
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 offer treatment and prevent
progression to TB disease.
Objective: to compare the performance of Quantiferon-TB Gold
test (QFT-G) in the diagnosis of LTBI with tuberculin skin test (TST)
among patients on haemodialysis.
Patients and methods: sixty patients on hemodialysis at Al-Azhar
and Assiut university hospitals were subjected to TST and QFT-G.
The agreement  between both tests was evaluated with respect to
age, sex, BCG vaccination and  history of contact to a known TB
case.
Results: The percentage of positive TST results and positive QFT-G
test results was 45% & 31.7% respectively. The overall agreement
between both tests was 44/60 (73.3%) and it was statistically
significant (P=0.001). BCG vaccination had no effect on either TST
or QFT- G results. Positive TST and QFT-G results were 90% and
100 % respectively in patients with history of contact to known
TB cases. Both tests were not significantly related to age or sex.
Conclusions: Both QFT-G and TST may be complementary to each
other in the diagnosis of LTBI in hemodialysis patients.

Keywords:Quantiferon TB gold test- TST- latent TB-
haemodialysis.

Introduction

End stage renal disease (ESRD) patients are at increased risk
of latent tuberculosis infection (LTBI) compa-red to the
general population. LTBI is more likely to progress to TB
infection in ESRD. Investigations from several countries have
shown that the increased risk of TB among patients on
long-term dialysis is 6.9 to 52.5 times higher than the rate in
the general population (Hussein et al, 2002).  Although
guidelines recommend screening these patients for LTBI, the
tuberculin skin test (TST) is believed to be insensitive in
ESRD patients and TST negativity rate is high. False-negative
TST of ESRD patients might be due to the immuno
compromised condition (Taggart et al, 2004; Hayriye et al,
2011). In addition, the TST might be falsely positive in
persons with a history of previous nontuberculous
mycobacterium (NTM) infection or BCG vaccination (Wang
et al, 2002) Immune response to mycobacterial infections is
primarily a cell-mediated immune response to M.
tuberculosis antigens. When the T cells are stimulated by
purified protein derivative (PPD) from M. tuberculosis, they
produce the cytokine gamma interferon (IFN-y), which
allows macrophages to kill the intracellular pathogen (Luis
et al, 2012). The Quantiferon-TB assay detects the in vitro
cell-mediated immune response to M. tuberculosis infection

by measuring IFN- y in whole blood that was incubated with
M tuberculosis PPD. An enzyme-linked immuno sorbentassay
(ELISA) detects the amount of IFN- y produced by the T cells
(WHO, 2009).

The enhanced QFT-G test assay uses early secretory
antigenic 6 kDa (ESAT-6) and culture filtrate protein 10
(CFP-10), The T SPOT-TB assay, uses ESAT6 and CFP10, and
detects INF y- producing T cells in peripheral blood
mononuclear cells (PBMCs) based on ELISPOT (Anderson
and Doherty, 2005).

Aim of the work

The aim of this study is to compare the performance of
Quantiferon-TB Gold test in the diagnosis of latent
tuberculosis infection with tuberculin skin test among
patients undergoing hemodialysis.

Patients and Methods

This study was conducted on sixty patients undergoing
hemodialysis at Al-Azhar and Assiut university hospitals
during the period from January 2011 to September 2012. All
the patients were subjected to:
-Detailed history taking particularly history of contact to a
known tuberculous patient and history of BCG vaccination
documented by BCG scar.

-Full clinical examination.

Tuberculin skin test (TST): TST was performed by
intradermal injection of 0.1 ml of PPD (5 units) into the skin
of the forearm. The test was then read 48 to 72 hours later.
The presence of induration was determined by touch. The
diameter of the induration was measured transversely.
Erythema is not considered. The size of induration was
measured in millimeters, 10 mm or more was considered
as positive results (CDC, 2006). QuantiFERON TB Gold test
(QFT-G):The QFT-G system uses three specialized blood
collection tubes that contain antigens representing certain
M. tuberculosis proteins (ESAT-6,CFP-10 and TB 7.7) as well
as positive (Mitogen) and negative (Nil) controls. The
Mitogen tube can be used with the QFT-G test as a positive
control. This may be especially warranted where there is
doubt as to the individual's immune status, so it is specially
used in Immuno compromised  patients (CDC, 2006). The
following steps were performed according to package insert
of QuantiFERON®-TB Gold (In- Tube Method),
manufactured by Cellestis Limited (Australian public
company):
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a) Incubation of whole blood with antigen: 1 ml of
 blood  was taken by venipuncture directly into each
 of the collection tubes.  Shaking the tubes vigorously
 for  5 seconds (10 times) was done to ensure that the
 entire inner surface of the tube has been coated with
 blood. Tubes were labeled appropriately. The tubes
 were then transferred to a 37°C incubator as soon as
 possible within 12 hours of collection. Incubation

of the blood for 16-24 hours, after which plasma was
 separated and tested for the presence of IFN-gamma
 produced in response to the peptide antigen.

b) Measurement of IFN-? by ELISA: Following 16 to 24
 hours incubation, the tubes were centrifuged at 5000
 rpm for 10-15 minutes and plasma was collected. The
 concentration of IFN-gamma was determined by
 enzyme linked immune sorbent assay (ELISA). The
 QFT-G ELISA uses a recombinant human IFN-gamma
 standard, which has been assayed against a reference
 IFN-? preparation. Prior to assay, plasma was mixed
 to ensure that IFN-? is evenly distributed throughout
 the sample. 50?L of freshly prepared working strength
 conjugate was added to the required ELISA wells
 using a multichannel pipette. 50?L of test plasma
 samples was added to appropriate wells using a
 multichannel pipette. Finally 50?L of each of the four
 standards were added to standard wells. Mixing the
 conjugate and plasma/standards thoroughly was
 done using a microplate shaker (Sorin, Biomedica) for
 1 minute. Then the plate was covered with lid and

 incubated at room temperature (22 °C ± 5 °C) for 120
 minutes, without direct exposure to sunlight. The
 wells were washed with 400 ?L of working strength
 wash buffer for at least 6 cycles by automated plate
 washer (Stat-Fax 2600). 100 ?L of enzyme substrate
 solution to each well were added and mixed
 thoroughly  by a microplate shaker. The plate was
 covered with a lid and incubated at room temperature
 for 30 minutes without exposure to direct sunlight.
 Then 50 ?L of enzyme stopping solution was added to
 each well and mixed. The plate was finally read at 450
 nm using reference filter at 630 nm (Stat-Fax 2100)
 (Gerogianni et al, 2008).

c) Interpretation of results: The software performed a
 Quality control assessment of the assay and generated
 a standard curve for reading a test result for each
 subject. A positive result suggests that M.
 Tuberculosis is likely; a negative result suggests that
 infection is unlikely.

Statistical methods: Statistical Package for Social
 Science (SPSS) program version 16 was used for
 analysis of data.Data were presented as number,
 (percent) and mean + SD. Chi-square (x2) test was
 used to compare qualitative data.Significant
 correlation  between different variables was
 determined using Pearson's correlation coefficient.
 The agreement between TST and QFT-G test results
 was  assessed using Kappa coefficient.

,

Results

Table (1): Demographic Characteristics of the studied hemodialysis patients

Demographic data Patients group(N=60)
S�� (��. %)

M���
F�����

33 (55%)
27 (45%)

Age (years)

Rang (years)
(mean ±SD)

(39-70)
55.17± 14.87

History of BCG vaccinations (No. %):

Yes
No

40 (66.7%)
20 (33.3%)

History of contact to T.B patient (no.%) 9 (15%)
Duration of haemodialysis (months) (mean ±SD) 36±15

Table (2): Results of TST and QFT-G in the studied patients

Results Tuberculin Skin-test
(TST)

Quantiferon-TB Gold Test
(QFT-G)

Positive 27 (45%) 19 (31.7%)
negative 33 (55% 41 (68.3%)
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Table (3): Results of TST and QFT-G in the studied hemodialysis patients with respect to age

Test No. (%) Age (Mean ± SD) P value

TST
Positive 27 (45%) 52.6 ± 16.1

0.65
Negative 33 (55%) 55.7 ± 14.2

QFT-G
Positive 19 (31.7%) 55.9 ± 12.1

0.52
Negative 41 (68.3%) 53.8 ± 16.7

Table (4): Results of positive TST and QFT-G in in the studied hemodialysis patients with respect to gender

Gender TST Positive (n=27) QFT-GPositive (n=19)
Female 12/27 (44.4%) 10/27 (37%)

Male 15/33 (45.4%) 9/33 (27.2%)
P value 0.32 0.05

Table (5): Results of positive TST and QFT-G in in the studied hemodialysis patients with respect to BCG
vaccination

BCG TST Positive (n=27) QFT-GPositive  (n=19)
Non vaccinated (n=20) 8 (40%) 6 (30%)

Vaccinated (n=40) 19 (47.5%) 13 (32.5%)
P value 0.22 0.55

Table (6): Results of positive TST and QFT-G in in the studied hemodialysis patients with respect to
history of contact to known TB cases

History of contact to TB TST  Positive (n=27) QFT-G Positive  (n=19)
No (n=51) 19 (37.25%) 10 (19.6%)
Yes (n=9) 8 (88.9%) 9 (100%)

P value 0.001 0.01

Table (7): Agreement of TST and QFT-G in in the studied hemodialysis patients

Test
TST (induration cut-off 10 mm)

Positive Negative Total

QFT-G
Positive 15 (25%) 4 (6.7%) 19 (31.7%)
Negative 12(20%) 29 (48.3%) 41 (68.3%)

Total 27(45%) 33 (55%) 60 (100%)
Kappa (k)

P value
Agreement (15 + 29)/60 = 73.3% (**? = 0.44)
p= 0.001.

**k = moderate agreement

Test
TST (induration cut-off 10 mm)

Positive Negative Total

QFT-G
Positive 5 (25%) 1 (5%) 6 (30%)
Negative 3(15%) 11(55%) 14 (70%)

Total 8(40%) 12 (60%) 20 (100%)
Kappa (k)

P value
Agreement (5 + 11)/20= 80% (**? = 0.56)
 p= 0.001.

Table (8): Agreement of TST and QFT-G Test in BCG non-vaccinated hemodialysis patients
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Discussion

In the current study on 60 hemodialysis patients, the
percentage of  positive TST results (induration cut off 10
mm) and positive QFT-G test results was found to be 45% &
31.7% respectively (table 2). Our results are in accordance
with Emin et al, (2011) who reported in their study that the
positivity of QFT-G was 39.6%, however TST positivity
differed according to cut off value.  Therefore, the sensitivity
of the QFT- G for the diagnosis of latent tuberculosis
infection might be lower than that of the TST among studied
groups. However Inoue et al., (2009) reported that the
sensitivity and specificity of the QFT in hemodialysis
patients was 100% and 89.7% respectively. In the present
study the overall agreement between the QFT-G and the TST
in hemodialysis patients was 44/60 (73.3%) and it was
found to be statistically significant with moderate agreement
(k=0.44 &  p=0.001), (Table 7). These results were found to
be in accordance with many researchers as Hayriye et al,
(2011) who found moderate agreement between the TST
and QFT-G assay results when TST induration is above 10
mm and Emin et al, (2011) who found fair to moderate
agreements between QFT-G test andTST in either a TST cut
off value of 5 mm and 10 mm in cases with renal failure
receiving HD.

In previous studies determining the performances of QFT-G
test versus the TST for detecting LTBI in ESRD cas-es, the
agreement between these tests were variable. However, the
agreement was not better than a fair result. In a recent study
from Turkey, Seyhan et al, (2010) reported an overall
agreement of 65% (concordance k=0.26) between the QFT-G
and the TST at a cut off value of 10 mm. Lee et al, (2009)
reported the overall agreement between QFT-G and TST as
fair (k=0.34) when the TST cut off was defined as 5 mm and
fair (k=0.25) when it was defined as 10 mm. They concluded
that the QFT-G was a more accurate method for identifying
those truly infected with Mycobacterium tuberculosis, even
in BCG-vaccinated individuals. Also, the agreement between
TST and QFT-G was poor (k=0.16, p=0.116) in Triverio et al,
(2009) study.

They defined TST pos-itive if an induration diameter was >5
mm and found that QFT-G was twice as effective at detecting
probable LTBI (46%) as TST (25%). Another study by
Winthrop et al, (2008) tested 100 patients with ESRD who
received hemodialysis and they reported that QFT-G and
T-SPOT-TB might offer a better method for detecting TB
in-fection in ESRD patients. In our study the rate of BCG
vaccination was 66.7% (table 1), similar result were
reported by Emin et al, (2011). However previous studies
revealed a BCG vaccination rate between 77.6% and 90%

(Ozdemir et al, 2007; Soysal et al, 2008; Elbek et al, 2009).
In the present study the overall agreement between the
QFT-G and the TST in BCG non vaccinated hemodialysis
patients was 16/20 (80%) and it was found to be statistically
significant with moderate agreement (k=0.56 &
p=0.001),(Table 8). As regard to BCG vaccination the
agreement between the two tests was fair (28/40, 70%,
k=0.37 & p=0.003) (9). These results were found to be in
accordance to Emin et al, (2011) who found in their study
on  64 BCG vaccinated cases with renal failure receiving HD
that the agreements between QFT-G test and TST in either
a TST cut off value of 5 mm and 10 mm  to be moderate and
fair (k=0.432 & k= 0.229 respectively).

In non-vaccinated 29 cases, the overall agreement between
the two tests were both fair (k=0.322, & k=0.228,
respectively) for TST cut off value of 5 mm and 10 mm
respectively. In our study we found that, BCG vaccination
had no effect on either TST or QFT- G results in hemodialysis
patients. Emin et al, (2011) found in their study that BCG
vaccination had no effect on TST, however QFT- G was found
to be significantly more positive in BCG non vaccinated
cases. Hayriye and coworkers (2011) reported a history of
BCG vaccination in (80%) of cases, however no statistically
significant difference was detected in the TST and QFT-G test
results between vaccinated and unvaccinated patients (P
value =0.221 ; 0.454 respectively).

This might be explained by the fact that, in their study group,
only 2 cases were positive by QFT-G: one of them was BCG
vaccinated and the other one was not (Hayriye et al, 2011).
In addition, Franken et al, (2007) found no significant
relation between BCG vaccinated patients and TST and
QFT-G test results. In the current study positive TST and
QFT-G results were found to be 90% and 100 % respectively
in hemodialysis patients with history of contact to known
TB cases (table 6). Connell et al, (2011) compared the
performance of TST and QTF-G test in a total of 75 subjects
who were contacts of active tuberculous patients and found
that concordant results between the two tests existed as
patients with positive TST had positive QFT-G test and
patients with negative TST had negative QFT-G. In our study
both QFT-G and TST results were not significantly related
to age. However our results were found to be in contrary to
Emin et al, (2011); Porsa et al, (2006) who stated that elder
patients were associated with positive QFT-G result.
Passalent et al, (2007) found that in patients with end-stage
renal disease undergoing dialysis, a positive T-SPOT.TB was
strongly as-sociated with age. Tegbru et al, (2006) compared
TST conversion and reactivity among adults with and
without HIV in total of 1286 study subjects, they found that
the age was not significantly different between the studied

Test
TST (induration cut-off 10 mm)

Positive Negative Total

QFT-G
Positive 10(25%) 3 (7·5%) 13 (32·5%)
Negative 9(22·5%) 18(45%) 27 (67·5%)

Total 19(47·5%) 21 (52·5%) 40 (100%)
Kappa (k)

P value
Agreement (5 + 18)/40= 70% (**? = 0.37)
 p= 0.001.

Table (8): Agreement of TST and QFT-G Test in BCG non-vaccinated hemodialysis patients

*k = fair agreement
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groups. Also Vinton et al, (2009) found that positive TST
result was associated with older age.

As regards sex distribution, in the present study there was
no statistically significant relation between the sex and
results of TST or QFT (p value 0.032 and 0.05 respectively)
(table 4). Similarly, Emin et al, (2011) found none significant
relation between the two tests regarding sex. On the other
hand, our results disagree with Tegbaru et al, (2006), who
found more positive results in males than females. This
difference may be attributed to the limited number of
patients in our study group (60 patients) compared to their
study which was performed on 1286 individuals. There is
no diagnostic gold standard for LTBI. So, we could not assess
the sensitivity and specificity of QFT-G for this disease state.

The only di-agnostic standard for LTBI is the eventual
development of active TB, and the predictive value for
progression of TB can be ascertained only through
longitudinal cohort studies that follow clinical outcomes of
tested individuals. In the study reported by Diel et al, (2011),
they showed that QFT-G is a more accurate indicator of the
presence of LTBI than the TST and provides at least the same
sensitivity for detecting individuals who will progress to
active TB. Also, high sensitivity and specificity of QFT-G tests
in active tu-berculosis disease is reported. In a meta-analysis
done by Pai and O'Brien, (2008) revealed that the pooled
sensitivity was 78% (CI, 73% to 82%) for QFT-G test, and
70% (CI, 63% to 78%) for QFT-G test In-Tube. The pooled
specificity for both QuantiFERON tests was 99% among
non-BCG-vaccinated participants (CI, 98% to 100%) and
96% (CI, 94% to 98%) among BCG-vaccinated participants.
They concluded that the Interferon gamma release assays
(IGRAs), especially QFT-G test and QFT-G test In-Tube, have
excellent specificity that is unaffected by BCG vaccination.

Conclusions

QFT-G test shows moderate agreement with TST (73.3%) so
the two tests may be complementary to each other in the
diagnosis of latent tuberculous infection in hemodialysis
patients. Therefore QFT-G could be used in screening of LTBI
simultaneously with TST; but its relatively high cost and
need for laboratory infrastructure is a limitation of its usage.

Recommendations

Hemodialysis patients should be screened routinely for
tuberculosis and latent tuberculous infection.Further
prospective studies are required to determine whether the
QFT-G is more sensitive than the TST in HD patients in LTBI.
We are in need for a gold standard test for detection of latent
TB infection.
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