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Abstract: Background/Objectives: B. bigemina is a highly pathogenic and widely distributed tick-borne disease
parasite responsible for bovine babesiosis. The development of effective and safe therapies is urgently needed
for global disease control. The aim of this study was to compare the effects of endochin-like quinolone (ELQ-
316), buparvaquone (BPQ), imidocarb (ID), and the combinations of ID + ELQ-316 and BPQ + ELQ-316, on in
vitro survival of B. bigemina. Methods: Parasites at a starting parasitemia level of 2%, were incubated with each
single drug and combination of drugs, ranging from 25 to 1200 nM of concentration over four consecutive days.
The inhibitory concentration 50% (IC50%) and 99% (1C99%) were estimated. Parasitemia levels were evaluated
daily using microscopic examination. Data were statistically compared using the non-parametrical Kruskall-
Wallis test. Results: All drugs tested significantly inhibited (p<0.05) the growth of B. bigemina at 2% parasitemia.
The combination of ID + ELQ-316 exhibited lower mean IC50% (9.2); confidence interval 95% (8.7 — 9.9) than
ID (IC50%: 61.5; confidence interval 95%: 59.54 - 63.46), ELQ-316 (IC50%: 48.10; confidence interval 95%: 42.76
- 58.83), BPQ (IC50%: 44.66; confidence interval 95%: 43.56 — 45.81), and BPQ + ELQ-316 (IC50%: 27.59; confi-
dence interval: N/A). Parasites were no longer viable in cultures treated with the BPQ + ELQ-316 combination,
as well as with BPQ alone at a concentration of 1200 nM, on days 2 and 3 of treatment, respectively.; Conclu-
sions: BPQ and ID increase the babesiacidal effect of ELQ-316. The efficacy of these combinations deserves to
be evaluated in vivo, which could lead to a promising and safer treatment option against B. bigemina.

Keywords: in vitro culture; efficacy; therapies; apicomplexan; potency

1. Introduction

B. bovis and B. bigemina are the primary causative agents of bovine babesiosis, an economically
impactful disease affecting cattle worldwide [1-4]. While B. bovis has been extensively studied due to
its association with cerebral injury, high mortality rates, and significant economic losses, B. bigemina
is typically linked to milder acute hemolytic disease but can still be highly pathogenic. It is widely
distributed and transmitted transovarically by a broad range of Rhipicephalus ticks [5].

Calves exhibit a natural resistance to B. bigemina; however, the disease can be acute in older or
immunocompromised animals. Infection with B. bigemina typically manifests more benignly, but se-
vere consequences can arise due to hemolytic anemia, with mortality rates reaching up to 50% with-
out treatment. Additionally, after acute signs resolve, cattle can survive as carriers, suffering from
recurrent infections or dying from secondary complications, ultimately impacting animal production

[6].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Treatment of B. bigemina with imidocarb (ID) can effectively cure the infection, but it leaves the
animal susceptible to reinfection. For this reason, reduced drug doses levels have sometimes been
recommended [7]. However, under field conditions, the use of drugs at subtherapeutic low concen-
trations, whether prophylactically or in chemoimmunization programs, increases the risk of re-
sistance emergence [8-10]. Additionally, imidocarb is associated with residue issues and is not widely
available, including in the USA and Europe [7].

Buparvaquone (BPQ) has shown promise in treating Babesia bovis and B. bigemina, as well as
other apicomplexan parasites [11-21]. BPQ selectively inhibits the Qo quinone-binding site of the
parasite's mitochondrial cytochrome b electron transport system, leading to its lethal effect [16,22—
24].

ELQ-316 is another new drug proved effective in in vitro treatment of Theileria spp. and Babesia
spp. parasites. ELQ-316 is an endochin-like quinolone compound (ELQ). ELQ-316 selectively inhibits
the Qi quinone-binding site of the parasite’s mitochondrial cytochrome bci complex electron transport
system and has shown high efficacy against Plasmodium falciparum, Babesia microti, and Toxoplasma
gondii. Different ELQ compounds demonstrated a strong antimalarial effect both in vitro and in vivo,
along with parasite selectivity, chemical and metabolic stability, desirable pharmacokinetics, and low
toxicity to mammalian cells [25].

Effective treatment of babesiosis is crucial for maintaining the health and productivity of live-
stock. The lack of approved drugs in many countries for controlling babesiosis, and the emergence of
drug resistance in Babesia species underscores the need for new treatments. BPQ and ELQ-316 may
enhance treatment options, providing effective and safe alternatives, as previously demonstrated
[26].

It is well established that there are differences in the susceptibility to antiprotozoal drugs be-
tween larger Babesia species (e.g., B. bigemina) and smaller species (such as B. bovis) [1,2]. This indicates
that the effects of drugs may not be the same for B. bovis and B. bigemina, and therefore, drugs should
be tested independently of data obtained previously from B. bovis. The aim of the present study was
to evaluate the efficacy of ID, BPQ, ELQ-316, as well as the combinations of BPQ + ELQ-316 and ID +
ELQ-316, in inhibiting the replication of B. bigemina in vitro.

As suggested, the ability of all the drugs tested to inhibit B. bigemina growth in this study, in
terms of both time and dose concentration, was superior to that observed in previous studies on B.
bovis.

2. Results

2.1. Comparative inhibitory effects of BPQ, ID and ELQ-316 and the combinations ELQ-316+BPQ and ELQ-
316+ID against B. bigemina in vitro replication

The median and rate survival kinetics of in vitro B. bigemina cultures over 96 hours of incubation
in the presence of various concentrations (nM) of BPQ, ID, ELQ-316, and the combinations ELQ-316
+BPQ and ELQ-316 + ID, starting at 2% PPE, are shown in Table 1 and Figure 1. At 25 nM, the survival
rate observed was comparable for all drugs and drug combinations. At 75 nM, a significant difference
was only observed between ID and both drug combinations (BPQ + ELQ-316 and ID + ELQ-316). At
150 nM significant differences were observed between both ELQ-316 combinations and the three
drugs tested individually. A similar pattern was observed at 300 nM, except for ELQ-316, which did
not differ (p>0.05) from the other drugs and combinations tested. At 600 and 1200 nM, all drugs ef-
fectively killed B. bigemina.

Table 1. Comparative survival rate (%) of B. bigemina cultures after 96 h in vitro incubation, starting at 2% PPE,
in the presence of different concentrations of BPQ, ID and ELQ-316, and their combinations.

Drug BPQ ID ELQ316 ID+ELQ316 BPQ+ELQ316
tre(a; h;:nt Median range (%)
25 89.26 (84.30-92.98) 100 (88-100) 100 (89.26-100) 8.80 (6.94-11.9) 86.78 (79.34-100)
75 13.02 (8.68-13.64)>> 44.01 (38.43-49.59)° 0.87 (0.62-0.99) 2P 0.87 (0.62-0.99) c= 0¢
150 0.62 (0.37-0.74) 6.76 (2.48-11.03) 0.65 (0.5-1.12) 0¢ 0c¢
300 1.12 (0.99-1.86) 248 (1.24-3.72) 0.53 (0.37-0.87)2> 0c 0c

a b ¢ Drugs with different letters differed (p < 0.05).
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Figure 1. Comparative survival kinetics (median %) of in vitro B. bigemina cultures during 96 hours of incubation
with different concentrations (nM) of ELQ-316, BPQ, the BPQ + ELQ-316combination, the ID + ELQ-316combi-
nation, and ID, starting at a 2% parasitemia (PPE), are presented. Error bars represent the standard deviation (n
=3 experiments) for each drug and combinations tested. X axis points represent 0 nM, 25nM, 75 nM, 150 nM, 300
nM, 600 nM and 1200 nM in logarithmic scale.

2.2. Drug Potency

The mean and 95% confidence intervals of IC50% and IC99% values were calculated to compare
the potency of the drugs on the growth of in vitro B. bigemina cultures. Results are presented in Table
2. The combination of ELQ-316 + ID demonstrated the lowest IC50%, indicating higher potency in
killing B. bigemina. However, it required seven times the IC50% dose (IC99%/1C50%) to achieve 0%
of survival. The combination of BPQ + ELQ-316 exhibited the second greatest potency. Surprisingly,
the concentration required to achieve 0 % survival was very close to the IC50%. The potencies of BPQ
and ELQ-316 were similar, and the concentration of drugs required to kill completely was between 3
to 3.5 times the IC50%. ID demonstrated the lowest potency, which was similar to that of its combi-
nation with ELQ-316; it also required seven times the IC50% to eliminate the parasites completely.

Table 2. In vitro drug potencies (IC50% and IC99%) for B. bigemina at 96 h of incubation.

Drugs 1C50% (nM) 1C99% (nM)
Mean 95 % CI Mean 95 % CI
ID + ELQ-316 9.248 (8.667 — 9.887) 65.52 (61.35-69.81)
BPQ + ELQ-316 27.59 N/A 34.23 N/A
BPQ 44.66 (43.56 — 45.81) 156.4 (148.9 — 164.4)
ELQ-316 48.10 (42.76 — 58.83) 133 (102.2 — 155.6)
ID 61.49 (59.54 - 63.46) 441.4 (392.3 — 498)

N/A, not applicable: CI were not reported for this concentration’s groups because the mathematical models did
not fit the data adequately.

2.3. Time and drug concentration required to reach 0% survival after treatment

Survival of Babesia bigemina in in vitro cultures after drug treatments of varying durations and
doses for each drug and combination is presented in Table 3.

Parasites treated with BPQ at 1200 nM became non-viable after 48 hours, while those treated at
doses ranging from 300 nM and 1200 nM showed no survival after 72 hours. Cultures treated with
drug concentrations above 75 nM maintained this trend, reaching 0% survival after 96 hours. A sim-
ilar pattern was observed in cultures treated with ELQ-316.

The combination of BPQ + ELQ-316 demonstrated a superior effect, achieving 0% survival more
rapidly. No parasites were detected after 48 hours of treatment with BPQ + ELQ-316 at 1200 nM, after
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72 hours at doses ranging from 300 nM to 1200 nM, and after 96 hours at doses ranging from 75 nM
to 1200 nM.

In cultures treated with ID + ELQ-316, no parasites were detected after 72 hours at concentrations
of 600 nM and 1200 nM, and after 96 hours at concentrations ranging from 150 nM to 1200 nM. Ad-
ditionally, after 24 hours of incubation in media without ID + ELQ-316, cultures previously treated
with concentrations ranging from 75 nM to 1200 nM showed no surviving parasites.

Table 3. Drug concentrations ranges and times at which 0% survival was attained.

Single drugs and Time post-treatment with drug (h) Time post-treatment without drug (h)
combination treatments 48 72 96 24 48 72 96 120
BPQ - 1200 600 to 1200 (- 150 to 1200 ------------ )
BPQ + ELQ-316 1200 300 to 1200 ( 75 t0 1200 ---------m-mmmmmm - )
ELQ-316 - 1200 600 to 1200 (- 150 to 1200 ------------ )
ID+ELQ-316 - 600 to 1200 (- 150 to 1200 ------- ) G 75 to 1200 ----- )
ID - - 600 - 1200 300-1200 (- 150 to 1200 ----)

N/A not applicable: controls have never reach 0% survival during the time of the study (120 h).

3. Discussion

New, safe and effective chemotherapies are urgently needed for the global control of bovine
babesiosis. Combination drug strategies have proven significantly more effective in eliminating par-
asites and, importantly, reducing the risk of developing drug resistance compared to single-drug
therapies [27].

In this study, we compared the drugs BPQ and ELQ-316, which appear to exert synergistic ef-
fects by targeting two distinct sites (Qo and Qi, respectively) in the parasite's mitochondrial cyto-
chrome bc1 complex. Both combinations tested (ELQ-316 + BPQ and ELQ-316 + ID) demonstrated
nearly 100% efficacy in killing B. bigemina at 150 nM over 96 hours of treatment. Similar results were
observed for ELQ-316 and BPQ monotherapies at the same concentration. Notably, the combination
of BPQ + ELQ-316 was the fastest to achieve 0% survival, reaching this endpoint at 96 hours with 75
nM and at 48 hours with 1200 nM.

The IC50 values for the combinations of BPQ + ELQ-316, BPQ and ELQ-316 were similar. Our
calculated IC50 values for ELQ-316 were significantly higher than those reported for B. bigemina and
other related apicomplexans in previous studies [28]. For instance, ELQ-316 demonstrated IC50 val-
ues of 7.97 nM for Besnoitia besnoiti and 0.66 and 0.35 nM for Toxoplasma gondii tachyzoites [25,29]

Significant differences were observed between BPQ and ID, consistent with findings from pre-
vious studies on B. bovis reported by Cardillo, Lacy, et al. (2024) at 1% PPE and Cardillo, Villarino, et
al. (2024) at 2% PPE [12,30]. Importantly, a significant difference was also observed between the IC50
values of BPQ + ELQ-316, ELQ-316, and BPQ, with the BPQ + ELQ-316 combination demonstrating
the highest potency against B. bovis [30].

Regarding the time to achieve 0% survival, the combination of ELQ-316 + BPQ was significantly
faster and more effective at lower concentrations compared to the ELQ-316 + ID combination. The
ELQ-316 + BPQ combination reached 0% survival at 48 hours with 1200 nM and at 72 hours with
concentrations as low as 300 nM. In contrast, the ELQ-316 + ID combination required 600 nM to
achieve 0% survival within the same 72-hour timeframe.

In this study, we found that B. bigemina (IC50%: 27.25 nM) was more sensitive to BPQ than B.
bovis (IC50: 50.01 nM and 77.06 nM), as reported in our previous work with cultures started at 1%
and 2% PPE, respectively [12,30]. This finding contrasts with those of Nugrara et al. (2019), who re-
ported significantly higher drug potency for both parasites, indicating that B. bovis was much more
sensitive than B. bigemina (IC50: 135 + 41 nM and 488 + 30 nM, respectively). Nugrara's study utilized
starting cultures at 1% PPE and measured parasitemia after 96 hours of treatment with a fluorescence-
based method using SBYR Green 1 stain [20].

Conversely, a significant difference in parasite survival was observed with the combination of
ELQ-316 + ID at 25 nM compared to the other drugs (p < 0.05), which may explain the low IC50 of
9.25 nM (95% CI: 8.67 —9.89) for this combination. This represents a substantial improvement in po-
tency compared to each drug individually (ID IC50: 61.49 nM [95% CI: 59.54 — 63.46]; ELQ-316 IC50:
48.10 nM [95% CI: 42.76 — 58.83]), suggesting a notable synergistic effect when both drugs are used
together. Interestingly, the low IC50 obtained with the combination of ELQ-316 + ID is comparable
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to that reported by Rizk et al. (2023) for the combination of Diaminazene aceturate (DA) + ID against
B. bigemina [31]. The authors demonstrated a synergistic effect of both drugs, with a combination
index value (CI) of 0.76, indicating synergy (CI < 0.9) based on the Chou-Talalay method (Chou,
2006). It can be speculated that both drugs may possess complementary mechanisms of action to kill
or inhibit the growth of Babesia, a possibility that may also apply to the combination of ELQ-316+ID.

In this study, ID required a higher concentration to achieve near 0% survival within the same
evaluation period (96 hours) than the other drugs, with effective results observed at concentrations
above 300 nM. While B. bigemina remains more sensitive to ID than B. bovis [12], a significant im-
provement in drug potency was observed with the combination of ELQ-316. Although the mecha-
nism of action of ID is not well understood [32], as suggested by Silva et al. (2020), the potential
presence of a resistant subpopulation may have significantly influenced survival rates when com-
bined with ELQ-316, thereby impacting overall results. Interestingly, the doses and concentrations of
each drug required to achieve 0% survival (IC99%) were similar, in proportion, to those observed by
Cardillo, et al. (2024b) against B. bovis. Among these, ID combined with ELQ-316 and ID alone re-
quired the highest doses —almost seven times the IC50 —to completely eliminate the parasites in vitro
in our study. In the study by Cardillo, et al., (2024b), nearly four times the IC50% was required to
achieve the same results. This suggests that ELQ-316 may have an additive effect when used with ID,
facilitating faster elimination of susceptible parasites. However, a more resistant population that re-
quires higher doses to achieve 0% survival, especially ID, may exist.

Importantly, since ELQ-316 is safer than ID, it could provide a promising option for reducing
the therapeutic doses of ID required, thereby minimizing toxic side effects in animals and decreasing
residues retained in edible tissues. This combination approach enhances efficacy and aligns with the
growing need for safer and more effective treatments in livestock management.

Similar to our previous report about B. bovis [12], a residual effect against parasites was observed
after treatment with all drugs and combinations tested. This suggests a persistent effect, likely related
to the extent of the impairment or metabolic changes, which depend on the concentrations of each
drug used. We observed a dose and time-dependence survival effect which align with previous stud-
ies on B. bovis using endochin- like quinolones, tulathromycin drugs [28,33], BPQ [12], and artemis-
inin [34]. Silva et al. (2020) reported that B. bovis, B. caballi, and T. equi were unable to grow in in vitro
cultures in the presence of ELQ-316, regardless of their initial percentage of parasitemia (P < 0.05).
However, they observed that adding another endochin-like quinolone (ELQ-300) to B. bigemina cul-
tures at an initial parasitemia of 2% did not lead to a rapid decrease in parasitemia, in contrast to the
results seen when the initial parasitemia was set at 0.2%. The same effect was observed with ELQ-
316 against B. caballi. The authors speculated that this could be due to the presence of pre-existing
resistant parasite subpopulations of B. bigemina and B. caballi, capable of surviving the initial drug-
inhibitory treatment with ELQ-300 and ELQ-316. It was recently shown that genetic alterations in the
Qi binding site of the cytochrome be1 complex (Cytb) of B. microti is associated with resistance to ELQ-
316, suggesting that this cytochrome gene may be as a potential target for the ELQ drugs [35]. This
finding supports the idea that combining chemotherapeutics can offer significant advantages, includ-
ing enhanced effectiveness, reduction of dosage (which may lead to fewer toxic side effects), and
lower likelihood of resistance or/and recrudescence. Drugs that produce synergistic effects and in-
hibit distinct pathways, can also help prevent anti-drug resistance development [26].

The therapeutic efficacy of in vitro drug screening assays against Babesia spp. is influenced by
various factors, including species, strain, and size of the screening parasites, the culture conditions
(such as the medium used, percentage of parasitemia [PPE], hematocrit, and the presence or absence
of serum), and the methods used to calculate PPE [36,37]. These variables can significantly impact the
calculated IC50 values of the tested drugs across different studies [38,39]. There is a critical need for
consensus on standardized international methods to improve comparability and reproducibility of
results. This would facilitate more accurate comparisons of drug efficacy and enhance our under-
standing of therapeutic potential across different Babesia species and treatments.

Overall, the ability of all drugs tested to inhibit B. bigemina growth in time and dose concentra-
tion was superior to the previous study on B. bovis. At concentrations of 600 nM and above, all drugs
were 100% effective in killing B. bigemina. These findings reinforce the notion that large Babesia species
(like B. bigemina) are more susceptible to antiprotozoal drugs than smaller species (such as B. bovis).
However no single treatment guarantees a radical cure [1,2]. Differences in size and metabolism
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between small and large Babesia spp., may lead to variations in drug target and biochemical mode of
action [40].

4. Materials and Methods
4.1. Chemical reagents

BPQ (98% pure) was obtained from Combi-Blocks, Inc. (San Diego, CA, USA). ID (VETRA-
NAL™, Supelco® Buchs, Switzerland) was used as a positive control for the in vitro inhibition assays
of B. bigemina, using the same protocol described for BPQ below. The purity of ID was determined to
be >98% by proton nuclear magnetic resonance spectroscopy and high-performance liquid chroma-
tography (HPLC), as indicated in the certificate of analysis.

ELQ-316 was synthesized using methods previously described by Nilsen et al. (2014) and iden-
tified by proton nuclear magnetic resonance (*H NMR), with a purity of 295% confirmed by reversed-
phase high-performance liquid chromatography (RP-HPLC) [41].

BPQ, ELQ-316, and ID were diluted in 100% dimethyl sulfoxide (DMSO) to prepare stock solu-
tions, which were stored at room temperature until use. Working solutions were freshly prepared in
a parasite culture medium on each test day, just before being added to the parasite cultures.

4.2. Parasites Culture

Babesia bigemina (Puerto Rico Strain: Goff et al. 1998) were grown in long-term microaerophilic
stationary-phase cultures at 37°C in an atmospheric condition of 5% CO2, 5% O2, and 90% N2, as
previously described [42]. B. bigemina were cultured in 96-well-culture plates, in 190 ul per well of PL
culture media (100 ml = pH 7.2; 29 ml F-12K Nutrient Mixture + L-glutamine (Life Technologies,
Carlsbad, California, USA), 29 ml Stable Cell IMDM (Sigma Aldrich, St. Louis Missouri, USA), 2 ml
0.5 M TAPSO (Sigma Aldrich, St. Louis Missouri, USA, 0.5 ml Antibiotic Antimycotic solution 100X
(Sigma Aldrich, St. Louis Missouri, USA), 1 mM calcium chloride (Sigma Aldrich, St. Louis Missouri,
USA), 100 ul Antioxidant Supplement 1000x Sigma Aldrich, 1 ml Insulin-Transferrin-Selenium-Eth-
anolamine 100x (Sigma Aldrich, St. Louis Missouri, USA), 1 ml 50% Glucose (Teknova, Hollister Cal-
ifornia, USA), 500 pl L-glutamine 200 mM (GIBCO, Grand Island New York, USA), and 40% bovine
serum. The cultures were maintained in 5 % cells volume of erythrocytes.

4.3. In vitro growth of initial inhibitory assay

The in vitro inhibitory efficacy of BPQ, ELQ-316, and ID was evaluated against the growth of B.
bigemina, after starting at a percentage of parasitized erythrocytes (PPE) of 2%. B. bigemina were cul-
tured in media containing various final concentrations (25, 75, 150, 300, 600, and 1200 nM) of BPQ,
ELQ-316, ID, and the combinations of BPQ + ELQ-316 and ID + ELQ-316, diluted in 100% DMSO.
Cultures with DMSO (1 ul) and without drug compounds served as positive controls for parasite
growth, while additional wells containing uninfected bovine RBCs were used as negative controls.

Parasite cultures were replenished daily with fresh culture medium (190 pl/well) containing the
respective drug concentrations. The experiments were conducted in triplicate for each concentration
and control over 96 hours (4 days). PPE was monitored daily by counting parasites in Hema 3 Stat
Pack (Fisher Scientific, Pittsburgh PA, USA) stained thin blood smears (GBS). Before the daily media
change, 190 pul of supernatant was removed from each well, and the remaining RBC layer at the bot-
tom was suspended. A 1 ul sample was taken from each well to prepare a thin smear, and the number
of infected red blood cells was counted by visually examining 5000 erythrocytes on each slide. Mor-
phological characteristics were also observed. Drug responsiveness of the parasites was measured as
the percentage of parasitemia after every 24-hour exposure to drug concentrations, up to the 96-hour
mark.

4.4. Viability after Treatment

At 96 hours after the initial treatment, fresh medium without drugs was added to all culture
wells, along with 5 pl of fresh RBCs. This drug-free medium was replaced daily for the next five days
to assess whether the cultures remained viable and could continue growing without the drug. Both
quantitative and qualitative parasitemia levels were determined through microscopic examination of
Hema 3 Stat Pack (Fisher Scientific) stained thin blood smears.


https://doi.org/10.20944/preprints202412.1598.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 December 2024 d0i:10.20944/preprints202412.1598.v1

4.5. Statistical analysis

Values of parasitemia were counted daily, and the percentage of survival was calculated, and
media comparisons between all tested drugs were performed using Mann-Whitney test or Kruskall-
Wallis test.

The doses of a drug that produced 50% inhibition (IC50%) relative to the control population and
the maximal inhibitory concentration (IC99%) were determined for BPQ, ELQ-316, ID, and the com-
binations, at drug concentrations ranging from 25 to 1200 nM, in 24 h, 48 h, 72 h, and 96 h post-
incubation. Total inhibitory concentrations (IC99) were determined as the drug doses required to
reduce parasite growth to the same level observed in non-infected erythrocytes (approximately 0.1%).
The survival curves were compared using a log-rank (Mantel-Cox) test. The statistical significance
was set at <0.05. GraphPad Prism ver. 7 software for Windows (Graphpad Software Inc., San Diego,
CA, USA) was used for the statistical analysis.

5. Conclusions

The findings reinforce the efficacy of the tested drugs in inhibiting B. bigemina parasites in vitro
and highlight the promising potential of drug combinations as alternative control strategies. While
in vitro efficacy can serve as a reliable predictor of therapeutic potential in vivo, drug screening as-
says often lack host-related variables tied to pharmacokinetic and pharmacodynamic factors, as well
as interactions at non-target sites [43]. Therefore, the therapeutic activity of these potent candidates
must be validated in target animal species, bovines.

Variations in parasite species, strains, or culture conditions during in vitro drug screening, along
with differing methods for counting parasitemia, can explain the diverse pharmacological interac-
tions observed with drug combinations in various studies. Further research is essential to clarify these
differences and deepen our understanding of drug efficacy, the interplay between drug mechanisms
of action, and the potential mechanisms of parasite resistance.

The combination therapy involving ELQ-316 with ID or BPQ significantly reduced parasitemia
of B. bigemina more effectively than the full-dose monotherapies. Therefore, future studies are needed
to investigate the mechanisms by which these drugs interact to inhibit Babesia growth. This study
offers a potential novel approach to addressing the toxicity and resistance associated with ID high
doses. However, further research is required to determine the clearance of this combination from the
products of treated animals.
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