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Abstyact. The sensitivity and specificity of an indirect immunfluorescent antibody assay

for the diagnosis of human strongyloidiasis has been investigated. Sera were obtained from

160 Australian ex-servicemen who had been prisoners-of-war in Southeast Asia during World

War II, 44 of whom were proven parasitologically to have strongyloidiasis; these men did not

have concurrent infections with other helminths. In addition, sera were collected from 44

age- and sex-matched Australians who were not thought to have been exposed to S. stercor-

alis, and. from 44 Filipino subjects. Antibodies were measured by using living filariform S.

rattilarvae as the source of antigen. The assay was highly sensitive; antibodies were found

at a titer of 1:4 or greater in 98% of men with strongyloidiasis and in ZVo of Australian control

subjects. Fifteen percent of exposed ex-servicemen in whom parasites had not been found

had antibody titeis of 1:4 or more, and it is thought that they had cryptic infections. Incu-

bation of pooled positive sera with soluble S. vatti antigen produced a marked fall in antibody

titer, but no changes were seen after incubation with soluble Ascaris suurn or Dirofilari.a
.immitis antigens. Ii is thought that this indicates that the test is specific and that the 84Vo of

Filipinos with antibody titers of 1:4 or greater had unsuspected strongyloidiasis. When an-

tibody titers against S. ratti. were compared with those obtained using living filariform S'

stercirali.s larvie, a high correlation was found (r : 0.89, P < 0.001). It is concluded that

this assay provides a simple, safe, and specific method for the diagnosis of strongyloidiasis.

A diagnosis of strongyloidiasis is made defini-

tively when larvae are found in the stools, in duo-

denal fluid, or occasionally, in other tissues or

fluids of infected persons. Unfortunately, parasi-

tological confirmation of the presence of a sus-

pected infection may be extremely difficult as

worms are frequently absent from such specimens

or are present only in very small numbers.l-a In

these circumstances, repeated examination of the

feces by a well-trained and motivated technician

appears to be the best diagnostic procedure,a but

even so, these attempts may still fail to detect the

parasite. The development of a reliable diagnostic

test would be of considerable advantage as it
would obviate the necessity for unpleasant and

time-consuming fecal examinations. This study

describes the sensitivity and specificity of an im-

munofl u orescent ass ay f or S tr o n gy I o i d. e s anttb od-

ies, using S. ratti and S. stercoralls antigens, in

parasitologically-defined persons. Finally, the

prevalence of antibodies in a tropical population

in which strongyloidiasis was not suspected is re-

ported.

MATERIALS AND METHODS

Pati.ents

Sera were collected from 160 Australian ex-ser-

vicemen who had been prisoners-of-war in South-

east Asia during the Second World War. The clin-

ical characteristics and parasitological aspects of

these men have been described previously;a a di-

agnosis of strongyloidiasis was confirmed in 44

persons and suspected, but not proven despite re-

peated testing, in a small proportion of the re-

mainder. Sera were obtained from 44 age-

matched Australian veterans who had not served

overseas and who had not lived in the northern

parts of Australia or elsewhere in the tropics. Fi-

nally, sera from 44 Filipino subjects were tested;

they were not age-matched but all were adults,

and 91Vo were males. These persons have been

described elsewhere;S 6l% had filariasis' Further-

more, an earlier study had shown that 68Vo of

similar persons living in the same area had ,4s-

caris lumbri.coides infecttons and 56Vo were in-

fected with Tri.churis trichiura.6 Hookworm eggs

were seen in the feces of approximately 15% of

subjects, but this is probably a gross underesti-

mate as the Kato technique was employed; this is
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FrcuRE 1. Serum fluorescent antibody titers in 44 Australian ex-prisoners-of-war in whom strongyloidiasis was

proven parasitologically, and in 1 16 persons in whom worms were not found. The percentage of subjects is plotted

against the reciprocal of the final serum dilution giving a positive reaction. A value of 0 represents no reaction with
serum diluted 1:2, while a value of 2 represents a positive reaction with serum diluted i:2.

an insensitive method for detecting this parasite.

S. stercoralis was not specifically looked for and

was not seen.

Strongyloides ratti

A homogenic strain of S. ratti was maintained

by serial passage in Sprague-Dawley rats. Tech-

niques for the isolation of filariform larvae have

been described earlier. 7

Strongyloides stercoralis

The parasite \Mas obtained from the feces of one

of the patients described above. Moistened feces

were kept for 2 weeks at room temperature on a

watch glass in a petri dish containing water. Fi-

lariform larvae were recovered from the water,

washed several times in phosphate buffered saline

(PBS) then a 7-week-old dog was infected percu-

taneosly with 2,000 larvae. Worms appeared in

the stools 3 weeks after infection and persisted

thereafter. Larvae used in the antibody assay were

obtained from feces of this animal.

Antibody assays

Preliminary studies compared fluorescence us-

ing heat-killed, formalin-killed, and living infec-

tive larvae of S. ratti. The clearest and most con-

sistent fluorescence was seen with living worms,

so fresh preparations of these larvae were em-

ployed routinely. Sera were diluted serially with

PBS in 3-ml plastic tubes (Disposable Products,

Ridleyton, South Australia). Approximately 50 fi-
lariform larvae in 2O0 p,l of PBS were added to

each 200 pI of serum dilution, then the tubes were

incubated at37'C for t hour. Larvae were washed

three times by suspension in PBS and centrifu-

gation at 200 x g for 5 min at room temperature.

Fluoresceinated sheep- anti-human globulin
(Wellcome Laboratories, Beckenham, England)

was diluted 20 times in PBS and 50 pl was added

to each tube. The suspension was incubated for

a further hour at 37'C, then the worms were

washed three times in PBS. The tubes were placed

on an ice bath in order to inhibit movement of

larvae, then the worms were transferred to glass

slides and coverslips were added. A Zeiss fluores-
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Frcunr 2. Serum fluorescent antibody titers in 44 Australian control subjects who had not been exposed to S.
stercoralis, and in 44 Filipino subjects.

cent microscope with fluorescein-selective filter
system 488710 was used. A larva was considered

to show positive fluorescence when the cuticle flu-

oresced distinctly and completely on 400X mag-

nification. A minimum of six larvae were observed

at each serum dilution; a positive result was re-

corded when at least two-thirds of larvae dem-

onstrated such fluorescence. Negative and posi-

tive control sera were included in each test.

The same protocol was used initially for infec-

tive larvae of S. stercoralis, brtt very little fluo-
rescence was seen. These larvae were noticed to

be excessively motile when incubated at 37'C in

comparison with those of S. ratti. It was thought

that enhanced mechanical and metabolic activity
may inhibit binding or wash off bound immuno-

globulin. When worms were incubated at 8"C,

fluorescence similar to that seen with S. ratti lar-
vae was observed; this incubation temperature

was used thereafter. Control tubes with S. ratti
larvae and known positive serum were included

on each occasion, and gave expected and consis-

tent results.

Soluble antigens

Soluble antigens were prepared from infective

larvae of S. ratti, aillJt Dirofilaria immitis (kind-

ly supplied by Dr. J. Dunsmore, School of Vet-

erinary Studies, Murdoch University, W.A.), and

adult Ascaris suuru. (obtained from the local abat-

toir). The worms were ground in Pyrex tissue

grinders, incubated at 4oC overnight, then centri-

fuged for t hour at 30,000 X g. The supernatant

was collected and the protein content determined,

then adjusted to a concentration of 1 mgiml.

Antibody titers of pooled positive serum were

measured before and after incubation at 37oC for

t hour with equal volumes of S. ratti, D. immitis

and A. suum antigen solutions.

RESULTS

Fluorescent antibody titers against infective Iar-

vae of S. ratti are shown in Figures 1 and 2. No

antibody was detected in 89Vo of the Australian

control subjects, and only one person had a titer
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FrcuRE 3. Comparison of serum fluorescent antibody titers of 20 selected

as the source of.antigen.

greater than 1:2. Antibody titers in Australian pa-

tients with proven strongyloidiasis followed an

approximately normal distribution with titers

ranging from 1:2 to 1:512. There was minimal

overlap between patients and control subjects

(P < 0.001, Wilcoxon's sum of ranks test).

Fifteen percent of veterans who had been pris-

oners-of-war, but in whom strongyloidiasis had

not been proven parasitologically, had serum an-

tibody titers >1:4.

The majority of Filipino subjects tested had sig-

nificant antibody titers against S. ratti. Agun,

there was an approximately normal distribution

of serum antibody levels, but the mean titer (1:15)

Taslr 1

Sevum antibody titers of pooled immune serum before

and after incubation with soluble antigen extrl,cts of
Strongyloides ratti, Ascaris suum, and Dirofilaria im-
mitis
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sera with S. ratti or S. stercoralis

was less than that in Australians with proven

strongyloidiasis (1:45).

In order to determine whether there may be

cross-reactivity between Strongyloides antigen

and, Ascaris and filarial antigens, serum was

preincubated with antigen extracts of these par-

asites, then Strongyloides antibody titers were

determined. There were no changes in levels after

incubation witt, Ascaris and filarial antigens, but

a dramatic 64-fold fall in titer occurred after in-

cubation with S. ratti. antigen (Table 1).

When infective larvae of S. stercoralis became

available, antibody titers of 20 selected sera were

measured. There was a highly significant corre-

lation (r : 0.89, P < 0.001) between antibody

Ievels obtained with S. stercoralis and S. ratti
larvae, although they tended to be slightly higher

with the former parasite (Fis. 3).

DISCUSSION

One of the major limitations in the immunod!

agnosis of helminth infections is that the demon-

stration of antibodies indicates only the presence

of infection but provides no information concern-

ing the intensity of that infection. This is impor-

tant in many helminthiases, as the severity of dis-

Serum antibody titer

Antisen
Pre-

incubation
Post-

incubation

S . ratti
A. suum

D. immitis

128

t28
128

2

t28
t28
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ease appears to be proportional to the worm
burden. This difficulty does not apply in stron-
gyloidiasis, however, as S. stercoralis has the ca-

pacity, unusual among worms, to replicate within
the human host. This ability accounts not only for
the long duration of infection in many persons,

but also for the explosive illness which may su-

pervene in immunosuppressed patients.s A reli-

able serological assay would assist in confirming
the diagnosis in symptomatic people, should aid
in the identification of asymptomatic, infected
persons who are at risk of developing overwhelm-

ing strongyloidiasis, and may be a useful param-

eter for assessment of the response to treatment.

A number of attempts have been made to de-

velop an immunological test for the diagnosis of
strongyloidiasis; these have included both serolog-

ical assayslrla and skin tests. There have been

two major problems in the development of such

assays. The first has resulted from the limited

availability of suitable antigens. Indeed, some

workers have relied on supposed cross-reactivity

with other worms, e.g., filariae.13 We have main-

tained S. ratti in rats and this has provided a

constant and safe source of antigens which seemed

Iikely to be relevant. Secondly, many patients

with strongyloidiasis have concurrent infections

with other gastrointestinal helminths and the pos-

sibility of cross-reactions has placed doubts on the

specificity of the assays. The ex-servicemen we

investigated have provided a rare opportunity to

assess serological responses in isolated Strongy-

loides infections. Many of these veterans were in-
fected with hookworm, Ascaris lurnbricoides and
Trichuris trichiuya during the war, but since

these helminths cannot multiply, those infections

have subsided spontaneously. In contrast, infec-

tion with S. stercoralis has persisted for at least

35 years.

The present study has clearly shown that when
living filariform larvae of S. ratti are used, anti-

bodies can be detected with a high degree of sen-

sitivity and specificity using an immunofluores-

cent technique. Strongyloidiasis is not endemic in
southern Australia, and only one of the control
persons from this area had a serum antibody titer
of >1'.4. His antibody titer was very high, sug-

gesting that he may truly have been infected with
S. stercoralis. Unfortunately, we were not able to

investigate him intensively by parasitological

means. However, he gave a history of having vis-

ited Fiji during a cruise in the South Pacific; he

may have acquired the infection there as it is not

uncommon for Australian tourists to become in-

fected with this worm after walking barefoot

along the beaches in Fiji (W. B. Hennessy; St.

Vincent's Hospital, Sydney, personal communi-

cation).

In contrast, only one veteran with parasitolog-

ically proven strongyloidiasis had a serum anti-

body titer of (1:4. The reason for this low titer
is uncertain, but it is possible that a laboratory

error may have led to a false diagnosis of stron-
gyloidiasis, particularly as this individual was

asymptomatic. There is no doubt, however, that
the veteran with a serum titer of ( 1:4 was infected,

as parasites were found both in 1946 and again

recently. Nevertheless, there was very little over-

lap in the distribution of serum antibody titers in
patients with proven strongyloidiasis and in con-

trol subjects without strongyloidiasis. In any case,

the occasional false negative result is far less fre-

quent than the number of false negatives given by

parasitological examinations; 32Vo of persons with
ultimately proven strongyloidiasis were negative

on the first occasion, despite a combination of te-

cal microscopy, fecal culture and microscopy of

duodenal fluid.a

Fifteen percent of veterans who were prisoners-

of-war but in whom parasites were not found had

a serum antibody titer of >1:4. Since we have

shown that the chances of finding larvae are pro-

portional to the number of specimens examined,4

it seems likely that these persons have cryptic in-

fections with S. stercoralis; indeed one of these

men had pathognomonic larva currens.

When this study had been completed, a dog was

successfully infected with S. stercoralis obtained

from one of the veterans. This provided an op-

portunity to correlate antibody titers measured

using this parasite with those found when the

closely-related S. ratti was employed. There was

a highly significant correlation between the two

species, thus validating the usefulness of S. ratti
as a source of antigen in the immunodiagnosis of

strongyloidiasis. The antibody titers obtained

with S. stercoralis were slightly higher than those

found when S. vatti was employed; this may in-

dicate greater sensitivity when the homologous

parasite is used, or may reflect the difference in

temperature at which the larvae were incubated.

These studies indicated the sensitivity of the

assay but provided no information concerning its

specificity. For these reasons, antibodies were

sought in the sera of Filipino patients, many of

whom were known to have filariasis. An earlier



study had shown that many similar people living

in the same region were infected with Ascaris

lumbricoides, Trichuris trichiura and hookworm,

but the technique used was inappropriate for es-

timating the prevalence of strongyloidiasis. When

serum antibodies against Strongyloides were mea-

sured, the distribution was very similar to that

seen in patients with known strongyloidiasis, with
84% of Filipinos having titers of >1:4. This in-

dicates either that strongyloidiasis is endemic

among these people, or that there is cross-reactiv-

ity with other gastrointestinal helminths or with

filariae.13 In order to differentiate between these

two possibilities, pooled Strongyloides positive

sera were preincubated with soluble antigens pre-

pared from S. ratti, A. suum and D. immitis, the

latter two being the worms most similar to the

human parasites that were available. There was

a marked fall in titer after incubation with Stron-

gyloides antigen but no change in titer after in-

cubation with Ascaris or Dirofilaria antigens,

thus suggesting that there is no significant cross-

reactivity between these parasites in this system.

It is possible that humans may recognize meta-

bolic larval antigens not obtained by extraction of

adult ,4. suum and D. immitis, but it seems un-

likely that this would produce false positive re-

actions since a similar somatic preparation of S.

ratti, which did not include these products, pro-

duced a marked fall in antibody titer to Stron-

gyloi.des.

In conclusion, this study has shown that an im-

munofluorescent antibody assay done with living

filariform larvae of S. ratti. is sensitive and spe-

cific for the diagnosis of human strongyloidiasis.

S. ratti. is easily available, safe to use, and the

results correlate well with those found when S.

stercoralis is employed. This test is simple, does

not require the collection of feces or duodenal

fluid, and is much less unpleasant than fecal mi-

croscopy, a procedure which sometimes needs to

be repeated many times.
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