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Efficacy of an oral combination of afoxolaner 
and milbemycin oxime for the prevention 
of transmission of Babesia canis by Dermacentor 
reticulatus ticks to dogs
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Abstract 

Background Canine babesiosis is a tick-borne disease of significant veterinary importance in dogs. It is caused 
by Babesia canis in Europe, where it is transmitted by Dermacentor reticulatus ticks.

Methods A blinded, randomized, good clinical practice (GCP) and negative control experimental study was con-
ducted to verify the efficacy of NexGard Spectra® in reducing the transmission of B. canis by D. reticulatus to dogs. 
NexGard Spectra® (IVP) is an oral product for dogs combining afoxolaner, an acaricide/insecticide compound 
from the isoxazoline class, and milbemycin oxime, a nematicide compound from the macrocyclic lactone class. Three 
groups of eight dogs were used; one group orally treated on day 0 with the IVP at the minimum recommended dose 
and two untreated control groups. On day 1, dogs from the treated group and from control group 1 were infested 
with 50 D. reticulatus adult ticks of 50/50 sex ratio infected with B. canis at a 23% infection rate. On day 28, dogs 
from the treated group and from control group 2 were infested similarly to those on day 1. Ticks were removed 6 days 
after each infestation.

Results Seven to nine days after each infestation, all untreated control dogs displayed clinical signs of canine 
babesiosis, i.e., lethargy, and/or dark urine, and/or > 39.5 °C rectal temperature. Blood was collected for microscopi-
cal blood smear examination, and for polymerase chain reaction (PCR) analysis. The blood smears from all untreated 
control dogs were positive for Babesia and all the PCR analyses were positive for B. canis. The control dogs were rescue 
treated. All control dogs were confirmed positive for B. canis by IFA on day 21 (control group 1) and on day 42 (control 
group 2). None of the IVP-treated dogs expressed any clinical sign of canine babesiosis following each of the two 
infestations of days 1 and 28 and until day 56. Blood was collected for IFA and PCR analyses from the treated dogs 
on days 21, 28, 42, and 56, and all results were negative.

Conclusions In this study, the antiparasitic treatment prevented the transmission of B. canis to dogs follow-
ing induced infestations.
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Background
Blood parasites of the genus Babesia are mainly trans-
mitted by ixodid ticks (family Ixodidae) to a broad range 
of mammalian species, including domestic and wild 
animals, as well as humans [1–5]. Babesia spp. have a 
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significant medical and economic importance and are 
considered the second most common blood parasite of 
mammals after trypanosomes [6]. Babesia species occur 
worldwide, where most species appear to be geographi-
cally constrained by the distribution of their reservoir 
hosts and vectors [7]. The pathological effect of Babesia 
spp. in the vertebrate host is caused by the invasion and 
destruction of erythrocytes in which sporozoites undergo 
asexual reproduction by binary fission, resulting in a rep-
licative cycle with multiplied infective merozoites. Con-
sequently, Babesia infections commonly cause systemic 
inflammatory reactions and hemolysis-related symptoms 
such as febrile syndrome, anemia, hemoglobinuria, jaun-
dice, lethargy, and organ failure in the longer term. The 
severity of babesiosis can vary in intensity, depending on 
the host’s inherent conditions (genetic factors, age, con-
current infection with other pathogens, immunological 
status) and the infecting Babesia species [8–10].

Canine babesiosis is a disease of major veterinary 
importance, affecting dogs worldwide. Several identified 
canine Babesia species are variable in term of geographi-
cal distribution, vector, severity, clinical signs, and treat-
ment sensitivity [3, 8, 9]. Large-form species, e.g., B. canis 
and B. vogeli (and B. rossi as imported cases) and small-
form species, e.g., B. vulpes and B. gibsoni, are reported 
in Europe [11].

Babesia canis is described across most of Europe, espe-
cially in wet and temperate-to-cold central regions, where 
Dermacentor reticulatus, its recognized vector, thrives 
[12]. Canine babesiosis caused by B. canis is usually char-
acterized by acute onset. It causes moderate-to-severe 
clinical symptoms, often associated with hemolytic ane-
mia and thrombocytopenia, sometimes with poor prog-
nosis [9, 10].

NexGard Spectra® is an endectoparasiticide oral prod-
uct for dogs, combining afoxolaner and milbemycin 
oxime. Afoxolaner is an insecticide and acaricide of the 
isoxazoline class. Isoxazolines antagonize the GABA-
gated chloride ion channels of the hematophagous 

arthropods that feed on the treated host. Milbemycin 
oxime, the other active ingredient of the product, is a 
nematicide of the macrocyclic lactone class, with neg-
ligible efficacy on arthropods (unpublished data). The 
effectiveness of afoxolaner for the prevention of B. canis 
experimentally transmitted by Dermacentor reticulatus 
was already demonstrated in an experimental study with 
oral afoxolaner administered in a mono-product (Nex-
Gard®), at label dose, and in comparison with a single 
untreated control group [13]. This manuscript describes 
a new study, designed according to the most recent rel-
evant guideline for studies evaluating the efficacy of 
parasiticides in reducing the risk of vector-borne patho-
gen transmission [14], namely requiring treatment at 
the minimum recommended dose, infective challenges 
repeated at the beginning and at the end of efficacy claim 
duration, and with a distinct control group for these two 
challenges.

Methods
Study design
This study, conducted in 2024, was designed in accord-
ance with good clinical practices as described in Inter-
national Cooperation on Harmonization of Technical 
Requirements for Registration of Veterinary Medicinal 
Products (VICH) guideline GL9, and was designed in 
accordance with the World Association for the Advance-
ment of Veterinary Parasitology (W.A.A.V.P.) guidelines 
for studies evaluating the efficacy of parasiticides in 
reducing the risk of vector-borne pathogen transmission 
in dogs and cats [14].

This study was conducted under a blinded and rand-
omized design.

The efficacy assessment was based on a comparison of 
Babesia infection level in a treated group and untreated 
control groups following infestations with D. reticulatus 
infected with B. canis, 1 day and 28 days after treatment.

The study outline and most animal characteristics per 
study group are presented in Table 1.

Table 1 Animal characteristics and study outline

Animals were examined for clinical signs once a day until day 6 and twice daily from day 7 to day 56
1  Whenever the rectal temperature exceeded 39.5 °C, and/or babesiosis was suspected on the basis of clinical signs, blood was collected for blood smear 
microscopical examination and PCR analysis. A dog with a positive blood smear was rescue treated
2  A dog was removed from the study once a PCR and an IFA analysis were positive

Groups Animal characteristics at inclusion (on Day 
−2)

IVP treatment D. reticulatus Daily rectal 
 temperatures1

PCR and IFA  analyses2

n Sex Age (months) Body weight (kg) Infestation(s) Removal(s)

Control 1 8 4 m, 4 f 19–88 12.1–20.0 NA Day 1 Day 7 Days 1–56 Days 21 and 28

Control 2 8 3 m, 5 f 31–88 12.9–23.4 NA Day 28 Day 34 Days 1–56 Days 42 and 56

IVP 8 4 m, 4 f 28–82 14.2–23.8 Day 0 Days 1 and 28 Days 7 and 34 Days 1–56 Days 21, 28, 42, and 56 
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Animals and husbandry
A total of 24 healthy purpose-bred adult dogs (14 Bea-
gles, four beagle-crosses, and six mongrels), 11 males 
and 13 females, aged 19–88 months, and weighing 12.1–
23.8 kg were included in the study.

The containment of the dogs complied with the South 
African National Standard SANS 10386: latest version 
“The care and use of animals for scientific purposes.” The 
animals were kept individually in cages and had visual 
and auditory contact with conspecifics. Dogs were social-
ized weekly. The cages had concrete floors to facilitate 
cleaning and each cage was fitted with a sleeping bench. 
At least one toy/chew was made available to each dog 
and was replaced weekly. The dog cages were part of an 
environmentally controlled indoor animal unit; temper-
atures ranged between 16  °C and 25  °C. A photoperiod 
of 12  h light–12  h darkness was maintained. The floor 
size of each dog cage was 3.0  m × 1.9  m. No substances 
with an insecticidal or acaricidal activity were used on 
the animals or in their environment. Standard commer-
cially available diets (VetsBrands Premium adult main-
tenance dog food or Hill’s Adult Large Breed Dog Food) 
that met the nutritional requirements of the animals were 
provided at the recommended rates. Any dog diagnosed 
positive for Babesia was immediately rescue treated and 
provided Hill’s a/d for 3 days. Potable water, as supplied 
by the local municipality, was provided in stainless steel 
bowls and replenished at least twice daily.

Dermacentor reticulatus and B. canis isolates
The D.  reticulatus ticks used in this study were origi-
nally obtained from BLE Laboratories (Ireland) in 2007. 
They had been genetically enriched with D.  reticulatus, 
obtained from the Utrecht Centre for Tick-borne Dis-
eases (UCTD), Netherlands, in 2009, 2012, 2014, and 
2017.

The B. canis parasites used in this study originated from 
the Netherlands. A laboratory-bred dog was inoculated 
with blood derived from a clinical case of canine babesio-
sis, and blood from this dog served as infectious material 
for the ticks used in this study. A batch of D. reticulatus 
nymphs were fed on the infected dog. The adult ticks 
obtained from the engorged nymphs were infected at a 
34% rate, as determined by polymerase chain reaction 
(PCR) on a sample of 50 ticks.

Pretreatment activities
In total, 30 dogs were acclimated to study conditions 
since day −7. A clinical examination was performed on 
all dogs on day −7. To evaluate their suitability for tick 
infestation, all dogs were infested on day −7, follow-
ing the method described in the tick infestation and 

removals paragraph, with the exceptions that the D. retic-
ulatus were uninfected and were removed and counted 
2 days after infestation, on day −5. On day −5, blood was 
collected from all dogs for immunofluorescence assay 
(IFA) and PCR analyses to ensure they were not positive 
for B. canis before inclusion. The 24 dogs with the high-
est live attached tick count and that were suitable for the 
study, as determined by the investigator, were selected for 
inclusion. Eight blocks with three dogs each were defined 
on the basis of live attached tick numbers, allowing a 
randomization to three groups of eight dogs each, one 
treated group and two control groups. The numbers of 
live attached ticks in the included dogs ranged from 13 to 
35, and the average numbers of ticks were 22.9, 23.0, and 
22.9 in the control groups 1 and 2 and the IVP-treated 
group, respectively.

Treatment
On day 0, dogs from the treated group were orally admin-
istered a combination of whole tablets defined accord-
ing to their body weight and to target the minimum 
label dose of the product, i.e., 2.5 mg/kg afoxolaner and 
0.5  mg/kg milbemycin oxime, as described in Table  2. 
The mean administered afoxolaner dose was 2.75 mg/kg.

Tick infestations and removals
The treated group was infested on days 1 and 28. Two 
control groups were used to verify the adequacy of each 
B.  canis transmission and were thus infested on day 1 
(control group 1) or day 28 (control group 2). Each time, 
dogs were infested with 50 (± 2) adult ticks of 50/50 sex 
ratio. To obtain 50 ticks with a consistent B. canis infec-
tion rate for each individual infestation, 34 ticks from 
the infected batch (17 males and 17 females) with a 34% 
infection rate as determined by PCR, were combined 
with 16 ticks (8 males and 8 females) from the same ori-
gin, but that had not been exposed to B.  canis infected 
blood. Therefore, the B.  canis infection rate for each 
batch of 50 ticks used for infestations was 23%. To facili-
tate tick infestation, dogs were sedated and placed in an 
infestation crate for 1–2 h. The ticks were released on the 
back or flank of the animal and were allowed to disperse 
into the hair coat.

Then, 6 days after each infestation, on days 7 and 34, 
the remaining ticks were removed and counted from 
each infested group (the treated group and control group 
1 on day 7, and the treated group and control group 2 on 
day 34).

Health and Babesia infection evaluations
General health observations were performed once daily 
from day −7 to day 6 and twice daily from day 7 to day 
56. Clinical examinations were performed weekly from 
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day 7 to day 56. Rectal temperature was measured once 
daily from day 1 to day 56.

Whenever the rectal temperature exceeded 39.5  °C 
and/or babesiosis was suspected on the basis of clini-
cal signs (e.g., lethargy, dark urine, diarrhea, anorexia), 
blood was collected for blood smear processing and 
microscopic search of Babesia in red blood cells, and for 
B.  canis PCR analysis, recognized methods for babesia 
diagnosis [15]. Irrespective of clinical signs, blood collec-
tion was scheduled for B. canis IFA and PCR analyses on 
days 21 and 28 (treated group and control group 1), and 
on days 42 and 56 (all dogs).

For B.  canis PCR analysis, total genomic DNA was 
isolated from whole blood samples using a commer-
cial genomic DNA isolation kit (GeneJET Genomic 
DNA Purification Kit, Thermo Fisher Scientific, USA). 
PCR entailed using primers specific to the 18S Riboso-
mal DNA region of B. canis, and as referenced [16]. The 
PCR procedure followed a recognized method [17]. For 
IFA analysis, serum was collected from blood tubes and 
was assayed for B. canis antibodies using a commercially 
available IFA test kit (MegaFLUO® BABESIA canis, Meg-
acor Diagnostik, Austria).

Statistical analysis
The primary efficacy criterion was the number of dogs 
that became infected with B.  canis (when tested posi-
tive for B. canis by both PCR analysis and IFA serology). 
The infection rate of dogs in groups that became infected 
during the study were summarized descriptively. The 
percentage blocking efficacy for the IVP-treated group 
was calculated as follows in relation to the day 1 and day 
28 infestations:

Tc is the total number of untreated control dogs that 
became infected (control group 1 for day 1, control group 
2 for day 28); Tt is the total number of dogs that became 
infected in the IVP group (group 3).

SAS Version 9.4 was used for all the statistical analyses.

Endpoints
Whenever a dog was diagnosed positive for Babesia 
infection on a blood smear, blood for PCR analysis was 
collected, and the dog was rescue treated. All study 
activities for rescue treated dogs were stopped except the 
scheduled blood collections for IFA and PCR analyses. A 
rescue-treated dog was removed from the study once a 
positive IFA result was obtained.

Results
The individual results of tick counts and Babesia infec-
tion diagnosis are described in Table 3.

The tick infestations on days 1 and 28 were demon-
strated to be adequate by their corresponding control 
groups 1 and 2, as 6 days later, on days 7 and 34, respec-
tively, a significant number of live attached ticks were 
found. The mean number of live attached ticks was 36 
(72%) in the untreated control group 1 and 30.4 (60.8%) 
in the untreated control group 2. No live attached tick 
was found on any IVP treated dog on days 7 and 34, 
demonstrating a reduction of 100% of live attached ticks 
6 days after infestation on days 1 and 28. A small number 
of dead attached ticks, ranging from 0 to 5, were found in 
this group.

A clear diagnosis of canine babesiosis was made for 
all 16 untreated control dogs, 7–9  days following their 

Blocking efficacy(%) = 100× (Tc− Tt)/Tc

Table 2 Individual treatment on day 0

* NexGard Spectra® strengths:

9/2 = 9.375 mg afoxolaner & 1.875 mg milbemycin oxime (for dogs 2–3.5 kg)

19/4: 18.75 mg afoxolaner & 3.75 mg milbemycin oxime (for dogs > 3.5–7.5 kg)

38/8: 37.5 mg afoxolaner & 7.5 mg milbemycin oxime (for dogs > 7.5–15 kg)

Dog Tablet combination* Dose (mg) Dosage (mg/kg)

# Body weight (kg) Afoxolaner MO Afoxolaner MO

1 15.95 9/2 + 38/8 46.875 9.375 2.94 0.59

2 21.55 19/4 + 38/8 56.250 11.250 2.61 0.52

3 18.75 19/4 + 38/8 56.250 11.250 3.00 0.60

4 18.45 9/2 + 38/8 46.875 9.375 2.54 0.51

5 19.65 19/4 + 38/8 56.250 11.250 2.86 0.57

6 14.15 38/8 37.500 7.500 2.65 0.53

7 23.80 9/2 + 19/4 + 38/8 65.625 13.125 2.76 0.55

8 14.35 38/8 37.500 7.500 2.61 0.52

Mean 2.75 0.55
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respective D.  reticulatus infestation. All dogs expressed 
abnormal clinical signs, i.e., lethargy, and/or dark urine, 
and/or rectal temperature exceeding 39.5  °C. On the 
same day, the diagnosis of canine babesiosis was con-
firmed for each dog by a positive blood smear micro-
scopical examination and B.  canis PCR analysis. These 
16 dogs were rescue treated on the day of diagnosis with 
injections of imidocarb dipropionate (7.2  mg/kg), dimi-
nazene aceturate (3.5  mg/kg) and several days of sup-
portive medications, i.e., corticosteroid (prednisolone 
acetate 0.1  mg/kg), antiemetic (marbopitant 1  mg/kg), 
and hepatoprotectors. All dogs were confirmed positive 
by IFA analysis for B. canis on day 21 (control group 1) 
or day 42 (control group 2). The PCR analyses of these 
dogs on days 21 and 42 had turned negative, demonstrat-
ing the efficacy of rescue treatments. None of the IVP-
treated dogs expressed any abnormal clinical signs of 
babesiosis, and their PCR and IFA bioanalyses performed 
on days 21, 28, 42, and 56 remained negative.

Discussion
The data obtained in this study with the untreated ani-
mals demonstrated a reliable and consistent B.  canis 
infection model and showed with the treated animals 
that afoxolaner completely blocked the B. canis transmis-
sion by D. reticulatus ticks.

Dermacentor reticulatus is a vector of numerous other 
protozoal, bacterial, and viral diseases [18], out of scope 
in this study, as the investigated model was limited to 
pathogen-free ticks experimentally infected only with 
B. canis.

Canine babesiosis is a highly significant and challeng-
ing disease. Several therapeutic or preventive veterinary 
strategies can be implemented alone or in combination. 
The protozoan can be directly targeted through pharma-
ceutical products or vaccinations. As described in this 
manuscript, the ixodid vector can be targeted through 
acaricidal products. The use of repellents can also reduce 
tick infestations.

Pharmaceutical treatment of dogs affected with canine 
babesiosis is challenging. A limited number of drugs 
used alone or in combination are available on- or off-
label, with variable species and strain-related efficacy 
[11, 19, 20]. The mechanism of action of these drugs is 
mostly unclear. Injectable imidocarb dipropionate is 
registered for treating B.  canis, nevertheless with cho-
linergic adverse effects and pain at injection. Intensive 
care is also necessary for severe manifestations of the 
disease, and relapses are possible. In this study, dimina-
zene aceturate, a compound of poorly understood mech-
anism of action [21] and registered in South Africa for 
the treatment of B. canis in dogs, was used as treatment 
in combination with imidocarb dipropionate and with 

corticosteroid, hepato-protector, and antiemetic support-
ive medications.

Some vaccines containing soluble parasite antigens 
derived from in  vitro cultures are registered against 
B.  canis but with variable strain-related efficacy [22]. 
Babesia vaccines do not affect the infection but alter the 
disease progression and reduce the severity of the clini-
cal signs. Research on recombinant antigens is currently 
underway and may provide new vaccines in the future 
[23, 24].

Repellent and acaricide products, such as permethrin 
and flumethrin, have been described as effective for the 
reduction of B.  canis transmission [25–27], and more 
generally, for the prevention of several vector-borne dis-
eases, including Babesia spp. [28].

The approach of blocking a pathogen transmission by 
using an acaricide targeting the vector has become an 
important veterinary strategy since the appearance of 
isoxazolines in 2014 [13, 29–33]. Contrarily to repellent 
products, isoxazolines do not prevent an arthropod vec-
tor from biting or attaching to its host and start a fluid 
exchange process. Nevertheless, Babesia spp. usually 
require several days after host attachment for the ooki-
netes to undergo several sporogony cycles, leading to the 
formation of infective sporozoites in the salivary gland 
of their ixodid vector [2, 12]. As examples, it was dem-
onstrated in humans that B.  microti was transmitted by 
Ixodes scapularis 36 h to 48 h after host attachment [34], 
or in cattle that B. bigemina was transmitted during the 
last 16 h to 24 h before vector (Rhipicephalus microplus) 
detachment [35]. Interestingly, in the present study, some 
dead attached D.  reticulatus were found on the treated 
dogs but probably did not survive long enough to trans-
mit their infective B. canis sporozoites.

Afoxolaner, alone or combined with milbemycin oxime, 
was demonstrated to be effective against D.  reticula-
tus within 48  h of infestations and for 5  weeks after a 
treatment at minimum dose [36]. Afoxolaner was also 
effective in preventing B. canis transmission by D. reticu-
latus when administered at label dose in a mono-product 
(NexGard®) and with one control group verifying valid-
ity of weekly challenges [13]. The study described in this 
manuscript provides an upgraded design. It verified the 
efficacy of a single afoxolaner treatment administered at 
the minimum dose of its registered products and with 
a distinct control group verifying adequacy of infection 
after each challenge at the beginning (day 1) and end 
(day 28) of the efficacy claimed period. The 100% level 
of B. canis infection observed in both untreated control 
groups after challenges at day 1 or at day 28 supported 
the robustness of the model. The total absence of infec-
tion after the two infective tick challenges in the treated 
group supported the preventive efficacy of afoxolaner 
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administered once and at minimum dose of its registered 
products.

Conclusions
In this study, the killing effect of the investigated oral for-
mulation combining afoxolaner and milbemycin oxime 
was fast and complete enough to interrupt the vector–
host fluid exchange process, thus blocking tick capability 
to transmit the infectious Babesia sporozoites.

Acknowledgement
The authors gratefully acknowledge the staff at Clinvet International for con-
ducting the study to a high professional standard.

Author contributions
E.T. wrote the main manuscript text and made substantial contribution to the 
design of the work, C.R. made substantial contribution to the conduct of the 
work, A.V. made substantial contribution to the design of the work, and F.B. 
made substantial contribution to the design of the work.

Funding
Not applicable.

Availability of data and materials
No datasets were generated or analyzed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
E.T. and F.B. are employees of Boehringer Ingelheim Animal Health, manu-
facturer of the investigated product (NexGard Spectra®) and sponsor of this 
study.

Consent for publication
Not applicable.

Ethical approval
Animals were managed with due regard for their well-being, and the Insti-
tutional Animal Care and Use Committee reviewed and approved the study 
design.

Received: 9 January 2025   Accepted: 28 March 2025

References
 1. Akel T, Mobarakai N. Hematologic manifestations of babesiosis. 

Ann Clin Microbiol Antimicrob. 2017;16:6. https:// doi. org/ 10. 1186/ 
s12941- 017- 0179-z.

 2. Hunfeld KP, Hildebrandt A, Gray JS. Babesiosis: recent insights into an 
ancient disease. Int J Parasitol. 2008;38:1219–37. https:// doi. org/ 10. 1016/j. 
ijpara. 2008. 03. 001.

 3. Malgwi SA, Ogunsakin RE, Oladepo AD, Adeleke MA, Okpeku M. A forty-
year analysis of the literature on Babesia infection (1982–2022): a system-
atic bibliometric approach. Int J Environ Res Public Health. 2023;20:6156. 
https:// doi. org/ 10. 3390/ ijerp h2012 6156.

 4. Uilenberg G. Babesia–a historical overview. Vet Parasitol. 2006;138:3–10. 
https:// doi. org/ 10. 1016/j. vetpar. 2006. 01. 035. 

 5. Vannier EG, Diuk-Wasser MA, Ben Mamoun C, Krause PJ. Babesiosis. Infect 
Dis Clin North Am. 2015;29:357–70. https:// doi. org/ 10. 1016/j. idc. 2015. 02. 
008.

 6. Schnittger L, Rodriguez AE, Florin-Christensen M, Morrison DA. Babesia: a 
world emerging. Infect Genet Evol. 2012;12:1788–809. https:// doi. org/ 10. 
1016/j. meegid. 2012. 07. 004.

 7. Dear JD, Birkenheuer A. Babesia in North America: an update. Vet Clin 
North Am Small Anim Pract. 2022;52:1193–209. https:// doi. org/ 10. 1016/j. 
cvsm. 2022. 07. 016.

 8. Leisewitz AL, Mrljak V, Dear JD, Birkenheuer A. The diverse pathogenic-
ity of various Babesia parasite species that infect dogs. Pathogens. 
2023;12:1437. https:// doi. org/ 10. 3390/ patho gens1 21214 37.

 9. Solano-Gallego L, Sainz Á, Roura X, Estrada-Peña A, Miró G. A review of 
canine babesiosis: the European perspective. Parasit Vectors. 2016;9:336. 
https:// doi. org/ 10. 1186/ s13071- 016- 1596-0.

 10. Eichenberger RM, Riond B, Willi B, Hofmann-Lehmann R, Deplazes P. 
Prognostic markers in acute Babesia canis infections. J Vet Intern Med. 
2016;30:174–82. https:// doi. org/ 10. 1111/ jvim. 13822. (Epub 2016 Jan 4).

 11. Baneth G. Antiprotozoal treatment of canine babesiosis. Vet Parasitol. 
2018;254:58–63. https:// doi. org/ 10. 1016/j. vetpar. 2018. 03. 001. 

 12. Beugnet F, Moreau Y. Babesiosis. Rev Sci Tech. 2015;34:627–39. https:// doi. 
org/ 10. 20506/ rst. 34.2. 2385.

 13. Beugnet F, Halos L, Larsen D, Labuschagné M, Erasmus H, Fourie J. The 
ability of an oral formulation of afoxolaner to block the transmission of 
Babesia canis by Dermacentor reticulatus ticks to dogs. Parasit Vectors. 
2014;7:283. https:// doi. org/ 10. 1186/ 1756- 3305-7- 283.

 14. Otranto D, Dantas-Torres F, Fourie JJ, Lorusso V, Varloud M, Gradoni L, 
et al. World Association for the Advancement of Veterinary Parasitology 
(W.A.A.V.P.) guidelines for studies evaluating the efficacy of parasiticides 
in reducing the risk of vector-borne pathogen transmission in dogs and 
cats. Vet Parasitol. 2021;290:109369. https:// doi. org/ 10. 1016/j. vetpar. 2021. 
109369. 

 15. Lempereur L, Beck R, Fonseca I, Marques C, Duarte A, Santos M, et al. 
Guidelines for the detection of Babesia and Theileria Parasites. Vector 
Borne Zoonotic Dis. 2017;17:51–65. https:// doi. org/ 10. 1089/ vbz. 2016. 
1955.

 16. Troskie M, de Villiers L, Leisewitz A, Oosthuizen MC, Quan M. Develop-
ment and validation of a multiplex, real-time PCR assay for Babesia rossi 
and Babesia vogeli. Ticks Tick Borne Dis. 2019;10:421–32. https:// doi. org/ 
10. 1016/j. ttbdis. 2018. 12. 004. 

 17. Heylen D, Day M, Schunack B, Fourie J, Labuschange M, Johnson S, et al. 
A community approach of pathogens and their arthropod vectors (ticks 
and fleas) in dogs of African Sub-Sahara. Parasit Vectors. 2021;14:576. 
https:// doi. org/ 10. 1186/ s13071- 021- 05014-8.

 18. Földvári G, Široký P, Szekeres S, Majoros G, Sprong H. Dermacentor reticu-
latus: a vector on the rise. Parasit Vectors. 2016;9:314. https:// doi. org/ 10. 
1186/ s13071- 016- 1599-x.

 19. Ji S, Galon EM, Rizk MA, Yi Y, Zafar I, Li H, et al. Efficacy of the antimalarial 
MMV390048 against Babesia infection reveals phosphatidylinositol 
4-kinase as a druggable target for babesiosis. Antimicrob Agents Chem-
other. 2022;66:e0057422. https:// doi. org/ 10. 1128/ aac. 00574- 22. 

 20. Weingart C, Krücken J, Kohn B. Repeated imidocarb treatment failure sug-
gesting emerging resistance of Babesia canis in a new endemic area in 
north-eastern Germany. Ticks Tick Borne Dis. 2024;15:102315–6. https:// 
doi. org/ 10. 1016/j. ttbdis. 2024. 102315.

 21. Kuriakose S, Uzonna JE. Diminazene aceturate (Berenil), a new use for an 
old compound? Int Immunopharmacol. 2014;21:342–5. https:// doi. org/ 
10. 1016/j. intimp. 2014. 05. 027. 

 22. Schetters TH, Kleuskens J, Scholtes N, Bos HJ. Strain variation limits 
protective activity of vaccines based on soluble Babesia canis antigens. 
Parasite Immunol. 1995;17:215–8. https:// doi. org/ 10. 1111/j. 1365- 3024. 
1995. tb008 91.x.

 23. Moubri K, Kleuskens J, Van de Crommert J, Scholtes N, Van Kasteren T, 
Delbecq S, et al. Discovery of a recombinant Babesia canis supernatant 
antigen that protects dogs against virulent challenge infection. Vet 
Parasitol. 2018;249:21–9. https:// doi. org/ 10. 1016/j. vetpar. 2017. 11. 002. 

 24. Nathaly Wieser S, Schnittger L, Florin-Christensen M, Delbecq S, Schetters 
T. Vaccination against babesiosis using recombinant GPI-anchored pro-
teins. Int J Parasitol. 2019;49:175–81. https:// doi. org/ 10. 1016/j. ijpara. 2018. 
12. 002. 

 25. Fourie JJ, de Vos C, Crafford D, Pollmeier M, Schunack B. A study on the 
long-term efficacy of Seresto® collars in preventing Babesia canis (Piana 
& Galli-Valerio, 1895) transmission to dogs by infected Dermacentor 

https://doi.org/10.1186/s12941-017-0179-z
https://doi.org/10.1186/s12941-017-0179-z
https://doi.org/10.1016/j.ijpara.2008.03.001
https://doi.org/10.1016/j.ijpara.2008.03.001
https://doi.org/10.3390/ijerph20126156
https://doi.org/10.1016/j.vetpar.2006.01.035
https://doi.org/10.1016/j.idc.2015.02.008
https://doi.org/10.1016/j.idc.2015.02.008
https://doi.org/10.1016/j.meegid.2012.07.004
https://doi.org/10.1016/j.meegid.2012.07.004
https://doi.org/10.1016/j.cvsm.2022.07.016
https://doi.org/10.1016/j.cvsm.2022.07.016
https://doi.org/10.3390/pathogens12121437
https://doi.org/10.1186/s13071-016-1596-0
https://doi.org/10.1111/jvim.13822
https://doi.org/10.1016/j.vetpar.2018.03.001
https://doi.org/10.20506/rst.34.2.2385
https://doi.org/10.20506/rst.34.2.2385
https://doi.org/10.1186/1756-3305-7-283
https://doi.org/10.1016/j.vetpar.2021.109369
https://doi.org/10.1016/j.vetpar.2021.109369
https://doi.org/10.1089/vbz.2016.1955
https://doi.org/10.1089/vbz.2016.1955
https://doi.org/10.1016/j.ttbdis.2018.12.004
https://doi.org/10.1016/j.ttbdis.2018.12.004
https://doi.org/10.1186/s13071-021-05014-8
https://doi.org/10.1186/s13071-016-1599-x
https://doi.org/10.1186/s13071-016-1599-x
https://doi.org/10.1128/aac.00574-22
https://doi.org/10.1016/j.ttbdis.2024.102315
https://doi.org/10.1016/j.ttbdis.2024.102315
https://doi.org/10.1016/j.intimp.2014.05.027
https://doi.org/10.1016/j.intimp.2014.05.027
https://doi.org/10.1111/j.1365-3024.1995.tb00891.x
https://doi.org/10.1111/j.1365-3024.1995.tb00891.x
https://doi.org/10.1016/j.vetpar.2017.11.002
https://doi.org/10.1016/j.ijpara.2018.12.002
https://doi.org/10.1016/j.ijpara.2018.12.002


Page 8 of 8Tielemans et al. Parasites & Vectors          (2025) 18:142 

reticulatus (Fabricius, 1794) ticks. Parasit Vectors. 2019;12:139. https:// doi. 
org/ 10. 1186/ s13071- 019- 3393-z.

 26. Jongejan F, de Vos C, Fourie JJ, Beugnet F. A novel combination of fipronil 
and permethrin (Frontline Tri-Act®/Frontect®) reduces risk of transmis-
sion of Babesia canis by Dermacentor reticulatus and of Ehrlichia canis by 
Rhipicephalus sanguineus ticks to dogs. Parasit Vectors. 2015;8:602. https:// 
doi. org/ 10. 1186/ s13071- 015- 1207-5.

 27. Navarro C, Reymond N, Fourie J, Hellmann K, Bonneau S. Prevention of 
Babesia canis in dogs: efficacy of a fixed combination of permethrin and 
fipronil (Effitix®) using an experimental transmission blocking model with 
infected Dermacentor reticulatus ticks. Parasit Vectors. 2015;8:32. https:// 
doi. org/ 10. 1186/ s13071- 015- 0645-4.

 28. Otranto D, de Caprariis D, Lia RP, Tarallo V, Lorusso V, Testini G, et al. 
Prevention of endemic canine vector-borne diseases using imidacloprid 
10% and permethrin 50% in young dogs: a longitudinal field study. Vet 
Parasitol. 2010;172:323–32. https:// doi. org/ 10. 1016/j. vetpar. 2010. 05. 017. 

 29. Baker CF, McCall JW, McCall SD, Drag MD, Mitchell EB, Chester ST, et al. 
Ability of an oral formulation of afoxolaner to protect dogs from Borrelia 
burgdorferi infection transmitted by wild Ixodes scapularis ticks. Comp 
Immunol Microbiol Infect Dis. 2016;49:65–9. https:// doi. org/ 10. 1016/j. 
cimid. 2016. 09. 004. 

 30. Cavalleri D, Murphy M, Seewald W, Drake J, Nanchen S. Two rand-
omized, controlled studies to assess the efficacy and safety of lotilaner 
(Credelio™) in preventing Dermacentor reticulatus transmission of Babesia 
canis to dogs. Parasit Vectors. 2017;10:520. https:// doi. org/ 10. 1186/ 
s13071- 017- 2473-1.

 31. Geurden T, Six R, Becskei C, Maeder S, Lloyd A, Mahabir S, et al. Evalu-
ation of the efficacy of sarolaner (Simparica®) in the prevention of 
babesiosis in dogs. Parasit Vectors. 2017;10:415. https:// doi. org/ 10. 1186/ 
s13071- 017- 2358-3.

 32. Otranto D, Mendoza-Roldan JA, Beugnet F, Baneth G, Dantas-Torres 
F. New paradigms in the prevention of canine vector-borne diseases. 
Trends Parasitol. 2024;40:500–10. https:// doi. org/ 10. 1016/j. pt. 2024. 04. 009. 

 33. Taenzler J, Liebenberg J, Roepke RK, Heckeroth AR. Prevention of trans-
mission of Babesia canis by Dermacentor reticulatus ticks to dogs treated 
orally with fluralaner chewable tablets (Bravecto™). Parasit Vectors. 
2015;8:305. https:// doi. org/ 10. 1186/ s13071- 015- 0923-1.

 34. Piesman J, Spielman A. Human babesiosis on Nantucket Island: preva-
lence of Babesia microti in ticks. Am J Trop Med Hyg. 1980;29:742–6. 
https:// doi. org/ 10. 4269/ ajtmh. 1980. 29. 742.

 35. Hodgson JL. Biology and transmission of Babesia bigemina in Boophilus 
microplus. Ann N Y Acad Sci. 1992;653:42–51. https:// doi. org/ 10. 1111/j. 
1749- 6632. 1992. tb196 28.x.

 36. Rehbein S, Fourie JJ, de Vos C, Anderson A, Larsen DL, Jeannin P. 
Efficacy of oral afoxolaner plus milbemycin oxime chewables against 
induced infestations with Dermacentor reticulatus in dogs. Parasitol Res. 
2016;115:1845–51. https:// doi. org/ 10. 1007/ s00436- 016- 4924-6. 

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

https://doi.org/10.1186/s13071-019-3393-z
https://doi.org/10.1186/s13071-019-3393-z
https://doi.org/10.1186/s13071-015-1207-5
https://doi.org/10.1186/s13071-015-1207-5
https://doi.org/10.1186/s13071-015-0645-4
https://doi.org/10.1186/s13071-015-0645-4
https://doi.org/10.1016/j.vetpar.2010.05.017
https://doi.org/10.1016/j.cimid.2016.09.004
https://doi.org/10.1016/j.cimid.2016.09.004
https://doi.org/10.1186/s13071-017-2473-1
https://doi.org/10.1186/s13071-017-2473-1
https://doi.org/10.1186/s13071-017-2358-3
https://doi.org/10.1186/s13071-017-2358-3
https://doi.org/10.1016/j.pt.2024.04.009
https://doi.org/10.1186/s13071-015-0923-1
https://doi.org/10.4269/ajtmh.1980.29.742
https://doi.org/10.1111/j.1749-6632.1992.tb19628.x
https://doi.org/10.1111/j.1749-6632.1992.tb19628.x
https://doi.org/10.1007/s00436-016-4924-6

	Efficacy of an oral combination of afoxolaner and milbemycin oxime for the prevention of transmission of Babesia canis by Dermacentor reticulatus ticks to dogs
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design
	Animals and husbandry
	Dermacentor reticulatus and B. canis isolates
	Pretreatment activities
	Treatment
	Tick infestations and removals
	Health and Babesia infection evaluations
	Statistical analysis
	Endpoints

	Results
	Discussion
	Conclusions
	Acknowledgement
	References


