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After disaster, the victims lose their safe lives and are even exposed to nature where they could suffer from
animal bites and vectors followed by suffering from zoonosis or vector-born diseases. Because of the
urgent need for rapid and cheap diagnosis for infectious diseases after disaster, anonymous questionnaire
clarified that leptospirosis, dengue, diarrhea, and cholera were recognized as common disaster-related
infections in the Philippines, while diarrhea and pneumonia were more common in Indonesia. It should
also be noted that infectious disease itself such as tuberculosis associated with acquired immune deficiency
syndrome in South Africa is a disaster. Thus, the possible occurrence of similar situation in Asia should be
prevented. We have conducted an international collaborative research in the Philippines and Indonesia on
dengue virus, leptospira and mycobacterium tuberculosis (MTB) infectious diseases. Development of
point-of-care testing for molecular diagnosis and disease severity was the principal purpose of the
research. Loop-mediated isothermal amplification assay, which does not require a source of electricity, was
developed for leptospirosis, dengue and MTB and has been proved to be useful where resource is limited.
The plasma levels of matricellular proteins, including galectin-9 and osteopontin, were found to reflect the
disease severities in dengue virus and MTB infection, probably because matricellular proteins are one of
the most functional extracellular proteins that are associated with inflammatory edema. The study on
disaster-related infectious disease facilitates the international cooperation for development of point-of-care

testing for tropical infectious diseases.
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Introduction

The Tohoku area in Japan suffered as a result of the
Great East Japan Earthquake and Tsunami (GEJET) of
March 11, 2011, which left nearly 20,000 people dead or
missing (Shibahara 2011; Ishigaki et al. 2013). Since 1990,
natural disasters have affected about 217 million people per
year worldwide (Leaning and Guha-Sapir 2013). The
immediate and longer-term effects of these disruptions on
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large populations constitute humanitarian crisis. In recent
decades, public health interventions have improved the
equity and equality of emergency assistance during humani-
tarian responses. Tohoku University founded the Inter-
national Research Institute of Disaster Science (IRIDeS) in
2012.

The United Nation Development Programme proposed
the concept of human security (HS) for the first time in their
Human Development Report. In this document, the inter-
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national community focused on the new paradigm of HS,
which is centered on the idea of protecting human life
against poverty, environmental destruction, conflict and
infectious diseases (United Nations Development Programme
1994; Ogata and Sen 2003). The idea could be the educa-
tion principle for disaster medical science.

In this review, we will describe research projects,
focusing especially on the development of point of care
testing for diagnosis and identification of the severity of the
disease.

Disaster-related infectious diseases
in Asian countries

We have launched a collaborative project between the
Asian Pacific countries to develop collaborative research
and education on disaster medicine (Hattori et al. 2012),
because these nations are disaster-prone island countries
(Guha-Sapir et al. 2013). In conjunction with these lectures,
we have also administered an anonymous questionnaire on
disaster medicine to medical school students, public health
school students, and medical personnel. It was also found
that significant disasters in the Philippines were geophysi-
cal, hydrological, or meteorological, whereas the significant
disasters in Indonesia were geophysical or hydrological.
Leptospirosis, dengue, diarrhea, and cholera were recognized
as common disaster-related infections in the Philippines,
whereas diarrhea and respiratory infection were the major
disaster-related infections in Indonesia (Usuzawa et al.
2014). These results indicate that disaster-related infectious
diseases differ from place to place.

Studies of disaster-related infectious disease

Infectious disease itself'is a disaster

There were three times as many natural disasters from
2000 through 2009 as there were from 1980 through 1989.
Although better communication may play a role in this
trend, the growth is mainly comprised of climate-related
events, which account for nearly 80% of the increase.
During recent decades, the scale of disasters has expanded
owing to increased rates of urbanization, deforestation, and
environmental degradation, as well as intensifying climate
variables, such as higher temperatures, extreme precipita-
tion, and more violent wind and water storms (Leaning and
Guha-Sapir 2013). Therefore, increases in both natural
disasters and infectious diseases have been caused by eco-
logical changes. Further, natural disasters are often associ-
ated with the emergence of new infectious diseases. In
turn, infectious diseases could themselves be regarded as
constituting natural disasters. Some microorganisms have
been called natural weapon. For example, human immuno-
deficiency virus (HIV) infection as well as cigarette smok-
ing are two major novel causes of mortality which both
emerged in the twentieth century (Weiss and McMichael
2004). Such “weapons” could be a cause of disasters, if
they are not treated appropriately. For example, deaths
caused by AIDS and tuberculosis (TB) account for 47% of

all deaths in South Africa (Directorate Epidemiology
Cluster, HIMME National Department of Health, South
Africa 2013). Increased HIV infections were seen in South
Africa in 1990, indicating the invasion of HIV into
TB-endemic area, which accounts for much of the rise of
AIDS/TB in South Africa (Mee et al. 2014). Also drug-
resistant TB emerged from this region can spread into other
countries and became a challenge to international health
(Cooke et al. 2011). We found that latent TB infection rate
is quite high in the Philippines (Siddiqi et al. 2012), and
along with HS course students, it was recently reported that
the rate is high in Indonesia as well (Senoputra et al. 2015).
We should be careful with regard to the occurrence of an
AIDS/TB epidemic in Southeast Asia. The rate of HIV
infection has been rising alarmingly over the past seven
years in the subpopulation of men and who have sex with
men (MSM) in the Philippines. In the year 2014 alone,
there were 6,011 newly diagnosed cases of HIV, represent-
ing 27% of the total number of cases identified in the
Philippines (22,527) since the epidemic began in 1984
(Ross et al. 2015). It is urgent to prevent HIV infection in
the Philippines and other countries in Asia.

Infectious diseases caused by disasters

In daily life, human health is guarded from microor-
ganisms by many systems and devices, such as tap water,
gas heating, washing, and refrigeration. Disasters destroy
these protective systems, and the victims will be exposed to
natural threats such as contaminated water, animals, and
disease vectors immediately after the disaster (Fig. 1).
After a while, human-to-human communicable diseases
occur due to the dense lives of the victims in affected camp.
Such kinds of disaster-related diseases are listed in Table 1
(WHO, World Health Organization 2011). Although the
type of infectious disease can vary depending on the site of
disaster, dengue (a mosquito-borne disease), leptospirosis
(zoonosis), and tuberculosis (dense-living disease) are fre-
quently seen in San Lazaro Hospital (SLH; Manila, the
Philippines) and Padjadjaran (PJU, Bandong, Indonesia),
and effective management of these diseases would in turn
result in the management of tropical infectious diseases as
well as disaster-related infectious diseases in resource-lim-
ited low-income countries. Therefore, in collaboration with
SLH and PJU, we have attempted to develop a point-of-
care testing for the diagnosis of patients with these diseases.

Loop-mediated isothermal amplification assay as point-of-
care testing for disaster-related infectious diseases

As the first symptoms of TB are usually nonspecific,
correct diagnosis and treatment of an active TB infection is
often delayed. TB is usually suspected only when the asso-
ciated cough continues for more than 2 weeks, during
which the infection continues to spread among the victims
in a disaster setting. Late diagnoses and late interventions
during the early post-disaster period are often caused by
both a lack of awareness of TB and also the damage to and
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Fig. 1. Buildings and sites that were destroyed by typhoon Haiyan at Tacloban City, the Philippines (January, 2015).

A-C: Types of damage in downtown Tacloban city near the shoreline.
D-F: Tacloban doctors medical center: Strong wind destructed windows (D), oxygen supply system (E) and stagnant

water in the grounds of the hospital (F).

Table 1. Epidemics after disaster.

Classification

Diseases

Water-related Infectious Diseases

Enterotoxigenic Escherichia coli
Cholera epidemic

Paratyphoid fever

Hepatitis A and E

Leptospirosis

Melioidosis

Diseases Associated with Crowding

Measles
Neisseria meningitis

Acute respiratory infections

Vector Borne Diseases

Malaria
Dengue
Yellow fever
Chikungunya
West Nile

Other Diseases Associated with Natural Disasters

Tetanus
Coccidiomycosis
Tuberculosis

Summarized from the website (WHO 2011).

subsequent shortages of diagnostic equipment. The need
for an easy and specific tool that can determine the patho-
gen leads to the development of loop-mediated isothermal
amplification assay (LAMP). It should be mentioned that,
in contrast to the other TB diagnostic methods, performing

LAMP does not require a source of electricity. Further,
LAMP equipment is easily transportable and the testing
procedures do not require a trained operator. Recent
nucleic acid extraction kits enable mycobacterium TB
(MTB) DNA to be obtained directly from the patient’s spu-
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Fig. 2. Detection of tuberculosis DNA in the patient’s sputum by LAMP.
Sputum specimen (A) is added to the DNA extraction kit and the obtained DNA (B) is mixed with a set of specific prim-
ers and incubated under isothermal conditions for 1 h (C). Positive results appear as fluorescence, which is visualized

under an ultraviolet lamp (D).

tum, even if the number of bacilli is very low. Only a small
amount of extracted DNA is mixed with the set of MTB-
specific primers and the amplification reaction is run under
isothermal conditions for 1 h in a water bath. The products
of the amplification reaction are read by turbidimeter; how-
ever, the results can be read also via the naked eyed under
an ultraviolet lamp. Hence, LAMP can also be quantitative.
In-tube detection of DNA amplification is possible using
manganese-loaded calcein, which starts fluorescing upon
complexation of manganese by pyrophosphate during in
vitro DNA synthesis (Fig. 2) (Tomita et al. 2008). Such
conditions are manageable even in disaster situations, when
electricity supply is often unavailable, making the LAMP
method suitable for the diagnosis of disaster-related infec-
tious diseases. We previously evaluated the reliability of
LAMP for detecting MTB in acute pulmonary TB patients
from SLH in the city of Manila and successfully confirmed
MTB infection in all of the samples from SLH (Shiratori et
al. 2014).

LAMP was conducted also for dengue virus infections.
Dengue is a mosquito-borne viral disease that has rapidly
spread in all WHO regions in recent years. Dengue virus is
transmitted by female mosquitoes, mainly the species Aedes
aegypti and to a lesser extent Aedes albopictus. The disease
is widespread throughout the tropics, with local variations
in risk that are influenced by rainfall, temperature, and
unplanned rapid urbanization. Severe dengue, also known
as dengue hemorrhagic fever (DHF), was first recognized in
the 1950s during dengue epidemics in the Philippines and
Thailand. Today, severe dengue affects most Asian and
Latin American countries and has become a leading cause
of hospitalization and death among children in these
regions. Because of its high prevalence, it is considered
one of the representing disaster-related infectious diseases.
We have used LAMP to identify dengue genotypes in 27
out of 65 samples (42%). Amongst the 27 patients at SLH
who were included in our study, Dengue virus 1, 2, 3, and 4
were found in 13, four, seven, and three patients, respec-
tively (Chagan-Yasutan et al. 2013).

LAMP methods were also used to detect rrs, which is
a 16S rRNA gene of the pathogenic Leptospira spp., in
urine. The method enables the detection of two leptospiral
cells per reaction following boiling of urine specimens.

The sensitivity of this method is higher than those of cul-
ture or of flaB-nested polymerase chain reactions (Koizumi
et al. 2012). The combination of DNA detection and anti-
body detection will enhance the accuracy for diagnosis of
leptospirosis (Iwasaki et al. 2016).

In conclusion, owing to its speed, simplicity, and high
sensitivity and specificity, LAMP is attractive as a diagnos-
tics platform in resource-poor settings. The above studies
using LAMP gave correct diagnosis of disaster-related
infectious diseases and allowed us to study disease specific
bio-markers as follows.

Biomarkers for severity and/or resilience

When one suffers from infectious diseases, edema is
the most common symptom of the affected organs.
Hydrophilic swelling is associated with a reversible increase
in cell volume, and exudates are associated with edema.
Therefore, edema is constituted of exudates which contain
inflammatory cells and fluids. The inflammatory cells and
proteins in exudates vary depending on the causes of the
inflammation. In 2000, Bornstein proposed that there was a
family of secreted extracellular matrix (ECM) proteins that
could be linked through their common functionality. He
termed these proteins “matricellular” to highlight their
influence on cell-matrix interactions. Matricellular proteins
(MCPs) are important during wound repair, interact with
cell surface receptors, (such as integrins) and are able to
bind to growth factors. Based on this definition, several
proteins have now been identified as MCPs (Bornstein and
Sage 2002), including connective tissue growth factors,
thrombospondins (Leask and Abraham 2006), galectins
(Elola et al. 2007), and osteopontin (OPN) (Murphy-Ullrich
and Sage 2014).

MCPs are secreted into the extracellular environment,
or matrix, but do not play a primary structural role in this
location. Rather, these proteins modulate cell function by
interacting with cell-surface receptors, proteases, hormones,
and other bioeffector molecules, as well as with structural
matrix proteins such as collagens. The complexity of the
functions of most MCPs results from the fact that these
functions are, in large part, contextual. In other words, the
functions derive from the different structural proteins, cell-
surface receptors, proteases, and cytokines with which these
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proteins come in contact in the local environment of differ-
ent tissues. We thought that these proteins could be bio-
markers of disaster-related infectious diseases because
edema is often associated with inflammation caused by tis-
sue damage, as well as infection.

Hirashima (1999) reported galectin-9 (Gal-9) as eosin-
ophil chemotactic activity. Galectins constitute a family of
mammalian lectins that have an affinity for f-galactoside.
These proteins are released into the extra-cellular environ-
ment under stress conditions including infection, during
which they serve as “danger signals” or exert their actions
on other cells (Sato et al. 2009). On the other hand, Gal-9
is reported to induce regulatory cells and is produced by
them in autocrine matter, indicating that they have immune-
regulatory functions (Oomizu et al. 2012). In a collabora-
tive study with SLH, we have been clarifying the role of
Gal-9 in dengue virus infection, which is one of the repre-
sentative mosquito-borne disaster-related infectious dis-
eases. During the critical phase, Gal-9 levels were signifi-
cantly higher in dengue virus-infected patients than in
healthy persons or those with non-dengue febrile illness.
The highest Gal-9 levels were observed in patients with
DHEF than in patients with dengue fever (DF). In the recov-
ery phase, Gal-9 levels significantly declined from peak
levels in DF and DHF patients. Gal-9 levels tracked viral
load, and were associated with multiple cytokines and che-
mokines including monocyte frequencies and hematologic
variables of coagulation. We proposed that Gal-9 could
serve as an important novel biomarker of acute dengue
virus infection and reflect disease severity (Chagan-Yasutan
et al. 2013). It was also suggested that manipulating Gal-9
signals may have immunotherapeutic potential and could
represent an alternative approach for improving immune
responses to virus infections and/or vaccines (Merani et al.
2015).

We have examined if another MCP, OPN, is involved
in acute virus infections. OPN is a highly phosphorylated
and glycosylated MCP and proteolytic cleavage of OPN by
thrombin (between Argl68 and Ser169) generates a func-
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tional fragment of N-terminal OPN (thrombin-cleaved
OPN:trOPN). In dengue virus infection, plasma leakage
associated with mild thrombocytopenia is frequently
observed in dengue shock syndrome under fatal conditions.
It has been reported that the levels of OPN, trOPN, d-dimer,
thrombin-antithrombin complex (TAT) protein, and throm-
bomodulin were significantly elevated in the critical phase
in both patients with DF and those with DHF, as compared
with healthy individuals. During the recovery phase, OPN
levels declined, whereas trOPN levels further increased dra-
matically in both DF and DHF patients. The OPN level
was found to directly correlate with d-dimer and ferritin
levels, while the generation of trOPN was positively associ-
ated with TAT level, platelet count, and viral RNA load
(Chagan-Yasutan et al. 2014). These findings indicate that
OPN and trOPN could reflect immuno-coagulation cross-
talk and that high trOPN levels could reflect recovery.

Finally, it was found that dengue patients with lower
levels of platelets in recovery phase had higher levels Gal-9
in critical phase, while the OPN levels were not different in
the same group (Fig. 3). These finding encouraged us to
find out the bio-markers which indicate a good prognosis
(resilience marker) and these studies are underway.

A recent study showed that involvement of OPN and
Gal-9 levels are found in confirmed MTB cases, and sug-
gest that these molecules help to maintain the balance in
local immune response, which are important for proper
elimination of the bacteria. HS Students from PJU col-
lected samples for this experiment in Indonesia and con-
ducted the experiments at the Department of Disaster-
related Infectious Disease, IRIDeS (Hasibuan et al. 2015).

Emerging zoonosis in global warming

Leptospirosis is a zoonotic and disaster-related infec-
tious disease. It is mainly endemic in subtropical or tropi-
cal countries and has not been reported since 2009 in the
Tohoku region (northern Japan), including in the Yamagata
or Miyagi Prefectures. However, we experienced four
patients with leptospirosis in the Tohoku region from 2012
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Fig. 3. The correlation of MCP levels in critical phase with platelet counts in recovery phase.
Plasma levels of Galectin-9 (A) and Osteopontin (B) in critical phase of dengue fever of high (> 50) and low (< 50)
platelet (PIt) count groups in recovery phase. Plt < 50: below 50,000/ul of platelet counts. Plt > 50: above 50,000/u1 of
platelet counts. Patients were from the report with Chagan-Yasutan et al. (2013).
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to 2014; three patients lived in the agricultural areas of the
Yamagata Prefecture and one patient was a visitor to the
Miyagi Prefecture. The presence of the three patients in the
Yamagata Prefecture implies that leptospirosis has re-
emerged in the Tohoku region, probably as a result of
global warming (Saitoh et al. 2015). We have not encoun-
tered an outbreak of leptospirosis patients after flooding in
Japan, but such outbreaks are frequently observed in Manila
and many patients are hospitalized in SLH after flood.
Leptospirosis is a zoonosis caused by pathogenic Leptospira
spp. The spectrum of symptoms of leptospirosis is
extremely broad. Early and accurate diagnosis of leptospi-
rosis is important for proper and prompt treatment because
antibiotic treatment is most effective during the initial
course of the disease, and can be life-saving for patients
with severe illness (Faine et al. 1999). A total of 5-10% of
patients with leptospirosis can potentially develop a severe
form of the disease, with fatality rates of more than 10% in
Weil’s disease and up to 70% in leptospirosis pulmonary
hemorrhage syndrome (Gouveia et al. 2008). Flooding and
heavy rainfall have been associated with numerous out-
breaks of leptospirosis around the world. In the context of
global climate change, extreme weather events such as
cyclones and floods are expected to occur with increasing
frequency and greater intensity. Because these changes
involve increased contact with contaminated water, they
could potentially result in an upsurge in the disease inci-
dence, as well as in the magnitude of leptospirosis out-
breaks (Lau et al. 2010).

In a recent study, leptospires were isolated from almost
all of the investigated sites in two of the areas that were
hardest hit by Super Typhoon Haiyan. The DNA of patho-
genic Leptospira species was detected in about half of the
soil samples. It was suggested that leptospires are ubiqui-
tous in the Philippines and are soil bacteria. Based on the
results of this recent study, it was hypothesized that soil
serves as an important reservoir of pathogenic Leptospira
spirochetes, which may cause outbreaks of leptospirosis
during floods caused by typhoons and/or heavy rains (Saito
et al. 2014). Therefore, it is expected that walking through
mud without protective footwear (for example, during farm
work, water-based recreation, or wading after a flood)
would place a person at high risk for acquiring infection
with Leptospira. It should also be mentioned that other
infectious diseases can also occur after flooding, including
melioidosis. Meliodosis is caused by a gram-negative bac-
terium, Burkholderia pseudomallei, which is found in soil
and water. It is of public health importance in endemic
areas, particularly in Thailand and northern Australia
(Apisarnthanarak et al. 2012). The disease exists in acute
and chronic forms. Signs and symptoms may include pain
in the chest, bones, or joints; cough; skin infections; lung
nodules; and pneumonia. More epidemiological studies are
needed to investigate disease spread during disasters.

Conclusions

Research on disaster-related infectious diseases at
IRIDeS began with a research and educational partnership
with the HS program at Tohoku University. The research
against disaster-related infectious disease contributes to the
prevention of tropical diseases as well. International coop-
eration is vital to combating diseases in the era of global
warming.
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