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Abstract

Cerebral angiostrongyliasis due to Angiostrongylus cantonensis continues
to affect human health and productivity in Thailand. The dietary habits of
the populace have been an important contributing factor, particularly in the
northeast of the country where the disease is endemic and the indigenous
people enjoy a local undercooked snail dish called “koi-hoi”. Hundreds of
cases of disease continue to be reported annually. Because of the difficulty
in obtaining a definitive diagnosis, immunological methods have played an
importantrole inthe confirmation of A. cantonensis infection. Although enzyme-
linked immunosorbent assay (ELISA) and immunoblot are test formats that
have been used over the past decade, modern molecular approaches, such
as PCR-based diagnostic techniques, are being developed and assessed
as additional tests for the diagnosis of cerebral angiostrongyliasis. This
short review focuses on the history, incidence, and laboratory diagnosis of
angiostrongyliasis in Thailand.
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Past and Present Angiostrongyliaisis

in Thailand

The rat lungworm, Angiostrongylus cantonensis, is the primary
cause of eosinophilic meningitis or eosinophilic meningoen-
cephalitis. In Thailand, the disease was first recognized in
1955 and documented in 1957.! Many cases were recorded in
the 1960s, starting in 1961 with two patients that developed
eosinophilic meningitis after eating undercooked Pila snails.?
The number of cases in the 1960s increased rapidly from those
two cases to 572 cases in 1966. Of the 1164 cases from 1955 to
1966, 912 were from the northeastern provinces.>'°

Between 1965 and 1968, typical cases of eosinophilic men-
ingitis were investigated throughout the country.? Among the
484 cases investigated, there was no apparent difference in the
age distribution of patients from different geographic areas.?
The youngest patient was 2 years old and the oldest 65 years
old. Most of the patients belonged to the 20-39 age groups.
Males were affected 2.6 times more frequently than females,
with 348 males and 136 females. More than half of the patients
were farmers. Laborers made up the second largest group of
cases. Other cases included students, housewives, government
officials, military men, and merchants.

During 1981-1984, 30 cases of eosinophilic meningitis in
children were reported in the northeastern province of Khon
Kaen." The patients ranged from 6 to 14 years old, compris-
ing 18 boys and 12 girls. The cases were reported throughout
the year and there was no significant seasonal pattern in their
occurrence. Two-thirds of the patients had a history of eating
snails and raw food. One of them had ocular A. cantonensis
infection. Twenty-nine of the children recovered completely
but one died.

More recently, in 1991, an additional three cases of eo-
sinophilic myelomeningoencephalitis were recorded.'? During
1995-2005, 654 cases were treated at Srinagarind Hospital,
Khon Kaen."

Despite the difficulty of recovering A. cantonensis from
infected patients, worms have been recovered from the cerebro-
spinal fluid (CSF) of a number of Thai patients,'®!*!¢ and from
the brain of at least ten fatal cases following brain biopsy.>!!17-1?
Eleven living adult worms were recovered from the CSF of
an 8 month old girl with a two week history of chronic fever
and seizures.” In a fatal case at Siriraj Hospital, Bangkok, in
1990, many fifth stage larvae were detected in the brain.'” The
infection was attributed to eating raw or partially cooked livers
from monitor lizards preceding the onset of symptoms. Unfor-
tunately, no leftover liver was available to confirm the presence
of infective larvae, but a subsequent study of 22 monitor lizards
from five provinces in Thailand showed that 96% (21 out of
22) were infected with A. cantonensis, with most of the larvae
in the liver.®®

Fatal cases are relatively rare. Five fatal cases were recorded
in Thailand in the 1960s,’ four in the period 1974-1977," one
in 1981-1984,'" and one in 1990.!7 Many live and dead fourth
and fifth stage larvae were present in the meninges and brain
tissue of these fatal cases.

Ocular angiostrongyliasis has been documented occasion-
ally in Thailand. Three cases with young adult A. cantonensis
recovered from the anterior chamber of the eye were recorded
in the 1960s.2"2* A case associated with eosinophilic meningitis
was reported in 1971,* and a pediatric case in 1985." Three
cases of intravitreal infection have beenreported.>2°Ina woman
who had eaten raw snails, the worm was located by the use
of an intravitreal cryoprobe and was successfully removed via
the pars plana with vitreous foreign body forceps.?® Signs of
meningitis were present in two men, in each of whom a small
motile worm was found in the vitreous cavity.? In one case there
was also a dead, disintegrated worm in the inferior portion of
the vitreous cavity. Another seven cases (four men and three
women) with intraocular angiostrongyliasis were documented
in Srinagarind Hospital, Khon Kaen, between January 1995
and April 2005." There is no evidence that surgical and laser
interventions improve the course of the ocular disease. Visual
outcome depends only on initial visual defects/acuity.

The first ever reported case of eosinophilic meningitis as-
sociated with sensorineural hearing loss involved a 59 year old
woman who had chronic headache, neck stiffness, and left-side
hearing loss.?” Her condition, including hearing, improved after
treatment with prednisolone.
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Epidemiology in Thailand 2000-2009
According to recent statistics from the National Surveillance
System, Department of Disease Control, Ministry of Public
Health, Thailand,® for the period 2000 to October 2009, the
rate of reported cases declined sharply from about 2.24 per
100,000 of the population (1,386 reported cases) in 2000 to
0.2-0.3 per 100,000 in 2005-2009, with 172 cases reported in
2009. The fatality rate varied among years. The rate was 0.07
per 100,000 of the population in 2000, 0.19 in 2002, and 0.78
in 2007. There were no fatal cases in 2001, 2003-2006, and
2008-2009 (Figure 1).

The reported cases over the years are in a broad range of
age-categories, as reflected, for example, by the statistics for

January-October 2009 (Figure 2). The highest rate of reported
cases is in the 35-44 age group, with 0.41 per 100,000 of the
population. This is followed by the 15-24 and 45-54 age groups
with 0.39 and 0.37 per 100,000 of the population, respectively.
Overall, there are more males than females among the reported
cases, with aratio of 1.77 to 1. Farmers constituted the majority
of the reported cases, accounting for 70% (120/172). Thai farm-
ers eat a local undercooked snail dish called ‘koi-hoi’, usually
as an appetizer when drinking alcoholic beverages after their
daily farming activities. Daily-paid workers constituted 15%
(25/172) and pre-school children 7% (12/172) of the cases.
Cases of eosinophilic meningitis are reported year-round.
However, during 2009, the number of cases rose steadily from
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Figure 1. Total annual reported cases and fatal cases of eosinophilic meningitis per 100,000 of the population in Thailand, 2000-October
2009.
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Figure 2. Reported cases of eosinophilic meningitis per 100,000 of the population by age-group in Thailand, January-October 2009.%
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January to the end of the year (Figure 3), the reason for this

remaining unknown.

The highest rate of annual reported cases was 23.08 per
100,000 in the northeast region, where Loei province accounted

for more than half of the total reported cases in Thailand during
January-October 2009 (Figure 4). Rates in all other provinces
were much lower, with the second highestrate (1.23 per 100,000)
in Phayao province and all other rates <1 per 100,000 (Figure
4).
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Figure 3. Monthly reported cases of eosinophilic meningitis in Thailand, 2005-2009.2
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Provinces with the highest rates

1 Loei 23.08
2 Phayao 1.23
3 Chanthaburi 0.78
4 Chiang Rai 0.41
5 Uthai Thani 0.31
6 Chaiyaphum 0.27
7 Prachin Buri 0.22
8 Surat Thani 0.20
9 Phetchabun 0.20
10 Lampang 0.13
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Figure 4. Reported cases of eosinophilic meningitis per 100,000 population in the ten provinces with the highest rates, Thailand, 2009.28
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Laboratory Diagnosis

Eosinophilic meningitis caused by A. cantonensis is generally
diagnosed based on clinical presentations and laboratory find-
ings. Typically there is pleocytosis in the CSF with an eosinophil
count of 26-75%, accompanied by a peripheral eosinophilia of
5-65%.'® In Thai patients, presumptive preliminary diagnoses
are usually made based on the person’s specific eating habits,
particularly among people living in the parasite endemic areas,
the northeastern and central parts of the country.

Although eosinophilic meningitis is an indication of the infec-
tion, the various clinical presentations caused by A. cantonensis
must be differentiated from those caused by other related hel-
minths (ie, Gnathostoma spp., Paragonimus spp., and Taenia
solium metacestodes) that are also endemic in Thailand.?

Immunological testing has been very helpful in supporting
the clinical diagnosis. With the introduction of purified ho-
mologous antigens for detection of the parasitic infection, the
problem of cross-reactivity that occurs in immunodiagnostic
methods has been eliminated. A 31 kDa glycoprotein from
A. cantonensis has been used as a highly specific antigen for
immunodiagnosis.®*?! In the Department of Parasitology at
Siriraj Hospital, the immunoblot technique currently used for
diagnosis of angiostrongyliasis has improved antibody detection.
A standard ELISA using crude antigens is used for screening
and all ELISA-positive samples are tested by immunoblot for
routine confirmation. A serum reacting with a specific 31 kDa
band is indicative of angiostrongyliasis.

Nevertheless, the current enzyme immunoassay format is time-
consuming because of the need for multiple reagent additions
and long washing and incubation steps. A more user-friendly,
rapid, filtration-based immunogold assay is under evaluation. An
initial non-enzymatic,dotimmunogold filtration assay (DIGFA)
with crude antigen preparation was used to detect specific
immunoglobulin G (IgG) antibody against A. cantonensis in
infected patients and was found to have a diagnostic sensitivity
of 91% and specificity of 98% for human angiostrongyliasis.*?
In a subsequent collaborative study between Siriraj Hospital
and the Institute of Parasitic Diseases, Zhejiang Academy of
Medical Sciences, Hangzhou, People’s Republic of China
(with Dr. Xiao-Xian Gan), a modified rapid dot-immunogold
test using purified 31 kDa antigen of A. cantonensis to enhance
test sensitivity has performed well on clinical samples at Siriraj
Hospital. This test is now being validated on serum samples
collected from various areas in Thailand where A. cantonensis
is endemic. As the test is rapid (3 min), easy to perform, and
needs no special equipment, it is possible that a DIGFA test will
soon replace the 2 hr immunoblot test for support of clinical
diagnosis of human angiostrongyliasis. The approach is also
promising in terms of future diagnostic test kits.

As an alternative to the antibody or antigen detection assay, a
conventional PCR technique for the detection of A. cantonensis
DNAinclinical CSF samples has been developed thatunequivo-
cally demonstrated the presence of parasites in patients.* Prim-
ers were designed based on a mRNA sequence encoding a 66
kDa native protein of the A. cantonensis adult worm present in

CSF samples from Thai patients with serologically confirmed
angiostrongyliasis. Primers produced an amplified fragment
of approximately 300 base pairs in four out of ten patients
studied. The nucleotide sequences shared 98.8-99.2% similar-
ity with the reference sequence of A. cantonensis.>* Although
preliminary results are encouraging, more clinical samples from
angiostrongyliasis patients and other clinically related parasitic
infections with their full clinical information are still needed for
evaluation of this PCR approach for diagnostic use, including
its specificity and sensitivity.

With the rising need for more economical, reliable, and rapid
diagnostic tools, the development of new diagnostic tests, such
as those in a chromatographic test format, that can differentiate
parasitic causes of eosinophilic meninigitis, including that caused
by G. spinigerum and by T. solium metacestodes, are overdue.
Since multiple parasite infections via food-borne pathways are
common, particularly in endemic communities in northeastern
Thailand, this need is even more urgent. Development of these
tests will also enhance large-scale epidemiological studies, given
the potential to screen multiple parasites in patient specimens
at one time.
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