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Abstract

Background

Accurate diagnosis of latent tuberculosis infection (LTBI) is becoming increasingly concern-
ing due to the increasing the HIV epidemic, which have increased the risk for reactivation to
active tuberculosis (TB) infection. LTBI is diagnosed by tuberculin skin test (TST) and inter-
feron-gamma release assays (IGRASs).

Objectives
The aim of the present study was to conduct a meta-analysis of published papers on the

agreement (kappa) between TST and QuantiFERON-TB Gold In-Tube (QFT-GIT) tests for
diagnosis of LTBI in HIV patient.

Methods

Electronic databases including PubMed/Medline, Elsevier/Scopus and Embase/Ovid were
reviewed up Jan. 2016. We performed a random effect model meta-analysis for estimation
of pooled Kappa between the two methods of diagnosis. Meta regression was used for
assessing potential heterogeneity and Egger’s test was used for assessing small study
effect and publication bias.

Results

The initial search strategy produced 6744 records. Of them, 23 cross-sectional studies met
the inclusion criteria and 20 studies entered in meta-analysis. The pooled kappa was and
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prevalence-adjusted and bias-adjusted kappa (PABAK) were 0.37 (95% CI: 0.28, 0.46) and
0.59 (0.49, 0.69). The discordance of TST-/QFT-GIT+ was more than TST+/QFT-GIT-.
Kappa estimate between two tests was linearly associated with age and prevalence index
and inversely associated with bias index.

Conclusion

Fair agreementbetween TST and QFT-GIT makes it difficult to know whether TST is as
useful as the QFT-GIT in HIV-infected patients. The higher discordance of TST-/QFT-GIT+
in compared to TST+/QFT-GIT- can induce the higher sensitivity of QFT-GIT for diagnosis
LTBI in HIV patients. Disagreement between two tests can be influenced by errorin mea-
surements and prevalence of HIV.

Introduction

Co-infection of Human immunodeficiency virus (HIV) and tuberculosis (TB) is a major
public health concern. Recent estimates indicated about 9 million new cases of TB annually
worldwide, of which 1.1 million are people living with HIV. Additionally, 1.5 million per-
sons die from TB each year, 360,000 of whom are HIV-positive [1]. It has been shown that
the risk of progression from Latent Tuberculosis Infection (LTBI) to active TB is 12 to 20
times greater for people living with HIV than for those without an HIV infection [2]. It has
also been identified that most of the deaths resulting from TB in HIV/AIDS patients are pre-
ventable if there is an accurate diagnosis and treatment [3]. Tuberculin Skin Test (TST) and
Interferon-Gamma Release Assays (IGRAs) are the main tests currently available for the
diagnosis of LTBI.

The use of TST which called Mantoux tuberculin test or purified protein derivatives
(PPDs), as a standard method of determining Mycobacterium tuberculosis infection has some
disadvantages: false-positive reactions to infection with non-tuberculosis mycobacteria and his-
tory of BCG vaccination [4] as well as false-negative reactions in presence of weakened
immune system, such as an HIV infection [5]. To deal with the challenges regarding TST, the
IGRAs tests are introduced [6]. The QuantiFERON,-TB Gold In-Tube test (QFT-GIT) and
T-SPOT g TB test (T-Spot) are two IFN-vy release assays (IGRAs) commercially available.

The result of some systematic reviews indicate that in comparison to TST, IGRAs can detect
LTBI with a higher specificity, negative (NPV) and positive (PPV) predictive values [7, 8]. The
comparative performance of IGRAs and TST in LTBI detection is not clear especially in per-
sons with HIV infection. Ample documents were published on the agreement (kappa) of the
QFT-GIT and TST in HIV-positive people; the range of kappa were variable: 0.29 in one study
in Georgia [9] and 0.59 in Chile [10]. On the other hand, some factors including gender, age,
CD4+ T-cell count can influence the diagnosis of LTBI using TST and/or QFT-GIT [11] and
finally on concordance or discordance between the two tests.

The most limitation of the data on the agreement of TST and QFT-GIT in HIV-infected
persons is low small sample size [12, 13]. Therefore a pooled study such as meta-analysis using
a unique measure with high precision is needed. To the best or our knowledge, there have not
been any systematic review and meta-analyses that evaluated the agreement (kappa) between
TST and QFT-GIT in LTBI detection among HIV infected people. The aim of this study was to
provide reliable evidence and clarify issues regarding this agreement using a systematic review
and meta-analysis.
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Materials and Methods
Search strategy and selection criteria

The systematic review and meta-analysis was conducted according to Preferred Reporting
Items for Systematic Review and Meta-analysis (PRISMA) [14]. Electronic databases, including
PubMed/Medline, Elsevier/Scopusand Embase/Ovid were searched for published literatures.
The following key words were used for search: ‘latent tuberculosis infection, ‘QuantiFERON;,
‘interferon-gamma release test, ‘interferon-gamma release assay, ‘enzyme-linked immunospot
assay, ‘tuberculin test, ‘PPD-S; ‘skin test, ‘mantoux tuberculin skin test, kappa, kappa-value,
kappa-statistic, agreement, observational study.

Reference lists of considered papers, reviews, meta-analyses, letters, and other relevant doc-
uments were searched and further communication with the authors of retrieved papers was
done for additional information. Primary eligibility criteria for inclusion were: 1) studies that
included HIV positive participants, 2) studies that had original data to calculate the kappa coef-
ficient and its standard error. The cut-off value by the manufacturer for QFTGIT is > 0.35 IU/
ml and finally blood sampling for QFT-GIT was done before the TST test. Papers were
excluded if they: 1) studied HIV people with active TB, 2) studies on agreement between one-
step TST with serial QFT-GIT, 3) reviews, cost analyses papers and letters without original
data.

Data extraction and quality assessment

After eliminating duplicate records, two authors (EA and ADA) independently screened the
titles for relevance and study selection. Abstracts from selected citations were independently
reviewed for further relevance; in cases of disagreement, a third consultant (EM) acted as an
arbitrator. The following items were extracted from the included studies and included in a
checklist; first author, year of publication, study setting (country), gender, mean age, sample
size, the history of BCG vaccination at infancy (yes, no, unknown, non-discrimination), TST
cut-off (diameter of induration) as positive, mean/median T-cell CD4 count, and the number
of subjects with positive and negative TST/QFT-GIT. Incidence rate of TB per 100, 000 in the
study location was extracted from the WHO, Global Tuberculosis Report 2015 [15].

The reporting bias of included studies in the meta-analysis was assessed by a modified
checklist from the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) Statement [16]. The following criteria were assessed; (a) a clear definition of the
study population; (b) description of the setting, locations, and relevant dates; (c) an exact defi-
nition of the outcome, such as LTBI diagnosis by the TST and/or the QFT-GIT; (d) eligibility
criteria for the participants; (e) an explanation of how the study size was determined; (f) figures
reflecting the number of outcomes associated with each test; and (g) an explanation of when
each test was conducted, such as whether blood sampling for the QFT-GIT took place before
the TST. Studies that fulfilled all of the above criteria were classified as having a low risk of
bias. Studies that met one criteria were classified as having an intermediate risk of bias, and
studies fulfilling more than one criteria were classified as having a high risk of bias.

Statistical methods

Cohen's kappa statistic, k, is a measure of agreement between categorical variables. Using this
statistic, true agreement with accounting the agreement occurring by chance was achieved.
Kappa expresses the proportion of agreement beyond that expected by chance. It is defined as
the observed agreement not due to chance in relative to the maximum non-chance agreement
[17]. Standard error (SE) and a 95% confidence interval (CI) for kappa were calculated using
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the methods described by J.L. Fleiss et al [18]. To calculate the kappa estimate, positive/negative
results for two tests were considered and meaningful cases such as intermediate were discarded.
Landis and Koch criteria were applied to interpret the degree of agreement; <0: poor, 0.1-0.2:
slight, 0.21-0.40: fair, 41-0.60: moderate, 0.61-0.8: substantial and 0.81-1: almost perfect [19].
The inverse variance method was used to estimate the weighted pooled Cohen’s kappa. The I*
was used for evaluation between studies heterogeneity.

In the presence of heterogeneity, a random effects model was used to pool the effect esti-
mates. Meta-analysis regression was applied to investigate which factors determine heterogene-
ity among included individual studies in the meta-analysis. A forest plot was used to show the
kappa (95% CI) of individual studies that went into the meta-analysis. The publication bias
was evaluated using a funnel plot with the test of Begg et al [20] and the linear regression asym-
metry test of Egger et al [21].

Post hoc sensitivity analyses were conducted to estimate the adjusted kappa. It has been
shown that the kappa is affected by effect of prevalence and bias. It has been identified that the
prevalence of disease and the extent to which the tests disagree on the proportion of positive or
negative cases (measurement bias) could influence the kappa coefficient. Prevalence and bias
index were calculated as |a-d|/n and |b-c|/n, respectively. It is expressed that when prevalence
or bias is low or absent or two latter indexes are large, the kappa will be biased, [22]. PABAK
(prevalence-adjusted bias-adjusted kappa) is suggested to simulate when there is no prevalence
or no bias effects. An adjustment for prevalence and bias is achieved by substituting ‘the mean
of cells a and d’ instead of a and d and ‘the mean of cells b and ¢’ instead of b and ¢ [23]. The
data analyses were performed using Stata software (version 11/SE).

Results
The characteristics of included studies

In total, 23 studies fulfilled the inclusion criteria. Twenty records were potentially available for
meta-analysis [9-13, 24-38]. Three studies [39-41] fulfilled the eligibility criteria to be
included in the meta-analysis but their data were not in usable format to calculate kappa esti-
mate. A PRISMA flow chart, illustrating the details related to the selection process, is presented
in Fig 1. The characteristics of all included studies are summarized in Table 1. The sample
sizes of the included studies ranged from 16 to 553 and amounted to 4050 subjects in total. In
13 studies from 20 included studies in meta-analysis, value of TST-/QFT-GIT+ was higher
than TST+/QFT-GIT-. The higher difference was observed between value of TST+/QFT-GIT
+ and TST-/QFT-GIT-. In One study [36] the values of contingency table was unreported and
the S.E. was estimate from width of confidence interval. In the all included studies, a positive
TST was defined as > 5mm for HIV-infected patients except in Kabeer BSA et al study [35]. In
our study the incidence rate of TB in the all included studies in the Meta analysis was under 22
per 100, 000 population expect for the studies that has been conducted in Tanzania [33], India
[35] and Georgia [9] with incidence rate of 327, 167 and 106 per 100, 000 respectively. In line
of the WHO high TB burden country lists [15], we divided some included studies in the our
meta analysis [9, 33, 35] as studies in the high burden countries and other studies as studies in
the low burden countries [10-13, 24-27, 29-31, 34, 37, 38].

The quality assessment and publication bias

Quality assessment of the studies showed four studies of low quality [26, 27, 33, 35], seven
intermediate-quality studies [11, 25, 28, 29, 31, 32, 37] and nine high-quality studies [9, 10, 12,
13,24, 30, 34, 36, 38]. After summation of test results of the included study; it found that
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(_\
c
.g Records identified through Additional records identified
§ international database searching through other sources
= (n=6744) (n=42)
T
S
v v
= Records after duplicates removed
(n =5965)
oo
L
c
o Y
G
Cai Records screened N Records excluded
(n =5965) T (n=5480)
—
( v
. Full-text articles excluded,
Full-text articles assessed with reasons (n = 471)
E for eligibility a) The objective of study
B (n=481) was not met=186
D) b) Missing data for
= estimate the SE of
v kappa=132
_ Studies included in c) The objective of study
qualitative synthesis was met.but nather
— (n = 20) groups=153. Health care
worker , adults at
ker (32), adul
risk (22), children at risk
'g ¥ (12), healthy adults (18),
'g healthy children (10),
= Studies included in other group (59)
= quantitative synthesis
(meta-analysis)
(n=20)
—

A flow chart depicting the phases of retrieving articles and checking
eligibility criteria for meta-analysis

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting fems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): €1000097. doi:10.1371/journal.pmed1000097

For more information, visit www.prisma-statement.org.

Fig 1. The flow chart of retrieved studies in meta-analysis.

doi:10.1371/jourral.pone.0161983.9001
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Table 1. Characteristics of the included studies into meta-analysis.

Firstauthor | Publication
year
Aichelburg 2014
MC
Balcells ME 2008
Cheallaigh C 2013
Chkhartishuili 2013
N
Converse PJ 1997
Davarpanah 2009
MA
Garcia EG 2013
Jones S 2007
Kabeer BSA 2011
Kimura M 1999
Luetkemeyer 2007
AF
Pullar ND 2014
Ramos JM 2012
Santin M 2011
Sauzullo | 2010
SeshadriC 2008
Stephan C 2008
Talati N 2009
Talati N 2011
Weinfurter P 2011

Country

Austria

Chile
Ireland
Georgia

USA
Iran

Mexico
USA
India
USA
USA

Norway
Spain
Spain

Italy
Tanzania
Germany

USA

Zambia

USA

Incidence | Sample | Median | Men | Historyof BCG| Median |TST(+),] TST |TST(-), TST(-),
rateof TB? size® Age (%) vaccination T-Cell |QFT(+) (+), |QFT(+)| QFT(-)
CcDh4 QFT(-)
7.8 235 40 73 Unknown 376¢ 24 3 13 195
16 109 38.8 85.3 Mix 393¢%° 9 2 8 90
7.4 89 36 59 Mix 338° 4 5 16 64
106 233 38 66 Mix 255 ° 25 16 44 148
3.1 34 80 Unknown 8 1 9 16
22 173 38 96.6 Unknown 360¢ 40 69 14 50
21 24 342 96 Unknown 364 °© 3 0 21 0
3.1 191 47.3% 51.7 Mix 4524 5 8 6 172
167 180 34 62 Unknown 27 6 41 106
3.1 167 Unknown 287 ° 9 7 23 128
3.1 196 46 78 Unknown 3631 8 10 11 167
8.1 209 40 66 Mix 427° 34 18 18 139
12 345 44 76.9 Mix 470° 21 25 8 291
12 133 34 77.8 Mix 300¢ 7 2 6 118
6 157 39 58 Mix 219° 25 40 10 82
327 16 36 34 Mix 3829 4 3 2 7
6.2 255 44 81 Mix 408 © 18 14 32 191
3.1 273 422 65 Mix 335° 2 7 5 259
4.6 298 32 40 Mix
3.1 553 67.8 Mix 4 14 22 513

2incidence rate of TB according to WHO, Global Tuberculosis Report2015
® the number of subjects that have complete data for two test without intermediate cases

° mean measure
9 cel/mm®
© cell/uL

doi:10.1371/journal.pone.0161983.t001

discordance of TST-/QFT-GIT+ was more than TST+/QFT-GIT-. (Table 1). No evidence of
publication bias was found (Egger’s test: p = 0.48) (Fig 2).

Statistical analysis results

The pooled kappa coefficient between TST and QFT-GIT was 0.37 (95% CI: 0.28, 0.46) with
the significant heterogeneity was found among studies (I* = 77.6%, p<0.001) (Fig 3). Stratified
analysis by continents showed that kappa estimate (95%) equal to 0.24 (0.10, 0.36) for North
America, 0.44 (0.32, 0.57) for Europe, and 0.52 (0.41, 0.63) and 0.30 (0.12, 0.48) for Africa and
Asia. Among studies where some of subjects had a history of BCG vaccination, the kappa esti-
mate was 0.41 (0.33, 0.49) while it was 0.37 (0.28, 0.46) for studies where history of BCG vacci-
nation was unknown. The kappa estimate for high and low burden of TB was 0.36 (0.27, 0.45)
and 0.37 (0.26, 0.48) respectively. Based on sub group of quality of studies the result showed
that kappa (95%) for low, medium and high quality were 0.34 (0.26, 0.41), 0.80 (0.77, 0.83) and
0.79 (0.77, 0.82) respectively. Meta regression plot showed that age and prevalence index line-
arly related with kappa and bias index was inversely related (Fig 4A-4C). The results suggested
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Fig 2. Funnel plot, using data from the 20 included studies in meta-analysis, with kappa displayed on
the horizontal axis and S.E. (kappa) on the vertical axis; symmetrical plot shows the absence of
publication bias.

doi:10.1371/journal.pone.0161983.9002

that the kappa varied significantly by age, prevalence index and bias index. Fig 5 illustrated the
PABAK estimates of individual studies that the pooled PABAK was 0.59 (0.49, 0.69).

Discussion

This meta-analysis of the 20 included studies showed that the kappa coefficient between TST
and QFT-GIT was fair (0.37). Disagreement (kappa estimate) between TST/QFT-GIT could be
attributed to age, country, the prevalence of HIV infection and the bias in measurements.

The major limitation of most of the included studies was low sample size. It has been shown
that an unreliable kappa estimate results and the pooled analysis such as meta-analysis was
needed to increase the precision using a large sample size. The results of this study showed that
the kappa estimate varied across the studies (0 to 0.71). It could be due to test characteristics,
study settings and/or subject characteristics. It has been identified that in clinic-based studies
the number of QFT-GIT and/or TST-positive subjects was limited [12]. In addition, true preva-
lence can affect the kappa estimate [42].

In this review, the number of positive QFT-GIT and negative TST, compared to negative
QFT-GIT positive TST, was relatively high and this result is in line a meta-analysis that showed
QFT-GIT is a more sensitive test in detecting LTBI [7]. One study showed that some factors
explain the non-concordance between the two tests, such as co-infections and male gender,
and lead to positive TST and positive QFT-GIT, respectively [9]. The high amount of concor-
dance of a negative TST with a negative QFT-G in this study may be ascribed to the prevalence
of HIV infection; here most included studies came from areas with low prevalence of infection.

Cattamanchi et al found that an intermediate result for QFT-GIT was <1-11% [43]. This
suggested that intermediate results are not associated with degree of immunodeficiency[38,
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%

Weight

Author Year Country Age ES (95% Cl) (I-Vv)
Converse PJ 1997 USA + 0.41 (0.11, 0.72) 1.64
Kimura M 1999 USA —_— 0.28 (0.05, 0.52) 2.86
Jones S 2007 USA 47.3 — 0.38 (0.06, 0.69) 1.57
Luetkemeyer AF 2007 USA 46 —— 0.37 (0.12, 0.63) 2.40
Seshadri C 2008 Tanzania 40 ——II— 0.35 (-0.11, 0.82) 0.70

1
Balcells ME 2008 Chile 38.8 —@—  0.59(0.35,0.83) 2.67
Stephan C 2008 Germany 44 . 0.34 (0.16, 0.51) 513

1
Davarpanah MA 2009 Iran 38 . 0.13 (-0.01, 0.26) 8.38

1
Talati N 2009 USA 42 — 0.23 (-0.20, 0.65) 0.84
Sauzullo | 2010 Italy 39 -‘- 0.30 (0.13, 0.46) 5.94
Santin M 2011 Spain 34 +—@—  0.60(0.34,0.87) 2.19
kabeer BSA 2011 India 34 0.38 (0.23, 0.53) 6.69
kabeer BSA 2011 India 34 0.40 (0.24, 0.55) 6.62
Talati N 2011 Zambia 32 : 0.53 (0.42, 0.64) 12.74
Weinfurter P 2011 USA -+ 0.15 (-0.12, 0.42) 213
Ramos JM 2012 Spain 44 T.' 0.51 (0.35, 0.67) 6.08
Garcia-elorrigca G 2013 Mexico 34 5 0.00 (-0.15, 0.15) 6.74
cheallaigh CN 2013 Ireland 36 — 0.16 (-0.16, 0.47) 1.56
Chkhartishvili N 2013 Georgia 38 -'- 0.30 (0.15, 0.45) 6.62
Pullar ND 2014 NorWay 40 : 0.54 (0.40, 0.68) 8.22
Aichelburg MC 2014 Austria 40 : 0.71 (0.58, 0.85) 8.29
|-V Overall (I-squared = 77.6%, p = 0.000) 0 0.39 (0.35, 0.43) 100.00
D+L Overall O 0.37 (0.28, 0.46)

1

1

1

T

Fig 3. The overall Kappa coefficient: Squares represent kappa from individual studies with 95% confidence intervals; size of square is
proportional to the weight assigned to included studies in the meta-analysis. The diamond represents the overall results and 95% confidence interval
of the random effect of the meta-analysis.

doi:10.1371/journal.pone.0161983.9003

44], so the intermediate cases of QFT-GIT and TST are meaningfulness with regard to HIV
infection. As the number of intermediate cases in studies included in our meta-analysis was
trivial, the calculation of the weighted kappa because of loss precision was unwarranted. In this
study, as the reversion rate from positive to negative in QFT-GIT serial in HIV-infected
patients was identified [45], one step test was considered for two tests to get a valid estimate of
agreement.

In this meta-analysis, CD4 counts in all subjects were high. It is identified that when the
CD4 count is low, anergic TST responses and low-mitogen QFT-GIT responses occur [10]; the
CD4 count may be an effect modifier and the kappa estimate is not uniform within its range.
Some studies in countries with a high TB prevalence showed that in individuals with a low
CD4+ T-cell count, increased rate of negative QFT occurred [40]. However, one study in Geor-
gia showed that among patients with CD4 counts < 100 ul the IGRAs was more sensitive than
TST [9].

It is obvious that imbalance in actual cell or large differences between concordances/no con-
cordance in the included studies was high. It leads to heterogeneity in marginal distribution, so
the kappa estimate was far from real value [46]. Sensitivity analysis showed the kappa between

PLOS ONE | DOI:10.1371/journal.pone.0161983 September 13,2016 8/13



@' PLOS | ONE

Agreement of QFT-GIT and TST among HIV Patients

O
OO ’Q’ 60

—
-
—
—
«w —
= —

—

(4] -
o oy
e~ oo b = 0.03, P = 0.05, tau2 = 0.05
& Q.77 O -
- - ’,//
)
C\l__
O
o o
T T T T T
30 35 40 45 50
Age
B b =0.94, P < 0.001, tau2 = 0.002
= a3
-~
//
D -
" il
o =
© P
o - O
(=N
g o0
<t =] -
= -
//
//
-
L -
//
-
P ]
O
o - o
T T T T T T
(0] 2 4 .6 .8 1
Prevalence index
@ b=-1.26, P < 0.001, tau2 = 0.01
O @3\\
S O
S o9 __
5 O e
& i,
hvd S~
\\
R
o © S~ o
\\\
\\
\\\
\\-
w
' T T T T T
(0] 2 4 6 .8
Bias index

Fig 4. Meta regression plot for effect of explanatory variables on variation of kappa estimate. (A) Age. (B)
Prevalence index. (B) Bias index.

doi:10.1371/journal.pone.0161983.g004

PLOS ONE | DOI:10.1371/journal.pone.0161983 September 13,2016 9/13



@° PLOS | ONE

Agreement of QFT-GIT and TST among HIV Patients

%

Author Year Country Age Weight
ES (95% Cl) (I-V)

1
Converse PJ 1997 USA —l—: 0.41(0.11, 0.72) 0.39
Kimura M 1999 USA = 0.64 (0.52, 0.76) 272
Jones S 2007 USA 47.3 - 0.85 (0.78, 0.93) 6.76
Luetkemeyer AF 2007 USA 46 . 0.79 (0.70, 0.87) 493
Seshadri C 2008 Tanzania 40 = - 0.38 (-0.08, 0.83) 0.18
Balcells ME 2008 Chile 38.8 -. 0.82 (0.71, 0.92) 3.14
Stephan C 2008 Germany 44 .: 0.64 (0.54,0.73) 4.15
Davarpanah MA 2009 Iran 38 — : 0.04 (-0.11, 0.19) 1.67
Talati N 2009 USA 42 . 0.91 (0.86, 0.96) 15.62
Sauzullo | 2010 Italy 39 - 0.36 (0.22, 0.51) 1.74
Santin M 2011 Spain 34 - 0.88 (0.80, 0.96) 5.66
kabeer BSA 2011 India 34 - i 0.48 (0.35, 0.61) 2.24
kabeer BSA 2011 India 34 S g 0.50 (0.37, 0.63) 2.31
Weinfurter P 2011 USA 0.87 (0.83,0.91) 21.84
Ramos JM 2012 Spain 44 0.81 (0.75, 0.87) 9.59
Garcia-elorrigca G 2013 Mexico 34 —— 1 -0.75 (-1.01, -0.49) 0.53
cheallaigh CN 2013 Ireland 36 ——, 0.53 (0.35, 0.70) 1.19
Chkhartishvili N 2013 Georgia 38 — : 0.48 (0.37, 0.60) 293
Pullar ND 2014 NorWay 40 .: 0.66 (0.55, 0.76) 352
Aichelburg MC 2014 Austria 40 0.86 (0.80, 0.93) 8.90
I-V Overall (l-squared =95.5%, p = 0.000) 0.77 (0.75, 0.79) 100.00
D+L Overall <> ' 0.59 (0.49, 0.69)

1

1

! T

0 1

Fig 5. The overall prevalence adjusted bias adjusted kappa coefficient: Squares represent kappa from individual studies with 95% confidence
intervals; size of square is proportional to the weight assigned to included studies in the meta-analysis. The diamond represents the overall results
and 95% confidence interval of the random effect of the meta-analysis.

doi:10.1371/journal.pone.0161983.9005

the two tests in some area such as North America and Europe could be substantial. It has been
criticized using PABAK to simulate the situation of no prevalence and no bias because PABAK
can generate a value for kappa that is far from the situation in which the original tests are made
[47].

Limitations of the study

Our study has some limitations that should be considered. The standard errors and confidence
interval are generally not reported for kappa in all published studies; this deficit, along with
unretrieved the gray literature, could affect real agreement. Uniform data for BCG vaccination
and T-cell CD4 count in the included studies were not accessible and their effect on variation
between studies were not clear.

Conclusion

In this study, the pooled kappa estimate was 0.37 (0.28, 0.46). The fair agreement between the
two tests makes it unclear which test is optimal to detect LTBI. Age, the prevalence of HIV
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infection or bias in measurements may be related with agreement between two tests. Further
studies are needed to assess the agreement of the two tests in detecting active TB. A network
meta-analysis to get valid agreement among TST, QFT-GIT and T-SPOT is recommended.
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