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We report a case of Dirofilaria repens infection caus-
ing microfilaremia in a patient from Serbia. Serum
samples tested positive for D. repens IgG by ELISA.
Our findings and those of others suggest the parasite’s
progressive adaptation to humans. Clinicians should
be aware that microfilaremia can develop during Diro-
filaria spp. infections.

Diroﬁlaria repens is a vectorborne filarial helminth
of carnivores, mainly domesticated dogs (1). Hu-
mans are considered accidental hosts, in which the
parasite induces local inflammation causing granulo-
matous reactions primarily detected in subcutaneous
and ocular tissues. Because humans are not natural
hosts, microfilariae are typically absent from periph-
eral blood; thus, diagnostic procedures require mor-
phologic and molecular analyses of removed worms
(2). Immunodiagnostic tests are being designed as po-
tential alternatives to invasive diagnostic procedures
(3). This parasite rarely evades the human host’s im-
mune system to reach sexual maturity. The literature
reports 22 cases of human D. repens microfilaremia,
of which several have been confirmed through mo-
lecular examination (3,4). We describe a case of hu-
man dirofilariasis with circulating microfilariae in a
patient from Serbia.

A 43-year-old professional soldier in the army
of Serbia was first seen for a walnut-sized swell-
ing accompanied by itching on the inner side of
his thigh, which we promptly treated with cipro-
floxacin (1 g/d) for 14 days. Two months after the
initial swelling, the patient noted another simi-
lar protuberance on his inner thigh that migrated
toward the back of the thigh every 2-3 days. An
ultrasound detected a 13.5 x 8 mm subcutaneous
nodule. Biochemical analyses of the patient’s blood
and blood cell counts were within reference ranges,
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including eosinophil levels; however, surgical in-
tervention was required 1 month after the ultra-
sound to excise the nodule and investigate its ori-
gin. Examination of the removed nodule revealed a
Dirofilaria repens-like specimen. Twenty days after
nodule removal, the percentage of eosinophils in
the patient’s peripheral blood increased to 14%. We
performed a modified Knotts test on EDTA blood,
which revealed the presence of 2 microfilariae/mL.
The mean microfilaria body length was 377-378
pum and mean width was 7.35-7.6 pm; they had no
sheath but had obtuse cervical ends, 2-3 separate
nuclei in the head space, and nuclei-free filiform
tails (Figure).

We used species-specific PCR that amplified a por-
tion of the cytochrome oxidase subunit 1 gene, cox1,
to confirm the microfilariae were D. repens (Appendix,
https:/ /wwwnc.cdc.gov/EID/article/29/12/23-
0796-Appl.pdf). BLAST (https://blast.ncbi.nlm.nih.
gov) analysis of the nucleotide sequence revealed a
97%-100% identity with published sequences of D. re-
pens (Appendix Figure). We deposited the sequence in
GenBank (accession no. OR426928.1). We constructed
a maximum-likelihood phylogenetic tree of cox1 se-
quences from this study and representative D. repens
isolates from animals and humans in Europe by using
MEGA version 11 software (5) and the Kimura 2-pa-
rameter distance model. We assessed the robustness
of nodes by using 500 bootstrap replicates; Ascaris
lumbricoides (GenBank accession no. AB591801.1) was
the outgroup (Appendix Figure).

We used ELISAs to detect Dirofilaria spp. 1gG.
Cutoff optical densities were 1.8 for the commer-
cial Acanthocheilonema viteae 1gG ELISA kit (Bordier,
http:/ /www.bordier.ch), which detects IgG against
various filarial nematodes in human serum, and 2.3
for an in-house ELISA (Appendix).

Two months after the D. repens diagnosis, the
patient had an eosinophil count within reference
ranges. No further microfilariae were detected in
peripheral blood smears during monitoring.

Dirofilaria spp. infections are increasing globally,
posing a substantial threat to pets, particularly dogs
(1). The rising number of human dirofilariasis cases
underscores the need for large-scale epidemiologic
studies to establish effective preventive measures
(1,4). Although humans are generally regarded as
unsuitable hosts for D. repens, detection of single sub-
adult or adult worms in humans is not uncommon
(3). The worms can infrequently develop into mature
adults, mate, and produce microfilariae, which can po-
tentially enter the bloodstream in human hosts. Diag-
nosis involves morphologic and molecular analyses,
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but surgical removal of the worm and specialized
equipment are required (2). Serologic tests detect spe-
cific antibodies, providing a more reliable epidemio-
logic picture of the zoonosis within a study area (3).

Several protocols are available to investigate se-
roreactivity in humans (6,7), but antibody responses
might not be detected until the nematode has mi-
grated internally from subcutaneous tissue (8). Lo-
calization of larvae in ocular tissue might confer
greater protection for the parasite, leading to a low
predictive positive value for diagnosing Dirofilaria
spp. infection (9).

No established treatment protocols exist for diro-
filariasis or microfilaremia, leaving therapeutic deci-
sions to physicians. Surgery is the primary treatment,
accompanied by adjuvant therapy options, such as
ivermectin, albendazole, or diethylcarbamazine.
Doxycycline, a treatment for Wolbachia endosymbi-
onts, has been used (9). In this case, we considered
anthelmintics after surgical removal and microfilar-
iae detection but chose continuous monitoring. Two
months after diagnosis, the patient’s health was sat-
isfactory, and he had no symptoms or complications
from the infection.

In conclusion, we report a case of D. repens mi-
crofilaremia in a professional soldier frequently
exposed to vector biting because of prolonged out-
door activities during military training in northern
Serbia, a dirofilariasis-endemic area (10). The pres-
ence of circulating microfilariae highlighted by this
and previous studies shows the parasite’s progres-
sive adaptation to humans and suggests a potential
role for humans as a definitive D. repens host. Al-
though a role for humans as an infection reservoir
remains to be clarified, clinicians should be aware
that microfilaremia can develop during Dirofilaria
spp. infections.

Figure. Microscopic image of Dirofilaria repens microfilaria in case
study of microfilaremic D. repens infection in patient from Serbia.
A blood sample from the patient was processed and stained with
methylene blue. Scale bar indicates 200 ym.
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In Singapore, 10 captive lions tested positive for SARS-
CoV-2 by real-time PCR. Genomic analyses of nanopore
sequencing confirmed human-to-animal transmission
of the SARS-CoV-2 Delta variant. Viral genomes from
the lions and zookeeper shared a unique spike protein
substitution, S:A1016V. Widespread SARS-CoV-2 trans-
mission among humans can increase the likelihood
of anthroponosis.

We investigated natural SARS-CoV-2 infection in
captive African (Panthera leo) and Asiatic (Pan-
thera leo persica) lions at a zoo in Singapore during in-
creased Delta variant community infections. Under-
standing virus dynamics in different hosts is crucial
for preventing interspecies transmission and protect-
ing endangered species (1,2).

We studied 14 lions, 9 Asiatic and 5 African, that
were housed in separate enclosures. On November
6, 2021, respiratory signs developed in a male Asi-
atic lion (AS-M1) (Appendix 1, https:/ /wwwnc.cdc.
gov/EID/article/29/12/22-1916-Appl.pdf). On No-
vember 7, three Asiatic lionesses (AS-F1, AS-F2, and
AS-F3) in the same enclosure exhibited similar clini-
cal signs. A male African lion (AF-M3) in a separate
enclosure developed clinical signs on November 8.

Eighteen zookeepers cared for and had close
(within =1 m) but not direct contact with the lions.
Six zookeepers tested COVID-19-positive beginning
November 1, 2021, and 4 experienced mild respira-
tory symptoms starting on November 2.

To minimize stress on the animals, only 2 lions
that had more severe signs, AS-M1 and AS-F1, were
anesthetized for nasal and oropharyngeal sample
collection on November 8. On November 9, we con-
firmed SARS-CoV-2 infection in the lions by real-time
reverse transcription PCR (rRT-PCR); cycle quantita-
tion (Cq) values were <40. Nasal swab samples from
AS-M1 and AS-F1 had the highest viral loads (Cq
23.05 for AS-M1, 24.47 AS-F1). We conducted nonin-
vasive infection monitoring for 3 weeks by collecting
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Appendix

Additional Methods

Knott concentration technique

The modified Knotts technique was used to concentrate and detect microfilariae as
previously described (7). In brief, 1 mL of EDTA blood was mixed with 9 mL of distilled water
in a 15 mL tube. The tube was gently inverted 4 times to mix the solution and then centrifuged
for 3 min at 1500xg. The supernatant was poured off and 1-2 drops of 1% methylene blue were
added. A drop of the sediment was placed on a glass slide and covered with a coverslip. The
slide was examined under a microscope at magnification x100 to assess the presence of

microfilariae and at x400 to observe morphologic features.

Molecular Analysis

An =650-bp fragment of the mitochondrial cox/ gene locus was amplified by PCR using
the primers COlintF (5-TGATTGGTGGTTTTGGTAA-3") and COIintR (5'-
ATAAGTACGAGTATCAATATC-3') (2,3). PCR was performed in a final volume of 25 uL
containing 2 uL of extracted DNA, 2.5 pL of 10X buffer, final concentration of 1.5 mM MgCla,
0.2 mM of each deoxynucleotide triphosphate, 1 mM of each primer, and 1 unit of BIOTAQ
DNA polymerase (Bioline, https://www.bioline.com), diluted to 25 pLL with double-distilled
water. To test the specificity of the reaction, 2 pL. of DNA extracted from a known Dirofilaria
repens specimen was used as a positive control, and 2 uL of double-distilled water was included
as a negative control in each PCR run. The amplification was performed in a thermocycler (Bio-
Rad Laboratories, https://www.bio-rad.com) by using the following cyclic program: initial

denaturation at 94°C for 10 min; then 5 cycles of further denaturation at 94°C for 30 s, annealing
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at 52°C for 45 s, and extension at 72°C for 1 min; then 30 cycles of further denaturation at 94°C
for 30 s, annealing at 54°C for 45 s, and extension at 72°C for 1 min; then a final extension for 7
min at 72°C. The PCR products were separated on a 1.2% agarose gel stained with SafeView
(NBS Biologicals, https://www.nbsbio.co.uk) that underwent electrophoresis at 100 volts for 45
min and was visualized on a UV transilluminator (Bio-Rad Laboratories). An amplicon of the
expected size was directly sequenced by Bio-Fab Research (https://www.biofabresearch.com).
The resulting chromatogram was analyzed and edited by using Chromas version 2.33 software
(Technelysium Pty Ltd, https://technelysium.com.au). The nucleotide sequence was compared
with previously published D. repens sequences deposited in GenBank by using BLAST
(https://blast.ncbi.nlm.nih.gov).

Phylogenetic Analysis

The maximum-likelihood phylogram comparing the cox/ sequence from this study and
representative D. repens isolates from animals and humans in Europe was constructed by using
MEGA version 11 software and the Kimura 2-parameter distance model. The robustness of
nodes was assessed by using 500 bootstrap replicates; Ascaris lumbricoides (GenBank accession

no. AB591801.1) was the outgroup (Appendix Figure).

In-House ELISA

Serum samples collected from the patient were analyzed by using an ELISA that was
prepared in-house and incorporated somatic antigens of D. repens. In brief, worms obtained from
necropsy of naturally infected dogs were washed, macerated, and sonicated (3 cycles at 70 kHz,
30 s per cycle) in sterile saline solution. The homogenate was centrifuged at 16,000xg for 30
min. The supernatant was dialyzed against 0.01 M phosphate-buffered saline, pH 7.2. The
protein concentration was measured by using the Bradford method, and an ELISA microplate
was coated with antigens at a final concentration of 0.8 pg/uL. Using the protocol performed in a
previous survey (4), serum was tested in the solid-phase ELISA at a dilution of 1:80 to detect D.
repens 1gG. Goat anti-human IgG conjugated to horseradish peroxidase (Sigma-Aldrich,
https://www.sigmaaldrich.com) was used as a secondary antibody at a 1:40,000 dilution. Optical
density was measured at 492 nm on an Easy-Reader instrument (Bio-Rad Laboratories). The
cutoff point (optical density = 1.03) was established by calculating the mean value +3 SD of 30

serum samples obtained from clinically healthy humans (negative controls).
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Appendix Figure. Phylogenetic analysis of partial cox7 gene sequences from Dirofilaria repens detected
in this study and from representative D. repens isolates from animals and humans from Europe.
Evolutionary analysis was conducted by using the maximume-likelihood method and Kimura 2-parameter
model with discrete Gamma distribution to model evolutionary rate differences among sites selected by a
best-fit model. The robustness of nodes was assessed with 500 bootstrap replicates; Ascaris
lumbricoides (GenBank accession no. AB591801.1) was the outgroup. Asterisk indicates the D. repens
sequence from this study (GenBank accession no. OR426928.1). GenBank accession numbers and host

species for all sequences are indicated. Scale bar indicates nucleotide substitutions per site.
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