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Abstract. In this study, we reviewed imported malaria cases observed at the National Center for Global Health and
Medicine, Tokyo, between 2005 and 2016, to comprehend their demographic and clinical characteristics. Data on 169
caseswere used to analyzedemographic information; data on146caseswere used for the analysis of clinical information.
The median patients’ age was 34 years, and 79.3% of them were male. The proportion of non-Japanese patients
increased and surpassed that of Japanese patients after 2015. In 82.2%of the cases, the region of acquisitionwasAfrica,
and Plasmodium falciparumwas the dominant species (74.0%) followed by Plasmodium vivax (15.4%). We observed 19
(18.4%, 19/103) severe falciparum malaria cases. Mefloquine was the most commonly used drug for treatment until the
early 2010s; atovaquone/proguanil was themost commonly usedafter its licensure in 2013. Although noneof the patients
died, four recrudescence episodes after artemether/lumefantrine (A/L) treatment andone relapse episodewere observed.
Overall, malaria was diagnosed onmedian day 4 of illness, and, thereon, treatment was initiated without delay. Diagnosis
on day 5 or later was significantly associatedwith severe disease in Japanese cases (odds ratio = 4.1; 95%CI = 1.2–14.3).
We observed a dominance of falciparum malaria, an increase in the number of non-Japanese cases, late treatment
failure after A/L treatment, a low relapse rate, and an association between delayed malaria diagnosis and higher disease
severity. Pretravel care and early diagnosis are necessary to reduce malaria-related mortality and morbidity in settings
such as ours.

INTRODUCTION

Malaria is the most important parasitic infection in the world.
Worldwide, a total of 219 million cases and 435,000 related
deaths were estimated in 2017, of which more than 90% oc-
curred in Africa.1 Imported malaria is a significant health prob-
lem in non-endemic countries.Globally, around 10,000–30,000
cases of imported malaria are reported every year.2,3 Malaria is
the most commonly diagnosed disease associated with febrile
illness among returned travelers, especially those returning
from Africa, as per the GeoSentinel surveillance report.4

In Japan, indigenous malaria was eradicated in 1961, and,
thereafter, only cases of importedmalaria have been reported,
except for a rare case via platelet transfusion.5 The number of
malaria cases per year was over 100 in the 1990s6–8 and then
reduced to 50–70 cases in the 2000s.9 Plasmodium vivax
represented approximately half of all malaria cases in the
1990s; thereon, the proportion of Plasmodium falciparum
cases started to increase gradually. The case fatality rate due
to falciparummalaria was 3.3% nationally in the 1990s, which
was higher than the rate in European countries at the time.7

Management of imported malaria is a challenge and sporadic
fatal cases have been reported in Japan. First, Japanese travelers
arenotwell-informedabout travel-related illnesses;Asiansare less
likely toseekpretravelcare thanthosefromWesterncountries.10,11

Second, the lack of experience among health-care providers in
Japan is considered tobemore significant than that in Europeand
North America. The malaria incidence in Japan is approximately
one-sixtieth of that in the United Kingdom and France, and one-
tenth of that in the United States.3,12 The resulting health-care
inexperience can lead to delayed diagnoses and ultimately

increased mortality risk among patients. Last, antimalarial
treatment in Japan is largely limited as the use of many anti-
malarials is unlicensed in the country. This situation of un-
availability has been improving gradually in the last two
decades, and mefloquine, atovaquone/proguanil (A/P), and
artemether/lumefantrine (A/L) are now officially registered. Any
formof artesunate and injectable quininewas not licensed asof
2018. Injectablequinine isprovidedona researchbasis through
the Research Group on Chemotherapy of Tropical Diseases.13

It is important to understand the current imported malaria
situation in Japan. However, no studies in the last decade have
focusedon the relatedclinical aspects, except for a recent study
which used data from theNational Epidemiological Surveillance
of Infectious Disease system.12We, therefore, reviewedmalaria
cases at our medical center from 2005 to 2016, to better un-
derstand the clinical presentation andmanagement of imported
malaria, and the aforementioned challenges.

MATERIALS AND METHODS

The National Center for Global Health and Medicine
(NCGM), located in central Tokyo, is a member of the Geo-
Sentinel Network.14 The NCGM serves as a referral hospital
for tropical and infectious diseases, and treats the largest
number of malaria cases in the country, all of which are con-
firmed by the NCGM Research Institute.
Malaria cases seen at the NCGM from January 2005 to

December 2016 were identified through a patient database.
The malaria-causing species included P. falciparum, P. vivax,
Plasmodium ovale, Plasmodium malariae, and Plasmodium
knowlesi. Malaria diagnosis was confirmed by blood film mi-
croscopy and/or polymerase chain reaction (PCR) performed
by skilled researchers. Rapid diagnostic tests (RDTs) were
also routinely performed (BinaxNOW® Malaria [Binax Inc.,
Scarborough, ME] and SD BIOLINE® Malaria Ag P.f/Pan
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[StandardDiagnostics Inc., Yongin, Republic of Korea]).When
the diagnosis was confirmed in a former medical institution
with a referral letter stating the validity of the diagnostic
method used, such cases were also included. Patients re-
ferred to the NCGM only for the radical treatment of vivax/
ovale malaria were included for the analysis of basic de-
mography and primaquine treatment. If patients had recru-
descence or relapse, only the initial episode was included.
The following basic demographic parameters were reviewed:

age,gender,nationality, residency inJapan, regionofacquisition,
travel reason and duration, time from return to/arrival in Japan to
onset,malaria chemoprophylaxis, andPlasmodium species. The
following clinical parameters were reviewed: comorbidities,
symptoms, diagnostic method (RDT, thin blood smear, and
PCR), parasite count, severity, antimalarial regimen and its ad-
verse events, hospitalization duration, treatment outcome, and
care-seekingbehavior. The regions of acquisitionwere classified
according to the United Nation geoscheme.15 Travel reasons
were modified based on the definitions in the GeoSentinel sur-
veillance4 and classified into nine categories: tourism, visiting
friends and relatives (VFR), business, missionary, student, in-
ternational cooperation (IC) activities, volunteer, research, and
visiting Japan. International cooperation activities include those
in nongovernmental organizations and administrative agencies.
Although malaria severity was assessed clinically by attending
doctors based on the widely recognized criteria, the epidemio-
logical and researchdefinitionof severe falciparummalariaasput
forth by theWHO16 was applied in this study. The risk factors for
severemalariawereanalyzed.Antimalarialsprovided through the
Research Group were administered with patients’ written con-
sent when the medicine was not licensed at that time.
Collected data were analyzed using SPSS software (version

24.0; IBM, Armonk,NY). All statistical analyseswere performed
with a two-tailed test, and a P-value lower than 0.05 was con-
sidered statistically significant. This study was approved by
the Ethics Committee of the NCGM (NCGM-G-002162-00).

RESULTS

A total of 182 malaria cases were identified. After the
exclusion of recrudescence and relapse cases, 169 cases
were used for the analysis of basic demography, region of

acquisition, travel reason and duration, parasite species, and
chemoprophylaxis. Twenty-three of the 169 cases were only
followed up after the completion of malaria treatment in hos-
pitals overseas or with stand-by treatment; therefore, 146
caseswereused for further analysis. These146casesaccount
for one-fifth (20.3%) of the malaria cases reported in Japan
and more than half (56.2%) of the cases in Tokyo during the
period.17,18

Basic demography. A total of 79.3% (134/169) of the
patients were male and their median age was 34 years
(interquartile range [IQR]: 28–43) (Table 1). There were only
two pediatric cases aged less than 15 years. Overall, 36.1%
(61/169) were non-Japanese patients and their proportion
steadily increased and surpassed that of Japanese patients
after 2015 (Figure 1). Fifty-three of the patientswere citizens of
endemic countries: 46 belonged to African countries such as
Nigeria (12), Ghana (7), and Cameroon (7), whereas six were
from Asia (India [4] and Pakistan [2]), and one was from Oce-
ania (Papua New Guinea).
Region of acquisition and travel reason and duration. A

total of 82.2% (139/169) of the cases acquiredmalaria inAfrica
(Table 1); 58.3%, 27.3%, and 14.4%of these caseswere from
West, East, and Central Africa, respectively. Asia accounted
only for 10.7% (18/169), andmost of these patients were from
India (10/18). Six cases each were from Oceania (Papua New
Guinea) and the Americas. A total of 95.2% (119/125) of the
falciparum malaria cases acquired the infection in Africa.
The travel reasons are shown in Table 1. Among Japanese

patients, IC activities, business, and tourism were the three
most common reasons. In non-Japanese patients, VFR was
the most common reason, and most of these patients trav-
eled to African countries. Information on the duration of resi-
dency in Japan was available for 29 of the 37 VFR cases,
and themedian duration of residency was 7 years (IQR: 6–13).
The median duration of travel was 33 days (IQR: 18–92), and
the median time from return to/arrival in Japan to onset was
9 days (IQR: 3–16).
Parasite species. Plasmodium falciparum was the domi-

nant species (125/169 [74.0%]) throughout the study period
(Figure 2). Of those who acquired malaria in Africa, 85.5%
had P. falciparum and 10.1% had P. ovale infection. Plas-
modium vivax accounted for 15.4% (26/169) of the cases

TABLE 1
Demographic information of the malaria cases at the National Center for Global Health and Medicine by nationality, 2005–2016

Total Japanese Non-Japanese

Number of cases 169 108 61
Age (years) (median, interquartile range) 34 (28–43) 33 (27–43) 37 (30–43)
Gender (male number, %) 134 (79.3) 81 (75.0) 53 (86.9)
Region of acquisition
Africa 139 (82.2) 86 (79.6) 53 (86.9)
Asia 18 (10.7) 11 (10.2) 7 (11.5)
The Americas 6 (3.6) 6 (5.6) 0
Oceania 6 (3.6) 5 (4.6) 1 (1.6)

Travel reason
Tourism 27 (16.0) 25 (23.1) 2 (3.3)
Visiting friends and relatives 37 (21.9) 0 37 (60.7)
Business 37 (21.9) 29 (26.9) 8 (13.1)
Missionary 4 (2.4) 4 (3.7) 0
Student 0 0 0
Volunteer 11 (6.5) 10 (9.3) 1 (1.6)
International cooperation activities 33 (19.5) 32 (29.6) 1 (1.6)
Research 6 (3.6) 6 (5.6) 0
Visiting Japan 14 (8.3) 2 (1.9) 12 (19.7)
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but was the dominant species in those who visited Asia,
the Americas, and Oceania (78.9%, 83.3%, and 66.7%,
respectively).
Chemoprophylaxis. Malaria chemoprophylaxis was pre-

scribed for a total of 15.4% (26/169) of the patients (Japanese:
19.4% [21/106]; non-Japanese: 8.2% [5/61]) and for 8.1%
(3/37) of the patients on VFR travel. Mefloquine was the most

commonly used antimalarial (10/22 [45.5%]). Four Japanese
patients claimed to have completed chemoprophylaxis with
mefloquine. Three of them stayed in Africa for a long period
(9–28 months) and had P. ovale infection a few months after
their return.
Diagnosis and treatment. Rapid diagnostic tests, thin

blood smear, and PCR were performed in 94.5% (138/146),

FIGURE 1. Number of malaria cases observed at the National Center for Global Health and Medicine, by nationality and proportion, among the
total cases, 2005–2016.

FIGURE 2. Number of malaria cases observed at the National Center for Global Health and Medicine, by Plasmodium species, 2005–2016. The
only case of mixed infection (Plasmodium falciparum and Plasmodium ovale) is counted as Plasmodium falciparum.
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100%,and100%of thepatients. The sensitivities of thin blood
smear, compared with those of PCR as a gold standard, were
95.1% (97/102) and 97.1% (43/44) in the falciparum and non-
falciparum malaria patients, respectively.
The trend of the first antimalarial regimen is shown in

Figure 3. A total of 89.0% (130/146) of the cases were treated
only with oral antimalarials. Mefloquine was the most com-
monly used drug until the early 2010s. After the licensure of
A/P in 2013, it was themost commonly used until 2016. Of the
19 severe malaria cases, eight were treated with artesunate,
followedmost commonly by A/L. Seven patients were treated
with injectable quinine followed by oral agents such as A/L,
A/P, mefloquine, and clindamycin. Four severe cases were
treated only with A/L. All vivax and ovale malaria cases, with
the exception of some cases of immediate return to the home
country or pregnancy, were successfully treated with prima-
quine phosphate.
In terms of adverse effects, dizziness due to mefloquine

(7/50 [14.0%]) was the most common. Nausea caused by
mefloquine (3/50 [6.0%]) or A/L (2/34 [5.9%]) was also ob-
served. Injectable quinine was used in seven patients and five
experienced cinchonism of varying severity. Only one patient
had related hypoglycemia.
Outcome. A total of 74.0% (108/146) of the patients (Jap-

anese: 71/87 [81.6%]; non-Japanese: 37/59 [62.7%]) were
hospitalized, and the median duration of hospital stay was
5 days (IQR: 4–8). The duration of hospitalization was longer in
the Japanese (seven, IQR: 5–8) than the non-Japanese people
(four, IQR: 3–6) (Mann–Whitney U-test, P < 0.001).
Over the 12-year study period, there were no fatalities.

There were four recrudescence cases. All these patients were

Japanese nationals weighingmore than 65 kg with falciparum
malaria of relatively highparasitemia, and treatedwithA/L. The
overall cure rate of A/Lwas 88.2% (30/34), which is consistent
with the results of a recent nationwide survey.19 Therewasone
relapse case and the overall relapse rate was 2.4% (1/42). Six
Japanese patients developed severe sequelae due to malaria
(Table 2).
Severe disease and its risk factors. There were 19 severe

malaria cases, and all of them were caused by P. falciparum
(18.4%, 19/103). Among the falciparum malaria cases, the
disease severity significantly differed by nationality (Japa-
nese: 15/56 [26.8%]; non-Japanese: 4/47 [8.5%]) (χ2 test, P =
0.017). All these patients were adults and 15 of them were of
Japanese nationality. Jaundice (serum bilirubin > 3 mg/dL
together with a parasite count > 100,000/μL) was the most
common sign of severe falciparum malaria (13/19 [68.4%]),
followed by hyperparasitemia (> 10%) (8/19 [42.1%]) and
acute kidney injury (serum creatinine > 3 mg/dL or blood urea
>20mmol/L) (8/19 [42.1%]). Hypoglycemiawasnot observed.
Nine additional patients with falciparummalaria were assessed
by attending doctors as having a higher risk of disease pro-
gression and treated as severe malaria due to older age,
delayed diagnosis, and presence of comorbidities.
Malaria diagnosis on day 5 or later was significantly asso-

ciated with severe disease among Japanese patients (odds
ratio [OR] = 4.1, 95% CI = 1.2–14.3) (Table 3). Age was not
significantly associated with severe disease in the Japanese
patients (OR = 1.5, 95% CI = 0.4–6.0). There were no severe
cases with significant comorbidities.
Care-seeking behavior. Of the 146 treated patients, 136

resided in Japan at the time of malaria diagnosis. More than

FIGURE 3. Number of malaria cases treated at the National Center for Global Health and Medicine, by the antimalarial regimen used (quinine,
artesunate, artemether/lumefantrine, atovaquone/proguanil, and mefloquine). A/L = artemether/lumefantrine; A/P = atovaquone/proguanil; IV =
intravenous; PR = per rectum.
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half of the patients were from Tokyo: 43.4% (59/136) were
from the central area (23 special wards of Tokyo) and 14.0%
(19/136) from the suburbs. One-third of the patients (45/136
[33.1%]) belonged to the neighboring prefectures. A total of
9.6% (13/136) of these patients were referred from more dis-
tant prefectures.
Overall, malaria was diagnosed, and antimalarial therapy

was initiated on median day 4 of the illness. The non-
falciparum malaria patients received the first antimalarial on
medianday6 (IQR: 3–8) of the illness; thiswas2days later than
for the falciparum malaria cases (median day 4, IQR: 3–6)
(Mann–Whitney U-test, P = 0.008).
A total of 61.1% (104/144) of the patients visited more than

one medical facility before the NCGM. Sixty percent (60/100)
of the falciparum malaria patients came through more than
onemedical facility. The number ofmedical institutions visited
before the NCGM visit correlated with the day of illness when
antimalarial treatment was initiated (Spearman’s rank corre-
lation coefficient r = 0.363, P < 0.01).

DISCUSSION

This review of malaria cases at a referral hospital in Tokyo
highlighted several findings pertaining to imported malaria
and ascertained the challenges associated with malaria man-
agement in malaria-free countries. There are three significant
findings. The first is the dominance of falciparum malaria,

which is consistent with the findings of previous studies.6–8,12

This dominance is assumed to be due to the decline in the
vivax malaria incidence in Asia.1,20 According to a British
study,21 the incidence of vivax malaria imported from travel to
India and Pakistan had decreased to one-sixth from 1993 to
2013. The second is the continuous increase in the number of
non-Japanese patients. In Japan, the numbers of inbound
travelers and migrants have been growing rapidly.22,23

Approximately 40%ofmalaria patients from African countries
were from Nigeria and Ghana which have sent the largest
African migrant population to our country.23 The third is a
deficiency of malaria chemoprophylaxis. Only 15.4% of the
cases received malaria chemoprophylaxis. The wide use of
mefloquine for chemoprophylaxis is also a unique finding of
this study. This could be attributed to the fact that A/P was
unlicensed until 2013 and the use of doxycycline for malaria
chemoprophylaxis is off-label. Atovaquone/proguanil is cur-
rently the first choice.
No overall fatality was a favorable outcome. Many studies

have pointed to better malaria prognoses in urban areas.24–26

This is thought to be explained by the combination of better
malaria management and larger semi-immune foreign pop-
ulations in urban areas. In this study, diagnosis at day 5 or later
was a risk factor for severe malaria, but not older age; this
could be because of the small number of patients aged 50
years or older. All recrudescence episodes were falciparum
malaria cases of Japanese males weighing more than 65 kg

TABLE 2
Characteristics of the malaria patients who developed severe sequelae

Patient Country of acquisition Malaria species Parasitemia (%) Disease severity Antimalarial regimen Sequelae

54 M, Japanese Senegal Pf 10.1 Severe IV artesunate, mefloquine Post-malaria neurological
syndrome

29 F, Japanese Ghana Pf 12.1 Severe PR artesunate, IV quinine, A/L Black water fever
41 M, Nigerian Nigeria Pf 15.0 Severe A/L Black water fever
21 M, Japanese Kenya Pf 21.7 Severe Quinine, clindamycin Neurocognitive dysfunction
56 M, Japanese Cote d’Ivoire Pf 1.73 Non-severe A/L Glomerulonephritis
43 M, Japanese Zambia Pf 0.035 Severe A/L Cardiomyopathy, peripheral

gangrene of foot
A/L = artemether/lumefantrine; F = female; M = male; IV = intravenous; PR = per rectum; Pf = Plasmodium falciparum.

TABLE 3
Comparison of the severe and non-severe falciparum malaria cases by nationality, 2005–2016

Total Pf, n (%) Severe Pf, n (%) Non-severe Pf, n (%) Odds ratio 95% CI

Japanese (n = 56)
Age (years)

< 50 44 (78.6) 11 (73.3) 33 (80.5) – –

S 50 12 (21.4) 4 (26.7) 8 (19.5) 1.5 0.4–6.0
Gender

Male 41 (73.2) 11 (73.3) 30 (73.2) – –

Female 15 (26.8) 4 (26.7) 11 (26.8) 1.0 0.3–3.8
Day of illness at treatment initiation

1–4 39 (69.6) 7 (46.7) 32 (78.0) – –

S 5 17 (30.4) 8 (53.3) 9 (22.0) 4.1 1.2–14.3
Non-Japanese (n = 47)
Age (years)

< 50 42 (89.4) 4 (100.0) 38 (88.4) – –

S 50 5 (10.6) 0 5 (11.6) – –

Gender
Male 43 (91.5) 4 (100.0) 39 (90.7) – –

Female 4 (8.5) 0 4 (9.3) – –

Day of illness at treatment initiation
1–4 24 (51.1) 1 (25.0) 23 (53.5) – –

S 5 23 (48.9) 3 (75.0) 20 (46.5) 3.5 0.3–35.8
Pf = Plasmodium falciparum. A case of mixed infection (Pf and Plasmodium ovale) is included in this analysis.
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and treated with A/L. This is consistent with the results of
a recent Swedish study,27 although lumefantrine concentra-
tion was not measured in our study. The low observed relapse
rate is in agreement with the findings of previous Japanese
studies.28

Overall, malaria was diagnosed rapidly once patients pre-
sented to our center. The challenges in malaria management
in Japan are its prevention and early diagnosis. Although the
ease of availability of anitimalarials should be improved, this
may not impact outcomes as significantly as improvements in
prevention and diagnosis.
The promotion of pretravel care is pivotal as its success will

decrease the overall malaria incidence. Our data on malaria
chemoprophylaxis only pertain to those who acquired
malaria, and are largely subject to reporting bias; therefore,
they should not be overinterpreted. The lack of appropriate
chemoprophylaxis, however, is demonstrated. Japanese
people with a higher risk of malaria are those who travel to
African countries for IC activity, business, research, and
school excursions.12 It is recommended to educate institu-
tions that send their students and staff to endemic countries,
rather than individuals, on the necessity for pretravel care.
Visiting friends and relatives travelers are known to be at a
higher risk of malaria.24 Although their risk of mortality is
not as high as that of nonimmune populations,26,29 such
populations should be targeted too. In Japan, yellow fever
vaccination is provided at quarantine centers and some
designated hospitals. At quarantine centers, other vaccina-
tions and malaria chemoprophylaxis are not provided. Con-
sidering that the endemic areas of malaria and yellow fever
overlap considerably, it may be realistic and effective to
provide malaria chemoprophylaxis at the time of yellow fever
vaccination.
Early diagnosis is important to reduce the severity and fa-

tality associated with malaria. In this study, malaria was di-
agnosed on median day 4 of the illness and antimalarial
therapy was initiated without delay thereafter. No improve-
ments have been achieved in the last two decades.6 Malaria
diagnosis on day 5 or later was significantly associated
with increased disease severity. Delayed diagnosis in non-
endemic countries is one of the major risk factors for malaria-
related fatality.24,26,30 Because the number of hospitals visited
before our institute correlated to the day of illness diagnosis,
early referral from the medical institutions that first examine
the patients is key. However, this is not simple to achieve.
Migrant populations tend to be concentrated in urban cities,
and two-third of the migrant African population in Japan re-
sides in five prefectures including Tokyo.23 Thus, referral
hospitals with expertise tend to receive patients with a lower
risk of severe malaria. Nonimmune Japanese patients har-
boring a higher risk, instead, are likely to visit medical facili-
ties in suburban areas in which malaria is rarely observed.
Although it is necessary to educate health-care workers in
malaria control, it may prove more efficient to inform travelers
about which hospitals they should visit and what information
they should provide if they experience a fever after returning
from a travel.
This study has two strengths. To our understanding, this

study represented detailed clinical and laboratory information
on the largest number of malaria cases in recent years in Ja-
pan. This indicates that the findings of this study provide an
overview of malaria in the country. Second, the accuracy of

malaria diagnosis was high in our study. All our cases were
confirmed by blood microscopy and PCR. The Plasmodium
species were specified for each case. However, this study has
three limitations. First, and most importantly, the unique
characteristics of our medical center—a referral hospital for
tropical medicine in the capital—may have modified the de-
mography of ourmalaria patients comparedwith that of Japan
as a whole. Consequently, some of the findings may not be
generalizable. Second, our medical center also lays strong
emphasis on the provision of good clinical care for foreigners.
This could have led to the presence of a higher proportion of
non-Japanese patients in our study. Third, as this is a retro-
spective study comprising a 12-year period, some medical
information was missing.
In conclusion, although the demography of malaria cases

had not changed considerably, the following findings were
highlighted: the dominance of falciparum malaria, increase in
the number of non-Japanese cases, late treatment failure after
A/L treatment, low relapse rate, delayed malaria diagnosis
among severe cases, and improved availability of antimalar-
ials over the study period. For improvements in the clinical
management of malaria in settings such as ours, the pro-
motion of pretravel care and early diagnosis and referral are
important.
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