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Abstract.

Neurognathostomiasis is a rare but severe form of human gnathostomiasis. Diagnosis of neurognathosto-

miasis is made presumably by using clinical manifestations. Serologic tests for neurognathostomiasis are not widely avail-
able and limited. We studied 12 patients with diagnoses of neurognathostomiasis at Srinagarind Hospital, Khon Kaen
University, Thailand. There were three types of neurognathostomiasis (five patients with intracerebral hemorrhage, one
patient with subarachnoid hemorrhage, and six patients with myelitis). All patients were tested for antibodies against
Gnathostoma spinigerum by an immunoblotting technique. The sensitivity and specificity of the 21-kD and 24-kD diag-
nostic bands were 83.3% and 100%, and 91.7% and 100%, respectively. The sensitivity, specificity, positive predictive
value, and negative predictive value for the 21-kD and 24-kD diagnostic bands were all 100%. Both diagnostic bands are
a helpful diagnostic tool for neuro gnathostomiasis and show good diagnostic properties.

Gnathostomiasis, which is caused by Gnathostoma spinige-
rum, is commonly found in Japan, Thailand, and Mexico.'? It
also has been reported worldwide. The most common manifes-
tation is the cutaneous form. Neurologic complications of gna-
thostomiasis are quite rare but result in high morbidity and
mortality. The diagnosis of neurognathostomiasis is made pre-
sumptively and clinically. However, chances of recovering the
worm are extremely rare. The most useful diagnostic tool is a
serologic test, such as immunoblotting against G. spinigerum
antigen. In addition, there are several diagnostic bands avail-
able for the diagnosis of cutaneous or ocular gnathostomiasis.
However, serologic tests for neurognathostomiasis are still lim-
ited. Therefore, we studied the use of immunoblotting for diag-
nosis of neurognathostomiasis.

We prospectively enrolled patients who were suspected of
having neurognathostomiasis at Srinagarind Hospital, Faculty
of Medicine, Khon Kaen University, Thailand, during 2003—
2007. A presumptive diagnosis of neurognathostomiasis used
clinical criteria adapted from a previous report.> The major
criteria were the evidence of possible exposure to G. spinige-
rum larvae by eating raw meat from a disease-endemic area
and acute-onset neurologic symptoms. The minor criteria
were migratory swelling, radicular pain, blood eosinophilia
> 500 cells/mm?, eosinophils in cerebrospinal fluid, or sug-
gestive results by neuroimaging. A presumptive diagnosis of
neurognathostomiasis was made when a person satisfied both
major criteria and one of the minor criteria.

History of exposure was ingestion of intermediate or trans-
port hosts, including chicken, fish, or freshwater shrimp. There
are three types of suggestive neurologic symptoms: unex-
plained intracranial bleeding, unexplained subarachnoid
hemorrhage, and myelitis with eosinophilia. Unexplained
intracranial bleeding was defined as hemorrhage at uncom-
mon sites with hypertensive hemorrhage, hemorrhage sugges-
tive for gnathostomiasis by radiographic findings such as linear
or tract-like hemorrhage, or multiple bleeding sites without
blood dyscrasia. Unexplained subarachnoid hemorrhage was
defined as subarachnoid hemorrhage with negative results for
intracranial aneurysm or arteriovenous malformation by cere-
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bral angiogram.*!° In addition, all patients were required to
have negative serologic results for Angiostrongylus canton-
ensis (rodent lungworm), Paragonimus heterotremus (lung
fluke), Fasciola gigantica (cattle liver fluke), and Cysticercus
cellulosae (pork tapeworm cysticerci).

Immunoblotting analysis for detection of specific IgG
against antigenic components of G. spinigerum was performed
at the time of hospitalization as described below.!'2 The
same method was also used to test 15 healthy adults (controls)
from Thailand.

Pooled serum samples from persons with proven cutaneous
gnathostomiasis and healthy controls were used as controls of
this study. Briefly, G. spinigerum advanced third-stage larval
protein were separated by sodium dodecyl sulfate—polyacryl-
amide gel electrophoresis and electrotransfer blotting onto
nitrocellulose membrane strips. Antigen-blotted nitrocellu-
lose strips were blocked with optimum dilutions of skimmed
milk, probed with each serum sample, and tested with perox-
idase-conjugated monoclonal antibody to human IgG. Strips
were washed and incubated with diaminobenzidine sulfate
until a dark brown band appeared. Control pooled negative
and positive serum samples were also tested under the same
conditions. Identical patterns were observed as in a previous
report.”?

Twelve patients were enrolled in our study: 5 patients with
intracranial bleeding, 1 patient with subarachnoid hemor-
rhage, and 6 patients with myelitis and eosinophila. Eight of
the 12 patients were male. The mean age (SD) of the patients
was 41.9 (13.0) years. Five (50%) of 10 patients had migratory
swelling, 7 (70%) of 10 had radicular pain, 8 (80%) of 10 had
blood eosinophilia, 10 (91%) of 11 had eosinophils in cerebro-
spinal fluid, and 10 (83%) of 12 had suggestive neuroimaging
results (Table 1).

Examples of immunoblotting patterns for detection of IgG
against crude somatic advanced third-stage larvae G. spinigerum
antigen are shown in Figure 1. Immunoblotting detected antigenic
bands with molecular masses ranging from 21-kD to > 110-kD.
There were 13 major diagnostic bands (Table 2): > 110-kD
(found in 12 patients [100%]), 92-kD (12 patients [100%]),
88-kD (12 patients [100%]), 85-kD (12 patients [100%]),
60-kD (5 patients [41.7%]),52-kD (12 patients [100%]),49-kD
(12 patients [100%]), 44.5-kD (12 patients [100%]), 33-kD
(10 patients [83.3%]), 31-kD (11 patients [91.7%]), 29-kD
(4 patients [33.3%]), 24-kD (11 patients [91.7%]), and 21-kD
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TABLE 1

Clinical variables and results of immunoblotting test for Gnathostoma spinigerum antibody for 12 patients*

Patient

Variable 1 2 3 4 5 6 7 8 9 10 11 12
Age, years 45 50 24 64 46 26 35 62 36 32 49 34
Sex M F M F F M M M F M M M
Weakness type C C C C C C S S S S S S
Eating raw meat Y Y Y Y Y Y Y Y Y Y Y Y
Migration swelling Y N NA N Y N Y N Y Y N NA
Radicular pain Y N NA N Y N Y Y Y NA Y Y
Blood eosinophilia > 500/mm? Y N NA Y Y Y Y N NA Y Y Y
CSF eosinophilia Y N NA Y Y Y Y Y Y Y Y Y
Neuroimaging Y Y Y Y Y Y N Y Y Y Y N
Antibody to 24-kD antigent Y Y Y Y Y Y Y Y Y N Y Y
Antibody to 21-kD antigent Y Y Y N Y Y Y Y Y Y N Y

*C = cerebral (hemiplegia or hemiparesis); S = spinal (paraplegia or paraparesis); Y = yes/positive; N = no/negative; NA = not applicable; CSF = cerebrospinal fluid.

+ By immunoblotting test.

(10 patients [83.3%]). In control group, two antigenic bands
were found in two persons: 92-kD (found in 1 person [6.7%])
and 44.5-kD (1 person [6.7%]).

All patients had positive results for the 21-kD or 24-kD
diagnostic bands (Table 1). The sensitivity and specificity
of the 21-kD and 24-kD diagnostic bands were 83.3% and
100%, and 91.7% and 100%, respectively (Table 3). Positive
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Figure 1. Representative patterns of immunoblot analysis for
detection of serum IgG against crude somatic Gnathostoma spinige-
rum advanced third-stage larval antigen in persons with gnathostomi-
asis. Blots were developed with samples from pooled negative serum
(lane A), pooled serum from persons with gnathostomiasis (lane B),
and sera from persons with cerebrospinal gnathostomiasis (lanes
C-F).

predictive values for these two diagnostic bands were 100%,
and negative predictive values for these two diagnostic bands
were 88.2% and 93.8%, respectively.

The 21-kD and 24-kD diagnostic bands detected by immu-
noblotting are useful for diagnosis of neurognathostomiasis.
The 24-kD diagnostic band has somewhat higher sensitivity
than the 21-kD diagnostic band. These results are similar to
those of previous reports of sensitivities of these bands for
the diagnosis of cutaneous and ocular gnathostomiasis.!'?
The specificities of these two bands for the diagnosis of neu-
rognathostomiasis were 100% (Table 3).

Several bands were found in all persons by immunoblot-
ting (e.g., 85-kD, 88-kD, and 92-kD). However, the bands
specific for a diagnosis of gnathostomiasis were 21-kD and
24-kD."* Although clinical neurognathostomiasis is unique,
the positive serologic test is useful for diagnosis. The diag-
nostic properties of both diagnostic bands were excellent for
neurognathostomiasis.

We propose presumptive criteria for neurognathosto-
miasis, which have been modified from those in a previous
report.® All patients with a diagnosis of neurognathostomia-
sis must satisfy the major criteria and any of the minor crite-
ria. The minor criteria included migratory swelling, radicular
pain, blood eosinophilia > 500 cells/mm?, eosinophils in cere-
brospinal fluid, or suggestive neuroimaging results. In clini-
cal practice, patients with radicular pain may have a history
of eating raw meat, which might leads to a false diagnosis of
gnathostomiasis if they also have motor weakness. The pre-
sumptive diagnosis of neurognathostomiasis may be more
convincing if other minor criteria are satisfied (Table 1). We
recommend using either the 21-kD or 24-kDa bands as a
supportive tool for diagnosis of patients with neurognathos-
tomiais or gnathostomiasis that involves the central nervous
system.

TABLE 2
Patients with neurognathostomiasis and control groups with positive
results for various antigenic bands against Gnathostoma spinigerum
antigen

Molecular weight (kD) of G. spinigerum antigenic
component recognized by individual gnathostomiasis serum

Groups >110 92 88 85 60 52 49 445 33 31 29 24 21

Neurognathostomiasis 12 12 12 12 5 12 12 12 10 11 4 11 10
Control 0 10000O0OT1O0O0ODO0GO0O0
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TABLE 3

Diagnostic properties of diagnostic bands for neurognathostomiasis
by immunoblotting

Diagnostic Positive predictive Negative predictive
band, kD Sensitivity, % Specificity, % value, % value, %

21 83.3 100 100 88.2

24 91.7 100 100 93.8

21 or24 100 100 100 100
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