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Summary A real-time PCR method targeting the small subunit of the rRNA gene was devel-
oped for the detection of Strongyloides stercoralis DNA in faecal samples, including an internal
control to detect inhibition of the amplification process. The assay was performed on a range of
well-defined control samples (n = 145), known positive faecal samples (n = 38) and faecal samples
from a region in northern Ghana where S. stercoralis infections are highly endemic (n = 212), and
achieved 100% specificity and high sensitivity. The use of this assay could facilitate monitoring
the prevalence and intensity of S. stercoralis infections during helminth intervention programs.
Baermann
sedimentation;
Real-time PCR

Moreover, the use of this assay in diagnostic laboratories could make the introduction of molec-
ular diagnostics feasible in the routine diagnosis of S. stercoralis infections, with a two-fold
increase in the detection rate as compared with the commonly used Baermann sedimentation
method.
© 2008 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All rights
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. Introduction
aboratory diagnosis of strongyloidiasis is primarily based
n the detection of Strongyloides stercoralis larvae by
icroscopic examination of stool samples. The number of

arvae present is very small, especially in chronic infections,

∗ Corresponding author. Tel.: +31 71 5265080; fax: +31 71 5266907.
E-mail address: j.j.verweij@lumc.nl (J.J. Verweij).

t
s

w
a
t
i
w

035-9203/$ — see front matter © 2008 Royal Society of Tropical Medicin
oi:10.1016/j.trstmh.2008.12.001
nd even using formalin-ether concentration, the Baermann
ethod or coproculture the detection rate is low and mul-

iple samples have to be examined to achieve adequate
ensitivity.1—5

Several immunodiagnostic assays have been published,

ith variable sensitivity and specificity depending on the
ntigen preparation used, the immunoglobulin isotypes and
he population tested. The sensitivity of serology is good
n individuals with chronic infection but is lower in those
ho become infected after travelling to endemic areas.6

e and Hygiene. Published by Elsevier Ltd. All rights reserved.
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Strongyloides stercoralis real-time PCR

Although, in endemic areas, serology responds well after
successful treatment,7 the technique has been reported to
lack specificity in endemic areas and further evaluation is
needed.8

Recently, detection of parasite DNA in faecal samples
using real-time PCR proved to be a sensitive and spe-
cific method for the diagnosis of intestinal protozoan and
helminth infections.9—11

In the present study a real-time PCR was developed for
the specific detection of S. stercoralis DNA in faecal sam-
ples. Additionally, an internal control for the detection of
possible inhibition of the amplification by faecal contam-
inants was included in the assay. The performance of the
PCR was evaluated using a large range of control DNA and
stool samples.

2. Materials and methods

The reason for the survey and the procedure of sample
collection were explained to all adult participants and
parents of children, as well as the community leaders,
before requesting stool samples. Oral informed consent was
obtained from all participating individuals.

2.1. Controls

To develop the real-time PCR assay, control DNA was
obtained from L3 larvae of S. stercoralis from copro-
culture. Specificity of the PCR was tested using DNA
isolated from adult worms of Ascaris lumbricoides, Trichuris
trichiura, Schistosoma mansoni, Necator americanus and
Oesophagostomum bifurcum and L3 larvae of Ancylostoma
duodenale as template. In addition, DNA from Entamoeba
histolytica, E. dispar, Giardia lamblia, Cryptosporidium
parvum, Cyclospora cayetanensis, Enterocytozoon bieneusi
and Encephalitozoon intestinalis was tested in the PCR.12

The specificity of the assay was also tested on DNA obtained
from 17 different bacterial and yeast cultures: Bacillus
cereus, Campylobacter jejuni, Campylobacter upsalien-
sis, Candida albicans, Escherichia coli O157, Enterobacter
aerogenes, Enterococcus faecalis, Proteus mirabilis, Pseu-
domonas aeruginosa, Salmonella enteritidis, Salmonella
typhimurium, Shigella boydii, Shigella dysenteriae, Shigella
flexneri, Shigella sonnei, Staphylococcus aureus and
Yersinia enterocolitica. Furthermore, 80 stool samples
from different patients were tested in which E. his-
tolytica (n = 20), E. dispar (n = 20), G. lamblia (n = 20)
or C. parvum/C. hominis (n = 20) had been detected by
microscopy and confirmed by specific PCR.13,14 The speci-
ficity of the PCR assay was also tested on DNA extracts
from 40 unpreserved stool samples with a negative result in
microscopy using the Baermann technique, formalin-ether
sedimentation or modified acid-fast staining, and a negative
Giardia antigen test. Of these negative samples, two subse-
quent stool samples from these patients remained negative
by all techniques.
For a preliminary evaluation of the PCR, DNA isolated
from 38 human faecal samples from La Merced, Peru was
used. These faecal samples originated from individual S.
stercoralis cases in which Baermann sedimentation showed
first-stage larvae (L1 s) of S. stercoralis. In 13 of these sam-
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les L1 larvae of S. stercoralis were also seen in a direct
mear.

.2. Field samples

NA isolated from stool samples (n = 212) collected in north-
rn Ghana was used to evaluate the sensitivity of the
eal-time PCR compared with Baermann sedimentation and
oproculture. These stool samples were collected during a
ross-sectional survey in a number of small communities sit-
ated in northern Ghana in which a high prevalence of S.
tercoralis infection was found in previous studies.15 Sam-
les were selected for DNA isolation and PCR based on the
vailability of results from Baermann sedimentation tests
nd duplicate coprocultures. Coproculture and differentia-
ion of S. stercoralis from other nematode larvae was carried
ut as previously described.16,17

Faecal samples were transported to Leiden for DNA iso-
ation, either frozen or suspended in ethanol, and stored at
oom temperature.

.3. DNA isolation

pproximately 100 mg unpreserved faeces were suspended
n 200 �l PBS containing 2% polyvinylpolypyrolidone (PVPP;
igma, Steinheim, Germany). After heating for 10 min
t 100 ◦C suspensions were treated with sodium dodecyl
ulphate-proteinase K for 2 h at 55 ◦C. DNA was isolated
sing QIAamp Tissue Kit spin columns (QIAgen, Hilden,
ermany).18 Within the isolation lysis buffer, 103 PFU/ml
hocine herpes virus 1 (PhHV-1) was added to serve as an
nternal control.19 The amplification was considered to be
ampered by faecal inhibitory factors if the expected cycle
hreshold (Ct) value of 33 in the PhHV-specific PCR was
ncreased by more than 3.3 cycles.

.4. Real-time PCR

hree sets of S. stercoralis-specific primers and detec-
ion probes were designed using Primer Express software
Applied Biosystems, Foster City, CA, USA) from the
ytochrome c oxidase subunit I gene, a S. stercoralis-specific
epeated sequence and the 18S rRNA gene sequence, respec-
ively (GenBank accession nos. U57039, AY028262 and
F279916). DNA sequences and further specifications of the
. stercoralis-specific primers and probe sets are given in
able 1. For internal control, PhHV-1-specific primers and
robe set consisted of forward primer PhHV-267 s, reverse
rimer PhHV-337as and the specific double-labelled probe
hHV-305tq (Biolegio, Nijmegen, The Netherlands).19 An
CBI BLAST search was used to test the theoretical speci-
city of the primers and probe. A 10-fold dilution series of
. stercoralis control DNA was used to optimize the real-
ime PCR and was tested with and without the presence of
nternal control DNA to estimate the latter’s influence.
For DNA amplification, 5 �l of DNA extracted from stool
pecimens was used as a template in a final volume of
5 �l with PCR buffer (HotstarTaq master mix, QIAgen), 5 mM
gCl2, 2.5 �g bovine serum albumin (Roche Diagnostics,
lmere, The Netherlands), 1.5 pmol of each S. stercoralis-
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Table 1 Oligonucleotide primers and detection probes for real-time PCR on different targets for the detection of Strongyloides
stercoralis DNA

Target (GenBank accession no.) Oligo name Oligonucleotide sequence Expected product size

S. stercoralis-specific repeated
sequence (AY028262)
Stro F 5′-TCCAGAAAAGTCTTCACTCTCCAG-3′ 96 bp
Stro R 5′-TGCGTTAGAATTTAGATATTATTGTTGCT-3′

Strongy FAM-5′-TCAGCTCCAGTTGAACAACAGCCTCCAA-3′-BHQ1

S. stercoralis cytochrome c oxidase
subunit I gene (U57039)
StroCyt360F 5′-CATCCTGGTTCTAGTGTTGATTTGG-3′ 121 bp
StroCyt480R 5′-GAGAAACAGAACTAGAACGCAAATTTT-3′

StroCyt399-MGB FAM-5′-CATCTTTCTGGTATTAGTTCTAT-3′-MGB-NFQ

S. stercoralis 18S rRNA gene (AF279916)
Stro18S-1530F 5′-GAATTCCAAGTAAACGTAAGTCATTAGC-3′ 101 bp
Stro18S-1630R 5′-TGCCTCTGGATATTGCTCAGTTC-3′

Stro18S-1586T FAM-5′-ACACACCGGCCGTCGCTGC-3′-BHQ1

BHQ: black hole quencher; MGB: minor groove binder; NFQ: non-fluorescent quencher.

Table 2 Comparison of Baermann sedimentation, coproculture and real-time PCR for the detection of Strongyloides stercoralis
in human stool samples (n = 212) from northern Ghana

n Microscopy PCR

Baermann Culture A Culture B Positive Negative

12 + + + 12 0
2 + − + 2 0
8 + − − 5 3

11 − + + 9 2
5 − + − 1 4

+
−

s
2
l
f
A
w
s

3

I
S
c
s
p
h

t
1
2
d
t
r

f
t
w
i
w
n
c

e
D
f
h
v
a
a
n
a

u

16 − −
158 − −

pecific primer, 3.75 pmol of each PhHV-1-specific primer,
.5 pmol of S. stercoralis- and PhHV-1-specific double-
abelled probes. Amplification consisted of 15 min at 95 ◦C
ollowed by 50 cycles of 15 s at 95 ◦C and 1 min at 60 ◦C.
mplification, detection and data analysis were performed
ith the Applied Biosystems 7500 Real-Time PCR system and

equence detection software version 1.2.2.

. Results

n the NCBI BLAST search, primers and probe sets on the
. stercoralis-specific repeated sequence, the cytochrome
oxidase subunit I gene and the 18S rRNA gene sequence

howed 100% specificity for S. stercoralis. The forward
rimer on the 18S rRNA gene sequence also showed 100%
omology with other Strongyloides species.

The real-time PCRs were optimized using a 10-fold dilu-
ion series of S. stercoralis positive-control DNA. In the

00-fold dilution of the control DNA, threshold cycles of
3.7, 26.9 and 29.5 were detected using primers and probes
esigned from the cytochrome c oxidase subunit I gene,
he S. stercoralis-specific repeated sequence and the 18S
RNA gene sequence, respectively. The Ct values obtained

B
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d
w
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4 12
12 146

rom testing the dilution series of S. stercoralis DNA in both
he individual S. stercoralis assay and the multiplex assay
ith the internal control showed no systematic deviation

n amplification curves, and the same analytical sensitivity
as achieved. The individual performance of the assays was
ot influenced by the presence of DNA from the internal
ontrol.

The specificity of the real-time S. stercoralis 18S PCR was
valuated using a range of parasite and bacterial control
NA (n = 25), 80 DNA extracts derived from faeces positive
or E. histolytica, E. dispar, G. lamblia or C. parvum/C.
ominis, and 40 DNA extracts derived from faeces of indi-
iduals with no known history of parasitic infections. No
mplification of S. stercoralis-specific DNA was detected in
ny of these 145 samples, only the amplification of the inter-
al control was detected at the expected cycle threshold of
pproximately 33.

Performance of the real-time PCR was first evaluated
sing DNA isolated from 38 stool samples in which the

aermann sedimentation test showed L1 larvae of S. ster-
oralis. Strongyloides stercoralis-specific amplification was
etected in 12 of 13 (92%) samples in which S. stercoralis
as detected by microscopic examination of a direct smear
nd in 18 of 25 (72%) samples in which S. stercoralis was not
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Strongyloides stercoralis real-time PCR

detected in the direct smear but was detected by Baermann
sedimentation.

Stool samples (n = 212) from northern Ghana were used
for a more elaborate evaluation of the real-time PCR. L1
larvae of S. stercoralis were demonstrated in the Baermann
sediment in 22 of 212 (10.4%) samples. L3 larvae of S. sterco-
ralis were seen in the first and/or the second coproculture
in 46 of 212 (21.7%) samples. In total, 54 samples (25.5%)
showed L1 s and/or L3 larvae.

Table 2 summarizes the comparison between microscopy
and real-time PCR. Strongyloides stercoralis-specific ampli-
fication was detected in 45 (21.2%) samples. In 19 of 22
(86.4%) faecal samples with S. stercoralis L1 larvae observed
in the Baermann test, S. stercoralis-specific amplification
was detected with Ct 22.0—35.9 (median 28.1). In those
cases in which S. stercoralis was detected in both of the
duplicate coprocultures, S. stercoralis-specific amplification
was detected in 21 of 23 (91.3%) samples (Ct median 28.6,
range 23.3—35.0). Strongyloides stercoralis-specific amplifi-
cation was demonstrated (Ct median 36.2, range 26.0-39.7)
in 5 of 21 faecal samples of those cases in which S. ster-
coralis L3 larvae were detected in one of the duplicate
coprocultures only. Also, S. stercoralis-specific amplification
was detected in 12 of 158 DNA samples from stools in which
no S. stercoralis L1 or L3 larvae were found (Ct median 36.6,
range 27.9—40.6).

The PhHV-1 internal control was amplified within the cor-
rect Ct range in all stool samples.

4. Discussion

In the present study a S. stercoralis real-time PCR was devel-
oped and achieved 100% specificity using a large range of
control DNA and stool samples. The primer and probe set
from the 18S rRNA gene sequence was 10-fold to 100-fold
more sensitive than the PCR designed from the cytochrome c
oxidase subunit I gene or the S. stercoralis-specific repeated
sequence.

In previous studies on the application of real-time PCR
for the specific detection of hookworm and Schistosoma
infections it was shown that the Ct values reflecting the
amount of parasite-specific DNA in the sample correlate with
the intensity of infection.9,11 In the present study, the low
intensity of the S. stercoralis infections was reflected in the
discrepant results between the Baermann test and/or the
duplicate coprocultures in 42 of 54 microscopy-positive sam-
ples. This phenomenon is also shown in the lower detection
rate and the higher median Ct value of the cases in which
the Baermann test did not show L1 larvae and only one of
the duplicate cultures was positive.

The false-negative real-time PCR results were not caused
by inhibition of the amplification by faecal components.
A possible explanation could be that the amount of stool
used in a Baermann test or duplicate coproculture is
approximately 40 times greater than that used for DNA iso-
lation. Also, the possibility of misidentification of larvae by

microscopy cannot be excluded, especially as these samples
were collected in a region with high prevalence and intensity
of hookworm infections.20

The excretion and distribution of parasite DNA in fae-
ces is expected to be less variable than the number of
345

ggs. This has already been shown for the amplification of
arasite-specific DNA compared with the microscopic detec-
ion of cysts or oocysts from G. lamblia and Cryptosporidium
nd eggs of Schistosoma.9,14 Further studies to compare
he outcome of Baermann sedimentation, coproculture and
eal-time PCR in three consecutive samples from the same
ubject are planned.

The collection of stool samples in ethanol allows storage
t room temperature and transportation to central research
entres with facilities for real-time PCR, simplifying the
omplex organization of labour-intensive field studies. Com-
ined with other parasitic targets such as N. americanus,
. duodenale,11 A. lumbricoides21 and T. trichiura this S.
tercoralis PCR could be used for epidemiological research
nd monitoring of the species-specific effect of intervention
rograms for the control of soil-transmitted helminths.

In most endemic countries this procedure will not be fea-
ible as a routine diagnostic tool in clinical settings where
aboratory facilities are often limited. In routine diagnostic
aboratories in industrialized countries, however, molecu-
ar diagnostics are used for the laboratory diagnosis of an
ncreasing number of infectious targets.10,22 In such settings
he S. stercoralis real-time PCR could be a useful alterna-
ive to the commonly used Baermann method, offering a
wo-fold increase in the detection rate.
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In the second paragraph of the results section of this paper we indicated that “In the 100-fold dilution of the control DNA,
threshold cycles of 23.7, 26.9 and 29.5 were detected using primers and probes designed from the cytochrome c oxidase
subunit I gene, the S. stercoralis-specific repeated sequence and the 18S rRNA gene sequence, respectively.” The best target
and the worst target were inadvertently swapped over and this text should read ‘In the 100-fold dilution of the control DNA,
threshold cycles of 23.7, 26.9 and 29.5 were detected using primers and probes designed from the 18S rRNA gene sequence,
the S. stercoralis-specific repeated sequence and the cytochrome c oxidase subunit I gene, respectively.’

We apologise for this error and are grateful to those careful readers who wanted to implement the assay and contacted
us to ask which primer and probe set they should use.

DOI of the original article:10.1016/j.trstmh.2008.12.001.
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