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Abstract

Tuberculosis (TB) is caused by Mycobacterium tuberculosis and is a major cause of
morbidity and mortality worldwide. Many candidate genes have been investigated for
a possible association with TB. Toll-like receptors (TLRs) are known to play important
roles in human innate immune systems. Polymorphisms in and functions of TLRs have
been investigated to identify associations with specific infectious diseases, including
TB. Here, we examined whether single-nucleotide polymorphisms (SNPs) in TLRs
and genes in TLR signaling were associated with TB susceptibility in Indonesian and
Vietnamese populations. A statistically significant association was observed between
TB susceptibility in a classified Indonesian female group and rs352139, an SNP
located in the intron of TLRY, using the genotype (P = 2.76E-04) and recessive
(AA vs AG+GG, P = 2.48E-04, odds ratio = 1.827, 95% confidence interval =
1.321-2.526) models. Meta-analysis of the Indonesian and Vietnamese populations
showed that rs352139 was significantly associated with TB in the recessive model.
This finding indicated that a TLR9 polymorphism might have an important role in
the susceptibility to M. tuberculosis in Asian populations.

doi: 10.1111/1.1399-0039.2011.01821.x

Tuberculosis (TB) is caused by Mycobacterium tuberculosis
and is a major cause of morbidity and mortality worldwide (1).
While one third of the world’s population is infected with
M. tuberculosis, only 5%-10% of those infected develop
TB during their lifetime (2). Although other pathogens and
environmental factors are thought to contribute to the devel-
opment of TB, host genetic factors are equally important in
TB susceptibility. Since a twin study established the impor-
tance of a genetic component as a factor in TB suscepti-
bility (3), linkage studies (4-6), a genome-wide association
study (7), and many candidate gene studies have been per-
formed, and the candidate gene studies often focused on genes
involved in immune function, including human leukocyte anti-
gen (HLA) (8), ILI2B1 (9, 10), TLRs (11, 12), SLC11A1 (13,
14), IFNG (15, 16), and CD209 (17, 18). However, relatively
few studies have investigated the influence of such genes
on TB susceptibility in Southeast Asian countries where the
burden of TB is high (1).

190

TLRs are a family of type 1 transmembrane receptors that
are characterized by an extracellular leucine-rich repeat (LRR)
domain (19, 20). The LRR domain is thought to be involved
in ligand recognition (21), and TLRs are pattern-recognition
receptors that recognize pathogen-associated molecular pat-
tern that have an essential function in the innate immune
system. The ligand of each human TLR is well characterized,
except for the ligand of TLR10. For example, lipopolysac-
charides from Gram-negative bacteria are the ligands of
TLR4 (22-24), and TLR2 recognizes microbial products,
including peptidoglycan from Gram-positive bacteria (25,
26). TLRY recognizes unmethylated CpG motifs in bacterial
DNA (27).

TLRs also have an intracellular Toll/IL-1 receptor (TIR)
domain. In the signaling pathway downstream of the TIR
domain, myeloid differentiation primary-response protein 88
(MyD88) which has a TIR domain-containing adaptor was
characterized to play a crucial role, except for TLR3 (26).
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IL-1 receptor-associated kinase is recruited by MyD88, is acti-
vated, and then associates with tumor necrosis factor receptor-
associated factor 6; this pathway leads to the activation of IkB
kinase (IKK) complex. The IKK complex phosphorylates IkB,
and phosphorylated IkB induces the activation of the transcrip-
tion factor NF-kB. Experiments with MyD88-knockout mice
showed that the MYD88 knockout resulted in the loss of all
immune response against TLRs ligands (28-34).

M. tuberculosis is an intracellular pathogen that infects
phagocytic antigen-presenting cells (APCs), including macro-
phages, monocytes, and dendritic cells. M. fuberculosis lig-
ands, including lipoprotein, are recognized by TLRs of APCs,
which then secret inflammatory cytokines and chemokines.
TLRs are essential as the first line of defense against many
pathogens. Genetic studies of humans and animals show asso-
ciations between TLRs and TB. TLR-knockout mouse studies
indicate that TLR2, TLR4, and TLR9 contribute to host resis-
tance to M. tuberculosis infection (35-39). Possible associ-
ations between genetic variations of TLRs, including 7LR2,
TLRS, and TLRY, and TB have been reported (11, 12). In
this study, we examined whether single-nucleotide polymor-
phisms (SNPs) in TLRs and genes downstream of TLRs are
associated with TB in two Asian populations, Indonesian and
Vietnamese.

Subjects

Samples were collected from individuals (538 pulmonary TB
patients and 560 healthy controls) living in the West and East
Java provinces of Indonesia. They were collected for iden-
tifying polymorphisms and for an association study between
TB and human genes (40, 41). The mean age of TB patients
was 41.6 years (range, 16-92 years) and the median age was
40 years. Subjects were interviewed about their ethnic back-
ground, and only individuals who were confirmed to be of
either Javanese or Sundanese—Javanese ethnicity within at
least three generations were recruited for the study. Diagno-
sis of TB was based upon the presence of clinical symptoms,
chest X-rays, and microscopic detection of acid-fast bacilli in
a Ziehl-Neelsen-stained sputum smear. Percentage of smear-
positive TB is 92.3% in Indonesian, 100% in Vietnamese.
Genomic DNA was extracted from peripheral lymphocytes
using a QIAamp™ DNA Blood Mini Kit (Qiagen, Hilden,
Germany). The Research Ethics Committees of Yarsi Univer-
sity, Jakarta, Indonesia and the Faculty of Medicine, Univer-
sity of Tokyo, Japan, approved the study protocols.

For a comparative association study, a Vietnamese popula-
tion (277 TB patients and 458 controls) whose ethnic back-
grounds were Kinh was also analyzed. Samples were collected
to investigate HLA characteristics and associations between
TB and human genes (42, 43). The mean age was 37.4 years
(range, 15-60 years) and the median age was 38 years. Pul-
monary TB patients from the Vietnamese population under-
went similar physical and laboratory examinations as those

®© 2011 John Wiley & Sons A/S
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from the Indonesian population. Blood samples were taken
after obtaining informed consent from each subject. DNA
was extracted from whole blood with the QIAamp™ DNA
Blood Midi Kit (QIAGEN GmbH, Max Volmer Strafe 4,
Hilden, Germany). The ethical committees of the Ministry
of Health, Vietnam and the International Medical Center of
Japan approved the study.

In both subjects, patients and controls from the same family
are not involved.

SNP selection

Tag SNPs (64) were selected from CHB (Chinese Beijing) +
JPT (Japanese Tokyo) population data from the International
HapMap project (http://hapmap.ncbi.nlm.nih.gov/index.html.
en). The minor allele frequencies (MAF) of the variants are
more than 5%, and each SNP is located in a TLR family
gene, MYD88, CLECS5A, or the promoter region of these genes
(—5000 to O bp). Tag SNPs were selected using TAGGER
program in HAPLOVIEW software.

Genotyping methods

DigiTag2 assay

Target SNPs were genotyped using the DigiTag2 assay, which
has the potential to simultaneously genotype 96 or 32 SNPs
with high accuracy (44). In this study, two sets of 32-plex
SNP-typing arrays were used. Multiplex polymerase chain
reaction (PCR) was performed first. The reactions were per-
formed in a volume of 10.0 pul containing 5.0 ul of 2x
Qiagen Multiplex PCR Master Mix containing HotStarTaq
DNA polymerase, multiplex PCR buffer, and deoxynucleo-
side triphosphate (dNTP) mix (Qiagen Multiplex PCR Kit,
Qiagen); 0.5 pl of multiplex primer mix (0.25 pmol, each)
(Table S1, supporting information) and 0.5 pul of DNA (1 ng).
DNAs were amplified under the following PCR conditions:
initial denaturation at 95°C for 15 min and 40 cycles of denat-
uration at 95°C for 30 s, annealing at 80°C for 1 s, and
extension at 68°C for 6 min using a Bio-Rad PTC-200 Peltier
thermal cycler (Bio-Rad, Tokyo, Japan).

After multiplex PCR, multiplex oligonucleotide ligation
reaction was performed with the multiplex PCR products.
Prior to the encoding reaction, 32 non-labeled common probes
were simultaneously phosphorylated at the 5’ end in a vol-
ume of 40.0 ul containing 10x protruding end kinase buffer,
adenosine triphosphate (30 mM), polynucleotide kinase (40
U), and 3’ query probes for 32 SNP sites (4 pmol) (Kination
Kit, Toyobo, Osaka, Japan) (Table S2). The reaction mixtures
were incubated for 37°C for 30 min and then for 95°C for
3 min using a Bio-Rad PTC-200 Peltier thermal cycler (Bio-
Rad). The encoding reaction was prepared by mixing 3.0 pl
of the multiplex PCR products with 15.0 ul of Tag DNA
ligase buffer containing 20 mM Tris—HCI (pH 7.6), 25 mM
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potassium acetate, 10 mM magnesium acetate, 10 mM dithio-
threitol (DTT), 1 mM nicotinomide adenosine dinucleotide,
and 0.1% Triton X-100 (New England Biolabs, Beverly, MA)
with 15 fmol of probes (64 5'-query probes and 32 3'-
phosphorylated common probes) and 5 U Tag DNA ligase.
The encoding reaction was run under the following conditions:
(i) 95°C for 5 min, (ii) 50°C for 1 min, and (iii) 58°C 60 min
using a Bio-Rad PTC-200 Peltier thermal cycler (Bio-Rad).

For the labeling reaction, 1.0 pl of ligation products was
directly mixed in 12.0 pl of Ex Taq buffer containing 20 mM
Tris—HCI (pH 8.0), 100 mM KCl, 0.1 mM ethylenediaminete-
traacetic acid (EDTA), 1 mM DTT, 0.5% Tween 20, 0.5%
Nonidet P-40, 50% glycerol, and 2.5 mM of each dNTP
(TaKaRa, Otsu, Japan) with CodeMix (60 fmol each), primer
mix (6 pmol each), and 0.6 U Ex Tag polymerase. The label-
ing reaction was run under the following conditions: 95°C for
1 min followed by 25 cycles of 95°C for 30 s, 55°C for 6 min,
and 72°C for 30 s using a Bio-Rad PTC-200 Peltier thermal
cycler (Bio-Rad).

Finally, hybridization reactions were performed using a
DNA microarray that had 32 separated areas on the same
glass slide, and each of the separated areas contained oligonu-
cleotide probes for 32 SNPs. A hybridization mixture was
prepared by mixing 7.5 ul of the labeled products in 18.0 ul
of hybridization buffer containing 0.5x standard sodium cit-
rate (SSC), 0.1% sodium dodecyl sulfate (SDS), 15% for-
mamide, and 1 mM EDTA with 1.5 pl of hybridization con-
trol. The hybridization control was prepared with 3.75 fmol
of AlexaS55-labeled D1_100 and Alexa647-labeled D1_100.
Then 8.0 pl of the hybridization mixture was applied to each
area on the DNA microarray. Hybridization was carried out
for 60 min at 37°C in a hybridization oven (ThermoStat plus,
Eppendorf). After hybridization, the microarray was washed
in washing buffer (0.1x SSC and 0.1% SDS) for 3 min,
subsequently washed in distilled water for 1 min, and dried
by centrifugation at 900 x g for 1 min. The hybridization
image was scanned using a DNA chip scanner, and fluo-
rescence image analysis was performed using the GENEPIX
4000B unit and GENEPIX Pro 4.1 software packages (Axon
Instruments, Union City, CA). The genotype calls were deter-
mined using the SNPSTAR software (version 0.0.1.0, Olympus,
Tokyo, Japan).

Variation screening

Variation screening was carried out using the samples from
16 TB patients from the Indonesian subjects. To cover SNPs
located in TLR9 region, all exons, an intron, and the promoter
region (—1300 to O bp) of TLRY were directly sequenced.
The primers used in this assay were designed and analyzed
by the free software PRIMER3 and are shown in Table S3
and Figure 1. PCR of samples was performed in a volume
of 15.0 pl containing 1.5 pl 10x buffer with 15 mM MgCl,
(Roche, Basel, Schweiz), 0.6 pl of MgCl, (Roche), 3 pl of 5x
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Figure 1 Primer design for TLR9 variation screening in the Indonesian
population. Primers were designed to cover the TLR9 region, including
the promoter region {(—1300 to 0 bp). Primer sequences for each
region are shown in Table S3. The arrows indicate the single-nucleotide
polymorphism discovered in this variation screening.

G—C rich solution (Roche), 1.2 pl of dANTPs (0.20 mM each)
(TaKaRa), 0.3 pl of forward primer (3 pmol) (Sigma-aldrich),
0.3 ul of reverse primer (3 pmol) (Sigma-aldrich), 0.75 U
FastStart Tag Polymerase (Roche), and 2.0 ul of DNA (4 ng).
DNAs were amplified under the following PCR conditions:
(1) 95°C for 3 min; (i) 95°C for 30 s; (iii) 60°C for 30 s; (iv)
72°C for 1 min; steps (ii) to (iv) were repeated for 39 cycles;
(v) 72°C for 5 min; and (vi) 20°C preservation.

Sequencing reactions were performed in a volume of
15.0 pl containing 2.0 ul of 5x Sequencing Buffer (Applied
Biosystems), 1.5 pl of BIGDYE TERMINATOR version 3.1
(Applied Biosystems), 0.48 pl of primer (4.8 pmol) (Sigma-
Aldrich, St. Louis, MO), and 1.5 pl of PCR product. This
reaction was carried out under the following condition:
(1) 96°C for 3 min; (i) 96°C for 10 s; (i) 50°C for 5 s;
(iv) 60°C for 3 min; steps (ii) to (iv) were repeated for 24
cycles; and (v) 4°C preservation. Sequences were read with
an automated sequencer (ABI 3100 and ABI 3730, Applied
Biosystems, Foster City, CA).

Comparative association study

For an ethnic comparison, rs352139 was also examined in a
Vietnamese population. This SNP was genotyped by direct
sequencing. The primers used in the assay, 5-GCCAGG
GATTGGTTAAGTGA-3' and 5'-GTTTGACGATGCGGTT
GTAG-3', were designed by the free software PRIMER3. PCR
was performed under the same conditions used for the varia-
tion screening.

®© 2011 John Wiley & Sons A/S
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Statistical analysis

Hardy—Weinberg equilibrium (HWE) tests were performed
in controls by Fisher exact test. A P-value of less than
0.01 was considered to indicate deviation from HWE. For
SNPs located on X chromosome, subjects were classified by
sex and HWE P-values were calculated using only female
controls. Association analysis between SNPs and TB was
also performed by Fisher exact test. A P-value of less than
0.05 was considered to be statistically significant. Bonferroni
corrections for multiple comparisons were applied; the level
of significance was P < 8.62E-04, based on the number of
successfully genotyped SNPs (58 of 64). Odds ratio (OR) with
95% confidence interval (CI) were calculated for each SNP
for evaluating the relative risk. Subjects were classified by
sex and age (40 years old) and analyzed with respective to
these classifications. For the comparative association study,
the Mantel-Haenszel test was conducted.

SNP analysis with DigiTag2 assay

Of the 64 SNP selected, 58 SNPs were successfully genotyped
with DigiTag2 assay using Indonesian population. Table S4
shows the genotype count of all SNPs examined in this study.
SNP 1512668558 was excluded from further analysis because
it alone showed deviation from HWE (P = 8.56E-36). SNP
rs352139 in the recessive model had the lowest P-value
(P = 2.20E-03) of all SNPs using all models (Tables S1
and S4), but no SNP had a significant P-value with any
of the models when data from males and females were
combined. Next, data were classified by sex and age of the
subjects (Tables S5—S8). SNPs on autosomal chromosomes
and X chromosome of male subjects are presented in table
(Table S6). SNP rs352139 showed a statistically significant
association with TB susceptibility in females in the genotype
(P = 2.76E-04) and recessive models (AA vs AG+GG, P =
2.48E-04, OR = 1.827, 95% CI = 1.321-2.526) (Table 1).
No other SNPs showed any significant association with TB
susceptibility for any groups in any model.

Variation screening for TLR9

SNP 15352139, which showed significant association with TB
susceptibility in Indonesian females, is located in the intron
of TLR9 on chromosome 3. According to HapMap CHB
+ JPT data, SNPs located within TLR9 and in the proxy
of the gene are in strong linkage disequilibrium (? > 0.94)
with rs352139, but otherwise they had low MAF less than
4% (Figure 2). To find polymorphisms with MAF of at least
5%, variation screening was conducted using 16 TB patient
samples from the Indonesian participants.

Although five SNPs with MAF of more than 1% are
registered in CHB + JPT population in HapMap database,
only three SNPs were observed in the Indonesian population
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in this study; rs187084 in the promoter region, rs352139 in
the TLR9Y intron, and rs352140 in 7LR9 exon2. No new
polymorphism was identified.

Comparative association study

SNP 15352139 showed no deviation from HWE (P = 0.649).
Possible associations for genotype, allele, dominant, and
recessive models were analyzed using direct sequencing data
from the Vietnamese participants. The lowest P-value was
observed in the recessive model in (AA vs AG+GG, P =
0.0939, OR = 1.294, 95% CI = 0.958-1.747) (Table 1). The
data were further classified by sex, but no model resulted
in a significant association for males or females. Compared
with the results in Indonesian, the minor allele (G) showed
susceptibility to TB in both populations, and the allele and
recessive models showed the same tendencies in all groups
(Table 1). Meta-analysis by Mantel-Haenszel test showed
significant P-values for recessive model in all samples (P =
6.45E-04) and the female group (P = 7.38E-04) (Table 1).
SNP rs352139, which is located in the intron of TLR9,
showed a significant association with TB in the genotype and
recessive models in the Indonesian females in this study. It
was reported that this SNP was associated with TB in the
allele model in an African—American population (11). This
SNP showed a tendency to associate with TB all participants
(both sexes and both Indonesian and Vietnamese) in addition
to the Indonesian female group. Moreover, it is interesting
that a TLR9 polymorphism was reportedly associated with
pulmonary TB in females in a South Indian population (45);
the present finding on Indonesian females agrees with these
reports, supporting that TLR9 is a susceptibility genes to TB.
TLR9Y is expressed in endosome and recognizes unmethy-
lated CpG motifs in bacterial DNA (27). The interaction of
TLRY with unmethylated CpG induces the secretion of proin-
flammatory cytokines (39). Sex hormone differences may
have been responsible for the difference between the male
and female groups in their association between rs352139
and TB. Reportedly, the female sex steroid hormone proges-
terone inhibits CpG-induced, TLR9-mediated inflammatory
responses in plasmacytoid dendritic cells (46). Additionally,
the levels of interferon-a in response to TLR7 stimulation
was significantly higher in female peripheral blood lympho-
cytes (PBLs) than male PBLs (47). However, the studies on
interactions between TLRs and sex are still in development,
and further research is necessary to confirm our present results.
In the variation screening for TLR9, only three SNPs,
including rs352139, were observed and all the SNPs showed
strong linkage disequilibrium (LD) with each other according
to CHB + JPT population data (Figure 2). Thus, it may be that
one of these three SNPs was the causative SNP responsible
for association between TLR9 and development of TB.
In the comparative association study of rs352139, no signif-
icant association was observed between rs352139 and TB in
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Table 1 rs352139 genotype frequencies among TB patients and healthy controls in Indonesian and Vietnamese populations

Indonesian Vietnamese Mantel-Haenszel

TB patients Healthy controls OR {95% Cl) P-Value TB patients Healthy controls OR(95% Cl)  P-Value  OR (95% ClI) P-Value
All N = 538 (frequency) N =560 (frequency) N = 277 (frequency) N = 458 (frequency)
Genotype
AA 199 (0.371) 259 (0.463) — — 123 (0.446) 232 (0.510) - — — —
AG 279 (0.520) 233 (0.416) — — 125 (0.453) 183 (0.402) - — — —
GG 59 (0.110) 68 (0.121) — 0.00222 28(0.101) 40 (0.088) — 0.239 — —
Allele
A 677 (0.630) 751 (0.671) 1.193 — 371(0.672) 647 (0.711) 1.200 — 1.196 —
G 397 (0.370) 369 (0.329) (1.001-1.423)  0.0489 181 (0.328) 263 (0.289) (0.955-1.508)  0.127 (1.041-1.375) 0.0130
Dominant
AA+AG 478 (0.890) 492 (0.879) 0.893 — 248 (0.899) 415 (0.912) 1.171 — 0.981 —
GG 59(0.110) 68 (0.121) (0.616-1.294)  0.5721 28{0.101) 40 (0.088) (0.705-1.947)  0.600 (0.727-1.323) 0.958
Recessive
AA 199 (0.371) 259 (0.463) 1.461 — 123 (0.446) 232 (0.510) 1.294 — 1.393 —
AG+GG 338 (0.629) 301 (0.538) (1.148-1.860)  0.00220 153 (0.554) 223 (0.490) (0.958-1.747)  0.0939 (1.154-1.682) 0.000645
Female N =228 (frequency) N = 560(frequency) N = 68 (frequency) N = 458 (frequency)
Genotype
AA 73 (0.320) 259 (0.463) — — 32 (0.471) 232 (0.510) — — — —
AG 130 (0.570) 233 (0.416) — —_— 30 (0.441) 183 (0.402) — — — —
GG 25(0.110) 68 (0.121) —_ 0.000276 6 (0.088) 40 {0.088) — 0.804 — —
Alisle '
A 276 (0.605) 751 (0.671) 1.327 — 94 (0.691) 647 (0.711) 1.099 — 1.267 —
G 180 (0.395) 369 (0.329) (1.060-1.663)  0.0144 42 (0.309) 263 {(0.289) (0.743-1.625)  0.686 (1.042-1.539) 0.0202
Dominant
AA+AG 203 (0.890) 492 (0.879) 0.891 — 62 (0.912) 415 (0.912) 1.004 — 0.915 —
GG 25(0.110) 68 (0.121) (0.548-1.450) 0.715 6 (0.088) 40 (0.088) (0.409-2.466) 1 (0.596-1.405) 0.765
Recessive
AA 73 (0.320) 259 (0.463) 1.827 — 32(0.471) 232 (0.510) 1.170 — 1.611 —
AG+GG 155 (0.680) 301 (0.538) (1.321-2.526)  0.000248 36 (0.529) 223 {0.490) (0.703-1.950)  0.604 (1.227-2.116)  0.000738
Male N =289 (frequency) N = 560 (frequency) N = 203 (frequency) N = 458 (frequency)
Genotype
AA 120(0.417) 259 (0.463) — — 88 (0.436) 232 (0.510) — — — —
AG 136 (0.472) 233 (0.416) — — 92 (0.455) 183 (0.402) — — — —
GG 32(0.111) 68 (0.121) — 0.307 22 (0.109) 40 (0.088) — 0.196 — —
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Mantel-Haenszel
P-Value

OR (95% Cl)

P-Value

OR (95% Cl)

Vietnamese

Healthy controls

TB patients

P-Value

Indonesian
OR (95% Cl)

Healthy controls

TB patients

Table 1 Continued

Allele

®© 2011 John Wiley & Sons A/S
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1.148
(0.977-1.350)

1.248
(0.971-1.605)

647 (0.711)

263 (0.289)

268 (0.663)
136 (0.337)

1.083
(0.876-1.338)

751 (0.671)

369 (0.329)

376 (0.653)
200 (0.347)

0.103

0.0910

0.480

Dominant
AA+AG

GG

1.031
(0.726-1.457)

1.268
(0.732-2.195)

415 (0.912)

180 (0.891)

0.904
(0.579-1.413)

492 (0.879)

256 (0.889)
32 (0.111)

0.933

0.389

22 (0.109) 40 (0.088)

0.736

68 (0.121)

Recessive

1.264
(1.017-1.571)

1.348
(0.966-1.881)

232 (0.510)

223 (0.490)

88 (0.436)
114 (0.564)

1.205
{0.904-1.605)

259 (0.463)

301 (0.538)

120(0.417)
168 (0.583)

0.0400

0.0907

0.215

AG+GG

Cl, confidence interval; OR, odds ratio; TB, tuberculosis.
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Figure 2 LD block structure in TLR9 and in the proximity of the gene.
LD block structure in TLR9 and in the proximity of the gene from the
CHB (Chinese Beijing) + JPT (Japanese Tokyo) population of HapMap
data (by Haproview software version 4.2). The extent of the R-squared is
shown in the blocks. The single-nucleotide polymorphisms surrounded
with red squares were analyzed in the DigiTag2 assay.

the Vietnamese population, but both populations showed the
same tendencies in allele and recessive models. With Mantel-
Haenszel test, statistically significant association between
r$352139 and TB was observed in the recessive model not
only in the female group but also across all Vietnamese and
Indonesian participants. Thus, this SNP may have an impor-
tant role in the development of TB across different popu-
lations. Meanwhile, the number of Vietnamese female TB
patients (N = 68) was much smaller than that of Indonesian
female TB patients (N = 228). To confirm that possibility,
larger number of Vietnamese female TB patients should be
analyzed.

In conclusion, a TLR9 polymorphism was associated with
TB in the Indonesian population and also likely in a Viet-
namese. Since a previous study in African—American pop-
ulation also described the same association (11), the TLR9
polymorphism may play an important role in human innate
immunity to TB.
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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 2003, 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 system 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,

© 2012 Sakurada et al; BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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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
which active TB had not been radiographically excluded
during the prevalence 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-
ment 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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C1

Cc.2

C3

DA

EA

3.0

0.4

0.5

Subject number

Date of X-ray

Radiograph quality

Radiograph completely normal

* Readers should receive appropriate training in advance
* Uncertain abnormalities should not be recorded
* Cross should be made, unless otherwise stated

NN O N O O

DD MM YYYY
LT 1T 1=nighquality, 2 = acceptable, 3 = barely readable,
12 3 4 4 = unreadable. Comment: ............ccooiiiiiiniiinn,

COY[ON check when full assessment has been completed

Any abnormalities consistent with TB [:I Y L—__—] N check when A to E assessment has been completed

Cavitation

Infiltration

Nodules (any size)

Fibrotic scarring

Pleural thickening

Calcification

Pleural effusion

Previous X-ray

Date

Present X-ray

Hilar lymphadenopathy
Any other abnormality
consistent with tuberculosis
Any other abnormality

Reader

Reading date

0 = no lesions; R or L = right or left lung zones affected
by the lesions of interest; depending on the spread of

0 R L lesions, more than one zone can be selected.
| = upper zones
= middle zones
= lower zones
0 R L opacities not to represent cavitation, scar, or nodules
|
0 R L nodular lesion of any size
[
0 R L volume loss/collapse/bronchiectasis is often associated
|
0 R L
0 R L calcification related to active or healed TB lesions
I
0 R L

L1y In
BD MM YYYY

[Ibetter [_]same [__] worse

0 R L

DD MM YYYY

Figure 1 Chest X-ray coding: JVCS. JVCS = Japan-Vietham chest X-ray coding system; DD = date in two digits; MM = month in two digits;
YYYY = year in four digits; Y = yes; N = no; R = right; L = left.

similarities in frequencies of positive findings between  Results
groups of raters (marginal homogeneity). No symmetry or  Follow-up after TB prevalence survey

non-marginal homogeneity was considered to be signifi-

cant when P < 0.05.

In 2004, one year after the prevalence survey, 204

(64.4%) of the 317 individuals who presented with
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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-
parison 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)
——>1 59 missing films |
A
258 CXR films
(read by 2 Japanese and 2 Vietnamese
raters, using 2 coding systems)

Y
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. TB = tuberculosis; CXR =

chest X-ray.

Page 4 of 8

(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
m 2] B3] [4]

Total number JVCS (245) (246) (245) (245) (244) (255)
of tested films CRRS (245) (245) (246) (246) (245) (255)
Parenchymal VCS NA NA NA NA NA NA
abnormality CRRS 063 [0.51-0.75] 0.24 [0.16-0.32] 0.50 [0.38-0.62] 0.25 [0.16-0.34] 0.58 [0.46-0.70] 0.27 [0.17-0.37]

(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® JVCS 062 [049-0.75] 047 [0.35-0.59] 0.21 [0.12-0.30] 0.55 [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] 0.35 [0.23-047] 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 JVCS 0.58 [045-0.71] 0.77 [0.64-0.90] 0.66 [0.54-0.78) 0.64 [0.51-0.77] 0.54 [041-067] 0.73 [0.61-0.85]
effusion (222/8/5/10) (226/5/2/13) (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 [0.32-0.58] 1 [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 [0.09-0.23] 0.46 [0.34-0.58] 045 [0.33-0.57] 0.54 [0.42-0.66] 0.32 [0.22-042]
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 048 [0.36-0.60] 0.34 [0.22-0.46] 0.55 [043-0.67] 049 [0.36-0.62] 0.67 [0.55-0.79] 0.48 [0.36-0.60]
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, 7B tuberculosis, NA not applicable, JP-JP a comparison
between the Japanese raters; JP-VN [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
(1 2] 3] 4
Total number  JVCS (245) (246) (245) (245) (244) (255)
of tested films ~ CRRS (245) (245) (246) (246) (245) (255)
Cavity VCS 044 [032-056] 036 [025-047] 047 [034-064] 030 [020-040] 050 [038-062] 052 [040-064]

Fibrosis/scar

Infiltrate

Nodule

CRRS primary *
CRRS secondary
JVCS

CRRS primary
CRRS secondary
VCS

CRRS primary
CRRS secondary
JVCS

CRRS primary
CRRS secondary

0.60 [0.48-0.72]

-0.02 [-0.14-0.10)

0.30 [0.17-043]
031 [0.18-0.44]
0.28 [0.16-0.40]
049 [037-061]
033 [0.21-045]

-0.05 [-0.18-0.08]

0.27 [0.14-0.40]
037 [0.25-0.49]
0.22 [0.10-0.34]

[
0.10 [0.03-0.17]
0.04 [0.00-0.08]
0.19 [0.07-0.31]

0.02 [-0.02-0.06]

0.20 [0.10-0.30]
0.30 [0.20-0.40]
0.24 [0.15-0.33]
0.13 [0.03-0.23]
0.11 [0.05-0.17]
0.13 [0.06-0.20]
0.22 [0.11-0.33]

0.28 [0.18-0.38]
0.06 [0.01-0.11]
0.34 [0.22-0.46]
0.27 [0.14-0.40]
0.11 [0.02-0.20]
0.27 {0.18-0.36]
031 [0.19-043]

-0.02 [-0.12-0.08]

0.26 [0.14-0.38]
040 [0.28-0.52]
0.14 [0.02-0.26]

0.06 {-0.02-0.14]
0.00 [-0.05-0.05]
0.18 [0.05-0.31]
-0.02 [-0.07-0.03]
0.14 [0.03-0.25]
0.22 [0.13-0.31]
0.15 [0.08-0.22]
~0.04 [-0.14-0.06]
0.09 [0.03-0.15]
0.09 [0.03-0.15]
0.13 [0.03-0.23]

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]
021 {0.13-0.29]
0.22 [0.12-0.32]
-0.02 [-0.12-0.08]
0.31 [0.20-0.42]
0.24 [0.12-0.36]
0.29 [0.16-042]

0.15 [0.04-0.26)
043 [0.32-0.54]
0.31 [0.20-042]
0.03 [-0.01-0.07]
0.22 [0.10-0.34]
057 [045-069]
041 [0.30-0.52]
0.02 [-0.03-0.07]
0.19 [0.11-0.27]
021 [0.13-0.29]
0.22 [0.12-0.32]

* Primary and secondary lesions are described in CRRS

JVCS Japan-Vietnam chest X-ray coding system, CRRS chest radiograph reading and recording system, 7B tuberculosis, NA not applicable, JP-JP a comparison
between the Japanese raters, JP-VN [1] to [4] comparisons between Japanese-Vietnamese raters, VN-VN a comparison between the Vietnamese 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:
# Increased
60% -
B No change
0 -
40% Decreased
20% - @ 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 between 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

JVCS CRRS
P VN Total JP VN Total
Better Same Worse Better Same Worse
Better 23 6 0 29 Better 28 6 0 34
Same 18 21 0 39 Same 16 18 1 35
Worse 7 7 7 21 Worse 4 10 5 19
Total 48 34 7 89 Total 48 34 6 88

Weighted kappa = 040 [0.22-0.57]

Weighted kappa = 047 [0.31-0.63]

JVCS Japan-Vietnam chest X-ray coding system, CRRS chest radiograph reading and recording system, JP Japanese rater, VN Vietnamese rater
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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

Page 7 of 8

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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ARTICLE INFO ABSTRACT
Artic{e history: Although genetic variants in SLC11A1 (NRAMP1) have been associated with mycobacterial diseases, these
Received 30 August 2011 findings have not been extensively validated in pulmonary Mycobacterium avium complex (MAC) infection.
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- . This study investigated the genomic structure of SLC11A1 and its association with MAC infection. Nineteen
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polymorphic loci were genotyped in European descendents and the Japanese population. Linkage disequilib-
rium (LD) structures and frequencies of major haplotypes differed between these 2 populations. Tag single

ds: . . L R
f\i[?lc‘?)/gcrmierium avium complex nucleotide polymorphisms (SNPs) were chosen from the data set, and 6 polymorphic sites were genotyped in
SLC11A1 122 pulmonary MAC cases and 211 controls from Japan. We observed that the T allele of rs2279014 in the 3’
NRAMP1 untranslated region was associated with protection from MAC disease when comparing allele frequencies

with an odds ratio of 0.582 (95% confidence interval 0.379-0.894, p = 0.013). The frequencies of haplotypes
constructed with the above 6 variants did not differ between cases and controls. Allele-specific expression
imbalance of SLC11A1 mRNA was evaluated in peripheral blood cells from heterozygous individuals, but no
difference was observed among haplotypes. Although the significance was modest, 152279014 is in strong LD

with nearby SNPs and further studies are required for conclusive validation.
© 2012 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights
reserved.

Genetic polymorphisms
Allelic expression imbalance

sis and Mycobacterium leprae [4-6]. However, host genetic factors
for MAC infection have not been extensively studied, and only a few
reports have demonstrated an association with genetic polymor-
phisms within HLA [7-9], SLC11A1[10,11], MICA[12],and TLRZ2 [13].

Solute carrier family 11 (proton-coupled divalent metal ion
transporters), member 1 (SLC11A1) gene, also known as natural
resistance-associated macrophage protein 1 (NRAMP1), is located
in chromosome 2g35, which spans a genomic length of 14 kbp and
is composed of 15 exons and 1 alternatively spliced exon present

1. Introduction

Nontuberculous mycobacteria—associated disease has often been
detected with human immunodeficiency virus (HIV) infection but
non-HIV pulmonary Mycobacterium avium complex (MAC) disease
has been recognized with increasing frequency [1]. Middle-age to
elderly women who have no apparent risk factors are reported to
contract the pulmonary MAC infection [2]. Although detailed world-
wide epidemiological information is lacking, the incidence rate of
MAC disease is <5 cases per 100,000 and 60-80% of nontuberculous

mycobacteria infection is caused by MAC in Japan [3].

Several lines of evidence including twin studies, linkage studies,
candidate gene studies, and recent genome-wide association stud-
ies indicate that host genetic factors are important in determining
susceptibility to mycobacteria, including Mycobacterium tuberculo-

* Corresponding author.
E-mail address: keicho@ri.ncgm.go.jp (N. Keicho).

within intron 4 [14]. The SLC11A1 protein functions as a divalent
transition metal transporter; however, its precise biochemical
function remains unclear [15,16]. SLC11A1 is a promising candidate
gene to interpret sensitivity and resistance to intracellular patho-
gens including mycobacteria, because the murine Nrampl gene
was originally identified by positional cloning in this way [17,18].

In most association studies for human mycobacterial infection,
4 SLC11A1 polymorphisms, rs17235416 in the 3’ untranslated re-

0198-8859/12/$36.00 - see front matter © 2012 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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gion (UTR), rs17235409 (D543N), rs3731865 in INT4, and
1$34448891 (5'(GT)n), have been mainly analyzed. In the case of
tuberculosis, which has been most extensively analyzed for associ-
ation with SLC11A1 polymorphisms, the results were not always
consistent {19-24], but in recent meta-analyses, significant associ-
ations were reported as a whole [25,26]. Discrepancies in the re-
sults among studies may be attributed to the presence of an un-
known causal variant, differences in phenotypes across studies,
differences in the genetic or environmental background of the
studied populations, or the lack of adequately powered sample size.

In this study, we extended our previous study of the 4 polymor-
phisms of SLC11A1 [10] to compare genomic structural differences
within the SLC11A1 gene in European and Japanese populations and
analyzed the association of this gene with pulmonary MAC infec-
tion in the Japanese population. Allele-specific expression levels of
mRNA among haplotypes were also investigated.

2. Subjects and methods
2.1. Human subjects

The study protocol was approved by the ethical committee of
the National Center for Global Health and Medicine, Japan, and
written informed consent was obtained from each individual. A
total of 122 Japanese cases of pulmonary MAC infection were re-
cruited for the genetic study. Their patient characteristics, includ-
ing comorbidity and age at onset, have been described elsewhere
[10,12]. Briefly, patients with pulmonary MAC infection comprised
29(23.8%) males and 93 (76.2%) females in the age range of 21 to 91
years. The mean age at onset of disease was 60.5 = 13.0 years old. Of
these, 63 (51.6%) were without comorbidity, whereas 59 (48.4%)
were with comorbidity with previous lung disease or other poten-
tial predisposing conditions. In this study, all cases and controls
were recruited from central Tokyo, which is considered a homoge-
neous population with respect to genetic background [27,28]. Our
recruited subjects consisted of a single ethnicity and the cases and
controls were unrelated. The first control panel (n = 211) was sex
unmatched and age unknown, and the second control panel (n =
300) for testing reproducibility was sex matched and age un-
matched. To adjust for sex and age, logistic regression models were
used. All recruited controls were healthy individuals with no pre-
vious history of MAC infection, M. tuberculosis, or M. leprae. Overall,

in all cases, approximately 90% of patients were infected with M.
avium and the remaining had Mycobacterium intracellulare. Diagno-
sis of MAC infection was based on American Thoracic Society crite-
ria [29]. All patients had clinical manifestations, small pulmonary
nodules with or without bronchiectasis on computed tomography
images, and positive smears or cultures of bacteria from at least 3
sputum samples. Patients with obvious immunodeficiency were
excluded from this study. Differentiation of cultured mycobac-
terial species was determined by polymerase chain reaction
(PCR; AMPLICOR Mycobacterium tests; Roche Diagnostics, Basel,
Switzerland).

Fifty DNA samples for European descendents were obtained
from the NIGMS Human Variation Panel (HD50CAU of Caucasian
individuals, Coriell Institute for Medical Research, Camden, NJ), and
42 Japanese individuals were also recruited for the allele-specific
expression assay and screening of polymorphisms.

2.2. Selection of polymorphic loci for genotypic analysis

A total of 19 polymorphic loci, including 1 insertion/deletion
and 1 microsatellite, were extracted from the entire genomic re-
gion of the SLC11A1 gene spanning from the 5’ flanking region at
position —3,890 to 14,425 with reference to the transcription start
site (NM_000578.3) [30] (Table 1). Nine single nucleotide polymor-
phisms (SNPs) were selected from the HapMap database (http://
hapmap.ncbi.nlm.nih.gov) and the remaining variants were se-
lected from the dbSNP (http://www.ncbi.nlm.nih.gov/projects/
SNP), the JSNP database (http://snp.ims.u-tokyo.ac.jp), or the
published literature including 4 frequently reported polymor-
phisms: 1s17235416 in the 3’ UTR, rs17235409 (D543N),
rs3731865 in INT4, and rs34448891 (5/(GT)n) [19,31,32].

Genotype data of these 19 polymorphisms were obtained from
DNA samples of 100 healthy individuals (50 Japanese and 50 Euro-
pean descendents) and linkage disequilibrium (LD) blocks were
determined by confidence interval method using Haploview 4.1
(http://www.broadinstitute.org). The variants having minor allele
frequency (MAF) >0.01 were subjected to compute pairwise LD
statistics and haplotype frequencies (PHASE program, v. 2.1; http://
www.stat.washington.edu). For association analysis, 6 tag SNPs
(rs2276631, 152695343, 1517235409, 1517235416, rs1059823, and
rs2279014) were chosen from the data set of Japanese individuals

Table 1
Positions of the genetic markers and allele frequencies in the present study
SN Position as of TSS rsNo. - " Location: " Allele major/minor JP MAF (n = 50) HWP ED MAF (n = 50) HWP Reference
1 -3890 . rs4674301 Snear - T/C 015 1 034 02455 HapMap
2127 1534448891 Promoter 3327 eh i S : 9] :
3 =45 . 157573065 Promoter . C/T 002 006 Lo - dbSNP

1 : ; TSS : . . C 3 : : i

341 i _ ATG - : e ‘ : : L o
4 1896 152276632 Intron_2 C/T 0.01 1 0 1 JSNP
5000228200 152276631 Exon._3 /T 0.13 1 028 .0.6172 . HapMap,[32]
6 ..3252 : 153731865 Intron4 = . G/C 013 1. 03 09276 [1931,;32]
7 5114 153731864 - Intron.5 . GJA 0.02 1 0 S JSNP,[32]
8 5457 N 1s3731863 ~  Intron.6 - C/T 005 1 007 : 1 . HapMap
9 - 5626 12290708 Intron.7 T 006 1 027 : 0.9957 HapMap
10 5879 1517221959 Exon.8 (T 0.06 i 0.03 i g 321
11 7871 152695342 Exon 9 - . GJA 0 1 ) ; 1321
12 8091 kr‘338,1,6560 ‘Intron_9 T)C... 0.14 e 0.29 1 ~HapMap .. .
13 8672 152695343 - Intron_9 G/A 1028 06172 . 042 1 ‘HapMap
14 12105 1517215556 . Exon_13 TIC 0 1001 1 [32]
15 12519~ rs2279015 . - - ‘Intron.13 G/A 027 +.0.9957 0.41 1 ‘Hapmap, {32]
1612981 - 1517235409 - Exon_15 GA . 0.07 o 004 1 [19:31,32]
17 13063 1517235416 3'UTR. ‘Ins/Del 0.08 1. .004 ey .[19,31,32]
18 13093 - 151059823 3UTR = AIG 029 1 044 1 "HapMap
19 14425 152279014 3'UTR T 023 04022 04 0.7106 ° HapMap -

SN, serial number; MAF, minor allele frequency; TSS, transcription start site; JP, Japanese population; ED, European descendents; JSNP, Japanese SNP database; HWP,
Hardy-Weinberg equilibrium analyzed with a cutoff value of p < 0.05; UTR, untranslated region.

Position and location are based on NM_000578.3.
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with an LD threshold of r2 > 0.8 and MAF > 0.10 using the IdSelect
program (v. 1.0) (http://pga.gs.washington.edu/).

2.3. Genotyping of polymorphisms

Genomic DNA was purified from whole blood using the QlAamp
blood kit (Qiagen, Hilden, Germany). PCR restriction fragment
length polymorphism (RFLP) analysis was carried out. The set of
primers and parameters is presented in Suppl. Table 1. PCR-based
genotyping of GT-repeat polymorphisms of the promoter region of
SLC11A1 was performed as described in Ref. [10], and their corre-
sponding sequences were also determined by sequence analysis.
Allele names of the GT-repeat polymorphisms were designated as
described by Kojima et al. [33].

2.4. Screening of genetic polymorphisms in strong LD with the
associated tag SNP

Full-length coding sequence of SLC11A1 complementary DNA
(cDNA) was amplified in 2 overlapping reverse transcription (RT)-
PCR products using primer pairs 5'- GTA CCT GAA GTC GGCATT TCA
ATG AC -3’ (sense) and 5'- GTT GGC TTC TCT GAT GTC TGC TCG -3’
(antisense)and 5’- GTG GGC ATT GTT GGC GCC ATC ATC -3’ (sense)
and 5’- GGT GTG GGC CTA GCC AGA GGT CTC -3’ (antisense). The
promoter region of SLC11A1 was amplified with primers 5'- GTG
AGC CCCTCA GTT AAT AGA AGA -3’ and 5’- GGG CACTGG TGC AAG
TAA GTG TGC -3’, and the 3’ UTR was amplified with primers 5'-
GCA TCT CCC CAA TTC ATG GT -3’ and 5'- ATT TGG GCC TCA GAG
GCA CAG -3’ from genomic DNA. RT-PCR and PCR products from 35
Japanese were directly sequenced using appropriate inner primers
following the standard protocol using a genetic analyzer (ABI prism
3100 Genetic Analyzer; Applied Biosystems, Foster City, CA).

2.5. Allele-specific mRNA expression imbalance

Allele-specific mRNA expression was assessed by the method
detecting allelic expression imbalance [12]. The primer set was
designed to encompass 3 SNPs, rs17235409, rs17235416, and
rs1059823, located in exon 15. Genomic DNA was obtained from
whole blood in an EDTA tube and RNA was extracted from 2.5 mL of
blood dispensed to the PAXgene RNA tube containing RNA-
stabilizing reagent (PreAnalytiX, Hombrechtikon, Switzerland).
Pairwise haplotypes were constructed for 7 markers (rs34448891,
rs2276631, rs2695343, rs17235409, rs17235416, rs1059823, and
rs2279014) by the PHASE program (v. 2.1) to identify the informa-
tive heterozygous individuals. A total of 12 representative hetero-
zygote samples were selected for further analysis.

Here, 0.5 pg of total RNA was reverse transcribed into cDNA
using Superscript III reverse transcriptase (Invitrogen, Carlsbad,
CA). The amplified cDNA was used as a template for PCR amplifica-
tion with AmpliTaq Gold DNA polymerase (Applied Biosystems)
using the primer sets NRAMP1c_ex14_15_s1, 5'-TCA GCA CCT ACC
TGG TCT GGA CCT-3’ labeled with FAM, and NRAMP1c_ex_15_as1,
5'-CAT GGC TGC GCT AGG AAA CAG CAG-3'. Then, single-strand
conformation polymorphism (SSCP) analysis was employed to sep-
arate the 2 alleles and the relative expression of allele-specific
mRNA was quantified on the basis of the difference in band inten-
sities as described [12]. Briefly, 1 uL of each PCR product was mixed
with 7 uL of deionized formamide, denatured at 94°C for 2 minutes
immediately before loading, and electrophoresed on a nondenatur-
ing 10% polyacrylamide gel with an acrylamide:bisacrylamide ratio
of 49:1 in 45 mM Tris-borate, 1 mM EDTA, and 5% formamide.
Electrophoresis was carried out under constant voltage of 300 V/gel
at 10°C for 3 hours. Separated PCR fragments were captured by a
Molecular Imager FX system (Bio-Rad Laboratories, Hercules, CA)
and fluorescence intensity was analyzed using Quantity One 1-D
software (Bio-Rad Laboratories).

The RT-PCR-RFLP system using a single SNP, rs17235409, was
designed with a reverse primer labeled with fluorescent dye (HEX,
NRAMP1c_ex15_as1b: 5'- ACA TGC CAC TCC CAG CCA GG -3'); the
same forward primer NRAMP1c_ex14_15_s1 was used to amplify
the target sequence, and the PCR product was digested by Avall. The
digested products were run on a nondenaturing 8% polyacrylamide
gel with an acrylamide:bisacrylamide ratio of 49:1 in 45 mM Tris-
borate and 1 mM EDTA.

2.6. Statistics

Associations of the polymorphisms with clinical phenotypes of
MAC disease were evaluated in allelic, genotypic, recessive, and
dominant models. The x? test was used to compare the frequency
distribution in case and control groups. When any expected num-
berin the 2 X 2 contingency table was less than 5, Fisher’s exact test
was employed using the R program (http://www.r-project.org). For
all comparisons, odds ratios (OR) with 95% confidence intervals (CI)
were calculated. A 2-tailed test was used to evaluate statistical
significance. The tendency of having a resistant allele in MAC dis-
ease was assessed by OR and p values adjusted for sex in the first
and second panels and age at diagnosis in the second panel using a
logistic model. The Hardy-Weinberg equilibrium test for control
was assessed using the x*> method. We calculated the power (1-8)
to detect an association with 122 cases and 211 controls (assuming
a=0.05and D’ = 1).In general, there was adequate power (>0.80)
to detect an OR =2 for polymorphisms present at frequency =0.1.
For polymorphisms at =0.05 frequency or for OR of 1.5, the power
was not adequate (<0.80) for detecting associations.

Haplotypes were constructed using a Bayesian algorithm by the
PHASE program (v. 2.1). The permutation test (Haploview 4.1) was
also employed for single marker and haplotype association, and p
values less than 0.05 from 100,000 permutations were considered
significant.

3. Results

3.1. LD structure and haplotype frequencies within the SLC11A1
gene in European descendents and the Japanese population

Of the 19 marker variants analyzed within SLC11AT1 in the
Japanese population and European descendents, only 17 and 16
polymorphic loci were observed in total, respectively. The allele
frequencies of the analyzed markers are summarized in Table 1.
The pairwise LD (r2) for both the Japanese and European descen-
dents is presented in Fig. 1. A unique allele 7 of rs3444889, the GT
repeat in the promoter region, was observed only in the Japanese
population but not in European descendents. Interestingly, the
MAF of SNP rs2290708, located in intron 7, was 0.27 in European
descendents, whereas it was only 0.06 in the Japanese popula-
tion. The extent of LD differed between the populations, and the
5" LD block was larger in European descendents than in Japanese
and spanned from —3,890 to rs2695343 in intron 7, whereas the
3’ LD block was larger in Japanese than in European descendents
and covered from rs3816560 (intron 9) to rs2279014 (3’ UTR), as
illustrated in Fig. 1.

We next compared the haplotype frequency between the 2
populations. One major haplotype accounted for 66.7% in the Japa-
nese population, whereas 2 major haplotypes with frequencies of
51 and 21% were observed in European descendents (Table 2).
Interestingly, the minor allele (T) of rs2290708 in intron 7, which
was infrequent in Japanese, was carried by the second major hap-
lotype (21%) in European descendents. Likewise, the 4th major
haplotype in the Japanese population was observed with allele 7 of
the (GT)n microsatellite of the promoter region of the gene, which
was not observed in the European descendents.
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