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Abstract: Eosinophilic meningitis is defined as the presence of more than 10 eosinophils per pl in the cerebrospinal fluid
(CSF), or eosinophils accounting for more than 10% of CSF leukocytes in patients with acute meningitis. Parasites are the
most common cause of eosinophilic meningitis worldwide, but there is limited research on patients in Korea. Patients di-
agnosed with eosinophilic meningitis between January 2004 and June 2018 at a tertiary hospital in Seoul, Korea were ret-
rospectively reviewed. The etiology and clinical characteristics of each patient were identified. Of the 22 patients included
in the study, 11 (50%) had parasitic causes, of whom 8 (36%) were diagnosed as neurocysticercosis and 3 (14%) as Tox-
ocara meningitis. Four (18%) patients were diagnosed with fungal meningitis, and underlying immunodeficiency was
found in 2 of these patients. The etiology of another 4 (18%) patients was suspected to be tuberculosis, which is endemic
in Korea. Viral and bacterial meningitis were relatively rare causes of eosinophilic meningitis, accounting for 2 (9%) and 1
(5%) patients, respectively. One patient with neurocysticercosis and 1 patient with fungal meningitis died, and 5 (23%)
had neurologic sequelae. Parasite infections, especially neurocysticercosis and toxocariasis, were the most common
cause of eosinophilic meningitis in Korean patients. Fungal meningitis, while relatively rare, is often aggressive and must

be considered when searching for the cause of eosinophilic meningitis.
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INTRODUCTION

Eosinophilic meningitis is a rare clinical entity defined as
eosinophilic pleocytosis in the cerebrospinal fluid (CSF) of
patients with symptoms suggestive of meningitis. Parasites
such as Angiostrongylus cantonensis and Gnathostoma spinigerum
are common causes of eosinophilic meningitis in regions such
as North America, Southeast Asia, and the Caribbean islands
[1-4]. However, there has been limited research on the causes
and characteristics of eosinophilic meningitis in Korea. While
there have been occasional case reports of eosinophilic menin-
gitis due to atypical pathogens [5,6], only 1 study describes the
etiology and characteristics of eosinophilic meningitis in Kore-
an children [7]. However, 90% of the patients included in this
study were post-neurosurgical patients, and thus there were
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limitations in identifying the microbiological causes of eosino-
philic meningitis. In this study, we aimed to identify the com-
mon pathogens of eosinophilic meningitis and compare the
characteristics of the patients according to their etiology.

MATERIALS AND METHODS

Ethics statement

The Institutional Review Board of Asan Medical Center re-
viewed and approved this study (#2020-1060). The need for
informed consent was waived by the committee considering
the retrospective nature of the study.

Study population

We performed a retrospective review of medical records to
identify patients with eosinophilic meningitis. We first identi-
fied patients who received lumbar punctures between January
2004 and June 2018 at a 2,700-bed tertiary referral hospital in
Seoul, Korea. Among them, patients who met the following
criteria were selected: (1) more than 10 eosinophils per pl in
the CSF or eosinophils accounting for more than 10 percent of
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leukocytes in the CSF; and (2) clinical symptoms and signs
suggestive of acute meningitis (e.g., headache, newly devel-
oped focal neurologic deficits, altered mental status, fever, or
neck stiffness). Those who were diagnosed with non-infectious
diseases such as demyelinating disease, malignancy and post-
operative conditions were excluded. We collected demograph-
ic, clinical, laboratory, and radiologic data on the patients in-
cluded in the final analysis. Peripheral blood eosinophilia was
noted if the complete blood cell count revealed eosinophils
> 500 per il or more than 10% of the white blood cell count.

Criteria for classification of etiology

The etiology was considered to be confirmed when CSF or
blood culture, CSF virus polymerase chain reaction (PCR), or
CSF caryptococcal antigen tests had positive results for the caus-
ative microorganism. Meningitis associated with neurocysti-
cercosis was considered when a patient had computed tomog-
raphy (CT) or magnetic resonance imaging (MRI) findings
suggestive of neurocysticercosis (e.g., intraparenchymal, intra-
ventricular, or subarachnoid cystic lesions, calcifications, lepto-
meningeal enhancement, or hydrocephalus with ventricular
enlargement) and positive anti-cysticercus antibodies in the
CSF [3]. The results of serum anti-cysticercus antibodies were
not used considering its relatively poor sensitivity and specific-
ity [8]. Meningitis associated with toxocariasis was considered
when a patient had symptoms such as headache, seizure, focal
neurologic deficits, confusion, or cognitive impairment [9],
along with a history of raw meat intake and positive results for
serum anti-Toxocara antibodies. Patients with suspected tuber-
culous (TB) meningitis were classified as definite, probable, or
possible according to consensus guidelines outlined in a previ-
ous study [10]. Only those diagnosed with definite or proba-
ble TB meningitis were included in the TB meningitis group.

RESULTS

During the study period, 739 events of CSF eosinophilic
pleocytosis were identified in 314 patients. Two hundred and
thirty patients had secondary eosinophilic pleocytosis due to
other medical conditions including postoperative status, ven-
triculoperitoneal shunt infections, and leptomeningeal metas-
tasis of malignancy. Of the remaining 84 patients, 62 were
clinically diagnosed as having either non-infectious conditions
such as transverse myelitis and multiple sclerosis, or meningo-
encephalitis of unknown etiology. Twenty-two patients had

probable or confirmed infectious etiologies and were thus in-
cluded in the final analysis. Their etiologies were as seen in Ta-
ble 1: neurocysticercosis (n=38, 36%), fungal meningitis (n=4,
18%), TB meningitis (n=4, 18%), Toxocara meningitis (n=3,
14%), viral meningitis (n=2, 9%), and bacterial meningitis
(n=1, 5%).

Neurocysticercosis was the most common etiology among
the patients included in our study. Six (75%) patients were
male, and the mean age of the neurocysticercosis group
(59.9+ 11.2 years) was higher than those of other groups. Gait
disturbance was reported in half of the patients. Hydrocepha-
lus and meningeal enhancement on brain imaging were found
in 7 (88%) and 2 (25%) patients, while steroids, albendazole,
and praziquantel were prescribed in 5 (63%), 4 (50%), and 3
(389%) patients, respectively. One patient died due to the dis-
ease and 5 patients (63%) had neurologic sequelae, of which
gait disturbance or lower extremity weakness were the most
COmMmon symptoms.

One of the patients was a 66 year old male with no previous
medical history, who was admitted with symptoms of head-
ache, vertigo, and gait disturbance. He had a history of work-
ing in Libya 35 years ago, and a history of travel to Vietnam (4
years ago) and China (1 year ago). CSF findings showed eo-
sinophilic pleocytosis (CSF white blood cell count 29/, eo-
sinophil percentage 18%), with elevated protein levels (89.3
mg/dl) and normal glucose levels (56 mg/dl). Brain MRI
showed multiple cystic lesions with focal wall enhancement at
both frontal base and subcallosal areas, with ventriculomegaly
of both lateral ventricles and the 3rd ventricle (Fig. 1). Multi-
ple calcific nodules in soft tissue were seen on chest imaging
(Fig. 2). Based on these findings, immunodiagnostic testing
for parasite infections were performed on the patient’s blood
and CSE Both serum and CSF cysticercus antibodies were posi-
tive, and the patient was diagnosed with neurocysticercosis.
Albendazole was administered for 4 weeks, in combination
with dexamethasone. Afterwards, his symptoms of headache
improved, but his limping gait worsened, leading to a second
course of therapy with albendazole, praziquantel, and steroids
3 months after the initial treatment. The patient showed slight
improvement in symptoms before he was transferred to an-
other hospital, and follow-up was lost.

All of the patients in the Toxocara meningitis group were
male and had a history of raw meat intake. All 3 patients re-
ported headache, while vomiting and neck stiffness were also
seen in 1 patient. MRI findings suggestive of ventriculitis with
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Fig. 1. Brain magnetic resonance imaging (MRI) of a patient diagnosed with neurocysticercosis. (A) Multiple cystic lesions with focal wall
enhancement are seen at both frontal base and subcallosal areas, suggestive of parasitic cysts (red arrowheads). (B) Ventriculomegaly of

both lateral ventricles (red arrows) can be seen.

Fig. 2. Chest radiograph of a neurocysticercosis patient. Numer-
ous small calcific lesions in the soft tissue can be seen, sugges-
tive of calcified granulomas related to cysticercosis (easily found
in the yellow rectangular areas).

choroid plexitis in the right lateral ventricle were seen in one
patient, while the others had normal brain MRIs. Abdomino-
pelvic CT in one patient showed benign inflammatory lesions
suspicious of eosinophilic infiltrations in the liver. The median
CSF WBC count was 680 cells/pl, and the median eosinophil
percentage was 54%. All of the patients had peripheral blood
eosinophilia. Two patients were treated with albendazole and
steroids, while only steroids were used in 1 patient. There were
no deaths or neurologic sequelae in this group.

In the fungal meningitis group, Cryptococcus neoformans and
Exophiala dermatitidis were found to be the causative patho-
gens, while in 1 patient, the eosinophilic meningitis was asso-
ciated with rhinocerebral mucormycosis. Prototheca wicker-
hamii, an alga that is ubiquitously found in nature, was repeat-
edly found in the CSF culture of another patient, and the pa-
tient was included in the fungal group. The patient with recur-
rent Prototheca wickerhamii meningitis and the patient infected
with Exophiala dermatitidis were both children under the age of
15. While both children were healthy before the episode of
meningitis, they were both later diagnosed with Caspase Re-
cruitment Domain 9 (CARDY) deficiency. The other 2 patients
were adults and did not have a history of immunodeficiency.
All patients with fungal meningitis were treated with appropri-
ate antifungal agents, and the patient with Exophiala dermatiti-
dis meningitis died due to the disease. Of the surviving pa-
tients, none had neurologic sequelae.

Among the patients with TB meningitis, all showed menin-
geal enhancement on brain imaging by CT or MRI, and 2
(50%) had acute infarctions. All 4 patients were treated with
anti-tuberculosis drugs and 3 patients were treated with ad-
junctive steroids. There were no deaths or neurologic sequelae
in this group.

Two patients were diagnosed with viral meningitis, with
positive CSF PCR results for enterovirus and herpes simplex vi-
rus-2, respectively. There were no abnormalities on brain im-
aging, and both patients survived without any neurologic se-
quelae. Enterobacter aerogenes was cultured in the CSF of a
5-month-old patient with a history of recurrent meningitis
and intraabdominal surgery due to a congenital anomaly. The
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patient survived after receiving appropriate antibiotic therapy.

DISCUSSION

In this retrospective study, we examined the main causative
microorganisms of eosinophilic meningitis in Korean patients.
In contrast to previous studies that were mostly case series re-
porting atypical etiologies [5,6], our study systematically re-
viewed the etiology of community-acquired eosinophilic
meningitis. Neurocysticercosis was the most common cause,
comprising 36% of the cases, followed by fungal, TB, and Toxo-
cara meningitis, while bacteria and viruses accounted for less
than 15% of the etiology. Among the 4 patients who had fun-
gal eosinophilic meningitis, 2 were children who were later
identified as having an underlying immune deficiency condi-
tion. One patient with neurocysticercosis and 1 patient with
fungal meningitis died, while 23% of patients reported having
neurologic sequelae.

Neurocysticercosis was the most common etiology of eosin-
ophilic meningitis in our study. Patients with neurocysticerco-
sis were older than those with other etiologies, which likely re-
flects the long incubation period of the disease and its decreas-
ing incidence in Korea. All 8 patients with neurocysticercosis
had extraparenchymal involvement, such as subarachnoid or
ventricular lesions, while 4 also had parenchymal lesions. The
extraparenchymal involvement could have been associated
with the high prevalence of hydrocephalus and related symp-
toms of gait disturbance in this group. It is also consistent with
the results of a previous study that showed extraparenchymal
neurocysticercosis to be associated with inflammatory changes
in the CSF [11]. Several patients had recurrent bouts of menin-
gitis due to neurocysticercosis. These results suggest that cysti-
cercus antibody screening may be considered in elderly pa-
tients with eosinophilic meningitis.

Another notable parasitic cause of eosinophilic meningitis
was toxocariasis. Several case reports of eosinophilic meningo-
encephalitis caused by toxocariasis have been published, and
the authors of a literature review have suggested that Toxocara
species infection should be considered in the differential diag-
nosis of eosinophilic meningitis [12]. Patients in the toxocari-
asis group had the highest median CSF WBC count and eosin-
ophil percentage, and all of them had peripheral blood eosin-
ophilia. One thing to note is that all 3 patients had a history of
raw meat ingestion. Toxocariasis usually occurs through the
ingestion of Toxocara species eggs, but raw meat consumption

is also considered to be a potential source [13-15]. In Korea,
the consumption of a cow’s raw meat or raw liver is still popu-
lar and considered to be a cause of various parasitic diseases,
including toxocariasis. Since toxocariasis usually has a benign
clinical course, it is possible that many cases of Toxocara men-
ingitis go unnoticed and undiagnosed. Also, as can be seen
from the patient in this study who improved after receiving
steroids alone, basing the diagnosis of toxocariasis on the pa-
tient’s response to anthelminthic treatment is also unreliable.
The treatment of toxocariasis is more focused on the control
of inflammation by using steroids rather than killing the para-
sites by anthelminthics [16]. The larva of Toxocara species do
not undergo any further development in human tissues. In-
stead, the human inflammatory response can cause damage to
tissues, resulting in clinical toxocariasis. It is also possible that
Toxocara was incorrectly considered as a causative agent in
some cases since serum anti-Toxocara antibodies are notorious
for their longevity [17,18], and testing for anti-Toxocara anti-
bodies in the CSF was not performed in this study. Thus, fur-
ther research is urgently needed to identify whether Toxocara
could be the real pathogenic microorganism in patients with a
history of raw meat intake, eosinophilic pleocytosis in the CSE
and peripheral blood eosinophilia, and CSF testing for anti-
Toxocara antibodies should be actively performed in patients
meeting the previous criteria.

Fungal meningitis was diagnosed in approximately 1/5 of
the patients with eosinophilic meningitis. Fungal meningitis
has mostly been reported in immunocompromised individu-
als with neutropenia or those who have received surgery, che-
motherapy, or central catheterization [19]. In children and ne-
onates, prior neurosurgery, cancer, ventriculoperitoneal shunts,
and previous broad-spectrum antibiotic use were reported to
be risk factors [20]. Among the 4 patients diagnosed with fun-
gal eosinophilic meningitis in our study, 2 were children un-
der the age of 15 who did not have risk factors for fungal infec-
tion at the time of diagnosis. Both children were later diag-
nosed with CARDY deficiency, an inherited condition associ-
ated with life-threatening invasive fungal infections due to im-
pairments in cytokine production, neutrophil recruitment,
and Th17 immunity [21]. Invasive fungal infections have a
high rate of mortality unless promptly treated; therefore, it
should be noted that fungal eosinophilic meningitis could be
the presenting infection of an inherited immune deficiency
disorder in previously healthy children.

TB is a well-known endemic disease in Korea, and TB men-
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ingitis is a common cause of meningoencephalitis in this
country. In a study performed at a tertiary hospital in Korea in
1997 on 241 patients diagnosed with infectious meningitis,
the incidence rate of TB meningitis was approximately 24%
[22]. The high incidence rate of TB meningitis in Korea was
most likely reflected in the proportion of TB among the pa-
tients included in this study. Considering that delayed treat-
ment of TB meningitis is often associated with poor prognosis,
TB meningitis should be considered as a possible etiology in
patients with eosinophilic meningitis.

Since the study population was relatively small, future stud-
ies with a bigger population may reveal more diverse causes
and different distribution patterns. Also, because this was a
retrospective study, the diagnostic tests performed on the pa-
tients were not standardized. It is possible that the causative
pathogens of some of the patients with unknown etiology
might have been determined if comprehensive testing had
been uniformly carried out. The incidence of TB and toxocari-
asis were notably higher than those reported in the literature,
most likely due to their endemic status in Korea, and caution
is needed when applying the results of the current study in
countries with different epidemiological risk factors. Lastly,
there were limitations in the precise diagnosis of TB meningi-
tis and toxocariasis. TB meningitis was diagnosed based on
clinical criteria with or without microbiological confirmation,
while the diagnosis of toxocariasis was based on patient history
and positive serum anti-Toxocara antibodies, which are known
for their prolonged persistence.

In conclusion, among Korean patients with eosinophilic
meningitis, parasitic diseases such as neurocysticercosis and
toxocariasis were the most common cause. The proportion of
fungal meningitis was relatively low, but it should not be ig-
nored considering its high mortality rate. TB, viral, and bacte-
rial causes were uncommon as well, but they should not be
overlooked when searching for the cause in patients with eo-
sinophilic meningitis. Further prospective studies with larger
study populations are warranted for more widely applicable
results.
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