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of the same age, a large proportion (92%)
with 36% of 36 controls. The methods used
to detect these conditions were not costly or elaborate, except for the radioallergosorbent test,
which was used to measure concentrations of circulating IgE antibodies to atopic allergens. It is
suggested that an economical approach to detect helminthiasis and atopy in cases of eosinophilia
is adopted using the methods employed here, with skin prick tests replacing the radioallergosorbent test.

SUMMARY In an eosinophilic population of 47 boys
were helminth infested or atopic, or both, compared

Mild or moderate increases in blood eosinophil
counts, detected from differential leucocyte counts,
may be encountered during routine health screening
as an isolated laboratory abnormality without an
apparent association with disease or as an
epiphenomenon during a diagnostic "work up" for
an illness. As with other laboratory abnormalities
arising from such situations, the clinician must judge
the extent of diagnostic effort needed to evaluate
the unexpected findings.' Directing appropriate and
cost effective investigations of isolated or incidental,
mild to moderate eosinophilia requires knowledge
of the various specific conditions associated with it.
We have selected an eosinophilic population in
Singapore that could allow a fuller and more specific
characterisation of the common-that is, parasitic
and allergic-causes of eosinophilia. From the
results we discuss an approach, appropriate to both
tropical and temperate regions, for initial evaluation
of isolated or incidental eosinophilia.

Patients, material, and methods
We have reported elsewhere the haematological
profiles of 990 16V/2 year old boys undergoing mandatory medical examinations before military service
in Singapore.2 The eosinophil counts, determined by
the product of total leucocyte count (using the Coulter Counter S Plus II) and percentage of eosinophils
in 200 leucocytes, were obtained from the same
individuals. Serum samples through antecubital
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venepuncture were also obtained and were stored at
-20°C. All blood samples were taken in the morning. Those with eosinophil counts greater than 0-4 x
109/l were recalled one and a half months later for a
recount. Only individuals with second counts that
exceeded 04 x 109/l were considered to have persistent eosinophilia and they formed the study population; there were 47 (4.7%) of them. Of those who
did not show eosinophilia at the first blood count, 60
were randomly selected for a recount after a similar
interval; 36 had persistently normal eosinophil
counts and they formed the non-eosinophilic control
group.
At the time of the second blood count individuals
in the two groups were asked for history of allergy,
other illnesses, recent ingestion of drugs, and

cigarette smoking. Clinical examination was done as
directed by the history.
Stool samples were collected at the same time and
were examined for intestinal helminths after concentration in formalin ether; for positive
identification of hookworms and Strongyloides stercoralis, the stools were cultured to the third larval
stage and then examined. A second stool sample was
similarly examined one month later.
To test for filariasis, which is endemic in Singapore, an indirect immunofluorescence antibody
assay was performed using sonicated microfilariae of
Brugia malayi as antigens, according to the method
of Singh et al.3 An indirect enzyme linked
immunosorbent assay (ELISA) for toxocaral antibodies using Toxocara canis second stage larval secretory antigen was performed, using a method similar to that of de Savigny et al.4 Antigen coated
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epithelium, Aspergillus fumigatus, Cladosporium
herbarum, egg, and pork. The choice of these allergens was guided by previous studies in Singapore of
allergic conditions.6-9 The tests were performed
according to the manufacturer's instructions, except
that duplicate rather than single serum samples from
each individual were assayed, as recommended
elsewhere.'0 The concentration of IgE specific to
each allergen was classified in Phadebas RAST
classes 0-4, with class 3 or 4 being considered
positive-that is, with high concentrations of
allergen specific IgE.
In this study, a boy was considered atopic if his
serum reacted positively to one or more RAST
allergens, since he had then shown evidence of IgE
related reactivity to exposure to common allergens
found in the environment."
Total serum IgE concentrations were determined
by the solid phase radioimmunoassay using a sandwich technique, where anti-IgE is coupled to paper
disc (Phadebas PRIST Kits, Pharmacia Diagnostics); the tests were done as directed by the manufacturer.
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Differences between groups in non-quantitative
characteristics were assessed by the X2 test. Differences in mean IgE concentrations were tested by
Student' s t test after the values were log transformed
to approximate a Gaussian distribution.'2 Differences in eosinophil counts were compared nonparametrically using the Mann-Whitney U test.'3

Results
None of the boys in either group had clinical evidence of conditions associated with eosinophilia
other than atopy or parasitism. Also none of them
was currently ingesting drugs known to evoke
eosinophilia.
Table 1 shows for both groups, the eosinophil
counts, the number of current cigarette smokers, the
number with helminthiasis or positive reactions to
one or more allergens, or both, and the IgE concentrations. Thirty boys in the eosinophilic group compared with eight in the non-eosinophilic group had
helminthiasis (p = 0.005). The distribution of infestations is shown in Table 2.
The sera of 20 boys in the eosinophilic group and
only six in the non-eosinophilic group showed positive reactions to one or more allergens (p = 0.025).
Except for one sample from the eosinophilic group
which reacted to D pteronyssinus and cat
epithelium, all of the positive sera reacted only to D
pteronyssinus.
In the eosinophilic group there were 23 boys who
had helminthiasis only, 13 who had positive reactions to one or more RAST allergens but who had
no helminthiasis, and seven who had both; the mean
eosinophil counts were 0-86, 0 74, and 0-61 x 109/l
respectively. No significant differences were found

Table 1 Eosinophil counts, IgE values, number of individuals currently smoking cigarettes, and number with
helminthiasis or positive reactions to one or more RAST allergens or both
Geometric mean of IgE
or positve reactions to
concentrations (kU/I)
one or more allergens or both

No currently smoking No with helminthiasis

Mean and range of

eosinophil counts*
(x 106/1)
Eosinophilic roup (n = 47) 0-76 (0-42-2-14)
Non-eosinophilic group
0-12 (0-038)
(n = 36)
Significance of difference

-

835

43

14
11

13

NS

p=

231

0-005

p<

0-0005

*Includes only the values obtained from the first blood count (see text).
NS = not significant.

Table 2 No of individuals with helminthiases as detected by faecal examinations and by serology
Helminthiases detected
Filariasis
Toxocariasis and
Toxocariasis
helminthiases detected by
by faecal examinations
faccal examinations

Total

Eosinophilic group
Non-eosinophilic group

30
8

25
7

2
0

0
1

3
0
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polyvinyl microtitre plates and negative and positive
control sera were kindly provided by Dr A Voller of
the London School of Hygiene and Tropical
Medicine; an additional positive control serum was
provided by Dr R Berquist of Statens Bakteriologiska Laboratorium, Stockholm. No further
search for evidence of other helminths was done.
To determine further the extent of atopy in the
two groups the concentrations of circulating IgE
antibodies specific to the following allergens were
assayed by radioallergosorbent test (RAST)5 using
Phadebas RAST Kits (Pharmacia Diagnostics):
Dermatophagoides pteronyssinus, dog dander, cat

ences were not.

Discussion
Our eosinophilic and non-eosinophilic groups were
drawn from a population of adolescents in an
attempt to obtain cases of parasitism and atopy only,
which are the common conditions associated with
eosinophilia in the general population. The likelihood of finding non-parasitic, non-atopic causes of
eosinophilia, which occur more frequently in the
older age groups (with the exception of Hodgkin's
disease), was minimised in our adolescent population. Also, because of its homogeneous character,
the need to adjust for possible age related differences in certain parameters-for example,
eosinophil counts'4 or IgE concentrations'- 16 was
obviated.
Cigarette smoking has been reported to be associated with increased eosinophil counts'6 1' and was a
potential confounding variable in this study. This
possibility was excluded when no significant difference in the number of smokers between the two
groups was found.
We identified 43 of 47 (91.5%) eosinophilic individuals with helminthiasis or atopy compared with
13 of 36 (36-1 %) in the non-eosinophilic group. The
rest of the 8-5% in the eosinophilic group probably
had rarer forms of allergy, parasitosis, or other
eosinophilia associated conditions not detectable by
the methods used by us. They could also be normal,
particularly if the eosinophil counts were near the
arbitrary cut off value of 0-4 x 109/l, given the relatively imprecise method of counting eosinophils,'8 19
although we have minimised this by defining
eosinophilia only after two successive high counts.
The results of this study may be applied to form
an approach to evaluate eosinophilia as an isolated
or incidental laboratory abnormality. Searching for
parasitism or atopy or both, depending on the geographical region of origin of the subject, is the obvious first step. In the clinically apparent cases clinical
evaluation may provide a direction for deciding
further confirmation. In clinically silent cases other
clues may be sought; the eosinophil count may be
considered since that in helminthiasis is higher than
that in atopy, although in this study they were not
significantly different. Total IgE concentration,

eosinophilia
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which was higher in the helminth infested group
than in the atopic groups, is probably not useful in
routine evaluation because of its cost.
Specific detection of helminthiasis naturally starts
with stool examination for helminth eggs. The
extent to which a further search for helminthiasis
should be made when stool examinations are negative depends on whether the specific infestations
being sought are endemic in the region from which
the subject originates. In our study, although we
could identify most cases of helminthiasis in the
eosinophilic group from stool examinations alone,
several more with toxocariasis were detected by
serology. Testing for toxocariasis in cases of
eosinophilia should indeed be the next step after
stool examinations since clinically inapparent toxocariasis has been recognised20 in endemic areas
which include both tropical and temperate regions.2'
The enzyme linked immunoassay used here is sensitive, specific, and inexpensive; its routine use is
advocated but it may have to be done in a laboratory
that does a large number of tests.4
Tests for evidence of atopy may be done concomitantly with the parasitic search, particularly
when the subject is from the tropics since atopic
conditions are not uncommon here even though
helminthiasis may be endemic.2223 In so doing, we
detected 16-3% in the eosinophilic group with both
helminthiasis and atopy. Tests such as RAST, which
we used here, are expensive; in routine evaluation
for atopy in cases of eosinophilia, skin prick tests
may be used, which are cheaper and may be as effective.2425 But some individuals with both helminthiasis and atopy may not react to skin tests.26
In any case, unlike evaluating an atopic patient
with symptoms, the asymptomatic eosinophilic subject need only be tested with a few known common
allergens since the goal here is merely to determine
if he is atopic or not; a subject with a positive reaction to one common allergen could be considered
atopic" and an association with eosinophilia is thus
found. Furthermore, in regions with high humidity
where house dust mites prevail, thereby acting as an
ubiquitous source of atopic allergen, testing for reactivity to it alone may be sufficient to ascertain the
atopic status, as we have found in this study.
The fall in eosinophilic count after treatment of
helminthiasis establishes that there has been a helminthic cause of eosinophilia. Atopy, at best, can
only be considered a condition associated with but
not causing eosinophilia since it cannot be justifiably
treated.
Hence, as an initial approach to evaluate cases of
eosinophilia, particularly those with associated conditions not clinically apparent, we suggest: (a) faecal
examinations for helminth eggs, (b) further evalua-
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Evaluation of the common conditions associated with
between any of these subgroups.
Total IgE concentrations of the three subgroups
in the eosinophilic population were also compared.
Geometric means of those with helminthiasis only,
those with positive reactions to one or more
allergens but not helminthiasis, and those who had
both were 1170, 685, and 651 KU/I respectively.
While the difference between the first and second
groups was significant (p < 0.0005), other differ-

limited number of known common allergens.
Most publications on clinical aspects of
eosinophilia,2728 while providing details on the
causes of eosinophilia, do not discuss the approach
to evaluate it as an incidental or isolated laboratory
abnormality. Our approach suggested here is, within
economical confines, comprehensive and judicious
enough. Only when it yields negative results is there
a need to use other more involved tests29 to search
for the rarer causes.
We thank Dr A Voller for providing toxocaral anticoated plates and control sera and Dr R Berquist for providing toxocara positive serum.
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tion of other endemic helminthiasis not detectable
by faecal assessment, (c) skin prick tests using a

