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Abstract. Sporadic cases of Tricostrongylosis are reported in humans. Diagnosis of enteric Trichostrongylus relies
primarily on coproscopic analysis but morphological identification is difficult because of similarity among nematode
species. The method is time consuming and requires some expertise. To overcome these limitations, we developed a
molecular approach by real-time polymerase chain reaction (PCR) to provide a rapid, specific, and sensitive tool to detect
Trichostrongylus spp. in human feces. We designed primers and probe specific for Trichostrongylus rDNA region 5.8S
and internal transcribed spacer 2. Three Italian family clusters were analyzed and DNA sequencing was performed to
confirm real-timePCR results comparingwith knownGenBanksequencedata.Sequenceanalysis showed³99% identity
to Trichostrongylus colubriformis and Trichostrongylus axei. This study provides a molecular methodology suitable for
fast and specific detection of Trichostrongylus in fecal specimens and to distinguish the zoonotic species.

Trichostrongylus spp. are worldwide helminth parasites
primarily of herbivores. Human trichostrongylosis cases have
been sporadically reported from many countries.1 In Europe,
the infection is known to be presentmostly in goats and sheep
while accidental infections are reported in humans, generally
in temperate and rural areas.2–5 Indeed, human infections
seem tocoincidewith close contactwith farmanimals through
ingestion of food or water contaminated with feces of the
host.6 Infected people can develop gastrointestinal symp-
toms of different intensities, although most subjects are
asymptomatic and present eosinophilia as the only finding.
Recently, we published data on Trichostrongylus infection in
four family clusters,7 the second case of the two reports that
has been described in Italy overall.8 Diagnosis of trichos-
trongylosis was performed as routinely by finding the eggs in
fecal samples or by agar plate culture (APC). However, this
methodology has limitations as the egg morphology of Tri-
chostrongylus and hookworm species are relatively similar,
making it difficult to differentiate them. In addition, the cul-
turing process is very laborious and time consuming. Most
investigations have showed molecular methods as valuable
tools to detect and differentiate Trichostongylus spp. Some
polymerase chain reaction (PCR)-based and nested-PCR
were developed for epidemiologic studies, using as amplifi-
cation target the ribosomal DNA internal transcribed spacer
1 and/or 2 region (ITS1-ITS2).1,5,9 To our knowledge, there is
only one study reporting the real-time PCR technique to
identify and quantify Trichostrongylus colubriformis larvae
(L3)/worms in sheep farm.10 For the intrinsic features of real-
time PCR, such as higher specificity, sensitivity, speed and
lower contamination risk than conventional PCR,11–16 we
decided to assess a specific real-time PCR to detect Trich-
ostrongylus spp. DNA in human fecal samples.We conducted
a preliminary study analyzing data obtained from sam-
ples of Italian family clusters previously described in our
center.7 We analyzed the rDNA region 5.8S and ITS2 as

established genetic markers for parasite of interest. The
specificity of results was confirmed by comparing DNA se-
quences obtained using the specific real-time PCR to known
sequence data (Genbank) for Trichostrongylus spp.
Fecal sampleswere collected in accordancewith the tenets

of the Declaration of Helsinki and with the informed consent
obtained from three Italian family clusters of Trichostrongylus
infection diagnosed at the Center for Tropical Diseases in
Negrar (Verona, Italy) between 2014 and 2016 as previously
described.7 Fecal samples were also collected from farm
goats (N = 4) in two out of three family clusters, and they were
used to set up the real-time PCR. A total of 11 human fecal
specimens and four goats feces were collected according to
the routine procedure of our laboratory. In detail, 200 mg of
feces were stored at −20�C overnight in a solution of phos-
phate buffered saline 1X with 2% of polyvinylpolypyrrolidone
(Sigma-Aldrich, Milan, Italy). In each sample, Phocine Herpes
Virus type-1 (PhHV-1, kindly provided by Dr. Pas S., Eras-
musMC, Department of Virology, Rotterdam, The Nether-
lands) was added within the S.T.A.R. buffer (Roche
Diagnostic, Monza, Italy), serving as an internal control for
the isolation and amplification steps. Before the start of the
DNA extraction, all the samples were thawed and then
boiled for 10 minutes at 100�C. The DNA was extracted
using MagnaPureLC.2 instrument (Roche Diagnostic), fol-
lowing the protocol DNA_I_Blood_Cells_High perform-
ance_II, using theDNA isolation kit I (RocheDiagnostic) with
a final elution volume of 100 μL. In the first step, we aligned
all known sequences available in Genbank of Tricho-
strongylus spp. rDNA region 5.8S and ITS2 using the multiple
sequence alignment program of ClustalW (http://www.
genome.jp/tools/clustalw/ ) (Supplemental Figure 1). Then,
PrimerExpress®Softwarev3.0.1 (Thermo Fisher Scientific,
Milan, Italy) was used to design primers and probe. We
chose the primers/probe combination resulting in a Trichos-
trongylus spp. amplicon size of 76 bp (Supplemental
Table 1) and having the forward primer overlapping the NC1
region5 as further guarantee of conserved region for Trichos-
trongylus spp. (Figure 1). To perform TaqMan real-time PCR,
we evaluated the optimal amounts of primers/probe by
preparing a dilution series to determine the minimum
concentrations giving the maximum ΔRn (normalized re-
porter). For both primers and probe, 300 nM yielded the
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highest endpoint fluorescence and the lowest threshold cycle
(Ct). Amplification was carried out with the cycling protocol:
95�C for 3minutes, and 40 cycles each of 95�C for 15 seconds,
60�C for 30 seconds, and 72�C for 30 seconds. For all experi-
ments, reactions were performed in triplicate on CFX96 ther-
malcycler systems (Bio-RadLaboratories,Milan, Italy). ThePCR
set up was performed using goats DNA; a negative control
containing no template DNAwas also verified andCt value ³ 40
was defined as a negative result. As control for PCR inhibitors
and amplification quality, the PhHV-1 control DNA was ampli-
fied with the appropriate primers/probe mix (Supplemental
Table 1)17 in the same reaction as Trichostrongylus spp. in
multiplex PCR. In brief, amplification reactions for all the real-
time PCRs were performed in 25 μL volumes containing PCR
buffer (SsoAdvanced universal probes supermix, Bio-Rad
Laboratories), 2.5 μg of Bovine Serum Albumin (BSA) (Sigma-
Aldrich), 80 nM of each PhHV-1 specific primers, 200 nM of
PhHV-1 CY5-BHQ2 labeled probe, 5 μL of DNA sample, and
300 nM of Trichostrongylus spp. primers/probe set. The am-
plificationof individual sampleswasconsidered tobehampered
by inhibitory factors if the expected Ct value of 32 in the PhHV
was increased by more than three cycles. The PhHV analy-
sis showednosignificant reduction inCt valuesas a result of the
newly procedure. For Trichostrongylus specific target, DNA
loads were arbitrally categorized into the following intensity
groups: low (38 ³ Ct < 40), moderate, and high (Ct £ 37.9). The
developedmethodologywasapplied toall the11extractedDNA
and the results were compared with the coproparasitological
andculturesdataavailable fromthree family clusters (Table1). In
cluster 1 (N = 2) (corresponding to cluster 3 in our previous
study7), real-time PCR analysis was positive (median Ct 35.97)
for patient 1 and so were APC and coproparasitological
exam. Patient 2 resulted positive to microscopic fecal

examination and negative to real-time PCR, possibly due to
different dates of specimen collection for analysis. Micros-
copy and real-time PCR analyses were negative 15 days
after albendazole (400mg twice a day for 10 days) treatment
of both patients. Fecal examinations, culture, and real-time
PCR resulted negative at diagnosis for all members of
cluster 2 (N = 2) (corresponding to cluster 2 in our previous
study7), who recovered after presumptive treatment of Tri-
chostrongylus infection. Regarding cluster 3 (correspond-
ing to cluster 4 in our previous study7), specimens were
isolated from all patients presumed to be affected in out-
break belong to Trichostrongylus and treated for that. Only
patient 1 resulted positive exclusively to microscopy. The
most likely explanation for the lack of amplification of Tri-
chostrongylusDNA could be related to the scanty number of
eggs (only one egg observed after an extensivemicroscopic
examination of entire specimens) and the possible absence
of eggs in 200 mg samples processed specifically for real-
time PCR analysis. Indeed, the probability to harvest the
parasite is highest in larger amount of sample material. To
confirm Trichostrongylus spp. identity, Sanger sequencing
analysis was performed on all DNA samples (human and
goat). Conventional PCR was conducted using primers
forward JhTsp and reverse Tricho-R5 resulting in a 228 bp
fragment size encompassing the 76 bp fragment (Figure 1).
The reaction was carried out with AmpliTaqGold (Thermo
Fisher Scientific) in a 25 μL volume containing 2.5 μg of BSA
(Sigma-Aldrich) and 5 μL of DNA sample and consisted of an
initial heating at 95�C for 10 minutes, followed by 40 am-
plification cycles of 95� for 15 seconds, 58�C for 40 sec-
onds, and 72�C for 1 minutes, with a final elongation at 72�C
for 10 minutes. PCR products were resolved on a 1.5% aga-
rose gel stained with runSafe (Eppendorf, Milan, Italy) and

FIGURE 1. Schematic representation of part of the rDNA transcriptional unit and relative locations of primers (Tricho-F, Tricho-R and JhTsp) used
in this study. The region harboring 5.8S and internal transcribed spacer 2 region (ITS2) rDNAwas amplified with Tricho-F and Tricho-R by real-time
polymerase chain reaction and with JhTsp and Tricho-R for DNA sequencing.

TABLE 1
Laboratory analyses results for Trichostrongylus spp. in fecal samples of three family clusters

Cluster Patient APC Coproparassitological exam Real-time PCR

1 Patient 1 Positive Positive* Positive
Patient 1 (treated) NA Negative Negative
Patient 2 NA NA Negative
Patient 2 NA Positive* NA
Patient 2 (treated) NA Negative Negative

2 Patient 1 Negative Negative Negative
Patient 2 Negative Negative Negative

3 Patient 1 Negative Positive† Negative
Patient 2 Negative Negative Negative
Patient 3 Negative Negative Negative
Patient 4 Negative Negative Negative

APC = agar plate culture; NA = not available; PCR = polymerase chain reaction.
* 1–2 eggs detected per slide.
†Only one egg detected.
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analyzedon runVIEWsystem (CleaverScientific,Rugby,United
Kingdom) (data not shown). Then, the PCR products after pu-
rification by ExoSap-IT (Thermo Fisher Scientific) were se-
quenced bidirectionally for more accuracy using BigDye
terminator sequencing_3.1 kit (Thermo Fisher Scientific) on an
ABI Prism 3500 sequencer (Thermo Fisher Scientific), following
themanufacturer’s instructions. The sequences obtainedwere
aligned and compared with known sequence data for Tri-
chostrongylus spp. in the GenBank database using Sequenc-
ing Analysisv6 Software (Thermo Fisher Scientific), BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?
PAGE_TYPE=BlastSearch), and ClustalW programs. Aligning
was done in two steps: first, an automatic aligning phase and
second, a manual adjustment of multiple alignments. Query
cover and identity score percentage in 5.8S and ITS2 region of
Italian nematodes were from 99% to 100% for T. colubriformis
and Trichostrongylus axei from GenBank (KR011272.1;
KR011271.1; KR002111.1; KR002110.1; KT215388.1;
AB908960.1; AB908959.1; AB908958.1; JQ889794.1;
JF680985.1; HQ844229.1; HQ389232.1; AY439026.1;
KT215384.1) (Figure 2). The sequence results confirmed that
each amplicon was derived from the appropriate rDNA region. In
addition, the sequence analysis confirmed that the human in-
fection for cluster 1 and 2 was due to the ingestion of vegetables
fertilized with goat manure. Interestingly, DNA sequences from
patient1 (Samples1,2)andGoat2 (bothcoming fromsamecluster
1) presented the same variation C > T (KR011272.1 c.383C > T).
In the present study, a specific real-time PCR method for

detection of Trichostrogylus spp. in human fecal samples was
developed. The primer/probe set for Trichostrongylus was
designed to amplify an internal region harboring the 5.8S

and ITS2, as a genetic marker for the detection and differ-
entiation of Trichostrongylus.1,5,9 We evaluated the specificity of
ourmolecularapproachbydirectsequencingofall ampliconsfrom
human andgoat samples.We can conclude that for the diagnosis
of this parasite infection, microscopic direct examination contin-
ued to be mandatory. Therefore, the developed molecular pro-
cedure combined with microscopy would allow a more accurate
screening in humans and animals for this disease. Further studies
to determine the limit of detection including larger cohort of sam-
ples are required to improve this method. Taken together, our
results show that the present real-time PCR could be a suitable,
rapid approach for the diagnosis of tricostrongylosis.
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