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Abstract
Every year Europe receives immigrants from various African and Asian countries. Several studies have shown that 

this moving population has specific health problems that differ from the common health problems of the host country. Some 
diseases, such as intestinal parasitosis, can have serious health consequences if not diagnosed and treated. In this study, 
we tested an in-house real-time PCR to detect S. Stercoralis, N. Americanus, and A. Duodenale on asylum seekers hosted 
in the reception centers of Padova, Italy. The screening was done on a voluntary basis, and the results were shared with 
health authorities to provide medical assistance to those who were infested. We used the agar culture method as the gold 
standard. For each volunteer, two faecal samples were collected (one fresh and the other fixed in a storage medium). The 
fresh samples were cultured by the agar plate technique, while the fixed samples were concentrated and observed under 
the light microscope. All samples were also analysed by real-time PCR with probes designed to detect the three helminths. 
Our results indicate a high prevalence of helminthiasis in the population examined, as 9 out of 81 (11%) samples showed 
the presence of helminths by the culture method of which 5 samples were identified as N. Americanus by PCR. All positive 
subjects were clustered among young males from Nigeria. These results strongly suggest that predictions on the prevalence 
of helminthiasis in immigrants may be incorrect due to the heterogeneity of their living conditions before immigrating 
and that, the adoption of regular screening programs for the detection of intestinal parasites in asylum seekers is highly 
recommended to provide the best medical care. The low sensitivity shown by the PCR methods underlines the difficulties 
to use this method on faecal specimens in particular to detect helminths. To have the highest sensitivity we suggest, when 
possible, using culture-based methods, that are more broad-spectrum, with PCR tests that, when working properly, give a 
fast species identification.
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Introduction
Every year Europe receives an influx of asylum seekers 

from African countries; in 2018, the rough number of 
immigrants was 144,166 [1]. This phenomenon is not constant 
with yearly shifts in numbers and ethnic composition of 
the refuge seekers due to the rapidly evolving social and 
political conditions in those regions. While in 2017, the main 
nationalities were predominantly from western and central 
Africa, in 2018, the number of refugees from the Middle East 
and South Asia has steeply increased [1].

Refuge seekers have unique health characteristics. They 
present fewer chronic diseases, widespread in European 
countries, lower average age, and the “voyage bias”, that is, 
only the healthiest and best-fitted decide to start a long and 
challenging journey [2,3]. On the other hand, immigrants 
are exposed to pathogens in their origin countries that are 
no longer common in European countries, such as zoonotic 
diseases and parasitosis. Therefore, when asylum seekers 
are screened for health problems in the host country, it is 
essential to look for these diseases, which could have severe 
consequences for those affected [4]. In this scenario, it is also 
advisable to have a fast diagnosis to treat the affected one 
while still in the host center. To do so the biomolecular tests 
often offer a quicker and more automatized way to detect 
or characterize a pathogen. So, it would be valuable to use 
these techniques in the screening for parasitic infection in 
asylum seekers. 

Among the various illnesses to be considered, 
intestinal parasitic infections, particularly those caused by 
geo-helminths, are of great importance. While in Europe, 
intestinal parasites are no longer considered a cause of 
disease due to their low prevalence [5], in many African 
countries, they are still considered pathogens of concern. 
Their prevalence varies depending on region and by helminth 
species, but values between 10-20% are considered realistic 
[6-9]. It is important to diagnose these conditions due to the 
morbidity and mortality associated with geo-helminthiasis, 
particularly for the silent progression of chronic infections 
that can lead to serious complications when the host’s 
immune system weakens [10,11] Children are particularly 
exposed to the damage of chronic helminthiasis since they 
can have a greater risk of malnutrition-related problems and 
other growth disorders [4,12].

These considerations are important in Italy since it is 
one of the main arrival countries for people from African 
regions seeking asylum in Europe. In 2018, there were 23,370 
new arrivals registered in Italy, i.e. five times fewer refugees 
than the 119,369 immigrants registered in 2017 and seven 
times less than the 181,436 registered in 2016. The main 

African countries of origin were Tunisia (22%), Eritrea (14%) 
and Sudan (7%) and, from the Middle East area, Iraq (7%) 
and Pakistan (7%) [13,14]. 

The purpose of this study was to develop and apply a real-
time PCR test to detect three of the more common parasitic 
helminths: Ancylostoma duodenale, Necator americanus, and 
Strongyloides stercoralis. The molecular test was performed 
along with the standard culture method, which was used 
as a reference gold standard. The population studied was 
the asylum seekers hosted in a reception center in the city of 
Padova. The tests were performed on a voluntary basis and 
with the approval of the administrative and public health 
authorities. The infected subjects were offered therapy. The 
data collected are also helpful to monitor the prevalence 
of parasitosis in refuge seekers and better understand and 
approach their health problems.

Materials and Methods
Sample collection

The volunteers were enrolled in Padova (Italy) in the 
last months of 2018 and the first months of 2019. As in other 
Italian cities, refuge seekers are accommodated at reception 
centers managed by the public administration, where 
they live and receive health care while waiting for their 
asylum applications to be evaluated. After the approval 
by Italian immigrant affairs authorities, we contacted the 
reception centers to screen the asylum seekers for intestinal 
helminthiasis. Participation was voluntary and anonymous. 
The work was carried out by the Code of Ethics of the World 
Medical Association and informed consent was obtained 
from participants.

Firstly, the people willing to participate were asked to 
fill out an anonymous questionnaire about their general data 
(sex, age, country of origin) and the present or past physical 
symptoms that could be related to intestinal parasitosis 
(Table 1). Then, we provided them with two containers for 
the collection of one fresh faecal sample and one preserved 
with a fixative solution (Para-Pak® ULTRA SVT; Meridian 
Bioscience, Cincinnati, USA). An identification code was 
assigned to each faecal sample. The shelter management 
registered the match between the identification code and the 
participant’s identity to treat subsequently those who resulted 
infested. The samples were analysed at the Laboratory of 
Microbiology of the University-Hospital of Padova, Italy. 
The diagnostic work focused on the three major intestinal 
helminths, i.e. Strongyloides stercoralis (S. stercoralis), Necator 
americanus (N. americanus), and Ancylostoma duodenale (A. 
duodenale). All samples were analysed using traditional 
(culture plates of fresh faecal samples and microscope 
observation of parasite eggs in preserved faecal samples) 
and molecular techniques as described below.
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Subject ID number Gender
Date of birth 

(age at the time 
of stool collection)

Country of origin

1 M 1983 (35) Ivory Coast
2 M 1970 (48) Ivory Coast
3 M 1998 (20) Guinea
4 M 1999 (19) Guinea
5 M 1985 (33) Senegal
6 M 1989 (29) Cameroon
7 M 1999 (19) Guinea
8 M 1980 (38) Ivory Coast
9 M 1984 (34) Ivory Coast
10 M 1987 (31) Mali
11 M 1988 (30) Guinea
12 M 1991 (27) Gambia
13 M 1986 (32) Guinea
14 M 1998 (20) Mali
15 M 1976 (42) Nigeria
16 M 1995 (23) Nigeria
17 F 1996 (22) Nigeria
18 F 1997 (21) Nigeria
19 F 1994 (24) Ivory Coast
20 F 1997 (21) Nigeria
21 F 1997 (21) Nigeria
22 F 1996 (22) Nigeria
23 F 1991 (27) Nigeria
24 F 1993 (25) Nigeria
25 F 1992 (26) Nigeria
26 F 1996 (22) Nigeria
27 F 1992 (26) Nigeria
28 F 1997 (21) Nigeria
29 M 1987 (31) Bangladesh
30 M 1998 (20) Bangladesh
31 M 1997 (21) Bangladesh
32 M 1994 (24) Bangladesh
33 M 1994 (24) Nigeria
34 M 1992 (26) Nigeria
35 M 1991 (27) Nigeria
36 M 1998 (20) Eritrea
37 M 1993 (25) Ghana
38 M 1993 (25) Guinea
39 M 1991 (27) Senegal
40 M 1996 (22) Nigeria
41 M 1986 (32) Burkina Faso
42 M 1989 (29) Togo
43 M 1990 (28) Mali
44 M 1994 (24) Ghana
45 M 1993 (25) Senegal
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46 M 1987 (31) Africa (not specified)
47 M 1985 (33) Africa (not specified)
48 M 1997 (21) Nigeria
49 M 1994 (24) Senegal
50 M 1998 (20) Nigeria
51 M 1998 (20) Nigeria
52 M 1984 (34) Nigeria
53 M 1998 (20) Nigeria
54 M 1984 (34) Nigeria
55 M 1988 (30) Nigeria
56 M 1998 (20) Ghana
57 M 1996 (22) Nigeria
58 M 1997 (21) Nigeria
59 M 1996 (22) Gambia
60 M 1996 (22) Africa (not specified)
61 M 1994 (24) Africa (not specified)
62 M 1993 (25) Africa (not specified)
63 M 1989 (29) Africa (not specified)
64 M 1990 (28) Africa (not specified)
65 M 1992 (26) Africa (not specified)
66 M 1991 (27) Africa (not specified)
67 M 1985 (33) Africa (not specified)
68 M n.a* Africa (not specified)
69 M 1997 (21) Africa (not specified)
70 M 1985 (33) Africa (not specified)
71 M 1996 (22) Africa (not specified)
72 M 1994 (24) Africa (not specified)
73 M n.a Africa (not specified)
74 M n.a Africa (not specified)
75 M 1985 (33) Africa (not specified)
76 M 1983 (35) Africa (not specified)
77 M n.a Africa (not specified)
78 M n.a Africa (not specified)
79 M n.a Africa (not specified)
80 M 1983 (35) Africa (not specified)
81 M n.a Africa (not specified)

Note: n.a: not available

Table 1: Study subjects.

Analysis of fresh stool samples by the agar culture plate 
method

A small quantity, half of a walnut, of each fresh stool 
sample was loaded on Trypticase Soy Agar (TSA) (Becton 
Dickinson, Franklin Lakes, New Jersey, USA) (triplicate 
plates) and then incubated at 30°C. After 5 to 7 days, the 
plates were examined under an optical microscope at 50X 
magnification. With this technique, the larvae of nematodes 
are visible in the agar plate as they move from the faecal 
material into the culture medium leaving winding paths 
behind (Figure 1).

Analysis of preserved stool samples

Upon arrival in the laboratory, the faecal samples 
collected in Para-Pak® ULTRA SVT containers were stirred 
for 15 minutes, before proceeding with the concentration 
method. The SpinCon® Concentration System (Meridian 
Bioscience, Cincinnati, Ohio, USA) was used to obtain a small 
amount of concentrated sample for evaluation under a light 
microscope, according to the manufacturer’s instructions. A 
drop of the concentrated sample was then placed on top of 
a glass slide and the sample was observed under the light 
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microscope using 100X and 400x magnifications to detect parasite eggs.

Figure 1: Presence of nematodes in fresh stool samples with the agar plate culture method. A and B represent images of 
positive cultures at 50X magnification; C represents the image of a positive sample where it is possible to appreciate the path 
of the worm inside the agar plate at 100X magnification.

Real-Time PCR

The cases that showed the presence of helminths at 
the culture method, or by microscopic examination after 
centrifugation, were further analyzed by molecular methods 
to determine the sensitivity of the molecular test. Also, nine 
samples tested negative at the culture and microscopic 
methods were analyzed with the real-time PCR procedure in 
order to determine the specificity. The fresh and preserved 
samples were centrifuged at 13.000 rpm in a microfuge for 2 
minutes. A small amount of each sample was then dissolved 
in 420 μL of a solution containing lysis buffer (180 μL; 
Roche, Basel, Switzerland), 40 μL of proteinase K (20 mg/
ml), and purified water (200 μL). Samples were incubated 
at 65°C for 30 minutes, then at 99°C for 10 minutes, and 
centrifuged at 13.000 rpm in a microfuge for 30 seconds. The 
supernatant (400 μL) was then transferred into a clean tube 
and DNA extracted employing the MagNa Pure compact 
instrument (Roche), using the DNA bacteria V3.2 program, 
to remove faecal inhibitors, such as bile salts and complex 
polysaccharides [15], and to obtain 200 μL of purified DNA 
extract. Aliquots (5 μL) of each extraction eluate were tested 
by Real-Time PCR assays in four independent reactions 
for the detection of DNA of S. Stercoralis, N. Americanus, 
and A. Duodenale (single reactions for each nematode) 
and, in parallel, with an amplification reaction of positive 
control (i.e. phocine herpesvirus, PHO-CI). Real-time PCR 
reactions were run in 96 well plates employing the ViiA7 
Real-Time PCR system (Thermo Fisher Scientific, Waltham, 
Massachusetts, USA). Each PCR process had a negative 
control represented by Milli-Q water to exclude the presence 
of contaminating molecules from the fieldwork. The reaction 
protocol was: 20 seconds at 95°C for DNA denaturation, 
followed by 45 amplification cycles (1 second at 95°C, 20 
seconds at 60°C for primer annealing and polymerization). 

In each real-time PCR reaction, 900 nmol of primers and 300 
nmol of probes were used.

The positive control was prepared alongside the other 
samples in order to detect errors or inhibitors present in the 
procedure. The ct value of the positive control was used as a 
comparison for the ct values of the samples. If the ct values 
of the positive samples were far greater compared to the 
positive control it was assumed that the DNA eluate contained 
too many PCR inhibitors and therefore the extraction 
process of those samples was repeated. The extraction and 
amplification were repeated also for all samples testing 
negative at the first Real-time PCR reaction. Primers and 
probes for S. Stercoralis were designed on the gene sequence 
of the ribosomal 18S subunit rRNA (Gene B a n k  
accession number: AF279916): Stro-Forward, 
5’-AAGGCTGAGAGACATATTCAAAAGTG-3’; Stro-
Reverse, 5’-ACCACAAAAACAACAAAAGTTGGA-3’; Stro-
Probe 5’- CGCACTAGAATAAACTCCACT-3’. The expected 
fragment is 72 bp long. Primers and probes for A. Duodenale 
and N. Americanus were designed on the internal transcribed 
spacer 2 (ITS2) gene (Gene Bank accession number: AJ001594 
for A. duodenale and AJ001599 for N. Americanus): 
Ayd-Forward: 5’-GCCACTGCCGAAACGTTCTA-3’; 
Ayd-Reverse: 5’-GAATGACAGCAAACTCGTTGTTG-3’; 
Ayd-Probe: 5’- AGTCGGTAAACGATTCAG-3’; Nec-
Forward: GGTTGGGTGACGGCTATGAT-3’; Nec-Reverse: 
5’- TGCACACGCACACATACAACA-3’; Nec-Probe: 5’- 
CTTGGCAAAGTTCGC-3’. The expected fragments were 
65 and 64 bp long for A. duodenale and N. americanus, 
respectively. Primers and probes for the internal control 
were designed on the gB gene of Phocine herpesvirus type 
1 (PHO-CI) (GenBank accession number Z68147): Pho-
Forward: 5’-TGAGAGAAATTTTGGGCGAATC-3’; 
Pho-Reverse: 5’-CAGATGGTGGCGGACACAT-3’; 
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Pho-Probe: VIC-5’-TTGAATCTGATGATACAGCAAC-
3’-MGB. The primers generate a 65 bp long fragment. 
The fluorophores used to label the probes was FAM-MGB 
(S. stercoralis, N. americanus) and VIC-MGB (PHO-CI, A. 
duodenale). The plasmid containing the PHO-CI fragment 
was generated as follows. A 65 bp PHO-CI long fragment 
was produced by the PCR: 10 minutes at 95°C for the initial 
denaturation, followed by 45amplification cycles (15 seconds 
at 95°C and 1 min at 60°C of annealing and polymerization), 
followed by an elongation cycle at 72°C for 7 minutes. This 
fragment was then cloned in the EcoRV site of the p-GEM-T 
easy vector (Promega), transfected in E. coli cells produced, 
and purified according to standard procedures.

Results and Discussion
A total of 81 asylum seekers hosted in Padova’s 

shelters agreed to participate in the study (Table 1). All of 
them provided the faecal sample but a minority filled out 
only partially the personal questionnaire. The median age 
was 26.6 years, with the oldest volunteer being 42 and the 
youngest 19 years old. The sex distribution was unbalanced 

towards males who represented 85% of the total. These data 
are in agreement with the data of similar studies performed 
in Europe [16,17]. Ninety-five percent (95%) of asylum 
seekers came from Africa whereas 5% from Bangladesh. 
Among the African participants, the country of origin was 
reported only for 53 out of 81 subjects (65.4%). In particular, 
among asylum seekers with a known country of origin, the 
majority came from Nigeria (49%), around 28.3% came from 
Ivory Coast, Guinea, and Senegal, and 22,6% came from 
Cameroon, Mali, Gambia, Eritrea, Ghana, Burkina Faso, 
and Togo, in agreement with the more common countries of 
origin among immigrants in Italy during 2017, but different 
from the data reported for 2018 when the more frequent 
nationalities were Tunisian, Eritrean, Sudanese, Iraqi and 
Pakistani [1,13].

The analysis of fresh and preserved faecal samples 
showed that none of the 81 fixed and concentrated 
samples resulted positive for parasite eggs by microscopy 
observation (data not shown), whereas 9 out of 81 fresh 
samples analysed by the agar plate culture method were 
positive for the presence of worm larvae (Figure 1, Table 2).

Sample ID
number

Culturea PCRb (Ct) Microscopyc PCRc

16 +
Necator americanus

(25)
- -

17 +
Necator americanus

(26)
- n.d.

33 +
Necator americanus

(31)
- -

48 +
Necator americanus

(30)
- -

54 +
Necator americanus

(31)
- n.d.

57 + - - -
62 + - - -
64 + - - -
69 + - - -

athe culture test was carried out on fresh samples in three independent experiments
bthe results refer to fresh samples, with Ct values in parenthesis
cthe analysis was carried out on preserved samples
-negative result; +positive result; n.d: not done

Table 2: Positive faecal samples analysed with traditional and molecular techniques.
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Altogether, by means of the fresh culture method, 
we found a prevalence of helminth infection in 11,1% of 
asylum seekers housed in the reception centers in Padova. 
These results underline the greater sensitivity of the agar 
plate culture method, compared to the direct observation 
of concentrated samples, in agreement with other studies 
showing that the agar culture method is the most sensitive 
for hookworm detection among non-molecular diagnostic 
tools [18-21]. In our study the collection of samples of stool 
from the participants at an only one-time point may have 
probably further increased the difference in sensibility 
between the two techniques, leading to zero positive cases 
by microscopy observation against nine positive samples by 
the agar method. 

  The prevalence of helminths here reported is in the 
range of 3-10% reported by different studies [16,22,23], 
but higher than the data reported by Ehlkes, et al. [24]. 
The prevalence of intestinal parasites in asylum seekers in 
Italy shows, however, significant differences [25], reflecting 
the high heterogeneity of the immigrants which, in turn, 
depends significantly on differences in their countries of 
origin and prior living conditions. This may explain the 
higher prevalence of intestinal parasites found in our study 
compared to studies analysing a higher number of cases 
[16]. All the 9 positive subjects found in this study belonged 
to a cluster sharing the same country of origin, Nigeria, 
and a similar age range, i.e. 20-35 years old. Furthermore, 
8 out of 9 positive subjects were male. Without this cluster 
of 9 people, our study probably would have reported a 
much lower prevalence of helminths among the population 
screened. These observations suggest that disease prevalence 
in asylum seekers should not be taken as a constant value 
and, therefore, particular attention must be paid to defining 
health strategies on this issue. 

 Both the preserved and the fresh samples of each 
positive subject were tested by PCR to determine if the 
molecular method can replace the classical methods and 
in order to identify the parassite. Five fresh samples out of 
the nine positives by the culture method turned out to be 
positive by PCR for N. americanus whereas the other four 
samples positive for the presence of larvae tested negative 
by PCR for all three nematodes, S. stercoralis, N. americanus, 
and A. duodenale. In contrast, all preserved samples resulted 
negative. Also, all nine samples negative with the culture 
method, used as controls to determine the specificity of the 
test, correctly tested negative at the PCR assay. 

 Several studies show that PCR-based diagnostic 
methods for helminthiasis are more sensitive than 
conventional methods, in particular direct microscopy [26-
30]. However, it was also reported that PCR analysis was 
less sensitive compared to some direct methods [31,32]. 
Our results confirm the latter observation since we detected 
several positive cases of helminth infection using the culture 

technique on fresh samples compared to direct microscopy 
and molecular assay. 

 Several hypotheses may explain the difference in 
the results between the culture and the PCR methods 
reported in this study. Based on the results of the positive 
and negative controls, and the observation that the samples 
with a negative PCR outcome were extracted and analyzed 
twice confirming the negative PCR result, it is unlikely that 
the difference between the two methods was due to stool 
interfering factors in the PCR process. For each worm, 
the primers designed and used in this study were indeed 
validated on positive samples. For S. Stercoralis they were 
validated on faecal material from one patient infected with 
this nematode detected during our laboratory diagnostic 
routine. Instead, for N. Americanus and A. Duodenale it is 
particularly difficult to obtain fresh positive samples, to use 
as controls, because they are not endemic in our country but 
occasionally detected only in voyagers and immigrants who 
are, however, not routinely screened for parasitic infections. 
Thus, primers of N. Americanus and A. Duodenale were 
validated on purified DNA of the two helminths, provided 
by the “Infectious Diseases” laboratory of the Sacro Cuore 
Don Calabria Hospital (Negrar, Verona, Italy), which were 
purified from two positive cases diagnosed in the past. 
Another issue could be the amount of DNA that can be 
extracted from the faeces of positive samples since it may 
vary depending on the number of worms, the stage of the 
larvae, the processing of the samples, and still other factors 
that help or interfere with the release of nucleic acids from 
the worms in the faeces. Of note, all infected subjects didn’t 
report gastrointestinal symptoms at the time of the sample 
collection suggesting that they had a mild infestation and 
the number of parasites, and therefore the amount of nucleic 
acids, was very likely low. In addition, during their voyage 
from their original country to the host country, asylum 
seekers are hosted in various refugee camps where they 
may have routinely received anti-helminth drugs further 
reducing the worm burden in the infected subjects. A further 
hypothesis for the discrepancy from culture and PCR results 
is that the worms observed with the culture method may 
have a genetic variation in the locus detected by the PCR 
that hinders the process or belong to species different from 
the three searched here, for example Ancylostoma ceylanicum 
and Oesophagostomum bifurcum, often reported to cause 
infections [33-35]. 

  In conclusion, based on these results we strongly 
recommend the adoption of regular screening programs 
for the detection of intestinal parasites in asylum seekers. 
These infections have a huge impact on health, in particular, 
if the infected subject suffers from a condition of impaired 
immunity. It is also important to consider the “clusters” 
phenomenon we have observed in the epidemiological 
distribution of the positive cases. The prevalence of diseases 
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in this kind of population appears to vary significantly and 
even the presence or absence of a few people can modify 
greatly the overall rate of positive cases. So, it seems 
not advisable to make predictions on the prevalence of 
helminthiasis in immigrants due to the high variability 
of the living conditions they had before engaging in the 
emigration journey. 

  Regarding the results of our diagnostic process, we 
showed that the molecular methods could be useful for 
the precise and rapid identification of pathogens at the 
species level avoiding conventional systems that are more 
time-consuming and rely on the individual’s ability to 
recognize phenotypic characteristics. On the other hand, the 
real-time PCR process limits the possibility of diagnosing 
only the specific pathogens for which the reaction primers 
are designed. The process may be also easily hindered by 
inhibiting factors in the faeces, and by the burden of the 
infection, that influence the amount of parasites in the 
sample. Thus, to have an accurate diagnosis of helminthiasis, 
it is still advisable to combine real-time PCR tests with a 
broad-spectrum assay such as the agar plate culture.
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