) was performed 15 days later to
detect a booster response. A comparison was made between the TST responses (including those cases with
erythema without induration) and those for the QFT. The correlation with risk of infection and the concordance
between tests were both analysed.

Results: A total of 52 patients fulfilled the inclusion criteria. Overall, 11 patients (21.2%) had a positive TST response:
3 for TST-1 and 8 for TST-2, and 18 patients (34.6%) showed a positive QFT response (p = 0.065). Erythema without
induration was found in 3 patients at TST-1 and in a further 9 patients at TST-2. The three patients with erythema
without induration in TST-1 had a positive TST-2 response. Concordance between TST and QFT was weak for TST-1
(κ= 0.21); it was moderate for overall TST (κ= 0.49); and it was strong if both induration and erythema (κ= 0.67)
were considered.

Conclusions: In patients with ESRD, erythema without induration in the TST response could potentially be an
indicator of M. tuberculosis infection. The QFT shows better accuracy for LTBI diagnosis than the TST.
Background
Patients with end-stage renal disease (ESRD) have an
increased risk for developing tuberculosis (TB) disease.
It is estimated that once the infection is produced, the
risk for developing active TB is 6 to 25 times higher than
that in the general population [1,2]. It is difficult to diag-
nose TB disease in such cases, as there are frequently
extrapulmonar locations and nonspecific symptoms.
Moreover, they present a high mortality rate [3].
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Patients with Mycobacterium tuberculosis infection
after a recent exposure also have an increased risk for
developing TB disease [4,5]. Hence, the risk of TB infec-
tion and disease is even higher in ESRD patients after a
recent exposure to M. tuberculosis [6]. It is therefore
crucial to detect latent TB infection (LTBI) in these
patients and to offer early treatment that can prevent
progression to active TB disease.
The Tuberculin Skin Test (TST) is based on a

delayed-type hypersensitivity response against a purified
protein derivative (PPD) from M. Tuberculosis, and has
for many years been the standard tool for detecting
LTBI. However, the value of this test is limited by its lack
of specificity, due to cross-reactive immune responses
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caused by previous bacille Calmette-Guérin (BCG) vac-
cination, or by infection with non-tuberculous mycobac-
teria [7]. Moreover, TST has shown limited sensitivity
for detecting M. tuberculosis infection in ESRD patients
[8-12].
T-cell Interferon-gamma (IFN-γ) release assays, known

as IGRAs, are emerging as new screening tools for the
detection of M. tuberculosis infection. They incorporate
specific antigens from M. tuberculosis to induce secre-
tion of INF-γ as a marker of immune responses by T-
cells. Such specific antigens are absent in the BCG
strains and in the majority of non-tuberculous mycobac-
teria, avoiding antigenic cross-reactivity. IGRAs also in-
corporate an internal positive control, so that a failure of
response may reflect an underlying anergy [13]. Two
commercial tests are available: the QuantiferonW-TB
Gold In-Tube (QFT) test (Cellestis Ltd, Carnegie, Aus-
tralia), which uses ELISA to detect INF-γ in the culture
supernatants, and the T-SPOTW.TB (Oxford Immunotec,
Abindgdon, UK), which is based on the enzyme-linked
inmunospot (ELISpot) assay.
As there is no gold-standard method for the diagnosis

of LTBI, it is difficult to estimate the value of IGRA (and
TST) for detecting asymptomatic M. tuberculosis infec-
tion. Correlation with the degree of exposure has been
proposed as a surrogate marker of infection. In ESRD
patients, IGRAs have shown a better correlation with
risk factors for M. tuberculosis infection, and their use
has recently been proposed instead of the TST in the
British Thoracic Society Guidelines for prevention and
management of TB infection and disease in patients with
chronic kidney disease [14]. In addition, IGRAs show
better correlation than TST in TB outbreaks in im-
munocompetent populations [15]. However, very few
studies have directly compared the TST with an IGRA
in haemodyalisis patients after a prolonged exposure to
a bacilliferous patient [16,17].
After the notification of the diagnosis of a bacilliferous

pulmonary TB case in a nurse working at a dialysis unit,
we evaluated patients with ESRD who were attending
the dialysis centre, with the TST and an IGRA test
(QFT). The aims of the present study were to compare
the results of an IGRA with those for the TST in
patients with ESRD after a TB outbreak at the dialysis
centre, as well as to identify factors associated with posi-
tive test results. The study also included an 18-month
follow-up of the cohort of patients.

Methods
Description of the outbreak
A 52-year-old nurse working in a renal dialysis unit was
diagnosed with bacilliferous pulmonary TB. Five months
before diagnosis, the worker developed a cough and dys-
phonia. For nine weeks prior to diagnosis, the worker
was off sick and she did not attend the work place.
Therefore, she had no more contact with the patients
attending the dialysis unit. Microscopic examination of
sputum was 4+ positive of acid-fast bacilli, indicating in-
fectiousness, and sputum culture yielded M. tuberculosis
susceptible to all first-line anti-TB medications. The
nurse had been working at the renal dialysis unit on
week-long alternating morning and evening shifts. Each
shift consisted of four hours of contact time with
patients on haemodialysis treatment. The worker was
considered to be infectious 17 weeks before she left her
workplace [4]. All patients who attended the dialysis unit
during this period were considered to be contacts and
were evaluated. Twelve weeks after the last possible ex-
posure to M. tuberculosis, initial screening was under-
taken by simultaneously performing the tuberculin skin
test (TST) and the QFT assay.

Tuberculin skin test
Trained personnel performed the TST according to the
Mantoux method following the standardized protocol:
0.1 mL (2 TU) of purified protein derivative of tubercu-
lin RT 23 (Statens Serum Institute, Copenhagen, Den-
mark) was injected intradermally to the volar surface of
the forearm. The TST results were read after 72 hours,
and the maximum transverse diameter of the induration
was estimated. TST values ≥ 5 mm were judged positive
according to Spanish national guidelines [18]. A two-
step TST was performed: if the first TST (TST-1) was
negative (<5 mm induration), a second TST (TST-2) was
conducted 15 days later to determine the development
of a booster phenomenon. Patients without induration
in the TST response, but with presence of erythema,
were recorded as “erythema without induration”.

Interferon-gamma release assay
Peripheral blood was processed for the IGRA, using the
QuantiFERONW-TB Gold in-Tube Assay (QFT) accord-
ing to the manufacturer’s instructions (Cellestis Ltd, Car-
negie, Australia). One ml of whole blood was added to
each of the three QFT tubes: TB antigen (containing
ESAT-6, CFP-10 and TB7.7 antigens); mitogen positive
control (containing phytohemagglutinin); and a negative
control. Samples were frozen and stored at −70°C until
analysis. The cut-off value for a positive test was
0.35 IU/mL as recommended by the manufacturer.
Blood was collected for QFT immediately before TST-1,
and before the start of the haemodialysis session.

Data analysis
The following data were obtained: gender, age, body
mass index (BMI), laboratory values (haemoglobin, urea,
creatinine, albumin), BCG vaccination status, aetiology
of renal disease, diabetes mellitus, immunosuppressive



Table 1 Basic demographic characteristics of 52 patients
with end-stage renal disease from a haemodialysis unit,
all contacts of a healthcare worker who had active
pulmonary tuberculosis while working at the dialysis
centre

CHARACTERISTICS STUDY GROUP

Age in years, mean± SD (range) 62 ± 16.8 (24 to 89)

Male gender, n (%) 31 (59.6)

BCG vaccination, yes, n (%) 7 (13.5)

BMI, mean± SD 27.1 ± 5.0

Hemoglobin (mg/dL), mean± SD 11.5 ± 1.4

Albumin level (mg/dL) mean± SD 2.8 ± 0.4

Diabetes mellitus, yes, n (%) 8 (15.4)

Exposure to index case (weeks, %)

17 week 46 (88.5)

< 17 weeks 6 (11.5)

Radiographic evidence of healed TB, n (%) 5 (9.6)

BMI: Body mass index.
Infectiousness of the Index Case was estimated for 17 weeks before last
exposure.
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therapy, weeks of exposure to the index case, and the
presence of old healed TB in chest radiography. BCG
vaccination status was evaluated by the careful revision
of the BCG scar by an expertise nurse or by the BCG
vaccination certificate.

Follow-up
Patients with either a positive TST or a positive QFT re-
sponse were considered for treatment for LTBI after ac-
tive TB disease was excluded. No cases of active TB
were found during the study period. The possibility of
TB symptoms was carefully monitored throughout the
long-term 18-month follow-up period.

Statistical analyses
Unless otherwise indicated, data are presented as mean ±
standard deviation (SD). Associations between test
results and variables were assessed by Pearson’s χ2-
square test or Fisher’s exact for categorical variables, and
with Student’s t test or Mann-Witney U rank test for
continuous variables. All statistically significant factors
(P<0.05) or clinically relevant factors with a P<0.2 deter-
mined by univariate analysis were included in models of
multivariate logistic regression analysis. Comparison be-
tween test results was performed using the McNemar
test. All reported P values were two-sided. Concordance
between TST and QFT was assessed using the Kappa co-
efficient (κ). Kappa values indicate weak (≤ 0.40), moder-
ate (0.41-0.60), strong (0.61-0.80), or excellent (>0.80)
agreement. The SPSS statistical software for Windows
(SPSS version 15.0; SPSS Inc, Chicago, IL, USA) was
used in the analyses.
Institutional ethical approval was obtained from the

Ethical Committee of Clinical Research (Xunta de Gal-
icia, Spain) and written informed consent was obtained
from the index case.

Results
Characteristics of the contacts
Initially, the contact investigation included 58 patients
with ESRD attending the haemodialysis unit during the
17-week infectious period of the TB index case. One pa-
tient refused to be included in the study, and a previous
positive TST was documented for five other patients,
who were also excluded from further analysis. Hence, a
total of 52 patients were included in the study.
The mean age of these patients was 62 ±16.8 years.

Seven patients (13.5%) had been vaccinated with BCG.
The aetiology of the end-stage renal failure was hyper-
tensive nephrosclerosis (31%), diabetic nephropathy
(19%), others (29%), and unknown (21%). Eight patients
were receiving immunosuppressive therapy. Two
patients recalled previous contact with a TB patient, but
both had had a negative TST result.
Each patient attended the dialysis ward for about
4 hours for three days a week, except for one patient
who had dialysis on a daily basis. A total of 46 patients
(88.5%) had been in contact with the index case for the
whole 17-week infectious period. The control unit
(where the health personnel work) is located at the
centre of the room, so the degree of exposure to the
index case was considered to be almost identical for all
patients. The other 6 patients with a shorter period of
exposure had been in contact with the index case for 4,
6, 11, 12 (two patients) and 13 weeks each.
Other demographic, clinical characteristics and labora-

tory findings are shown in Table 1.

TST and QFT results
TST results
Of the 52 patients who had been in contact with the
index case, 3 (5.8%) had a positive TST result for the first
test (TST-1) (Figure 1). Fifteen days later, the remaining
49 patients had a second TST (TST-2) and the TST-2
was positive in 8 patients (16.3%). Overall, 11 patients
(21.2%) had a final positive TST. In BCG-vaccinated indi-
viduals, the TST was positive in only 1 patient, and this
was detected at TST-2. In the five patients with radio-
graphic findings suggesting possible old healed TB, the
TST was positive in three cases (one at TST-1 and the
other two at TST-2). The induration measurement of
tuberculin reaction was >10 mm in every patient with
a positive result.
Three patients (6.1%) out of 49 with a negative TST-1

only had erythema. The frequency of patients showing
erythema without induration even increased at the



Figure 1 Results of the Tuberculin Skin Test and of the QuantiferonW-TB Gold in-Tube assay. TST-1: Tuberculin skin test result in the first-
step testing. TST-2: Tuberculin skin test result in the second-step testing (15 days after TST-1). QFT: QuantiferonW-TB Gold in-tube assay.
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second TST, with it being observed in 9 out of the 41
patients with a negative TST-2 (22.0%). It is worth not-
ing that for the three patients with erythema but a nega-
tive TST-1, the second TST performed 15 days later was
clearly positive (Table 2).
A positive TST result was not associated with any of

the variables analysed, although the presence of an old
healed TB in chest radiography approached statistical
significance (p = 0.057).

QFT results
The QFT was performed at the same time as the TST-1
in all the 52 patients, and it was positive in 18 cases
(34.6%). No indeterminate results were found. In BCG-
vaccinated individuals, the QFT result was positive in
only one patient, who had both negative TST-1 and
TST-2 results. In the five patients with radiographic
findings suggesting possible old healed TB, QFT was
positive in three cases (all with positive TST results) and
it was negative in the other two patients, who also had a
negative TST result. A positive QFT result was only sig-
nificantly associated with the presence of old healed TB
in chest radiography (p = 0.043).

– Agreement between the TST and QFT results was
found to be weak when taking into account only the
initial TST (κ= 0.21), whereas it was moderate when
both TST results (TST-1 and TST-2) were
considered (κ= 0.49) (Table 3).
Table 2 Relationship between the tuberculin skin test
results and erythema

TST (+) TST(−) erythema (+) TST (−) erythema (−)

TST-1 3 3* 46

TST-2 8 9 32

TST-1: Tuberculin skin test result in the first-step testing.
TST-2: Tuberculin skin test result in the second-step testing (15 days after TST-1).
* The three patients with a negative TST-1 result and erythema boosted to a
positive TST-2 result.
– Overall, the QFT was positive in 18 patients (34.6%),
while the TST was positive in 11 patients (21.2%)
(p = 0.065).

Value of erythema without induration in the TST
response
As an unexpectedly high number of patients presented
erythema without any induration in the TST response,
we attempted to verify if erythema alone could be a valu-
able marker for LTBI. Of the 12 patients with erythema
and no induration in the TST, 8 had a positive QFT re-
sult (2 out of 3 cases with a negative TST-1 result and 6
out of 9 cases with a negative TST-2 result). If both
responses (the presence of erythema without induration
or a positive TST result) were considered to be positive
test results, agreement between the QFT and TST
improved to κ= 0.67 (strong agreement), as shown in
Table 4.

Contact follow-up
All contacts with a positive result for either the TST or
the QFT were considered to have LTBI, after active TB
was excluded. Preventive treatment with isoniazid for
9 months was considered for these patients.
Twenty patients (38.5%) were considered to have LTBI

(two on the basis of a positive TST result, nine on the
basis of a positive QFT result, and nine with positive
results for both TST and QFT). Preventive treatment
was started for 11 patients, of which 8 patients com-
pleted the treatment. Isoniazid treatment was stopped in
two patients because of toxicity, and the final patient in
this group died during LTBI treatment, from causes un-
related to either TB or isoniazid toxicity. The remaining
9 patients did not start LTBI treatment: four of them
due to poor basal performance, while five declined to re-
ceive the treatment.
Eighteen months after the outbreak, none of the 20

patients with LTBI developed active TB. Five patients



Table 3 Agreement between the results of tuberculin skin testing with those for the QuantiferonW-TB Gold in-tube
assay

TST-1 Overall TST

negative positive Total negative positive Total

QFT negative n 34 0 34 32 2 34

(%) 65.4% 0% 65.4% 61.5% 3.8% 65.4%

positive n 15 3 18 9 9 18

(%) 28.8% 5.8% 34.6% 17.3% 17.3% 34.6%

Total n 49 3 52 41 11 52

(%) 94.2% 5.8% 100% 78.8% 21.2% 100%

kappa value 0.21 0.49

TST-1: Tuberculin skin test result in the first-step testing.
Overall TST: Tuberculin skin test result after TST-1 and second-step testing (15 days after first testing).
QFT: QuantiferonW-TB Gold in-tube assay.
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died during the follow-up period (one during LTBI treat-
ment and four patients without treatment). No death
was related to TB.
The remaining 32 patients with negative results for

both QFT and TST were considered to be not infected,
and did not receive LTBI treatment. After the 18-month
follow-up period of close clinical monitoring, no case of
active TB was found among this group. Four patients
died during the follow-up period, none of the deaths
were related to TB.
Discussion
The present study assessed the value of TST and QFT in
haemodialysis patients after prolonged exposure to a
highly contagious pulmonary TB patient. The results
obtained showed three major findings. First, a single
TST has low sensitivity in detecting LTBI and a two-step
strategy must be carried out to gain sensitivity. Second,
erythema alone (without induration) may be a valuable
marker when interpreting TST in haemodialysis patients.
Table 4 Agreement between the results of tuberculin skin
testing and presence of erythema with those for the
Quantiferon-TB Gold in-tube assay

TST/Erythema

TST (−)
Erythema (−)

TST (+) or
erythema (+)

Total

QFT negative n 29 5 34

% 55.8% 9.6% 65.4%

positive n 3 15 18

% 5.8% 28.8% 34.6%

total n 32 20 52

% 61.5% 38.5% 100`

kappa value 0.67

TST: Tuberculin Skin Test.
QFT: QuantiferonW-TB Gold in-Tube assay.
And third, the QFT shows better sensitivity than the
TST in detecting LTBI in haemodialysis patients.
TST has been shown to be unreliable in patients with

advanced chronic kidney disease, and although a positive
test may be useful for LTBI diagnosis, a negative one
cannot be assumed to be a true negative [8,10,11]. Urae-
mia is a well-known risk factor for impaired immune
cellular response [9,19], and this fact is decisive for both
a lower sensitivity of the TST and a higher risk of pro-
gression from LTBI to TB disease [12]. It has been
shown that immune cells can be activated in ESRD
patients, but the functionality of these cells is impaired.
This is especially true for the subpopulation of T helper
1 (TH1) lymphocytes, which are the cells mainly respon-
sible for cellular immunity and delayed hypersensitivity
responses. Moreover, there is a decrease in the number
of B cells in a pro-inflammatory environment (comple-
ment activation, inflammatory cytokines), together with
an imbalance in the ratio of TH1/TH2 lymphocytes [20].
The suppression of the immune TH1 status entails a
higher rate of anergy, eventually leading to lower posi-
tive TST responses compared to the QFT results. Al-
though limited by the absence of a gold-standard
method to confirm LTBI, in our study QFT has shown a
higher response than TST, which approaches statistical
significance.
Two-step testing in TST has been shown to be crucial

for LTBI diagnosis in patients with ESRD, in the absence
of a known recent exposure to a contagious index case
[21,22]. In our study, 8 patients with an initially negative
TST had a second positive TST 15 days later; thereby,
highlighting the importance of the booster effect in ESRD
patients. The booster effect is believed to result from recall
of waned cell-mediated immunity, akin to the anamnestic
response. A first tuberculin test may boost cell-mediated
immunity in patients with otherwise impaired immune re-
sponse, such as patients with ESRD [23]. Several studies
have addressed the booster phenomenon in ESRD patients
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without known recent exposure to a TB index case
[21,22,24-26]. Cengiz et al. detected a boosted response in
a second TST, performed seven days after a first TST, in
24.3% of patients on haemodialysis [22]. Similarly, Habes-
glu et al. found the booster phenomenon in 29.7% of
patients undergoing haemodialysis treatment and with no
epidemiologically recognised factors for LTBI [25]. Our
study has addressed the booster response in the context of
a recent exposure to a highly contagious TB index case.
Therefore, it could be difficult to distinguish between a
booster effect from a real conversion after the tuberculin
“window period”. Nevertheless, this is very unlikely, be-
cause both TST and QFT were performed 12 weeks
after the last possible exposure to the Index Case,
which would make very unlikely a conversion attribut-
able to the “window period” [27]. Our findings support
the view that two-step TST must be performed in
patients with ESRD, even in the context of a recent
exposure to M. tuberculosis.
An unexpected finding of our study was the high

number of patients with erythema, but without indur-
ation, in the TST responses. Erythema without indur-
ation is not generally considered in the interpretation of
the TST in most International Guidelines. However,
some Japanese guidelines suggest taking erythema with-
out induration into consideration when the measure-
ment is over 20 mm [28]. In a contact tracing study
carried out with 566 BCG-vaccinated school students in
Japan, the erythema measurement was correlated with
both the induration measurement and the degree of ex-
posure to the index case. These results suggest that ery-
thema (irrespective of the induration response) could
have a significant value in the interpretation of the TST
results. However, in this study, no concomitant IGRA
testing was performed [29]. In our study, joint assess-
ment of induration and erythema has shown better cor-
relation with the QFT results than when only induration
was taken into account in the TST response. All 3
patients with erythema, but with a negative result in the
initial TST-1, developed a positive TST response 15 days
later. Moreover, of the 9 patients with erythema without
induration in the second TST, six (66.7%) had a positive
QFT result. Overall, our results suggest that in patients
with impaired cell-mediated immune response, such as
patients with ESRD, erythema without induration could
be indicative of a weak immune response to M. tubercu-
losis antigens, even though it did not yield skin indur-
ation. Our findings indicate that M. tuberculosis
infection could be considered in patients with ESRD and
with no induration erythema shown in the TST re-
sponse, particularly in situations of high epidemiological
risk of infection. Nevertheless, more studies and a higher
number of patients than those presented in our study
are required to fully verify this statement.
As there is no gold-standard method to confirm diag-
nosis of LTBI, the accuracy of tests for evaluating LTBI
relies on indirect evidence of infection. There is in-
creasing evidence that IGRA results have a better cor-
relation with known risk factors for LTBI than the TST
responses [13]. In addition, several studies have
assessed this issue in patients with chronic kidney dis-
ease, indicating that for these groups of patients, IGRAs
have a greater accuracy than TST in the diagnosis of
LTBI [30-34]. However, only a few studies have com-
pared TST and IGRA results in haemodialysis patients
after a recent exposure to a bacilliferous TB patient
[16,17]. Winthrop et al. found a better correlation with
risk exposure using Quantiferon-TB-GoldW test (an
older generation of QFT) than when using the TST
after exposure to a pulmonary TB patient in a haemo-
dialysis centre [16]. Yet, they found that the rates of
positive results using the TST and the IGRA were not
significantly different, whereas we found a value close
to statistical significance (p = 0.065). The conclusion
derived from the above cited study and from our
current findings (using the new generation of QFT) is
that IGRAs may offer greater accuracy for the diagnosis
of LTBI in ESRD patients, after exposure to an infec-
tious TB patient [14].
Our study has several limitations that require further

comments. First, due to the limited number of patients
included in the study, our results must be interpreted
with caution, and larger series of patients are necessary
to confirm our findings. This is especially true for the
value of erythema, as very few studies have previously
assessed this item. Second, as there is no gold-standard
method for diagnosing true LTBI, it cannot be ruled out
that higher positivity rates for the QFT could include
some false positive results. Nevertheless, there is increas-
ing evidence about the value of an IGRA as a marker for
LTBI, and even as a marker for the risk of progression to
active TB [35]. Finally, only one commercial IGRA
(QFT) has been evaluated in our study. It has been sug-
gested that the other commercially available IGRA (T-
SPOT.TBW) may have an improved sensitivity in patients
with immunodeficiency disorders [36]. There are several
previous studies that have compared different commer-
cially available IGRAs in ESRD patients [30,32,33]. In a
Korean study comparing the performance of TST, QFT
and T-SPOT.TB in patients undergoing haemodialysis,
the positive rates were 23.5%, 45.9% and 60.4% respect-
ively, suggesting a higher sensitivity for the T-SPOT.TB
test. In addition, the frequency of indeterminate results
was higher for the QFT compared with the T-SPOT.TB
test [32]. In contrast, two other studies failed to demon-
strate significantly better sensitivities with the T-SPOT.
TB test than with the QFT: 47% vs. 40%, respectively,
using an older generation of QFT in a Taiwanese study
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[30], or 22% vs. 46%, respectively, in 62 Swiss patients
deemed to have LTBI [33].

Conclusions
Our results indicate that the QFT shows better sensitiv-
ity than the TST in detecting LTBI in haemodialysis
patients, after exposure to M. tuberculosis. Nevertheless,
if the TST is used for detecting LTBI, a single TST result
has low sensitivity and a two-step strategy must be per-
formed to gain sensitivity.
Although the relatively small number of patients

included in the present study limits, to some extent, the
significance of the conclusions, it can still be emphasized
that special care should be taken in patients with ESRD,
who show erythema after the TST, because erythema
alone (without induration) may be a marker of LTBI
when interpreting TST in these patients.

Consent statement
Institutional ethical approval for the study was obtained
from the Ethical Committee of Clinical Research (Xunta
de Galicia, Spain) and written informed consent for
publication was obtained from the index case. A copy of
the written consent is available for review by the Series
Editor of the journal.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
LA provided patient care and was responsible for data management, design
of the study and drafting of the manuscript. MT and AP performed
laboratory tests and were involved in writing the draft version. DF, MR, LP
and MN made substantial contributions to the acquisition of data,
participated in recruitment of subjects, provided patient care and were
involved in writing the draft version. CV performed the statistical analysis.
AGF revised the draft carefully for important intellectual content. All authors
read and approved the final version of the manuscript.

Acknowledgements
We would like to thank the University of Vigo and SUDOE-FEDER
(IMMUNONET-SOE1/P1/E014) for financial support.

Author details
1Unidade de tuberculose, Servizo de Medicina Interna, Complexo hospitalario
de Pontevedra (CHOP). SERGAS, Mourente s/n, Pontevedra 36071, Spain.
2Servizo de Microbioloxía, Complexo hospitalario de Pontevedra (CHOP).
SERGAS, Mourente s/n, Pontevedra 36071, Spain. 3Servizo de Nefroloxía,
Complexo hospitalario de Pontevedra (CHOP). SERGAS, Mourente s/n,
Pontevedra 36071, Spain. 4Servizo de Neumoloxía, Complexo hospitalario de
Pontevedra (CHOP). SERGAS, Mourente s/n, Pontevedra 36071, Spain.
5Unidade de estatística. Universidade de Vigo, Campus de Lagoas,
Marcosende, Vigo, Pontevedra 36310, Spain. 6Área de Inmunoloxia, Centro
de Investigaciones Biomédicas (CINBIO), Universidade de Vigo, Campus
Lagoas Marcosende, Vigo, Pontevedra 36310, Spain.

Received: 28 November 2011 Accepted: 15 August 2012
Published: 20 August 2012

References
1. García-Leoni ME, Martín-Scapa C, Rodeño P, Valderrábano F, Moreno S,

Bouza E: High incidence of tuberculosis in renal patients. Eur J Clin
Microbiol Infect Dis 1990, 9:283–285.
2. Sasaki S, Akiba T, Suenaga M, Tomura S, Yoshiyama N, Nakagawa S, Shoji T,
Sasaoka T, Takeuchi J: Ten years’ survey of dialysis-associated tuberculosis.
Nephron 1979, 24:141–145.

3. Segall L, Covic A: Diagnosis of tuberculosis in dialysis patients: current
strategy. Clin J Am Soc Nephrol 2010, 5:1114–1122.

4. National Tuberculosis Controllers Association, Centers for Disease Control
and Prevention: Guidelines for the investigation of contacts of persons
with infectious tuberculosis. Recommendations from the National
Tuberculosis Controllers Association and CDC. MMWR Recomm Rep 2005,
54:1–47.

5. Reichler MR, Reves R, Bur S, Thompson V, Mangura BT, Ford J, Valway SE,
Onorato IM, Group CIS: Evaluation of investigations conducted to detect
and prevent transmission of tuberculosis. JAMA 2002, 287:991–995.

6. (CDC) CfDCaP: Tuberculosis transmission in a renal dialysis center–
Nevada, 2003. MMWR Morb Mortal Wkly Rep 2004, 53:873–875.

7. Santin M, Dominguez J: Diagnosis of tuberculosis infection using
interferon-gamma based assays. Enferm Infecc Microbiol Clin 2011,
29:26–33.

8. Shankar MS, Aravindan AN, Sohal PM, Kohli HS, Sud K, Gupta KL, Sakhuja V,
Jha V: The prevalence of tuberculin sensitivity and anergy in chronic
renal failure in an endemic area: tuberculin test and the risk of post-
transplant tuberculosis. Nephrol Dial Transplant 2005, 20:2720–2724.

9. Wauters A, Peetermans WE, Van den Brande P, De Moor B, Evenepoel P,
Keuleers H, Kuypers D, Stas K, Vanwalleghem J, Vanrenterghem Y, Maes BD:
The value of tuberculin skin testing in haemodialysis patients. Nephrol
Dial Transplant 2004, 19:433–438.

10. Woeltje KF, Mathew A, Rothstein M, Seiler S, Fraser VJ: Tuberculosis
infection and anergy in hemodialysis patients. Am J Kidney Dis 1998,
31:848–852.

11. Smirnoff M, Patt C, Seckler B, Adler JJ: Tuberculin and anergy skin testing
of patients receiving long-term hemodialysis. Chest 1998, 113:25–27.

12. Sester M, Sester U, Clauer P, Heine G, Mack U, Moll T, Sybrecht GW, Lalvani
A, Köhler H: Tuberculin skin testing underestimates a high prevalence of
latent tuberculosis infection in hemodialysis patients. Kidney Int 2004,
65:1826–1834.

13. Diel R, Goletti D, Ferrara G, Bothamley G, Cirillo D, Kampmann B, Lange C,
Losi M, Markova R, Migliori GB, et al: Interferon-γ release assays for the
diagnosis of latent Mycobacterium tuberculosis infection: a systematic
review and meta-analysis. Eur Respir J 2011, 37:88–99.

14. Milburn H, Ashman N, Davies P, Doffman S, Drobniewski F, Khoo S,
Ormerod P, Ostermann M, Snelson C, Committee BTSSoCCaJT: Guidelines
for the prevention and management of Mycobacterium tuberculosis
infection and disease in adult patients with chronic kidney disease.
Thorax 2010, 65:557–570.

15. Arend S, Thijsen S, Leyten E, Bouwman J, Franken W, Koster B, Cobelens F,
van Houte A, Bossink A: Comparison of two interferon-gamma assays and
tuberculin skin test for tracing tuberculosis contacts. Am J Respir Crit Care
Med 2007, 175:618–627.

16. Winthrop KL, Nyendak M, Calvet H, Oh P, Lo M, Swarbrick G, Johnson C,
Lewinsohn DA, Lewinsohn DM, Mazurek GH: Interferon-gamma release
assays for diagnosing mycobacterium tuberculosis infection in renal
dialysis patients. Clin J Am Soc Nephrol 2008, 3:1357–1363.

17. Connell DW, Singanayagam A, Charif R, George PM, Molyneaux PL,
McCrudden C, Magtoto M, Harden E, Seneviratne SL, Duncan ND, Kon OM:
A comparison between interferon gamma release assays and the
tuberculin skin test in the contact tracing of patients with chronic
kidney disease. Thorax 2011, 66:729–730.

18. González-Martín J, García-García J, Anibarro L, Vidal R, Esteban J, Blanquer R,
Moreno S, Ruiz-Manzano J: [Consensus document on the diagnosis,
treatment and prevention of tuberculosis]. Enferm Infecc Microbiol Clin
2010, 28:297. e291-e220.

19. Touraine JL, Touraine F, Revillard JP, Brochier J, Traeger J: T-lymphocytes
and serum inhibitors of cell-mediated immunity in renal insufficiency.
Nephron 1975, 14:195–208.

20. Alvarez-Lara MA, Carracedo J, Ramírez R, Martín-Malo A, Rodríguez M,
Madueño JA, Aljama P: The imbalance in the ratio of Th1 and Th2 helper
lymphocytes in uraemia is mediated by an increased apoptosis of Th1
subset. Nephrol Dial Transplant 2004, 19:3084–3090.

21. Dogan E, Erkoc R, Sayarlioglu H, Uzun K: Tuberculin skin test results and
the booster phenomenon in two-step tuberculin skin testing in
hemodialysis patients. Ren Fail 2005, 27:425–428.



Anibarro et al. BMC Infectious Diseases 2012, 12:195 Page 8 of 8
http://www.biomedcentral.com/1471-2334/12/195
22. Cengiz K, Seker A: Boosted tuberculin skin testing in hemodialysis
patients. Am J Infect Control 2006, 34:383–387.

23. Menzies D: Interpretation of repeated tuberculin tests. Boosting,
conversion, and reversion. Am J Respir Crit Care Med 1999, 159:15–21.

24. Akcay A, Erdem Y, Altun B, Usalan C, Agca E, Yasavul U, Turgan C, Caglar S:
The booster phenomenon in 2-step tuberculin skin testing of patients
receiving long-term hemodialysis. Am J Infect Control 2003, 31:371–374.

25. Habesoğlu MA, Torun D, Demiroglu YZ, Karatasli M, Sen N, Ermis H, Ozdemir
N, Eyuboglu FO: Value of the tuberculin skin test in screening for
tuberculosis in dialysis patients. Transplant Proc 2007, 39:883–886.

26. Soysal A, Toprak D, Koc M, Arikan H, Akoglu E, Bakir M: Diagnosing latent
tuberculosis infection in haemodialysis patients: T-cell based assay
(T-SPOT.TB) or tuberculin skin test? Nephrol Dial Transplant 2012,
27:1645–1650.

27. Anibarro L, Trigo M, Villaverde C, Pena A, González-Fernández A: Tuberculin
skin test and interferon-γ release assay show better correlation after the
tuberculin ‘window period’ in tuberculosis contacts. Scand J Infect Dis
2011, 43:424–429.

28. Koike R, Takeuchi T, Eguchi K, Miyasaka N, Rheumatology JCo: Update on
the Japanese guidelines for the use of infliximab and etanercept in
rheumatoid arthritis. Mod Rheumatol 2007, 17:451–458.

29. Toivgoogiin A, Toyota M, Yasuda N, Ohara H: Validity of using tuberculin
skin test erythema measurement for contact investigation during a
tuberculosis outbreak in schoolchildren previously vaccinated with BCG.
J Epidemiol 2005, 15:56–64.

30. Lee SS, Chou KJ, Su IJ, Chen YS, Fang HC, Huang TS, Tsai HC, Wann SR, Lin
HH, Liu YC: 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 2009, 37:96–102.

31. Seyhan EC, Sökücü S, Altin S, Günlüoğlu G, Trablus S, Yilmaz D, Koksalan OK,
Issever H: Comparison of the QuantiFERON-TB Gold In-Tube test with the
tuberculin skin test for detecting latent tuberculosis infection in
hemodialysis patients. Transpl Infect Dis 2010, 12:98–105.

32. Chung WK, Zheng ZL, Sung JY, Kim S, Lee HH, Choi SJ, Yang J: Validity of
interferon-γ-release assays for the diagnosis of latent tuberculosis in
haemodialysis patients. Clin Microbiol Infect 2010, 16:960–965.

33. Triverio PA, Bridevaux PO, Roux-Lombard P, Niksic L, Rochat T, Martin PY,
Saudan P, Janssens JP: Interferon-gamma release assays versus tuberculin
skin testing for detection of latent tuberculosis in chronic haemodialysis
patients. Nephrol Dial Transplant 2009, 24:1952–1956.

34. Passalent L, Khan K, Richardson R, Wang J, Dedier H, Gardam M: Detecting
latent tuberculosis infection in hemodialysis patients: a head-to-head
comparison of the T-SPOT.TB test, tuberculin skin test, and an expert
physician panel. Clin J Am Soc Nephrol 2007, 2:68–73.

35. Diel R, Loddenkemper R, Niemann S, Meywald-Walter K, Nienhaus A:
Negative and Positive Predictive Value of a Whole-Blood Interferon-
{gamma} Release Assay for Developing Active Tuberculosis: An Update.
Am J Respir Crit Care Med 2011, 183:88–95.

36. Piana F, Codecasa LR, Cavallerio P, Ferrarese M, Migliori GB, Barbarano L,
Morra E, Cirillo DM: Use of a T-cell-based test for detection of
tuberculosis infection among immunocompromised patients. Eur Respir J
2006, 28:31–34.

doi:10.1186/1471-2334-12-195
Cite this article as: Anibarro et al.: Value of the tuberculin skin testing
and of an interferon-gamma release assay in haemodialysis patients
after exposure to M. tuberculosis. BMC Infectious Diseases 2012 12:195.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Method
	Results
	Conclusions

	Background
	Methods
	Description of the outbreak
	Tuberculin skin test
	Interferon-gamma release assay
	Data analysis
	Follow-up
	Statistical analyses

	Results
	Characteristics of the contacts
	TST and QFT results
	TST results


	link_Tab1
	Outline placeholder
	QFT results

	Value of erythema without induration in the TST response
	Contact follow-up

	link_Fig1
	link_Tab2
	Discussion
	link_Tab4
	link_Tab3
	Conclusions
	Consent statement
	Competing interests
	Authors´ contributions
	Acknowledgements
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36


<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [595.440 793.440]
>> setpagedevice


