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Angiostrongylus cantonensis is the main pathogen 
that causes eosinophilic meningitis in humans (Chot-
mongkol et al. 2000). This condition is clinically diag-
nosed by the presence of eosinophils in the cerebrospinal 
fluid of a patient that has a history of eating raw fresh-
water snails, contaminated vegetables or other paratenic 
hosts such as shrimp, frogs or monitor lizards.

In endemic areas, meningitic angiostrongyliasis is 
suspected in patients presenting with an acute, severe 
headache and potential exposure to A. cantonensis lar-
va. Eosinophils in the spinal fluid lead to an immediate 
presumptive diagnosis, but a lumbar puncture is inva-
sive and expensive. A definite diagnosis after finding 
larva in the cerebrospinal fluid is extremely rare (Wang 
et al. 2008). The identification of additional labora-
tory indicators, such as white blood cell counts, that 
indicate the presence of peripheral eosinophilia would 
improve the clinical diagnosis process for meningitic 
angiostrongyliasis.

An increase in blood eosinophils has been shown to 
be a major effect of parasitic infection, particularly for 
tissue parasites such as A. cantonensis. Blood eosino-
philia has been observed in 30-80% of patients with 
angiostrongyliasis (Chotmongkol et al. 2000, Jitpimol-
mard et al. 2007). The aim of the present study was to 

evaluate the utility of blood eosinophils as a diagnostic 
tool for meningitic angiostrongyliasis. We compared 
the blood eosinophil levels in patients with serologi-
cally positive meningitic angiostrongyliasis to control 
patients with intestinal parasitic infections.

We recruited patients who were diagnosed with 
meningitic angiostrongyliasis at Srinagarind Hospital 
in Khon Kaen, Thailand, between 1996-2007. The in-
clusion criteria were the following: (i) a cerebrospinal 
fluid white blood cell count of 10 cells/mm3 or more 
and the presence of 10 or more eosinophils/mm3 in the 
cerebrospinal fluid, (ii) a value of at least 10% for the 
percentage of eosinophils in the cerebrospinal fluid 
leukocyte count, (iii) negative cerebrospinal fluid test 
results for organisms, cryptococcal antigens and cul-
tures, (iv) a history of exposure to A. cantonensis and 
(v) a positive result on a test for the presence of se-
rum antibodies to the 29 kDa antigenic polypeptide of 
A. cantonensis (Maleewong et al. 2001). The control 
group consisted of adults who were infected by intes-
tinal parasites and had received complete blood count 
test results between January 1-December 31 2007.

We retrospectively reviewed the baseline character-
istics, symptoms, signs, stool examination results and 
the results of a complete blood count test of the patients. 
Clinical evidence of meningitis is defined as a combi-
nation of headache, fever and neck stiffness. The com-
plete blood counts were composed of the white blood 
cell count (cells/mm3), percent blood eosinophils (%) 
and eosinophil count. The eosinophil count was defined 
as the (white blood cell x percent eosinophils)/100.

The baseline and clinical characteristics of the men-
ingitic angiostrongyliasis cases and the controls were 
compared using descriptive statistics. The Wilcoxon rank 
sum test or a Student’s t test was used to compare the dif-
ferences in the numerical variables where appropriate.
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The diagnosis of meningitic angiostrongyliasis (MA) is based on clinical criteria. A lumbar puncture is used as 
a diagnostic tool, but it is an invasive procedure. The blood eosinophil levels are also assessed and used in the diag-
nosis of this disease. We enrolled 47 patients with serologically proven MA and 131 controls with intestinal parasite 
infections. An absolute eosinophil count model was found to be the best marker for MA. An eosinophil count of more 
than 798 cells led to sensitivity, specificity, positive predictive and negative predictive values of 76.6%, 80.2%, 
58.1% and 90.5%, respectively. These data support the use of testing for high blood eosinophil levels as a diagnostic 
tool for MA in individuals that are at risk for this disease.
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The total number of white blood cells, the eosino-
phil count and the percent eosinophils were compared 
between the meningitic angiostrongyliasis cases and 
the control groups and were fitted by a logistic regres-
sion model to assess the probability of the patient hav-
ing angiostrongyliasis.

Analyses to determine the best cut-off point, sensi-
tivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV) were conducted for 
the optimal statistical parameters. All of the analyses 
were performed using SAS software version 8.2 on a 
personal computer.

The study protocol was reviewed and approved by 
the institutional review board and the ethical commit-
tee of Khon Kaen University.

There were 75 consecutive patients who were clinical-
ly diagnosed with meningitic angiostrongyliasis. These 
patients underwent a serologic test for A. cantonensis dur-
ing the period between 1996-2007. Out of these patients, 
47 (62.7%) had positive results on a serologic test. The 
control group was comprised of 131 patients who also had 
a white blood cell count with the eosinophils enumerated. 
Men were the majority in both groups (66% and 80% of 
the meningitic angiostrongyliasis cases and controls, re-
spectively). The median age of the patients in the menin-
gitic angiostrongyliasis group was 35 years (with a range 
of 15-62 years) and the mean age of the patients in the 
control group was also 35 years (with a range of 16-53 
years). All of the meningitic angiostrongyliasis cases pre-
sented with headache. A stiff neck, fever and clinical evi-

dence of meningitis were observed in 22 (47%), 11 (23%) 
and four (9%) of the patients, respectively.

Of the 131 control patients, Strongyloides stercoralis 
was the most commonly observed parasite, which was ob-
served in 73 of the control patients. A minute intestinal 
fluke infection, echinostomiasis, a hookworm infection, 
opisthrochiasis, trichomoniasis, taeniasis and giardiasis 
were observed one, four, seven, eight, nine, 12 and 17 of 
the subjects, respectively.

The white blood cell count, percent eosinophils and eo-
sinophil count were significantly higher in the angiostro-
gyliasis group compared to the control group (Table I). 
The cut-point of an eosinophil count of 798 gave the best 
sensitivity, specificity and PPV and NPV of 76.6%, 80.2%, 
58.1% and 90.5%, respectively (Table II). A white blood cell 
count of 10,600 cells/mm3 or 9% eosinophils also led to the 
same specificity as the eosinophil count. However, the sen-
sitivities of the white blood cells and the percent eosinophils 
were lower, at 44.7% and 74.5%, respectively (Table II).

Eosinophils are granulocytes that are typically associ-
ated with immune responses to helminth infections. Even 
though the specific function of eosinophils in parasitic 
infections remains unclear (Rothenberg & Hogan 2006), 
blood eosinophils levels have been shown in the present 
study to play a role as a rapid laboratory indicator of sus-
pected meningitic angiostrongyliasis.

Meningitic angiostrongyliasis can be diagnosed using 
clinical criteria (Chotmongkol et al. 2000, Jitpimolmard et 
al. 2007, Ramirez-Avila et al. 2009), including a percent-
age of cerebrospinal fluid eosinophils that is greater than 

TABLE I
Comparison of blood test findings between patients with serologically positive angiostrongyliasis and control group

Variables
Angiostrongyliasis

(n = 47)
Controls
(n = 131) p value

White blood cell (cells/mm3) 10,200
(6,600-17,400)

9,000
(4,800-15,000)

< 0.0001

Percent eosinophils (%) 15 (1-43) 5 (0.5-20.6) < 0.0001
Eosinophils count (cells) 1,632 (142-6,192) 456 (31-2,293) < 0.0001

data reported as median (range), eosinophils count equals (percent eosinophils x total white blood cell)/100.

TABLE II
Statistical parameters of various chosen cut-points for the diagnosis of meningitic angiostrongyliasis

Cut-points Sensitivity Specificity
Positive

predictive value
Negative

predictive value

White blood cell 10,600 cells/mm3 44.7 80.2 44.7 80.2
9% eosinophils 74.5 80.2 57.4 89.7
Eosinophils count of 798 cells 76.6 80.2 58.1 90.5

eosinophils count equals (percent eosinophils x total white blood cell)/100.
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10% and a history of eating raw fresh-water snails or other 
transmission hosts. Our serologic test is very specific for 
meningitic angiostrongyliasis (99% specificity), but the 
sensitivity is 55.6%. In contrast, the eosinophil count of 
798 cells was sensitive and specific for meningitic an-
giostrongyliasis in 80% of cases (Table II).

In addition to good sensitivity, both the percentage 
of eosinophils and the eosinophil count cut-points had a 
very high NPV for meningitic angiostrongyliasis (Table 
II). These findings indicate that if a patient has a per-
cent eosinophils or eosinophil count less than 9% or 798 
cells, respectively, the likelihood of the patient having 
angiostrongyliasis is low.

Every patient with meningitis requires a lumbar punc-
ture. Unlike in bacterial meningitis, clinical evidence of 
meningitis is uncommon in meningitic angiostrongylia-
sis. Based on the results of the present study and a previ-
ous study (Chotmongkol et al. 2000), clinical evidence of 
meningitis was found in only 9-10% of the meningitic an-
giostrongyliasis patients. As a result, clinicians may eas-
ily miss this condition during diagnosis. A delayed diag-
nosis or the misdiagnosis of meningitic angiostrongyliasis 
may increase the risk of developing the encephalitic form 
of the disease, which has high morbidity and mortality 
(Sawanyawisuth et al. 2009). As a result, we suggest that 
testing the level of blood eosinophils should be a leading 
tool in the diagnosis of meningitic angiostrongyliasis. Ad-
ditionally, clinicians using this test can be more confident 
in their diagnosis prior to performing lumbar puncture.

There are two main limitations in the present study. 
First, other tissue parasites may induce extremely high 
levels of blood eosinophils, such as gnathostomiasis 
or toxocariasis. Even though the clinical features of 
both of these conditions are different from those for an-
giostrongyliasis (Ramirez-Avila et al. 2009), the suggest-
ed cut-points should be only used for suspected meningit-
ic angiostrongyliasis. An acute headache and a history of 
exposure to A. cantonensis larva are important clues for 
the diagnosis of meningitic angiostrongyliasis. Second, 
even though the blood eosinophil level may not reach the 
cut-points in some patients, a lumbar puncture may still 
be needed if clinical signs such as fever or neck stiffness 
are present. Also, a lumbar puncture has been shown to be 
an acute reliever of headache in addition to its diagnostic 
role (Sawanyawisuth et al. 2004).

In a previous study, all of the meningitic an-
giostrongyliasis cases were shown to have positive sero-
logic test results (Maleewong et al. 2001). This test was 
done using an immunoblot analysis based on the reac-
tion of specific IgG antibodies reaction to the 29 kDa 
antigenic polypeptide of A. cantonensis. In addition, this 
test had a specificity value of 99.4%. In most locations, 
this test result cannot be provided on the same day that 
the patient presents and this test is most useful for re-
search because it is not yet widely available.

In summary, high blood eosinophil levels appear to 
be a rapid, inexpensive and widely available tool for the 
diagnosis of meningitic angiostrongyliasis in symp-
tomatic patients.
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