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ARTICLE INFO ABSTRACT

Introduction: Dengue virus (DENV) is transmitted by the mosquito vector, and causes a wide range of symptoms
that lead to dengue fever (DF) or life-threatening dengue hemorrhagic fever (DHF). The host and viral correlates
that contribute to DF and DHF are complex and poorly understood, but appear to be linked to inflammation and
impaired coagulation. Full-length osteopontin (FL-OPN), a glycoprotein, and its activated thrombin-cleaved
product, trOPN, integrate multiple immunological signals through the induction of pro-inflammatory cytokines.
Materials and Method: To understand the role of OPN in DENV-infection, we assessed circulating levels of FL-OPN,
trOPN, and several coagulation markers (D-dimer, thrombin-antithrombin complex [TAT], thrombomodulin
[TM], and ferritin in blood obtained from 65 DENV infected patients in the critical and recovery phases of DF
and DHF during a dengue virus epidemic in the Philippines in 2010.
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Thrombin Results: Levels of FL-OPN, trOPN, D-dimer, TAT, and TM were significantly elevated in the critical phase in both the DF
Inflammation and DHF groups, as compared with healthy controls. During the recovery phase, FL-OPN levels declined while trOPN
Coagulation levels increased dramatically in both the DF and DHF groups. FL-OPN levels were directly correlated with D-dimer
and ferritin levels, while the generation of trOPN was associated with TAT levels, platelet counts, and viral RNA load.
Conclusion: Our study demonstrated the marked elevation of plasma levels of FL-OPN and thrombin-cleaved OPN
product, trOPN, in DENV-infection for the first time. Further studies on the biological functions of these matricellular

proteins in DENV-infection would clarify its pathogenesis.
© 2014 Elsevier Ltd. All rights reserved.
Introduction cases has been increasing annually. An estimated 50 million dengue

infections occur annually worldwide, and approximately 2.5 billion

Dengue is an acute febrile disease that is caused by the dengue
virus (DENV), which is transmitted to the host through the bite of
blood-feeding mosquitos [1]. The number of countries reporting dengue

Abbreviations: DENV, dengue virus; DF, dengue fever; DHF, dengue hemorrhagic
fever; TAT, thrombin-antithrombin complex; TM, thrombomodulin; NS1, nonstructural
protein-1; FL, full-length; tr, thrombin-cleaved; OPN, osteopontin; RGD, arginine-
glycine-aspartic acid; TAFla, thrombin-activatable fibrinolysis inhibitor; HC, healthy
control; MMP, matrix metalloproteinase.
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International Research Institute of Disaster Science, Tohoku University, 2-1 Seiryo-cho,
Aoba-ku, Sendai 980-8575, Japan. Tel.: +81 22 717 8220; fax: +8122 717 8221.

E-mail address: hatoriaoi@gmail.com (T. Hattori).

http://dx.doi.org/10.1016/j.thromres.2014.05.003
0049-3848/© 2014 Elsevier Ltd. All rights reserved.

people live in countries where dengue is endemic [2]. In the majority
of cases, infection with any of the 4 DENV serotypes is asymptomatic.
However, a wide spectrum of clinical symptoms are associated with
cases of symptomatic infection. These symptoms range from dengue
fever (DF), which is a mild flu-like syndrome, to the more severe dengue
hemorrhagic fever (DHF), which is characterized by coagulopathy and
increased vascular fragility and permeability. DHF may even progress
to hypovolemic shock (dengue shock syndrome) and death [3].

The mechanisms that lead to severe forms of dengue illness are com-
plex, but undoubtedly relate to increased coagulation and fibrinolysis
activity during DENV-infection [4,5]. The activation of coagulation
pathways and fibrinolysis have also been reported in DENV-infection,
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as reflected by increased thrombin-antithrombin complex (TAT),
D-dimer (fibrin degradation product), tissue plasminogen activator
and prothrombin fragment [6,7]. In addition, it has been reported that
thrombomodulin (TM) is induced in endothelial cells after infection
with DENV in vitro, and may contribute to anticoagulation pathways
in cells during DENV-infection [8]. (TM is an integral membrane protein
that is expressed on the surface of endothelial cells, and serves as
a cofactor for protein C activation by thrombin.) Nonstructural
protein-1 (NS1) is a 43 kDa glycoprotein of DENV and is expressed
on cell surface or secreted as a soluble hexamer after infection [9,10].
It is of note that this protein was reported to bind prothrombin and in-
hibits its activation into thrombin and it has also been shown that anti-
thrombin antibodies recognize NS1 protein in the sera of patients with
dengue [11,12]. Hemophagocytic syndrome is a final common form of a
cytokine storm, which is induced by the uncontrolled proliferation and
activation of macrophages, and results in systemic inflammatory re-
sponses and multi-organ dysfunction. Elevated ferritin, a marker of
hemophagocytic syndrome, has also been reported in patients with
dengue [13,14]. The precise mechanism of DENV activity in the distur-
bance of capillary permeability is unclear. However, this mechanism is
generally thought to be related to the dysregulation of immune and
inflammatory factors. There is a need for soluble biomarkers that
reflect both inflammation and coagulopathy during DENV-infection.
Sosothikul et al. demonstrated that von Willebrand factor (VWF) was
the best indicator of the hemorrhagic form of dengue fever. Increased
levels of soluble TM, vWF antigen, tissue factor and plasminogen activa-
tor were reported during the acute phase and were associated with
disease severity, In contrast, the levels of ADAMTS-13 were lower
in DHF patients compared to DF patients [15,16]. Here, we studied
inflammatory molecule of osteopontin, which have potential cleavage
site of thrombin, in DENV-infection.

Full-length osteopontin (FL-OPN) is a highly phosphorylated and
glycosylated matricellular protein. Although FL-OPN is secreted into the
extracellular environment or matrix, intracellular form of OPN was also
reported [17]. Rather, FL-OPN modulate cell function by interacting with
cell-surface receptors, proteases, hormones, other bioeffector molecules,
and structural matrix proteins, such as collagens [18]. FL-OPN is an acidic
protein that consists of approximately 300 amino acids and is widely
expressed in immune cells (for example, macrophages, T cells, and
B cells) that are involved in bone resorption, wound repair, immune
function, angiogenesis, cell survival, and cancer biology [19-24]. FL-OPN
contains the arginine-glycine-aspartic acid (RGD) sequence, a classic
cell-binding muotif that is recognized by cell surface RGD-recognizing
integrins such as av1, a3, and o531 [25,26]. In addition to the RGD
motif, FL-OPN also contains 2 heparin-binding sites, 1 thrombin cleavage
site, and 1 putative calcium-binding site [27]. Proteolytic cleavage of
FL-OPN by thrombin (between Arg'®® and Ser’®®) generates a function-
al fragment of N-terminal thrombin-cleaved OPN (trOPN, also known
as OPN-R [28]), which contains a cryptic binding site for integrin
a9P1 and a4P1 that enhances the attachment of trOPN to integrins
[26,29]. Elevation of trOPN levels has been reported in plasma and
tissue of patients with atherosclerotic status, and also in the synovial
fluid from knee osteoarthritis [29-31].

A previous study demonstrated that DENV-infection induces OPN
gene expression in human macrophages [32]. Given the importance
of coagulation and inflammation abnormalities in DENV-infection,
we designed a prospective clinical study to investigate FL-OPN and
trOPN as candidate biomarkers in patient cohorts from Manila, the
Philippines, during a dengue epidemic.

Materials and Methods
Subjects and Study Design

During 2010, a study on dengue was conducted at San Lazaro
Hospital in Manila, the Philippines. A total of 65 patients with

clinical diagnoses of DF (n = 53) or DHF (n = 12) were enrolled
in the study. DF and DHF were defined in accordance with the
World Health Organization guidelines. Medical histories, physical
examination results, and laboratory examination results were ob-
tained from each of the enrolled patients. For each of the patients
infected with DENV and 30 healthy controls (HC), plasma and
serum samples were collected during the critical phase (day 4 or
5 of illness) and recovery phase (day 7 or 8 of illness), as described
previously [33]. In brief, blood was collected in tubes with or with-
out the anti-coagulant EDTA. EDTA plasma was obtained by centri-
fugation at 3,000 rpm for 10 min at 4 °C. Serum was centrifuged
and collected after clot formation at room temperature. Samples
were aliquoted and stored at -80 °C until use. Multiple thawing
was avoided.

Ethics Statement

The study was conducted in accordance with the Declaration of
Helsinki (Seoul, 2008) and was approved by the Ethics Committees of
San Lazaro Hospital, Manila, the Philippines (2009-003), and Tohoku
University Hospital, Sendai, Japan (2009-425). Written informed
consent was obtained from all study participants.

RNA Extraction and DENV Quantification

Dengue viral RNA was quantified as previously reported [33].
In brief, genomic viral RNA was extracted from 140 pl of patient serum
(critical phase only, n = 65) using the QlAamp viral RNA mini kit
(QIAGEN, Hilden, Germany). The extracted RNA was stored at -80 °C
until use. The DENV copy number was measured by a TagMan®
real-time reverse transcription polymerase chain reaction assay
(7500 Real-Time PCR System, Applied Biosystems, Foster City, CA, USA)
using an in vitro transcribed quantitative RNA standard, as described
previously [34].

Inflammatory and Coagulation Marker Quantification

OPN levels in plasma were quantified by 2 different commer-
cially available ELISA kits (IBL, Gunma, Japan; R&D Systems,
Minneapolis, MN, USA) [35]. In the first kit, polyclonal rabbit
antibody (0-17) specific to the N-terminus of OPN (lle17-GIn31,
accession #NP_000573.1) was used as a capture antibody, and
a mouse monoclonal antibody (10A16) raised against synthetic
peptides corresponding to the internal sequence of human OPN
(Lys166-Glu187) was used as a detector antibody. The system
does not allow us to detect trOPN. The standard range of this kit is
5-320 ng/ml or 76.9 ~ 4920 pmol/L. Here, the result was expressed
as pmol/L. In the second ELISA kit, the proprietary capture monoclo-
nal antibody and the detection polyclonal antibodies were both
raised against recombinant human OPN (NSO-derived, amino acids
[le17-Asn300). The standard range of this kit is 62.5 ~ 4000 pg/ml.
Final result was obtained based on dilution factor of 50-200 and
expressed as ng/ml.

To detect N-terminal trOPN, a commercially available ELISA
kit was used (IBL, Gunma, Japan). The standard range of this kit
is 6.25 ~ 400 pmol/L. ELISA assay was performed using an anti-
trOPN monoclonal antibody (34E3) as the capture antibody, and
the 0-17 antibody as the detection antibody. This capture anti-
body specifically reacts to the epitope Ser162-Arg168 exposed
by thrombin and dose not reacts to matrix metalloproteinase-3,
7 (MMP-3, 7) cleaved N-terminal trOPN [36]. It is also known
that thrombin-activatable fibrinolysis inhibitort (TAFIa) treated
trOPN reduce its adherent capacity on Jurkat cells [37], but
the treated form was not confirmed to bind the monoclonal
antibody [31,38].
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ELISA kits to detect TAT (Abcam, Cambridge, MA, USA), D-dimer
(Hyphen BioMed, Neuville-Sur-Oise, France), TM (R&D Systems,
Minneapolis, MN, USA) and ferritin (Bio-vendor, Brno, Czech Republic)
were used according to the manufacturer’s instructions.

Statistical Analysis

Data were expressed as medians because the distributions were
non-Gaussian. The Kruskal-Wallis test was used to assess differences
in the plasma FL-OPN and trOPN levels among the HC, DF, and DHF
groups. When a significant difference was found among these groups,
Dunn’s multiple comparison test was used to assess between-group
differences for each pair of groups. Differences between the critical
and recovery phases were assessed using the Wilcoxon signed-rank
test. Relationships between parameters were assessed using Spearman’s
rank correlation coefficients. Two-tailed tests were used in all
appropriate instances, and values of P < 0.05 were considered statis-
tically significant. All statistical analyses were performed using

A
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GraphPad Prism software, version 6 (GraphPad Software Inc., San
Diego, CA, USA).

Results

Elevated Levels of Plasma FL-OPN in the Critical Phase of DENV-Infection
Decline During the Recovery Phase

Plasma levels of FL-OPN were measured in patients with DF and DHF
during both the critical and recovery phases. Two different ELISA kits
(IBL and R&D Systems) were used to determine FL-OPN levels because
it has previously been demonstrated that these ELISA systems can
have discordant results [35,39,40]. Analysis with the IBL kit showed
that the levels of OPN were markedly elevated in both patients with
DF (median, 25,951 pmol/L; 9.2-fold increase) and patients with DHF
(median, 27,550 pmol/L; 9.7-fold increase), as compared with the HCs
(2,814 pmol/L; Fig. 1A). The R&D Systems kit also demonstrated elevat-
ed levels in patients with DF (median, 540 ng/ml; 7.9-fold increase) and
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Fig. 1. Elevated plasma full-length osteopontin (FL-OPN) and thrombin-cleaved OPN (trOPN) levels in patients infected with dengue virus. (A & B) The levels of FL-OPN
(measured by the IBL ELISA kit) and trOPN differed significantly between patients with dengue fever, patients with dengue hemorrhagic fever, and healthy controls during
the critical phase of dengue virus infection. The levels of FL-OPN declined in the recovery phase, while those of trOPN increased. (C) A significant inverse correlation was
observed between the recovery phase OPN (measured by the IBL ELISA kit) and trOPN levels.
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patients with DHF (median, 692 ng/ml; 10.1-fold increase), as com-
pared with the HCs (68 ng/ml; Suppl. Fig. 1A). FL-OPN levels significant-
ly differed among the 3 groups (P < 0.0001), and multiple-comparison
corrected assessments indicated that the FL-OPN levels differed be-
tween the patients with DF and the HCs (P < 0.001), as well as between
the patients with DHF and the HCs (P < 0.001), based on measurements
from both the IBL and R&D Systems kits. However no significant differ-
ences in FL-OPN levels were found between patients with DF and
patients with DHF (Fig. 1A; Suppl. Fig. 1A).

FL-OPN levels were significantly lower during the recovery phase
than they were during the critical phase for patients with DF
(median:1,199 pmol/L; P < 0.00001), as well as for patients with
DHF (median: 907 pmol/L; P < 0.001) (IBL kit). The FL-OPN levels
measured by the R&D Systems kit were also significantly decreased
in patients with DF (121 ng/ml; P < 0.0001) and patients with DHF
(285 ng/ml; P < 0.01). Interestingly, the levels were significantly
lower than those of HCs, 0.57 fold and 0.68 fold reduction in DF and
DHF by using IBL kit, respectively (P < 0.05; Fig. 1A). However,
using the R&D Systems kit, FL-OPN levels remained greater in
DENV-infected subjects than they were in HCs during the recovery
phase (1.7-fold increase in DF, not significant; 4.2-fold increase in
DHF, P < 0001; Suppl. Fig. 1A). A Spearman rank correlation coeffi-
cient revealed a significant correlation between IBL and R&D Systems
assessments of the DENV-infected patients’ FL-OPN levels during
the critical phase. However, no correlation was evident during the
recovery phase (Suppl. Fig. 1B), indicating that the IBL ELISA kit
only measured the FL-OPN, and specifically did not measure the
cleaved form, whereas the R&D Systems kit measured both forms,
but could not differentiate between them.

Elevated Plasma Levels of TrOPN Persist and lincrease During the Recovery
Phase of DENV-Infection

The levels of trOPN were elevated during the critical phase, both in
patients with DF (median: 38 pmol/L) and patients with DHF (median:
43 pmol/L), as compared with the HCs (1 pmol/L). As assessed using
the Kruskal-Wallis test, the trOPN levels of patients with DF and
patients with DHF were significantly different from those of the
HCs (P < 0.0001 and P < 0.0001, respectively; Fig. 1B). Interestingly,
the levels of trOPN during the recovery phase were significantly
higher than those during the critical phase in both the DF and
DHF groups (median: 979 and 1348 pmol/L; P < 0.0001 and P < 0.01,
respectively; Fig. 1B).

Elevated Levels of TrOPN are Inversely Associated with FL-OPN Levels Dur-
ing the Recovery Phase of DENV-Infection

We found no correlation between FL-OPN and trOPN during the
critical phase (data not shown). During the recovery phase, however,
a strong inverse correlation was observed between the trOPN levels
and IBL FL-OPN levels in both the DF group (r = -0.84, P < 0.0001)
and the DHF group (r = -0.73, P < 0.05) (Fig. 1C). We did not observe
a similar correlation for the R&D FL-OPN levels in recovery phase
(Suppl. Fig. 1C).

Coagulation Marker Levels in DENV-Infected Patients

The levels of TAT, D-dimer, and TM were significantly higher
in -infected patients than they were in HCs based on the results
of a Mann-Whitney test. Ferritin levels appear to be elevated in
DENV- infected patents (the reference range was 25-283 ng/ml in HC
according to manufacturer). Furthermore, a Wilcoxon signed-rank
test indicated that the levels of each of these markers had declined
significantly between the critical and recovery phases (Fig. 2).

Plasma Levels of OPN Correlated with Hematological and Coagulation
Biomarkers Throughout the Course of DENV-Infection

To study whether plasma FL-OPN levels were correlate with clinical
and laboratory markers during DENV-infection, we examined potential
correlations using Spearman’s rank correlation coefficient from all
DENV-infected patients, because the levels of these markers did not
differ significantly between patients with DF and patients with
DHEF. In the critical phase, FL-OPN levels were positively correlated
with elevated hematocrit, D-dimer, and ferritin levels (r = 0.37,
0.26, and 0.25, respectively) and negatively correlated with platelet
count (r = -0.44). In the recovery phase, an even stronger correla-
tion was observed between FL-OPN and D-dimer levels (r = 0.42),
amoderate correlation was observed with TAT (r = 0.42), and a neg-
ative correlation was observed with lymphocyte levels (r = -0.29;
Table 1).

TrOPN Levels were Associated with Virological, Hematological, and
Coagulopathy Markers in DENV-Infection

The Spearman rank correlation coefficient was used to determine
the extent to which laboratory findings and coagulation markers were
correlated with trOPN in the DENV-infected patients. During the critical
phase, monocytes, DENV viral load, and TAT levels were associated with
trOPN (r = -0.26, 0.46, and -0.37, respectively). During the recovery
phase, levels of lymphocyte and ferritin were positively correlated
with those of trOPN (r = 0.28 and 0.33, respectively) and, additionally,
TAT levels and platelet counts were observed to be inversely correlated
with trOPN levels (r = -0.34 and -0.32, respectively; Table 1).

Discussion

To the best of our knowledge, this is the first study to provide
evidence that the plasma levels of matricellular protein FL-OPN and
trOPN are elevated in patients with DF and DHF during the critical
phase of illness, as compared with healthy subjects. During the recovery
phase, FL-OPN levels declined; however, the levels of the thrombin
cleaved byproduct trOPN continued to increase significantly.

The magnitudes of the increases in these proteins were much great-
er in this study than in previous reports on other diseases. Although
trOPN has been detected in joint and ocular fluids in local inflammatory
diseases, detection of trOPN in plasma (>100 pmol/L) in a disease-
specific manner has not been demonstrated [30,31]. DENV infects a
plethora of cell types, including endothelial cells, fibroblasts, and

Table 1
Correlation of full-length and thrombin-cleaved OPN with laboratory and coagulation
markers.

Laboratory findings/ Critical Phase Recovery Phase
Coagulation FL-OPN (IBL) trOPN FL-OPN (IBL) trOPN
markers
r P r P T P T P
Increase of Het (%) 037 <001 - n.s. - ns. - ns.
Plt (103/ul) - <0.001 - ns. - ns. - <0.05
044 0.32
Ly (%) - n.s. - n.s. - <005 028 <005
0.29
Mono (%) - ns. - <005 - ns. - ns.
0.26
Viral RNA(copy/ml) - ns. 046 <0.001 - -
TAT (ng/ml) - ns. - <0.01 042 <0001 - <0.01
0.37 034
D-dimer (ng/ml) 026 <005 - ns. 042 <0001 - ns.
T™ (pg/ml) - ns. - ns. - n.s. - njs.
Ferritin (ng/ml) 025 <005 - ns. - ns. 033 <0.01

Abbreviation: TAT, thrombin anti-thrombin complex; TM, thrombomodulin; OPN,
osteopontin; FL, full-length; tr, thrombin-cleaved.
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Fig. 2. Coagulation marker levels. Plasma levels of thrombin-antithrombin complexes (TAT), and D-dimer, as well as serum levels of thrombomodulin (TM) are shown for healthy
controls (HCs) and dengue virus (DENV)-infected patients during the critical (cri) and recovery (rec) phases. Ferritin levels from HCs were not measured because of a sample shortage;

the reference range was 25-283 ng/ml in healthy individuals,

macrophages [41-43]. Because FL-OPN is released from many of these
cell types [23], DENV-infection could exacerbate the release of FL-OPN.
Our study also demonstrated significant increases in the levels of
D-dimer, TAT, TM and trOPN through the course of acute DENV-
infection. Activation of coagulation pathways is known to be initiat-
ed by endothelial damages caused by DENV-infection [5]. We ob-
served an inverse correlation between TAT and trOPN during the
both critical and recovery phases, suggesting that the underlying
mechanisms are complex. The involvement of NS1, which is known
to inhibit prothrombin activation into thrombin, in delayed increase
of trOPN is less likely because the levels of TAT and trOPN were in-
versely correlated. It is also well known that TAT is a relatively stable
thrombin generation marker [44], in contrast trOPN can be substrate
for several enzymes such as MMP-3, MMP-7 and TAFla [27]. The in-
verse correlation may indicate the activation of these enzymes
with thrombin in inflammatory critical phase. The reason of further
increase of trOPN in recovery phase is unclear, but it is possible
that trOPN bind to integrins in critical phase in inflammatory tissue.
Furthermore, it has been proposed that TAFla is reduced in DENV-
infected patients because of consumption secondary to excessive
thrombin generation [16]. More detailed kinetics of the levels of
OPN and trOPN with TAFla would clarify the underlying mechanisms
of their generation.

The most unique characteristic of trOPN is the expression of a
functional integrin binding site for the integrin «9. The integrin o4
can bind both full-length and trOPN via SVVYGLR'®® [45,46]. In contrast,
integrin a9 can only bind trOPN at cryptic cleaved site Arg168 [47].
Reportedly, Arg168 is required for o9 binding in addition to Val164,
Tyr165, and Leu167 for cell adhesion and migration {48]. Furthermore,
overexpression of FL-OPN was shown to regulate tumor metastasis
and angiogenesis through the integrin aVR3 [49]. Indeed, further cleav-
age of trOPN by TAFla is believed to lose its inflammatory activities [37].
Therefore, more studies are necessary to understand the roles of OPNs
in inflammation.

We have observed that FL-OPN levels are associated with both
hematocrit levels and platelet counts, which suggests that FL-OPN levels
may reflect the relative level of plasma leakage and thrombocytopenia

during the critical phase of DENV-infection. Because FL-OPN was also
positively correlated with D-dimer levels during both the critical and
recovery phases (and with ferritin in the critical phase), these results
suggest that plasma levels of FL-OPN may track the progression of in-
flammation and coagulopathy during DENV-infection. In the recovery
phase, a positive correlation between trOPN and ferritin was also
noted, and an inverse correlation was observed with platelet count.
TrOPN is known to bind VP33 integrin on platelets and contributes to
their migration to inflammatory sites [50]. Further, trOPN acts as a
chemo-attractant for hematopoietic stem cells and possibly progenitor
cells [36].

Taken together, our study demonstrated the marked elevation
of plasma levels of FL-OPN and thrombin-cleaved OPN product, trOPN,
in DENV-infection for the first time. Further studies on the biological
functions of these matricellular proteins in DENV-infection would
clarify its pathogenesis.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.thromres.2014.05.003.
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Background

Japanese statistics of tuberculosis (TB) show a steady
decline in the incidence of newly identified cases of tuber-
culosis. There were 19.4 new cases per 100,000 population in
2008 and it was the first year showed the rate dropped below
20 per 100,000 population. Nevertheless, it is still higher
prevalence rate compared to that of other developed countries,
with over 24,000 new patients developing TB disease every
year, and Japan is still considered as a moderate prevalence
nation".

The proportion of foreign residents with TB among all
patients in Japan has been rising steadily and its number
reached to 945 in 2008. Nearly 60% of foreigners with TB
were from China, South Korea and the Philippines. Total of
70% of these cases were concentrated in the 20-39 age
bracket. An analysis of therapeutic results for the cohort of
new cases registered in 2007 showed many patients were
transferred out withdrawing treatment, with some patients
choosing to drop out or discontinue treatment in order to
return home.

As the foreign population in Japan is expected to in-
crease in the future, it is inevitable that many foreigners enter
from countries with a high prevalence of TB. We conducted
a national survey with the aims of elucidating the problems
that compel foreign residents to return to their home country
partway through treatment, and social backgrounds in foreign-
ers with TB returning home before completion of treatment.
We also analyzed demographic difference and risk factors
in foreign resident patient groups who underwent successful
treatment, discontinued treatment and returned to their home
country.

Methodology

Questionnaires were distributed to 530 public health centers
throughout Japan. Respondents were asked to fill in and return
the questionnaires regarding foreign patients with TB regis-
tered between January 1 to December 31, 2008. Responses
were entered into a database created using Microsoft Access
2003. Statistical analyses were performed using Minitab14.

This study was approved by the Ethics Review Committee
of Nagasaki University Hospital (approval number 10022578).

Survey structure

1. Number of registered foreign TB cases — all eligible facil-
ities nationwide

2. Patient information—for eligible facilities with registered
foreign TB patients

1) Facility-specific ID of patients

2) Gender

3) Age

4) Nationality

5) Residency status

6) Occupation

7) Health insurance cover

8) Drug susceptibility of isolates

9) Treatment outcome

10) Patient returning home during treatment (yes/no)

If yes to Q11:

11) Reason(s) for returning home

12) Attempts to encourage the patient to remain in Japan for

treatment

13) Adequacy of information provided to patient

14) Treatment strategy after the patient returns home

15) Tracing the treatment outcome in home country

All respondents:

16) Problems/issues in the management of foreigners with TB

17) Comments regarding the management of foreigners with

TB

Privacy policy

This epidemiological study involves retrospective analysis
of data on foreign residents in Japan who were diagnosed and
registered as patients with TB. Personal information such as
name, initials, address or date of birth—is not included in the
study. Accordingly, provisions in relation to the collection
of personal information are not considered applicable. The
researchers have exercised due care in information collection
and handling. Data held on computers is subject to ID and
password protection, and is accessible only by the researchers.
Data processing is performed in research rooms that can only
be physically accessed by authorized personnel.
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Results

Questionnaires were sent to 530 public health centers
throughout Japan. Responses were received from 449 facil-
ities, for a response rate of 84.7%. Foreign residents with TB
were diagnosed in 243 facilities (54.1%). There were 834
reports between January and December, 2008. A total of 44
patients were transferred to another domestic facility and 57
patients were transferred from another domestic facility; for
the purpose of simplification, however, transferred cases have
been incorporated in the total and are not analyzed separately.
The potential influence of transfers should be taken into
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account when considering the conclusions of the study.
¢ Nationality and age

Figs. 1 and 2 show the distribution of nationality and age of
the foreign patients, respectively. Note the consistency with
the study published in Kekkaku Vol. 84, No. 11 : 743-746
(2009). In both studies, China, the Philippines and South Korea
account for around 60% of foreigners with TB in Japan, with
much of the remaining 40% were also from the Asian region.
Similarly, most cases (around 70%) are concentrated in the
20—39 age bracket, which is markedly younger than that of
the native Japanese population.
e Residency status and health insurance

The most common residency status among foreigners with
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Private expense
(116)
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Fig. 4 Category of health insurance of foreign residents
with tuberculosis in Japan
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Fig. 5 Treatment outcomes of foreign residents
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Fig. 6 Among foreigners with tuberculosis living in Japan,
those who returned (or did not return) to home country mid-
way through their treatment
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TB was residency for less than three years (293 patients, 35.8
%), followed by both permanent and long-term residents (227,
27.7%), and residency for three years or more (143, 17.5%)
(Fig. 3). There were 34 illegal residents (4.2%). As Fig.4
indicates the majority of patients (630, 76.1%) had health
insurance, either under the National Health or through an
employee health insurance scheme, while 116 (14.0%) paid
their health expenses directly.

e Treatment outcome and number of patients returning home
(including partway through treatment)

As shown in Fig. 5, 116 of the 826 reported cases (14%)
discontinued treatment in order to leave Japan (normally to
return their origin). This number swells to 144 (17.4%) if
patients who returned home temporarily during treatment are
also included (see Fig. 6).

e Influence of residency status and health insurance cover on
likelihood of returning home midway through treatment

Fig. 7 illustrates how foreigners with less permanency in
Japan were more likely to return home during treatment.
Seventy-one of 292 foreigners with residency of less than three
years (24.3%) and nine of the 34 illegal residents (26.5%)
returned home, compared to just seven of 141 with residency
for three or more years (5.0%) and two of 223 permanent and
long-term residents (1.0%). Those with health insurance were
more likely to remain in Japan (Fig. 8). Only 19 of 361 patients
with National Health Insurance (5.3%), and 40 of 263 patients
with employee insurance (15.2%) returned home country,

& Treatment exceding 12 months

MDied [ElCured

whereas 39 of 116 patients with no health insurance (33.6%)
returned home country.
 Influence of location on likelihood of returning home mid-
way through treatment

Figs. 9 and 10 illustrate the extent of regional variation of
cases of foreigners returning home during treatment for TB,
broken down by prefecture and major city. Residents of the
Tokyo metropolitan area were more likely to complete treat-
ment, whereas those in regional areas were more likely to
return home country. Only 2.9% of residents in Metropolitan
Tokyo returned home country during treatment (also Tokyo's
23 wards=9.9%, Yokohama=8.0%, Kawasaki=9.1% and
Osaka=9.4%) compared to 50% of patients resident in
Ibaraki Prefecture, 40% in Shiga Prefecture, 32% in Hyogo
Prefecture and 31% in Kumamoto Prefecture.
e Reasons for returning home country

Fig. 11 shows the breakdown of reasons for leaving Japan.
A significant number of respondents (36 respondents) did not
provide an explanation. It is possible that some of these may
have had to return home country with unexpected reasons.
Where an explanation was provided, the most common reason
was forced repatriation or other legal requirement (20 respond-
ents), whereas other reasons were personal circumstances,
economic necessity, cessation of employment, and the comple-
tion of studies or training (1719 respondents for each reason).
e Encouraging patients to complete treatment in Japan/pro-
viding health advice on treatment outside of Japan

ompleted treatment [ Failed

B Dropped out  MMoved out (to foreign country)  []Moved out (in Japan)  [JUnable to judge

Residency for three years or more
Residency for less than three years‘ 2
Others |
Landed temporarily (landed at the port of call)
Permanent and long-term resident-
Illegal residenl/stayer—

Unclear

Fig. 7 Relationship between the residency status and treatment outcome of foreign residents with tuberculosis in Japan
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Fig. 8 Relationship between category of insurance and treatment outcomes of foreign residents with tuberculosis in Japan
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In most cases, patients who returned home countries during
treatment, or even before commencing treatment, had not been
encouraged to remain in Japan to complete their treatment.
Fig. 12 shows, only 51 facilities (34.5%) reported that they
“strongly encouraged” or “encouraged” patients to complete
their treatment in Japan. Meanwhile, the majority of facilities
were able to provide either “considerable” or “some” health
advice to patients who returned home country during treatment
(see Fig. 13).

Treatment exceding 12 months
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M Died
M Moved out (to foreign country)
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¢ Follow-up on patients leaving Japan

Fig. 14 shows the approach taken by the treating facilities to
patients who returned home country partway through treatment.
In most cases (44), patients were given a referral letter and
advised to see their local doctor (the patient was responsible
for locating a suitable doctor). The response of the facility is
“unknown” in 24 cases. A further 22 patients were issued
medication for their remaining time in Japan (considered
sufficient to complete the treatment) and advised to contact
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Tokyo's 23 wards =
Aichi Pref.
Chiba Pref. |

Shizuoka Pref.
Osaka City_
Saitama Pref‘_
Hiroshima Pref._

Metropolitan Tokyo
Gifu Pref.

Kanagawa Pref.
Hyogo Pref.
Yokohama City
MiePref. |

Fig. 9 Treatment outcomes of foreign residents with tuberculosis in Japan by prefecture and by
ordinance-designated city (prefectures and cities that have more than 20 patients)
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Fig. 10 Treatment outcomes of foreign residents with tuberculosis in Japan by prefecture and by
ordinance-designated city (prefectures and cities that have from 10 to 19 patients)

— 117 —



