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Table 1 Association results for microsatellite markers

Marker Locus No. of alleles No. of alleles P value® Minimum P P value® P value
(total) (<5% grouped”) (2 X m). value® 2 x2) _ Corrected HWE

IFNGRI-MS1 6g23.3 14 7 0.419 0.0549 NS 0.4858

IFNGR2-MS1 21¢22.11 8 5 0.016 0.0009 0.036 02762

IFNGR2-MS2 6 4 0.013 0.0024 NS 0.0326

IL12RB1-MS1 19p13.1 4 4 0.366 0.1600 NS 0.1606

IL12RB2-MS1 1p31.3-p31.2 12 6 0.155 0.0267 NS 0.7499

IL12RB2-MS2 ’ 6 4 0.540 0.2228 NS 0.7289

STATI-MS1 2q32.2 13 5 0.563 0.3010 NS 0.0254

STAT4-MS1 2q32.2-932.3 11 5 0.232 0.1046 NS 0.5243

NS not significant, HWE Hardy-Weinberg equilibrium

?  Alleles with frequencies less than 5% were grouped

®  Fisher’s exact test

Bonferroni’s correction. 2 x 2 minimum P value was multiplied by the numbers of total alleles (40)

Fig. 1 Association P values A IL10RB IFNAR1 IFNGR2 TMEMS08  GART SON CRYZL1

and pairwise LD of genotyped ‘;_’ha c23f osomconr nnmhh nﬁg

polymorphioms wound IFNGR2 g GREES TR IRCEIBET BifaEdiiagiies

region. a Association results for §tEiy¥Eiii2aas N5 8 T393GNENAG:

32 SNPs in 273 patients (panel
A) and 506 controls are shown.
P values of microsatellite
markers in 98 patients and 200
controls are also included.
Positions of genes are shown on
the top. b Pairwise LD )
between 32 SNPs and 2
microsatellite markers
determined by the Haploview
program is shown. In the
calculation of pairwise LD,
microsatellite alleles except for
one showing the smallest

P value were grouped, and the
microsatellite locus was
regarded as having only two
alleles

further association. We genotyped 27 SNPs selected
around IFNGR2, 3 SNPs in the 5 upstream region, a non-
‘synonymous SNP in exon 2, and a 3'UTR SNP in exon 7 of
IFNGR2 in 273 TB patients (panel A) and 506 controls
(Fig. 1, Supplementary table 2). The 152834213 SNP in
intron 2 and the rs1059293 SNP in 3'UTR were associated
with TB (P = 0.0073, OR 0.69 95% confidence interval
[CI] 0.52-0.91; P = 0.0088, OR 0.70 95% CI 0.54-0.92).
These SNPs were in -Hardy—Weinberg equilibrium in the
control group. We confirmed that SNPs in other nearby
genes were not associated with the disease (Supplementary
table 2). As expected, the resistant G allele of 152834213

@ Springer

and C allele of rs1059293 were both in LD with IFNGR2-
MS1-325 allele and IFNGR2-MS2-252 allele (Supple-
mentary Fig. 1). Particularly, the resistant G allele of
rs2834213 in intron 2 was in high LD with JFNGR2-MS1-
325 allele (D' = 0.94, #* = 0.83), that is located 1.9 kb
upstream of the translation initiation codon.

Directly determined haplotypes consisting of three
SNPs in the 5" GC-rich region of IFNGR2

In addition to single SNPs associated with the discase, we
also characterized a set of SNPs in the 5" GC-rich region of
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the gene, 1s8134145, rs8126756 and rs17882748, since
these three SNPs are closely located within 300 bp
upstream of the transcription start site as discussed below,
which may influence IFNGR2 expression. When we
directly determined haplotypes of three 5’ SNPs by allele-
specific sequencing in 273 patients and in 506 controls,
three common haplotypes (CCC, ATC and ATT) accoun-
ted for 99.7% of chromosomes. The haplotype ATC was in
high LD with the intron 2 SNP rs2834213 (D' = 0.97,
r* = 0.82), and frequencies of the ATC haplotype were
significantly lower in patients than in controls (P = 0.036,
OR 0.76 95% CI 0.58-0.99). Haplotypes carrying SNPs in
the entire /FNGR2 region and their frequencies were esti-
mated in 273 patients and in 506 controls. Consequently,
the G allele of the intron 2 SNP 152834213, the C allele of
the 3'UTR SNP rs1059293 and the directly determined
haplotype ATC, are uniquely contained in the same hap-
lotype as shown in Supplementary table 3.

Transcription start site (TSS) of IFNGR2

In the public database, the aforementioned 5’ SNPs,
rs8134145, rs8126756, and rs17882748 are regarded as
variants in 5 UTR, since TSS of the reference cDNA
sequence (NM_005534.3) is located at position —648 of
the translation initiation codon. However, multiple TSS
were actually reported in JFNGR2, the positions of which
were distributed from the initiation codon to almost 990 bp
upstream, presumably due to cell type differences (Rhee
et al. 1996). For this reason, we determined the 5’ ends by
5 RACE in our study. As a result, TSS obtained from all
immune cell lines tested were 121 bp upstream of the
initiation codon. Thus, the positions of the three SNPs were
calculated as —295, —285 and —8 from the TSS, indicating
that they are promoter variants in these cell types.

Association results of TB panel B

We selected the intron 2 SNP, rs2834213 as a representa-
tive SNP for the disease-resistant polymorphisms and
genotyped 503 patients in TB panel B, which were com-
pared with the original control subjects (N = 506) in
Table 2. The G allele of 152834213 was significantly
associated with TB in panel B (P = 0.0025, OR 0.71 95%
CI 0.57-0.89). In a logistic model to assess possible con-
founders, adjusted odds ratios was compared with non-
adjusted odds ratios for the G allele, which were hardly
affected by sex, age at recruitment and its interaction term,
indicating that the IFNGR2 SNP remained significantly
associated with TB in dominant and recessive models
respectively (P = 0.016 and P = 0.004; table not shown).

Furthermore, we set up another logistic model to
examine the relationship between having the TB-resistant
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Tablevl Association results of rs2834213 A/G SNP

OR (95% CI)

P value

Genotype (%)

AJA

Allele (frequency)

Genotype

Allele

Genotype

Allele

G/G

AIG

Sample

Dominant

Recessive

Recessive

Dominant

452 (0.837)
838 (0.833)
1290 (0.834)
786 (0.780)

TB panel A
TB panel B

0.25 (0.08-0.72)
0.40 (0.20-0.80)
0.35 (0.18-0.65)

0.73 (0.57-0.92)
0.72 (0.56-0.95)
0.73 (0.57-0.92)

0.69 (0.52-0.91)
0.71 (0.57-0.89)
0.70 (0.57-0.86)

0.0050
0.0068

0.047

0.0073
0.0025

4 (1.5)
12 (2.4)
16 2.1)
29 (5.8)

80 (29.6)
144 (28.6)
224 (29.0)

186 (68.9)
347 (67.0)
533 (69.0)
311 (61.7)

88 (0.163)
168 (0.167)
256 (0.166)
222 (0.220)

0.015

0.00048

0.0075

0.00054

TB combined
Controls

164 (32.5)

TB tuberculosis, OR odds ratio, CI confidence interval
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Table 3 Tendency of having G allele (rs2834213) in the order of age
strata at the time of diagnosis (N = 757)

Age at GA or GG (%) Odds ratio per 10-year
diagnosis genotype (n/N) change* (95% CI)
(year)

16-25 35/124 282 0.88 (0.79-0.98)
26-35 43/171 25.1

36-45 53/165 32.1

46-55 54/171 31.6

5665 35/87 40.2

65— 15/39 38.5

* In a logistic model, the trend of having the G allele-was calculated
as odds ratio when the patients are 10-years younger at the time of
diagnosis (P = 0.019)

G alleles (as binary outcome) and age at diagnosis (as a
continuous variable). In patients from panel A and B
(n = 757), the TB-resistant G allele was less frequently
found, as the age at diagnosis was younger (P = 0.011).
Similarly, in the age-stratified analysis, when the patients
are 10 years younger at the time of diagnosis, the odds ratio
(OR) for having the G allele was 0.88 (95% CI, 0.79-0.98)
and this trend remained significant (P = 0.019) (Table 3).

Luciferase assay

We constructed plasmids containing 5 fragments in which
only nucleotide sequences of the three promoter SNPs
rs8134145, rs8126756, and rs17882748 are different and
measured transcriptional activity of the three promoter
segments (CCC, ATC, and ATT) in Jurkat human T-cell
leukemia cells. Consequently, the resistant ATC haplotype
had significantly higher transcriptional activity than CCC
haplotype and ATT haplotype (P = 0.037 respectively) by
Mann-Whitney U test (Fig. 2).

Discussion

IFN-y plays a crucial role in host defense against intra-
cellular pathogens mainly through activation of macro-
phages and regulation of Thl cell response (Boehm et al.
1997). 1L-12 released from dendritic cells and macro-
phages drives production of IFN-y via IL-12 receptors,
IL12RB1 and ILI2RB2, on Thl cells and subsequent
activation of STAT4. In turn, IFN-y binds to IFN-y
receptors composed of IFNGR1 and IFNGR2 subunits and
transduces STAT]1 signals to target cells (Bach et al. 1997).

In this study, we first screened eight microsatellite
markers within the genes encoding these Thl cytokine
receptors and signal transducers, and demonstrated that the
IFNGR?2 marker alleles showed significant association with
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Fig. 2 Dual luciferase reporter assays. The ratios of Firefly luciferase
activity (signal S) to Renilla luciferase activity (control C) are
displayed using box and whisker plots. Three subcloned plasmids
were prepared, and each subcloned plasmid was tested in triplicate
and S/C values were averaged. The experiments were carried out
twice independently. As a result, six independent S/C values were
obtained for each haplotype. ATC haplotype showed significantly
higher transcriptional activity than CCC haplotype and ATT haplo-
type (¥, **P = 0.037, respectively) by Mann-Whitney U-test. No
significant difference was observed between CCC and ATT haplo-
types (data not shown)

active TB. SNPs around the gene were analyzed and a
strong disease association with the intron 2 SNP
152834213, the 3'UTR SNP 151059293 and the 5’ promoter
segment characterized by three SNPs was thus demon-
strated. Possible influence of population substructure was
kept to a minimum, since their ethnicity was Hanoi Viet-
namese in which more than 99% were the Kinh people
(Hoa et al. 2008).

To our knowledge, this is the first report of IFNGR2
polymorphisms associated with TB. Intron 2 SNP,
152834213 was most robustly associated with TB, but its
biological importance is currently unclear. Indeed, it was
not located near the splice sites (5,582 nucleotides down-
stream of splice donor site and 877 nucleotides upstream of
splice acceptor site). A SNP in 3'UTR of exon 7 rs1059293
was in strong LD with the rs2834213 and also associated
with TB, but it was 99 nucleotides upstream of polyade-
nylation signal. JFNGR2 did not carry any non-synony-
mous SNP in high LD with rs2834213.

In an attempt to search functional polymorphism(s) in
strong LD with the intron SNP (1s2834213) further, we
identified the 300 bp promoter segment containing three
SNPs. HapMap database does not have data of the three
promoter SNPs, presumably due to high GC content that
hinders high throughput genotyping method. The direct
haplotyping revealed that it was also associated with the
disease as well as the intron 2- SNP. Although we demon-
strated that the promoter ATC haplotype showing an
inverse disease association has high transcriptional activity
in vitro and may confer resistance to TB, we could not
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conclude which polymorphism around /FNGR2 is primar-
ily responsible for the disease until the functional roles of
other SNPs showing more robust association are fully
studied.

Among previous TB association studies with Thl-rela-
ted genes, CC genotype at the -56 C/T SNP (1s2234711) of
IFNGRI was repeatedly associated with TB in African
populations (Cooke et al. 2000; Stein et al. 2007). In our
study, IFNGR1-MS1-158 allele was in strong LD with —56
SNP (Tanaka et al. 2005), but this IFNGRI marker allele
was not associated with TB. The lack of association is
presumably because of insufficient power to detect weak
genetic effects. Otherwise, it could be due to population-
specific LD, when the true causative variant was not —56
SNP itself.

Experimental data have shown that IFNGR2 is a key
regulator for IFN-y-STAT]1 signaling in T cells (Schroder
et al. 2004; Regis et al. 2006). During the development of
Thl cells, IFNGR2 transcription is reduced in the IFN-y
rich condition and this reduction alleviates a potentially

harmful anti-proliferative action of IFN-y-STAT1 signal- -

ing. However, IFNGR2 expression is not completely sup-
pressed, because temporary activation of STATI is still
necessary for Thl system. JFNGR2 transcription is thus
fine-tuned during the Thl differentiation process. In the
promoter region, the transcriptional activity of the resistant
haplotype ATC was higher than the other two common
haplotypes in the Jurkat T cell line at baseline levels.
Although physiological modulation of JFNGR2 expression
is not easily simulated in a single cell-type model, this
segment may have a potential to influence Thl function
through /FNGR2 regulation.

In this study, another interesting finding is that the
resistant allele tend to be less frequently observed in
younger patients at the time of diagnosis, a surrogate for
age at onset in new patients. This effect was moderate but
significant. The allele frequency in older age at diagnosis
nearly reached the level of the control population. It is
likely that the elderly kept latent infection of M. tuber-
culosis for long years, and the age-associated decline in
immune response caused development of active TB, while
the younger patients developed active TB soon after ini-
tial infection (Tufariello et al. 2003). In intermediate or
low burden countries, there are more elderly patients and
the effect of the resistant allele of IFNGR2 may be
smaller.

-Moreover, in African countries with high rates of TB
and HIV co-infection, HIV is the strongest risk factor for
TB development (Reid et al. 2006). By contrast, the
proportion of HIV-positive TB patients is only 8.8% in
the Vietnamese TB panel B and 1.4% in TB panel A,
therefore possible effect of the resistant allele on HIV
infection could not be determined in this study. In the

previous reports, other polymorphisms of IFNGR2 were
associated with liver fibrosis of chronic hepatitis C virus
infection and with viremia of hepatitis B virus infection
(Nalpas et al. 2010; Huang et al. 2011). Because IFN-y is
a key cytokine for the control of infectious diseases,
association of IFNGR2 polymorphisms with HIV infec-
tion needs be clarified.

One limitation in our study is a single control panel of
the Vietnamese population. Results of the first case—control

“set were only partially confirmed because of incomplete

independence of the two study sets, though sample size
itself was not small. Another limitation is that our control
panel may include asymptomatic individuals with latent
TB infection, because performing tuberculin testing is not
common in Vietnam. Considering two-stage process of
infection with the pathogen and progression to disease, we
cannot directly specify which stage of TB was more
affected by IFNGR?2 in our study population. Future use of
interferon gamma release assays to detect latent infection
of M. tuberculosis in this field might be helpful to arrive
at a solution (Pai et al. 2008). Because of the complexity
of LD structure and the age-dependent effect as regards
these variations, carefully conducted studies should be
undertaken to reproduce our results in other populations.
Validation studies by re-sequencing are also warranted. In
non-Asian populations, however, the LD of rs2834213
does not appear to reach the promoter region of /FNGR2
(data not shown), indicating that the furictional promoter
haplotype may not be easily found in disease marker
association studies by the conventional tag SNP-based
approach in other populations.

We conclude that the polymorphisms of IFNGR2 may
confer resistance to TB in Vietnam. It appeared to be dif-
ferent depending on age at diagnosis. Further functional
studies are needed to elucidate the genetic susceptibility to
TB, fully considering complicated immune process .
regarding early or late onset of the disease.
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Abstract

Background: Wasting is known as a prominent feature of tuberculosis {TB). To monitor the disease state, markers of
metabolism and inflammation are potentially useful. We thus analyzed two major adipokines, adiponectin and leptin, and
two other metabolic markers, fetuin-A and retinol-binding protein 4 (RBP4).

Methods: The plasma levels of these markers were measured using enzyme-linked immunosorbent assays in 84 apparently
healthy individuals (=no-symptom group) and 46 patients with active pulmonary TB around the time of treatment,
including at the midpoint evaluation (=active-disease group) and compared them with body mass index (BMI), C-reactive
protein {CRP), chest radiographs and TB-antigen specific response by interferon-y release assay (IGRA).

Results: In the no-symptom group, adiponectin and leptin showed negative and positive correlation with BMI respectively.
In the active-disease group, at the time of diagnosis, leptin, fetuin-A and RBP4 levels were lower than in the no-symptom
group [adjusted means 2.01 versus 4.50 ng/mi, P<0.0001; 185.58 versus 252.27 pg/mi, P<0.0001; 23.88 versus 43.79 ug/ml,
P<0.0001, respectively]. High adiponectin and low leptin levels were associated with large infiltrates on chest radiographs
even after adjustment for BMI and other covariates (P=0.0033 and P=0.0020). During treatment, adiponectin levels
increased further and then decreased. Leptin levels remained low. Initial low levels of fetuin-A and RBP4 almost returned to
the normal reference range in concert with reduced CRP.~

Conclusions: Our data and recent literature suggest that low fat store and underlying inflammation may regulate these
metabolic markers in TB in a different way. Decreased leptin, increased adiponectin, or this ratio may be a promising marker
for severity of the disease independent of BMI. We should further investigate pathological roles of the balance between
these adipokines.

Citation: Keicho N, Matsushita |, Tanaka T, Shimbo T, Hang NTL, et al. {2012) Circulating Levels of Adiponectin, Leptin, Fetuin-A and Retinol-Binding Protein in
Patients with Tuberculosis: Markers of Metabolism and Inflammation. PLoS ONE 7(6): @38703. doi:10.1371/journal.pone.0038703

Editor: Pere-Joan Cardona, Fundacio Institut d'lnvestigacié en Ciéncies de fa Salut Germans Trias i Pujol. Universitat Autdnoma de Barcelona. CIBERES, Spain
Received January 19, 2012; Accepted May 9, 2012; Published June 7, 2012

Copyright: @ 2012 Keicho et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by a grant from the Program of Japan Initiative for Global Research Network on Infectious Diseases, MEXT, Japan. The funders
had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: nkeicho-tky@umin.ac.jp

It is gencrally believed that underniourishment  diminishes
protective Immunity against Mycobacterium tuberculosis. [4]. A series
of animal experiments, particularly aerosol-infected guinea pig
models have demonstrated that chronie protein-energy malnutri-
tion reduces secretion of T-helper 1 (Thl) cytokines [5]. It is
rapidly reversed with alimentary supplement, ndicating a pivotal
vole of nutrition, although it remains unclear what the optimal
nutritional interventons are for improving the human disease in

introduction

Tuberculosis (TB) is a major infectious cause of death around
the world, with most of the 1.5 million deaths per year atiributable
to the disease occurring in developing countries. Negative energy
balance in chronic inflammation has been  recognized as
a prominent feature of TB and one of the major obstacles to
manage the patients [1,2]. Recent emergence of drug resistant TB
1s assumed to be driven by poorly implemented drug regimens, but
malnutrition as well as HIV  co-infection might worsen the
condition: Taflanmatory respouses evoked by infection nerease

an effective manner [4].
On the other hand, in many countrics today, rapid in-
dustrializaton and urbanizdtion are accompatiied by changing

the demand for anabolic energy, leading to a synergistic vicious
cirele aud further deterioration of the clinieal condition [3].

PLoS ONE | www.plosone.org

patterns of diet and physical activity and this results in over-
nurition (6], Conseqguently, a combination of these two unfavor-
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Table 1. Characteristics of study population.
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no-symptom group (M =84} active-disease group (N=46) Pvalues
Male/Ferale (n) 41/43 42/4 <0.0001
Age (yean)* 40.0 (28.1-48.6) 472 (34.7-55.0) 0.0064
BMI (kg/m)* 21.8 (200-23.7) 18.3 (17.1-19.5) <<0.0001
BCG history (yes/no/unknown) 33/28/23 10/3/33 <0.0001
positive/negative results of IGRA (n) 55/29 41/4%* 0.0015

*Median and 25-to-75 percentiles in parenthesis are shown.
=*One indeterminate case is not shown here.
doi:10.1371/journal.pone.0038703.t001

able conditions, a slow decline of infectious diseases associatec
with undernutrition and a rapid increase in obesity and diabetes
are a serious double burden to public health and clinical medicine
i resource limited settings [7].

Mainly in studies carried out in ndustrialized countries, fat-cell-
derived hormones/cytokines designated as adipokines and rele-
vant mediators have been investigated extensively and proposed as
markers of obesity and diabetes [8]. Of these adipokines,
adiponectin is a unique insulin sensitizer with atheroprotective
role [9,10]. Plasma levels of adiponectin are inversely correlated
with body weight and visceral fat mass [11,12]. Leptin is another
major adipokine in proportion to fat stores [13,14] and one of the
key mediators of energy metabolism [2] Even mild weight loss
induced by dietary restriction is known to reduce leptin levels [11].
These markers supposedly shift towards the opposite in lean
patients with wasting diseases. However, the significance of these
metabolic markers in chronic infectious discases like TB has not
been fully underswod [2].

We have recently conducted a proteomic research and
demonstrated that plasma levels of fetuin-A and retinol-binding
protein 4 (RBP4), also closely linked to the metabolic and
inflammatory state, were significantly lower in patients with active
pulmonary TB than in control subjects [15]. Fetuin-A, also known
as a2-Heremans-Schimid glycoprotein, is an abundant plasma

component of hepatic origin [16] and a negative regulator of
nsulin signaling [17,18]. Blevation of plasma fetuin-A is strongly
associated with atherogenic lipid profile as well as fatty liver in
obese patients [18]. Lipid components in the liver presumably
upregulate fetuin-A  expression, which may in wrm repress
adiponectin and impair adipocyte function [19,20]. Fetuin-A is
also downregulated i acute inflammation as a negative acute-
phase protein [21]. RBP4, synthesized in the liver and adipose
tissue, has recently been identified as another adipokine avolved
mn the development of insulin resistance [22]. In humans, similar to
leptin, circulating RBP4 levels are high in obesity and decreased
after calorie-restriction induced weight loss [11,23]. RBP4 is also
known as a specific transporter protein for retinol (vitamin A) and
can be used to assess the short-term fluctuation of nutritional states
as a rapid turmover protein [24].

Alteration of the cireulating levels of these markers should be
investigated in TB, since they arve expected to provide a basis of
a critical link among nutritional status, metabolism and immunity
of the disease, and hopefully to consider efficient nutritional
interventions. In the present study, we thus measured circulating
adiponectin and leptin in addition to fetuin-A and RBP4 levels in
patients with active pulmonary TB versus apparendy healthy
incividuals and compared the levels with body mass index (BMT),
a simple estimate of adiposity [25] and C-reactive protein (CRP),

Table 2. Correlation of tested marker levels with BMI, CRP and IGRA values in each of the no-symptom and active-disease groups.

no-symptom group (N =84}

active-disease group (N=46}

Pearson’s r (P values)®

Pearson’s r (P values)®

by BMI by CRP by IFN-y by BMI by CRP by IFN-y
Variable (kg/m?} (ug/mal) (U/ml® (kg/m?) {ug/ml) /mh®
Adiponectin (ug/ml) ~0.4530 -0.2892 ~0.2254 -0.4421 0.1477 ~0.1092
) (<0.0001)* (0.0076) (0.0393) (0.0021) (0.3274) (0.4700)
Leptin (ng/mi) 04518 0.1694 0.1179 0.2771 ~0.0918 0.3568
(<0.0001)* (0.1234) (0.2855) (0.0623) (0.5442) (0.0149)
Leptin/adiponectin ratio 0.5820 0.2793 0.2067 0.4901 -0.1633 0.2804
(<0.0001)* (0.0101) (0.0592) (0.0005)* (0.2783) (0.0591)
Fetuin-A (ug/ml) 0.0309 0.0415 0.0322 0.1243 --0.1833 0.2402
(0.7805) 0.7079) (0.7714) (0.4105) (0.2226) (0.1078)
RBP4 (ug/ml) 0.1605 —0.0213 00716 0.1535 -0.3018 ~0.0916
(0.1447) (0.8475) (05173) (0.3085) (0.0415) (0.5448)

“Pearson’s correlation coefficients with P values were calculated. Plasma concentrations were analyzed after logarithmis transformation.
"TB-antigen stimulated IFN-v response

*Statistically significant when the significance level is set as P<<0.002 based on the Bonferrroni correction.
doi:10.1371/journal.pone.0038703.t002 ‘
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Table 3. BMI, CRP and tested marker levels in IGRA-positive and -negative subgroups in the no—symptorﬁ group.

IGRA-negative (N=29)

" IGRA-positive (N=55)

Pvalues
marker adjusted mean® {95%Ch) adjusted mean® {95%Cl) (ANCOVA)
BMI (kg/mz) 21.52 (20.58-22.46) 21.48 (20.74-22.22) 0.9392
CRP {pg/mi) 112 (0.60--2.08) 1.30 (0.80-2.12} 0.6663
Adiponectin (ng/mi) 719 (5.67-9.17) 6.39 (5.30-7.70 ) 0.3792
Leptin (ng/ml) 450 (3.34-6.05) 438 (3.47-5.54) 0.8783
Leptin/adiponectin ratio  0.63 (0.40-0.97) 0.69 (049-0.97) 0.7080
Fetuin-A (ug/ml) 23422 (212.40-258.29) 263.88 (244.26~285.06) 0.0333
RBP4 (g/ml) 3964 (32.28-48.69) 42.88 (36.45-50.43) 04997

transformed back to the original unit.

doi:10.1371/journal.pone.0038703.t003

a representative positive acute phase protein [26]. We further
characterized their relationship with disease severity and altera-
tions during the course of treatment.

Methods
Study design

We randomly selected and used plasma samples and de-
mographic information in 46 patients with active pulmonary TB
{=active-disease group) without treatment history as a biomarker
sub~study of a large cohort study [27]. All patients entered the
study from July 2007 to March 2009. Diagnosis of active
pulmonary TB was made clinically and radiologically and
confirmed bacteriologically in Hanol Lung Hospital. A sputum
smear test showed pasitive results inall of the patients iy the active
discase group and all of them completed anti-TB treatment
following the national standard regimen, 2 months of streptomy-
cin, isoniazid, rifampicin, and pyrazinamide followed by 6 months
of isoniazid and ethambutol (2SHRZ/6HT).

Chest radiographs were taken at the tme of diagnosis and
mterpreted by two readers mmdependenty in a blind mamner. The
presence of cavitary lesions and the number of lung zones (zero to
six corresponding to the upper, middle, and lower ficlds on the

*Estimated means of plasma concentrations were compared after logarithmic transformation, being adjusted for gender and age as covariates. The data shown are

No P values were statistically significant when the significance level is set as P<0.007 based on the Bonferrroni correction.

right and left sides of the lung) affected by infiltrates were recorded
[28]. HIV status was examined before starting anti-TB treatment.
The proportion of HIV co-infection is less than 10% in this study
area and those with HIV positive were excluded from the drawing
up of this sub-study.

As a reference, we also measured plasma samples derived from
84 apparently healthy men and women who may have chances of
direct or indirect contacts with TB patients as health care stalf
(= no-symptom group). All participants were tested for TB-antigen
specifie interferon-y response by the commercially available
enzyme-linked immunosorbent assay (BLISA)-based interferon-y
release  assay (IGRA), QuantFERON-TB Gold In-Tube ™
(Cellestis, Victoria, Australia). In the no-symptom group, IGRA-
positive individuals  suspected  of Jatent TB  infection  were
recommended o take chest radiography and to confinm there
were no active pulmonary lesions. Subsequently a chance of
receiving isoniazid prophylactic therapy was given. The protocol

s approved by ethical comittees of the Ministry of Health,
Viet Nam and National Center for Global Health and Medicine,

Japan respectively and written informed consent was obtained

from each participant.

Table 4. BMI, CRP and tested marker levels in the no-symptom and active-disease groups after adjustment for gender and age.

no-symptom group (M=284)

active-disease group (N=46)

adjusted adjusted P values
marker mean”® (95%C1) _ mean® (95%C1) (ANCOVA)
BMI (kg/m?) 21.68 (21.06-22.30) 17.65 (16.66-18.65) <0.0001%
CRP (ug/ml) 1.22 {0.86~1.74) 36.88 (20.94-64.94) <0.0001*
Adiponectin (ug/ml 6.82 (5.73-8.12) 9.29 (7.02-12.30) 0.0136
Leptin (ng/ml) 450 (3.78-5.35) 201 (1.52-2.66) <0.0001*
Leptin/adiponectin 0.66 (0.50~0.88) 0.22 (0.14-0.34) <0.0001*
ratio
Fetuin-A (pg/mi) 252.27 (234.55-271.33) 185.58 (165.07~208.64) <0.0001*
RBP4 (ug/ml) 43,79 (38.09-50.34) 23.88 (19.08-29.88) <0.0001*

transtormed back to the original unit.

doi:10,1371/journal. pone 0038703.1004

@ PLoS ONE | www.plosone.org

*Estimated means of plasma concentrations were compared after logarithmic transformation, being adjusted for gender and age as covariates. The data shown are

*Statistically significant when the significance level is set as P<0.007 based on the Bonferrroni correction.
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Table 5. CRP and tested marker levels in the no-symptom and active-disease groups after adjustment for gender, age and BMI.

no-symptom group (N=384)

active-disease group (N=46)

Pvalues
marker adjusted mean® {85%Ch adjusted mean® (95%CI) (ANCOVA)
CRP (pg/ml) 1.1 (0.77-1.60) 47.80 (25.36-90.09) <0.0001*
Adiponectin (pg/ml) 7.80 (6.63-9.19) 6.39 (4.81-849) 0.1671
Leptin {ng/ml) 3.77 {3.26-4.37) 3.28 (2.54-4.24) 0.2790
Leptin/adiponectin ratio 0.48 (0.38-0.61) 0.51 (0.35-0.76) 0.7704
Fetuin-A (ug/ ml)' . 248.04 (229.95-267.57) 194.46 (170.48~221.80) 0.0004*
RBP4 (ng/mi) 42.90 (37.08-49.63) 2527 (19.62-32.55) 0.0001*

transformed back to the original unit.

doi:10.1371/journal pone.0038703.t005

Measurements of markers of metabolism and

inflammation

Immediately after making the diagnosis of active TB disease,
heparinized blood samples were drawn for IGRA betore starting
anti-TB treaunent (0 month) and the remaining plasma without
mixing any stimulants was reserved n a —80°C freezer until
measurement. Samples were collected twice again, after the initial
phase of weatnent (2 months) and at the end of weatment (7
months) in the active disease group. This study was originally
ntended to identify a variety of biomarkers associated with TB
phenotypes [15] and the participants were not obliged to keep
fasting. The blood was collected in the daytime between 8 am and
4 pm at the ouwpatieut clinic to avoid interference in dosing
schedule of anti-TB drugs.

The AssayMax Human C-Reactive Protein BLISA kit was used
for detection of human c-reactive protein (CRP) in plasma
(Assaypro LLC. St. Charles, MO, USA). The minimum detectable
dose was less than 0.25 ng/ml. The Quartikine® Human Total
Adiponectin/Acrp30 Immunoassay kit was used to detect total
(low, middle and high molecular weight) human adiponectin in

plasma (R&D Systems, Ine.; Minneapolis, MN, USA). The mean

gender and age.

“Estimated means of plasma concentrations were compared after fogarithmic transformation, being adjusted for gender, age and BMI as covariates. The data shown are

*Statistically significant when the significance level is set as P<0.008 based on the Bonferrroni correction.

minimum detectable dose was 0.246 ng/ml. The Quantikine®
Human Leptin Immunoassay kit was used to detect human leptin
in plasma (R&ID Systems, Inc.). The mean minimum detectable
dose was 7.8 pg/ml. The AHSG ELISA kit was used to detect
fetuin-A in plasma  (BioVender Laboratory Medicine Incg
Modrice, Czech Republic). The detection limit was 0.35 ng/ml
A competitive ELISA for quantitative determination of RBP4 in
human plasma was also applied (AdipoGen Ine.; Seoul, Korea)
and the detection limit was 1 ng/ml. All were performed
according to the manufacturer’s instructions. Differences in
measured concentrations between BEDTA plasma samples as
reference and these heparin samples were within a range of
variation generally accepted in ELISA (coefficient of variance
<15%) (data not shown)

Statistical analysis

Plasma protein levels were served for subsequent statistical
analysis after logarithmic transformation of the measurements to
minimize distortion of the data distribution. Means of de-
mographic data between two groups were compared by analysis
of variance (ANOVA) after testing for equal variances and

Table 6. BMI, CRP and tested marker levels in patients with small and large infiltrates on chest radiographs after adjustment for

small infiltrates® (N=22)

large infiltrates® (N=23)

marker adjusted mean® {85%Cl) adjusted meanh {95%CH) Pvalues (ANCOVA)
BMI (kg/m") 18.73 (16,74-20.71) 1811 (15.95-20.27) 0.3065
CRP (ug/ml) 26.14 (12.63-54.10) 3592 (16.29-79.21) 0.1520
Adiponectin (ug/mf) 10.28 (5.38~19.66) 18.83 (9.31-38.11) 0.0033*
Leptin (ng/ml) 242 (1.64-3.57) 1.65 (1.08~2.52) 0.0020*
Leptin/adiponectin ratio  0.24 (0.11-0.52) 0.09 (0.04-0.21) 0.0002%
Fetuin-A (ug/mi) 201.97 (149.87-272.18) 184.68 (133.52-255.46) 0.3222
RBP4 (ug/mli) 36.14 (21.76-60.03) 31.56 (18.17-54.79) 0.3770
IFN-y (IU/ml)* 11.04 (2.13-57.16) 5.80 (0.97-34.82) 0.2039

transformed back to the original unit.
“T8-antigen stimulated IFN-y response

doi:10.1371/journal pone.0038703.1006

PLOS ONE | www.plosone.org
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“small infiltrates =less than 3 of 6 zones in the lung affected, large infiltrates =3 or more than 3 of 6 zones affected
“Estimated means of plasma concentrations were compared after logarithmic transfofmation, being adjusted, for gender and age as covariates. The data s}"own are

*Statistically significant when the significance !cvel is set as P<<0.006 based on the Bonferrroni correction.
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Table 7. CRP and tested marker levels in patients with small and large infiltrates on chest radiographs after adjustment for gender,

small infiltrates® (N=22)

large infiltrates® (N=23)

marker adjusted mean® (95%Cl) adjusted mean® {95%Cl) Pvalues (ANCOVA)
CRP (ug/ml) 2659 (12.78-55.28) 35.50 (16.02-78.63) 0.1991

Adipenectin (ug/ml) 10.84 (6.01-1953) 1815 (9.57-34.40) 0.0061*

Leptin (ng/ml) 237 (1.63-3.47) 167 (1.11-2.52) 0.0040*
Leptin/adiponectin ratio  0.22 (0.11-0.44) 0.09 (0.04-0.20) 0.0002*

Fetuin-A (Hg/ml) 20077 (148.59-271.28) 185.46 (133.74-257.18) 0.3886

RBP4 (ug/mi) 35.69 (21.43-59.46) 31.83 (18.29-55.42) 04626

IFN-y (1U/ml)* 11.41 (2.17-59.90) 568 (0.94-34.53) 0.1760

transformed back to the original unit.
“TB-antigen stimulated IFN-7 response

doi:10.1371/journal.pone.0038703 1007

proportions between two groups were compared by the chi-
squared test. Since it is well known that levels of adipokines such as
leptin are influenced by gender and age, measurements of protein
markers In any two groups were compared by analysis of
covariance (ANCOVA) to allow for the covariates. The relation-
ship between markers and other parameters were assessed by
Pearson’s correlation coefficients, Overall alterations of the
measurements at three time points were initially analyzed by
repeated-measures ANOVA and only when statistically significant,
post-hoe comparisons were proceeded to: Difference of values
between two time points was assessed by the paired-T test, under

3Small infiltrates = less than 3 of 6 zones in the lung affected, large infiltrates =3 or more than 3 of 6 zones affected
PEstimated means of plasma concentrations were compared after logarithmic transformation, being adjusted for gender, age and BMI as covariates. The data shown are

*Statistically significant when the significance level is set as P<0.007 based on the Bonferrroni correction.

normal approximation based on the central limit theorem, P
values<<0.05 were considered to be statistically significant in
general. When the Bonferroni correction was applied, however,
a level of statistical significance was set as 0.05/n (n = the number
of comparisons). Statistical analysis was performed using Stata
version 11 (StataCorp, College Station, TX, TUSA).
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Figure 1. CRP and tested marker levels in patients with active TB before (0 month}, during (2 months) and at the end (7 months} of
anti-TB treatment (N =46)}. Verticai bars with diamonds on the laft side (M and F) indicate reference values, means = SEM of the values in men
(N=41) and women (N =43} of the no-symptom group. A horizontal bar indicates the grand mean of the values in each condition. * indicates P<0.05
by paired comparison betweeri 0 month and 2 months. When significant, 2 months and 7 months were also compared.

doi:10.1371/journal.pone.6038703.g001
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Results

Characteristics of study population

The no-symptony group consisted of 84 apparently healthy
individuals, whase blood samples were used to abtain the standard
values of markers in the study population. This group includes an
approximately equal number of men and women with median age
of 40, and more than half of the individuals had latent TB
infection diagnosed by the IGRA method (Table 1), The active-
disease group members were 46 patients with smear-positive active
pulmonary TB. The majority of the patients were male with low
body mass index (BMI<18.5 kg/m? and the median age was 47,
slightly older than in the non-symptomn group.

Correlation of adiponectin, leptin, fetuin-A and RBP4
levels with BMI, CRP and IGRA values in the no-symptom
and active-disease groups

Correlation coefficients (7) were calculated in the no-symptom
and active-discase groups respectively (Table 2). Adiponectin and
leptin showed negative and positive correlations with BMI
respectively in the no-symptom group (r=—0.4530, P<0.0001;
r= 04518, P<0.0001). Leptin/adiponectin ratio showed a positive
cortelation with BMI in the active-disease group (r=0.4901,
= ().0005) as well as in the no-symptom group (r=0.5820,
P<<0.0001). These correlations were statistically significant even
after Bonferroni correction for multple comparisons, The other
possible correlations ncluding a pair of leptin and TB-antigen
stimulated TFN-y response did not reach significant levels in this
stucly, when Bonferroni correction was applied.

Pairwise correlations between four tested markers

Pairwise correlation coefficients (1) between four tested meta-
bolic markers were further caleulated in the no-symptom and
active-discase groups respectively (Table S1). A signmificant
correlation was found only between fetuin-A and RBP4 levels
(r= 04007, P=0.0058) in the active disease group.

Adiponectin, leptin, fetuin-A and RBP4 levels with IGRA-
positive and -negative subgroups in the no-symptom
group

IGRA-pasitive values higher than the cutoff value, 0.35 TU/ml
are regarded as latent TB nfection after active discase is ruled out.
We thus categorized the no-symptom group into IGRA-positive
and -negative subgroups and compared plasma concentrations of
the above markers. However, none of the marker levels including
fetuin-A were significantly different between IGRA-positive and -
negative subgroups after adjustment for gender and age, when
considering the number of comparisons (Table 3).

Adiponectin, leptin, fetuin-A and RBP4 levels in the no-

symptom and active-disease groups

The active-disease group had significanty low BMI and very
high CRYP levels at the time of diagnosis, when assessed by using
ANCOVA with adjusted means (Table 4). In the disease group,
leptin, leptin/adiponectin ratio, fetuin-A and RBP4 levels were
remarkably lower than in the no-symptom group (P<0.0001
respectively) after adjustment for gender and age and these
differences were statistically significant even after Bonferroni
correction (Table 4). ) )

Since BMI was swongly- correlated with some of the adipokine
values as shown in Table 2. we further analyzed levels of the four
markers afier adjustment for BMI as well as gender and age.
Cemsequently, adiponectin and lepthi levels were not significanty

PLoS ONE | www.plosone.org.
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different between the two groups any more, whereas {etuin-A and -
RBP4 levels remained significant (P=0.0004 and P=0.0001}
(Table 5)

Adiponectin, leptin, fetuin-A and RBP4 levels in patients
with mild and severe disease :

At the thme of diagnosis, severity of the disease was assessed by
spread of infilrates on chest radiographs (Table 6). Small
mfilrates affecting less than 3 of the 6 lung zones and large ones
affecting more, categorized the patients into two  subgroups
(=mild and severe disease) half-and-half.

After adjustment for gender and age, adiponectin levels were
higher and leptin levels were lower in patients with large infilrates
than in those with small nfitrates (P=0.0033 and P=0.0020).
Interestingly, differences in the levels of these two adipokines
between small and large infiltrates were significant respectively
(P=10.0061 and P=0.0040), even after acdjustment for BMI as well
as gender and age (Table 7). Leptin/adiponectin ratio was lower,
or adipouectin/leptin ratio was higher, in patients with large
infiltrates than in those with small infiltrates independent of BMI
(P=0.0002). None of the markers were associated with the
presence of cavity on the chest radiographs {data not shown).

Adiponectin, leptin, fetuin-A and RBP4 levels in patients
with active TB before, during and at the end of anti-TB
treatment

Figure 1 shows plasma values at the time points before (0
month), during (2 months) and at the end (7 months) of ani-TB
treatment. Mean values in men (N =41) and women (N =43} of
the no-symptom group are shown as a reference, in which gender
difference was observed i leptin levels and leptin/adiponectin
ratio (P<<0.0001). :

Overall  differences of the measurements during  and-TB
weatment in all of these four markers were statistically significant
by repeated-measures  ANOVA  (P<0.01). Post-hoc  analysis
showed that adiponectin levels creased ansiently (= 0.0004;
0 month vs. 2 months) and then decreased close o the reference
range by the end of treatment (P<0.0001; 2 months vs. 7 mornths).
Leptn levels remained low throughout the treatment course,
though gradually clevated (P=0.0226; 0 month vs. 2 months).
Initial low levels of fetuin-A and RBP4 significandy improved
during treatment (P=0.0001 and P=0.0016; 0 month vs, 2
months), almost reaching the reference range by the end in concert
with reduced GRP levels.

Discussion

We assessed the clinical significance of four metabolic markers,
adiponectin, leptin, fetuin-A and RBP4 in patients with active TB,
analyzing them in relation to classical nutritional and inflamma-
tory parameters, BMI and CRP, severity of disease and weatment
course. BMI is known to be lower in patients with active TB than
. control subjects [1.2]. After effective treatment, welght often
increases but patients may remain underweight {117].

Plasrna levels of adiponectin were inversely correlated with BMI
i concordance with previous results [11,12). The adiponectin
levels tended to be elevated in the active-disease group character-
ized by low BMI, though it did not reach significant levels, which
was also shown by others [29]. Tnterestingly in our study, |
adiponectin levels were significantly higher in severe disease with
extensive pulmoenary lesions than in mild disease, even after
adjustment for BMIL Adiponectin as a modulater of inflammation
i a variety of diseases has vecently beenn highlighted [36). For

fnsiance, i crlteally U patients, adipouectin levels appear 1o be
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transiently suppressed at the initial phase and then gradually
elevated at the recovery phase [31,32). The plasima concentrations
in patients with active TB were furthc-r increased after starting
treatment and then decreased close to the reference range by the
end of treatment. Llevated adiponectin levels in chronic in-
flammatory diseases may be explained by compensatory response
to the vuderlying discase as well as concomitant low body fat mass,
which is poxmlatcd by others [33,34]. A study designed to measure
alteration of adiponectin and BMI simuftaneously throughout the
treatment period would be able to characterize it further.

In most recent reports, leptin levels arve low n TB [29,35-38],
though other earlier or smaller studies have shown conflicting
results [39-42]. In the present study, using a commmercial ELISA,
significantly lower levels of leptin were demonstrated in patients
with active TB, which could be mostly explained by marked
undernutrition in our discase population. Within the active-disease
group, however, correlation between leptin and BMI was less
clear. BMI-independent regulation ofphmrm leptin concentrations
should also be taken nto consideration in TB at least in part
[13,37). This idea is also supported by an ex zizo study by others
demonstrating that continuous exposure of IL-1 or TNF-o. provides
a signal to downregulate leptin in human adipose tissue [43],
though acute inflammation such as sepsis may rather upregulate
circulating leptin levels transiently  [44-46). In  addition
relatively high levels of adiponectin, low levels of leptin were
observed in patients with large infiltrates, even after adjustment for
BMI. This is concordant with a recent study showing that leptin
levels were low in severe TB disease [29). We have further
demonstrated that Jow leptin/adiponectin ratio, or high adipo-
nectin/leptin ratio is characteristic to severe TB discase in this
study. This ratio was originally proposed as an atherogenic index
indicating a balance between the two markers bearing apparently
opposite functions in inflammation [47]. Our findings support the
idea that suppressed production of leptin may be detrimental to
host defense against TB by virtue of impairment of Thl cell-
mediated immunity [13,29.48]. After starting weatment, leptin
levels were slightly elevated, but remained low during the
treatment period. This is also compatible with reports made by
others [37,38], although the mechanism remains unknown. Long-
lasting low levels of leptin may be atwibuted to individual
predisposition to TB or delayed recovery from wasting disease.

In our study, fetuin-A levels were considerably low in TB even
after adjustment for BMI. Soon after starting treatment, the levels
were increased i inverse proportion to the decrease in CRP, In
TB, fetuin-A may be downregulated by at least dual mechanisms,
strongly mediated by underlying nflanunation {21] and party
comtrolled by depleted liver fat due to wasting or malnutrition

(18]. Low fetin-A levels may also result i impairment of

macraphage [unction to kill the pathogen and ectopic calcification
possibly in TB lesions [49,50].

RBP4 levels were also low in TB even alter adjustrnent for BML
Throughout the treatment course, the levels were gradually
elevated close to the reference range versely with the decrease in
CRYP. These findings are supported by a recent report demon-
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Abstract

Background: Inter-rater agreement in the interpretation of chest X-ray (CXR) films is crucial for clinical and
epidemiological studies of tuberculosis. We compared the readings of CXR films used for a survey of tuberculosis
between raters from two Asian countries.

Methods: Of the 11,624 people enrolled in a prevalence survey in Hanoi, Viet Nam, in 200% we studied 258
individuals whose CXR films did not exclude the possibility of active tuberculosis. Follow-up films obtained from
accessible individuals in 2006 were also analyzed. Two Japanese and two Vietnamese raters read the CXR films
based on a coding system proposed by Den Boon et al. and another system newly developed in this study. Inter-
rater agreement was evaluated by kappa statistics. Marginal homogeneity was evaluated by the generalized
estimating equation (GEE). ' -

Results: CXR findings suspected of tuberculosis differed between the four raters. The frequencies of infiltrates and
fibrosis/scarring detected on the films significantly differed between the raters from the two countries (P < 0.0001
and P = 0.0082, respectively, by GEE). The definition of findings such as primary cavity, used in the coding systems

also affected the degree of agreement.

further consistency and high quality of reading.

Conclusions: CXR findings were inconsistent between the raters with different backgrounds. High inter-rater
agreement is a component necessary for an optimal CXR coding system, particularly in international studies. An
analysis of reading results and a thorough discussion to achieve a consensus would be necessary to achieve

Background

Despite its several disadvantages, chest radiography
remains an important supporting tool in tuberculosis
(TB) surveys and clinical management of active disease
[1-3]. Chest X-ray (CXR) findings should be carefully
assessed because of its potential problems such as low
specificity and insufficient reproducibility [4].

In this context, reading methods that are less influ-
enced by raters are required and several CXR coding
systems have been proposed [5-7]. In general, complex
interpretation codes hamper intra- and inter-rater
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agreement and simple codes are preferred [6,7], because
reproducible and validated coding systerm may be useful
in monitoring disease in clinical and epidemiological
studies [8,9].

Previous studies suggest that variability in CXR inter-
pretation among raters is attributed to subjective read-
ing accompanied by insufficient experience or different
professional background of the raters [7,10-12]. How-
ever, the relationship between agreement levels and rele-
vant factors that may cause disagreement, particularly
influence of medical background including different
national origins has not been characterized.

In the present study, Vietnamese and Japanese raters
studied the readings of suspected TB lesions on CXR
films taken during a survey of TB prevalence in Hanoi,
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Viet Nam [3]. The follow-up films were also compared
with the initial films. As analytical tools, two different

types of coding systems were used: One was previously

reported by another group [5] and the other was newly
developed in this study. The aim of the study was to
highlight inter-rater agreement between raters with dif-
ferent medical backgrounds. We also attempted to char-
acterize the optimal codes or coding systems used in
international studies for a simple and objective evalua-
tion of CXR findings suspected of TB.

Methods

Ethics approval

This study was approved by the ethics committees of
the Ministry of Health, Viet Nam and the National Cen-
ter for Global Health and Medicine (formerly, Interna-
tional Medical Center of Japan). Written informed
consent was obtained from each participant prior to the
investigations, including the prevalence survey and the
follow-up study.

Study population

A population-based TB prevalence survey of 11,624 peo-
ple aged 15 and over was conducted in Hanoi in 2003 as
reported previously [3]. Briefly, subjects suspected of
having active TB based on CXR or on symptoms under-
went sputum smear microscopy and/or mycobacterial
culture. Details of HIV status were not obtained from
the study subjects. According to the report of World
Health Organization during this period, estimated preva-
lence of HIV co-infection in new TB patients aged 15-
49 was relatively low (2.8%) in Viet Nam [13].

Barring 317 individuals, active TB was radiographically
excluded for the rest. Of these 317 individuals, 22 (6.9%)
were diagnosed by bacteriological methods, including
sputum culture [3]. In 2004, individuals who presented
with radiographic findings during the initial survey were
advised to undergo sputum smear and culture tests fol-
lowing the World Health Organization recommendation
[14,15]. In the 2006 follow-up, in which the same group
of individuals was recalled for plain chest radiographic
examination {(AGFA X-ray film, Beijing, China; Shi-
madzu UD 150L-30V, Kyoto; Japan) and sputum test,
including direct smear and culture. Using a question-
naire, we collected information regarding individual his-
tory, additional examinations performed, and treatment
for TB undergone after the initial survey. Demographic
information (including addresses) collected during the
prevalence survey was used to trace the target group in
the follow-up period.

The CXR films analyzed in this study were those in
whichactive TB had not been radiographically excluded
during the prevaience survey and were those taken during
the follow-up in 2006. In total, 258 of the 317 films in the

Page 2 of 8

prevalence survey and 93 follow-up films were available at
the time of analysis in this study. The rest of TB-suspected
films in the prevalence survey were missing.

CXR coding systems and reading of films

Two coding systems were used to classify the CXR find-
ings. The chest radiograph reading and recording system
(CRRS) was developed in 2005 to detect TB and other
forms of lung disease [5]. Profusion score and details of
abnormalities unrelated to TB were omitted. All the
other coding items of this system were retained. A
Japan-Vietnam CXR coding system (JVCS) (Figure 1)
consisting of rather simple codes was also used: We
newly developed this system, considering a registration
form used in a public payment system for TB treatment
expenses in Japan and reading practice in Viet Nam.
CRRS classifies parenchymal abnormalities as primary
or secondary lesions depending on the significance of
the lesion. In contrast, JVCS does not consider the sig-
nificance of the lesion, though it records pleural effusion
and thickening separately. Additionally, CRRS classifies
nodules based on their size and calcification, whereas
JVCS separately records nodules and calcification.

Two Japanese pulmonary physicians (E.T. and N.K.)
and two Vietnamese radiologists (L.D.H. and P.T.C.)
read the CXR films. These readers were different from
those who read the CXR films during the initial survey.
All CXR films were first read using CRRS. After the
completion of readings by CRRS, CXR films were read
using JVCS without the results of CRRS being made
known to the readers. Each reader was also blinded to
the others’ readings and clinical information. Instruction
and training regarding the two coding systems were
given prior to the actual reading. The four raters were
asked to reach a consensus while assessing 10 standard
films from Japan and another 10 films from Viet Nam.,

Statistical analysis

We adopted a double entry system of data entry. JMP ver-
sion 7.0.1 (SAS Institute Inc., Cary, NC, USA) and SAS
version 9.1 (SAS Institute Inc.) were used for analysis.
Kappa statistics were used to investigate inter-rater agree-
meént on the presence or absence of lesions of interest. We
adopted the following guidelines for interpretation of
kappa coefficients: < 0, poor agreement; 0-0.20, slight;
0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, good; and
0.81-1.00, very good [16-18]. Weighted kappa was used to
assess inter-rater agreement on variables with more than
two categories. McNemar’s test or its extension, Bowker’s
test of symmetry, was used to investigate the symmetry of
disagreement between two raters, which tests whether the
frequency of an abnormality detected by one rater is sig-
nificantly different from that by another rater. The gener-
alized estimation equation (GEE) was also used to test the
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* Readers should receive appropriate training in advance
* Uncertain abnormalities should not be recorded
* Cross should be made, unless otherwise stated

Subject number L 1T 1

I I I I

Date of X-ray
DD MM YYYY

Radiograph quality
1. 2 3 4

v w

Any abnormalities consistentwith TB ] Y [_| N

Radiograph completely normal

Cavitation 0 R L
|

Infiltration 0 R L
[

Nodules (any size) 0 R L
{

Fibrotic scarring 0 R L
{

Pleural thickening 0 R L

Calcification 0 R L
|

Pleural effusion 0 R L

CIvEnw

Previous X-ray

Date
DD MM YYYY

Present X-ray

Hilar lymphadenopathy 0 R L

Any other abnormality
consistent with tuberculosis

Any other abnormality

1 = high quality, 2 = acceptable 3= barely readable,

4 = unreadable. Comment: .

check when full assessment has been completed

check when A to E assessment has been completed
0 = no lesions; R or L = right or left lung zones affected
by the lesions of interest; depending on the spread of
lesions, more than one zone can be selected.

= upper zones

= middle zones

= lower zones
opacities not to represent cavitation, scar, or nodules

nodular lesion of any size

volume loss/collapse/bronchiectasis is often associated

calcification related to active or healed TB lesions

[Ivetter [__] same [_| worse

SPECHY: ettt eee et e e e e

Specify: .....

T

Reader [

Reading date
DD MM YYYY

= lofl,

Fxgure 1 Chest X-ray coding: JVCS. VCS = Japan-Vietnam chest X-ray coding systerny DD = date in two digits; MM = month in two digits;
YYYY = year in four digits; ¥ = yes; N = no; R = right; L

similarities in frequencies of positive findings between
groups of raters {(marginal homogeneity). No syminetry or
non-marginal hoinogeneity was considered to be signifi-

cant when P

< Q.05.

. Results -

Follow-up after T8 prevaience survey

In 2004, one vear after the prevalence survey, 204
(64.4%) of the 317 individuals who presented with

213



Sakurada et al. BMC Infectious Diseases 2012, 12:31
http://www.biomedcentral.com/1471-2334/12/31

radiographic findings of suspected TB underwent a spu-
tum smear test, one of whom tested positive. The initial
CXR film of this case showed infiltrates, fibrosis/scar-
ring, and calcification. The follow-up radiograph in 2006
showed improvement after treatment.

In the follow-up in 2006, 93 individuals were checked,
one of whom was diagnosed by smear and culture as
TB positive (Figure 2). Besides calcification, which was
seen in the initial CXR film, infiltrates were present in
the follow-up film. All raters evaluated this case as
“worse” based on the radiographic findings.

In total, five individuals were reported to have active
TB during the 3-year follow-up period. Two were diag-
nosed bacteriologically and three were diagnosed based
on self-reported TB episodes. All the films were ran-
domly mixed in the study set.

Inter-rater agreement on CXR findings
Using the two coding systems, four raters assessed the
258 films taken during the 2003 prevalence survey; two
raters assessed the 93 films taken in the 2006 follow-up.
A total of 2,436 readings were conducted (Figure 2).
Agreement levels regarding overall parenchymal
abnormalities assessed by CRRS varied. Their kappa
values were interpreted as fair to good, ranging from
0.24 to 0.63, from the following six comparisons: a com-
pai‘isoﬁ between the two Japanese raters (JP-JP); four
comparisons between Japanese and Vietnamese raters

Prevalence survey in 2003
11,624 people
317 CXR films suspected of TB

(22 active TB cases by sputum
smear/culture in 2003)

(1 active TB case by sputum
smear in 2004)

{2159 missing fiims |

258 CXR films
(read by 2 Japanese and 2 Vietnamese
raters, using 2 coding systems)

4
The follow-up survey in 2006:
93 CXR films
(read by 1 Japanese and 1 Vietnamese
raters, using 2 coding systems)

(1 active TB case by sputum
smear in 2006)
2,436 readings in total

Figure 2 Chest X-ray films for reading. 7B = wiberculosis; CXR =

chest X-ray.
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(JP-VN (1) to (4)); and a comparison between the two
Vietnamese raters (VN-VN) (Table 1). Agreement levels
regarding calcification also varied. They were considered
as fair to good with JVCS and slight to fair with CRRS.
Kappa values for pleural effusion with JVCS were inter-
preted as moderate to good, ranging from 0.54 to 0.77,
indicating high level of agreement irrespective of coun-
try or rater, )

Major parenchymal findings, cavity, fibrosis/scarring,
infiltrates, and nodules were assessed in a similar way,
as shown in Table 2. Agreement levels regarding pri-
mary and secondary cavities in CRRS were rather low
(kappa values ranged from -0.02 to 0.36) except for rela-
tively high agreement levels regarding a primary cavity
between the Japanese raters (kappa = 0.60), and a sec-
ondary cavity between the Vietnamese raters (kappa =
0.43). Cavitation was, thus, mainly classified as a primary
lesion by the Japanese raters and as a secondary lesion
by the Vietnamese raters. . ,

Although agreement levels relating to fibrosis/scarring
were also low, kappa values for secondary fibrosis/scar-
ring with CRRS revealed fair levels of agreement
between raters from the same country (kappa = 0.28
[JP-JP] and 0.22 [VN-VN]), but revealed only slight
agreement between raters from different countries
(kappa = 0.11 to 0.20 [JP-VN]). Among all Japanese-
Vietnamese pairs, the Vietnamese raters specified sec-
ondary fibrosis/scars more frequently than the Japanese
raters (P = 0.0001 or P < 0.0001 by McNemar test). The
frequency of positive findings of secondary fibrosis with
CRRS by both Vietnamese raters was 26/255 (10.2%),
whereas that by both Japanese raters was only 7/245
(2.9%) (Table not shown). The frequency of positive
findings of fibrosis/scarring with JVCS by both Vietna-
mese raters (56/255 = 22.0%) also tended to be higher
than that by both Japanese raters (42/245 = 17.1%). GEE
further confirmed the significant difference in frequen-
cies of fibrosis/scarring between raters from different
countries (P = 0.0082).

Agreement levels regarding infiltrates between the two
raters from the same country were considered as mod-
erate (kappa = 0.49 [JP-JP] and 0.57 [VN-VN]) and as
fair between two raters from different countries (kappa’
= 0.21 to 0.30 [JP-VN]) according to JVCS (Table 2).
The Japanese raters detected infiltrates more frequently
than the Vietnamese raters (P < 0.0001 by McNemar
test) in all comparisons. The frequency of positive find-
ings of primary infiltrates with CRRS by both Japanese
raters was 68/245 (27.8%), whereas that by both Vietna-
mese raters was only 22/255 (8.6%) (Table not shown).
The frequency of positive findings of infiltrates with
JVCS by both Japanese raters (119/245 = 48.6%) also
tended to be higher than that by both Vietnamese raters
(46/255 = 18.0%). The different frequencies of positive
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Table 1 Inter-rater agreement with respect to general and parenchymal findings for each coding system (n = 258)

Item Coding Inter-rater agreement
system Kappa with 95% confidence interval and the absolute number of films (~/-+/+-/++)
Jp-jp JP-VN VN-VN
(1 2 Ell (4]

Total number WVCS (245) (246) (245) (245) (244) (255)
of tested films CRRS (245) (245) (246) (246) (245) (255)
Parenchymal JVCS NA NA NA NA NA NA
abnormality CRRS 0.63 [0.51-0.75) 0.24 [0.16-0.32] 050 [0.38-062] 025 [0.16-0.34] 0.58 [0.46-0.70) 0.27 [0.17-037]

(32/21/7/185) (9/44/0/192) (24/29/6/187) (7/32/2/205) (22/17/8/198) (6/3/24/222)
Calcification® WNVCS 0.62 [049-0.75) 0.47 [0.35-0.59) 021 [0.12-0.30) 055 [0.42-0.68) 0.30 [0.21-0.39) 0.26 [0.17-0.35]

(188/13/14/30) (187/14/22/23) (198/2/38/7) (190/12/18/25) (201/0/34/9) (215/2/31/7)

CRRS 0.28 [0.15-041] 035 [023-047] 0.15 [0.04-0.26) 0.36 [0.25-047] 0.36 [0.25-047] 0.17 [0.09-0.25]

(219/10/11/5) (206/23/6/10) (226/4/14/2) (208/23/5/10) (228/2/11/4) (219/2/30/4)
Pleural WCS 0.58 [045-0.71] 0.77 [064-0.90] 066 [0.54-0.78] 0.64 [0.51-0.77] 0.54 [041-067] 0.73 [061-085]
(-.?ﬂ"usioh (222/8/5/10) (226/5/213) (222/8/3/12) (221/6/6/12) (217/9/7/11) (230/6/4/15)
Pleural VCS 0.35 [0.23-047] 0,22 [0.14-0.30] 045 [0.33-0.57] 0.28 [0.18-0.38] 045 [032-0.58] 0.31 [0.22-040]
thickening (158/39/19/29) (88/110/2/46) (161/36/14/34) (84/93/6/62) (148/28/26/42) (87/4/95/69)
Pleural CRRS 0.30 [0.20-0.40] 0.16 [009-023] 046 [0.34-0.58] 045 [0.33-0.57] 0.54 [042-0.66] 0.32 [022-042]
abnormalities (130/73/6/36) (83/120/3/39) (159/44/7/36) (76/60/10/100) (124/12/42/67) 81/6/91/77)
Pleural effusion/ CRRS 0.48 [0.36-0.60) 0.34 [0.22-046) 0.55 [043-067] 049 [0.36-0.62] 0.67 [055-0.79] 048 [036-0.60]
thickening** (176/35/6/28) (168/43/11/23) (189/22/9/26) (156/26/23/41) (176/6/22/41) (173/14/33/35)

* In CRRS, calcification here indicates calcified granuloma only

**In CRRS, pleural effusion and thickening are combined

JVCS Japan-Vietnam chest X-ray coding system, CRRS chest radiograph reading and recording system, T8 tuberculosis, NA not applicable, JP-JP a comparison
between the Japanese raters; JP-UN [1] to [4] comparisons between Japanese-Vietnamese raters, VN-VN a comparison between the Vietnamese raters, (~/—+/+-/+
“+) (negative findings by both raters/positive findings only by the second rater/positive findings only by the first rater/positive findings by both raters)

infiltrate readings between the raters from the two
countries were also confirmed by using GEE (P <

0.0001).

The levels of inter-rater agreement were considered
slight to fair for nodules, irrespective of the raters’ home
country or the coding system used.

Table 2 Inter-rater agreement with respect to parenchymal findings for each coding system (n = 258)

Item

Coding system

Inter-rater agreement

Kappa with 95% confidence interval

Jp-Jp JP-VN VN-VN
m 2 [3] (4]
Total number  WCS (245) (246) (245) (245) (244) (255)
of tested films  CRRS (245) (245) (246) (246) (245) (255)
Cavity WNCS 044 [032-0.56] 036 [0.25-047] 047 [0.34-064] 0.30 [0.20-0.40] 0.50 [0.38-0.62] 0.52 [040-064]

Fibrosis/scar

Infiltrate

Nodule

CRRS primary *
CRRS secondary
WCS

CRRS primary
CRRS secondary
S

CRRS primary
CRRS secondary
WNCS

CRRS primary

"CRRS secondary

0.60 [0.48-0.72]

-0.02 [-0.14-010]

030 [0.17-043]
031 [0.18-0.44]
0.28 [0.16-0.40]
049 [037-061]
0.33 [0.21-045]

-0.05 [-0.18-0.08]

027 [0.14-040]
037 [0.25-049]
0.22 [0.10-0.34]

010 [0.03-0.17]
0.04 [0.00-0.08]
0.19 [0.07-0.31]

0.02 [-0.02-006]

0.20 [0.10-0.30]
030 [0.20-040)
0.24 [0.15-0.33)
013 0.03-0.23]
011 [005-0.17]
013 [0.06-0.20]
022 [0.11-0.33]

028 [0.18-0.38]
006 [001-0.11]
0.34 [0.22-046]
027 [0.14-040]
0.11 [002:020]
0.27 [0.18-0.36]
031 [0.19-043]
002 [:0.12-008]
0.26 [0.14-038]
040 [028-0.52]
0.14 [002-026]

0.06 [-0.02-0.14]

000 [-0.05-0.05]

0.8 [0.05-0.31]
-0.02 [:0.07-0.03]
0.14 [0.03-0.25]
0.22 [0.13-031]
0.15 [008-0.22]
-0.04 [-0.14-0.06]
0.09 [0.03-0.15]
0.09 [0.03-0.15]
0.13 [003-0.23]

0.36 [0.25-047]
0.04 [-0.03-0.11]
0.34 [0.23-045]
0.15 [0.02-0.28]
0.16 [0.06-0.26]
0.21 [0.13-0.29]
022 [012-032]

-0.02 [-0.12-008)

0.31 [0.20-042]
0.24 [0.12-0.36]

029 [016-042]

0.15 [0.04-0.26]
043 [0.32-0.54]
031 [0.20-042]
003 [-0.01007]
022 [0.10-0.34]
057 [0.45-069)
041 [030-0.52)
002 [-003-007]
0.19 [0.11-027)
021 [0.13-029]
022 [0.12-032)

* Primary and secondary iesions are described in CRRS
JVCS Japan-Vietnam chest X-ray coding system, CRRS chest radiograph reading and recording system, TB whberculosis, NA not applicable, JP-JP a comparison
between the Japarese vaters, JP-YN (1] to [4] comparisons between Japanese-Vietnamese raters, VN-VN a comparisen betwean the Vietnamase raters
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An overall assessment of CXR changes after 3 years
was conducted by one of the two raters from each coun-
try. Agreement was moderate for both coding systems
(weighted kappa = 0.47 and 0.40). The Japanese rater
indicated deterioration more frequently than the Vietna-
mese rater (Table 3); this difference was considered
highly significant for both JVCS and CRRS by the sym-
metry test (P = 0,0002 and 0.0008, respectively, by Bow-
ker’s test). When assessing changes in specific findings
after 3 years, the Japanese rater detected infiltrates more
frequently than the Vietnamese rater (P < 0.0001; Figure
3). Among 55 cases of infiltrates, 12 (22%) were assessed
as “further spread” by the Japanese rater while 2 (8%)
out of 25 cases of infiltrates were assessed as “further
spread” by the Vietnamese rater (data not shown).

Discussion

Our study confirmed that the readings of CXR findings
of suspected TB vary significantly among the raters. Dif-
ferences in the backgrounds of the raters and different
coding systems were considered potential factors affect-
ing the levels of agreement. We found the following two
patterns of marked tendency toward inconsistency in
the CXR findings: 1) disagreement presumably attribu-
ted to the raters’ home country and typically observed
for infiltrates and secondary fibrosis/scarring and 2) dis-
agreement observed for nodules, irrespective of the rater
background. Through discussions conducted with the
four raters after the trial, we identified some possible
causes of this disagreement, though pre-existing pro-
blems were not disclosed when the standard films were
checked prior to commencement of the study.

First, it is likely that this disagreement was partly
caused by differences between countries regarding the
definition of pulmonary lesions. For example, the Viet-
namese raters limited the definition of infiltrates to rela-
tively homogenous opacities greater than 10 mm in size,
whereas the Japanese raters also included groups of
smaller-sized scattered lesions with unclear margins in
this classification. As a result, positive findings of infil-
trates were more frequently reported by the Japanese
raters.
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100%
80% - Infiltrates:
; Blncreased
60% -
& No change
o . .
40% Decreased
20% j I No affected zone
0%
Japanese Vietnamese
rater rater

Figure 3 Infiltrates on chest X-rays after a 3-year interval.
Evaluation of infiltrates on chest X-ray films betwesn 2003 and 2006
using JVCS codes shows changes in the number of affected areas
(upper, middle, and lower zones of each 'side of the lung). "No
affected zone” indicates that the rater did not indicate the presence
of infiltrates in either film. The Japanese rater detected infiltrates
“more commonly than did the Vietnamese rater (P < 0.0001), which
corresponds with the results of a greater proportion of “increased”
and a smaller proportion of "no detected zone” readings after 3

years. JVCS = Japan-Vietnam chest X-ray coding system

Second, spontaneously cured mild TB resulting in par-
enchymal fibrosis or scarring, which is commonly seen in
countries with high prevalence of TB, is a probable reason -
for the more frequent detection of these lesions by the
Vietnamese raters. In addition, CT scans are compared
with plain CXRs more commonly in Japan than in Viet
Nam. This practice in TB diagnosis and management
might affect the interpretations of the Japanese raters.

Disagreement between the raters from the two Asian
countries could be attributed to many background fac-
tors, including the medical educational systems and on-
the-job training imparted after graduation. In Japan,
plain CXR films are read predominantly by clinicians,
while in Viet Nam, radiologists also perform this role.
Such differences are likely to affect the reading and
should be taken into consideration in international stu-
dies. Even within a single country, inter-rater agreement
depends on the experience of the raters [7,10,12] and is
relatively low between raters in different centers [10]. .

Table 3 Overall assessment of radiographic findings after 3 years

VCS CRRS
JP VN Total JP VN Total
Better Same Worse Better Same Worse
Better - 23 & 0 29 Better 28 6 9 34
Same 18 i 0 39 Same 16 18 1 35
Worse 7 7 7 21 Worse 4 w5 9
Total 48 34 7 29 Tota 48 34 ) 38
Weighted kappa = 040 {0.22-057] Weighted appa = 047 [0.37-063]

JVCS Japan-Vietnam chest X-ray coding system, CRAS chest radiograph reading and recording system, P lapanese rater, VN Vietnamese rates
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The tested coding systems had both advantages and
disadvantages in the context of our study. With CRRS,
parenchymal abnormalities are classified into primary
and secondary lesions, and it is not easy for raters to
differentiate between the two. The Japanese raters
emphasized on cavitation and presence of infiltrates as
primary lesions of active TB, but the Vietnamese raters
objectively judged the primary lesions on the basis of
the size of lesions and proportion of the lung involved.

Although fairly reproducible, a disadvantage of JVCS
is that it cannot provide any information regarding the
significance of active lesions. Thus, CRRS is more infor-
mative. Activity, however, is a subjective term and the
reproducibility of this description apparently worsens
when included in a coding system. This implies the lim-
itations of the plain CXR as a classic imaging tool. It
may be assumed that defining necessary medical terms
carefully through training and in-depth discussion prior
to actual reading would minimize misunderstandings,
even with a detailed coding system. However, this was
not effective in our study, possibly because of language
barriers, different medical backgrounds, and insufficient
recognition of the problems. Collectively, our results
support the concept of reproducibility of a simplified
coding system [6,7,19], which may be critical when a
system is shared by raters from different countries, such
as even Asian countries.

On comparing CXR findings 3 years after the preva-
lence survey, Japanese raters detected deterioration in
more cases than Vietnamese raters. The fact that the
Japanese raters more frequently detected infiltrates may
partly explain this discrepancy, because infiltrates gener-
ally signify active lesions, though unknown factors may
also have affected their readings. This should be consid-
ered when CXRs are used for follow-up because the
radiological appearance of lesions will not provide suffi-
cient information for monitoring TB unless patient his-
tory and bacteriological examination are combined
8,10,19]. -

Our study has several limitations. First, caution should
be exercised when extrapolating the results to describe
the way CXRs are generally read in the two Asian coun-

tries. Although different medical backgrounds in the -

countries were obvious after reviewing and discussing
the results, the raters’ qualifications should also be con-
sidered. Second, in the present study, the overall sensi-
tivity and specificity of CXR-based diagnosis of
tuberculosis were not determined because the number
of active TB cases detected in our cohort study was
rather small (< 10%) and because these parameters
would be influenced more by individual raters’ skills and
experiences than by the coding system used. Third, the
coverage rate of the radiographic follow-up study after 3
years was not high, one of the reasons being the rapid
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speed of urbanization and an increasingly mobile popu-
lation in Hanoi, which caused difficulties when tracing
particular individuals. Nevertheless, our findings present
an important point to be considered in international
studies of TB using a CXR coding system.

Conclusions

In our study, CXR findings of suspected TB were incon-
sistent between raters with different backgrounds, pre-
sumably because of differences in medical practice and
education between the two countries. Although each
coding system has its advantages and disadvantages, a
simplified classification system is suitable for maintain-
ing sufficient agreement between raters from different
countries. To improve the quality of future international
collaborative studies, harmony could be obtained
between raters of different nationalities by thorough dis-
cussion regarding the possible causes of disagreement in
CXR readings, using standard films and descriptions of
major findings.
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