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Abstract. This study was performed to evaluate nested polymerase chain reaction (PCR) and real-time PCR methods
for detection of Strongyloides stercoralis in fecal samples compared with parasitological methods. A total of 466 stool sam-
ples were examined by conventional parasitological methods (formalin ether concentration [FEC] and agar plate culture
[APC]). DNA was extracted using an in-house method, and mitochondrial cytochrome c oxidase subunit 1 and 18S ribo-
somal genes were amplified by nested PCR and real-time PCR, respectively. Among 466 samples, 12.7% and 18.2% were
found infected with S. stercoralis by FEC and APC, respectively. DNA of S. stercoralis was detected in 18.9% and 25.1%
of samples by real-time PCR and nested PCR, respectively. Considering parasitological methods as the diagnostic gold
standard, the sensitivity and specificity of nested PCR were 100% and 91.6%, respectively, and that of real-time PCR
were 84.7% and 95.8%, respectively. However, considering sequence analyzes of the selected nested PCR products, the
specificity of nested PCR is increased. In general, molecular methods were superior to parasitological methods. They
were more sensitive and more reliable in detection of S. stercoralis in comparison with parasitological methods. Between
the two molecular methods, the sensitivity of nested PCR was higher than real-time PCR.

INTRODUCTION

Strongyloidiasis is estimated to infect 30–100 million people
worldwide. This parasitic disease is caused by the intestinal
nematode Strongyloides stercoralis.1,2 Most patients with stron-
gyloidiasis are asymptomatic while some have a variety of
gastrointestinal, cutaneous, or pulmonary symptoms. Chronic
strongyloidiasis may lead to hyperinfection syndrome or life-
threatening disseminated infections in immunocompromised
patients, such as transplant recipients and those receiving cor-
ticosteroid treatment.3,4 As the number of immunocompro-
mised patients is dramatically increasing, severe complicated
strongyloidiasis could pose a major problem to such patients.1

Therefore, a precise and reliable diagnosis method is essen-
tial for rapid detection of the parasite in at-risk patients to
decrease the mortality and morbidity rate of the infection.
Currently, there is no definitive gold standard test for diag-

nosis of S. stercoralis infection.5 Many parasitological methods
have been used for detection of larvae in stool samples,
including formalin–ethyl acetate concentration, the Baermann
method, the Harada-Mori culture method, and nutrient agar
plate culture (APC).2 Parasitological methods are often insen-
sitive, because the parasitic load is usually low and the larval
output is minimal.1 To increase the test sensitivity, multiple
stool sampling over consecutive days is required.6 Since the
introduction of APC as a method for detection of S. stercoralis
several studies confirmed its superiority to other parasitologi-
cal methods.7,8 However, this method is difficult, time consum-

ing (requiring 2–3 days), labor intensive, and also requires
freshly collected stool and expert microscopists.2,8

Various serodiagnostic assays including enzyme-linked immu-
nosorbent assay, indirect immunofluorescence assay, and west-
ern blot have been reported with variable sensitivity and
specificity depending on antigen preparation and immuno-
globulin isotopes. Immunodiagnostic methods have higher
sensitivity than conventional microscopic methods. They are
useful for screening, but have lower specificity because of
cross-reactivity with other helminths commonly coinfecting
populations in endemic areas.5,9

Among molecular methods, real-time PCR targeting ribo-
somal RNA (rRNA) genes for specific detection of S. stercoralis
DNA in fecal samples has been evaluated in a few studies
with variable results.10–15 Accordingly, it appears that the
method of DNA extraction is a key factor influencing the
results of the evaluated tests. So, to increase the sensitivity
of molecular methods, utilization of an appropriate DNA
extraction technique is necessary. In addition, comparative
efficacy evaluations of different molecular methods will
pave the way for identifying the most reliable method.
In this study, two molecular methods (nested PCR and real-

time PCR) were evaluated for the diagnosis of S. stercoralis in
fecal samples in comparison with two most common parasito-
logical methods (formalin ether concentration [FEC] and
APC). This study was performed in an S. stercoralis-endemic
area of Iran16 on a large sample size of indigenous people
with a wide range of clinical symptoms and parasitic load.

MATERIALS AND METHODS

Sample collection. During 2010–2013, a total of 466 fresh
stool samples were collected from areas endemic of strongy-
loidosis in Iran, including Mazandaran, Guilan, Khuzestan,
and Hormozgan provinces, and, also, from patients referred to
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Helminthological Laboratory of School of Public Health, Tehran
University of Medical Sciences. Presence of any gastrointestinal,
cutaneous, and pulmonary symptoms at the time of sampling
was registered.
Parasitological methods. All fecal samples were examined

using FEC and microscopic examination. The samples were
also subjected to APC as described previously.7 In brief, 3–4 g
of stool was placed on nutrient agar dish. After incubation
at 28–30°C for 2–3 days, the dishes were evaluated by light
microscopy with low magnification for detection of any larva
and adults or their tracks.7,8 For collection of larvae, the sur-
face of the positive agar plate was washed out by lukewarm
phosphate buffer saline (PBS) solution.8 Differentiation of
S. stercoralis from other probable nematode larvae such as
Trichostrongylus spp., hookworm, and also Rhabditis spp.
was carried out based on morphological characteristics.17

Stool samples were categorized in three groups according
to parasitic load as follows: low infection—FEC-negative and
1–4 larvae counted on agar plate surface; moderate infection—
FEC-positive and 5–10 larvae counted on agar plate surface;
high infection—FEC-positive and more than 10 larvae counted
on agar plate surface.
Molecular methods. DNA was extracted from all 466 fecal

samples and subjected to nested PCR and real-time PCR.
DNA isolation. Part of each fecal sample was preserved in

70% ethanol at room temperature for DNA isolation. DNA
was extracted using an in-house (IH) method described by
Repetto and others18 with the following modifications: prior
to DNA extraction, stool samples were washed twice with
sterile distilled water followed by centrifugation at 2000 × g
for 5 minutes to remove the ethanol. Approximately 1 g stool,
diluted in 10 mL PBS, was subjected to 5 cycles of freez-
ing (liquid nitrogen) and thawing (in boiling water). About
500 μL PBS-diluted stool was incubated overnight with
500 μL GTES buffer (100 mM glycine, 0.05% sodium
dodecyl sulfate [SDS], 100 mM Tris/Cl, and 1 mM ethyl-
enediaminetetraacetic acid [EDTA]) at 37°C,18,19 followed
by three cycles of freeze thawing. Samples were mixed with
200 mg of glass beads (0.5 mm in diameter) and shaken vigor-
ously for 5 minutes. The suspension was incubated for 12 hours
in nematode lysis buffer (100 mM EDTA, 100 mM NaCl,
100 mM Tris pH 7.5, 0.05% SDS, proteinase K 100 μg/mL)
at 37°C.18 Next, the samples were extracted twice with one
volume of phenol–chloroform–isoamyl alcohol (25:24:1), and
DNA was precipitated with an equal volume of isopropanol
and 1 mL of 100% ethanol, respectively. The pellet was
washed with 300 μL of 70% ethanol, dried, and eluted in
100 μL of TE buffer (10 mM Tris, 1 mM EDTA pH 8) and
stored at −20°C until use.
Nested PCR. On the basis of alignment of different sequences

related to S. stercoralis, deposited in GenBank (accession
nos.: AB526297, AB526298, AB526299, AB526300), two sets
of primer pairs were designed for nested PCR using DNASIS
software (Hitachi, Tokyo, Japan) to enable amplification of a
509-bp target in the first PCR round and a 261-bp target in
the second PCR round in the mitochondrial cytochrome c oxi-
dase subunit 1 (cox1) gene. PCR reactions were performed
in 20 μL volumes containing 2 × red PCR premix (Ampliqon,
Odense, Denmark), 10 pmol of each primer and 4 μL of
DNA template for the first amplification round, and 1 μL of
1/40 diluted first-round PCR product for the second amplifica-
tion round. For the first amplification round, the primers cox

F (5′TGG TTT GGG TAC TAG TTG-3′) and cox R (5′-
GAT GAG CTC AAA CTA CAC A-3′) were used and for
the second amplification round, the primers CNF (5′-TTC
TAG TGT TGA TTT GGC T-3′) and CNR (5′-TTA CCA
CCA AAA CTA GGATC-3′) were used. Three negative con-
trols (distilled water) and one positive control (DNA extracted
from filariform larvae of S. stercoralis) were included in each
round. The cycling conditions comprised an initial denaturation
step at 95°C for 6 minutes, 35 cycles of denaturation at 95°C
for 45 seconds, annealing at 55°C for 60 seconds, and exten-
sion at 72°C for 60 seconds, followed by a final extension at
72°C for 6 minutes. PCR conditions for the second round of
amplification consisted of initial denaturation at 95°C for
2 minutes, 25 cycles of 94°C for 15 seconds, 60°C for 30 sec-
onds, and 70°C for 30 minutes, followed by a final exten-
sion at 72°C for 6 minutes. A 5-μL aliquot of nested PCR
product was electrophoresed on a 1.5% agarose gel and
visualized using ultraviolet light after staining with 0.5 μg/mL
ethidium bromide.
Sequencing. To confirm the results of nested PCR, six posi-

tive products including two parasitologically positive and
four parasitologically negative stool samples were selected
randomly and prepared for sequencing. These nested PCR
products were purified using a commercial purification kit
(Bioneer, Daejeon, South Korea), and sequenced unidirec-
tionally using the forward primer used in the second-round
PCR. Sequence results were edited and analyzed by BioEdit
version 7.2 (http://www.mbio.ncsu.edu/bioedit/bioedit.html), and
consensus sequences were compared with GenBank reference
sequences using the BLAST query facility (http://www.ncbi
.nlm.nih.gov/).
Real-time PCR. Real-time PCR was performed using

S. stercoralis-specific primers and probe sequences targeting
a 101-bp small subunit rDNA region (18S) of S. stercoralis
as described previously in a study.10 Forward and reverse
primers and probe sequences were as follows: Stro18S-1530F,
5′-GAA TTC CAA GTA AAC GTA AGT CAT TAG C-3′,
Stro18S-1630R, 5′-TGC CTC TGG ATA TTG CTC AGT
TC-3′, and Stro18S-1586T, FAM-5′-ACA CAC CGG CCG
TCG CTG C-3′-TAMRA. PCR reactions were performed
using the following reaction mixture: 4 μL of 5 × FIREPol
master mix (Solis BioDyne, Tartu, Estonia), 0.2 μM of each
S. stercoralis primer, 0.1 μM of probe, 4 μL of DNA template,
and 11 μL high pure water in a final volume of 20 μL.
Amplification and detection were performed using an ABI

Step One real-time PCR machine (Applied Biosystems, Foster
City, CA). The amplification program consisted of a denatur-
ation step at 95°C for 10 minutes, followed by 40 cycles of
15 seconds at 95°C, and a combined annealing/extension
step at 60°C for 1 minute. Fluorescence was measured at the
end of each extension step.
Analytical sensitivity and specificity of nested PCR and

real-time PCR. To determine the analytical sensitivity of the
nested PCR and real-time PCR, genomic DNA was extracted
from 10 filariform larvae of S. stercoralis using a DNA extrac-
tion kit from Bioneer according to the manufacturer’s protocol;
five 10-fold serial dilutions were prepared (1 through 10−5).
Nested PCR and real-time PCR of these dilutions were car-
ried out in several runs as mentioned above.
PCR specificity was evaluated using extracted DNA

from adult Ascaris lumbricoides, Taenia saginata, Enterobius
vermicularis, and Rhabditis axei. Moreover, genomic DNA
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from stool samples positive for Fasciola hepatica, Dicrocoelium
denriticum, Hymenolepis nana, Trichostrongylus sp., Entamoeba
histolytica, Entamoeba coli, Giardia lamblia, Cryptosporidium
sp., Enterocytozoon bieneusi, Blastocystis, and Cystoisospora
belli was used for specificity testing, along with DNA from cul-
tured Candida albicans.
Ethical approval. This study was reviewed and approved

by the Ethics Committees of Tehran University of Medical
Sciences, Iran.
Data analysis. Data were analyzed using SPSS software

(version 18; SPSS Inc., Chicago, IL) to identify statistically
significant differences between observations using the χ2 test
and to calculate diagnostic sensitivity and specificity of nested
PCR and real-time PCR assays.

RESULTS

Clinical presentation of strongyloidiasis. Overall, 117 people
were diagnosed with S. stercoralis by at least one of the
methods. These patients exhibited a variable range of clini-
cal manifestations. Hence, 60 patients were symptomatic,
three of whom had hyperinfection/disseminated infection and
two of whom had fatal strongyloidiasis; 27 cases exhibited
no symptoms; and in 30 cases, symptom status remained
unknown because of patients not being able to reliably
express the nature of any potential symptoms (because of,
e.g., mental retardation).
Sensitivity and specificity. The detection limit for nested

PCR and real-time PCR corresponded to 10−4 and 10−3 dilu-
tion of DNA of one S. stercoralis filariform larva, respec-
tively (Figures 1 and 2). As, except for S. stercoralis, no
amplification was detected by nested PCR and real-time
PCR from DNAs extracted from all the above mentioned
microorganisms, we considered both methods highly specific
for S. stercoralis.
Comparison of parasitological methods with nested PCR

and real-time PCR. Among the 466 individuals examined,
85 people (18.2%) were found infected with S. stercoralis

by combined parasitological methods (Table 1). The detec-
tion rate for APC and FEC alone was 85 (18.2%) and
59 (12.7%), respectively. APC detected all cases identified as
positive by FEC in addition to 26 more cases. Therefore, APC
was able to detect 1.44 times more positive cases than FEC.
Among 85 parasitologically positive cases, low, moderate,

and high infection rates were found in 26 (30.6%), 22 (25.9%),
and 37 (43.5%) cases, respectively.
Using nested PCR, 117/466 samples (25.1%) were found

positive for S. stercoralis, including all 85 samples positive by
APC and 32 more samples, which were negative both by par-
asitological methods (Table 1). Therefore, there were no par-
asitologically positive cases that the nested PCR failed to
detect. No amplification was detected in negative controls
(Figure 3). The sequencing results of six randomly selected
nested PCR products showed that all of them were S.
stercoralis, according to the alignment with sequences sub-
mitted in GenBank (Figure 4). Since, there is no sensitive
gold standard for the laboratory detection of S. stercoralis,
the combined results of FEC and APC were considered as
diagnostic gold standard in this study. Therefore, diagnostic
sensitivity and specificity of nested PCR test were calculated
as 100% and 91.6%, respectively (Figure 5).
Real-time PCR assay detected S. stercoralis DNA in

88/466 samples (18.9%) (Table 1), all of which tested posi-
tive by nested PCR. However, real-time PCR failed to
detect 13 parasitologically positive cases (Table 1), includ-
ing 11 cases of low infection and two cases of moderate
infection (data not shown). Considering the combination of
FEC and APC as the diagnostic gold standard (Table 1), the
sensitivity and specificity of real-time PCR were 84.7% and
95.8%, respectively (Figure 6). Strongyloides stercoralis thresh-
old cycles (Ct values) in positive samples ranged between
19.55 and 37.60 cycles, with a median Ct value of 31.13 cycles.
Among the 88 samples detected positive by real-time PCR,
72 samples were positive by parasitological methods. The
Ct values of these samples ranged between 19.55 and 27.59
(median = 30.65). The Ct value of the 16 parasitologically
negative but real-time PCR-positive stool samples ranged
between 26.19 and 37.10 (median = 35.06).

FIGURE 1. Agarose gel electrophoresis showing the analytical sen-
sitivity of nested polymerase chain reaction (PCR). The PCR prod-
ucts are as follows: lane 1, DNA from one Strongyloides stercoralis
filariform larva; lane 2, 10−1 dilution of DNA from one S. stercoralis
filariform larva; lane 3, 10−2 dilution of DNA from one S. stercoralis
filariform larva; lane 4, 10−3 dilution of DNA from one S. stercoralis
filariform larva; lane 5, 10−4 dilution of DNA from one S. stercoralis
filariform larva; lane 6, 10−5 dilution of DNA from one S. stercoralis
filariform larva; lane 7, negative control; and lane 8, positive control
(S. stercoralis). M = 100-bp DNA marker.

FIGURE 2. Amplification curves of analytical sensitivity of real-
time polymerase chain reaction (PCR). Curve 1: DNA from one
Strongyloides stercoralis filariform larva; curve 2: 10−1 dilution of
DNA from one S. stercoralis filariform larva; curve 3: 10−2 dilution
of DNA from one S. stercoralis filariform larva; curve 4: 10−3 dilution
of DNA from one S. stercoralis filariform larva.
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With respect to the Ct values of real-time PCR-positive
samples and the intensity of infections, all cases of high infec-
tion, 95.5% cases of moderate infection, and 59.9% cases of
low infection samples could be detected by real-time PCR.
The ranges in Ct values for low, moderate, and high infections
were 28.16–37.59 (median = 35.29), 26.73–37.48 (median =
31.87), and 19.55–35.87 (median = 27.76), respectively. Statisti-
cally, there was a significant association between Ct value and
parasitic load (P < 0.001).

DISCUSSION

Strongyloidiasis is considered an important cause of mor-
bidity and mortality in immunocompromised patients.20 There-
fore, accurate diagnosis and treatment of S. stercoralis infection
is necessary. Conventional parasitological methods are not
sufficiently sensitive to detect strongyloidiasis, and repeated
examinations of stools over a number of consecutive days
are necessary.2 The agar plate culture method has been
recognized as being more sensitive than other parasitologi-
cal methods in the diagnosis of S. stercoralis.2 Similar to
previous studies,8,21 the results of this study confirmed that
the sensitivity of APC was higher than FEC, detecting
1.44 times more positive cases. Nevertheless, its efficacy was
not 100%, therefore, implying the need for new methods
with higher sensitivity. In addition, APC is time consuming,
labor intensive, and requires multiple fresh stool samples and
expert microscopists.8,22

PCR-based methods have shown variable sensitivity for
detection of S. stercoralis in fecal samples.10–15,18 For detec-
tion of intestinal nematodes in stool samples by PCR-based

techniques, optimization of DNA isolation method is essen-
tial, because of existence of large amounts of PCR-inhibitory
substances in fecal samples such as bacterial proteases, nucle-
ases, cell debris, bile acids, and so forth, and also the presence
of a thick and complex cuticle that covers the worms.18,23,24

Repetto and others introduced an improved IH DNA extrac-
tion method based on efficient lysis of larvae and removal of
inhibitors in the fecal samples.18 In this method, 1 g of stool is
used for extraction, whereas routine commercial DNA extrac-
tion kits use only 200–300 mg stool. The DNA extraction pro-
cess is a critical step affecting the efficacy of molecular
methods. In this study, the modified IH method was effi-
ciently applied for S. stercoralis DNA extraction from stool
samples. In fact, utilizing 1 g stool combined with GTES
buffer plus mechanical disruption enables successful DNA
extraction, even in cases of low infection, in which only few
larvae were present in the stool samples.
The cox1 gene was used as a conserved target for the

S. stercoralis-specific nested PCR. Nested PCR not only iden-
tified all parasitologically positive samples (85/466 samples)
as positive, but also 32 additional samples that could not be
detected by parasitological methods. Considering parasito-
logical methods as the gold standard, diagnostic sensitivity
and specificity of nested PCR were 100% and 91.6%, respec-
tively. However, the selected nested PCR products, including
four parasitologically negative samples, were confirmed as
S. stercoralis by sequence analysis. Therefore, deeming these
32 parasitologically negative but nested PCR-positive samples
as true positive, the specificity of nested PCR assay is increased.
In fact, nested PCR was the only method that did not miss
any cases found positive by either of other three methods.
The target for the real-time PCR assay in this study, similar

and in concordance with other studies,10–12,14,15 was the 18S
ribosomal DNA region. This assay detected S. stercoralis
DNA in 88 stool samples with a sensitivity of 84.7% and spec-
ificity of 95.8%. Different sensitivity and specificity have been
reported in other studies according to sample size, DNA
extraction methods, and parasitic load of stool samples. In a
study performed on 115 stool samples, the sensitivity and
specificity of real-time were reported as 100% and 94%,
respectively.12 In a study in Cambodia, real-time PCR was
evaluated for detection of S. stercoralis and hookworm in
randomly collected stool samples from 218 asymptomatic
school children, of whom 38 (17.4%) were positive for S.
stercoralis. In that study, the sensitivity and specificity of S.
stercoralis real-time PCR were 88.9% and 92.7%, respectively,
compared with the combination of Baermann/Koga agar as
gold standard.15 Knopp and others13 reported that the sensi-
tivity of the Baermann method for detection of S. stercoralis
was significantly higher than that of real-time PCR (47.1%
versus 17.4%; P < 0.001), while the specificity of the

TABLE 1
Comparison of the results obtained by parasitological and molecular methods for detection of Strongyloides stercoralis in 466 stool samples

Methods

FEC APC Combination of FEC and APC

Positive
(59)

Negative
(407)

Positive
(85)

Negative
(381)

Positive
(85)

Negative
(381)

Nested PCR Positive (117) 59 58 85 32 85 32
Negative (349) 0 349 0 349 0 349

Real-time PCR Positive (88) 57 31 72 16 72 16
Negative (378) 2 376 13 365 13 365

APC = agar plate culture; FEC = formalin ether concentration; PCR = polymerase chain reaction.

FIGURE 3. Agarose-gel electrophoresis of nested polymerase chain
reaction (PCR) products amplified with genomic DNA from stool
samples. Lanes 1–5: nested PCR products of 5 stool samples positive
for Strongyloides stercoralis; lanes 6–8: negative controls; and lane 9:
positive control (S. stercoralis). M = 100-bp DNA marker.
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Baermann method was lower than that of real-time PCR
(78.4% versus 93.9%).
With respect to the two molecular methods compared in

this study, the sensitivity of nested PCR was higher than that
of real-time PCR, which is probably due to higher mito-
chondrial DNA copy numbers than rDNA (the target
genes of nested PCR and real-time PCR, respectively) in
nematodes.25,26 Studies on other microorganisms including
Toxoplasma gondii and Histomonas meleagridis have also

reported higher sensitivity of nested PCR compared with
real-time PCR.27,28

In this study, 72/85 stool samples positive by parasitologi-
cal methods were also identified as positive by real-time
PCR. In a study by Verweij and others,10 S. stercoralis was
detected in 54/212 stool samples by parasitological methods
(Baermann and coproculture), but only 33 samples of them
were positive using real-time PCR. In the study by Sultana and
others,11 real-time PCR was able to detect 15/41 (36.6%)

FIGURE 4. Nucleotide alignment of sequences generated from six nested polymerase chain reaction (PCR) products: the samples correspond-
ing to Strongyloides stercoralis 1, 2, 3, and 4 were negative by parasitological methods and those corresponding to S. stercoralis 5 and 6 were posi-
tive by parasitological methods.

FIGURE 5. Comparison of results obtained by parasitological meth-
ods and nested polymerase chain reaction (PCR) for the detection
of Strongyloides stercoralis in human fecal samples.

FIGURE 6. Comparison of results obtained by parasitological meth-
ods and real-time polymerase chain reaction (PCR) for the detection
of Strongyloides stercoralis in human fecal samples.
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positive samples diagnosed with the Harada-Mori culture
method. In another study,14 a pentaplex real-time PCR was
evaluated for simultaneous detection ofAncylostoma duodenale,
Necator americanus, A. lumbricoides, and S. stercoralis. In that
study, 30/77 samples were positive for S. stercoralis by PCR,
whereas only two samples were positive by microscopic exami-
nation. In two other studies, the sensitivity of real-time PCR
compared with conventional methods was 61.0% (25/41)15 and
100% (18/18),12 respectively.
In this study, real-time PCR detected S. stercoralis DNA

in 16/381 samples, which were not scored as positive by
either APC or FEC methods. Similarly, in the studies by
Rayan and others12 and Verweij and others,10 real-time PCR
was positive in 5/97 and 12/158 samples, respectively, which
were negative by parasitological methods. Failure of the para-
sitological methods to detect S. stercoralis in samples testing
positive by real-time PCR may in part be due to the presence
of nonviable larvae in those samples, and the necessity of the
presence of living larvae in the APC method. On the other
hand, the failure of real-time PCR to detect 13 cases
detected by parasitological methods may be due to the low
parasitic load in the samples (11/13 cases had low infection),
an effect of fecal inhibitors and competing template in
genomic DNA.
In this study, those samples that were positive by real-time

PCR but negative by parasitological methods (16/466) had
higher Ct values (median Ct value = 35.06), than those sam-
ples that were positive by both real-time PCR and parasito-
logical methods (72/466) (median Ct value = 30.65). Similar
results were reported by Rayan and others,12 indicating that
the Ct values for samples positive by real-time PCR only
were higher than those for samples positive by both parasito-
logical methods and real-time PCR (Ct value = 36.3 versus
28.29). In low worm burden stool samples, detection of posi-
tive cases by parasitological methods is difficult, but in case
of detection of DNA of such samples by real-time PCR, their
Ct values would be higher than those of high larvae burden
stool samples.
In this study, 100% of the cases with high infection, 95.5%

of the cases with moderate infection, and 59.9% of the cases
with low infection were scored positive by real-time PCR.
Low larval infection samples showed higher Ct values, whereas
high and moderate parasitic infection samples showed lower
Ct values. There was statistically significant association between
Ct values and parasitic load (P < 0.001). Similarly, Sultana
and others11 reported that all culture-positive samples with
high and moderate infections showed lower Ct values than
low larval load infections. In accordance with the results of
previous studies,11,12 Ct values are related to the amount of
parasite-specific DNA in the samples, and therefore, corre-
lates with the intensity of infections.

CONCLUSIONS

This is the first study simultaneously evaluating real-time
PCR and nested PCR in comparison with parasitological
methods for detection of S. stercoralis in fecal samples. The
study was performed on a large sample size of an endemic
indigenous population. In general, molecular methods were
superior to parasitological methods. Of the two parasitologi-
cal methods evaluated, APC was 1.44 times more efficient
than FEC. Further comparative evaluations, applying more

samples and samples of different populations, are necessary
to develop and identify a reliable and sensitive diagnostic
method for diagnosis of strongyloidiasis. In addition, efforts
toward shortening the duration of S. stercoralis DNA extrac-
tion from stool samples using IH methods are warranted.
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