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Abstract
Background and Purpose: Clinical manifestations of Lyme borreliosis (LB), caused by 
Borrelia burgdorferi sensu lato (Bbsl), include erythema migrans, Lyme neuroborreliosis 
(LNB), carditis, and arthritis. LB is a notifiable disease in Japan with <30 surveillance-
reported LB cases annually, predominately from Hokkaido Prefecture. However, LB, 
including LNB, may be under-diagnosed in Japan since diagnostic tests are not readily 
available. We sought to determine if LNB could be a cause of previously undiagnosed 
encephalitis or meningitis in Japan.
Methods: Investigators at 15 hospitals in 10 prefectures throughout Japan retrieved 
serum and/or cerebrospinal fluid (CSF) samples collected in 2010–2021 from 517 patients 
hospitalized with encephalitis or meningitis which had an etiology that had not been de-
termined. Samples were tested for Bbsl-specific antibodies using ELISA and Western blot 
tests. In alignment with the European Union LNB case definition, a confirmed LNB case 
had CSF pleocytosis and intrathecal production of Bbsl-specific antibodies and a prob-
able LNB case had a CSF sample with pleocytosis and Bbsl-specific antibodies.
Results: LNB was identified in three hospitalized patients with meningitis of previously 
undetermined etiology: a male resident of Aomori Prefecture was a confirmed LNB case, 
and two female residents of Oita Prefecture were probable LNB cases. None of the pa-
tients with confirmed or probable LNB had traveled in the month prior to symptom onset 
and none had samples previously tested for LB.
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INTRODUC TION

Lyme borreliosis (LB) is an infection caused Borrelia burgdorferi sensu 
lato (Bbsl) which is transmitted to humans by Ixodes ticks [1]. The 
most common clinical manifestation of LB is erythema migrans, but 
Bbsl infection can disseminate and result in Lyme neuroborreliosis 
(LNB). Bbsl infections in Japan are caused by the genospecies B. 
afzelii, B. bavariensis, and B. garinii, which are transmitted by I. per-
sulcatus [2, 3]. I. persulcatus is found on Hokkaido Island and, less 
commonly, elsewhere in Japan [2].

Laboratory-confirmed LB cases are statutorily notifiable in 
Japan using a case definition of a symptomatic patient with Bbsl 
identified in skin or cerebrospinal fluid (CSF) by culture, Bbsl 
genes identified in CSF by polymerase chain reaction (PCR), and/
or Bbsl-specific antibodies identified in serum by Western blot. 
LB cases have been reported from several prefectures, particu-
larly Hokkaido [3, 4]. LB is likely under-diagnosed in Japan since 
diagnostic tests are not readily available [5]. From 2010 to 2021, 
an average of 17 laboratory-confirmed LB cases a year were re-
ported in Japan, 56% of cases were from Hokkaido Prefecture 
(https://​www.​niid.​go.​jp/​niid/​ja/​ydata/​​11529​-​repor​t-​ja202​1-​20.​
html). Japan also conducts surveillance for acute encephalitis with 
approximately 500 cases reported annually, half of which are of 
unknown etiology [6].

In contrast to LB, there is no specific case definition for LNB in 
Japan. The European Centre for Disease Prevention and Control 
conducts surveillance for LNB using the European Union (EU) case 
definition (https://​www.​ecdc.​europa.​eu/​en/​all-​topics/​eu-​case-​defin​
itions) which defines a confirmed LNB case as a patient with CSF 
pleocytosis and intrathecal production of Bbsl-specific antibodies, 
and a probable LNB case as a patient with CSF pleocytosis and evi-
dence of Bbsl-specific antibodies in CSF.

Neither LNB cases nor LB cases with neurological symptoms are 
commonly identified in Japan; only 9 (8%) of 113 LB cases diagnosed 
at a Hokkaido hospital from 1989 to 2004 showed neurologic symp-
toms [7]. We sought to determine if LNB was a cause of encephalitis 
or meningitis of previously undetermined etiology throughout Japan.

METHODS

Investigators at 15 hospitals in 10 prefectures throughout Japan 
(Figure  S1) reviewed medical records to identify patients >1 year-
of-age hospitalized in 2010–2021 with encephalitis or meningitis of 
unknown etiology and for whom a serum or CSF sample stored at 

≤ −20°C was available. Patient's medical records were reviewed for 
information on travel in the month prior to symptom onset. Patient's 
diagnostic testing, which varied between participating hospitals, was 
not collected. The study was approved by the medical ethics com-
mittees at National Center of Neurology and Psychiatry, Nagasaki 
University, Yamaguchi University, and participating hospitals.

Retrieved samples received at Nagasaki University, after ali-
quoting, were sent to Yamaguchi University for Bbsl-specific anti-
body testing (Figure  S2). Samples with adequate sample quantity 
were diluted (serum: IgG 1:500, IgM 1:100; CSF IgG 1:10, IgM 1:5) 
and tested using an ELISA with established interpretative criteria 
(Figure  S3). The ELISA test was based on antigens from B. garinii 
HP3, B. afzelii NT28, B. bavariensis NT29, B. miyamotoi MYK4, and 
Borrelia sp. tHM16w isolated from ticks in Japan [3, 8–10].

Samples that were positive with the first ELISA test or did not 
have adequate quantity for ELISA testing were diluted (serum: IgG 
1:100, IgM 1:50; CSF: IgG 1:20, IgM 1:10) and tested by the recomLine 
Borrelia IgG, IgM Western blot following the manufacturer's instruc-
tions (Mikrogen GmbH, Germany). The Western blot-identified IgG 
and IgM antibodies against p18, p39, p41, p58, p100, OspA, OspC, 
and VlsE. CSF samples with ≥1 band on Western blot were tested by 
real-time polymerase chain reaction (PCR) for borrelial 16S rRNA and 
conventional PCR for borrelial flaB gene [10]. If sufficient sample vol-
ume, Western blot-positive serum, and CSF samples were also tested 
for total IgG with Invitrogen IgG (total) Human ELISA kit (BMS2091).

Western blot results were used to identify intrathecal produc-
tion of Bbsl-specific antibodies; after excluding the Western blot 
results against p41 and OspC because of potential cross-reaction 
with other bacteria, patients with Western blot Bbsl-specific anti-
body bands that identified in CSF but not identified in serum were 
defined as having intrathecal antibody production. A confirmed LNB 
case was defined as a patient with a CSF sample with pleocytosis 
(nucleated cell count >5/μL), Bbsl-specific IgM antibodies in CSF 
identified by Western blot, and Bbsl-specific intrathecal antibody 
production. A probable LNB case was defined as a patient with a 
CSF sample with pleocytosis and Bbsl-specific IgM antibodies in CSF 
identified by Western blot but no available evidence of Bbsl-specific 
intrathecal antibody production.

RESULTS

Adequate residual serum and/or CSF was available from 517 pa-
tients (Table 1). The median number (range) of patients per hospi-
tal with residual serum and/or CSF samples was 35 patients (3–61). 

Conclusion: The identification of previously undiagnosed LNB cases indicates a need for 
enhanced disease awareness in Japan, particularly beyond Hokkaido Island, and more 
readily available LB diagnostic testing.

K E Y W O R D S
epidemiology, disease burden, Lyme neuroborreliosis, meningitis, tick-borne disease
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Of the 517 patients, serum was available from 320 (61.7%) and CSF 
from 427 (82.6%), for a total of 747 samples. Of the serum samples, 
4 (1.2%) were ELISA IgG-positive and 7 (2.2%) IgM-positive. Of the 
CSF samples, 36 (8.4%) were ELISA IgG-positive and 8 (1.9%) were 
IgM-positive. No samples were positive by PCR analysis.

Three patients had Bbsl-specitic antibodies in CSF on Western 
blot (Figure  S4); one was confirmed and two were probable LNB 
cases (Table 2).

DISCUSSION

Testing of the residual samples from >500 patients hospitalized with 
meningitis or encephalitis during an 11-year period identified one 
confirmed and two probable LNB cases. Each of the LNB cases had 
CSF pleocytosis and Bbsl-specific IgM antibodies identified in CSF 
by Western blot. Since there is not an LNB case definition in Japan, 
we used the EU LNB case definition and, to reduce the potential for 
a false positive detection of anti-Bbsl antibodies [11], added the re-
quirement that confirmed and probable LNB cases have Bbsl-specific 
IgM antibodies in CSF detected by Western blot. Furthermore, we 
used Western blot test results to identify Bbsl-specific intrathe-
cal antibody production. In Europe, in contrast, most clinical labo-
ratories use ELISA for LB diagnostic testing and the EU LNB case 

definition relies on ELISA test results to identify intrathecal antibody 
production.

Although CSF from three patients had pleocytosis and Western 
blot-identified Bbsl-specific IgM antibodies, intrathecal antibody 
production was confirmed in only one patient. Therefore, we identi-
fied one confirmed and two probable LNB cases. The first probable 
case had Western blot-detected Bbsl-specific p41 and OspC IgM 
antibodies in CSF but only p41 in serum. In our definition of intra-
thecal antibody production, we exclude Western blot results for p41 
and OspC because of the potential for cross-reaction [12]. The other 
probable LNB case had Western blot-detected Bbsl-specific p41 and 
OspC IgM antibodies in CSF, but a serum sample was not available.

The confirmed LNB case was a 32-year-old male Aomori City 
resident who was hospitalized with meningitis for 9 days in February 
2021; Aomori City is in Aomori Prefecture, the northernmost prefec-
ture of the Honshu Island, across the Tsugaru Strait from Hokkaido 
Island. The two probable LNB cases were Beppu City residents hos-
pitalized in the same hospital; both began their hospitalization in 
May. One was an 85-year-old hospitalized for 35 days with enceph-
alitis starting in May 2021, and the other was a 35-year-old hospi-
talized for 4 days with meningitis in May 2019. Beppu City is in Oita 
Prefecture, which is on Kyushu Island, >1000 kilometers south of 
Hokkaido. Each of the patients with LNB was fully recovered at the 
time of the discharge. None of the LNB patients received treatment 

TA B L E  1 Residual serum and cerebrospinal fluid samples tested, and Lyme neuroborreliosis cases, among hospitalized patients with 
encephalitis or meningitis of previously undetermined etiology, by participating hospital, Japan, 2010–2021.

Hospital (Prefecture)

No. hospitalized patients with 
encephalitis or meningitis 
of previously undetermined 
etiology

No. (%) patients 
with residual sera 
available

No. (%) patients 
with residual CSF 
available

No. LNB 
cases

National Hospital Org. Asahikawa Medical Center 
(Hokkaido)

34 0 (0) 34 (100) 0

Hokkaido University Hospital (Hokkaido) 58 50 (86.2) 22 (37.9) 0

Aomori Prefectural Central Hospital (Aomori) 61 48 (78.7) 57 (93.4) 1a

Southern Tohoku General Hospital (Fukushima) 5 4 (80.0) 2 (40.0) 0

Jichi Medical University Hospital (Tochigi) 45 38 (84.4) 40 (88.9) 0

Nihon University Itabashi Hospital (Tokyo) 39 4 (10.3) 35 (89.7) 0

National Center of Neurology and Psychiatry (Tokyo) 3 3 (100) 3 (100) 0

National Hospital Org. Shinshu Ueda Medical Center 
(Nagano)

25 3 (12.0) 25 (100) 0

University of Fukui Hospital (Fukui) 13 13 (100) 0 (0) 0

Tenri Hospital (Nara) 10 7 (70.0) 6 (60.0) 0

Nara Medical University Hospital (Nara) 30 13 (43.3) 24 (80.0) 0

Okayama University Hospital (Okayama) 53 44 (83.0) 52 (98.1) 0

Kurashiki Central Hospital (Okayama) 46 33 (71.7) 39 (84.8) 0

National Hospital Organization Beppu Medical Center (Oita) 60 40 (66.7) 53 (88.3) 2b

Oita Prefectural Hospital (Oita) 35 20 (57.1) 35 (100) 0

Total 517 320 (61.9) 427 (82.6) 3

Abbreviations: CSF, cerebrospinal fluid; LNB, Lyme neuroborreliosis; Org, organization.
aConfirmed.
bProbable.
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for LB and none reported travel, tick bite, or exposure to tick habitat 
in the month prior to symptom onset.

A limitation of this retrospective study is that a serum and a CSF 
sample were available from three-fifths and four-fifths of patients, 
respectively. Furthermore, some of the available samples had an 
insufficient quantity for both ELISA and Western blot testing. If a 
serum and CSF sample of adequate quantity were available from all 
patients, more LNB cases would likely have been identified. There 
are limited data on circulating Borrelia strains in Japan. Samples in 
our study were screened with an ELISA test developed from Borrelia 
isolated from ticks in Japan; it is possible, therefore, that additional 
LNB cases may have been missed in this study if there are strains of 
Borrelia infecting humans in Japan that would not be detected by the 
in-house ELISA and Western blot tests.

Despite not having an etiology determined for their meningitis or 
encephalitis, none of the patients in our study had been previously 
tested for LB. This may have been due to the low clinical suspicion 
for LB. [4] However, over 10% of patients, including the confirmed 
LNB case, resided in the northernmost part of Honshu Island, an 
area where LB cases had been reported previously (https://​www.​
niid.​go.​jp/​niid/​images/​epi/​nesid/​​nesid_​en.​pdf). Another reason that 
LB was not tested for is likely that LB diagnostics are usually only 
available at reference laboratories [5].

LNB is an uncommon clinical manifestation of Bbsl infection. In 
Europe, it is estimated that approximately 5% of persons with un-
treated erythema migrans develop LNB [13]. Importantly, LNB can 
have serious disease with marked neurological deficits, and many 
patients have residual symptoms following hospital discharge [14]. 
Fortunately, LNB is treatable with appropriate antibiotics, emphasiz-
ing the importance of establishing an LNB diagnosis [15].

In conclusion, the identification of previously undiagnosed LNB 
cases in this study demonstrates that LB may be systematically 
under-detected in Japan. These findings highlight the need for in-
creased awareness, early and efficient clinical testing, and prompt 
treatment for Lyme disease in Japan as well as targeted prevention 
efforts to reduce LB risk.
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