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Abstract

Leptospirosis is considered underdiagnosed because of its nonspecific presentation and
lack of proper understanding of its epidemiology. Early diagnosis and treatment are crucial.
However, few data are available on confirmed leptospirosis cases in children in industrial-
ized countries. We therefore aimed to describe epidemiologic and clinical characteristics of
laboratory-confirmed childhood leptospirosis in Okinawa, Japan. We reviewed the national
surveillance data of pediatric leptospirosis in Okinawa, Japan from January 2003 through
December 2015. The database included all of laboratory-confirmed leptospirosis diagnosed
at the only central laboratory for leptospirosis in the region. There were 44 children (0—20
years of age) with laboratory-confirmed leptospirosis. Of these, 90% were male, 91% were
1020 years of age, and 96% of cases occurred in August and September. The number of
laboratory-confirmed patients ranged from 0 to 11 per year (mean: 3.3 per year), and the
estimated annual rate was 1.0 per 100,000 pediatric populations. In all cases, the presumed
infection route was recreational exposure to river water. Commonly observed manifesta-
tions include fever (95%), myalgia (52%), and conjunctival suffusion (52%). Childhood lepto-
spirosis in Okinawa, Japan occurred predominantly in teenage boys after freshwater
exposure in summer, and most patients had characteristic conjunctival suffusion. Cohort
studies would be helpful to better understand more detailed clinical manifestations in associ-
ation with prognosis.

Author summary

Leptospirosis is a bacterial disease that affects humans and animals. It is caused by Leptos-
pira. Leptospira is a spiral-shaped Gram-negative spirochete with internal flagella, which
enters the host through mucosa and broken skin. Leptospirosis is a worldwide zoonosis,
but it is considered underdiagnosed because of its nonspecific presentation and lack of
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proper understanding of its epidemiology, especially in children. In human, it can cause a
wide range of symptoms in acute phase include fever, chills, headache, muscle aches, vom-
iting, and diarrhea. Some of these symptoms can be observed in other febrile diseases
such as typhoid fever, rickettsiosis, Kawasaki disease, and adenovirus infections. Although
Leptospirosis can be deadly in severe, untreated cases, few data are available on leptospiro-
sis in children, industrialized countries, and confirmed cases. This study conducted a pop-
ulation-based study to describe epidemiologic and clinical characteristics of childhood
leptospirosis in a leptospirosis-endemic area in an industrialized country, Okinawa,
Japan. This new knowledge may contribute to a better overall understanding of the Lepto-
spirosis in children.

Introduction

Leptospirosis is a neglected zoonotic disease with global distribution that is caused by infection
of spirochetes from the genus Leptospira. Although leptospirosis usually presents as mild, self-
limiting symptoms, severe cases with high mortality and morbidity might occur [1]. Therefore,
early diagnosis and treatment are crucial to improve clinical outcomes [2]. However, its non-
specific presentation and lack of proper understanding of its epidemiology pose diagnostic
challenges in non-leptospirosis-endemic areas despite the availability of confirmatory testing.

The epidemiology of leptospirosis is mainly reported from developing countries in the trop-
ics. Although it is now recognized as a disease of global distribution, it is considered underre-
ported in industrialized countries [3]. In addition, limited knowledge is available in pediatric
patients with leptospirosis. Acquisition of Leptospira in human commonly occurs through
contact with contaminated water or infected animals. Therefore, its prevalence might vary
according to lifestyle factors or sanitary conditions. Another gap in leptospirosis research
includes studies on confirmed cases in children. Reports from leptospirosis-endemic countries
mainly diagnosed cases on the basis of clinical findings, which are known to be nonspecific. In
addition, there is a limited number of large case series consisting of laboratory-confirmed
cases, which mainly comprised adult patients [4-6]. Clinical investigation on laboratory-con-
firmed pediatric patients would aid in the understanding of the presentation of childhood
leptospirosis.

Here, we conducted a population-based study to describe epidemiologic and clinical char-
acteristics of childhood leptospirosis in a leptospirosis-endemic area in an industrialized coun-
try, Okinawa, Japan.

Methods
Setting

We retrospectively evaluated all leptospirosis cases reported in Okinawa Prefecture, Japan,
which is the only subtropical and tropical zone in Japan. Okinawa is located in the southwest-
ern part of the country and consists of 363 islands in the East China Sea and the Philippine
Sea. Among them, there are 49 inhabited islands with a total population and a total child popu-
lation (<20 years of age) of approximately 1,400,000 and 330,000 persons, respectively.

Data collection

We retrospectively reviewed pediatric patients (0-20 years of age) using the Japanese national
surveillance data of leptospirosis from Okinawa from January 2003 through December 2015.
Although older teenagers are physiologically like adults, we chose the age-range of 0-20 years

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006294 March 8, 2018 2/10


https://doi.org/10.1371/journal.pntd.0006294

@‘ PLOS NEGLECTED
Z) : TROPICAL DISEASES Childhood leptospirosis in Okinawa, 2003-2015

to identify the pediatric patients because of admitting practices to hospitals in Japan. In Japan,
hospitalized patients in the 0-20 year age group are most often seen by the Pediatrics service,
while the Adult Internal Medicine service sees the older patients. The national surveillance
data include date of onset, age, sex, diagnostic method, serovar, signs, symptoms, laboratory
results, estimated incubation periods, and presumed exposure locations and activities (e.g.,
recreation or labor in fresh water). Leptospirosis is a nationally notifiable disease under the
Japanese law, “Act on the Prevention of Infectious Diseases and Medical Care for Patients with
Infectious Diseases.” Physicians are instructed to send blood, urine, and cerebrospinal speci-
mens for microbiological testing for Leptospira during the acute phase (i.e., within a few days
after the onset of symptoms) and the convalescent phase (i.e., 10-14 days later) when they
examine patients with suspected leptospirosis. Okinawa Prefectural Institute of Health and
Environment is the central laboratory for Leptospirosis in Okinawa and the institute grasp
total number of laboratory-confirmed cases.

Laboratory analysis and diagnostic definition

The diagnosis was made according to the definitive diagnosis criteria of leptospirosis by the
National Institute of Infectious Disease, Japan: either positive serologic tests, isolation of Lep-
tospira from a normally sterile site, or Leptospira DNA detected by polymerase chain reaction
(PCR). Serologic testing was performed by the microagglutination test (MAT), and Leptospira
was isolated mainly by using Korthof medium [7]. Diagnostic criteria for positive MAT were a
four-fold or higher rise in titer between the acute and the convalescent phase. All laboratory
analyses were conducted by Okinawa Prefectural Institute of Health and Environment, Oki-
nawa, Japan.

Data analysis

We calculated the mean annual rate using the mean child population during the study period.
These figures were compared with previously reported adult data collected through the same
surveillance program [8]. The estimated annual rate was 0.86 per 100,000 population in this
adult population (i.e., >20 years of age; approximately 1,070,000 adults) during the study
period. The population data were obtained from data of the Basic Resident Registration from
Okinawa Prefectural Government [9].

Ethics

This study was conducted by using the national surveillance data and information from Oki-
nawa Prefectural Institute of Health and Environment and National Institute of Infectious Dis-
eases in Japan according to a Japanese law. Therefore, written informed consent from
individual patients was deemed unnecessary. In addition, our research met the Japanese gov-
ernment guidelines for conducting research, “Ethical Guidelines for Medical and Health
Research Involving Human Subjects,” which applies to 1) research carried out pursuant to the
provisions of laws and ordinances, and 2) research utilizing only specimens and information
widely utilized in research and generally available, and information which has already been
anonymized [10]. Therefore, Institutional Review Board approval was deemed unnecessary.

Results
Patient characteristics

Among the 155 patients with confirmed leptospirosis during the study period, 44 pediatric
patients were included. Of these, 40 patients (90%) were male. The median age was 14 years
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(range: 5-20 years), and the number of patients <10 years of age was 4 (9%) (Table 1). The
number of laboratory-confirmed patients ranged from 0 to 11 per year (mean: 3.3 per year),
and the estimated annual rate was 1.0 per 100,000 population according to a pediatric popula-
tion of approximately 330,000 children (Fig 1). The presumed infection route was predomi-
nately recreational or occupational activity in river water (e.g., swimming in a river) (41/44,
93%) (Table 1). All but two cases (96%) occurred in August and September; these two cases
occurred during October and November (Table 1). The mean duration from the onset of
symptoms to hospital arrival was 4.4 days. Presumed infection locations were limited to two
areas, northern parts of Okinawa Island (31/44) and Yaeyama region (10/44); the location for
three cases was not identified.

Signs and symptoms

Commonly observed manifestations included fever (95%), myalgia (52%), conjunctival suffu-
sion (52%), and gastroenteritis-like symptoms (34%). Features of Weil’s disease, a severe form
of leptospirosis, such as liver dysfunction, renal dysfunction, and jaundice occurred in 27%,
25%, and 13% of the patients, respectively (Table 2).

Leptospirosis diagnostic tests

Among the 44 confirmed cases of leptospirosis, 18 cases were diagnosed only by serologic
tests, 4 cases by isolation in culture, and 1 case by PCR. Eight cases were diagnosed by serologic
tests and isolation, 1 case by serologic tests and PCR, 8 cases by isolation and PCR, and 4 cases
by all diagnostic tests. The proportions of positive results by serologic tests, isolation in culture,
and PCR using blood specimens were 97% (31/32), 67% (24/36), and 52% (11/21), respectively.
The most common Leptospira serogroups detected were Hebdomadis in 28 cases (63.6%), fol-
lowed by Autumnalis in 8 cases (18.2%) (Table 2).

Discussion

In this population-based study using a mandatory national surveillance program on labora-
tory-confirmed leptospirosis in children in Okinawa, Japan, we demonstrated that conjuncti-
val suffusion was observed in approximately half of the patients along with other nonspecific

Table 1. Patient characteristics, no. (%).

Participants
n=44

Male sex 40 (91)
Age in years, median (range) 14 (5-20)

0-10 years old 4(9)

11-20 years old 40 (91)
Exposure

Freshwater 41 (93)

Unknown 3(7)
Season of onset

August 11 (25)

September 31 (70)

October 1(2)

November 1(2)

https://doi.org/10.1371/journal.pntd.0006294.t001
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Fig 1. Annual number of cases. Adult leptospirosis cases reported in Okinawa [5] are shown for comparison.

https://doi.org/10.1371/journal.pntd.0006294.9001

systemic symptoms. To our knowledge, this is the first epidemiologic study in English litera-
ture on pediatric leptospirosis from Japan, a highly industrialized country.
The symptoms of leptospirosis are nonspecific and range from mild to severe, which con-
tributes to the underdiagnosis of this relatively common disease [3]. According to previous
reports of adult patients, common symptoms include abrupt fever, nuchal rigidity, myalgia,

and headache in 75-100%; nausea, vomiting, and diarrhea in approximately 50%; and dry

coughing in 25-35% of patients. Some patients also had arthralgia, bone pain, throat pain, or

Table 2. Patient characteristics (n = 44), no. (%).

Clinical features

Fever 42 (96)
Myalgia 23 (52)
Conjunctival suffusion 23 (52)
Gastroenteritis-like symptoms 15 (34)
Liver dysfunction 12 (27)
Renal dysfunction 11 (25)
Arthralgia 10 (23)
Jaundice 6 (14)
Headache 6(14)
Meningitis 4(9)
Lymphadenopathy 2 (5)
Altered mental status 2 (5)
Rash 1(2)

https://doi.org/10.1371/journal.pntd.0006294.t002

Hebdomadis
Autumnalis
Pyrogenes
Grippotyphosa
Australis
Cross-reaction

Untested

Serogroups of Leptospira*

28 (64)
8 (18)
3(7)
2 (5)
1(2)
1(2)
1(2)

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006294 March 8, 2018

5/10


https://doi.org/10.1371/journal.pntd.0006294.g001
https://doi.org/10.1371/journal.pntd.0006294.t002
https://doi.org/10.1371/journal.pntd.0006294

@‘ PLOS NEGLECTED
Z) : TROPICAL DISEASES Childhood leptospirosis in Okinawa, 2003-2015

Table 3. Comparison between this study and Tsuha’s study, no. (%).

This study* Tsuha’s studyt
n=44 n =100
Clinical features
Fever 42 (96) 90 (90)
Myalgia 23 (52) 48 (48)
Conjunctival suffusion 23 (52) 66 (66)
Liver dysfunction 12 (27) 15 (15)
Renal dysfunction 11 (25) 11 (11)
Arthralgia 10 (23) 25 (25)
Jaundice 6(14) 13 (13)
Headache 6 (14) 76 (76)
Meningitis 4(9) 2(2)
Lymphadenopathy 2 (5) 5(5)
Altered mental status 2(5) ND
Rash 1(2) 0(0)
Cough 0(0) 16 (16)
Hemorrhage 0(0) 5(5)
Serogroups of Leptospira

Hebdomadis 28 (64) 25 (34)
Autumnalis 8 (18) 6(8)
Pyrogenes 3(7) 14 (19)
Grippotyphosa 2(5) 1(1)
Australis 1(2) 0(0)
Javanica 0(0) 5(7)
Canicola 0(0) 3(4)
Not determined 2 (5)** 20 (27)

*This study used Microscopic Agglutination Test.
tTsuha’s study identified serovars using Korthof media and 74 cases were diagnosed.

**One case: cross reaction, the other case: not tested.

https://doi.org/10.1371/journal.pntd.0006294.t003

abdominal pain [4, 11]. Large-scale clinical reports on pediatric leptospirosis have rarely been
published. In our study in children, common clinical features included fever (95%), myalgia
(52%), conjunctival suffusion (52%), and gastroenteritis-like symptoms (34%). As compared
with a previous report in Okinawa, Japan, which mainly evaluated adult patients, headache,
cough, and hemorrhage were less likely to be observed in our pediatric cohort [6] (Table 3). A
previous study demonstrated that pediatric patients have a lower risk of death than adult
patients during hospitalization for leptospirosis [12]. The reasons for this discrepancy in the
presentations between adults and children are unknown.

Conjunctival suffusion was observed in approximately half of our patients, which may be
an important diagnostic clue. Conjunctival suffusion is one of the most common, unique find-
ings in leptospirosis [13]. This symptom can be observed in other febrile diseases such as
typhoid fever, rickettsiosis, Kawasaki disease, and adenovirus infections. However, eye
involvement is relatively rare in typhoid fever and rickettsiosis, and these diagnoses can be
ruled out by local data on disease endemics and travel history. Kawasaki disease and adenovi-
rus infection commonly manifest as nonspecific febrile conditions with conjunctivitis. How-
ever, Kawasaki disease is rare in our patient population (i.e., teenage children) and usually
presents with other characteristic findings, including change of lips and oral cavity,
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polymorphous exanthema, change of peripheral extremities, and acute nonpurulent cervical
lymphadenopathy [14]. Adenovirus infection is also rare in our patient population and usually
demonstrates upper respiratory and pharyngeal symptoms [15]. Therefore, clinicians should
suspect leptospirosis in teenage boys with conjunctival suffusion who reside in or have visited
a leptospirosis-endemic area in an industrialized country.

A higher incidence of leptospirosis was observed in children compared with adults, predomi-
nantly in boys 10-20 years of age. The rate of leptospirosis in Okinawa, Japan was slightly higher
in children than in adults (1.0 and 0.86 per 100,000 population per year, respectively) [9]. Most
of our patients were teenage boys. Previously studies reported that the mean age of leptospirosis
was 20-40 years of age, and patients <20 years of age and <10 years of age comprised approxi-
mately 10% and 1% of all patients, respectively [6, 16-19]. Our data are consistent with these
reports. The substantial male preponderance observed in our cohort is also consistent with pre-
vious reports [16-18], which is attributed to more frequent involvement in high-risk activities
among men compared with women [17]. This hypothesis also applies to our patients, in whom
the most common infection route was swimming in a river. This type of recreational activity by
children in Japan was assumed to be more commonly performed by teenage boys than girls.
Recent studies have also attributed male predominance as part of the explanation for under-
diagnosis of the disease in females since females typically present with less severe manifestations
associated with lower bacterial loads when compared with males [20, 21].

Suspected acquisition of leptospirosis in our patient cohort was exclusively reported as rec-
reational summer river activity in the northern parts of Okinawa Island and Yaeyama region.
Previously reported infection routes of leptospirosis include occupational or recreational activ-
ities or travels in a leptospirosis-endemic area, contact with wild animals, and living in unsani-
tary conditions [3, 22]. However, all reports on suspected infection routes in our patients were
recreational river activities (e.g., swimming in a river). This limited acquisition process in our
patient cohort can be explained by the lifestyles of children in an industrialized country where
involvement in other high-risk activities is substantially less common than in adults or chil-
dren in resource-limited countries. In addition, unlike the previously reported seasonal pattern
from developing countries (i.e., year-round occurrence with a peak in the postsummer season)
[16, 17, 23], leptospirosis in our patients exclusively occurred from August to November,
which is summer and fall, respectively, in Okinawa. We speculate that this limited seasonal
pattern can be attributed to freshwater recreational activities among children on summer vaca-
tion and higher precipitation during this season in Okinawa. Leptospirosis outbreaks were
reported after a typhoon and a flood in a tropical area [24]. In addition, the two areas in Oki-
nawa where leptospirosis cases were reported are rich in forest and water resources. Leptospira
spp. is known to thrive in such warm and damp environments [25].

The demographic features and exposure history of pediatric leptospirosis shown in our
study offer valuable information for public health and diagnostic purposes. Parents in Oki-
nawa should be notified about the risk of infection by Leptospira spp. through river activities
in leptospirosis-endemic areas and instructed to seek medical attention in case of development
of leptospirosis symptoms. In addition, increased awareness among clinicians is needed to
understand that proper history taking plays a crucial role in the diagnosis of leptospirosis.
These unique demographic features and exposure history might be shared by different coun-
tries with similar economic and climate settings.

Although reliable diagnostic methods for childhood leptospirosis are not well studied, the
MAT might be a useful option. Early diagnosis and treatment of leptospirosis are important to
prevent complications and alleviate symptoms [26, 27]. Diagnosis of leptospirosis in our sur-
veillance study was based on the National Institute of Infectious Diseases, Japan definitions of
confirmed leptospirosis: positive culture, MAT, or PCR results; increase in titer; or histologic
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findings, which are more strict criteria than the World Health Organization criteria [7, 28]. In
our study, approximately 97% (31/32) of serologic tests (i.e., MAT), 67% (24/36) of cultures,
and 52% (11/21) of PCR using blood specimens yielded Leptospira-positive results. ELISA is
often used for epidemiologic investigation because of its high sensitivity and specificity [28].
Our study showed the promising performance of MAT, where all but one patient in our cohort
tested by MAT yielded Leptospira-positive results. The reported sensitivity of MAT is 30-90%
[29-31]. In addition, only two-thirds of patients had positive cultures in our study. The sensi-
tivity of culture for leptospirosis was reported as 5-50% [30, 31], which was influenced by spec-
imen conditions or illness stage [28]. Although only acute-phase specimens were used in our
study, there might have been inappropriate choices of culture media or delays in starting cul-
tures. The reported sensitivity of PCR ranges from 50% to 90% [32]. The low positive results
by PCR in our patients might be attributed to poor sampling period; blood specimens should
be collected at week 1 and urine specimens should be collected at week 2 [25, 32]. However, all
tests complement each other for the diagnosis of leptospirosis.

Leptospira serogroups Hebdomadis and Autumnalis are commonly observed in children,
which might explain the rare occurrence of serious symptoms in children (e.g., hemorrhage).
Although the MAT only provides presumptive rather than definitive identification of infecting
serogroups, serogroups were identified in 95.5% (42/44) of the cases in our study. Common
Leptospira serogroups may vary according to geographical location [33]. Compared with
Tsuha et al.’s study in Okinawa, which mainly evaluated adult patients [6], Hebdomadis and
Autumnalis were more commonly identified in our study (Table 3). This difference is likely
attributed to the difference of predominant serogroups in each study period (i.e., 2003-2015 in
this study vs. 1974-2015 in Tsuha et al.’s study). Although it is speculation based on limited
evidence, adults and children might have different susceptibilities to each Leptospira ser-
ogroup. However, a direct comparison is difficult because of the limited proportion of cases
with identified serogroups in Tsuha et al.’s study. Some serogroups, such as Icterohaemorrha-
giae, are known to cause more severe symptoms including alveolar hemorrhage [4, 34, 35].
The absence of these serogroups in our cohort might explain the lack of serious symptoms
(e.g., hemorrhage) in our patients. A previous study also reported that pediatric patients have a
lower risk of death during hospitalization than adult patients with leptospirosis [12].

There are several limitations associated with this study because of the nature of the surveil-
lance system. First, detailed clinical information such as severity or clinical outcome was not
available, which limited in-depth clinical analyses. The reporting form for the surveillance pro-
gram is designed to request that clinicians mark multiple main signs and symptoms of lepto-
spirosis as either present or absent and offers an area for free descriptions. This ensured
reliability of the reported frequency of main findings but might have contributed to underre-
porting of other minor findings. Second, the potential underdiagnosis and reporting bias on
clinical information might have affected the study results. Classification of clinical findings
(e.g., hepatic dysfunction, jaundice, meningitis, etc.) was left to the discretion of reporting cli-
nicians. However, Leptospirosis is a notifiable disease in Japan, and this study was conducted
by using the information provided from the only central laboratory for leptospirosis in the
region. Thus, we included all of the laboratory-confirmed leptospirosis cases in the region.

In conclusion, leptospirosis in children living in Okinawa was reported mainly among teen-
age boys who had prior recreational exposure (e.g., swimming) in freshwater. Infected children
often have nonspecific febrile conditions with myalgia or gastroenteritis-like symptoms. Con-
junctival suffusion, however, was observed in approximately half of the patients, which may be
an important diagnostic clue given its relatively rare occurrence in other febrile diseases in this
population. Cohort studies would be helpful to better understand more detailed clinical mani-
festations in association with prognosis.
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