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Abstract: Angiostrongylus cantonensis is the main causative agent for eosinophilic meningoencepha-
litis in humans. Larvae are rarely found in the cerebral spinal fluid (CSF). Consequently, serology
and DNA detection represent important diagnostic tools. However, interpretation of the results
obtained from these tools need more extensive accuracy studies to be conducted. The aim of the
present study is to update guidelines for diagnosis and case definitions of neuroangiostrongyliasis
(NA) as provided by a working group of a recently established International Network on Angi-
ostrongyliasis. A literature review, discussion regarding criteria and diagnostic categories, official
recommendations issued by health authorities in China, and Hawaii (USA), as well as the experience
from Thailand, were considered. Classification of NA cases and corresponding criteria are pro-
posed as follows: minor (exposure history, positive serology, and blood eosinophilia); major (head-
ache or other neurological signs or symptoms, CSF eosinophilia); and confirmatory (parasite detec-
tion in tissues, ocular chambers or CSF, or DNA detection by PCR and sequencing). In addition,
diagnostic categories are proposed as: suspected, probable, and confirmatory. Updated guidelines
should improve clinical study design, epidemiological surveillance, and proper characterization of
biological samples. Moreover, the latter will further facilitate accuracy studies of diagnostic tools
for NA to provide better detection and treatment.

Keywords: angiostrongyliasis; neuroangiostrongyliasis; rat-lungworm disease; eosinophilic menin-
gitis

1. Introduction

Angiostrongylus cantonensis is an intra-arterial nematode that accidentally infects hu-
mans to cause eosinophilic meningitis [1]. Eosinophilic inflammatory responses in the
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central nervous system (CNS) are mainly elicited by helminths. However, these inflam-
matory responses can also occur in association with cancer, intra-thecal drugs, and intra-
vesicular devices [2].

A. cantonensis are parasites that live inside the pulmonary arteries of rodents, and
mollusks serve as intermediate hosts. Several other invertebrates, such as shrimp, frogs,
and lizards, can also scive as paratenic hosts. Larvae of A. cantonensis develop in the
fibromuscular tissues of mollusks, and subsequently infect humans when raw or under-
cooked food is ingested [1,3]. Larvae contaminated water may also be a source of human
infection [4,5]. In accidental hosts, including humans, larvae migrate and are retained in
the CNS. This retention prevents complete maturation of adult worms inside the pulmo-
nary arteries [1,3].

Larvae are rarely detected at examination of cerebrospinal fluid (CSF), thereby pre-
venting confirmation of a diagnosis by direct identification of parasites [6]. Therefore,
immunological and DNA detection methods are important tools for evaluating patients
with suspected neuroangiostrongyliasis (NA) [7,8,9]. While antibody and DNA-detec-
tion methods have been standardized, evaluations of these methods as reliable detection
tools have been less than adequate due to the small number of well-characterized refer-
ence biological samples that are currently available from different geographical areas.
More recently, a highly sensitive and specific quantitative PCR method has been devel-
oped to confirm diagnosis of NA [10].

A. cantonensis is native to southeastern Asia and the Pacific Islands [11], yet its pres-
ence has expanded to multiple continents. It is also a food-borne disease that has been
linked to travelers. A rough estimate of the cumulative number of reported cases world-
wide is 2,800 [3]. T espite the potential for severe CNS disease, a recent expansion of
transmission area.; -.ad a rising concern for travelers, NA is not a highly prevalent infec-
tion worldwide. To date, the Hawaiian Islands and southeastern Asia, especially Thai-
land, have been the most affected endemic areas. However, reduced rates of occurrences
have been observed in recent years [12,13].

Disease caused by A. cantonensis includes isolated meningeal lesions and meningitis
associated with brain tissue inflammation (meningoencephalitis) [14]. More rarely, ocu-
lar angiostrongyliasis can develop [15]. For severe cases of encephalitis, mortality may
reach 80% [16]. The objective of the present work is to update and explore possible con-
sensus regarding diagnostic criteria and case defintions for NA. It is anticipated that
such effort will improve patient management worldwide, will promote comparable clini-
cal and epidemiological studies, and will define conditions for establishing an interna-
tional biobank of well characterized samples. The latter would represent a valuable re-
source for evaluations of diagnostic tests to achieve detection and control of NA.

2. Materials and Methods

Several meetings of the International Symposium on Angiostrongyliasis (ISA), also
named the International Symposium on Rat-Lungworm Disease, have been held in vari-
ous countries over many years: Thailand, China, Hawaii (USA), and Australia. Canary Is-
lands will host next ISA in September 2023. When a group of researchers and clinician
attendees of the ISA met in an online discussion in October 2021, the need for more exten-
sive studies, including multicenter accuracy studies, of diagnostic tests for NA was high-
lighted. Basic requirements for such studies are: (i) clear and well-defined diagnostic cri-
teria and (ii) establishment of a collaborative international biobank with well-character-
ized biological samples. On November 23, 2021, the International Network on Angi-
ostrongyliasis was established. Subsequently, several online meetings were hosted
throughout 2022 to discuss many issues, including diagnostic criteria. Health authorities
in both China and Hawaii (USA) have independently established recommendations for
diagnosing and treating NA [17,18]. Diagnostic and patient management experience
from Thailand, currently the most endemic country, are also available. In particular, the
results from a systematic review published by Khamsai and collaborators (2020) were
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examined [13]. Based on these considerations, the following revised guidelines were de-
veloped and are not to be definitive but a starting point for continuous improvement.

3. Results

The present updated guidelines were developed based on the following principles:
(i) to provide clear definition and expression (“taxonomy”) of symptoms, signs, or labor-
atory results; (ii) to select the most relevant symptoms most closely related to NA (sensi-
tivity) and classify them as minor, major, or confirmatory criteria. Meanwhile, excessive
value for general, less specific symptoms and signs is avoided. (iii) to define categories
of diagnosis according to the degree of certainty for etiological diagnosis, from lower (sus-
pected) to highest (probable and confirmed) degrees, conforming to standard organiza-
tion of diagnostic and treatment guidelines [19,20,21,22,23].

Criteria are classified as minor, major, or confirmatory (Table 1 and Figure). Diag-
nosis categories (suspected, probable, and confirmed) and recommended actions are also
presented in Table 2 and Figure. Antibody detection (serology), blood eosinophilia, and
history of exposure are considered minor criteria, since their isolated presence does not
constitute strong evidence for NA. In addition, these criteria may be absent in patients.
While serological studies are useful for epidemiological exposure studies [5,24], cross-re-
activity and persistence of antibodies after cure are recognized as universal limitations of
serology for detection of current infections. Elements of exposure history are summa-
rized in Table 3.
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“Treatment: corticosteroids
and albendazole (15 mg /kg
-1 day-1 bid) or other
benzimidazole drug

Figure 1.

Table 1. - Diagnostic criteria for neuroangiostrongyliasis and criteria classification according to the
strength of evidence for the etiological diagnosis.

Criteria Category Criteria
a. Exposure history
Minor b. Serology (antibody detection)
c. Blood eosinophilia
a. CSF! eosinophilia
Major b. Headache, other neurological signs or symptoms, and other obvi-

ous etiologies ruled out.

100
101

102

103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

120
121

122
123


Highlight

Sticky Note
The target of the in-figure reference "5" is missing/unclear. For the in-figure number "2" a legend is missing. Add a legend clarifying these 2 figures.

Sticky Note
No centre alignement in tables please. This format is not supporting that the reader can easily catch the content. Change this format in all tables.


Pathogens 2023, 12, x FOR PEER REVIEW 4 of 8

a. Larvae in tissues, CSF, or eye

b. DNA detection?
ICSF: cerebrospinal fluid; 2Antigen detection in CSF (no test currently available) may be an addi- 124
tional criterion for confirmed diagnosis in the future, see Sears et al. for novel highly sensitive PCR 125
[10]. 126

Confirmatory

Table 2. Classification of diagnostic categories for neuroangiostrongyliasis and recommended ac- 127

tions: follow-up and treatment. 128
DlagnOS} s Cate- Criteria Recommended actions
gories
Suspected
o Headache, OR other neurological
signs/symptoms, OR Close clinical and laboratory
o CSF eosinophilia' AND follow-up
. Any minor criteria®
Probable
o Headache, OR other neurological *Treatment: corticosteroids
signs/symptoms AND and albendazole (15 mg /kg-1
. CSF eosinophilial AND day-1bid, 14 days) or other
° At least two minor criteria? benzimidazole drug
Confirmed
o Larvae in tissues, CSF, or eye chambers “Treatment: corticosteroids
OR and albendazole (15 mg /kg-1

day-1 bid, 14 days) or other
benzimidazole drug

If serology is positive! and CSF eosinophilia? is higher than 40% consider NA as highly probable/sus- 129

pected; °For details and treatment alternatives, see Sawanyawisuth, K., & Sawanyawisuth [14]; and 130

Jacob et al. [25]. *Antigen detection in CSF (no test currently available) may be an additional criterion 131

for confirmed diagnosis in the future, see Sears et al. for novel highly sensitive PCR [10]. 132

. DNA detection*

Major criteria, headache, or other neurological signs or symptoms associated with 133
CSF eosinophilia are proposed as defining criteria for eosinophilic meningitis or menin- 134
goencephalitis. Importantly, these major criteria are labeled as such to be highly sugges- 135
tive for NA, since A. cantonensis is their main causative agent. Clinical manifestations’” 136
strength of evidence for NA depends on the absence of other obvious causes for eosino- 137
philic meningoencephalitis [18]. 138

Finding parasitic structures in cerebrospinal fluid or brain tissues is extremely rare, 139
yet represents undisputed criteria for confirming a diagnosis. Ocular examination, in- 140
cluding anterior and posterior chambers, may also disclose larvae or even adult worms 141
since the eye is an area of localization second to meningeal vessels for A. cantonensis [15]. 142
Worms may rarely be found inside pulmonary arteries in fatal cases [26,27,28]. 143

4. Discussion 144

In 2006, the Chinese Ministry of Health published recommendations on diagnostic = 145
criteria for angiostrongyliasis and proposed three case definitions: (i) suspected; (ii) clini- 146
cal, and (iii) parasitologically diagnosed [17]. Eating history (C1), clinical manifestations 147
(C2), blood eosinophilia (C3), CSF eosinophilia (C4), seropositivity (C5), and presence of 148
parasites in CSF or other sites (C6) were the suggested criteria. Suspected NA is consid- 149
ered whenever a combination of two criteria of C1 to C5 are observed. A clinical diagno- 150
sis is considered when C1, C2, C3, and C4 are present. NA is confirmed with demonstra- 151
tion of parasites (C6). 152

In 2018, a State Task Force in Hawaii (USA) prepared guidelines for diagnosis and 153
treatment of NA. An update was subsequently published in 2020 [18]. The latter guide- 154
lines consider two diagnostic categories: presumptive and definitive, or confirmed by 155
identification of parasites or DNA detection with PCR. A presumptive diagnosis is 156
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established by: (i) characteristic symptoms and signs, (ii) exposure history, and (iii) CSF = 157
eosinophilia. 158

Headache is the most common clinical manifestation and can occur in the absence of 159
other neurological signs or symptoms. Neck stiffness and fever are also present in 15% 160
and 40% of cases, respectively, and occur more often in children [29, 30]. Among less com- 161
mon manifestations, dysesthesias (paresthesias and hyperesthesias) and migratory myal- 162
gia may be valuable to indicate neuroangiostrongyliasis, to be properly investigated in 163
prospective clinical studies [3,6]. Other early symptoms can be prodromal symptoms, 164
that is, due to the physiological and neurological damages due to the larval migration 165
from the gastrointestinal tract into the CNS [31,32]. It is likely that the severity of prodro- 166
mal symptoms is directly associated with the number of parasites involved in the infec- 167
tion. Larvae attempting to penetrate the gastrointestinal walls may cause symptoms such 168
as nausea, vomiting, abdominal pain, or diarrhea. Larval migration through the liver, kid- 169
neys, and lungs may can cause malaise, low-grade fever, coughs, jaundice-like symptoms, 170
and hematuria. Larvae stranded beneath the skin may produce rashes or pruritis-like 171
symptoms. Prodromal symptoms are nonspecific, thus, unless there is a great degree of 172
suspicion of infection, it is unlikely to alert the medical practitioner [32,33]. 173

CSF eosinophilia is another main indicator for NA and occurs in approximately 50% 174
of patients [30]. To date, the definition of “CSF eosinophilia” remains controversial. 175
Some authors consider any number of eosinophils as abnormal, while other authors have 176
selected 10% or absolute number of 10 eosinophils as a threshold [18,30]. The degree of 177
eosinophilia present may be a stronger indicator for NA, and patients with 40% are more 178
likely to have NA [34]. In some cases, only a follow-up lumbar puncture can reveal CSF 179
eosinophilia [3]. However, lack of appropriate staining and differential counting of CSF 180
cells can prevent demonstration of an eosinophilic inflammatory response in meningeal 181
tissues and fluids. Physicians are urged to check with their laboratory to determine if a 182
proper examination was performed. 183

Different transmission areas may present predominant intentional or nonintentional 184
exposure behavior. For example, in Thailand, intentional food habits favor transmission; 185
while in Hawaii, ingestion of infected mollusks is usually nonintentional. I “=: 2 severe 186
cases in Hawaii may be due to higher intake of larvae because of the high burc o= of infec- 187
tion of terrestrial gastropods. A definite exposure history may be absent [18]. The pre- 188
cise date of exposure is important to consider since the incubation period (IP) for NA is 189
usually between 1 and 3 weeks, although a 1-year IP has been reported [3,16,32]. Inad- 190
dition to the well-known role of several foods as a source for infection, there are indica- 191
tions that larvae can be ingested in drinking water (Table 3) [4]. Thus, knowledge of ac- 192
tive transmission areas may help increase and sustain awareness regarding NA and help 193
identify cases for early treatment and prevention of more severe disease. In endemicar- 194
eas, knowledge and attention to non-specific clinical manifestations (e.g., fever, nausea, 195
vomiting, agitation, lethargy) can facilitate early diagnosis and treatment. There isneed 196
for continued research to decrease the time to diagnosis. Perhaps, antigen capture assays 197
for blood, stool or urine will be helpful. Post-exposure treatment with pyrantel has been 198
shown to be promising, especially in known endemic areas [35]. 199

While several serological tests have been developed, limitai == involving cross-re- 200
activity [36,37], late seroconversion [38], and less than adequate accuracy evaluations have 201
prevented these results from being confirmatory. Correspondingly, in the present classi- 202
fication proposed, positive serological examination is recognized as a minor criterion. 203
Seroconversion will be helpful to confirm the diagnosis when CSF cannot be collected and 204
an accurate diagnostic test is available. 205

The proposed guidelines advocate for early treatment of “probable” cases (without 206
other obvious cause), as well as confirmed NA cases (Table 1). Possible exception for 207
early treatment recommendation is prompt recovery (less than 24 hours) from headache 208
and other neurological deficits without any clinical manifestations suggestive of enceph- 209
alitic compromise. = Prospective studies are needed to confirm and optimize diagnostic =~ 210
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workflow and case definitions. Corticosteroids are a cornerstone of NA management
since they can potentially reduce both the intensity and duration of headaches, the main
cause of distress in patients [39,40,41]. Non-steroid anti-inflamatory drugs should not be
administered along with corticosteroids because of increased risk for upper gastrointesti-
nal bleeding [39]. Measures to reduce intracranial pressure, such as therapeutic repeated
CSF removal, have been shown to be effective, and are a choice symptomatic treatment
for alleviating severe headaches in patients affected by NA [39]. Benzimidazole anthel-
mintic drugs, especially albendazole, are also recommended despite of multiple contro-
versies regarding their safety and efficacy [42]. For detailed discussion and recommen-
dations for angiostrongyliasis treatment, see specific reports and reviews [14,25,41].

5. Conclusion

In conclusion, it is anticipated that the present global revision and updated recom-
mendations for diagnosis and treatment of NA will facilitate much needed clinical studies,
with use of standardized diagnostic criteria leading to better comparative studies of pa-
tients from different geographic areas. The present revisions and updates, meant to sup-
port further discussions and developments, may also help provide well-defined diagnos-
tic categories for public health surveillance and a strategy to better characterize biological
samples for accuracy studies of diagnostic tools. The latter is especially relevant for eval-
uations of new methods developed for early and specific detection and treatment of NA.
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