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Abstract 

Background This study describes the effectiveness of a novel active pharmaceutical ingredient, fluralaner (isoxazo-
line class), against important ectoparasites infesting cattle in Brazil.

Methods A total of 13 studies involving a 5% fluralaner-based pour-on formulation (Exzolt 5%; further referred 
to as Exzolt) were conducted. Specifically, the effectiveness of this formulation was studied against Rhipicephalus 
microplus (6 studies), Cochliomyia hominivorax larvae (4 studies), Dermatobia hominis larvae (1 study) and Haematobia 
irritans flies (2 studies).

Results The therapeutic efficacy of Exzolt was found to exceed 98% at 4 days post treatment (DPT), while persistent 
efficacy (> 90% efficacy) against repeated infestations of R. microplus was observed for up to 79 DPT. In field stud-
ies, ≥ 98% therapeutic efficacy was demonstrated at all study sites by 7 DPT, and a persistent efficacy (> 90% efficacy) 
was observed for 42, 49 or 56 DPT. Exzolt prevented C. hominivorax eggs from developing to the larval stage, thus mit-
igating the development of myiasis in cattle naturally and artificially infested with this screworm. The efficacy of Exzolt 
against D. hominis larvae was 98% at 3 DPT, while persistent efficacy (> 90% effectiveness) was found to last for up to 
70 DPT. Against H. irritans, Exzolt showed therapeutic efficacy (≥ 90%) within the first day of treatment at both study 
sites, while persistent efficacy (≥ 90%) was observed for 7 DPT at one site and for 21 DPT at the other site.

Conclusions Overall, the results from these studies confirm that Exzolt is therapeutically efficacious against the most 
important ectoparasites infesting cattle in Brazil. The novel active pharmaceutical ingredient, fluralaner, provides 
a new treatment option for farmers to control cattle ectoparasites, especially where there is resistance to other chemi-
cal classes. In addition, an effective control of ectoparasites will improve overall cattle health and well-being as well 
as production.
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Background
The control of cattle ectoparasites remains a major chal-
lenge for cattle farmers, particularly those in tropical 
and subtropical regions where infestations commonly 
cause irritation, stress, skin lesions and blood loss in ani-
mals and result in reduced productivity. There is also the 
potential of exposure to vector-borne pathogens that may 
cause disease [1–3] Ectoparasites of importance for cattle 
in Brazil include the cattle tick (Rhipicephalus microplus), 
horn fly (Haematobia irritans), cattle grub (Dermatobia 
hominis) and the New World screwworm (Cochliomyia 
hominivorax). The potential cost of these parasites to the 
Brazilian cattle industry is estimated to be about US$6.5 
billion [4].

The significance of a cattle tick infestation may be two-
fold as both direct and potentially indirect effects can 
adversely affect the host. The direct effects of attachment 
and blood-feeding activities of the cattle tick can lead to 
tick-worry, severe skin lesions and anemia, causing sig-
nificant reductions in animal growth and milk produc-
tion [4]. In addition, there is the potential for indirect 
losses if the host is exposed to tick-borne organisms 
causing diseases such as babesiosis and anaplasmosis 
[1, 5, 6]. Cochliomyia hominivorax infestation is a listed 
disease by the World Organization for Animal Health [7] 
that infests warm-blooded animals (including humans), 
with cattle considered to be the primary host [8]. Screw-
worms lay eggs in the navels of neonates or in an animal’s 
wounds (e.g. insect bites, castration, shearing sores, de-
horning wounds), which rapidly hatch to larvae. Coch-
liomyia hominivorax larvae then commence feeding and 
burrow deep into the wound, causing extensive tissue 
damage. Infestations can have devastating effects if myia-
sis develops and the infection is left untreated, leading 
to mortality of the host in severe cases [2]. Dermatobia 
hominis is a unique fly as it captures and deposits eggs 
on a vector (e.g. mosquito or small fly), which depos-
its the D. hominis eggs on the host [9] where it rapidly 
develops to the larval stage and penetrates the subcuta-
neous tissue of the host [10]. The larvae remain at the 
site of penetration and a nodule is formed surrounding 
the larvae, called ‘warble.’ The larvae will develop through 
three parasitic stages over a 5- to 6-week period, increas-
ing in size and causing intense inflammation and pain 
before maturation and exiting through a perforation in 
the hide [9], resulting in significant damage. Dermatobia 
hominis infestations have also been indirectly associated 
with the disease “lechiguana” (focal proliferative fibro-
granulomatous panniculitis) due to the transmission of 
Mannheimia granulomatis, leading to the development 
of large lesions; this disease can be fatal if left untreated 
[3]. Haematobia irritans is a blood-feeding ectoparasite 
and is considered to be one of the most important and 

costly parasites affecting cattle in Brazil [4]. The feeding 
behavior of this ectoparasite, continual fly pressure and 
the sheer numbers that may be present on cattle cause 
stress, irritation and substantial blood loss, resulting in 
decreased productivity [11, 12]. Haematobia irritans flies 
are also known to be a source of vector-borne diseases 
[4].

Despite many veterinarians and animal health con-
sultants advocating the implementation of integrated 
parasite management strategies (pharmaceutical and 
non-pharmaceutical approaches to control parasites) 
as a means to control ectoparasites at cattle farms [4], 
the most common strategy for managing ectopara-
sites continues to be just the episodic administration of 
pharmaceutical products belonging to different chemi-
cal classes. The first ectoparasiticide demonstrating a 
broad-spectrum activity belonged to the class of “organo-
chlorines,” which were used in the 1940s. Other classes 
of insecticides, such as the organophosphates, amidines 
and pyrethroids, were developed in the 1960s, 1970s and 
1980s, respectively, followed by more recent classes of 
insecticides, the phenylpyrazoles and benzophenylureas, 
which became commercially available in the 1990s [13–
17]. However, no new chemical class of chemicals with 
ectoparasiticidal activity has been discovered/commer-
cially launched in the last 30 years or so.

In 2014, a new chemical class, the isoxazolines, were 
identified as possessing potent ectoparasiticidal activ-
ity against ectoparasites infesting dogs and cats [18]. 
Isoxazolines act by inhibiting the ɣ-aminobutyric acid 
(GABA)-gated chloride channels (GABACls) and l-glu-
tamate-gated chloride channels (GluCls) within the cen-
tral nervous system of ectoparasites, resulting in paralysis 
and death of the ectoparasite [19]. The first isoxazoline 
molecule developed was fluralaner [20, 21], later followed 
by sarolaner, afoxolaner and lotilaner. These active ingre-
dients have only recently become available for the treat-
ment of ectoparasites in dogs, cats and poultry [22–25]. 
Given the increasing prevalence of resistance of cattle 
ectoparasites to many of the pharmaceutical classes of 
insecticides [2], a gap in the market was identified and a 
novel pour-on formulation containing the active ingredi-
ent fluralaner (50 mg/ml) was developed that specifically 
targets the ectoparasites of cattle. In 2022, it this formula-
tion was registered and approved for use in Brazil under 
the name Exzolt® 5% (referred to further as Exzolt).

This article is the first published report on Exzolt which 
summarizes the effectiveness of this formulation against 
four important ectoparasites (R. microplus, C. homini-
vorax larvae, D. hominis larvae and H. irritans) affecting 
cattle in Brazil, following its application as a pour-on 
solution to cattle at a single dose of 2.5  mg/kg body 
weight (BW).
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Methods
A total of 13 studies were conducted to assess the effi-
cacy of Exzolt against R. microplus (6 studies), C. homi-
nivorax larvae (4 studies), D. hominis larvae (1 study) 
and H. irritans flies (2 studies) in cattle at animal farms 
located in different regions of Brazil (Table 1). The study 
sites were located in several distinct geographical regions 
of the country, with the objective to assess the efficacy of 
Exzolt in cattle maintained under different climatic con-
ditions. In all studies, only animals that had not received 

any ectoparasiticide treatment for at least 90  days prior 
to initiation of the studies were enrolled.

In all studies (under either experimental or natural 
infestation setting), there were two treatment groups: 
treatment group T01, which comprised animals treated 
with Exzolt, and treatment group T02, which comprised 
animals treated with placebo. Throughout the study, ani-
mals from the two treatment groups were maintained in 
separate but similar spaces to prevent treatment cross-
contamination. These spaces were pastures of similar 

Table 1 Summary of the studies conducted to assess the effectiveness of Exzolt against ectoparasites on cattle from different regions 
in Brazil

Ectoparasite Study number and 
infestation setting

Locality (city, state) Breed type Sex Number of animals 
included (n per 
group)

Treatment group

Rhipicephalus micro-
plus (cattle tick)

1. Experimental 
infestation

Itirapuã, São Paulo 
(southeast region)

Crossbred (Gyr × 
Holstein 7/8)

Male (all) 16 (n = 8/group) T01: Exzolt
T02: Negative 
control

2. Natural infesta-
tion

São José do Rio 
Pardo, São Paulo 
(southeast region)

Simental Female (non-lactat-
ing or pregnant)

20 (n = 10/group) T01: Exzolt
T02: Negative 
control

3. Natural infesta-
tion

Formiga, Minas 
Gerais (southeast 
region)

Crossbred (Gyr × 
Holstein 7/8)

Male (all) 20 (n = 10/group) T01: Exzolt
T02: Negative 
control

4. Natural infesta-
tion

Formiga, Minas 
Gerais (southeast 
region)

Crossbred (Gyr × 
Holstein 7/8)

Male (all) 20 (n = 10/group) T01: Exzolt
T02: Negative 
control

5. Natural infesta-
tion

Ribas do Rio Pardo, 
Mato Grosso do Sul 
(central-west region)

Crossbred (Angus × 
Nelore 1/2)

Male (all) 20 (n = 10/group) T01: Exzolt
T02: Negative 
control

6. Natural infesta-
tion

Santana do Livra-
mento, Rio Grande 
do Sul (south 
region)

Angus Males (all) 
and female (non-
lactating or preg-
nant)

20 (n = 10/group) T01: Exzolt
T02: Negative 
control

C. hominivorax (New 
World screwworm) 
larvae

7. Preventative 
efficacy (natural 
infestation)

Rifaina, São Paulo
(southeast region)

Crossbred (Gyr × 
Holstein 7/8)

Male (all) 
and female (non-
lactating or preg-
nant)

12 (n = 6/group) T01: Exzolt
T02: Negative 
control

8. Preventative 
efficacy (natural 
infestation)

Espírito Santo 
do Pinhal, São Paulo 
(southeast region)

Nelore Male (all) 30 (n = 15/group) T01: Exzolt
T02: Negative 
control

9. Curative efficacy Formiga, Minas 
Gerais (southeast 
region)

Crossbred (Gyr × 
Holstein 7/8)

Male (all) 24 (n = 12/group) T01: Exzolt
T02: Negative 
control

(natural infestation)

10. Curative efficacy 
(natural infestation)

Goiânia, Goiás 
(center-west region)

Crossbred (Gyr × 
Holstein 15/16)

Male (all) 
and female (non-
lactating or preg-
nant)

12 (n = 6/group) T01: Exzolt
T02: Negative 
control

Dermatobia hominis 
(tropical warble fly) 
larvae

11. Natural infesta-
tion

São João da Boa 
Vista, São Paulo 
(southeast region)

Camchim (Charolês 
× Nelore 1/2)

Female (non-lactat-
ing or pregnant)

12 (n = 6/group) T01: Exzolt
T02: Negative 
control

Haematobia irritans 
(horn fly)

12. Natural infesta-
tion

Uberada, Minas 
Gerais (southeast 
region)

Crossbred (Angus × 
Nelore 1/2)

Female (non-lactat-
ing or pregnant)

30 (n = 15/group) T01: Exzolt
T02: Negative 
control

13. Natural infesta-
tion

Santana do Livra-
mento, Rio Grande 
do Sul (southern 
region)

Angus Female (non-lactat-
ing or pregnant)

30 (n = 15/group) T01: Exzolt
T02: Negative 
control
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sizes and quality and similar stocking rates in field studies 
and separate pens in the experimentally-induced infesta-
tion studies. Similarly, when cattle were brought into the 
cattle yards for inspection, treatment and ectoparasite 
counts, the two groups always remained separated.

All clinical procedures were performed in accord-
ance with ‘Good Clinical Practices’ [26]. All studies were 
masked and all procedures using animals complied with 
the Ethical Principles in Animal Research, as adopted by 
the Brazilian Council of Animal Experimentation (CON-
CEA) and were approved by an Ethical Committee for 
Animal Welfare prior to the commencement of each 
study.

Allocation of animals to treatment groups
In all studies, the animals were assigned to treatment 
groups in accordance with a randomized complete block 
design. Enrolled animals were ranked in the order of 
either their ectoparasite count or BW (dependent on the 
study, as detailed below), then blocked into blocks of two. 
Within each block, cattle were randomly allocated to one 
of two treatment groups: T01 (Exzolt) or T02 (negative 
control), such that each group had animals with similar 
mean and range of ectoparasite count or BW, depending 
on the type of study.

Procedure for administration of test substances (Exzolt 
and placebo)
All animals were weighed prior to treatment and treated 
according to individual BW. Animals in the T01 group 
were treated with Exzolt at a dose rate of 2.5  mg flu-
ralaner/kg BW (dose volume: 0.05  ml/kg BW, rounded 
up to the nearest milliliter). A disposable syringe was 
filled with the calculated amount of Exzolt for each ani-
mal, and the contents of the syringe were administered 
as a narrow strip on the back of the animal along the dor-
sal midline between the wither and tailhead. Animals in 
the T02 group were treated with a placebo formulation 
using a similar procedure and dose volume. The placebo 
formulation contained all of the excipients of the Exzolt 
formulation but without any fluralaner. At all study sites, 
animals were observed immediately and at approximately 
1 h after treatment administration for the development of 
any adverse reaction. Thereafter, treatment administra-
tion sites were observed daily as a part of general health 
observations. A single treatment was performed in all 
studies.

Assessment of efficacy of Exzolt against R. microplus
Assessment of efficacy under experimental infestation 
conditions (study 1)
Study 1 was conducted at a farm in Itirapuã, São Paulo 
State, Brazil. Sixteen tick-free, non-castrated crossbred 

animals between the age of 7 and 8 months, having a sim-
ilar BW and body condition score, were enrolled in the 
study. On day 25 prior to treatment (D-25), the selected 
animals were placed in individual concrete block stalls 
(3  m2) in a covered barn, with a slatted floor to facilitate 
washing and tick collection. The animals had ad  libitum 
access to water and were fed maize silage and a concen-
trated feed (1.5  kg/animal/day) once daily for the dura-
tion of the study. On D-25, each animal was infested with 
approximately 5000 R. microplus non-fed larvae (aged 
between 7 and 14 days); this artificial infestation process 
was continued on study days D-25, D-23, D-21, D-18, 
D-16, D-14, D-11, D-9, D-7, D-4 and D-2 [27, 28]. During 
the infestation process, cattle were tied up inside their 
stalls, and the tick larvae were delicately deposited along 
the animal’s dorsal line so that they were able to move 
inside the fur and select a fixation site. The animals were 
restrained for approximately 60 min post infestation. The 
R. microplus strain used for artificial challenge had been 
isolated and maintained on the farm where the study was 
conducted.

All fully engorged female ticks that naturally detached 
from each animal on D-3, D-2 and D-1 were collected 
and counted. The tick collection procedure involved 
flushing of the inside of each animal’s stall with water, 
conducted daily between 08:00 and 09:00 am. All 
detached ticks were captured in a wire mesh sieve bucket 
(aperture width: 4  mm) placed under the effluent out-
let of each stall. After collection, the ticks were dried, 
cleaned and counted. Mean engorged female tick counts 
(between D-3 and D-1) were calculated for each individ-
ual animal, and cattle with a mean number of engorged 
female ticks > 20 were enrolled in the study. Animals 
were ranked based on each animal’s mean female tick 
count between D-3 to D-1 and blocked into blocks of 
two. Animals were then randomly allocated from within 
each block to one of the treatment groups, such that each 
treatment group had a similar mean and range of female 
tick count. Cattle were weighed and treated on D0 with 
their respective treatments. Treatment procedures were 
as described in “Procedure for administration of test sub-
stances (Exzolt and placebo)” section.

Following the treatment, all cattle were infested with 
approximately 5000 viable and unfed larvae twice weekly, 
commencing on D0 until the conclusion of the study on 
D90. For post-treatment tick counts, the slatted floors of 
individual pens were washed daily (between 8:00 to 9:00 
a.m.) from D1 to D90, and any detached engorged female 
ticks were collected and counted.

Acaricidal efficacy of Exzolt was calculated considering 
the arithmetic means of tick counts, in accordance with 
previous recommendations [29, 30] and using the follow-
ing formula as described in [27, 28, 31]:
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 where “Ta” is the mean number of engorged female ticks 
detached from treated animals after treatment admin-
istration; “Tb” is the mean number of engorged female 
ticks detached from animals over a period of 3 days prior 
to the treatment administration; “Ca” is the mean num-
ber of engorged female ticks detached from negative 
control animals after the treatment date; and “Cb” is the 
mean number of engorged female ticks detached from 
the negative control animals over a period of 3 days prior 
to the treatment administration.

Therapeutic efficacy was the assessment of the effect 
of Exzolt on ticks between D1 and D22 [28] or D23 [27] 
after treatment, and persistent efficacy was the evalua-
tion of the protection period provided by Exzolt against 
new infestations following treatment administration on 
D0 [28].

Assessment of efficacy under natural infestation conditions 
(studies 2, 3, 4, 5 and 6)
The efficacy of Exzolt was assessed in animals naturally 
infested with R. microplus in five studies (studies 2–6). 
Twenty clinically healthy animals that were naturally 
infested with R. microplus were enrolled in each study. 
Animals were of similar breed, BW and body condition 
score and ranged between 8 and 18 months of age. Tick 
counts on cattle at each site were conducted on 3 con-
secutive days prior to treatment (D-3, D-2 and D-1), and 
only animals with mean engorged female tick (between 
4.5 and 8.0  mm in length) counts > 20 were included in 
the studies. Animals were ranked based on each ani-
mal’s mean female tick count between D-3 and D-1 and 
blocked into blocks of two. Animals were then randomly 
allocated from within each block to one of the two treat-
ment groups. Allocation was such that each treatment 
group had a similar arithmetic mean and range of female 
tick count. Cattle were weighed and treated on D0 with 
their respective treatments. Treatment procedures were 
as described in “Procedure for administration of test sub-
stances (Exzolt and placebo)” section.

To evaluate the efficacy of Exzolt, tick counts were per-
formed on D3, D7, D14 and D21, and weekly thereafter 
until D56 (studies 3 and 4), D63 (studies 2 and 5) and D77 
(study 6), in accordance with the technique described by 
Wharton and Utech [32]. Tick counts were performed 
on one side of each animal [28], and all ticks measuring 
4.5–8.0 mm in length were counted [32]. Acaricidal effi-
cacy was calculated based on arithmetic means, using the 
formula recommended by Roulston [31] and adopted by 
the Brazilian Ministry of Agriculture and Livestock [27]:

Efficacy percentage =

[

1−
Ta × Cb

Tb× Ca

]

×100,

 where “Ta” is the mean number of engorged female ticks 
detached from treated animals after treatment admin-
istration; “Tb” is the mean number of engorged female 
ticks detached from animals over a period of 3 days prior 
to the treatment administration; “Ca” is the mean num-
ber of engorged female ticks detached from negative 
control animals after the treatment date; and “Cb” is the 
mean number of engorged female ticks detached from 
the negative control animals over a period of 3 days prior 
to the treatment administration.

Assessment of efficacy of Exzolt against C. hominivorax
Preventative efficacy (studies 7 and 8)
The preventative efficacy of Exzolt against the develop-
ment of myiasis caused by C. hominivorax larvae was 
assessed in surgically created wounds that were subse-
quently subjected to natural infestation with C. homini-
vorax larvae [2]. In study 7, a wound (diameter: 4 cm) was 
surgically created through the infraspinous fossae and 
the dorsal border of the scapula of cattle, while in study 
8 scrotal wounds were generated by surgical castration.

Study 7 was conducted in 12 animals [33] of approxi-
mately 13 months of age at an animal farm in Rifaina, São 
Paulo State. The cattle were allocated to treatment groups 
based on BW on D-8. The cattle were ranked in order of 
BW, blocked into blocks of two and then randomly allo-
cated to one of the two treatment groups, such that each 
group had a similar group mean and range of BW. Treat-
ments were administered on D-7 following the procedure 
described in “Procedure for administration of test sub-
stances (Exzolt and placebo)” section. Animals belonging 
to the two treatment groups were placed in separate pad-
docks to avoid treatment cross-contamination. For the 
wound creation, on D0, a 10-ml dose of local anesthetic 
(2% xylocaine; Anestésico Vansil®, Vansil Saúde Animal, 
Brazil) was administered in the infraspinous fossae and 
dorsal border of the scapula region on the left side of 
each animal, after which a cutaneous wound (diameter: 
4 cm) was surgically created. The animals were returned 
to their respective grazing paddocks and exposed to nat-
ural infestations by Cochliomyia hominivorax larvae on 
the wounds.

The effectiveness of Exzolt in preventing myiasis caused 
by C. hominivorax larvae was evaluated by inspecting the 
lesions on each animal on D1, D2, D3, D4, D5, D6 and 
D7. Any myiasis caused by C. hominivorax larval infes-
tation in the created wound was classified as active (at 
least 1 live C. hominivorax larvae per lesion); the wounds 
were also assessed for the presence of C. hominivorax egg 
mass.

Efficacy percentage =

[

1−
Ta × Cb

Tb× Ca

]

×100,
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The effectiveness of Exzolt in preventing myiasis 
caused by C. hominivorax larvae was calculated using the 
following formula [34, 35]:

where “CG” refers to the placebo-treated control group 
and “TG” to the Exzolt-treated group.

The effectiveness of Exzolt in preventing myiasis 
against C. hominivorax larvae in surgically created cas-
tration wounds was evaluated in study 8 [34]. This study 
was conducted at a farm in Espírito Santo do Pinhal, 
São Paulo State, and 30 non-castrated male animals of 
approximately 18  months of age were enrolled in the 
study. Animals were weighed on D-1, ranked in order of 
BW, blocked into blocks of two and then randomly allo-
cated to one of two treatment groups, such that each 
group had a similar group mean and range of BW. On 
D0, a 10-ml dose of local anesthetic (2% xylocaine) was 
administered subcutaneously into the distal region of the 
scrotum ("lid") of each animal. An experienced techni-
cian made an incision in the scrotum and removed the 
testicles from each animal. At the completion of each 
castration procedure, the treatments were administered 
following the procedure described in “Procedure for 
administration of test substances (Exzolt and placebo)” 
section, and animals belonging to each treatment group 
were then placed into separate grazing paddocks to avoid 
treatment cross-contamination. Over time, the surgical 
wounds would become infested naturally by C. homi-
nivorax larvae. The effectiveness of Exzolt to prevent the 
development of C. hominivorax eggs to larvae (and devel-
opment of myiasis) was evaluated daily for 14 days post 
treatment, and was calculated as described for study 7.

Therapeutic efficacy (studies 9 and 10)
Studies 9 and 10 were performed to assess the therapeu-
tic efficacy of Exzolt against C. hominivorax larvae in nat-
urally infested surgically created wounds.

Study 9 was conducted at a farm in Formiga, Minas 
Gerais State. Twenty-four non-castrated male cattle, 
aged approximately 15  months and weighing between 
272 to 361 kg BW, were enrolled. On D-3, a 10-ml dose 
of local anesthetic (2% xylocaine) was administered in 
the infraspinous fossae and dorsal border of the scapula 
region on the left side of each animal after which a cuta-
neous wound (diameter: 4 cm) was surgically created [33, 
36]. Cattle were then placed in a small grazing paddock 
so that infestations by C. hominivorax depositing egg 
masses on the wound and subsequent development of 
eggs to the larval stage could occur naturally.

Efficacy(%) =
Total number of animals with active larvae in CG− TotalofanimalswithactivelarvaeinTGgroup

Total of animals with active larvae in CG
× 100,

Cattle were also weighed on the day of the wound 
induction and then allocated to treatment groups. Cat-
tle were ranked in order of BW, blocked into blocks of 

two and then randomly allocated to one of two treat-
ment groups, such that each group had a similar group 
mean and range of BW. After wound induction, the ani-
mals were examined daily to confirm the presence of egg 
masses and/or larvae of C. hominivorax in the wounds. 
Following confirmation that C. hominivorax larvae had 
established in the wound of each animal, cattle were then 
treated following the procedure described in “Procedure 
for administration of test substances (Exzolt and pla-
cebo)” section. Treatment was administered when third 
instar larvae were detected in each animal’s wound. After 
treatment administration the animals were placed in sep-
arate paddocks to avoid treatment cross-contamination.

The therapeutic efficacy of Exzolt was evaluated by 
inspecting the lesions of all cattle daily following treat-
ment. Group T02 (negative control) animals were treated 
3 days after myiasis was detected.

Study 10 was conducted at a farm in Goiânia, Goiás 
State, and followed the same methodology as described 
for study 9, with the exception that 12 animals (as com-
pared to 24 in study 9) aged approximately 8 months and 
with a BW ranging from 99 to 211 kg were enrolled. In 
this study, the therapeutic efficacy of Exzolt was evalu-
ated daily up to D7 post-treatment. The therapeutic effi-
cacy of Exzolt for studies 9 and 10 was assessed using the 
same formula as used for studies 7 and 8.

Assessment of efficacy of Exzolt against D. hominis larvae 
(study 11)
The efficacy of Exzolt was assessed in animals naturally 
infested with D. hominis in study 11. This study was con-
ducted at a commercial farm in São João da Boa Vista, 
São Paulo State. Twelve female cattle aged approximately 
36 months were enrolled in this study.

The number of larval nodules over the entire body of 
each animal was assessed by light compression (visual 
and tactile inspection) to determine whether they con-
tained live D. hominis larvae [37]. Only animals with live 
D. hominis larvae counts > 10 were included in the study. 
Allocation of cattle to treatment groups was based on the 
number of live larval nodules on the body of each ani-
mal as assessed on D-1. Animals were ranked in order of 
number of live larval nodules, blocked into blocks of two 
and randomly allocated to one of two treatment groups. 
Cattle were weighed and treated on D0 in accordance 
with the treatment methodology described in “Procedure 
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Table 2 Mean fully engorged Rhipicephalus microplus female tick counts for each treatment group and efficacy of Exzolt over time 
from the artificial infestation study (Study 1)

Study 1: Southeast region—Itirapuã. São Paulo—Brazil

Study day Mean** fully engorged R. microplus counts P value Coefficient of 
variation

Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

D0* 77.58 A 73.33 A 0.9448 15.33 –

D1 46.25 A 80.00 A 0.1648 17.07 45.4

D2 26.50 B 88.50 A 0.0063 17.22 71.7

D3 13.50 B 95.25 A 0.0005 24.22 86.6

D4 1.50 B 84.63 A  < 0.0001 36.81 98.3

D5 0.50 B 83.25 A  < 0.0001 34.60 99.4

D6 0.00 B 86.13 A  < 0.0001 33.55 100.0

D7 0.00 B 96.63 A  < 0.0001 32.04 100.0

D8 0.00 B 83.38 A  < 0.0001 26.70 100.0

D9 0.00 B 87.50 A  < 0.0001 30.37 100.0

D10 0.00 B 80.38 A  < 0.0001 25.72 100.0

D11 0.00 B 71.63 A  < 0.0001 25.11 100.0

D12 0.00 B 67.50 A  < 0.0001 22.42 100.0

D13 0.00 B 62.38 A  < 0.0001 19.25 100.0

D14 0.00 B 60.63 A  < 0.0001 25.28 100.0

D15 0.00 B 69.88 A  < 0.0001 27.60 100.0

D16 0.00 B 74.25 A  < 0.0001 27.98 100.0

D17 0.00 B 73.63 A  < 0.0001 31.75 100.0

D18 0.00 B 80.38 A  < 0.0001 31.44 100.0

D19 0.00 B 72.38 A  < 0.0001 34.90 100.0

D20 0.00 B 64.88 A  < 0.0001 29.94 100.0

D21 0.00 B 65.13 A  < 0.0001 27.91 100.0

D22 0.00 B 58.25 A  < 0.0001 25.53 100.0

D23 0.00 B 54.75 A  < 0.0001 27.68 100.0

D24 0.00 B 55.75 A  < 0.0001 18.55 100.0

D25 0.00 B 55.00 A  < 0.0001 17.45 100.0

D26 0.00 B 57.13 A  < 0.0001 20.46 100.0

D27 0.00 B 55.25 A  < 0.0001 17.80 100.0

D28 0.00 B 51.75 A  < 0.0001 18.10 100.0

D29 0.00 B 55.13 A  < 0.0001 18.41 100.0

D30 0.00 B 51.75 A  < 0.0001 22.45 100.0

D31 0.00 B 50.50 A  < 0.0001 19.89 100.0

D32 0.00 B 56.38 A  < 0.0001 27.68 100.0

D33 0.00 B 57.38 A  < 0.0001 27.55 100.0

D34 0.13 B 63.50 A  < 0.0001 29.05 99.8

D35 0.00 B 65.63 A  < 0.0001 31.09 100.0

D36 0.00 B 79.13 A  < 0.0001 35.81 100.0

D37 0.00 B 86.00 A  < 0.0001 35.88 100.0

D38 0.25 B 102.25 A  < 0.0001 38.52 99.8

D39 0.00 B 107.13 A  < 0.0001 34.35 100.0

D40 0.00 B 105.63 A  < 0.0001 38.27 100.0

D41 0.00 B 112.88 A  < 0.0001 40.03 100.0

D42 0.00 B 117.50 A  < 0.0001 40.73 100.0

D43 0.00 B 108.50 A  < 0.0001 38.34 100.0

D44 0.00 B 109.38 A  < 0.0001 35.77 100.0

D45 0.00 B 111.50 A  < 0.0001 36.71 100.0
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Table 2 (continued)

Study 1: Southeast region—Itirapuã. São Paulo—Brazil

Study day Mean** fully engorged R. microplus counts P value Coefficient of 
variation

Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

D46 0.00 B 123.88 A  < 0.0001 36.74 100.0

D47 0.25 B 117.00 A  < 0.0001 39.30 99.8

D48 0.00 B 124.63 A  < 0.0001 33.39 100.0

D49 0.00 B 131.25 A  < 0.0001 31.39 100.0

D50 0.00 B 136.63 A  < 0.0001 30.23 100.0

D51 0.25 B 135.50 A  < 0.0001 29.32 99.8

D52 0.00 B 122.88 A  < 0.0001 27.67 100.0

D53 0.00 B 131.88 A  < 0.0001 27.21 100.0

D54 0.00 B 133.50 A  < 0.0001 26.09 100.0

D55 0.00 B 137.13 A  < 0.0001 29.33 100.0

D56 0.00 B 142.38 A  < 0.0001 31.35 100.0

D57 0.00 B 140.63 A  < 0.0001 31.64 100.0

D58 0.00 B 148.88 A  < 0.0001 29.79 100.0

D59 0.00 B 146.50 A  < 0.0001 28.90 100.0

D60 0.88 B 123.75 A  < 0.0001 36.43 99.3

D61 0.75 B 117.63 A  < 0.0001 35.26 99.4

D62 1.50 B 104.75 A  < 0.0001 32.75 98.6

D63 0.88 B 107.00 A  < 0.0001 36.01 99.2

D64 0.88 B 100.75 A  < 0.0001 31.43 99.2

D65 1.25 B 85.75 A  < 0.0001 26.31 98.6

D66 1.75 B 91.88 A  < 0.0001 29.91 98.2

D67 2.88 B 89.38 A  < 0.0001 32.57 97.0

D68 1.13 B 83.00 A  < 0.0001 27.87 98.7

D69 1.63 B 85.00 A  < 0.0001 35.64 98.2

D70 2.00 B 82.13 A  < 0.0001 33.56 97.7

D71 1.25 B 76.88 A  < 0.0001 31.41 98.5

D72 1.25 B 80.13 A  < 0.0001 31.64 98.5

D73 2.38 B 72.25 A  < 0.0001 35.93 96.9

D74 3.14 B 75.88 A  < 0.0001 32.24 96.1

D75 5.71 B 85.38 A  < 0.0001 33.31 93.7

D76 6.14 B 86.00 A  < 0.0001 37.70 93.2

D77 6.00 B 84.50 A 0.0001 36.75 93.3

D78 7.57 B 88.63 A 0.0001 31.84 91.9

D79 9.00 B 91.25 A 0.0001 33.74 90.7

D80 10.00 B 88.63 A 0.0002 32.49 89.3

D81 7.71 B 96.13 A 0.0001 35.91 92.4

D82 10.43 B 100.63 A 0.0002 34.55 90.2

D83 11.43 B 102.88 A 0.0006 37.57 89.5

D84 11.43 B 104.38 A 0.0003 32.83 89.7

D85 10.43 B 109.00 A 0.0002 31.41 91.0

D86 14.00 B 104.00 A 0.0016 38.47 87.3

D87 14.25 B 94.50 A 0.0027 33.86 85.7

D88 24.00 B 112.13 A 0.0244 39.37 79.8

D89 27.00 B 116.38 A 0.0138 31.93 78.1

D90 24.63 B 110.88 A 0.0185 32.11 79.0
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for administration of test substances (Exzolt and pla-
cebo)” section.

Live larval nodule counts on the body of each animal 
were performed on D3, D7, D14, D21, D28, D35, D42, 
D49, D56, D63, D70, D77 and D84 post-treatment, and 
the efficacy was calculated as [27, 28]:

where “a” is the mean number of live D. hominis larvae in 
the negative control group and “b” represents the mean 
number of live D. hominis larvae in the Exzolt group.

Assessment of efficacy of Exzolt against H. irritans (studies 
12 and 13)
Two studies were carried out (study 12 in Uberaba, 
Minas Gerais State and study 13 in Santa do Livramento, 
Rio Grande do Sul State) to assess the efficacy of Exzolt 
against H. irritans in naturally infested animals. In each 
of these studies, 30 female cattle, aged between 14 and 
36 months of age were enrolled.

Animals were allocated to treatment groups based on 
the average H. irritans counts conducted on the whole-
body surface of the animals on D-2 and D-1. All fly 
counts were simultaneously conducted by two trained 
technicians (one on the left and the other on the right 
side of the animal), between 07:00 and 10:00 a.m. at each 
time point [12]. Only animals with mean pre-treatment 
fly counts > 50 were included in the studies. Animals 
were ranked based on individual mean H. irritans counts, 

Efficacy =

a− b

a
× 100,

blocked into blocks of two and randomly allocated from 
each block to one of two treatment groups, such that 
each group had a similar group mean and range of H. 
irritans count. The same investigators performed counts 
on the same side of the cattle on all post-treatment dates.

Cattle were weighed and treated with their respective 
treatments on D0 following the treatment administration 
procedures described in “Procedure for administration of 
test substances (Exzolt and placebo)” section. Following 
treatment, cattle were placed in separate paddocks with 
a minimum distance of 5 km between each group to pre-
vent any interference of the treatment on fly counts in the 
negative control group. After the administration of treat-
ment, H. irritans counts were conducted on D1, D3, D7, 
and then weekly until D35 (study 13) and D49 (study 12),

To evaluate the efficacy of Exzolt against H. irritans, 
the following formula was used [27, 28]:

where “a” is the mean number of H. irritans in the nega-
tive control group and “b” represents the mean number 
of H. irritans in the Exzolt group.

Statistical analysis
Data were analyzed using general linear models with 
SAS software version 9.4 [38]. Rhipicephalus microplus, 
D. hominis larvae and H. irritans counts were not nor-
mally distributed and were log transformed (count + 1) 

Efficacy =

a− b

a
× 100,

Table 2 (continued)

Study 1: Southeast region—Itirapuã. São Paulo—Brazil

Study day Mean** fully engorged R. microplus counts P value Coefficient of 
variation

Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

Efficacy 
for the entire period
(D1 to D90)3

3.47 B 92.00 A  < 0.0001 22.02 96.4

Therapeutic efficacy
(until D22)4

4.01 B 76.66 A  < 0.0001 20.22 95.1

Therapeutic efficacy
(until D23)5

3.84 B 75.71 A  < 0.0001 20.33 95.2

Persistent efficacy
(D23 up to D85)

1.91 B 96.13 A  < 0.0001 24.99 98.1

*  Mean tick counts before treatment (between D-3 and D-1)
** Means within rows followed by different capital letters are different at P < 0.05

Exzolt: Fluralaner 2.5 mg/kg BW

3: In accordance with EMEA (2021), an overall efficacy of more than 90% up to 100% is required

4: In accordance with WAAVP (2022), an efficacy at least 90% is required on the first 22 days post-treatment

5: In accordance with Brazil (1997), an efficacy at least 95% is required on the first 23 days post-treatment
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Table 3 Mean R. microplus female tick counts (length between 4.5 and 8.0 mm) for each treatment group and efficacy of Exzolt over 
time from the five field studies (studies 2–6)

Study 2: Southeast region—São José do Rio Pardo. São Paulo—Brazil

Study day Mean** R. microplus (4.5 to 8.0 mm length) counts P value Coefficient of variation Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

D0* 31.33 A 31.57 A 0.9613 9.55 –

D3 3.10 B 32.50 A  < 0.0001 30.37 90.4

D7 0.70 B 34.80 A  < 0.0001 22.89 98.0

D14 0.20 B 28.50 A  < 0.0001 13.33 99.3

D21 0.00 B 32.50 A  < 0.0001 4.23 100.0

D28 0.00 B 34.50 A  < 0.0001 6.51 100.0

D35 0.00 B 34.60 A  < 0.0001 8.63 100.0

D42 0.70 B 23.00 A  < 0.0001 22.01 96.9

D49 8.30 B 22.10 A 0.0020 47.49 62.2

D56 10.30 B 24.90 A 0.0024 35.27 58.3

D63 28.60 A 27.70 A 0.1215 23.99 0.0

Therapeutic 
efficacy
(until D21)

1.00 B 32.08 A  < 0.0001 17.43 96.9

Persistent efficacy
(D28 up to D49)

2.25 B 28.55 A  < 0.0001 30.93 92.1

Mean efficacy 
between D7 
and D14

0.45 B 31.65 A  < 0.0001 16.84 98.6

Study 3: Southeast region—Formiga. Minas Gerais—Brazil

Study day Mean** R. microplus (4.5 to 8.0 mm length) counts p Value Coefficient of variation Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

D0* 38.13 A 38.07 A 0.9653 13.13 –

D3 2.20 B 35.10 A  < 0.0001 26.28 93.7

D7 0.00 B 41.90 A  < 0.0001 15.51 100.0

D14 0.00 B 47.90 A  < 0.0001 18.52 100.0

D21 0.00 B 63.40 A  < 0.0001 18.82 100.0

D28 0.00 B 66.00 A  < 0.0001 14.58 100.0

D35 0.10 B 63.40 A  < 0.0001 15.39 99.8

D42 2.00 B 66.50 A  < 0.0001 23.95 97.0

D49 26.90 B 67.00 A 0.0053 23.27 59.9

D56 56.70 A 73.10 A 0.1516 12.32 22.6

Therapeutic 
efficacy
(until D21)

0.55 B 47.08 A  < 0.0001 19.53 98.8

Persistent efficacy
(D28 up to D42)

0.70 B 65.30 A  < 0.0001 17.67 98.9

Mean efficacy 
between D7 
and D14

0.00 B 44.90 A  < 0.0001 15.80 100.0

Study 4: Southeast region—Formiga. Minas Gerais—Brazil

Study day Mean** R. microplus (4.5 to 8.0 mm length) counts P value Coefficient of variation Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

D0* 34.70 A 34.93 A 0.9526 12.26 –

D3 4.50 B 34.70 A  < 0.0001 32.19 86.9

D7 0.00 B 35.20 A  < 0.0001 18.72 100.0
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Table 3 (continued)

Study 4: Southeast region—Formiga. Minas Gerais—Brazil

Study day Mean** R. microplus (4.5 to 8.0 mm length) counts P value Coefficient of variation Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

D14 0.00 B 37.20 A  < 0.0001 18.41 100.0

D21 0.00 B 33.50 A  < 0.0001 17.72 100.0

D28 0.00 B 36.20 A  < 0.0001 16.92 100.0

D35 0.00 B 38.70 A  < 0.0001 15.49 100.0

D42 3.30 B 36.00 A  < 0.0001 32.27 90.8

D49 9.00 B 39.40 A  < 0.0001 18.65 77.0

D56 37.20 A 47.10 A 0.1422 12.88 20.5

Therapeutic 
efficacy
(until D21)

1.13 B 35.15 A  < 0.0001 19.13 96.8

Persistent efficacy
(D28 up to D49)

3.08 B 37.58 A  < 0.0001 19.90 91.8

Mean efficacy 
between D7 
and D14

0.00 B 36.20 A  < 0.0001 18.58 100.0

Study 5: Center-West region—Ribas do Rio Pardo. Mato Grosso do Sul—Brazil

Study day Mean** R. microplus (4.5 to 8.0 mm length) counts p Value Coefficient of 
variation

Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

D0* 24.93 A 25.27 A 0.8758 5.95 –

D3 3.00 B 12.40 A 0.0003 39.33 75.5

D7 0.00 B 17.70 A  < 0.0001 13.65 100.0

D14 0.00 B 19.10 A  < 0.0001 11.96 100.0

D21 0.00 B 20.90 A  < 0.0001 32.39 100.0

D28 0.00 B 23.10 A  < 0.0001 11.70 100.0

D35 0.00 B 19.20 A  < 0.0001 12.80 100.0

D42 0.00 B 28.10 A  < 0.0001 16.56 100.0

D49 0.20 B 19.70 A  < 0.0001 25.82 99.0

D56 12.30 B 20.20 A 0.0063 15.88 38.3

D63 16.10 B 25.60 A 0.0174 16.05 36.3

Therapeutic 
efficacy
(until D21)

0.75 B 17.53 A  < 0.0001 11.51 95.7

Persistent 
efficacy
(D28 up to D49)

0.05 B 22.53 A  < 0.0001 12.47 99.8

Mean efficacy 
between D7 
and D14

0.00 B 18.40 A  < 0.0001 6.04 100.0

Study 6: South region—Santana do Livramento. Rio Grande do Sul—Brazil

Study day Mean** R. microplus (4.5 to 8.0 mm length) counts p Value Coefficient of 
variation

Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

D0* 40.53 A 39.17 A 0.8978 15.47 –

D3 0.00 B 19.20 A  < 0.0001 27.70 100.0

D7 0.00 B 25.80 A  < 0.0001 20.58 100.0

D14 0.00 B 16.20 A  < 0.0001 37.04 100.0

D21 0.00 B 24.40 A  < 0.0001 61.63 100.0

D28 0.00 B 36.80 A  < 0.0001 45.03 100.0
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to ensure normality, homogeneity of variances, residual 
analysis and randomness of the observations with back-
transformed least squares means. The effects included in 
the model were ectoparasite counts, treatment and time 
point. A protected Student t-test was used for mean sep-
aration and the significance level set to 5% (P < 0.05).

Analysis of data for viable C. hominivorax larvae and 
egg mass (independent of the viability) in wounds was 
conducted using SAS software version 9.4 [38], and Fish-
er’s non-parametric test was used for mean separation, 
with the significance level set to 5% (P < 0.05).

Results
Study 1 (efficacy of Exzolt against R. microplus 
under the experimental infestation scenario)
This study assessed the therapeutic and persistent efficacy 
of Exzolt against artificial infestation and ongoing larval 
challenge of R. microplus. Assessment was conducted by 
the counting of engorged R. microplus female ticks which 
had detached from the animal and were collected each 
morning up until the completion of the study on D90. 
The therapeutic efficacy of 98.3% and 99.4% was observed 
on day 4 and 5 DPT, respectively and of > 99.9% between 
6 and 22 DPT. On each of these occasions, the mean 
engorged female tick count in T01 (Exzolt) treatment 
group was significantly lower (P < 0.0001) than of cattle in 
T02 (negative control) (Table 2). The average therapeutic 

efficacy (95.1%) up to D22 and a persistent efficacy (> 90%) 
lasting until D70 were observed in this study.

Studies 2–6 (efficacy of Exzolt against R. microplus 
under natural infestation scenario)
The therapeutic efficacy of Exzolt against field strains of 
R. microplus was assessed on days 3, 7, 14 and 21 post-
treatment (D3, D7, D14 and D21). Ticks between 4.5 
and 8.0  mm in length were counted on each occasion. 
The therapeutic efficacy was > 95% at all study sites. On 
D3, efficacy was < 90% at only two sites (studies 4 and 5). 
Tick counts continued on a weekly basis following D21 to 
determine the persistent efficacy, which was found to be 
D42 at three sites (studies 2, 3 and 4), D49 for study 5 and 
day 56 for study 6 (Table 3).

Studies 7 and 8 (preventative efficacy of Exzolt against C. 
hominivorax‑induced myiasis)
The effectiveness of Exzolt in preventing C. hominivo-
rax egg masses developing to the larval stage and caus-
ing active myiasis is detailed in Tables 4 and 5. In study 
7, treatments were administered 7 days prior to the crea-
tion of the cutaneous wound in the infraspinous fossae 
and dorsal border of the scapula region on the left side of 
each animal, while in study 8 the creation of the scrotal 
wound and treatment occurred concurrently with treat-
ment on the same day. The number of animals presenting 

Table 3 (continued)

Study 6: South region—Santana do Livramento. Rio Grande do Sul—Brazil

Study day Mean** R. microplus (4.5 to 8.0 mm length) counts p Value Coefficient of 
variation

Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

D35 0.00 B 83.90 A  < 0.0001 9.49 100.0

D42 0.00 B 64.20 A  < 0.0001 8.13 100.0

D49 0.00 B 31.90 A  < 0.0001 25.35 100.0

D56 0.00 B 19.40 A  < 0.0001 18.79 100.0

D63 3.10 B 13.40 A 0.0001 35.43 77.6

D70 8.60 B 18.80 A 0.0137 24.74 55.8

D77 15.30 B 25.50 A 0.0297 20.33 42.0

Therapeutic 
efficacy
(until D21)

0.00 B 21.40 A  < 0.0001 26.33 100.0

Persistent 
efficacy
(D28 up to D70)

1.67 B 38.34 A  < 0.0001 15.73 95.8

Mean efficacy 
between D7 
and D14

0.00 B 21.00 A  < 0.0001 23.43 100.0

Exzolt: Fluralaner 2.5 mg/kg body weight
a The respective preventative treatment was administered on D0. D1 to D77 are days post-treatment
b Mean tick counts were determined before treatment (between 3 and 1 days pre-treatment [D-3 and D-1]). Means within rows followed by different uppercase letters 
are significantly different at P < 0.05



Page 13 of 20da Costa et al. Parasites & Vectors          (2023) 16:336  

egg masses deposited in the artificially created wounds 
was similar for both groups (P > 0.05) in each study, con-
firming that animals from both groups were challenged 
similarly by C. hominivorax in each study. Treatment 
with Exzolt prevented C. hominivorax eggs developing to 
the larval stage and causing myiasis in all animals in the 
T01 treatment group in both studies, while active myia-
sis was observed in all animals belonging to the negative 
control groups (T02).

Studies 9 and 10 (therapeutic efficacy of Exzolt against C. 
hominivorax induced myiasis):
The results of therapeutic efficacy of Exzolt against active 
myiasis caused by C. hominivorax larvae are presented 
in Table 6. In both studies, the development of C. homi-
nivorax myiasis was confirmed on D0 prior to the treat-
ment administration on the same day. On D1, there was a 
significant reduction (P < 0.05) in the number of animals 
demonstrating active myiasis in the Exzolt groups in both 
studies, and by D3 there were no myiasis observed on any 
animal treated with Exzolt in either study. In contrast, 
active myiasis persisted in all animals belonging to the 
negative control group in both studies.

Study 11 (effectiveness of Exzolt against D. hominis larvae):
Animals enrolled in this study had confirmed natural 
infestations of D. hominis larvae prior to the respective 
treatment administration on D0. There was a signifi-
cant reduction (P ≤ 0.05) in D. hominis larval counts in 
animals treated with Exzolt from D1 (73.1%). Efficacy 
increased to 97.7% by D3 and from D7 to D49, no lar-
vae were found on any animal treated with Exzolt, whilst 
counts in the negative control group (T02) remained 
constant throughout the study period and were signifi-
cantly higher (P < 0.0001) than cattle in T01. The persis-
tent efficacy for Exzolt remained above the 90% threshold 
up to Day 70 (93.7%), and by Day 84, efficacy declined to 
70.9%. Results are presented in Table 7.

Studies 12 and 13 (effectiveness of Exzolt against H. 
irritans)
Animals with a pre-existing and natural H. irritans infes-
tation were enrolled in these studies. Following treatment 
with Exzolt on D0, H. irritans counts were conducted on 
D1, D3 and D7 and weekly thereafter until D49 and D35 
for studies 12 and 13, respectively (Table 8). Therapeutic 

Table 4 Number of animals in each group having egg masses or active myiasis caused by Cochliomyia hominivorax larvae in induced 
wounds and the preventative efficacy of Exzolt over time (study 7)

Exzolt: Fluralaner 2.5 mg/kg boy weight
a The respective preventative treatment was administered on D-7, and the wounds were induced on D0
b Total number of animals with C. hominivorax egg mass or live larvae in induced wounds. Means within rows followed by different uppercase letters are significantly 
different at P < 0.05

Observation 
(presence)

Study day Total** number of animals with C. hominivorax egg mass or live larvae in induced 
wounds in each group

Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

Study 7: Southeast region—Rifaina. São Paulo—Brazil

Egg mass presence D0* 3 A 2 A Not applicable

D1 5 A 4 A

D2 4 A 6 A

D3 4 A 6 A

D4 4 A 4 A

D5 4 A 4 A

D6 4 A 3 A

D7 4 A 3 A

Active C. hominivo-
rax larvae presence

D0* 0 A 0 A –

D1 0 A 0 A –

D2 0 A 3 A 100.0

D3 0 B 5 A 100.0

D4 0 B 6 A 100.0

D5 0 B 6 A 100.0

D6 0 B 5 A 100.0

D7 0 B 6 A 100.0
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efficacy > 90% for the Exzolt group was observed between 
D1 to D7 in study 12 and between D1 to D21 in study 13.

Discussion
The studies reported here were designed taking into 
account both national [27] and international [28] guide-
lines to demonstrate therapeutic and/or persistent effi-
cacy of Exzolt against the main ectoparasites of cattle (R. 
microplus, C. hominivorax larvae, D. hominis larvae and 
H. irritans flies) in Brazil.

In the experimental infestation study for R. micro-
plus, cattle were housed in individual covered pens and 
not exposed to environmental elements (e.g. ultraviolet 
[UV] light, rain) during the study as these factors could 
impact the observed efficacy in field trials. One of the 
advantages of conducting an artificial challenge study 
is the elimination of a number of environmental fac-
tors, thereby establishing a confirmatory timing/dura-
tion for therapeutic and persistent efficacy [39, 40]. The 
results of this study demonstrated that > 90% efficacy 
was attained by day 4 post-treatment (D4) and efficacy 

Table 5 Number of animals in each group having egg masses or active myiasis caused by C. hominivorax larvae in surgically castrated 
males and the preventative efficacy of Exzolt over time (study 8)

Exzolt: Fluralaner 2.5 mg/kg BW
a The orchiectomy procedures and the respective preventative treatment was administered simultaneously on D0
b Total number of animals with C. hominivorax egg mass or live larvae in induced wounds. Means within rows followed by different uppercase letters are significantly 
different at P < 0.05

Observation 
(presence)

Study day Total** number of animals with C. hominivorax egg mass or live larvae in scrotal wounds Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

Study 8: Southeast region—Espírito Santo do Pinhal. São Paulo—Brazil

Egg mass presence D0* – – Not applicable

D1 0 A 0 A

D2 3 A 3 A

D3 0 A 3 A

D4 3 A 8 A

D5 0 A 1 A

D6 4 A 0 A

D7 5 A 5 A

D8 3 A 2 A

D9 0 A 0 A

D10 2 A 0 A

D11 1 A 1 A

D12 1 A 0 A

D13 0 A 0 A

D14 0 A 0 A

Active C. hominivo-
rax larvae presence

D0* – – –

D1 0 A 0 A –

D2 0 A 0 A –

D3 0 A 3 A 100.0

D4 0 B 6 A 100.0

D5 0 B 11 A 100.0

D6 0 B 11 A 100.0

D7 0 B 11 A 100.0

D8 0 B 11 A 100.0

D9 0 B 11 A 100.0

D10 0 B 11 A 100.0

D11 0 B 11 A 100.0

D12 0 B 11 A 100.0

D13 0 B 10 A 100.0

D14 0 B 8 A 100.0
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remained above this threshold against ongoing tick lar-
val challenge up to and including D79. In the field stud-
ies, the therapeutic efficacy of > 90% against natural R. 
microplus infestations was achieved by D7 and a per-
sistent efficacy (> 90%) against continuous natural tick 
larval challenge lasted up to D42. The period of protec-
tion did differ slightly between sites, with an efficacy 
of > 99.9% reported on D56 at one site. Such differences 
could be due to environmental factors, such as UV 
light, humidity, rainfall and tick burden, which could 
vary at each site and could contribute to differences 
observed in the persistent efficacy [1, 40, 41]. The rapid 
onset of therapeutic efficacy together with the long 
period of persistent efficacy provided by Exzolt against 
R. microplus provide farmers with the opportunity to 

implement strategic cattle tick control programs [42–
46], as well as with a reduced reliance on other phar-
maceutical treatments against which ticks have already 
developed resistance, thereby ensuring the movement 
of ‘tick-free’ cattle across borders [28].

There are reports of increased prevalence of R. micro-
plus populations that are resistant to different chemical 
classes of insecticides, such as the amidines, macrocy-
clic lactones, phenylpyrazoles and benzophenylurea [5, 
47–55]. It is apparent from the published literature that 
R. microplus populations in those regions where stud-
ies with Exzolt were conducted were resistant to amitraz 
(250 ppm) [56, 57], abamectin and ivermectin 500 µg/kg 
BW pour-on, ivermectin 200 and 630  µg/kg BW inject-
able [58–60], fipronil 1  mg/mg pour-on [37], fluazuron 

Table 6 Number of animals in each group having egg masses or active myiasis caused by C. hominivorax larvae in artificially induced 
wounds and the efficacy of Exzolt over time (studies 9 and 10)

Exzolt: Fluralaner 2.5 mg/kg body weight

DPT Days post-treatment
a Wound induction occurred on day 3 pre-treatment (D-3) and the respective preventative treatment was administered after randomization on D0
b Total number of animals with C. hominivorax egg mass or live larvae in induced wounds. Means within rows followed by different uppercase letters are significantly 
different at P < 0.05

Observation 
(presence)

Study day Total** number of animals with C. hominivorax egg mass or live larvae in induced wounds Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

Study 9: Southeast region—Formiga. Minas Gerais—Brazil

Egg mass presence Treatment day 8 A 5 A Not applied

1DPT 7 A 3 A

2DPT 4 A 1 A

3DPT 5 A 0 B

Active C. hominivorax 
larvae presence

Treatment day 11 A 11 A –

1DPT 2 B 11 A 81.8

2DPT 1 B 11 A 90.9

3DPT 0 B 11 A 100.0

Study 10: Center-West region—Goiânia. Goiás—Brazil

Egg mass presence D0* 1 A 3 A Not applied

D1 3 A 2 A

D2 1 A 5 A

D3 1 A 5 A

D4 3 A 3 A

D5 2 A 2 A

D6 2 A 2 A

D7 2 A 0 A

Active C. hominivorax 
larvae presence

D0* 6 A 6 A –

D1 2 B 6 A 66.7

D2 2 B 6 A 66.7

D3 0 B 6 A 100.0

D4 0 B 6 A 100.0

D5 0 B 6 A 100.0

D6 0 B 6 A 100.0

D7 0 B 6 A 100.0
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1.6  mg/kg + ivermectin 630  µg/kg (injectable) and dif-
lubenzuron with 17 g of product added per kilogram of 
mineral salt [61, 62]. The studies reported here may indi-
cate the effectiveness of Exzolt in ticks resistant to above-
mentioned parasiticides.

Cochliomyia hominivorax is considered to be the main 
cause of myiasis in cattle in Brazil, with the umbili-
cal region of neonates as a common site for infestation 
[8, 35], although infestations may occur in any type of 
wound. Cochliomyia hominivorax larvae differ from 
many other larval fly species in terms of their feeding 
habits as they ingest fresh rather than dead tissue [63]. 
This parasite causes a decline in productivity, and when 
infested wounds are left untreated, mortality is a likely 
outcome [4]. The most common strategy for prevention 
or treatment of myiasis is to administer an endectocide; 
however, this approach is not always successful. Eradica-
tion of C. hominivorax by using the sterile insect tech-
nique was a strategy implemented many years ago and 
was successful in North and Central America, as well as 
a number of other countries during the 1990s. However, 
South America continues to report cases of myiasis in 
cattle caused by C. hominivorax [63], and this will likely 
increase due to climate change. Our results show Exzolt 
to be an important and effective management tool for 

farmers to both prevent and treat myiasis caused by C. 
hominivorax, confirming that Exzolt prevented C. homi-
nivorax egg masses from hatching to the larval stage and 
the subsequent development of the myiasis. In addition, 
Exzolt was shown to be a curative when applied to ani-
mals with an active C. hominivorax larval infestation.

Although the main impact of D. hominis infestation 
is production loss due to reduced gain in BW, the dam-
age occurring to the cattle hide is of great concern, as 
leather is the second largest commodity exported by 
the Brazilian cattle industry [9]. Once the D. hominis 
larval stage has penetrated the subcutaneous tissue of 
the host, a nodule is formed that contains the larval 
‘warble’ [10]. The warble increases in size during lar-
val development stages while the larva is still contained 
within the nodule in the subcutaneous tissue. Dur-
ing this time, the hide is perforated, which allows the 
‘warble’ to breath. This perforation also facilitates the 
discharge of exudate from the site of the active infes-
tation. Dermatobia hominis larvae complete their life-
cycle within 33–42 days and leave the host through the 
perforated hole in the hide. The damage caused by D. 
hominis larvae to the hide significantly decreases the 
commercial value of the leather [9]. Macrocyclic lac-
tones have commonly been used to treat and prevent D. 

Table 7 Mean Dermatobia hominis larvae counts for each treatment group and efficacy of Exzolt over time (study 11)

Exzolt: Fluralaner 2.5 mg/kg BW
a The respective preventative treatment was administered on D0
b Means within rows followed by different uppercase letters are significantly different at P < 0.05

Study 11: Região Sudeste—São João da Boa Vista. São Paulo—Brazil

Study day Mean* counts of Dermatobia hominis larvae p Value Coefficient of 
variation

Efficacy (%)

T01: Exzolt T02: Negative Control T01: Exzolt

D-1 21.60 A 21.50 A 0.9893 16.39 –

D1 5.90 B 21.90 A 0.0001 18.11 73.1

D3 0.50 B 21.70 A 0.0001 28.99 97.7

D7 0.00 B 21.80 A  < 0.0001 22.03 100.0

D14 0.00 B 20.90 A  < 0.0001 20.36 100.0

D21 0.00 B 20.50 A  < 0.0001 20.79 100.0

D28 0.00 B 20.00 A  < 0.0001 19.82 100.0

D35 0.00 B 19.50 A  < 0.0001 21.66 100.0

D42 0.00 B 16.70 A  < 0.0001 20.07 100.0

D49 0.00 B 16.40 A  < 0.0001 19.86 100.0

D56 0.10 B 15.50 A  < 0.0001 24.55 99.4

D63 0.50 B 10.10 A 0.0001 41.8 95.0

D70 0.70 B 11.50 A 0.0001 32.01 93.9

D77 2.60 B 13.60 A 0.0001 40.16 80.9

D84 4.40 B 15.10 A 0.0014 33.84 70.9
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hominis larval infestations in cattle, but recent reports 
of resistance to this class of chemicals have been pub-
lished [9, 64], thereby putting more pressure on farmers 
to consider alternative methods to control D. hominis 
larvae infestations. In the present study, Exzolt dem-
onstrated a therapeutic efficacy of 97.7% within 3 days 
after treatment, and a persistent efficacy of > 90% was 
observed for up to 70  days post-treatment, as evi-
denced by the prevention, development and establish-
ment of D. hominis to the larval stage and formation of 
nodules. Exzolt provides farmers with a very effective 
option to control D. hominis.

Haematobia irritans is one of the most important and 
costly parasites affecting cattle in Brazil, causing BW 
losses and stunted growth [4, 12]. Unfortunately, there 
is widespread resistance of H. irritans to the commonly 
used parasiticides (e.g. pyrethroids and organophos-
phates). The over-use of these treatments along with 
the high reproductive potential of H. irritans are just a 
number of the factors contributing to the development 
of resistance of H. irritans. In the present study, Exzolt 
demonstrated effectiveness against H. irritans infesta-
tions; however, its efficacy (> 90%) was variable from 

site to site, ranging between D7 at one site and D21 at 
the other (Table 8).

Conclusion
This is the first report of the effectiveness of a new pour-
on ectoparasiticide, Exzolt 5%, approved by Ministry of 
Agriculture, Livestock and Development (MAPA) in 
2022. This report presents significant efficacy data of the 
product against common ectoparasites infesting cattle 
in Brazil, following its single administration at a dose of 
2.5  mg/kg BW. The studies reported here demonstrate 
both the therapeutic and persistent efficacy against Rhi-
picephalus microplus, Cochliomyia hominivorax and Der-
matobia hominis larvae and Haematobia irritans. Exzolt 
effectively controlled R. microplus burden in cattle for 
at least 42 days; it also effectively prevented and treated 
active myiasis caused by C. hominivorax larvae. Similarly, 
Exzolt was effective in the control of D. hominis larval 
‘warbles’ and prevented (> 90% efficacy) re-infestation 
of D. hominis larvae for 70  days post-treatment. Exzolt 
also significantly reduced (> 90% efficacy) H. irritans 
burdens on cattle for at least 7 days post-treatment. Out-
comes from these studies confirm that Exzolt 5% is very 

Table 8 Mean Haematobia irritans counts for each treatment group and efficacy of Exzolt over time (studies 12 and 13)

Exzolt: Fluralaner 2.5 mg/kg body weight
a The respective preventative treatment was administered on D0. Mean H. irritans counts on D0 before treatment (on D-2 and D-1)
b Means within rows followed by different capital letters are significantly different at P < 0.05

Study day Mean** Haematobia irritans counts p Value Coefficient of 
variation

Efficacy (%)

T01: Exzolt T02: Negative Control

Study 12: Southeast region—Uberaba. Minas Gerais—Brazil

D0* 112.11 A 111.40 A 0.9496 5.70 –

D1 2.33 B 88.83 A  < 0.0001 27.24 97.4

D3 6.22 B 87.15 A  < 0.0001 12.10 92.9

D7 8.70 B 91.52 A  < 0.0001 15.22 90.5

D14 14.98 B 83.18 A  < 0.0001 15.28 82.0

D21 26.41 B 89.23 A  < 0.0001 9.80 70.4

D28 27.20 B 90.47 A  < 0.0001 9.96 69.9

D35 52.03 B 97.38 A 0.0004 9.83 46.6

D42 59.56 B 94.69 A 0.0052 9.54 37.1

D49 67.10 B 98.51 A 0.0113 8.68 31.9

Study 13: South region—Santana do Livramento. Rio Grando do Sul—Brazil

D0* 162.07 A 163.40 A 0.9781 10.20 –

D1 1.20 B 177.87 A  < 0.0001 22.97 99.3

D3 1.47 B 120.80 A  < 0.0001 24.83 98.8

D7 0.93 B 107.33 A  < 0.0001 22.50 99.1

D14 0.53 B 100.13 A  < 0.0001 17.71 99.5

D21 4.67 B 84.13 A  < 0.0001 34.61 94.5

D28 60.27 B 140.67 A  < 0.0001 9.59 57.2

D35 50.67 B 140.13 A  < 0.0001 11.21 63.8
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effective in controlling the most important ectoparasites 
infesting Brazilian cattle. Therefore, this product will be 
an important ectoparasite management tool for farmers 
to be included in their control programs when targeting 
or preventing ectoparasite infestations.

Acknowledgements
The authors would like to thank Michelle Dever for her significant help in writ-
ing the manuscript.

Author contributions
AJC: Project administration, investigation. JRSM: Project administration, 
investigation. FAB: Project administration, investigation. LFV: Supervision. FBB: 
Supervision. HOAA: Supervision. LCA: Supervision. DCR: Supervision. WDZL: 
Project administration, investigation, data curation and writing—original draft.

Funding
The present work was funded by “MSD Animal Health”, the manufacturer of 
this formulation. There were no conflicting interests that may have biased the 
work reported in this paper.

Availability of data and materials
Data used for the main conclusions must be in the manuscript, figures and 
tables or in a repository.

Declarations

Ethics approval and consent to participate
The experiment was approved by the Ethics Committee for Animal Use 
from the Animal Health Research Institute (process numbers PP 005/2019; 
PP 002/2019; 051/2018), Federal University of Mato Grosso do Sul (process 
number S16077-00), Federal University of Franca (process numbers 069/07; 
1083031117; 2018/12-02; 2018/12-03; 2018/12-03), and Federal University 
of Goiás (Process numbers 132/18/ 133/18; 134/18; 135/18), Brazil. The study 
design was in accordance with the ethical principles in animal experimenta-
tion of the National Council for Animal Experiment Control (CONCEA), Brasília, 
Brazil.

Consent for publication
The authors obtained consent from the responsible authorities at the insti-
tute/organization where the work has been carried out before the work is 
submitted.

Competing interests
The authors declared no potential conflicts of interest with respect to the 
research, authorship, and/or publication of this article.

Author details
1 Faculdade de Ciências Agrárias e Veterinárias, Universidade Estadual Paulista, 
Jaboticabal, São Paulo, Brazil. 2 Instituto de Pesquisas Desidério Finamor, Eldo-
rado do Sul, Rio Grande do Sul, Brazil. 3 Departamento de Medicina Veterinária, 
Universidade Federal do Mato Grosso Do Sul, Campo Grande, Mato Grosso 
do Sul, Brazil. 4 MSD Saúde Animal, São Paulo, Brazil. 5 Centro de Parasitologia 
Veterinária, Universidade Federal de Goiás, Goiânia, Goiás, Brazil. 

Received: 23 June 2023   Accepted: 15 August 2023

References
 1. Felippelli G, Teixeira WFP, Gomes LVC, Maciel WG, Cruz BC, Buzzulini C, 

et al. Tick infestation level interferes with spray formulation (organophos-
phate + pyrethroid) efficacy against Rhipicephalus microplus. Ticks Tick 
Borne Dis. 2022;13:101903.

 2. Pérez de León AA, Mitchell RD, Watson DW. Ectoparasites of Cattle. Vet 
Clin North Am Food Anim Pract. 2020;36:173–85.

 3. Riet-Correa F, Ladeira SL, Andrade GB, Carter GR. Lechiguana (focal 
proliferative fibrogranulomatous panniculitis) in cattle. Vet Res Commun. 
2000;24:557–72.

 4. Grisi L, Leite RC, Martins JRDS, Barros ATMD, Andreotti R, Cançado PHD, 
et al. Reassessment of the potential economic impact of cattle parasites 
in Brazil. Rev Bras Parasitol Vet. 2014;23:150–6.

 5. Rodriguez-Vivas RI, Jonsson NN, Bhushan C. Strategies for the control of 
Rhipicephalus microplus ticks in a world of conventional acaricide and 
macrocyclic lactone resistance. Parasitol Res. 2018;117:3–29.

 6. Heller LM, Zapa DMB, Couto LFM, de Aquino Gontijo LM, Nicaretta JE, de 
Morais IML, et al. Techniques for monitoring dairy calves against the tick 
fever agents: a comparative analysis. Vet Res Commun. 2022;46:879–902.

 7. World Organisation for Animal Health (WOAH). Animal diseases. https:// 
www. woah. org/ en/ what- we- do/ animal- health- and- welfa re/ animal- disea 
ses/?_ alpha bet=N. Accessed 20 Dec 2022.

 8. Costa-Júnior LM, Chaves DP, Brito DRBB, Santos VAFD, Costa-Júnior HN, 
Barros ATM. A review on the occurrence of Cochliomyia hominivorax 
(Diptera: Calliphoridae) in Brazil. Braz J Vet Parasitol. 2019;28:548–62.

 9. Henrique das Neves J, Carvalho N, Amarante AFT. Dermatobia homi-
nis: Potential risk of resistance to macrocyclic lactones. Vet Parasitol. 
2015;212:483–6.

 10. Moya-Borja GE, Muniz RA, Sanavira A, Goncalves LCB, Rew RS. Therapeutic 
and persistent efficacy of doramectin against Dermatobia homisis in cat-
tle. Vet Parasitol. 1993;49:85–93.

 11. Guglielmone AA, Volpogni MM, Castro H, Mangold AJ, Anziani OS. A 
study of relative horn fly, Haematobia irritans (Diptera: Muscidae), abun-
dance on Holstein steers and steers of two Holstein crosses. Vet Parasitol. 
2002;109:141–5.

 12. Maciel W, Lopes WDZ, Cruz B, Teixeira W, Felippelli G, Sakamoto CA, et al. 
Effects of Haematobia irritans infestation on weight gain of Nelore calves 
assessed with different antiparasitic treatment schemes. Prev Vet Med. 
2015;118:182–6.

 13. Bull MS, Overend D, Hess EA. Suppression of Boophilus microplus 
populations with fluazuron- an acarine growth regulator. Aust Vet J. 
1996;74:468–70.

 14. Dos Santos J, Sifuentes TG, Schwanz AN, Coelho MC, Mexia MM, Ema-
nuelli T, et al. Estimated daily intake of organochlorine pesticides from 
dairy products in Brazil. Food Control. 2015;53:23–8.

 15. Jyoti SNK, Singh H, Sing NK, Rath SS. Multiple mutations in the acetyl-
cholinesterase 3 gene associated with organophosphate resistance in 
Rhipicephalus (Boophilus) microplus ticks from Punjab. India Vet Parasitol. 
2016;216:08–117.

 16. SINDAN (Sindicato Nacional da Indústria de Produtos para Saúde Animal). 
Compêndio de Produtos Veterinários. 2021. http:// www. cpvs. com. br/ 
cpvs/ index. html. Accessed 21 Jan 2023.

 17. Dzemo WD, Thekisoe O, Vudriko P. Development of acaricide resistance in 
tick populations of cattle: A systematic review and meta-analysis. Heliyon. 
2022;8:e08718.

 18. Williams H, Young DR, Qureshi T, Zoller H, Heckeroth AR. Fluralaner, a 
novel isoxozoline, prevents flea (Ctenocephalides felis) reproduction 
in vitro and in a simulated home environment. Parasit Vectors. 2014;7:275.

 19. Gassel M, Wolf C, Noack S, Williams H, Ilg T. The novel isoxozoline ectopar-
asiticide fluralaner: Selective inhibition of arthropod γ-aminobutyric 
acid- and L-glutamate-gated chloride channels and insecticidal/acaricidal 
activity. Insect Biochem Mol Biol. 2014;45:111–24.

 20. Rohdich N, Roepke RK, Zschiesche E. A randomized, blinded, controlled 
and multi-centered field study comparing the efficacy and safety of 
Bravecto (fluralaner) against Frontline (fipronil) in flea- and tick-infested 
dogs. Parasit Vectors. 2014;7:83.

 21. Taenzler J, Wengenmayer C, Williams H, Fourie J, Zschiesche E, Roepke R, 
et al. Onset of activity of fluralaner (BRAVECTO™) against Ctenocephalides 
felis on dogs. Parasit Vectors. 2014;2014:567.

 22. Dryden MW, Canfield MS, Herrin BH, Bocon C, Bress TS, Hickert A, et al. 
In-home assessment of flea control and dermatologic lesions in dogs 
provided by lotilaner (Credelio®) and spinosad (Comfortis®) in west 
central Florida. Vet Parasitol. 2019;4:100009.

 23. Dryden MW, Herrin BH, Canfield MS, Burke MC, Ryan K, Sutherland C, 
et al. Evaluation of a topical sarolaner-selamectin combination to control 
flea populations on naturally infested cats in private residences in West 
Central Florida. Vet Parasitol. 2020;283:109172.

https://www.woah.org/en/what-we-do/animal-health-and-welfare/animal-diseases/?_alphabet=N
https://www.woah.org/en/what-we-do/animal-health-and-welfare/animal-diseases/?_alphabet=N
https://www.woah.org/en/what-we-do/animal-health-and-welfare/animal-diseases/?_alphabet=N
http://www.cpvs.com.br/cpvs/index.html
http://www.cpvs.com.br/cpvs/index.html


Page 19 of 20da Costa et al. Parasites & Vectors          (2023) 16:336  

 24. Panarese R, Iatta R, Lia RP, Lebon W, Beugnet F, Otranto D. Efficacy of afox-
olaner for the treatment of ear mite infestation under field conditions. Vet 
Parasitol. 2021;300:109607.

 25. Thomas E, Zoller H, Liebisch G, Alves LFA, Vettorato L, Chiummo RM, 
et al. In vitro activity of fluralaner and commonly used acaricides against 
Dermanyssus gallinae isolates from Europe and Brazil. Parasit Vectors. 
2018;11:361.

 26. VICH guideline 9–good clinical practice. 2000. https:// www. ema. europa. 
eu/ en/ docum ents/ scien tific- guide line/ vich- gl9- good- clini cal- pract ices- 
step-7_ en. pdf. Accessed 10 Oct 2022

 27. ministério da Agricultura e do Abastecimento (Brazil). Portaria Nº 48, de 
12 de Maio de 1997, do ministério da Agricultura e do Abastecimento. 
Regulamento Técnico para Licenciamento e/ou Renovação de Licença 
de Produtos Antiparasitários de Uso Veterinário. http:// siste masweb. agric 
ultura. gov. br/ sisle gis/ action/ detal haAto. do? method= visua lizar AtoPo 
rtalM apa& chave= 72818 869. Accessed 18 Sept 2022

 28. Holdsworth P, Rehbein S, Jonsson NN, Peter R, Vercruysse J, Fourie J. 
World Association for the Advancement of Veterinary Parasitology 
(WAAVP) second edition: guideline for evaluating the efficacy of parasiti-
cides against ectoparasites of ruminants. Vet Parasitol. 2022;302:109613.

 29. Dobson RJ, Sangster NC, Besier RB, Woodgate RG. Geometric means 
provide a biased efficacy result when conducting a faecal egg count 
reduction test (FECRT). Vet Parasitol. 2009;161:162–7.

 30. Vercruysse J, Albonico M, Behnke J, Kotze AC, Prichard RK, McCartl 
JS, et al. Is the anthelmintic resistance a concern for the control of 
human soil-transmitted helminths? Int J Parasitol Drugs Drugs Resist. 
2011;7:14–27.

 31. Roulston WJ, Wharton RH, Nolam J, Kevr JD. Acaricide tests on the Biarra 
strain of organophosphorus resistant cattle ticks Boophilus microplus from 
southern Queensland. Aust Vet J. 1968;43:129–34.

 32. Wharton RH, Utech KBW. Relation between engorgement and dropping 
of Boophilus microplus to assessment of tick number in cattle. Aust Ento-
mol Soc. 1970;9:171–82.

 33. Nogueira SNL, da Silva MF, Furtado RA, Paulino Júnior D, Soares MC, 
Andrade MMA, et al. In vitro test for the evaluation of the efficacy of topi-
cal products for the control of Cochliomyia hominivorax larvae. Parasitol-
ogy. 2020;147:816–21.

 34. Lopes WDZ, Teixeira WF, Felipelli G, Cruz BC, Maciel W, Matos LM, et al. 
Ineficácia ivermectina e abamectina em diferentes doses e vias de 
aplicação contra larvas de Cochliomyia hominivorax (Coquerel, em bolsas 
escrotais de bovinos recém-castrados, provenientes da região sudeste do 
Brasil. Ciênc Rur. 1858;2013:2195–201.

 35. De Aquino LM, Ferreira LL, Zapa DMB, Heller LM, Trindade ASN, de Morais 
IML, et al. Number of rainy days in a week influencing screwworm navel 
myiasis in beef calves and efficacies of injectable and topical antiparasit-
ics. Res Vet Sci. 2022;152:698–706.

 36. Moya-Borja GE, Muniz RA, Umehara O, Goncalves LCB, Silva DSF, McKenzie 
ME. Protective efficacy of doramectin and ivermectin against Cochliomyia 
hominivorax in cattle. Vet Parasitol. 1997;72:101–9.

 37. Lopes WDZ, Chiummo RM, Vettorato LF, de Castro Rodrigues D, Sonada 
RB. The effectiveness of a fixed-dose combination pour-on formulation 
of 1.25% fipronil and 2.5% fluazuron against economically important 
ectoparasites and associated pharmacokinetics in cattle. Parasitol Int. 
2017;66:627–34.

 38. SAS Institute. SAS® 2016. User’s guide: Etatistics. Cary: SAS Institute, Inc.; 
2016.

 39. EMEA (European Medicines Agency). Committee for Medicinal Products 
for Veterinary Use (CVMP). Guideline on specific efficacy requirements 
for ectoparasites in cattle. 2021. https:// www. ema. europa. eu/ en/ docum 
ents/ scien tific- guide line/ guide line- speci fic- effic acy- requi remen ts- ectop 
arasi ticid es- cattle_ en. pdf. Accessed 10 Oct 2022

 40. Corrêa RR, Lopes WD, Teixeira WF, Cruz BC, Gomes LV, Felippelli G, et al. A 
comparison of three different methodologies for evaluating Rhipicepha-
lus (Boophilus) microplus susceptibility to topical spray compounds. Vet 
Parasitol. 2015;207:115–24.

 41. Zapa DM, Monteiro Couto LF, Heller LM, de Assis Cavalcante AS, Nicaretta 
JE, Cruvinel LB, et al. Do rainfall and tick burden affect the efficacy of 
pour-on formulations against Rhipicephalus (Boophilus) microplus? Prev 
Vet Med. 2020;177:104950.

 42. Souza AP, Paloschi CG, Bellato V, Sartor AA, Ramos CI, Dalagnol CA. 
Poder infestante das larvas de Boophilus microplus (Can., 1887), em 

condições natu rais, nos campos de Lages, SC. Bras Rev Bras Parasitol Vet. 
1998;1998:93–8.

 43. Furlong J. Poder infestante de larvas de Boophilus microplus (Acari: 
Ixodidae) em pastagens de Melinis minutiflora, Brachiaria decumbens e 
Brachiaria mutica. Ciência Rural. 1998;28:634–40.

 44. Nicaretta JE, Couto LFM, Heller LM, Ferreira LL, Cavalcante ASA, Zapa 
DMB, et al. Evaluation of different strategic control protocols for Rhipi-
cephalus microplus on cattle according to tick burden. Ticks Tick Borne 
Dis. 2021;12:101737.

 45. Gomes LVC, Teixeira WFP, Maciel WG, Felippelli G, Buzzulini C, Soares VE, 
et al. Strategic control of cattle co-parasitized by tick, fly and gastroin-
testinal nematodes: Is it better to use ecto + endoparasiticide or just 
endectocide formulations? Vet Parasitol. 2022;301:109622.

 46. Trindade ASN, Couto LFM, Heller LM, Zapa DMB, De Aquino LM, Ferreira 
LL, et al. Cattle tick and gastrointestinal nematodes strategic control 
in dairy 31/32 Gyr × Holstein and beef 1/2 Brangus: is the same way? 
Livestock Sceince. 2023;268:105154.

 47. Castro-Janer E, Rifran L, Gonzalez P, Piaggio J, Gil A, Schumaker TTS. 
Rhipicephalus (Boophilus) microplus (Acari: Ixodidae) resistance to fipronil 
in Uruguay evaluated by in vitro bioassays. Vet Parasitol. 2010;169:172–7.

 48. Miller RJ, Almazan C, Ortíz-Estrada M, Davey RB, George JE, Perez De Leon 
A. First report of fipronil resistance in Rhipicephalus (Boophilus) microplus 
of Mexico. Vet Parasitol. 2013;191:97–101.

 49. Reck J, Klafke GM, Webster A, Dall’Angol B, Scheffer R, Souza UA, et al. First 
report of fluazuron resistance in Rhipicephalus microplus: a field tick popu-
lation resistant to six classes of Acaricides. Vet Parasitol. 2014;20:128–36.

 50. Abbas RZ, Zaman MA, Colwell DD, Gillard J, Iqbal Z. Acaricide resistance 
in cattle ticks and approaches to its management: the state of play. Vet 
Parasitol. 2014;203:6–20.

 51. Klafke G, Webster A, Agnol BD, Pradel E, Silva J, Henrique de La Canal L, 
et al. Multiple resistance to acaricides in populations of Rhipicephalus 
microplus from Rio Grande do Sul state. Southern Brazil Ticks Tick Borne 
Dis. 2017;8:73–80.

 52. Maciel WG, Lopes WDZ, Gomes LVC, Cruz BC, Felippelli G, Santos IBD, 
et al. Susceptibility of Rhipicephalus (Boophilus) microplus to fluazuron 
(2.5 mg/kg) and a combination of novaluron (2.0 mg/kg)+eprinomectin 
(0.36mg/kg) in field studies in Brazil. Prev Vet Med. 2016;135:74–86.

 53. Kumar SS, Rayulu VC, Rao KS, Kuma NV. Acaricidal resistance in Rhipi-
cephalus (Boophilus) microplus ticks infesting cattle of Andhra Pradesh. J 
Entomol Zool Stud. 2017;5:580–4.

 54. Sharma N, Singh V, Shyma KP, Solanki V, Gupta JP. Comparative resistance 
status of Hyalomm anatolicum and Rhipicephalus (Boophilus) microplus 
ticks against synthetic pyrethroids (deltamethrin and cypermethrin) from 
Banaskantha, Gujarat. India Int J Acarol. 2018;44:268–75.

 55. Sagar SV, Saini K, Sharma AK, Kumar S, Kumar R, Fular A, et al. Acaricide 
resistance in Rhipicephalus microplus collected from selected districts of 
Madhya Pradesh, Uttar Pradesh and Punjab states of India. Trop Anim 
Health Prod. 2020;52:611–8.

 56. Maciel WG, Lopes WD, Cruz BC, Gomes LV, Teixeira WF, Buzzulini C, et al. 
Ten years later: Evaluation of the effectiveness of 1.25% amitraz against a 
field population of Rhipicephalus (Boophilus) microplus using field studies, 
artificial infestation (Stall tests) and adult immersion tests. Vet Parasitol. 
2015;214:233–41.

 57. Cavalcante ASA, Ferreira LL, Couto LFM, Zapa DMB, Heller LM, Nicaretta 
JE, et al. An update on amitraz efficacy against Rhipicephalus microplus 
after 15 years of disuse. Parasitol Res. 2021;120:1103–8.

 58. Lopes WD, Cruz BC, Teixeira WF, Felippelli G, Maciel WG, Buzzulini C, 
et al. Efficacy of fipronil (10 mg/kg) against Rhipicephalus (Boophilus) 
microplus strains resistant to ivermectin (0.63 mg/kg). Prev Vet Med. 
2014;115:88–93.

 59. Cruz BC, Lopes WDZ, Maciel WG, Felippelli G, Fávero FC, Teixeira WF, 
et al. Susceptibility of Rhipicephalus (Boophilus) microplus to ivermec-
tin (200, 500 and 630 μg/kg) in field studies in Brazil. Vet Parasitol. 
2015;207:309–17.

 60. Silva HC, Prette N, Lopes WD, Sakamoto CA, Buzzulini C, Dos Santos 
TR, et al. Endectocide activity of a pour-on formulation containing 1.5 
per cent ivermectin +0.5 per cent abamectin in cattle. Vet Rec Open. 
2015;2:e000072.

 61. Gomes LV, Lopes WD, Cruz BC, Teixeira WF, Felippelli G, Maciel WG, et al. 
Acaricidal effects of fluazuron (25 mg/kg) and a combination of fluazuron 
(1.6 mg/kg) + ivermectin (0.63 mg/kg), administered at different routes, 

https://www.ema.europa.eu/en/documents/scientific-guideline/vich-gl9-good-clinical-practices-step-7_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/vich-gl9-good-clinical-practices-step-7_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/vich-gl9-good-clinical-practices-step-7_en.pdf
http://sistemasweb.agricultura.gov.br/sislegis/action/detalhaAto.do?method=visualizarAtoPortalMapa&chave=72818869
http://sistemasweb.agricultura.gov.br/sislegis/action/detalhaAto.do?method=visualizarAtoPortalMapa&chave=72818869
http://sistemasweb.agricultura.gov.br/sislegis/action/detalhaAto.do?method=visualizarAtoPortalMapa&chave=72818869
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-specific-efficacy-requirements-ectoparasiticides-cattle_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-specific-efficacy-requirements-ectoparasiticides-cattle_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-specific-efficacy-requirements-ectoparasiticides-cattle_en.pdf


Page 20 of 20da Costa et al. Parasites & Vectors          (2023) 16:336 

•
 
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: 

against Rhipicephalus (Boophilus) microplus parasitizing cattle. Exp Parasi-
tol. 2015;153:22–8.

 62. Cruz BC, Gomes LVC, Maciel WG, Felippelli G, Santos IBD, Cruvinel LB, et al. 
In vivo effect of diflubenzuron, administered via mineral salt supplemen-
tation, against Haematobia irritans and Rhipicephalus microplus parasitiz-
ing cattle. Rev Bras Parasitol Vet. 2018;27:545–54.

 63. Maxwell MJ, Subia J, Abrego J, Garabed R, Xiao N, Toribio RE. Temporal 
and spatial analysis of the New World screwworm (Cochliomyia hominivo-
rax) in Darien and Embera, Panama (2001–2011). Transbound Emerg Dis. 
2017;64:899–905.

 64. Conde MH, Borges DGL, Freitas MG, da Silva MC, Borges FA. First report 
of Dermatobia hominis resistant to doramectin in cattle. Vet Parasitol. 
2021;289:109335.

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


	First report of the efficacy of a fluralaner-based pour-on product (Exzolt® 5%) against ectoparasites infesting cattle in Brazil
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Allocation of animals to treatment groups
	Procedure for administration of test substances (Exzolt and placebo)
	Assessment of efficacy of Exzolt against R. microplus
	Assessment of efficacy under experimental infestation conditions (study 1)
	Assessment of efficacy under natural infestation conditions (studies 2, 3, 4, 5 and 6)

	Assessment of efficacy of Exzolt against C. hominivorax
	Preventative efficacy (studies 7 and 8)
	Therapeutic efficacy (studies 9 and 10)

	Assessment of efficacy of Exzolt against D. hominis larvae (study 11)
	Assessment of efficacy of Exzolt against H. irritans (studies 12 and 13)
	Statistical analysis

	Results
	Study 1 (efficacy of Exzolt against R. microplus under the experimental infestation scenario)
	Studies 2–6 (efficacy of Exzolt against R. microplus under natural infestation scenario)
	Studies 7 and 8 (preventative efficacy of Exzolt against C. hominivorax-induced myiasis)
	Studies 9 and 10 (therapeutic efficacy of Exzolt against C. hominivorax induced myiasis):
	Study 11 (effectiveness of Exzolt against D. hominis larvae):
	Studies 12 and 13 (effectiveness of Exzolt against H. irritans)

	Discussion
	Conclusion
	Acknowledgements
	References


