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Abstract

Strongyloidiasis is usually an asymptomatic disease in immunocompetent pa-
tients, caused by Strongyloides stercoralis. However, in immunocompromised pa-
tients it can produce a severe clinical profile. Therefore, a correct diagnosis is
necessary in these cases and in those chronic asymptomatic patients. The low
sensitivity of classical parasitological techniques requires the analysis of multiple
serial stool samples. Molecular diagnostic techniques represent an improvement
in the detection of the parasite. The objective of this study was to evaluate the
minimum number of samples necessary to achieve maximum sensitivity by
real-time polymerase chain reaction (PCR). A total of 116 stool samples from
39 patients were analysed by direct microscopic observation, agar culture,
Harada–Mori and real-time PCR, in one, two, three and four or more consecutive
samples. After two serial samples, 6 out of 39 patients were positive by parasito-
logical and molecular techniques, while 16 of them were real-time PCR positive,
and all the patients detected by parasitology were also detected by the molecular
technique, reaching 100.00% sensitivity versus 83.00% when analysing a single
sample. These data also reflect apparently low specificity (51.52%) and positive
predictive value (PPV) (27.27 %) values, due to the high number of cases detected
by real-time PCR and not by parasitological techniques. These cases were con-
firmed as true positives when analysing three, four or more samples from the
same patient. In conclusion, the application of molecular techniques decreases
the number of serial stool samples necessary to give a diagnosis with the max-
imum sensitivity.

Introduction
Strongyloidiasis is a parasitic infection caused mainly by

the nematode Strongyloides stercoralis. Although it has a
wide distribution, the infection is more prevalent in tropical
areas. It is estimated that 30–100 million people are infected
worldwide, although these numbers may presumably be

underestimated due to the poor sensitivity of the available
diagnostic methods (Olsen et al., 2009; Schär et al., 2013a).
Even though this parasite usually infects the host by direct
penetration through intact skin in contact with contami-
nated soil, it also has the ability to multiply indefinitely
and to reinfect the host without the need for exogenous re-
infection. Due to this characteristic, the infection can be di-
agnosed in people from non-endemic areas who have pre-
viously lived in endemic countries. Most of the infected
patients remain asymptomatic for years, with non-constant*E-mail: erodrgez@isciii.es
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eosinophilia as a single sign. When symptoms are present,
these can be cutaneous, respiratory and intestinal, but it is
in situations of immunosuppression when the most serious
clinical profile appears, without the presence of eosino-
philia, constituting the hyperinfection syndrome with a
generalized spread of the parasite inside the host (Marcos
et al., 2008).

The lack of a gold standard technique is the main prob-
lem in the diagnosis of strongyloidiasis. Currently, the
most accurate diagnosis is obtained by the microscopic
observation of the parasite in stools. However, the inter-
mittent elimination of the parasite and the scarce number
of larvae present in faeces of patients with chronic disease,
many times under the detection threshold of available
diagnostic tests, make the sensitivity of the direct examin-
ation low, generally less than 30% (Montes et al., 2010).
Some authors reported that the analysis of serial stool
samples increases sensitivity up to 50–70%, reaching
100% when analysing up to seven stool samples
(Siddiqui & Berk, 2001; Requena-Méndez et al., 2013).
Although larval migration methods (Baermann and
Harada–Mori techniques) or agar plate culture increase
sensitivity, many chronic infections are not detected
(Requena-Méndez et al., 2013). In addition, larval migra-
tion techniques require fresh stool samples where larvae
are still viable, and also, in the case of agar culture, it
takes a minimum of 2 days of incubation to get a result,
with the consequent delay in the diagnostic process. On
the other hand, it is also important to mention that differ-
ential diagnosis of hookworm has to be carried out
(Siddiqui & Berk, 2001; Requena-Méndez et al., 2013).

Molecular biology techniques, specifically the polymer-
ase chain reaction (PCR), represent an improvement in the
detection of the parasite. Different sequences, such as the
internal transcribed spacers or the 18S subunit of ribo-
somal DNA, have been used as targets for amplification
by conventional, nested and real-time PCR (Verweij
et al., 2009; Moghaddassani et al., 2011; Sultana et al.,
2013; Saugar et al., 2015). Some of them have also been de-
veloped in a multiplex format, allowing the simultaneous
detection of several intestinal parasites in a single reaction
using different sets of primers (Janwan et al., 2011; Mejia
et al., 2013; Llewellyn et al., 2016). Different data on sensi-
tivity have been reported, but in most cases they are better
than or similar to those achieved by Baermann or agar cul-
ture techniques (Verweij et al., 2009; Moghaddassani et al.,
2011; Sitta et al., 2014; Saugar et al., 2015).

Given that the usual practice of stool examination for
parasites recommends taking three successive samples
per patient, the objective of this study was to evaluate
the sensitivity of the real-time PCR technique for the diag-
nosis of S. stercoralis, in contrast to conventional parasito-
logical techniques, in order to define the minimum
number of serial samples necessary to achieve maximum
sensitivity.

Materials and methods
Sample collection

The study was conducted using 116 stool samples from
39 patients with clinical suspicion of strongyloidiasis at-
tending the Severo Ochoa Hospital in Leganes (Spain).

Molecular diagnosis of strongyloidiasis was performed
at the National Microbiology Centre. Parasitological diag-
nosis (microscopic observation, agar culture and Harada–
Mori) was carried out in the hospital, according to its
protocols (Cañavate et al., 2009). Different serial samples
from patients were analysed. For all patients the analyses
were conducted on at least two consecutive stool samples.
In 39, 23 and 8 of them, the analyses were carried out on
two, three and four or more consecutive samples, respect-
ively. All the patients included in the study were immi-
grants from different endemic countries of Africa and
Latin America.

Concentration of stool samples and DNA extraction

Faecal samples were concentrated according to the
protocol described by Saugar et al. (2015). Briefly, 1 g of
stool sample was suspended in 8ml of 0.9% saline solu-
tion, filtered and centrifuged using the commercial system
Bioparapred-Midicolumns (Leti diagnosis, Barcelona,
Spain). Supernatants were discarded and sediments
were used for DNA extraction.
DNAwas extracted from200mgof concentrated samples

using the FastQIAampDNAStoolMini kit (Qiagen,Hilden,
Germany) following the manufacturer’s instructions. After
the elution ofDNA in 200 μl of distilledwater, DNA concen-
tration was measured using a Nanodrop ND-100 spectro-
photometer (Nanodrop Tecnologies, New York, USA).
DNA samples were stored at 4°C until use.

Real-time PCR

Amplification and detection of Strongyloides spp.
DNA was performed in triplicate in each sample, includ-
ing 10 ng of Strongyloides venezuelensis DNA as an internal
inhibition control in the third replicate. The protocol of
real-time PCR was carried out as described by Saugar
et al. (2015). Concisely, real-time PCR reactions were per-
formed in a final volume of 25 μl using 1 ×Quantimix
EasyMaster Mix (Biotools B&M Laboratories, Madrid,
Spain), 0.2 μM of each of the S. stercoralis 18S specific pri-
mers described by Verweij et al. (2009), 0.5 μl of
SybrGreen 50 × (Invitrogen, San Diego, California, USA)
and 25 ng of DNA extracted from stool samples. The amp-
lification program consisted of 15min at 95°C, and 50 cy-
cles of 10 s at 95°C, 10 s at 60°C and 30 s at 72°C. DNA
amplification and detection of fluorescence at the end of
each amplification cycle was performed on a
CorbettRotorGeneTM 6000 real-time PCR system
(Qiagen). Data were analysed using RotorGene 6000
Series software version 1.7 (Qiagen).

Data analysis

Double-entry contingency tables were constructed and
sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) were calculated
using EpiData software version 3.1 (EpiData Association,
Odense, Denmark), considering the combination of para-
sitological techniques as the gold standard. In order to
compare parasitological andmolecular methods along dif-
ferent consecutive samples, the patient was considered to
be positive since the first sample when a positive result
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was obtained by at least one of the three parasitological
techniques in any of the samples. For real-time PCR the pa-
tientwas considered as positive from the first positive sam-
ple and as negative for the previous samples. Venn
diagrams were calculated using the application described
by Hulsen et al. (2008).

Results
According to the study population profile, the age of

the patients ranged from 4 to 62 years (mean 32.64 ±
15.85), and 51.28% were women. Regarding the geograph-
ical origin, all the patients were immigrants, of whom
41.03% came from Africa (Equatorial Guinea, Morocco,
Nigeria, Ethiopia, the Republic of Guinea, Cape Verde,
Cameroon or Congo), 41.03% from Latin America (Peru,
Bolivia, Ecuador, Dominican Republic or Colombia) and
17.94% were of unknown origin.

The results of the real-time PCR technique and parasito-
logical methods regarding the number of serial samples
per patient are shown in fig. 1. After the analysis of two
or more serial samples of the same patient, no negative
real-time PCR result was obtained in any parasitologically
positive sample. According to the percentages showed in
fig. 1, 56.40% of positive patients were obtained by the
combination of molecular and parasitological methods
when analysing two serial samples (fig. 1b). However,
the same percentage was obtained by PCR alone when
three serial samples were analysed (fig. 1c). The percent-
age of negative patients was similar when analysing
three (26.10%) and four or more (25.00%) serial samples
(fig. 1c and d).
Table 1 shows the performance of the real-time PCR, in

terms of sensitivity, specificity, PPV and NPV, which were
calculated relative to the values obtained by parasitological
techniques. When analysing only one sample, a sensitivity
of 83.00% was obtained, due to a single false-negative
sample that was positive by microscopic observation.

Fig. 1. Venn diagram representing the results of parasitological and molecular techniques per patient, when analysing (a) a single sample;
(b) two serial samples; (c) three serial samples; and (d) four or more serial samples. Results in red are positive using parasitological

methods or green using PCR. Negative results are shown in blue.
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Similarly, real-time PCR presented a specificity of 69.70%,
where 10 samples were detected by PCR but not by para-
sitological techniques (fig. 1a). The values of sensitivity
and NPV increased as the number of samples analysed
per patient increased, achieving 100.00% with two con-
secutive samples, whereas the values of specificity and
PPV apparently decreased.

Discussion
Strongyloidiasis is mainly an asymptomatic parasitic dis-

ease caused by S. stercoralis.Despite the severity of the infec-
tion in immunocompromised patients, its diagnosis
currently lacks the sensitivity and specificity necessary to
detect most of the cases effectively. So far, the diagnosis
has been based on parasitological techniques, requiring
much time and the analysis of multiple serial samples.
Different molecular diagnostic approaches have been car-
ried out, mainly by PCR techniques (Verweij, 2014;
Buonfrate et al., 2015). In our study, sensitivity, specificity,
PPV and NPV of the real-time PCR described by Saugar
et al. (2015) compared to parasitological techniques have
been evaluated, as well as the minimum number of samples
required to make the diagnosis with the highest sensitivity.

The sensitivity obtained was similar to the results previ-
ously described by Saugar et al. (2015) and by other
authors using the conventional PCR technique (Sitta
et al., 2014) or real-time PCR (Schär et al., 2013b).
However, in our study the maximum sensitivity was
reached after the second extraction, improving those re-
sults obtained in other studies by parasitological techni-
ques, where the analysis of up to seven serial samples
by microscopic observation was necessary to obtain
100% sensitivity (Nielsen & Mojon, 1987), or the analysis
of three serial stool samples by agar plate culture (APC)
according to the diagnostic algorithm proposed by
Repetto et al. (2016), with the associated problem of need-
ing fresh samples in the latter technique in order to main-
tain the viability of larvae. Furthermore, Knopp et al.
(2008) calculated the sample sizes needed, if up to 1%
false-negative results were considered acceptable, to be
12 stool samples for S. stercoralis with the APC method.

On the other hand, our study showed that real-time
PCR presents a low specificity in contrast to that described
for the parasitological techniques (Schär et al., 2013b). This
is due to the fact that when comparing the results of para-
sitological and PCR techniques in the 39 patients included
in our study, only 16 of them were detected by molecular

technique. With real-time PCR having a higher sensitivity
than parasitological methods, a relatively low specificity
and PPV were obtained. This artificially low specificity
was caused by the high number of discrepant results
when molecular diagnosis techniques were used versus
conventional parasitological methods (Conraths &
Schares, 2006). In our study, those samples positive by
real-time PCR and negative by parasitological techniques
were confirmed as true positives because the percentage
of negative patients remained constant for both method-
ologies from the third serial sample, while the percentage
of parasitologically positive patients increased as the
number of serial samples increased. Similar results were
obtained by other authors when comparing molecular
and parasitological techniques (Becker et al., 2015;
Repetto et al., 2016).
The differences obtained between molecular and para-

sitological methods may be due to the erratic appearance
of larvae in faeces and their presence at low concentra-
tions. It is important to note that in this study the patients
were immigrants presenting a chronic phase of the dis-
ease, a factor that could affect to the presence of larvae
in faeces. Therefore, a method based on direct observation
of the parasite might not be able to detect it as effectively
as a method based on the detection of its DNA.
Nonetheless, and despite the chronic profile of the pa-
tients in our study, one positive result by microscopic ob-
servation was obtained that tested negative by PCR. This
could be explained by a possible failure of the observer, as
in some cases it is difficult to differentiate Strongyloides
spp. from hookworms; or by the presence of a very low
parasite load in the sample, below the limit of detection
of the real-time PCR. In addition, the treatment of stool
samples before DNA extraction used in our study allows
a higher concentration of the parasite, allowing better re-
sults than those obtained by other authors who used the
same amplification target (Sultana et al., 2013).
In summary, the high sensitivity (100%) obtained when

two serial stool samples of a patient are analysed by real-
time PCR, decreases the number of samples needed to
diagnose with the same sensitivity as the parasitological
techniques.
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Table 1. Performance and predictive values (PPV, positive pre-
dictive value; NPV, negative predictive value) of real-time PCR
relative to parasitological techniques regarding the number of
serial samples analysed per patient.

Number of serial samples

1 2 3 4+

Sensitivity (%) 83.00 100.00 100.00 100.00
Specificity (%) 69.70 51.52 31.58 33.33
PPV (%) 33.33 27.27 23.53 33.33
NPV (%) 95.83 100.00 100.00 100.00
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