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MOLECULAR EPIDEMIOLOGY OF RIFAMPICIN MONO-RESISTANT
MYCOBACTERIUM TUBERCULOSIS
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Masaji OKADA, 2Seiji HAYASHI, and “Tomotada IWAMOTO

Abstract [Purpose] We aimed to investigate the prevalence
and possible transmission routes of rifampicin (RFP) mono-
resistant Mycobacterium tuberculosis strains.

[Methods] Drug susceptibility testing was used to identify
15 RFP-resistant strains out of 4,633 M.1uberculosis isolates.
Sequencing of the rpoB gene and VNTR analysis were
performed to further confirm the genetic classification.

[Results] Resistance-conferring mutations in  the RFP
resistance-determining region (RRDR) of the rpoB gene were
found in 14 of the 15 strains with phenotypic RFP mono-
resistance. VNTR analysis revealed 2 clusters of 5 identical
strains each.

[Conclusions] Although the community prevalence of RFP
mono-resistant M. tuberculosis is low, the results of VNTR
analysis suggested that rather than being recently transmitted,
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these strains may have been widely wransmitted as latent
infections in the population.
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Anti-tubercular-glycolipid-IgG (TBGL-IgG) and -1gA (TBGL-IgA) antibodies, and the QuantiFERON-TB Gold test (QFT) were
compared in healthcare workers (HCWs, 1 = 31) and asymptomatic human immunodeficiency virus-carriers (HIV-AC, n = 56)
in Manila. In HCWs, 48%, 51%, and 19% were positive in QFT, TBGL-IgG, and -1gA, respectively. The TBGL-IgG positivity was
significantly higher (P = 0.02) in QFT-positive than QFT-negative HCWs. Both TBGIL-IgG- and -IgA-positive cases were only
found in QFT-positive HCWs (27%). The plasma IFN-y levels positively correlated with TBGL-IgA titers (v = 0.74, P = 0.005),
but not TBGL-IgG titers in this group, indicating that mucosal immunity is involved in LI'BI in immunocompetent individuals.
The QFT positivity in HIV-AC was 31% in those with CD4+ cell counts >350/uL and 12.5% in low CD4 group (<350/ul.). 59 %
and 29% were positive for TBGL-IgG and -IgA, respectively, in HIV-AC, but no association was found between QFT and TBGL
assays. TBGL-IgG-positive rates in QFT-positive and QFT-negative HIV-AC were 61% and 58%, and those of TBGL-IgA were 23%
and 30%, respectively. The titers of TBGL-IgA were associated with serum IgA (P = 0.02) in HIV-AC. Elevations of TBGL-IgG
and -1gA were related to latent tuberculosis infection in HCWs, but careful interpretation is necessary in HIV-AC.

of IGRA, although their higher rates of pseudonegative IGRA
response due to low CD4+ T cell counts and diminished Thl
immunity cannot be ignored [5]. Trehalose 6,6-dimycolate
(TDM), which constitutes a major part of the mycobacterial
cell wall, was identified as the most immunogenic glycol-
ipid and is produced predominantly by virulent MTB as

1. Introduction

Although the incidence of tuberculosis has been falling since
2002, there were still 8.8 million incident cases of TB, 1.1
million deaths from TB, and an additional 0.35 million
deaths from HIV-associated TB in 2010 [1]. The high rate

of latent TB infection (I'T'BI) is one of the factors that make
it difficult to achieve global control and eliminate TB [2].
The recent introduction of the immune-based interferon-
y release assay (IGRA) made a great impact on facilitating
the diagnosis of LTBI [3] and clarified the high rawe of
infection in TB-high-risk populations including healthcare
workers (HCWSs) [4]. Attempts to detect LIBI in HIV-
infected indiiduals were also facilitated by the development

well as by atypical mycobacteria [6]. Tubercular-glycolipid
antigen (TBGL) consists of TDM purified from virulent
mycobacterial strain FI37Rv [7, 19]. The immunoglobulin-
G to tubercular-glycolipid antigen (TBGL-IgG) has been
proposed to be a useful marker for the serodiagnosis of
active pulmonary tuberculosis (P1B) in Japan [7]. However,
frequent elevated titers {17%) were also found in healthy
elderly contre’ people (age »40 years) in the same study,
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and the possibility of LTBI was suggested by Mackura and
colleagues [7]. Although IgA antibody to TBGL antigen
(TBGL-IgA) was not evaluated earlier as a biomarker, strong
association was revealed between the TBGL-IgG and-IgA
titers in PTB cases [8]. Frequent positivity for TBGL-IgG
(46%) and -IgA (36%]) in healthy adults was also observed in
our very recent study in Thailand, a TB-endemic country [9).
The TBGL-1gG-positive responses were not related to BCG
vaccination [10]. Since both cellular-mediated and humoral
immunity are necessary for an effective immune response
against MTB, we aimed to clarify the relationship between
the TBGL-IgG and -IgA responses with QuantiFERON-TB
Gold In-Tube (QFT) assay system, in healthcare workers
(HCWs) in a hospital of the Philippines.

Infection of human immunodeficiency virus (HIV) has
substantially boosted the occurrence of tuberculosis (TB)
disease worldwide [1]. The devastating association between
HIV and TB is responsible for one of four TB-related
deaths {11]. The East-Asian countries are predominantly TB
endemic [1]. Similarly to Sub-Saharan Africa, the rapid, pro-
gressive increase of HIV infections in Fast-Asian countries
may further accelerate TB infection in HIV/AIDS patients
[12]. To clarify how HIV infection may alter immmune
responses in LTBL, newly diagnosed, asymptomatic, non-TB
HIV-infected individuals were studied.

To understand the health condition of the individuals, we
measured two TB-related biomarkers. Leptin, a cytokine-like
hormone produced by bronchial epithelial cells and type 11
pneumocytes in addition to adipose tissue, exhibits a Thl-
bias immune response [13]. Osteopontin (OPN) is a member
of extracellular matrix proteins that is synthesized within
the immune system by activated T cells, NK cells, dendritic
cells, and macrophages. Involvement of OPN in Th1 immune
responses has been reported [14]. OPN deficiency was found
to be associated with the dissemination of mycobacterial
disease, and its expression correlated with an effective
immune and inflammatory response against mycobacteria
in rodents as well as in human [15, 16]. Flevated levels of
circulatory plasma OPN [17] and low levels of leptin [18]
were reported to be associated with active tuberculosis; these
biomarkers served as a negative evidence of active disease.

2. Materials and Methods

2.1, Study Subjects. A case-control study was conducted
between March and October of 2010 in adult participants
(age > 18 years) in the Philippines. Thirty-one healthy,
adult healthcare workers (HCWs) without any concomitant
symptoms or chest radiographic findings relevant to active
TB and who had negative HIV serology were recruited
from San Lazaro Hospital (SLH), Manila, Philippines. Fifty-
six newly diagnosed, asymptomatic HIV carriers (HIV-
AC) without any clinical symptoms relevant to tuberculosis
were randomly selected from among patients receiving care
at the outpatient department of the SLH. None of the
subjects took any anti-HIV therapy. Subjects with AIDS-
defining events, currently active tuberculosis, or anv symp-
toms relevant to tuberculosis. other than active pulinonary
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diseases, underlying malignancy or metabolic disorders were
excluded from the study. The exclusion criteria for active
tuberculosis were based on both clinical findings and chest
X-ray (CXR) findings in the HCWs. The study was approved
by the ethics committee of SLH and the Tohoku University
Hospital. We obtained written informed consent from all the
participants. Three mL of blood was obtained directly (one
mlL in each tube) from each participant to perform the QFT
assay. Simultaneously, plasma was separated from blood by
centrifugation after treatment with EDTA and was aliquoted
to CryoTubes for storage at —80°C until further utilization.
All the procedures were conducted in accordance with the
Helsinki declaration. ' o

2.2. TBGL-Antibody Assay. TBGL-IgG antibody and -IgA
antibodies were measured using the Determiner TBGL Anti-
body ELISA kit (Kyowa Medex, Tokyo, Japan), an in vitro
enzyme-linked immunosorbent assay for the quantitative
measurement of anti-TBGL-IgG and -JgA in plasma. This
assay employs glycolipid antigens purified from M. fubercu-
losis T137Rv (TBGL antigen) coated on a 96-well plate. The
details of the assay were described in our previous study [8].
The antibody titers for TBGL-IgG and -IgA were expressed as
U/mL. Positive TBGL-IgG titers were determined according
to the cutoff index proposed by Kishimoto et al. [19].
The samples were classified as positive when the serum
levels of anti-TBGL-IgG were 22 U/mL. An arbitrary cutoff

unpublished data of our previous study [8].

2.3. QuantiFERON-TB Gold In-Tibe (QFT). The QFT test
was performed using fresh whole blood in accordance with
the manufacturer’s instruction (Cellestis, Australia). The
results were interpreted using specific software provided
by Cellestis. The result was scored positive if the IFN-y
concentration in the tube TB-specific antigen containing
was >0.35TU/mL after subtracting the value of the nil
control (IFN-y-nc) and at least >25% of NC value. If the
net 1FN-y response (TB Ag minus nil) was <0.35U/mL
for the antigens and the response to the mitogen-positive
control was >0.5 IU/mL, the response was considered as test
negative. An intermediate result was recorded if the net [FN-
y response was <0.35 1U/ml. for the antigen and <0.5 IU/mL
for the mitogen and/or was above 8 [U/mL for the NC.

2.4. Leptin and OPN Elisa Assay. Plasma leptin levels were
determined by sandwich ELISA using Quantikine Human
Leptin Immunoassay kit (R&D Systems) for the quantita-
tive determination of the human leptin concentrations in
plasma according to the manufacturer’s guidelines. Plasma
OPN concentrations were determined using Human OPN
Elisa kit (Immuno-Biological Laboratories, Takasaki, Japan)
according to the manufacturer’s guideliﬁes, and values were
expressed as ng/mL.

2.5. Clinical Data. We measured different laboratory mark-
ers including complete red blood cell counts, the number
of white biood cells with their differential counts, fev=ls of
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hemoglobin, and serum levels of IgG and IgA. The number
of CD4+ T cell counts and FIV RNA load of HIV-AC were
also determined.

2.6. Statistical Analysis. The data of quantitative variables
are summarized as median and range. Categorical variables
were computed as frequency and percentage. The data
were analyzed using Stat Flex software, version 5 (Artech
Co., Lid: http://www.statflex.net/index.html) and Statcel 2
(OMS Publishing Inc. Saitama, Japan). The ability of each
single marker to discriminate HIV from HCW by receiver
operating characteristic (ROC) curve and the area under
curve (AUC) was also analyzed. The percentage of overall
agreement between QFT and TBGL-IgG/IgA ELISA assays
was calculated, and a Cohen’s Kappa coefficient was used to
assess the level of agreement. The significance of association
for categorical variables was estimated by Fisher’s exact
test, whereas correlations between continuous variables were
evaluated by Spearman’s rank correlation coefficient. The
differences in significance between continuous variables were
compared by the Mann-Whitney U test. A 2-tailed P value of
<0.05 was considered significant.

3. Results

3.1. Characteristics of Study Participants. A total of 31 HCWs
and 56 newly diagnosed HIV-AC were enrolled in the current
study. Basic demographic and clinical characteristics of the
study participants are shown in Table 1. The participating
HIV-AC were relatively young (P = 0.03) with a significant
male predominance (P < 0.0001) compared to the HCWs.
Although lymphocyte counts were comparable between
the two groups, total counts of WBC, neutrophils, and
monocytes were significantly lower in HIV-AC.

3.2. QFT and TBGL-Antibody Assays in HCWs. Forty-eight
percent (15/31) of the HCWs showed positive reactions in
the QFT assay indicating high incidences of LTBI (Table 1).
The median age of the QFT-positive responders from among
the HCWs were significantly higher than those of the QFT-
negative group (P = 0.002). TBGL-IgG and TBGL-IgA were
positive in 51% and 19% of HCWs, respectively (Table 1).

Eleven of 15 (73%) QFT-positive HCWSs had positive
TBGL-IgG responses (categorical agreement 73%), whereas
5 of 16 (31%) QFT-negative subjects had positive TBGL-
1gG responses (categorical agreement 68.7%). The overall x
value was 0.42, indicating a moderate association between
the two assays (overall agreement: 71%; 95% CI: 0.10~0.73).
The TBGL-IgG-positive proportions were also significantly
different between QFT-positive and QFT-negative groups
of HCWs (P = 0.02). Although the number of positive
TBGL-IgA responders was small in HCWs and failed to show
any significant difference (P = 0.072), the TBGL-IgG+IgA
double-positive response was shown only by QFT-positive
HCWs and none of the QFT-negative HCWs had double-
positive reactions (P = 0.043) (Figure 1) (Table 2).

Tn addition, significant positive correlation was observed
between the concentranons of IFN-y-nc and TBGL-IgA
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Figure 1: Positivity percentage of TBGL-IgG/IgA assay in QFT-
positive/negative healthcare workers. The level of agreement
between QFT and the TBGL-Ab assay was measured by Cohen’s
kappa (k). Ix = 0.42; overall agreement 71%; 95% confidence
interval: 0.1~0.73.*Significant difference (P < 0.05).

titers in the QFT-positive group (r = 0.74, P = 0.005)
(Figure 2), but not in the QFT-negative group. There was no
such association between TFN-y-nc and TBGL-IgG levels in
HCWs, although a tendency for a positive correlation was
observed in the QFI-positive HCWs (r = 0.43, P = 0.11)
(Figure 2). No association was observed in the net IFN-
y concentrations in antigen-stimulated QFT-plasma with
TBGL-1gG or -IgA titers (data not shown). The plasma levels
of OPN and leptin were not different between QFI-positive
and QFT-negative HCWs (Table 2).

3.3. QFT and TBGL-Antibody Assays in HIV-AC. As shown
in Table 1, only 13 of 56 (23%) HIV carriers showed positive
reactions by QFT assay. The rate of positivity was closely
associated with high median CD4+ T cell counts (P = 0.012)
and younger age (P = 0.036) (Table 2). Seven of 56 (12.5%)
HIV-AC who had lower mitogen responses (IFN-y con-
centrations: median: 1.78 TU/mL; range: 0.38~6.731U/mL)
than the rest (>10U/mL) had negative responses by QFT
assay. Their median CD4+ T-cell counts were 60/uL. (range:
43~425/ul} (data not shown). Thirty-three of 56 (59%)
and 16 of 56 (29%) HIV-AC were attributed with positive
TBGL-IgG and TBGL-IgA responses, respectively (Table 1).
The positive proportions of TBGL-IgG and -IgA responses
were not significantly different between QFT-positive and -
negative HIV-AC (Table 2). However, 6 of 7 QFT-negative
low mitogen responders in HIV-AC were positive for both
TBGL-1gG and -IgA assay (data not shown). The TBGL-
IgA titers were significantly higher in the TBGL-IgG-positive
HIV-AC (P = 0.041) (Table 3). In addition, TBGL-IgA-
positive HIV-AC had significantly elevated titers of TBGL-
IgG (P = 0.042), serum IgA (P = 0.015), and OPN
(P = 0.03), (Table 3). Interestingly, the TRGL-IgA-positive
proportion was inversely correlated with the CD45 'I-
cell counts (P = 0.018), and the titers were significantly
higher in the HIV-AC with CD4+ T-cell count < 350/ul.
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TasLr 1: Demographic and clinical data of study participants.

Variables HCWs (n = 31) HIV-AC (1 = 56) P

Demographic data
Gender: male; 1 (%) ) 16 (51.6) 55 (96.5) T <0.0001%
Age year; median (range) 35 (19~62) 28 (19~48) 0.03*

Laboratory findings®
Hemoglobin (g/dL) 13.2+2.6 13 £ 1.49 0.36
RBC (million/pl.) 496 =1.6 4.43 £ .55 0.069
WBC (10%/uL) 75x25 59x19 0.01*
Neutrophil (10%/uL) 44+22 33x1.2 0.048%
Lymphocyte (10%/uL) 2406 22x09 0.82
Monocyte (/ul) 562 + 237 338 =182 <0.001*
CDA4+ T-cell count (/ul.) ND 443 + 286 NA
QFT assay positive; 1 (%) 15 (48) 13 (23) 0.03*
TBGL-1gG positive; 1 (%) 16 (51) 33(59) 0.9
TBGL-IgA positive; #1 (%) 6(19) 16 (29) 0.87
IFN-p-nc (IU/mL) ' 0.42 £0.96 0.13£0.11 <0.001*
TBGL-IgG (U/mlL) 3,12 £3.36 3.94 £ 6.63 0.14
TBGL-IgA (U/ml) 1.68 = 2.56 3.1 £6.64 0.012*
Serum IgG (mg/dL) 1409 =212 1391 = 224 0.49
Serum IgA (mg/dl.) 246 + 92 319 £138 0.058
OPN (ng/mlL) 144 =11 159 = 191 <0.00001*
Leptin (ng/ml) 18.6 =139 7.2+%54 <0.001*

Abbreviations: HCWs, healthcare workers; HIV-AC, newly diagnosed cases of asymptomatic human immune-deficiency virus infection; OPN, osteopontin;

ND, not determined; NA, not applicable.

tvalues were presented as mean = SD unless indicated otherwise; IEN-y-nc: levels of IFN-y, measured in the nonstimulated QFT-plasma samples; P values
for statistical differences between HCW and HIV-AC; *significant differences (P < 0.05).

TanLE 2: Comparison between QFT-positive and QFT-negative HCWs and HIV-AC.

Variables HCW3s HIV-AC

QFT+ (n=15) QFI—(n=16) P QFT+ (1 = 13) QFT- (n=43) p
Age; medijan (range) 45 (21~62) 23.5 (19~48) 0.002* 25 (19~45) 31(21~35) 0.036*
Gender: male; 7 (%) 7 (46.6) 9 (47.4) 0.43 12 (92.3) 42 (97.67) 0.43
Work duration->10 yrs; 1 (%) 11(73.3) 6 (37.5) 0.098 NA NA NA
CD4+ count (/uL); median (range) ND ND NA 611 (148~1466) 356 (13~1125)  0.012*
TBGL-IgG positive; 1 (%) 11(73) 5(31) 0.02% 8 (61.5) 25(58.13) 0.545
TBGIL-IgA positive; # (%) 5(33) 1(6) 0.072 3(23) 13 (30) 0.415
TBGL-IgG+IgA positive; n (%) 4(27) 0 (0) 0.043% 2(15.4) 10 (23.3) 0.42
IFN-y-n¢ (JU/mL)! 03 04 0.2=+0.13 0.9 021 x0.17 0.1 £0.07 0.0087*
Serum 1gG (mg/dL)! 1450 = 188 1368 = 235 0.2 1306 = 207 1414 = 249 0.5
Serum IgA (mg/dL)" 268 + 81 225+ 101 0.32 330 = 130 312 £ 138 0.68
OPN (ng/mL)’ 145 = 11.2 142=112 0.87 115.4 = 130 173.2 = 203 0.43
Leptin (ng/mL)! 2132133 159143 025 646=412 7448568 024

Abbreviations: HCWs, healthcare workers; HIV-AC, newly diagnosed cases of asymptomatic human immune-deficiency virus infection; OPN, osteopontin;
symp ¥

NI, not determined; NA, not applicable.

Trmean = S IEN- p-ne: levels of IEN- p, mieasured in: the nonstimulated QF1-plasma samyples; P vaines for statistical differences between QFY positive aud

OTF-negative groups; *significant differences (P < 0.05).
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Fieure 2: Correlations between TBGL-IgA or TBGL-1gG titers and IFN-y concentrations measured in nonstimulated QFT-plasma samiples
(IFN-y-nc) in QFT-positive/QTF-negative healthcare workers (HCWs) and asymptomatic HIV carriers (MIV-AC). The only significant
positive correlation was observed between the IFN-y-nc concentrations and TBGL-IgA titers in the QFT-positive HCW group (r = 0.74,

P = 0.005).

(HIV-LCD) (P = 0.048) (Table4). Furthermore, in the
HIV-AC, a relatively higher proportion of double positive
(TBGL-IgG+IgA) responders was found in the HIV-LCD
group (29%) than in the HIV-HCD group (CD4+ count™=
350/iL) {16%), although the difference was not siatistically
siguificant (P = 0.32) (Table 4).

Moreover, the IFN-y-nc concentrations were signifi-
cantly lower in the QFT-negative HIV-AC (P = 0.008)

(Table 2). No association was observed between the [FN-y-
nc concentrations and TBGL-IgG or -IgA titers in any group
of HIV-AC (Figure 2). The plasma levels of OPN and leptin
were not different between' QFT-positive and QTF-negative
FIV-AC (Table 2). )

3.4. Comparison between the Serum Anribodies and TBGL
Antibodies. The TBGL-IgG and ~IgA had no correlation with
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TasLE 3: Comparison between TBGL-IgG or TBGL-1gA-positive and -negative HIV-AC.

Variables TBGL-1gG TBGL-1gA

Positive (n = 33)  Negative (n = 23) P Positive (n = 16)  Negative (n = 40) P
Age; median (range) 28 (19~48) 30 (19~41) 0.18 31.5 (19~48) 28 (19~45) 0.038*
Gender: male; 1 (%) 33 (100) 21(91.3) 0.43 16 (100) 38 (95) 1
CD4 count (/pL); mean (range) 436 (13~1466) 450 (60~851) 0.45 346 (46~1125) 480 (13~1466) 0.06
QFT positive; n (%) 8 (24.2) 5(21.7) 0.545 3(19) 10 (25) 0.45
TBGL-1gA positive; 1 (%) 12 (36.4) 4(17.4) 0.1 — — —
TBGL-IgG positive; # (%) — — — 12(75) 21 (5235) 0.14
IFN-y-nc (IU/mL)* 0.13 = 0.09 0.1 x0.05 0.4 0.12 £0.09 0.12+£0.07 0.9
TBGL-1gA (U/mL)* 4.36 = 8.4 1.28 £ 1.21 0.041* — —_—
TBGL-IgG (U/mL)! L= — 7.5x11.6 25x1.5 0.042*
Serum IgG (mg/dL)' ]4;3") +277 1515 + 677 0.5 1615 = 404 1355 = 135 0.46
Serum 1gA (mg/dL)* 277 £ 95 279 = 74 0.37 410 = 165 313 £ 138 0.015*
OPN (ng/mlL)t 176.3 £199.9 136 £ 1725 0.67 280 = 275 115 = 109.7 - 0.03"
Leptin {ng/ml.)? 7.33=6.16 7.18 £4.12 0.68 7.33 £6.16 7.18 £4.12 0.07

Abbreviations: HIV-AC, newly diagnosed cases of asymptomatic human immune-deficiency virus infection; OPN, osteopontin.
Tmean = SD; 1EN-p-na levels of IEN-y, measured in the nonstimulated QFT-plasma samples; P for statistical differences between QFT-positive and QTF-
negative groups; *significant differences (P < 0.05).

TaBLE 4: Comparison between HIV-AC with high® and low* CD4+ T-cell count.

Variables " CDA4+ hight (n = 32) CD4+ low? (n = 24) P value?
Age; mean (range) 25.5 (19~45) 25 (22~48) 0.018*
Gender: male; 1 (%) 31 (97) 23 (98) 1.0
CD4+ count (/ul); median (range) 618 (356~1466) 201 (13~349) <0.001*
QFT-positive; 1 (%) k 10 (31) 3(12.5) 0.12
TBGL-1gG positive; 1 (%) 16 (50) 16 (67) 0.27
TBGL-IgA positive; 1 (%) 5(16) 11 (46) 0.018*
TBGL-1gG+ 1gA positive; n (%) 5(10) 7(29) 0.32
1FN-y-nc (IU/mL) 0.14£0.12 0.13 £ 0.09 0.9
TBGL-1gG (U/ml)? 4.6 8.4 3+28 0.59
TBGL-1gA (U/ml.)t 1.55+2 516 £ 9.6 0.048%
Serum lgG (mg/dL)! 1352 = 185 1549 =+ 380 0.5
Serum IgA (mg/dL)t 265 + 89 423 = 149 <0.001*
OPN (ng/mL)! 119 =126 214.% 246 S 0.19 .
Leptin (ng/mL)’ 77 %6 6.6 =49 0.5

Abbreviation: HIV-AC, newly diagnosed cases of asymptomatic human immune-deficiency virus infection; OPN: osteopontin.
SHigh: CD4+ T cell count > 350/pL; ¥low: CD4+ T-cell count <350/ul; Tmean # SD; LEN-p-nc: levels of LFN -y, measured in the non-stimulated QFT-plasma
samples; P values for statistical differences between QFIpositive and QTF-negative groups; *significant differences (P < 0.05).

the serum IgG and 1gA in HCW and HIV-AC except for the
association between the serum IgA levels and the TBGL-IgA
titers in HIV-AC (P = 0.02) (data not shown). -

3.5. Comiparison of Biomarkers between HCW and HIV-AC.
The levels of TEN-y-nc (P < 0.001) were sigmificantly higher
in HCWs hian in HIV-AC, However, the titers of TBGL-IgA
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(P = 0.012), but not -IgG, were significantly higher in HIV-
AC than in HCWs. Similarly, the serum IgA levels were also
higher (P = 0.058). The OPN levels were significantly higher -
(P < 0.0001), and the leptin levels were considerably lower
(P < 0.001) in the HIV-AC compared to the HCWs (Table 1).

ROC curve analysis was used to discriminate HIV from
HCW groug using the net IEN-y, leptin, and plasma levels
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FrGure 3: Receiver operating characteristic analysis for comparison
of biomarkers between healthcare workers and asymptomatic HIV
carriers. The result showed that the OPN plasma levels of OPN
(log) exhibited the greatest ability to discriminate HIV from HCW
based on the AUC (0.883), followed by leptin {(0.763) and net IFN-y
(0.648).

of OPN (log) as biomarkers. As shown in Figure 3, the
-plasma levels of OPN (log) exhibited the greatest ability to
discriminate HIV from HCWs based on the AUC (0.883),
followed by leptin (0.763) and net IFN-y (0.648). However,
QFT assay as well as TBGL-IgA and -IgG did not show such
profiles (data not shown).

4, Discussion

In our data, the application of QFT assay to HCWs in
the Philippines demonstrated a high incidence (48%) of
LI'BI, which was comparable to other already published
data in HCWs in TB-endemic developing countries [4]. The
increased risk of LTBI among HCWSs was confirmed by the
recent introduction of IGRA [20, 21]. In our country, a
higher incidence of LI'BI in HCWSs was reported in high-
risk groups for TB, such as homeless areas [22], compared
to other areas [23].

‘We aimed to damfy the relationship bctwncn the TBGL-
1gG and -IgA responses and that of IFN-y in the QFT assay
in LTBI The rate of TBGL-IgG positivity was significantly
higher in the QFI-positive than QTF-negative group of
HCWs. The significant association between the two assay
systems indicated by the « value in HCWs demonstrated the
TBGL-IgG in LTBIL. However, about 30% of QFT-positive
populations from among the HCWs lacked TBGL-IgG, and
30% of those of the QFI-negative group have elevated TBGL
1gG antibody, and the discordant cases were higher in TBGL-
IgA. However, the reasons for such discordances between the
two systerns in HCWs are not clear. It is possible that the
generation of antibody requires larger amounts of antigens

than does the generation of T-cell responses. Although
associated immunosuppressive conditions were found as risk
factors for false-negative QFT responses [24], such cases were
excluded from HCWs in our study.

The mechanism of the synthesis of anti-TDM antibody
is not clear, though TDM is known to bind to Mincle
(macrophage-inducible C-type lectin) that is present on
macrophages [25], and upon the activation, on T cells [26].
It was found that Mincle is specific for the ester linkage
of a fatty acid to the trehalose, which explains the strong
binding of TDM, but not trehalase-treated TDM, soluble
trehalose, or purified mycolate [26]. The conversion of TDM
into glucose monomycolate (GMM) upon mycobacterial
infection might be the mechanism by which mycobacteria
escape from the Mincle-mediated immunity. However, the
immune system possesses other tools to monitor and elim-
inate live mycobacteria through CD1 molecules expressed
on the activated macrophages and dendritic cells, which are
different from MHC I, 1T molecules. Recently, GMM but
not TDM was demonstrated to interact with CD1b and may
induce adaptive immunity [27]. Although it is not known
whether the adaptive immune system leads to antibody
synthesis, the generated antibody may recognize both TDM
and GMM because the two molecules are structurally very
similar.

Interestingly, the IFN-y-nc levels that were observed to
have a significant association with the TBGL-IgA titers in
LTBI of HCWs. IgA is a typical marker of the mucosal
immune response. An elevated serum IgA has been proposed
to have a protective role in TEN-y-positive immunocompe-
tent LI'BI individuals [28]. Frequent exposure to tubercle
bacilli can possibly stimulate the mucosal immune system
in TB-endemic countries. It is also known that commensal
bacteria on the mucosal surface induce IgA in an NO-
dependent manner [29], although it is not known whether
MTB in LTBI has a similar effect in lung mucosa. Circulating
glycolipid immune complexes might lead to nonspecific
stimulation of T cells, but a component of TBGL, TDM,
could also enhance the in vivo production of IL-12p40 and
[FN-y in mouse model [30]. IgA antibody and IFN-y induce
TNE-o and NO production, which mediated the inhibitory
mechanism for M. tuberculosis infection in mouse model
[28]. Furthermore, there is strong evidence of a synergic
effect between IgA and IFN-y in bactericidal activities against
MTB infection [31]. Therefore, the association between

- anti-TBGL-IgA and IFN-y may indicate protective, muco‘;al

immune activities in LTBlin HCWs.

In HIV carriers, the QFT-positive responses were sig-
nificantly lower than in HCWs and were greatly dependent
on the high CD4+ T-cell counts in the present study.
Much evidence suggests that the baseline CD4+ T-cell
count is a determining factor for a positive QFT response
in HIV infection [32]. Since HIV infection is a disease
of immune deficiency, immune deprivation may be less
prominent in relatively young QFT-positive cases because
[FN-y could be synthesized properly by stimulation with
the appropriate signals. In-contrast, the response could be
altered in advance immune-deficiency state, as indicated
by low CD4+ T-cell counts. Therefore, it is expected that
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significant numbers of false-negative reactions are present in
QFT-negative HIV carriers. The relatively low [FN-y levels by
mitogen stimulation in some of the QFT-negative responders
also support this possibility. Therefore, for TB diagnosis
in advanced immunosuppression, the ratio of the IFN-y
response/CD4+ T-cell count Elispot assay was suggested to
improve the sensitivity of the assay [33].

It is not clear why HIV infection does not diminish the
TBGL antibody titers. It is known that the CD-1 presentation
pathway persists in patients with HIV, but antiglycolipid
antibodies were found to have no relationship with the
TST results [34] or bacillary yield [35]. Similarly, we did
not find any correlation between the QFT result and ant-
TBGL antibodies. It is also possible that concomitant non-TB
‘mycobacterium infection may stimulate the TBGL antibody
synthesis in HIV-AC [7]. Significant numbers of HIV carriers
have antibodies to TBGL, but we could not confirm if they
indicate LTBI or not. -

The increases of serum IgA in advanced HIV infection
and of 1gG in the early stage were already reported [36].
Although specific antibody titers in HIV infection are
decreased by some infectious agents including hepatitis B
virus but not in hepatitis A virus, probably because of
alterations in the immune systems in advanced HIV infection
[37], it is not known whether nonfunctional or functional
IgA was synthesized in our cases. The main limitation of the
current study is the small number of study subjects and the
lack of a follow-up study for estimating the risk of developing
active tuberculosis.

Finally, to determine the correlations between biomark-
ers in infected states, we evaluated data by ROC curve
analysis (Figure 3). In this study, the plasma levels of OPN
were most specific to HIV and the levels were not elevated
in LTBI HCWs (Figure 3, Table 2). Therefore the levels can
be a good marker for active TB in non-HIV individuals,
because the OPN is known as a marker of active TB [17].
In HIV-AC, the OPN plasma levels are already elevated as
described here, and it was already reported that the levels
further increase when they developed active TB [38, 39].
It is also known that interferon-inducible protein-10 (IP-
10) and IL-18 were clevated in HIV/TB patients than in
HIV patients and suggested to be helpful in monitoring the
treatment for patients [38]. All these biomarkers were mainly
produced by macrophages, and it was also reported that OPN
is synthesized by macrophages as well as CD4+ T cells in
HTLV-1-induced lymphoma [40, 41].

In this study we noted elevations of anti-TBGL antibody
in LYBI in HCWs, but no link between the elevations
with LIBI in HIV-AC was confirmed, probably due to the
inflammatory conditions in HIV.

5, Conclusion

We have found the elevation of TBGL-IgG titers in LTBI in
HCWs. In addition, the association between TBGL-IgA and
IFN-y in HCWs was found, and it was hypothesized that the
mucosal immunity is involved in LTBI in HCWs. We could
not find any relationships between QFT and TBGL in HIV-
AC. Low CD4+ cell count was associated with inflammatory

Clinical and Developmental Immunology

conditions as represented by high OPN in HIV-AC, which
may be the reason for ambiguous results.
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Distinct Clinical Features in Nontuberculous Mycobacterial
Disease with or without Latent Tuberculosis Infection
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Nontuberculous mycobacteria (NTM) diseases are in the face of a progressive increase even in
immune-competent subjects, and the clinical features of NTM diseases are heterogenous. The decision to
institute treatment of the patients should be made after a period of follow up, because therapy is often
prolonged, and frequently ineffective. The reasons why some patients develop severe NTM diseases are
not clear. Here we observed the involvement of latent tuberculosis infection (LTBI) in clinical and laboratory
features of NTM diseases. We evaluated various tuberculosis-related inflammatory markers including
osteopontin (OPN), pentraxin-3 (PTX-3), and soluble IL-2 receptor (sIL-2R) in NTM infected patients with or
without LTBI. Eight NTM and 5 tuberculosis (TB) patients, and 5 healthy subjects were enrolled.
Polymerase Chain Reaction (PCR) analysis confirmed the absence of tuberculosis specific gene (RD1
region), among clinical isolates from NTM patients. Interferon-y (IFN-y) release assay (IGRA) using Early
Secreted Antigenic Target-6 (ESAT-6) and CFP-10, the RD1-encoded protein, was employed for
determining LTBI. IGRA was positive in 4/8 NTM (NTM with LTBI, 50%) and 5/5 TB patients. Only 2 of 4
NTM with LTBI were under chemotherapy among all NTM patients, and others were followed up. The
plasma levels of OPN, PTX3 and slL-2R were significantly higher in NTM patients with LTBI than in those
without LTBI (P < 0.05). The two patients under therapy showed the highest OPN levels that persisted after
treatment. The increased inflammatory levels in NTM patients with LTBI indicate enhanced inflammatory
reaction. Extensive therapy may be necessary in such patients.

Keywords: interferon-y release assay; latent tuberculosis infection; nontuberculous mycobacterial disease; osteopontin;
pentraxin-3
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Infection caused by nontuberculous mycobacterium
(NTM), especially by Mycobacterium avium complex
(MAC), has been increasing in both immunocompromised
and immunocompetent individuals in Japan and worldwide
(Prince et al. 1989). MAC may cause progressive lung dis-
eases leading to morbidity and mortality in previously
healthy patients as well as in patients with pre-existing lung
diseases and immunodeficiency (Griffith et al. 2007).
Recently, it was reported that progressive lung disease due
to MAC is associated with specific variable number of tan-
dem repeat (VNTR) genotypes (Kikuchi et al. 2009) or with
the clinical features of cavity formation (Ito et al. 2012).
Lung disease due to NTM occurs commonly in structural
lung diseases, such as chronic obstructive pulmonary dis-

ease (COPD), bronchiectasis, cystic fibrosis, pneumoconio-
sis, prior tuberculosis, pulmonary alveolar proteinosis, and
esophageal motility disorders (Griffith et al. 2007). The
detection of both Mycobacterium tuberculosis (MTB) and
NTM by PCR in a patient was reported in Japan (Takeda et

. al. 2008) and most patients with MTB and MAC co-infec-

tion reported in USA were foreigners (Khan et al. 2010).
NTM infection in Japan is frequently observed in elderly
people, and elderly people are more frequently latently
infected with MTB (LTBI) than young people in Japan and
the Philippines (Siddigi et al. in press), as confirmed by
IFN-y release assay (IGRA) and in Thailand, as confirmed
by anti-tuberculous glycolipid (TBGL) assay (Siddiqi et al.
2012). Recently, several.studies in different countries
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showed that the incidence of TB infections examined by
IGRA (in most of the cases IGRA ELISA was used) was
very low in NTM patients in MTB non-endemic countries
(Van Leeuwen et al. 2007; Adams et al. 2008). In contrast,
significant percentages of NTM were positive by IGRA in
Taiwan and Korea (Wang et al. 2007; Ra et al. 2011).
Given the variety of clinical courses of NTM, the effect of
LTBI on the clinical and/or laboratory features of NTM
should be evaluated.

It s well known that CD4 cells and Th1-mediated sig-
naling molecules and their pathways are important in the
defense against NTM infection (Griffith et al. 2007).
Recently, it was found that osteopontin (OPN), a pro-
inflammatory cytokine secreted by a wide variety of cells
including T cells and macrophages and elevated in tubercu-
losis, is linked with CD4 T helper (Th1) cell lineage stimu-
lation and was reported to regulate Mycobacterium avium
in cattle (Karcher et al. 2008). It was also claimed that
OPN expression correlates with effective immune and
inflammatory responses in MAC-infected individuals (Nau
et al. 2000). We also mmeasured pentraxin-3 (PTX-3), which
is associated with the acute-phase response and involved in
innate immunity. PTX-3 is produced by mononuclear
phagocytes, dendritic cells, and endothelial cells in response
to inflammatory signals. PTX3 binds with high affinity to
the complement and activates the classical pathway of com-
plement and facilitates pathogen recognition by macro-
phages. (Garlanda et al. 2005; Inforzato et al. 2012). The
plasma PTX-3 level, which was reported to reflect the
degree of inflammation in MTB infection (Azzuri et al.
2005), can be highly expressed in vitfro on human PBMCs
and monocytes stimulated with lipoarabinomannan (LAM)
(Vouret-Craviari et al. 1997).

The current study was designed to compare various
serological markers that are associated with TB, including

U.R. Siddiqi et al.

OPN, PTX-3, leptin and soluble 1L-2 receptor (sl’L-ZR), in
NTM patients with or without LTBI to characterize their
status. ) ) o

Materials and Methods

Study population

All the patients that participated in this study were receiving
care at Tohoku University Hospital between January 2008 and July
2010. We enrolled 9 patients (N1-9) who met the 2007 American
Thoracie Society (ATS) microbiological criteria for pulmonary NTM
diseases (Griffith et al. 2007). Six patients diagnosed as active TB
(T1-6) were served as disease controls (Table ). Among them, 2
patients (N7, T3) were withdrawn themselves from the study. NTM
and MTB were confirmed from the site of infection by culture. In
addition to culture, we repeatedly tested the samples from patients by
PCR (Roche amplicon), and MTB was never detected in the NTM
group. All the patients were assessed for clinical features, medical
history including prior tuberculosis disease, treatment history and
chest CT scan finding. Individuals with HIV/ALDS infection or who
were receiving immunosuppressive therapy were excluded from the
study. Five healthy volunteers who were without any symptoms rele-
vant to active tuberculosis were enrolled as negative ‘controls. The
study was approved. by the Ethics Committee of Tohoku University
Hospital (2007-136; 2007-257). We obtained written informed con-
sent from all the participants. All work was conducted in accordance
with the blelsinki declaration. Plasma was obtained from EDTA-
containing blood by centrifugation and was aliquoted to cryotubes
and stored at ~80°C for future use. Simultaneously, PBMCs were
isolated over Ficoll-Pague Plus gradient and suspended in RPMI
1,640 supplemented with 2 mM L-glutamine, penicillin (100 U/ml),
gentamycin (5 zg/ml) and 10% heat-inactivated FCS (Sigma) for fur-
ther assay.

All the laboratory data including blood cell counts, erythrocyte
sedimentation rate (ESR), C-reactive protein {CRP) and sIL-2R were
measured at Tohoku University Hospital.

Table 1. Patients profile and result of IFN- p release assay (IGRA).

Patients 1D Gender Age (yr) Diagnosis Mycobacteria Duration of illness IGRA
NI M 79 NTM M. avium 5 yrs negative
N2 3 76 NTM M. avium 5 yrs positive
N3 F 62 NTM M. avium, 6 months negative

M. intracellulare,

M. forwitum
N4 F 83 NTM M. avium 7 yrs negative
N5 F 68 NTM M. avium 7 yrs positive
N6 M 43 NTM M. abscesus 6 months positive
N8 M 61 NTM M. avium 13 yrs negative
N9 F 76 NTM M. intracellulare 3yrs positive
T1 F 78 ETB M. berculosis 2 months positive
™ E 71 ETB M. tuberculosis 1 month p()sit"we
T4 M 65 ETB M. tuberculosis 1 month _positive
T3 ¥ 32 ETB M. tberculosis 1 month positive
T6 F 57 PIB M. wberculoyis I month positive

N'TM, non-tuberculosis mycobacterium; ETB, extra-puhnonary tuberenlosis, PTB, pulmonary tuberculosis.
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RDI PCR analysis

Mycobacterial isolates from 6 NTM patients were kindly pro-
vided by the central research laboratory of TUH. DNA was extracted
from the clinical isolates as described previously- (Nakajima et al.
2010). Bricefly, glass beads (0.1 mm), the mycobacteria sample (500
41 in TE buffer) and 500 ¢l Chloroform were put in a 2 ml microcen-
trifuge tube for and oscillated by a minibeadbeater, at 4,800 rpm for 2
min. The aqueous phase was collected immediately upon centrifuga-
tion. DNA was isolated by 80% ethanol precipitation, dissolved in
50-p1 sterile distilled water and stored in —20°C uatil assay. DNA
samples were amplified for the RD1 region (150 bp) by PCR analysis
using the same primers described previously (Parsons et al. 2002).
DNA from the H37RYV strain of M. tuberculosis was used as a posi-
tive control. PCR was performed with 5 z1 DNA samples in a total
volume of 50 yl of PCR mix, 5 ul 10 x buffer, 4 4l of 2.5 nM dNTP,
1 121 of Tag DNA polymerase and 0.2 g1 of each primer (50 pmol/pl).
The mixture was denatured at 95°C for 5 min and cycled for 45 times
at 94°C for 30 s than 62°C for 45 s and 68°C for 45 s followed by a
final 10-min extension at 68°C. The PCR product was visualized by
UV transilumination of ethidine bromide staining after separation by
2% gel electrophoresis.

IGRA ELISPOT assay

The assay was performed as described previously (Guio et al.
2010). Freshly isolated peripheral blood mononuclear cells (2.5 x 10°
per well) were cultured on plates precoated with antibody against
IFN-p (IGRA ELISPOT. Oxford Immunotech, Oxford UK). After
18-20 hours stimulation of the cells with Farly Secreted Antigenic
Target-6 (ESAT-6) and CFP-10, the spots were developed according
to the manufacturer’s instructions. Spot-forming units (SFUs) were
counted with an automated ELISPOT reader (KS ELISPOT Carl
Zeiss Microlmaging-Germany). The responses were scored as posi-
tive if the test wells contained a mean of at least 5 SFUs more than
the mean of the negative control wells and was at least twice the
mean of the negative control wells.

Inflarnmatory markers
Anti-TBGL antibody which recognizes glycolipid (maily treha-
lose 6,6'-dimycolate) of MTB and NTMs was meausered as described

(Mizusawa ct al. 2008). The plasma OPN concentrations were deter-
mined using Human OPN Elisa kit (Immuno-Biological Laboratorics,
Takasaki, Japan) as described (Chagan-Yasutan et al. 2009), and the
plasma PTX-3 levels were measured in special reference laboratory
(SRL., Hachiouji, Japan) (Peri et al. 2000). Plasma levels of leptin
were measured as described (Siddiqi et al. 2012).

Statistical analysis

Data were analyzed by statcel2 software (OMS, Tokyo, Japan).
Continuous data were compared between groups by Mann Whitney U
test and significance was considered a p value < 0.05.

v Results

Subjects

Profiles of the patients are listed in Table |. The NTM
patients (43 to 83 years old (y.0.)) were infected predomi-
nantly by M. avium complex (Table 1) and mostly had pul-
monary involvement except N6, who had extra-pulmonary
involvement (nasal granulomatosis). The duration of illness
was variable, ranging from 2 to 148 months. None of them
were infected with M. marinum, M. szulgai or M. kansasi,
which are known to possess the RD1 region. All the TB
patients included in this study (32 to 78 y.0.) had extra-pul-
monary disease except T6 (pulmonary TB). All 5 healthy
volunteers (25 to 60 y.0.) were apparently healthy without
any TB-related symptoms.

Verification of absence of RDI region and M. tuberculosis
Strains .

Absence of the RD1 region in the DNA samples from
the clinical strains of the 6 NTM patients (N1-N6) was con-
firmed by PCR analysis. No positive band was observed at
the 150 bp position for the RD1 region in any of the clinical
isolates (Fig. 1).

R N1 N2 N3 H

150
bp

H N4 N5 No

Fig. 1. PCR amplitication et RD1T region using DNA obtained from mycobacteria isolated from NTM patients.
Arrows indicate the positive bands at 150 bp. N1 to N6, (DNA from 6 N'UM patients): H, DNA from Mycobacterinm
tuberculosis (H3TRVY, v, Marker; R, reagent only.
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IGRA and association with the clinical condition

All healthy controls except one were negative for
IGRA. Four of 8 NTM patients and all TB patients were
positive by IGRA (Table 1). Repeated examination by cul-
ture and PCR showed negative for MTB infection in all
NTM putients. We further stratified these NTM patients
into two subgroups, IGRA-positive as NTM with LTBI
(NTM+) and IGRA-negative as NTM without LTB]
(NTM~-).

Patients in the NTM+ group had pulmonary pathology
related to NTM disease based on clinical and radiographic
features: consolidation and pulmonary infiltration in N2,

both cavity and nodule in N5 and N9 had a combination of

bronchiectasis, cavity, consolidation and nodules. Patients
of the NTM— group also had typical radiographic features
related to NTM infection. The patients of the NTM++ group
had symptoms for longer periods (36 to 84 months),
whereas the NTM patients had symptoms for variable dura-
tions (2 to 148 months), although the difference was not
significant. No differences in age or clinical presentation
were observed between the NTM+ and NTM— groups:

Only patient N5 from the NTM+ group had a history of

prior TB infection at the age of 18 that was cured by anti-
TB therapy. Among all the NTM patients, only 2 NTM-+
patients (N5, N9) had been receiving treatment for NTM
infection because of clinical and radiological severities.
Patient NS was treated with rifampicine (RFP), clarithro-
mycine (CAM), ciprofloxacin (CPFX) and ehtambutol (EB)
for 6 months starting from July 2001. From May 2004, he

was treated again with RFP and CAM, and treatment was
continued until October 2005. Since then, he has been
treated with different quinolone derivatives including gati-
floxacin, CPFX, levofloxacin until June 2006. Finally, the
patient was on combined therapy of RFP, CAM and a qui-
nolone derivative until the time of the assay. Patient N9
was also treated with RFP, EB and CAM for 2 months
before enrolling in the study. All the other patients hadn’t
received any drugs for NTM infection. Patients, N5 and N9
had died before the writing of this paper, though detailed
information was not available.

Laboratory markers

Laboratory findings are listed in Table 2. There were
no significant differences in the conventional markers
between the NTM~— and + groups. The levels of leptin were
apparently lower in the NTM+ and TB groups than in the
NTM~— group, but no significant differences were found
among the groups (Table 2, Fig. 2F).

Inflammatory markers

The data of inflammatory markers are shown (Fig. 2).
The TBGL antibody levels are elevated in the NTM+ group
and such elevations were unexpectedly not seen in the MTB
group, probably because the most of the TB patients were
the mild, extra-pulmonary type (Fig. 2A). Patients of the
NTM+ group had increased levels of OPN (859 to 1,499
ng/ml) (normal value: < 820 ng/ml; according to Chagan-
Yasutan et al. 2009) and the levels were significantly higher

Table 2. Clinical characteristics of patients enrolled in the study.

Median
Laboratory data Ref. range

NTM- NTM+ B

RBC (1076/ul) 3.93-503 3915 3.74 3.76
WRBC (/ul) 3.2-9.6 5,250 5,650 4,100
Neutrophil % 31-73 62 38.5 69
FEosinophil % 0-7 1 2 1
Basophil % 0-3 0.5 0.5 0.005
Lymphocyte % 18-51 27 30.5 5
Monocyte % 1-12 8 7.5 5
Platelets (1073/ul) 155-347 232.5 229.5 277
Hb (g/dl) 11.7-14.8 129 11.2 R §
CRP (mg/dl) 0-0.2 1.2 2.45 0.5
Albumin (g/dD) 42-53 4.1 3.6 3.7
1gG (mg/dl) 748-1,694 1,320 1,542 1,564
1gM (mg/dl) 33-254 86.5 103 115.5
IgA (mg/dl) 91-391 281 336 295
ESR (30 min) (mm) ) () 8 11 23
ESR (1 hr) (mm) () 22.5 25 53
KL-6 (U/ml) 105-435 S 310 ' 3155 3475
Leptin (pg/ml) 4,700-32,500 8,105 3,437 4,0i3

NTM~-, IGRA uegative non-tuberculosis mycobacterium patients; NTM+, IGRA positive nen-tuberculosis

mycobacterium patients; TB. tuberculosis patients.
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than those of the NTM— (p < 0.05) (Fig. 2B). The OPN
titers in patients N5 and N9 were very high 1,150 ng/ml and
1,499 ng/ml, respectively (Fig. 2B). The CRP levels were
not different between the NTM+ and NTM- groups, but the
PTX-3 levels (normal value: < 2.3 U/ml) and sIL-2R (nor-
mal value: 122-496 U/ml) were elevated in all NTM+
patients and the difference from the NTM— group was sig-
nificant (P < 0.05) (Fig. 2C, D and E).

, Discussion , _

In the current study, 4 of § NTM patients (50%) were
found to be LTBI, and their average age was 74.5 y.o. In
addition, PCR analysis showed that all of our NTM isolates
lacked the RD1 region. An age-dependent increase of LTBI
has already been described in Japan, where 9.8% for those
aged 60-69 were IGRA ELISA positive (Mori et al. 2007).
The excellence of IGRA ELISA to differentiate NTM and
TB infection in children in non endemic countries was

reported (Detjen et al. 2007). In Japan, only 1-8% of IGRA-

ELISA positive rate in Japanese patients with MAC disease
was reported (Kobashi et al. 2006; Kobashi et al. 2009).
However 34-49% IGRA ELISA positive cases were
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reported in NTM in endemic countries (Ra et al. 2011).
The reasons of high rates of IGRA-positive rates in this
study could be explained by IGRA ELISPOT assay
employed here. It is known that IGRA ELISA tends to
show false negative results among thin elderly people, pre-
sumably due to decreased immune levels, whereas IGRA
ELISPOT assay might have detected LTBI more sensitively
in the elderly patients with NTM disease. It was reported
that the long-lasting positive 1FN-y response to antigenic
challenge continues for.5 to 10 years following anti-TB
therapy (Adams et al. 2008).

NTM-+ patients had significantly higher titers of
mflammatory markers such as OPN, PTX-3 and sIL-2R,
though CRP did not show significant differences (Fig. 2).
We also observed sustained high levels of OPN after treat-
ment in NTM+ patients. 1t is possible that anti-NTM ther-

“apy was ineffective because two patients died.
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Alternatively, persistent elevations of OPN after chemo-
therapy were already reported by us in AIDS patients
treated by anti retroviral therapy (Chagan-Yasutan et al.
2009). Additionally our recent study supports the idea of
immune-modulator effect of quinolone which enhance the
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production of OPN in human lung epithelial cell line A549
in vitro (Shiratori et al. 2012). We assume that the quino-
“lone treatment may be one of the factors of persistent OPN
elevation. The increased plasma OPN in TB patients con-
tributed to the disease. pathology by activating the 1L-12
mediated Th1l immunity (Koguchi et al. 2003). It was also
found that OPN expression correlates with an effective
inflammatory response and contributes to human resistance
against MTB (Nau et al. 2000). In cattle, it was proposed
that OPN is a key regulator against M. avium (Karcher et al.
2008). Immune responses by M. avium complex preferen-
tially depend on the phase of infection in human. Early
acute infection causes increased IFN-y secretion, while the
chronic phase has been reported to be associated with copi-
ous 1L-10 production (Azouaou et al. 1997) with an inclina-
tion toward Th2 cytokines (Vouret-Craviari et al. 1997) that
may provide protection against chronic diseases. We have
already reported that the plasma levels of IFN-y, OPN and
leptins did not show any significant changes between LTBI
and non-LTBI health care workers (HCW). Though only
LTBI HCWs showed the association of TBGL-IgA antibody
titer and serum IFN-y (Siddiqi et al. in press). Our finding
may imply that NTM co-infection with LTBI can synergis-
tically induce large amounts of OPN. The synergistic effect
could be explained by the natural resistance associated
macrophage protein 1 (NRAMP1) because it was reported
as host genetic factor for development of both tuberculosis
and NTM, however the involvement of NRAMP1 in OPN
production was not studied (Li et al. 2011; Sapkota et al.
2012).

It is also interesting that the PTX-3 levels were signifi-
cantly higher in the NTM+ group while the CRP levels did
not differ. It was documented that 5 of 220 TB contacts
who developed active TB within 5 to 12 months of follow-
up had elevated levels of PTX-3 (Azzuri et al. 2005). The
PTX3 haplotype frequencies significantly differed in TB
cases compared to controls, and a protective effect against
MTB was found in association with a specific haplotype
(Olesen et al. 2007). Hence, Thl mediated PTX-3 produc-
tion in mycobacterial infection also warrants further inves-
tigation.

In conclusion, frequent LTBI was detected in aged
NTM patients, and these patients expressed higher levels of
inflammatory markers than NTM without LTBI patients.
The low number of patients is the main limitation of this
study, but careful observation and extensive therapeutic
intervention appear to be necessary in NTM with LTBI
patients.
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For the last decade China has occupied second place, after India, among the top five countries with high
burdens of tuberculosis (TB). Heilongjiang Province is located in portheastern China. The prevalence of
drug-resistant TB in Heilongjiang Province is higher than the average level in China. To determine the
transmission characteristics of Mycobacterium tuberculosis strains isolated in this area and their genetic
relationships, especially among the Beijing family strains, we investigated their genotypes. From May 2007 to
October 2008, 200 M. tuberculosis isolates from patients presenting pulmonary TB were analyzed by molecular
typing using PCR-based methods: spacer-oligonucleotide typing (spoligotyping), Beijing family-specific PCR
(detection of the deletion of region of difference 105 [RD105]), and mycobacterial interspersed repetitive-unit-

~ variable-number tandem-repeat (MIRU-VNTR) analysis. Different combinations of MIRU-VNTR loci were
evalnated to define the genotypes and clustering characteristics of the local strains. We found that Beijing
family strains represented 89.5% of the isolates studied. However, the rates of multidrug-resistant (MDR) M.
tuberculosis among Beijing and non-Beijing family strains were not statistically different. The 15-locus set is
considered the optimal MIRU-VNTR locus combination for analyzing the M. tuberculosis strains epidemic in
this area, while the 10-locus set is an ideal set for first-line molecular typing. We found that the clustering rate
of all the M. tuberculosis isolates analyzed was 10.0% using the 15-locus set typing. We conclude that the Beijing
family genotype is predominant and that highly epidemic TB and MDR TB are less likely associated with the
active transmission of M. tuberculosis in the study area.

Tuberculosis (TB) remains a major public health threat
worldwide. China has occupied second place, after India,
among the top five high-burden countries for the last decade
(http://www.who.int/tb/en). Although both the incidence and
prevalence of TB in China have shown a steady decline in
recent years, it remains a leading notifiable infectious disease
(http://www.moh.gov.cn). Currently, the spread of drug-resis-
tant TB, especially multidrug-resistant (MDR) TB, in China,
presents a major challenge. The most up-to-date data from the
World Health Organization (WHQ) indicates that the rate of
MDR TB in China was 8.3% (the rates of primary and ac-
quired MDR TB were 5.7% and 25.6%, respectively) in 2007
(50), sigmificantly higher than the global average rate (3.6%).
The higher levels of TB prevalence and drug resistance have
become the main public health concern of the Chinese gov-
ernment.
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Heilongjiang Province, located in northeastern China, is one
of the regions where the prevalence of both TB and drug-
resistant TB is higher than the average level in China. The
most recently updated epidemiological data, from 2007 to
2008, show that the rates of primary and acquired MDR TB
were 18.3% and 37.8%, respectively, in Heilongjiang Province
{our unpublished data). The reasons for the high prevalence
and drug resistance of TB in Heilongjiang Province are still
unknown and should be investigated to facilitate control of the
TB epidemic in this arca and throughout China.

In several Asian countries with high TB rates, a unique

-genotype of Mycobacterium tuberculosis, known as the Beijing

1354

family genotype, has been found to be the dominant genotype
(3, 17, 34). During the last decade, Beijing family strains have
been spreading in various geographic locations worldwide and
now account for more than a quarter of all TB cases worldwide
(12). Possible associations of the epidemic caused by this ge-
notype with its drug resistance (1, 41) and its high adaptability
to the host intracellular environment (8) have been reported.
In China, Beijing family strains have spread widely; however,
the proportion of Beijing family strains in Heilongjiang Prov-
ince remains unknown. It is thus unclear if the high prevalence
and high drig resistance of epidemic TB are directly related to
the spread of Beijing family -strains. The answers to these
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