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Dirofilaria repens Infections, Estonia, 2023

Appendix

Additional data for human cases

Case 1. The patient (a woman, 46 years of age), had a medical history of clinical
depression and allergic rhinitis, for which sertraline and cetirizine were administered regularly.
The complete blood count was normal, with no elevation of the eosinophil level. The only
abnormality was an elevated immunoglobulin E (IgE) level at 119 kU/L (normal <87 kU/L).
Initial diagnostic hypothesis included angioedema, prompting treatment with antihistamines and
corticosteroids, but these interventions proved ineffective. The patient was referred to an
allergologist who suspected that the edema could be related to sertraline use, as periorbital
edema and angioedema are known side effects of this medication. Based on the clinical data, D.
repens was suspected as a causative agent. The patient was referred to an infectious disease
specialist for further examination. Serologic and coprological tests for other parasitic diseases
were negative. No systemic treatment was prescribed, and the patient was followed. After the
removal of the parasite, all the symptoms disappeared and did not recur. At the 1-year follow-up

visit, the IgE level had dropped to 43 kU/L.

Case 2. The patient (a woman, 77 years of age), was referred to an infectious disease
specialist. The complete blood count was normal, with no elevation of the eosinophil level. The
only abnormality was the elevation of IgE value (137 kU/L; normal <87 kU/L). The computed
tomography (CT) scans of the lungs and abdomen did not reveal any abnormalities. The patient
was monitored, and a follow-up blood testing conducted 6 months later revealed a decrease in
the IgE level to 94 kU/L. After the removal of the encapsulated parasite, the symptoms

disappeared and the IgE levels decreased. No systemic treatment was applied.
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It is worth noting that both cases had no travel history abroad. In Estonia, there is
exposure to mosquitoes everywhere, even in the cities (/). Therefore, the patients had exposure

to local mosquito bites.

Parasite isolation, DNA extraction, PCR, and sequencing of the mtDNA cox1 gene

Subcutaneous nodules of parasites, surgically removed from two human patients, were
sent to histopathology service. The nodules were fixed immediately in formalin and inserted into
paraffin blocks. Paraffin slices were stained with hematoxylin and eosin. The diagnosis given by
the histopathology service was Dirofilaria sp. DNA was extracted from paraffin-embedded
samples (about 1-year-old), using the Al/Prep DNA/RNA FFPE Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s protocols. PCR amplification of the mitochondrial DNA
cytochrome c oxidase subunit I (cox/) gene fragments was carried out with two newly developed
primer pairs. For species identification, primers DirlF and Dir2R were used, yielding a 333 bp
PCR product. For phylogenetic analysis, primers DirlF and DirlR were used, yielding a 684 bp
fragment (Appendix Table 1).

Appendix Table 1. Primers designed for PCR amplification of Dirofilaria repens mtDNA cox1 gene fragments. The primer pair
Dir1F-Dir2R, with PCR product size of 333 bp, was used for species identification, whereas primers Dir1F-Dir1R (684 bp) for
phylogenetic analysis

Primer names Primer sequences Nucleotide positions* PCR product size
Dir1tF GATTGGTGGTTTTGGTAATTGGATG 2516-2540 684 bp
DiriR GTACGAGTATCAATATCCAAACCAG 3175-3199

DirtF GATTGGTGGTTTTGGTAATTGGATG 2516-2540 333 bp
Dir2R CAAACAAACATACTAATCTGATCTAAAGT 2820-2848

*According to D. repens sequence KX265049 in the GenBank database.
The PCR reactions were carried out in a volume of 20 pL, using HOT FIREPol MultiPlex

Mix (Solis BioDyne, Tartu, Estonia), 0.25 uM of each primer and 10-50 ng of template DNA.
Touchdown PCR cycling conditions were: 95°C for 12 min, followed by 10 cycles of 95°C for
20 s, 55°C for 30 s (with annealing temperature reduced in each cycle by 0.5°C) and 72°C for 45
s; followed by 27 cycles of 95°C for 20 s, 50°C for 30 s, 72°C for 45 s; and finished with a final
elongation step at 72°C for 2 min. The PCR products were divided into two, of which 10 uL.
were examined on a 1% agarose gel electrophoresis in 1x TAE buffer. The remaining 10 pL was
used for PCR product purification, for which a mixture of FastAP alkaline phosphatase and
Exonuclease I (Thermo Scientific, Waltham, USA) was added, 1 unit of each. The mixture was
incubated at 37°C for 30 min and enzymes were inactivated at 80°C for 15 min. Sequencing was
performed at the Core Facility of Genomics (Institute of Genomics, University of Tartu,
Estonia). Both DNA strands were sequenced, using the same primers as for the initial PCR. PCR

and sequencing with primers Dirl F-Dir2R were successful for both isolates and produced
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identical sequences with a final length of 331 bp (corresponding to positions 2517-2847 in the
full mitogenome sequence of D. repens from the GenBank database, accession code KX265049)
(2). It is noteworthy that these new primer pairs produced strong and specific PCR products,
suggesting that the primer pair yielding the shorter fragment can be useful for the analysis of
degraded samples. However, primers Dirl F-DirlR that yielded a longer PCR product, the PCR
failed for isolate In1 and was successful only for isolate In2: the resultant sequence was 683 bp
in length (corresponding to positions 2517-3199 in KX265049). The 331 bp cox! sequences of
both isolates, as well as the 683 bp sequence of isolate In2, were submitted to GenBank and can
be found under the following accession codes: PQ608665 (haplotype Inl, 331 bp), PQ608666
(In2, 331 bp) and PQ608671 (In2, 683 bp).

Sequence assembly, species identification and phylogenetic analysis

Consensus sequences were assembled in the program Codon Code Aligner v.11.0.1
(https://www.codoncode.com/index.htm; CodonCode Corporation, Massachusetts, USA) and the
quality was assessed by eye-checking the chromatograms. Species identification was performed
by database homology search, using the publicly available program Nucleotide BLAST
(nBLAST) (https://blast.ncbi.nlm.nih.gov). Based on the 331 bp sequence of cox/, the search
with nBLAST retrieved 88 sequences of D. repens from various countries with 100% sequence
identity. Thus, the species was identified as D. repens. nBLAST homology search with the
longer 683 bp sequence of cox! revealed no identical sequence, the closest sequences had at least
one nucleotide difference. Sequences with homology >97% in relation to the In2 sequence were
retrieved from GenBank and aligned in Bioedit v.7.7.1 (3). As a result, a dataset of 39 sequences
and 570 bp in length was formed. Based on this, a median-joining network was calculated using
the program Network v.10.2.0.0 (http://www.fluxus-engineering.com, Fluxus Technology Ltd,
2004) (4), with both indels and point mutations considered. A star-like network was inferred,
where the Estonian isolate In2 formed a unique haplotype 1 (Figure 2 in main text), positioning
just a single nucleotide difference apart from the central haplotype 2, which comprised D. repens

isolates from many countries and different host species.

D. repens can be confused with a newly described species D. asiatica (formerly D. sp.
hongkongensis), which is genetically closest to D. repens (5). Based on the aligned 570 bp
sequences of cox/, a neighbor-joining (NJ) tree was constructed, using MEGA11 (6), with 1000
bootstrap pseudoreplicates. The analysis included the D. repens isolate from Estonia (PQ608671)
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together with the 38 highly homologous sequences of D. repens from the GenBank database,
plus D. asiatica and D. immitis as outgroup taxa (Appendix Table 2). The NJ analysis confirmed
that D. asiatica is a sister taxon to D. repens, whereas D. immitis was more distant (Appendix

Figure). The Estonian haplotype 1 was closest to haplotypes 3, 7 and 9.

Appendix Table 2. Mitochondrial DNA cox1 (570 bp) haplotypes of Dirofilaria repens isolates, used to construct the phylogenetic
network (Figure 2 in main text) and neighbor-joining tree (Appendix Figure). Note that the outgroup sequences of D. asiatica and D.
immitis were used only for constructing the neighbor-joining tree (Appendix Figure)

Haplotype no. (cox1; 570 bp)

Country code, GenBank accession (colors are according to

Species Host 1ISO 3166-1 0-3 code Figure 2 in main text Reference
D. repens Human EST PQ608671 This study
D. repens Dog CZE MW675691 (7)
D. repens Dog CZE MW675692 3 (7)
D. repens Dog CZE MW675693 (7)
D. repens Human HRV KX265049 2)
D. repens ? ITA KX265047 (2)
D. repens Dog ITA KX265048 (2)
D. repens Human CZE KR998257 (8)
D. repens Dog RUS MN200335 9)
D. repens Dog RUS MN200336 9)
D. repens Human ITA PP465883 (10)
D. repens Anopheles sp. SVN PQ219594 (11)
D. repens Dog ITA MT345575 (12)
D. repens Human HRV MT847642 (13)
D. repens Human CZE KR998259 (8)
D. repens Dog AUT MW590257 (14)
D. repens Anopheles plumbeus AUT MF695085 (15)
D. repens Coaquillettidia richiardii SVN PQ219575 (11)
D. repens Anopheles daciae DEU KF692102 (16)
D. repens Human CZE MWO017212 (17)
D. repens Human SVN 0OP494269 (18)
D. repens Dog FIN KY828979 (19)
D. repens Human FIN KY828978 (19)
D. repens Human SVN 0OP494268 (20)
D. repens Dog SVN 0OP494253 (21)
D. repens Dog SVN 0OP494252 (21)
D. repens Dog SVN OP494254 (21)
D. repens Dog XKX PP552047 (22)
D. repens Dog XKX PP552045 (22)
D. repens Human ESP MH780816 & (23)
D. repens Human ESP MH780817 9 (23)
D. repens Human ITA MT683122 10 (24)
D. repens Human ITA MT683121 10 (24)
D. repens Human ALB JF461458 11 (25)
D. repens Wolf ITA DQ358814 3 (26)
D. repens Dog CPV KT901783 & (27)
D. repens Dog ITA AJ271614 _ (28)
D. repens Human GRC MK210632 (29)
D. repens Human ITA 0OP024281 8 (30)
D. asiatica Dog LKA PV523842 Qutgroup (5)
D. immitis Leopardus pardalis BRA OR434081 Qutgroup (31)
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Appendix Figure. Neighbor-joining tree of Dirofilaria repens haplotypes (n = 13), based on 570 bp
sequences of the mitochondrial DNA cox7 gene (D. asiatica and D. immitis are outgroup taxa). The
number in circles is the number of a haplotype (Appendix Table 2). The isolate from Estonia is haplotype
1. Haplotypes represented by a unique sequence are in red circles, whereas haplotypes represented by
two or more sequences are in different colors (Appendix Table 2). Bootstrap values >50% are indicated at

the branches.
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