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Abstract 

Background Important information on movement pathways and introduction routes of invasive parasites can be 
obtained by comparing the genetic makeup of an invader with its spatial genetic structure in other distribution areas. 
Sometimes, the population genetic structure of the host might be more informative than that of the parasite itself, 
and it is important to collect tissue samples of both host and parasite. However, host tissue samples are frequently 
not available for analysis. We aimed to test whether it is possible to generate reliable microsatellite profiles of host 
individuals by amplifying DNA extracted from a nematode parasite, using the raccoon (Procyon lotor) and the raccoon 
roundworm (Baylisascaris procyonis) as a test case.

Methods Between 2020 and 2021, we collected tissue as well as a single roundworm each from 12 raccoons from 
central Germany. Both the raccoon and the roundworm DNA extracts were genotyped using 17 raccoon-specific 
microsatellite loci. For each roundworm DNA extract, we performed at least eight amplification reactions per micros-
atellite locus.

Results We extracted amplifiable raccoon DNA from all 12 roundworms. We obtained at least two amplification 
products for 186 of the 204 possible genotypes. Altogether 1077 of the 1106 genotypes (97.4%) matched the host-
DNA derived reference genotypes and thus did not contain genotyping errors. Nine of the 12 roundworm-derived 
genetic profiles matched the reference profiles from the raccoon hosts, with one additional genetic profile contain-
ing genotyping errors at a single locus. The remaining two genetic profiles were deemed unsuitable for downstream 
analysis because of genotyping errors and/or a high proportion of missing data.

Conclusions We showed that reliable microsatellite-based genetic profiles of host individuals can be obtained 
by amplifying DNA extracted from a parasitic nematode. Specifically, the approach can be applied to reconstruct 
invasion pathways of roundworms when samples of the raccoon hosts are lacking. Further research should assess 
whether this method can be replicated in smaller species of parasitic nematodes and other phyla of parasites more 
generally.
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Background
Extensive human-mediated translocation of non-native 
animals and plants concurrently increases the risk of 
introducing exotic pathogens into new areas [1, 2]. 
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Parasite invasions therefore represent a growing problem 
for the natural environment, human and animal health 
and agriculture [3, 4]. Parasitic nematodes are expected 
to be frequently translocated alongside their hosts since 
they are widespread and many host species are infested 
by more than one species of roundworm [1, 5]. After 
introduction, non-native nematodes can become highly 
invasive and serious causative agents of destructive dis-
ease [4, 6].

To design effective control and prevention strategies 
against alien species in general, it is important to gain 
an understanding of different aspects that contribute to 
invasion success. One such factor is the identification of 
invasion routes [7]. These geographic pathways followed 
by organisms from their source to their introduction site 
can provide critical information to limit propagule pres-
sure and prevent successful establishment [8]. Important 
information regarding movement pathways and invasion 
routes may be gained by comparing the genetic makeup 
of an invader with the spatial genetic structure of the spe-
cies in other distribution areas [9–12].

It is often assumed that the population genetic struc-
ture of parasites must correspond to that of their hosts 
because of parasite dispersal being dependent on their 
more vagile hosts [13–15]. Gene flow patterns often dif-
fer between hosts and parasites, however. While the 
genetic structure of a parasite can be more pronounced 
than that of the host [15, 16], dispersal rates of parasites 
are frequently higher than those of their hosts, resulting 
in significantly lower genetic differentiation in the para-
site than the host [14, 15]. When trying to reconstruct 
geographic introduction pathways of parasitic nema-
todes, the population genetic structure of the host might 
therefore be more informative than that of the parasite 
itself.

When planning to reconstruct geographic introduction 
pathways of parasitic nematodes, it is thus important to 
collect tissue samples of both host and parasite. Many 
historical nematode collections are unlikely to contain 
tissue samples of the host, however. Except for studies 
that explicitly compare the genetic structure of parasites 
and hosts [13, 14], most population genetic studies of 
parasitic nematodes do not mention that host DNA was 
sampled (see [15] and references therein). In some cases, 
it may not be possible to link a parasite to a particular 
host individual [17]. It has been noted that host DNA can 
be amplified from adult parasites, for example in studies 
where parasite microsatellite have been developed [18, 
19]. It would therefore be important to be able to gen-
erate genetic profiles of hosts based on DNA extracted 
from parasites.

The raccoon roundworm (Baylisascaris procyonis) 
is a nematode parasite of the gastrointestinal tract of 

raccoons (Procyon lotor) [20]. Via their scats, infested 
raccoons can expel millions of parasite eggs that, under 
the right environmental conditions, will remain infec-
tious for years [21]. While usually benign in the raccoon, 
B. procyonis infestations can be fatal in humans and other 
paratenic hosts [20]. Raccoons and raccoon roundworms 
are both present in Europe as a result of joint transloca-
tions from their native North American range [22]. Rac-
coons are particularly abundant in Germany [23] where 
they have increasingly spread into urban areas and come 
into close contact with humans and domestic animals 
[24, 25]. Consequently, according to the World Health 
Organisation baylisascariasis is a zoonosis ‘with current 
and potentially increasing impact’ in Europe [26]. Rac-
coons are included in the list of Invasive Alien Species 
of Union concern [27] and subjected to restrictions and 
management measures by law [28].

While not all European raccoon populations are para-
sitised by B. procyonis, the roundworm is currently 
increasing its geographic distribution [29–32]. For effec-
tive eradication and/or management actions, it is impor-
tant to understand whether the parasite was introduced 
through a distinct founder event or through natural 
dispersal of infected raccoons [31]. For example, while 
the first known Austrian roundworm originated from a 
nearby German population [30], the roundworms in the 
southern Netherlands originated from a distinct intro-
duction event [31]. However, since the genetic diversity 
of B. procyonis in its introduced range is low, both stud-
ies needed to analyse the genetic make-up of the raccoon 
hosts to infer the origin of the roundworms with cer-
tainty [30, 31].

The aim of the present work was to test whether it is 
possible to generate reliable microsatellite profiles of 
host individuals by amplifying DNA extracted from a 
nematode parasite, using the raccoon and the raccoon 
roundworm as a test case. In addition to a general proof 
of concept, the information might become relevant 
in  situations where the geographic origin of invading 
roundworms needs to be determined but where no DNA 
samples of the raccoon hosts are available.

Methods
Between 2020 and 2021, we collected large roundworms 
(> 5 cm) from 12 raccoons that were harvested or road-
killed in central Germany (Table 1). We stored the worms 
and a piece of raccoon muscle tissue in 96% absolute 
ethanol.

Following the manufacturer’s instructions, we used the 
DNeasy 96 blood and tissue kit (Qiagen, Hilden, Ger-
many) to extract DNA from one roundworm sample per 
raccoon. We digested an approximately 1-cm-large frag-
ment that included the digestive apparatus of the worm 
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with a final elution volume of 50 μl. We used an ammo-
nium acetate-based salting-out method to extract DNA 
from the raccoon tissue samples [33]. DNA extracts were 
quantified with a Drop-Sense 16 spectrophotometer 
(Trinean, Gentbrugge, Belgium).

Both the raccoon and the roundworm DNA extracts 
were genotyped using 17 raccoon-specific microsatellite 
loci [34–36] that were amplified in two multiplex PCRs. 
Multiplex 1 contained loci PLOT-02, PLOT-05, PLOT-
06, PLOT-07, PLOT-08, PLOT-10, PLOT-11, PLOT-
13 and PLO3-86. Multiplex 2 contained loci PLM01, 
PLM03, PLOM2, PLO-M3, PLO-M17, PLO-M20, PLO2-
14 and PLO2-117. Each PCR contained 1× GoTaq Mas-
ter Mix (Promega, Walldorf, Germany) and between 0.1 
and 0.4 μM of each primer. PCR conditions for Multiplex 
1 were as follows: After a 5-min denaturation at 95 °C, the 
PCR consisted of 35 cycles of denaturation at 95  °C for 
30 s, annealing at 61 °C for 90 s and an extension at 72 °C 
for 90  s. The PCR was ended with a final extension for 
10 min at 68 °C. The same PCR conditions were used for 
Multiplex 2, except that a touchdown profile was used. 
The initial annealing temperature of 60  °C was reduced 
by one degree every cycle for five cycles, followed by 30 
cycles of annealing at 55 °C.

While the roundworms were expected to contain rac-
coon material in their digestive tracts, the concentration 
of the raccoon-derived DNA was presumed to be low. 
We therefore added 2  μl of the 50  μl undiluted round-
worm DNA extract to each PCR. Negative controls were 
included at every stage of the process to monitor con-
tamination. Similar to other DNA extracts that are low 
in quality and quantity, such as faecal DNA, genotyp-
ing errors are likely to occur during PCR when using 

roundworm-extracted DNA to genotype the raccoon 
host [37, 38]. Genotyping errors include ‘allelic drop-
out’, where one allele of a heterozygous genotype is not 
amplified, and ‘false alleles’, where an artificial allele is 
generated during the PCR as a result of slippage during 
the initial PCR cycles [39]. For each roundworm DNA 
extract, we therefore performed eight amplification reac-
tions per microsatellite multiplex. Loci that did not give 
rise to an amplification product were amplified a further 
three times in singleplex PCRs (using the same reaction 
conditions as described above, but with 0.2  μM of the 
given primer), except in the case of one sample that had 
missing data at nine loci. Here, the loci with missing data 
were amplified in two further singleplex PCRs because of 
the limited quantity of DNA extract. A genotype obtained 
for a locus was accepted as reliable if an identical result 
was obtained at least twice and if there was a match with 
the reference genotype derived from the DNA of the rac-
coon host. We genotyped the raccoons in duplicate in the 
three cases where we observed mismatches between the 
raccoon- and the roundworm-derived profiles (see Addi-
tional file 1: Table S1).

Results
We extracted amplifiable raccoon DNA from all 12 
roundworms. We generated 1106 raccoon genotypes 
from these 12 samples, with the total number of geno-
types per roundworm sample varying between 45 and 
116 (average 92.2; Fig. 1, Additional file 1: Table S1). We 
generated between zero and eight genotypes per locus 
per sample, with the average number of genotypes gener-
ated per locus varying between 2.6 and 6.9 between sam-
ples (Fig.  1, Additional file 1: Table S1). We obtained at 

Table 1 Geographic origin and characteristics of the raccoon (Procyon lotor) hosts from which roundworms (Baylisascaris procyonis) 
were collected for the present analysis

Raccoon id Sampling date Geographic origin Sex Age Number of
roundworms

Admin. district Commune Longitude (E) Latitude (N)

MNHNL120341 25/03/2021 Salzlandkreis Bernburg (Saale) 11.714519 51.789665 Female Adult 2

MNHNL120342 08/09/2020 Harz Thale 11.042805 51.683359 Male Adult 3

MNHNL120345 17/11/2020 Harz Halberstadt 10.935173 51.925756 Female Adult 6

MNHNL120352 21/10/2020 Harz Harzgerode 11.197901 51.688745 Male Juvenile 12

MNHNL120368 07/10/2020 Saalekreis Leuna 12.052925 51.326509 Male Adult 5

MNHNL120371 21/09/2020 Saalekreis Leuna 12.023764 51.326536 Male Adult 5

MNHNL120381 04/09/2020 Harz Harzgerode 11.128528 51.606437 Female Juvenile 6

MNHNL120391 30/09/2020 Harz Quedlinburg 11.171637 51.801078 Female Adult 5

MNHNL120402 27/04/2020 Stendal Bismark (Altmark) 11.530495 52.69402 Male Adult 10

MNHNL120403 13/10/2020 Altmarkkreis Salzwedel Klötze 11.198502 52.639991 Male Adult 5

MNHNL120405 19/10/2020 Harz Halberstadt 10.935173 51.925756 Female Adult 20

MNHNL120406 06/03/2020 Salzlandkreis Hecklingen 11.559935 51.844846 Female Adult 2
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least two amplification products for 186 of the 204 pos-
sible genotypes (12 samples, 17 loci). Altogether 1077 of 
the 1106 genotypes (97.4%) matched the reference geno-
type obtained from the raccoon host and did not contain 
genotyping errors (Fig. 1, Additional file 1: Table S1). In 
contrast, based on the reference genotypes, 6 genotypes 
had a case of allelic drop-out and 22 genotypes contained 
a spurious allele.

Nine of the 12 genetic profiles did not contain any 
genotyping errors (Fig. 1, Additional file 1: Table S1). In 
the case of six roundworm DNA extracts, we managed 
to obtain a complete consensus genotype that exactly 
matched the corresponding host reference profile. A 
further three samples exactly matched their host refer-
ence profile, but had missing data at one locus. One fur-
ther sample had spurious alleles at one locus (leading to 
an erroneous consensus genotype; Additional file 1) and 
missing data at another one. The remaining two genetic 
profiles were problematic. While one of these genetic 
profiles had missing genotype data at eight loci and 

genotyping errors at one further locus, the other pro-
file had missing genotype data at six loci and genotyp-
ing errors at a further seven loci. In the case of the latter 
profile, repeated occurrence of the same spurious alleles 
would have led to five erroneous genotypes in the final 
consensus profile (which did not match another refer-
ence profile; Additional file 1).

Discussion
We aimed to test whether reliable microsatellite-based 
genetic profiles of host individuals can be obtained 
by amplifying DNA extracted from nematode para-
sites and tested the approach using the raccoon and 
its roundworm parasite. In most cases, we obtained 
DNA of sufficient quality and quantity to allow efficient 
and error-free genotyping/genetic profiling of the host 
from parasite-derived DNA. Most genotypes (97.4%) 
matched the host-derived reference genotype and  
thus did not contain any apparent genotyping errors. 
DNA samples obtained from non-invasively collected 

Fig. 1 Genotyping success of raccoon (Procyon lotor) microsatellite loci when amplified from DNA extracts obtained from roundworm (Baylisascaris 
procyonis) host. We performed repeated genotyping to ensure reliable genetic profiles. Nbr. of genotypes: The number of genotypes generated. 
Match: The generated genotypes matched the corresponding genotype in a reference profile generated from host DNA. Allelic dropout: Based on 
comparison with the reference profile, at least one of the genotypes contained an instance of allelic dropout. Spurious alleles: Based on comparison 
with the reference profile, at least one of the genotypes contained a spurious allele. Missing data: fewer than two genotypes were generated for this 
locus. All genotypes are given in Additional file 1
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samples, such as faeces, for instance, generally have 
higher genotyping error rates [39]. It is thus likely that 
we obtained a higher target-DNA yield or that the tar-
get DNA was less degraded than is the case with many 
faecal DNA extracts. Due to the high success rate of the 
genotyping, nine of the 12 roundworm-derived DNA 
samples gave rise to error-free genetic profiles of the 
raccoon hosts, with one additional genetic profile con-
taining genotyping errors at a single locus. However, 
the remaining two samples would not be suitable for 
downstream analysis because of genotyping errors and/
or a high proportion of missing data.

While our method provided promising results, the 
genetic profiles derived from two samples proved to be 
problematic. Because all DNA extracts were derived from 
large worms, these two samples did not a priori contain 
less host DNA. In the case of one of these samples, spu-
rious alleles would have led to five erroneous genotypes 
in the final consensus profile. It is unusual to generate 
the same spurious alleles repeatedly [40]. We genotyped 
the loci in the reference profile in duplicate to ensure 
that the discrepancy between the host-derived reference 
profile and the consensus profile generated from parasite 
DNA was not due to genotyping errors in the reference 
profile. Since the roundworms develop from larvae to 
adults in the raccoon host, it is unlikely that the round-
worm contained DNA of a raccoon other than its host. In 
addition, because the profile did not match another refer-
ence profile, we can exclude sample mix-up. The second 
profile with a large proportion of missing data only had 
genotyping errors at one of the loci for which genotypes 
obtained. Nevertheless, to avoid erroneous genetic pro-
files, it would probably be safer to exclude profiles from 
downstream analysis that have missing data at a larger 
number of loci and that thus originated from extracts 
with reduced DNA quantity or quality.

Our method was successful in generating genetic pro-
files of host individuals using DNA extracted from their 
parasites. However, we tested the approach with large 
nematodes that presumably contained relatively large 
amounts of ingested host tissue. Further research will 
show whether the approach is similarly successful with 
other smaller species of parasitic nematode and other 
phyla of parasites more generally. Genotyping of hosts 
from hematophagous arthropods is likely to remain chal-
lenging because of the low quality and quantity of nuclear 
DNA extracted from blood meals as well as the pres-
ence of DNA mixtures derived from multiple hosts [41]. 
Our samples were collected and stored rapidly after the 
death of the host. It remains to be seen whether genotyp-
ing of hosts from parasite-derived DNA will prove simi-
larly successful with museum specimens and other older 
samples.

The population genetic structure of the raccoon 
in western and central Europe is more pronounced 
than that of its roundworm parasite [19, 31]. Stud-
ies attempting to reconstruct the geographic invasion 
pathways of the raccoon roundworm thus also had to 
analyse the genetic makeup of the raccoon hosts to 
infer the origin of the parasites with certainty [30, 31]. 
A potential flaw with this approach is that it assumes 
that the first animal shown to be infested with round-
worms had also carried the parasite into the region/
country of interests, while it may have become infested 
after contact with other animals or through envi-
ronmental contamination. However, this caveat also 
applies to the situation where tissue samples are avail-
able from both host and parasites. Moreover, given 
that parasite-extracted DNA will contain a mixture of 
host and parasite DNA, the method can only be used to 
amplify host-specific markers.

Conclusions
We showed that, in principle, reliable microsatel-
lite-based genetic profiles of host individuals can be 
obtained by amplifying DNA extracted from nematode 
parasites. Specifically, this approach could be applied 
to reconstruct introduction pathways of roundworms 
when samples of the raccoon hosts are lacking. A cer-
tain caution is required to avoid erroneous genetic 
profiles and researchers may want to exclude genetic 
profiles  with a larger proportion of missing data from 
downstream analysis. We therefore recommend fol-
lowing methodologies developed for other low quality/
quantity DNA samples, e.g. faecal samples, whereby 
multiple rounds of amplifications reactions are used to 
obtain a consensus genotypes. Further research should 
assess whether this method can be replicated in smaller 
species of parasitic nematodes and, more generally, in 
other phyla of parasites.

Abbreviation
PCR  Polymerase chain reaction
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genotyping error (allelic dropout or false allele). All loci were amplified at 
least eight times. Failed reactions have not been included.

Acknowledgements
We thank A. Schliephake and W. Gaede of the Department of Veterinary 
Medicine, State Institute for Consumer Protection of Saxony-Anhalt, as well as 
all hunters for providing us with samples. A. Schleimer kindly provided com-
ments on early versions of the manuscript.

Author contributions
AF and MH designed the study. MH provided the samples. SL performed the 
laboratory work. AF wrote the manuscript. All authors read and approved the 
final manuscript.

Funding
The study was funded by an internal Grant from the Musée National d’Histoire 
Naturelle, Luxembourg.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article and its Additional information files.

Declarations

Ethics approval and consent to participate
As an invasive species, raccoons are not legally protected in Germany. Outside 
the closed season, licensed hunters can harvest the animals without special 
permission. No animal was killed with the aim of providing samples for this 
study. All harvested individuals were legally shot and made available to the 
authors.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 9 December 2022   Accepted: 13 February 2023

References
 1. Taraschewski H. Hosts and parasites as aliens. J Helminthol. 

2006;80:99–128.
 2. Kelehear C, Brown GP, Shine R. Invasive parasites in multiple invasive 

hosts: the arrival of a new host revives a stalled prior parasite invasion. 
Oikos. 2013;122:1317–24.

 3. Daszak P, Cunningham AA, Hyatt AD. Emerging infectious diseases 
of wildlife—threats to biodiversity and human health. Science. 
2000;287:443–9.

 4. Plantard O, Picard D, Valette S, Scurrah M, Grenier E, Mugniéry D. Origin 
and genetic diversity of Western European populations of the potato cyst 
nematode (Globodera pallida) inferred from mitochondrial sequences 
and microsatellite loci. Mol Ecol. 2008;17:2208–18.

 5. Gilabert A, Wasmuth JD. Unravelling parasitic nematode natural history 
using population genetics. Trends Parasitol. 2013;29:438–48.

 6. Cheng XY, Cheng FX, Xu RM, Xie B-Y. Genetic variation in the invasive 
process of Bursaphelenchus xylophilus (Aphelenchida: Aphelenchoididae) 
and its possible spread routes in China. Heredity. 2008;100:356–65.

 7. Lockwood JL, Hoopes MF, Marchetti MP. Invasion ecology. Oxford: Black-
well Science; 2007.

 8. Estoup A, Guillemaud T. Reconstructing routes of invasion using genetic 
data: why, how and so what? Mol Ecol. 2010;19:4113–30.

 9. Kolbe JJ, Glor RE, Schettino LR, Lara AC, Larson A, Losos JB. Genetic 
variation increases during biological invasion by a Cuban lizard. Nature. 
2004;431:177–81.

 10. Zepeda-Paulo FA, Simon JC, Ramirez CC, Fuentes-Contreras E, Margarito-
poulos JT, Wilson ACC, et al. The invasion route for an insect pest species: 
the tobacco aphid in the New World. Mol Ecol. 2010;19:4738–52.

 11. Gaither MR, Aeby G, Vignon M, Meguro Y, Rigby M, Runyon C, et al. 
Invasive fish and the time-lagged spread of its parasite across the 
Hawaiian Archipelago. PLoS ONE. 2013;8:e56940.

 12. Brazier T, Cherif E, Martin JF, Gilles A, Blanchet S, Zhao Y, et al. The 
influence of native populations’ genetic history on the reconstruction 
of invasion routes: the case of a highly invasive aquatic species. Biol 
Invasions. 2022;24:2399–420.

 13. Prugnolle F, Théron A, Pointier JP, Jabbour-Zahab R, Jarne P, Durand P, 
et al. Dispersal in a parasitic worm and its two hosts: consequence for 
local adaptation. Evolution. 2005;59:296–303.

 14. Mazé-Guilmo E, Blanchet S, McCoy KD, Loot G. Host dispersal as 
the driver of parasite genetic structure: a paradigm lost? Ecol Lett. 
2016;19:336–47.

 15. Cole R, Viney M. The population genetics of parasitic nematodes in 
wild animals. Parasi Vectors. 2018;11:590.

 16. Criscione CD, Cooper B, Blouin MS. Parasite genotypes identify source 
populations of migratory fish more accurately than fish genotypes. 
Ecology. 2006;87:823–8.

 17. Umhang G, Duchamp C, Boucher JM, Ruette S, Boué F, Richomme C. 
Detection of DNA from the zoonotic raccoon roundworm Baylisascaris 
procyonis in a French wolf. Parasitol Int. 2020;78:102155.

 18. Evans LM, Dawson DA, Wall R, Burke T, Stevens J. Isolation of Psoroptes 
scab mite microsatellite markers (Acari: Psoroptidae). Mol Ecol Notes. 
2003;3:420–4.

 19. Osten-Sacken N, Heddergott M, Schleimer A, Anheyer-Behmenburg 
HE, Runge M, Horsburgh GJ, et al. Similar yet different: co-analysis of 
the genetic diversity and structure of an invasive nematode parasite 
and its invasive mammalian host. Int J Parasitol. 2018;48:233–43.

 20. Kazacos KR. Baylisascaris procyonis and related species. In: Samuels WM, 
Pybus MJ, Kocans AA, editors. Parasitic diseases of wild mammals. 2nd 
ed. Ames (IA): Iowa State University Press; 2001. p. 301–41.

 21. Page K, Beasley JC, Olson ZH, Smyser TJ, Downey M, Kellner KF, et al. 
Reducing Baylisascaris procyonis roundworm larvae in raccoon latrines. 
Emerg Infect Dis. 2011;17:90–3.

 22. Beltrán-Beck B, García FJ, Gortázar C. Raccoons in Europe: disease haz-
ards due to the establishment of an invasive species. Eur J Wildl Res. 
2012;58:5–15.

 23. Fischer ML, Sullivan MJP, Greiser G, Guerrero-Casado J, Heddergott M, 
Hohmann U, et al. Assessing and predicting the spread of non-native 
raccoons in Germany using hunting bag data and dispersal weighted 
models. Biol Invasions. 2016;18:57–71.

 24. Hohmann U, Bartussek I. Der Waschbär. 3rd ed. Reutlingen: Verlag 
Oertel & Spörer; 2018.

 25. Louvrier JLP, Planillo A, Stillfried M, Hagen R, Börner K, Kimmig S, et al. 
Spatiotemporal interactions of a novel mesocarnivore community in 
an urban environment before and during SARS-CoV-2 lockdown. J 
Anim Ecol. 2022;91:367–80.

 26. Anonymous. Report of the WHO/FAO/OIE joint consultation on emerg-
ing zoonotic diseases. Geneva: Food and Agriculture Organization 
of the United Nations (FAO), World Health Organization (WHO), and 
World Organisation for Animal Health (OIE); 2004.

 27. Brundu G, Costello KE, Maggs G, Montagnani C, Nunes AL, Pergl J, 
et al. An introduction to the invasive alien species of Union concern. 
Luxembourg: Publications Office of the European Union; 2022.

 28. European Union. Regulation (EU) No 1143/2014 of the European parlia-
ment and of the Council of 22 October 2014 on the prevention and 
management of the introduction and spread of invasive alien species. 
2014. https:// eur- lex. europa. eu/ legal- conte nt/ EN/ TXT/? qid= 14174 
43504 720& uri= CELEX: 32014 R1143. Accessed 13 Jan 2023.

 29. Heddergott M, Steinbach P, Schwarz S, Anheyer-Behmenburg HE, Sutor 
A, Schliephake A, et al. Geographic distribution of raccoon roundworm, 
Baylisascaris procyonis Germany and Luxembourg. Emerg Infect Dis. 
2020;26:821–3.

 30. Duscher GG, Frantz AC, Kuebber-Heiss A, Fuehrer HP, Heddergott M. A 
potential zoonotic threat: first detection of Baylisascaris procyonis in a 
wild raccoon from Austria. Transbound Emerg Dis. 2020;68:3034–7.

 31. Maas M, Tatem-Dokter R, Rijks JM, Dam-Deisz C, Franssen F, van Bolhuis 
H, et al. Population genetics, invasion pathways and public health risks 

https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1417443504720&uri=CELEX:32014R1143
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1417443504720&uri=CELEX:32014R1143


Page 7 of 7Frantz et al. Parasites & Vectors           (2023) 16:76  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

of the raccoon and its roundworm Baylisascaris procyonis in Northwest-
ern Europe. Transbound Emerg Dis. 2022;69:2191–200.

 32. Lombardo A, Brocherel G, Donnini C, Fichi G, Mariacher A, Diaconu EL, 
et al. First report of the zoonotic nematode Baylisascaris procyonis in non-
native raccoons (Procyon lotor) from Italy. Parasit Vectors. 2022;15:24.

 33. Miller SA, Dykes DD, Polesky HF. A simple salting-out procedure 
for extracting DNA from human nucleated cells. Nucleic Acids Res. 
1988;16:1215.

 34. Cullingham CI, Kyle CJ, White BN. Isolation, characterization and multiplex 
genotyping of raccoon tetranucleotide microsatellite loci. Mol Ecol Notes. 
2006;6:1030–2.

 35. Fike JA, Drauch AM, Beasley JC, Dharmarajan G, Rhodes OE. Development 
of 14-multiplexed microsatellite loci for raccoons Procyon lotor. Mol Ecol 
Notes. 2007;7:525–7.

 36. Siripunkaw C, Kongrit C, Faries KM, Monello RJ, Gompper ME, Eggert LS. 
Isolation and characterization of polymorphic microsatellite loci in the 
raccoon (Procyon lotor). Mol Ecol Resour. 2008;8:199–201.

 37. Frantz AC, Pope LC, Carpenter PJ, Roper TJ, Wilson GJ, Delahay RJ, et al. 
Reliable microsatellite genotyping of the Eurasian badger (Meles meles) 
using faecal DNA. Mol Ecol. 2003;12:1649–61.

 38. Frantz AC, Viglino A, Wilwert E, Cruz AP, Wittische J, Weigand AM, et al. 
Conservation by trans-border cooperation: population genetic structure 
and diversity of Geoffroy’s bat (Myotis emarginatus) at its north-western 
European range edge. Biodivers Conserv. 2022;31:925–48.

 39. Broquet T, Petit E. Quantifying genotyping errors in noninvasive popula-
tion genetics. Mol Ecol. 2004;13:3601–8.

 40. Frantz AC. Non-invasive genetic typing in the study of badger (Meles 
meles) ecology. Brighton UK: University of Sussex D.Phil. Thesis, 2004.

 41. Rabêlo KCN, Albuquerque CMR, Tavares VB, Santos SM, Souza CA, Oliveira 
TC, et al. Detecting multiple DNA human profile from a mosquito blood 
meal. Genet Mol Res. 2016;15:15037547.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Microsatellite profiling of hosts from parasite-extracted DNA illustrated with raccoons (Procyon lotor) and their Baylisascaris procyonis roundworms
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


