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Abstract. Strongyloides hyperinfection syndrome and disseminated strongyloidiasis frequently occur in immunocompro-
mised persons and can lead to high complication and mortality rates. Thus, detection of Strongyloides stercolaris in those
patients is crucial. The present study aimed to determine the prevalence of strongyloidiasis and compare the detection
rates of different strongyloidiasis detection methods. We conducted a cross-sectional study of 135 adults with various
immunocompromising conditions (corticosteroid usage, chemotherapy, hematologic malignancies, organ transplants, use
of immunosuppressive agents, and symptomatic human immunodeficiency virus infection) in Phramongkutklao Hospital,
Bangkok, Thailand. All patients were asked to undergo serology testing for Strongyloides IgG by indirect enzyme-linked
immunosorbent assay (ELISA), and 3 days of stool collection for use in a simple smear along with formalin–ether con-
centration and agar plate techniques. Prevalence rates of strongyloidiasis were 5% by stool concentration technique,
5.4% by IgG-ELISA, and 6.7% by agar plate culture. Three of the eight strongyloidiasis cases in this study had
hyperinfection syndrome. The tested risk factors of age, sex, occupation, and immunocompromising condition were not
associated with Strongyloides infestation. Serology was only 42.9% sensitive (positive predictive value), but it was 96.3%
specific (negative predictive value). In conclusion, prevalence rates of strongyloidiasis in this study were 5–7%. Although
agar plate culture was the most sensitive technique, the other diagnostic methods might be alternatively used.

INTRODUCTION

Strongyloidiasis, an infection caused by Strongyloides
stercolaris, is a common disease in tropical areas. Serious
clinical syndromes, such as hyperinfection syndrome and
disseminated strongyloidiasis, usually occur in immunocom-
promised populations. Typically, these include patients suffering
from cell-mediated immune response defects, such as patients
receiving corticosteroid therapy, immunosuppressive drugs, or
chemotherapy, as well as patients with hematological malignan-
cies, transplants, human immunodeficiency virus (HIV) infec-
tion, or human T-lymphotropic virus, type 1 (HTLV-1) infection.1

Diagnosing strongyloidiasis is problematic. Many diagnostic
tests are available, but all have limitations. Culture techniques,
such as the Harada Mori culture technique, polyethylene tube
culture technique, and agar plate culture technique, along
with methods used to detect larvae or adult worms are
currently the clinical gold standards. However, all of these
techniques are limited by the need for fresh stools, time con-
sumed by the technique, high expense, and/or lack of avail-
ability in a general setting.2–4 Occasionally, stool concentration
techniques have low sensitivities because S. stercolaris has
a low parasite load and irregularly passes through stool2;
repeated sampling is therefore required to increase sensitivity.
Serology by Strongyloides IgG testing is also useful in diagnostic
and follow-up testing of chronic strongyloidiasis in endemic
areas, refugees from endemic areas and pretransplant patients.5–8

Although various serological tests for detecting strongyloidia-
sis exist (e.g., indirect immunofluorescence tests, enzyme-
linked immunosorbent assays [ELISA], immunoblot tests, and
indirect hemagglutination tests), they are all limited by cross-
reactivity with other parasites, especially filarial infections.3

Moreover, few studies of serology diagnosis in immunocom-
promised patients have been published.9

The present study aimed to determine the prevalence of
strongyloidiasis in patients with various types of immuno-
compromising conditions in an urban setting in Thailand,
and to compare the detection rates of different methods.

MATERIALS AND METHODS

The study was conducted in the Department of Medicine,
Phramongkutklao Hospital, Bangkok, Thailand, from March
2010 to December 2010. Immunocompromised patients were
defined as those receiving treatment with corticosteroids,
immunosuppressive drugs, or chemotherapy; patients with
hematological malignancies; organ transplantation patients;
and HIV-infected patients who were symptomatic (having an
acquired immune deficiency syndrome–defining illness) and/or
had CD4+ cells < 200/mm3. We excluded patients younger
than 18 years of age; patients who could not provide adequate
specimens because of gastrointestinal (GI) bleeding; critically
ill patients; and those who had received antiparasitic drugs
within the 4 weeks before the study. All subjects gave written
informed consent. The study was approved by the Ethics
Committee of the Royal Thai Army Medical Department.
Sample collection and testing. Patients were asked for

three stool specimens produced on different days after admis-
sion. Stool samples were sent to the Department of Parasitol-
ogy, Phramongkutklao College of Medicine within the same
day of collection for fresh stool examination by the simple
smear technique and for use in the formalin–ether concentra-
tion technique to detect any parasites, as well as use in the
agar plate culture method to detect larvae of soil-transmitted
helminths, Strongyloides, hookworm, and Trichostrongylus.
The agar plate culture method used nutrient agar, which was
incubated at 25°C (room temperature was about 30°C) for at
least 3 days. The larvae were identified under a light micro-
scope. In addition, modified acid fast bacilli and Trichrome
staining, and polymerase chain reaction with primers specific
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for Blastocystis sp. were performed to identify other para-
sites. Blood samples were collected for S. stercolaris serology.
The molecular weight cutoff antigen (< 30 kDa) in the pres-
ent study was prepared by using a modified version of a
technique previously described by Dekumyoy and others10

The Strongyloides infective larvae extract was filtered through
an Ultrafree-MC centrifuge filter tube (Belford, MA; filter
code: PLKT, 30 kDa) by centrifugation. In the previous study,
the IgG-ELISA using this antigen had a sensitivity of 96.15%
and a specificity of 78.44%. In the modified technique, the
filtrates (< 30 kDa) were recentrifuged using a new filter
tube following the same process. The filtrate was a partially
purified antigen, which was determined by an IgG-ELISA.
This test was 96% sensitive and 94% specific (P. Dekumyoy,
unpublished data). The indirect ELISA was done by detection
of Strongyloides-specific IgG at the Department of Helmin-
thology, Faculty of Tropical Medicine, Mahidol University.
All cases of uncomplicated strongyloidiasis were treated with

ivermectin, 200 mcg/day, once daily for two consecutive days.
Severe forms of strongyloidiasis diseases (hyperinfection
syndrome and disseminated strongyloidiasis) were treated
with ivermectin, 200 mcg/day, once daily, for 2 weeks after
the parasites were cleared.
Two-tailed Fisher’s exact tests were used to define asso-

ciations between selected factors and positive Strongyloides
laboratory results. Epi Info v.3.5.3 (CDC, Atlanta, GA) was
used for statistical analyses. A value of P < 0.05 was consid-
ered significant.

RESULTS

We enrolled 135 patients, including 69 (51.1%) men and
66 (48.9%) women. Their mean age was 48.42 ± 17.23 years.
Their mean body mass index was 21.52 ± 4.87 kg/m2. Their
mean serum albumin level was 3.26 ± 0.8 g/dL. Their
immunocompromising conditions included 54 who received
corticosteroids (median dose: 30 mg/day, over a median period
of 8 weeks), 53 receiving chemotherapy, 54 with hematologic
malignancies, six organ transplantation recipients, 11 receiving
immunosuppressive agents, and 20 with symptomatic HIV
infections. Forty-nine patients had two or more immuno-
compromising conditions. Clinicopathological factors did not
differ significantly between patients with and those without
strongyloidiasis (Table 1).
Serum samples were collected from 130 patients. We col-

lected one stool sample each from 120 patients, two samples
from 80 patients, and three samples from 46 patients (Figure 1).
The prevalence rate of strongyloidiasis was 5%, 5.4%, or
6.7%, depending on whether it was assessed by using the stool
concentration technique, the IgG-ELISA technique, or the
agar plate culture technique. The use of three agar plate cul-
tures for individual patients (the current gold standard) was
75% sensitive and 100% specific, and this method had a 100%
positive predictive value (PPV) and a 98.3% negative predic-
tive value (NPV). In contrast, serologic study by IgG-ELISA
was only 42.9% sensitive and 96.3% specific, with a 42.9%
PPV and a 96.3% NPV (Table 2).
Among the eight patients who were strongyloidiasis-positive,

five had chronic strongyloidiasis and three had Strongyloides
hyperinfection syndrome (SHS). We did not see any cases of
disseminated strongyloidiasis, which is defined by the detec-
tion of Strongyloides larva outside of its life cycle.1

Of the three patients with SHS, two were receiving steroids
and one had acute myeloid leukemia. All three had fever, and
two had diarrhea. In two cases, the diagnoses of SHS was
made by the presentation of Strongyloides larvae in the sputum
examinations, and in the third case, this diagnosis was made
by the presentation of massive amounts of Strongyloides larvae
in the stool examination along with Salmonella septicemia. All
three SHS cases had coinfections, two of which were Gram-
negative bacteremia.One patient had both pulmonary nocardiosis
and aspergillosis in addition to the finding of Strongyloides larvae.
None of these patients had eosinophilia, nor could an association

TABLE 1
Clinicopathological data of immunocompromised patients tested
for strongyloidiasis

Variable Total
Strongyloides-
positive (n) % P value*

Sex 0.275
Male 69 6 8.7
Female 66 2 3.0

Age 0.690
≥ 60 years 39 3 7.7
< 60 years 96 5 5.2

Occupation 1.000
Soil exposure† 46 3 6.5
No soil exposure 89 5 5.6

HIV infection 0.604
Yes 20 0 0.0
No 115 8 7.0

Steroid treatment 1.000
Yes 54 3 5.6
No 81 5 6.2

Hematologic malignancy 1.000
Yes 54 3 5.6
No 81 5 6.2

Chemotherapy 0.711
Yes 53 4 7.5
No 82 4 4.9

Eosinophilia 0.547
Yes 12 1 8.3
No 119 7 5.9

≥ 2 immunocompromised conditions 0.710
Yes 49 2 4.1
No 86 6 7.0
HIV = human immunodeficiency virus.
*Two-tailed Fisher’s exact test.
†For example, farmers, soldiers, and laborers.

FIGURE 1. Numbers and intersection of stool and blood specimens.
Sp = specimen.
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between eosinophilia and strongyloidiasis be demonstrated
from the cohort as a whole (Table 1). Only 50% (four of eight)
of the strongyloidiasis patients reported gastrointestinal symp-
toms, of which themost common symptomwas abdominal pain.
Apart from strongyloidiasis, the other detected parasitic

infestations in our subjects were Opisthorchis viverrini (0.8%),
Entamoeba histolytica (4.2%; confirmed by the visualization,
after Trichrome staining, of ingested red blood cells inside of
a trophozoite), Giardia intestinalis (1.7%), and Blastocystis
hominis (3.3%). Agar plate culture showed no larvae of other
soil-transmitted helminths, hookworm, or Trichostrongylus spp.

DISCUSSION

Globally, Thailand is a hotspot for strongyloidiasis.11 Vari-
ations in strongyloidiasis prevalence have been observed
in different populations, times, and methods of diagnosis.
Strongyloidiasis in Thailand has a high prevalence in the
northeast and northern parts of the country.12 In 2000, the
prevalence rate of strongyloidiasis in northeast Thailand with
different methods of detection were 34.2% by the agar plate
culture technique and 47.5% by modified unit-based ELISA.12

In 2004, a study of strongyloidiasis in northern Thailand found
a prevalence of 15.9%, using both Kato and agar plate culture
techniques.13 In the present study, the 6.7% prevalence found
by using the agar plate technique was lower than that of the
2004 study in northern Thailand. This may be explained by
the different population types assessed in the two studies. Our
study was a hospital-based study of immunocompromised
adult patients, set in the capital city, whereas the 2004 study
was set in a general population in a rural village. Most of the
patients in our study had nonagricultural occupations, most
commonly administrative work (26.7%). Thus, strongyloidiasis
was not associated with soil-exposure occupations in our study
(Table 1).
Agar plate culture remained the test of choice in our study,

which concords with previous studies in which the agar plate
culture method had the best yield in general populations.4,14,15

However, unlike some other studies, ours failed to show
increased yields with repeated specimens.16,17 Specifically,
Hirata and others16 found that repeated agar plate culture
examinations of three stool samples could increase the cumu-

lative detection rate of the mild form of strongyloidiasis by
approximately twice that of a single examination.
A meta-analysis study by Schar11 showed that sensitivities

of serology testing in community- and hospital-based studies
were 88–98% and 94–99%, respectively. In our study, serol-
ogy was only 42.9% sensitive and 96.3% specific, with a
42.9% PPV and a 96.3% NPV. We observed some positive
results from an anti-Strongyloides IgG-ELISA of samples
from patients with negative results from stool-based exami-
nations in our study, which could be explained by either
previous infections or false positives. In 2001, Schaffel and
others9 in Brazil studied the role of ELISAs in the diagnosis
of strongyloidiasis in patients with hematologic malignancies,
and they also found a low sensitivity of 68%, along with
a slightly higher specificity at 89% when the Baermann–
Moraes method was used as the gold standard for detecting
Strongyloides larvae in three stool samples. The lower sen-
sitivity of serology in the immunocompromised population
may reflect a decreased level of antibody production in this
population.3,9 Thus, serology-based tests are not a useful
screening test for identifying strongyloidiasis in this popula-
tion. Although serology provided a high specificity, it had a
low PPV and a high NPV due to the low prevalence in our
study population. However, the high NPV of serology sug-
gests that it can be used as an alternative method to rule out
or exclude strongyloidiasis in immunocompromised patients
who have negative serology.9

Although the agar plate culture method remains the gold
standard for diagnosis of strongyloidiasis in immunocompro-
mised persons, it has the disadvantages of limited availability
and a need for fresh stool. In contrast, some other methods
can find other helminths and protozoa, whereas the agar
plate culture can detect only Strongyloides spp., hookworm,
and Trichostrongylus spp. Detection of other helminthiases is
also useful in interpreting the results of antibody-detection
assays. In addition, drawing blood for serology testing is more
convenient than fecal collection in a hospital setting; we could
collect 130 serum specimens, but were only able to collect
three stool samples each from 46 patients. We recommend the
use of multiple methods of Strongyloides detection to comple-
ment each other, especially for immunosuppressed patients.1,12

Risk factors for strongyloidiasis, such as chronic alcoholism,
HIV infection, and malnutrition (body mass index < 18.5 kg/mm2

or serum albumin < 3 g/dL) were explored in the present
study, but no risk factors were identified, which was dissimilar
to previous reports (data not shown). Chronic alcoholism was
found to be a high risk factor for Strongyloides infection in a
study by Marques and others and in the meta-analysis study
from Schar and others.11,18 This discrepancy between those
studies and ours may be due to the fact that the immunocom-
promised patients in our population were mainly suffering
from malignancies, and only three were active alcoholics.
Strongyloidiasis in HIV infection has been a controversial

issue. Although disseminated strongyloidiasis was previously
recognized as an opportunistic infection, it was removed
from that list in 1987.19 Few studies have shown results about
the risk of strongyloidiasis in HIV-infected patients, and cor-
ticosteroid use in severe Pneumocystis pneumonia has been
suspected as a confounding factor.1,11 In Thailand, a hospital-
based study from a northeastern province revealed that
the prevalence of strongyloidiasis was significantly higher
in HIV-positive patients than in HIV-negative patients;

TABLE 2
Sensitivity, specificity, PPV, and NPV of agar plate culture and stool
concentration tests of stool specimens obtained over 1, 2, or 3 days

Methods
Positive/
total Cumulative Sensitivity Specificity PPV NPV

Agar × 1, n 7/120 7 7/8 112/112 7/7 112/113
% 5.8 5.8 87.5 100.0 100.0 99.1
Agar × 2, n 5/80 7 7/8 112/112 7/7 112/113
% 6.3 5.8 87.5 100.0 100.0 99.1
Agar × 3, n 3/46 8* 8/8 112/112 8/8 112/112
% 6.5 6.7 100.0 100.0 100.0 100.0
Conc × 1, n 6/120 6 6/8 112/112 6/6 112/114
% 5.0 5.0 75.0 100.0 100.0 98.2
Conc × 2, n 4/80 6 6/8 112/112 6/6 112/114
% 5.0 5.0 75.0 100.0 100.0 98.2
Conc × 3, n 2/46 6 6/8 112/112 6/6 112/114
% 4.3 5.0 75.0 100.0 100.0 98.2
Serology test, n 7/130 – 3/7 104/108 3/7 104/108
% 5.4 – 42.9 96.3 42.9 96.3
Agar = agar plate culture; Conc = stool concentration; NPV = negative predictive value;

PPV = positive predictive value.
*One additional case detected at the third agar plate culture.
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however, data regarding corticosteroid usage was not men-
tioned in that paper.20

There were limitations to the present study. First, the small
sample size with a low prevalence of strongyloidiasis may
have inadequate power to detect the different positive rates
between tests. Second, as our study had few patients with
each immunocompromising condition type, so the results may
not be applicable for each disease. Although the ELISA test
used in the present study was a noncommercial method, a
previous study suggested its high sensitivity and specificity.
However, using an in-house ELISA in the present study might
limit the application of our findings in other setting. Finally,
HTLV1 testing was not applied in our setting because HTLV1
is not endemic in Thailand.

CONCLUSION

The agar plate method had the highest detection rate for
strongyloidiasis among patients with various types of immuno-
compromising conditions, whereas serology testing showed a
low yield in this setting. Our finding supports those of previ-
ous studies, which found that strongyloidiasis is a problem in
immunocompromised patients in tropical areas and that agar
plate culture should be used as the standard for strongyloidia-
sis diagnosis. However, the burden of severe forms of strongy-
loidiasis in immunocompromised patients urges investigators
to develop more sensitive tests.
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