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Abstract

Background: Novel combinations of ivermectin (IVM) and fluazuron (FLU) are presented as an alternative for the
control of ticks in cattle. Applying a combination of drugs with the aim to affect different stages of the parasite’s life
cycle is established as a potential measure to achieve the control of ticks in cattle.

Aim: To determine the therapeutic equivalence between two novel formulations of IVM 1% combined with FLU
12.5% tested on bovines naturally infested with Rhipicephalus (Boophilus) microplus.

Methods: Forty adult beef cattle were randomized into four groups (z = 10): IVM [1% (0.2 mg/kg)], combinations
groups A and B [IVM 1% (0.2 mg/kg) + FLU 12.5% (2.5 mg/kg), each], and control [untreated]). On days 14, 27, and
49 after administration, the presence of ticks was ranked as null, low, medium, and high; a cumulative link model was
adjusted to evaluate treatment response.

Results: Although all groups had some animals with the presence of ticks until day 27, on day 14 IVM [odds ratios
(OR) 0.013, CI95%: 0.001-0.014, p < 0.01], A (OR 0.01, CI95%: 0.00-0.07, p < 0.01) and B (OR 0.01, CI95%:
0.00-0.148, p < 0.01) groups were different when compared to the control group, unlike on day 27 where only groups
A (OR 0.02, CI95%: 0.00-0.17, p < 0.01) and B (OR 0.06, CI95%: 0.00-0.46, p < 0.01) remained different from the
control group. On day 49 post-administration, [VM and B did not differ from the control group, with 0.95 probability
(CI95% 0.92-1.02) of high parasite burden. At day 49 post-administration, group A was the only group free of ticks
(OR 0.01, CI95%: 0.00-0.13, p < 0.01).

Conclusions: Pharmacotechnical differences in combined formulations should be considered in therapeutic equivalence
studies.
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Introduction

In livestock systems, parasitic disease is one of the
health problems that causes the greatest economic losses
(Wolstenholme et al., 2004; Waller, 2006). Ticks are
one of the most destructive ectoparasites of livestock in
tropical and subtropical areas. They are responsible for
severe economic losses through both the direct effects
of blood feeding and indirectly as vectors of pathogens
(Eckstein et al., 2015; Molento, 2020).

Multiple treatments and strategies have been
implemented all around the world when it comes to
achieving the control or eradication of Rhipicephalus
microplus on field conditions, using different drugs
under different formulations applied by different
routes, enhancing the fact that there is no unique way
to treat R. microplus, and making it necessary to adapt
the strategy for the different epidemiological situation
and risks (Sutherst ef al., 1979; George et al., 2004;
Ahmed, 2016; Rodriguez-Vivas et al., 2018).

In Uruguay, the level of control of R. microplus
populations in cattle and the resistance phenomenon are
worrying. The main control methods can be classified
into chemical methods (application of acaricidal
products and insect growth regulators) and non-
chemical methods (application of biological products
and biological control). Currently, chemical treatments
are almost the only available resource for the control
of this parasite (Fiel and Nari, 2013). The emergence
of parasite populations resistant to chemicals used
to treat them, or the resistance mechanisms on new
chemical classes, continues to pose a serious threat
to stable chemical parasite management strategies
(Holdsworth ef al., 2006). The first diagnosis of
resistance to synthetic pyrethroids in Uruguay was
reported in 1994 (Cardozo et al., 1984; Fiel and Nari,
2013). Subsequently in 20006, resistance to the molecule
fipronil (Phenylpyrazoles) was officially diagnosed
(Cuore et al., 2007), in 2009 to amitraz (Amidines)
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(Cuore et al., 2012), and in 2010 to the macrocyclic
lactones ivermectin (IVM) and moxidectin (Cuore et
al., 2015). Of the active ingredients approved for use
in the campaign against R. microplus, only fluazuron
(FLU) (benzoylurea) has no resistance reports in our
country (Cuore et al., 2017). New studies confirm an
aggravation of the problem, with different parasitic
populations involved in resistance to different active
ingredients (Cuore et al., 2016).

In this context, the increasing resistance to treatment
procedures calls for changes in the existing parasite
control strategies (Waller, 2006; Molento et al. 2011;
Molento, 2020), further motivating the rational use
of available pharmacological tools. Parasitic drug
resistance is the consequence of a genetic modification
or an increase in the frequency of expression of a
hereditary character. In both cases, certain individuals
in a population are given the ability to survive the
pharmacological effect of therapeutic concentrations
of a drug, in relation to the normal (susceptible)
population of the same species (Stone, 1972; Nolan,
1990; Prichard, 1994). The strategic application of
effective drugs with different mechanisms of action
(i.e., non-neurotoxic drugs along with neurotoxic
drugs), adjusted to the prevailing epidemiological
conditions for ticks, is one of the possible alternatives
when there is resistance to the main groups available.
Combining drugs with different mechanisms of actions
and effects on different stages of R. microplus’ life
cycle is an alternative for the strategic control of this
parasite on cattle (Gomes et al. 2015).

The aim of this study was to determine therapeutic
equivalence between two novel formulations of [VM
1% combined with FLU 12.5% tested on bovines
naturally infested with R. (Boophilus) microplus on
beef cattle under field conditions in Uruguay.

Materials and Methods

Farm location

The experiment was conducted from January to March
2019 in a farm located in Tacuarembo, Uruguay, South
America (31°44”70"South, 55°59"”0"West). This farm
has a history of using IVM, fipronil, or amitraz for the
control of R. microplus, but has never applied FLU in
the rotation between the three drugs mentioned earlier.
Experimental design

Forty adult beef cattle (Aberdeen Angus) with a high
degree of R. microplus infestation were randomized
into four different groups (n = 10). The groups were as
follows: IVM (IVM 1%, SC, IVOMEC®, Boehringer
Ingelheim, Mexico); A (Formulation A; IVM 1%
[0.2 mg/kg] + FLU 12.5% [2.5 mg/kg], subcutaneous
administration (SC)]; B (Formulation B; IVM 1% [0.2
mg/kg] + FLU 12.5% [2.5 mg/kg], SC); and control
(untreated tracer bovines, as true indicators of tick
populations in the field). Groups A and B and IVM
received treatments on day 0 via a single dose through
SCinjection in the neck, following the recommendations

stated by the manufacturer. The dose was not repeated
at any moment. All formulations have been approved as
Animal Drugs Product from Ministerio de Agricultura
y Pesca in Uruguay. Commercial names of both
formulations A and B have been omitted for ethical
reasons. All animals were kept in the same pasture
during the entire experiment.

Data recovery

Animals were checked for the presence of ticks on the
day of administration (day 0) and follow-up was carried
out on days 14, 27, and 49 after administration. On each
day mentioned, the number of adult engorged female
ticks (EFT) (4.5-5 mm of diameter) was estimated by
manually counting the number of engorged females
on four body zones: perianal, flank, neck, and face,
as recommended by the WAAVP (Holdsworth et al.,
2006). Four ranks were built in view of the presence of
EFT: null (no presence of EFT), low (1-50) (less than
50 EFT), medium (50—-100) (between 50 and 100 EFT),
and high (>100) (more than 100 EFT). The trial ended
on day 49 after the administration due to the explicit
request from the owner of the farm to retake the usual
strategy for the control of R. microplus.

Since we had three different treatments to compare
with, at different time periods, we decided to evaluate
the presence of EFT in the animals into three time
periods according to the duration of the tick’s parasitic
cycle (mode = 23 days) (Fiel and Nari, 2013): early
response (treatment response on day 14 post-treatment),
late response (treatment response on day 27 post-
treatment), and delayed response (treatment response
on day 49 post-administration).

Statistical analysis

In every period, we compared all treatments against the
control group. Ranked data [null, low (1-50), medium
(50-100), and high (>100)] as the outcome variables
were analyzed by cumulative link models (c/m) for
ordinal data using the ordinal package for R Statistical
Software (version 4.0.3 [2020-10-10]) (R Studio Core
Team, 2020). The best-fitted c/m was selected by
the goodness of fit criteria and AIC. The final model
represents the presence of adult R. microplus for each
treatment applied on cattle in different time periods;
time (days) was handled as a continuous variable and
group as a categorical variable (control, IVM, A, and
B). Estimated odds ratios (OR) and 95% confidence
intervals (95% CI) over cut-offs of the outcome scale
were calculated. A p-value < 0.05 was considered
statistically significant.

Ethical approval

The present study was approved by the Comision Etica
en Uso de Animales (CEUA) of Facultad de Veterinaria-
Universidad de la Republica, under protocol No. CEUA
FVET-PI 506/17.

Results

No adverse effects or signs of systemic intoxication
were observed in the experimental animals after the
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administration of treatments. Moreover, no cattle died
and no concomitant medications were administered
during these experiments.

Distribution of the presence of EFT found on each
day for each treatment is shown in Figure 1. Data
are expressed as a probability of infestation for every
treatment at each moment.

On day 0, the data analysis of the treated groups did not
show differences in the burden of R. microplus when
compared to the control group, with a high probability
of the presence of EFT from 0.80 to 1.0 between IVM,
A, B, and control groups (p > 0.05). One of the strengths
of this study was the fact that the control group always
showed threshold coefficients of “medium” and “high”
> 0.70. During the whole study, no animals in the
control group were ranked with the null presence of
ticks, evidencing a continuous exposition of cattle to
these parasites. The effect of time on the presence of
EFT in the control group was not significant during the
entire study (day 0—49) (OR 0.97, CI95%: 0.93-1.01,
p=0.148).

Early response

Early response from the data analysis for the IVM
group shows the effect on the R. microplus burden
when compared to the control group. On day 14 post-
administration, the c¢/m displayed a favorable treatment
response in the IVM group. The odds of the presence
of EFT on day 14 was 0.013 times compared to the
control group of animals, holding constant all other
variables (OR 0.013, CI95%: 0.001-0.014, p < 0.01).
The probability that the IVM group presents medium or
high EFT versus low EFT is 0.20 (CI95%: 0.05-0.53)
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For the combined formulations of IVM and FLU,
similar results were obtained. On day 14 post-
administration, the odds of EFT presence was 0.01 (OR
0.01, C195%: 0.00-0.07, p < 0.01) and 0.01 (OR 0.01,
CI95%: 0.00-0.148, p < 0.01) (A and B, respectively)
times compared to the control group of animals,
holding constant all other variables. The probability
that the A and B group presents medium or high EFT
versus Jow ticks was 0.10 (CI95%: 0.02—0.39) and 0.20
(CI95%: 0.05-0.54) plogis, respectively. This reflects
the early response of the IVM plus FLU on both novel
formulations combined, with no distinctive effect or
favorable response to treatment between any of the
formulations applied.

Late response

Data on response to treatment show differences when
compared to the results for the early response. On day
27 post-administration, the probability that the IVM
group continues to present medium or high EFT versus
low EFT is 0.17 (CI95%: 0.04—0.64) plogis. An OR of
0.17 (CI95%: 0.04-0.50) for the null presence of EFT
revealed a continuous challenge from the tick parasites.
The odds of the presence of ticks on day 27 was not
statistically different when compared to the control
group, holding constant all other variables (OR 0.30,
CI95%: 0.04-1.86, p = 0.196).

A and B groups did not differ on the results obtained for
the late response data. The odds for EFT presence on
day 27 were 0.02 times for A (OR 0.02, C195%: 0.00—
0.17, p < 0.01) and 0.06 times for B (OR 0.06, C195%:
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Fig. 1. The presence of adult female ticks on cattle under field conditions. IVM: group treated with IVM (0.2 mg/kg, 1%,
subcutaneous); (A and B) two novel formulations of IVM combined with FLU (IVM 1% [0.2 mg/kg] + FLU 12.5% [2.5 mg/kg],
subcutaneous); control group acted as tracer cattle (untreated). Days after formulations administration: 0, 14, 27, and 49.
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0.00-0.46, p < 0.01) when compared to the control
group animals, holding constant all other variables.
The probability of null the presence of EFT was 0.74
(CI95% 0.42-0.92) and 0.50 (0.22-0.78) for groups A
and B for the same time period when compared to the
control group, respectively.

Delayed response

IVM group on day 49 post-administration showed
similar behavior as the control group (OR 2.09, CI195%:
0.32—-13.3, p = 0.43), with a probability of 0.95 (C195%
0.92-1.02) animals with high parasite burden (more
than 100 EFT), revealing a lack of protection in the
IVM group after 49 days of administration.
Nevertheless, combined formulations  showed
differences in the delayed control of adult female ticks.
For group A, all animals were free of EFT (OR 0.01,
CI95%: 0.00-0.13, p < 0.01), while animals in group B
showed the presence of EFT (OR 1.04, CI95%: 0.18-
5.80, p =0.96), compared to the control group animals,
holding constant all other variables. Both combined
formulations of IVM and FLU achieved different levels
of control over tick population.

Discussion

For each time frame, we established treatment
success (favorable treatment response) according to
the probability of diminishing the level of infestation
between the treated group and the control group.
With ranked data and probabilities, we approached an
epidemiological understanding: tick infestation under
field conditions is a matter of probability of contact
between the larvae and the host.

Early response

The probability for the early response of IVM reflects
what has been proven by various authors on the rapid
efficacy of IVM on the R. microplus population. Davey
et al. (2005) reported an 83.2% reduction in adult
female R. microplus after a single dose administration
of IVM 1% on cattle after 12 days of administration.
Cruz et al. (2015) tested different formulations of
IVM administered by different routes, and under field
conditions in Brazil. For subcutaneous administration,
the maximum efficacy was observed on day 14 post-
treatment (89.8%) for a 0.2 mg/kg dose of IVM.

The fact that some parasites remained on the animals
might be due to the life cycle of R. microplus and the
relationship between IVM plasma concentration and
the life cycle (and hence the daily blood intake of the
ticks), as exposed by Davey et al. (2005). A favorable
treatment response with the null presence of EFT was
not achieved on any of the animals included in the study
after 14 days post-administration, compatible with an
active parasite population as it was expected when
working on field conditions and natural infestation.
Late response

Our results obtained for IVM on late response are
consistent with the ones reported by Cruz et al. (2015),
where they found that after the administration of an

IVM 1% formulation (0.2 mg/kg), the efficacy dropped
from 90% (14 days post-administration) to a range of
32%-75% on day 28 post-administration. The high
variability reported by the authors mentioned is due
to the different strains of tick populations that can be
found when working under field conditions.

When comparing these results to the ones obtained after
applying IVM under different formulations, Cruz et al.
(2015) reported an efficacy higher than 90% between
days 7 and 49 post-treatment when working with an
IVM 3.15% (0.63 mg/kg) long-acting formulation. The
late response observed with long-acting formulations
could be explained by the distinctive plasma profile of
IVM obtained with these depot formulations. Lifschitz
et al. (2007) demonstrated a higher persistence for
IVM 3.15% formulations compared to IVM 1%, which
could have significant effects on parasite control and
dosage needed for control/eradication. Davey et al.
(2010) proposed a cut-off point (8 ng/ml) for IVM
plasma concentration administered in “long-acting” or
“reservoir” formulations, above which there is efficacy
against R. microplus.

Efficacy trials for IVM 3.15% after subcutaneous
administration provide results that support the premise
raised by Lifschitz et al. (2007) on the persistence of
action based on the plasma profile. Nava et al. (2019)
reported efficacy profiles against infestations with R.
microplus after the administration of IVM 3.15%; from
day 7 post-treatment until day 21, they observed efficacy
percentages close to 100%. These results respond to a
longer exposure time of the ticks to concentrations of
IVM that are lethal for the parasite, affecting different
evolutionary stages that appear with the advance of the
parasitic biological cycle.

For combined formulations, the results show that both
novel formulations of IVM combined with FLU for
subcutaneous administration behave the same way for
the 27 days of administration under field conditions.
These field efficacy results are consistent with the fact
that both formulations behaved as bioequivalent when
it comes to IVM (Robaina et al., 2021) and no major
differences should be expected for both early and late
response treatment success.

Delayed response

The response for the IVM group observed 49 days
post-administration of a single dose of IVM (0.2 mg/
kg) is consistent with the results reported by Davey et
al. (2010) and Pereira (2009) for persistence of IVM
efficacy on R. microplus, where treatment with [VM
should be applied on a 30-day interval to achieve a
successful control of ticks.

Group A showed a better performance when compared
to group B, as shown by the lower OR on EFT presence
after 49 days of administration. Group A achieved 100%
efficacy despite the fact of an active population of R.
microplus (showed by the result in the control group).
This could be related to the long-term control effect of
FLU included in the combination. FLU is responsible
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of inhibiting chitin synthesis on immature ticks,
preventing them to achieve adult stages. Differences
found for both subcutaneous combinations of [VM
and FLU could be related to differences between
formulations (drug—drug interaction) and the impact
that this could bring to the pharmacokinetic profile, as
stated for different veterinary formulations studied by
Toutain et al. (1997).

Insect growth regulators, such as FLU, could be
responsible for the improvement of favorable treatment
response achieved at day 49 by the combination of
IVM and FLU given the delayed effect that this type
of compounds have on insects’ life cycle (Holdsworth
et al., 2006), when compared to a single subcutaneous
administration of IVM (0.2 mg/kg). Gomes et al.
(2015) tested different FLU presentations for the
control of R. microplus; they tested a subcutaneous
injection of FLU combined with IVM (1.6 mg/kg FLU
+ 0.63 mg/kg IVM) which achieved a lesser degree of
protection compared to a pour-on formulation of FLU
(2.5 mg/kg) or even versus a subcutaneous injection of
IVM (0.63 mg/kg). Gomes et al. (2015) report an 82%
reduction in adult ticks on day 21 post-administration
of a combined formulation of IVM and FLU. When
compared to the results obtained with the subcutaneous
administration of IVM (0.63 mg/kg) that reached a peak
of 86% efficacy on day 21 post-administration and the
FLU group (pour-on administration, 2.5 mg/kg) which
showed more than 90% efficacy between days 14 and
49 post-administration.

The lower number of ticks on days 27 and 49 for the
control group could be a result of environmental effects
(rain and heat), but mostly because the probability of
picking up larvae from the pasture was lower than the
reason being that all animals were kept in the same
pasture. As the treatments were showing efficacy, the
number ofadultticks was dropping. Efficacy field studies
should be carried out to shed knowledge on the strategic
use of combined formulations and to compare the
efficacy of IVM and FLU under different formulations.
Further studies are needed on the pharmacokinetic
profile of combined formulations to better understand
the interchangeability in pharmaceutical alternatives of
combined IVM and FLU.

Conclusion

The combined formulations of IVM and FLU showed
differences in efficacy and persistence under field
conditions of its component drugs, which made it
more effective than treatment with a single drug in
controlling tick population in field conditions. The
question is whether the use of combined formulations
is the correct way or if the focus should be placed on
improving the strategic use of these drugs. Complete
control or eradication of parasite ticks could be
achieved following a specific strategy and adjusting the
time between doses.
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