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Abstract 24

Ornithodoros erraticus and Ornithodoros moubata are argasid tick vectors that 25

transmit severe diseases such as African swine fever and human relapsing fever. Elimination 26

of the synanthropic populations of these vectors would facilitate the control of these27

diseases. Fluralaner is a novel isoxazoline that selectively blocks the GABA- and glutamate-28

gated channels, providing potent insecticidal and acaricidal activity. The aim of the current 29

study was to provide quantitative data on the susceptibility of males, females and third 30

nymphal instar of O. erraticus and O. moubata to fluralaner through in vitro feeding 31

exposure. Fluralaner activity against these developmental stages and species was assessed 32

by feeding the ticks on ovine blood medicated with decreasing fluralaner concentrations 33

between 1 and 10-8 µg/mL. Tick mortality was measured at 4, 24 and 48 h and 1, 2 and 3 34

weeks post-feeding. Tests included solvent-treated and untreated blood controls. Fluralaner 35

was extremely active against O. erraticus, with mean lethal concentrations 50 (LC50) and 9536

(LC95) of 2.0 x 10-8 and 5.4 x 10-8 µg/mL, respectively. Fluralaner was also highly active against 37

O. moubata, showing a mean LC50 of 1.5 x 10-6 µg/mL and a mean LC95 of 1.8 x 10-3 µg/mL. In 38

the latter species, the most susceptible life stages were the females (LC95 1.4 x 10-4 µg/mL).39

Fluralaner demonstrated potent acaricidal activity against all developmental stages of O. 40

erraticus and O. moubata tested, in the first 48 h after in vitro feeding. Therefore, fluralaner 41

has the potential to provide very high acaricidal efficacy to multiple argasid tick species via42

feeding exposure and could be included as an acaricidal agent in integrated programmes for 43

the control of argasid tick vectors and argasid tick-borne diseases.44

45
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1. Introduction 49

Ticks are blood-feeding ectoparasites that transmit a wealth of pathogenic 50

microorganisms that cause severe diseases in livestock, companion animals and people (de 51

la Fuente et al., 2008; Jones et al., 2008).52

Ticks belong to two main families, the Argasidae (soft ticks) and the Ixodidae (hard 53

ticks), which share a haematophagous lifestyle but display important morphological and 54

biological differences (Sonenshine and Roe, 2014). Most ixodid ticks are non-nidicolous 55

exophiles, which live in open environments such as forests, brush lands, savannahs, 56

meadows and even semi-deserts (Randolf, 2014; Sonenshine and Roe, 2014). Ixodid ticks 57

typically feed over a period of several days (slow feeders) and ingest amounts of blood up to 58

100 times their unfed body weight. Ixodid females feed only once and die after laying several 59

thousands of eggs (Apanaskevich and Olivier, 2014). In contrast, most argasid ticks are 60

nidicolous endophiles, which live in nests, burrows, caves or other shelters used by their 61

hosts or live close by (Gray et al., 2014; Sonenshine and Roe, 2014). Argasid ticks typically 62

complete their blood meal within minutes or hours (fast feeders), ingesting from 5 to 10 63

times their body weight in blood. In addition, adult argasids can feed and reproduce up to 10 64

times, laying several hundreds of eggs per trophogonic cycle (Oleaga-Pérez et al., 1990; Vial, 65

2009).66

Among the argasids, Ornithodoros erraticus and Ornithodoros moubata have great 67

medical and veterinary importance as vectors of the African swine fever (ASF) virus and of 68

several Borrelia spirochetes that cause human relapsing fever (HRF) (Cutler, 2010; Sánchez-69

Vizcaíno et al., 2015).70

O. moubata is distributed throughout southern and eastern Africa, where it can be 71

found in wild and domestic habitats (Vial, 2009). It feeds on warthogs, domestic swine and 72

humans, and transmits both the ASF virus and the spirochete Borrelia duttoni, which is the 73

agent of the East African HRF. In the countries where these diseases are endemic, O. 74

moubata populations inhabiting anthropic habitats contribute to the persistence of both 75

diseases and, potentially, to their spread to other countries (Cutler, 2010; Sánchez-Vizcaíno 76

et al., 2015; Quembo et al., 2016). O. erraticus is the type species of the O. erraticus77
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complex, which includes several species distributed throughout the Mediterranean basin, 78

the Middle East, the Caucasus and the Russian Federation (Rebaudet and Parola, 2006; Vial, 79

2009). In southern Europe, O. erraticus are found in free-range pig farms, hidden in cracks 80

and fissures inside and around pig-pens, and primarily feeds on swine when it acts as vector 81

for the ASF virus (Oleaga-Pérez et al., 1990; Boinas et al., 2014; Díaz-Martín et al., 2015a; 82

Sánchez-Vizcaíno et al., 2015). Furthermore, species in the O. erraticus complex can also 83

feed on humans and transmit several HRF spirochetes such as B. hispanica and B. crocidurae84

to them (Diatta et al., 2012; Trape et al., 2013). The presence of O. erraticus populations in 85

anthropic environments has contributed to the persistence of ASF and HRF in endemic areas 86

in Eurasia (Pérez-Sánchez et al., 1994; Rebaudet and Parola, 2006; Boinas et al., 2011, 2014).87

Thus, to be effective, any programme aimed at the prevention and control of ASF and 88

HRF requires the elimination of, at least, the synanthropic populations of these argasid ticks89

(Díaz-Martín et al., 2015a). However, control of ticks and tick-borne diseases is a difficult 90

task, and none of the methods that have been used hitherto has been found to be fully 91

effective against all ticks and the diseases they transmit.92

Anti-tick vaccines are a promising, cost-effective and environmentally friendly 93

method for control of tick infestations (de la Fuente et al., 2016), but an effective vaccine94

against Ornithodoros ticks is still lacking (Díaz-Martín et al., 2015a). In addition, the 95

application of acaricides in the habitats colonised by Ornithodoros ticks has been ineffective96

because their nidicolous lifestyle offers shelter from exposure to acaricides (Astigarraga et 97

al., 1995).98

Consequently, the recent availability of an ectoparasiticide such as fluralaner, which 99

is systemically distributed in the host, instead being applied to the environment, could offer 100

an efficient, alternative method for the control of Ornithodoros tick infestations.101

Fluralaner is a novel, recently developed molecule belonging to the isoxazoline class. 102

It provides potent ectoparasiticidal activity by selectively blocking both the GABA- and 103

glutamate-gated channels of arthropod, but not mammalian, neurons (Gassel et al., 2014).104

The efficacy of fluralaner against fleas and numerous ixodid tick species has already been 105

demonstrated and comprehensively reviewed (Pfister and Armstrong, 2016). More recently, 106
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the acaricidal efficacy of fluralaner against several species of mites, including Sarcoptes 107

scabiei in dogs (Taenzler et al., 2016), Lynxacarus radovskyi in cats (Han et al., 2016), 108

Psoroptes cuniculi in rabbits (Sheinberg et al., 2017) and Otodectes cynotis in dogs and cats 109

(Taenzler et al., 2017), has been also reported.110

In contrast, information regarding the susceptibility of argasid ticks to fluralaner is 111

scant and only refers to the third nymphal instar (nymphs-3) of O. moubata (Gassel et al., 112

2014; Williams et al., 2015) and O. turicata (McTier et al., 2016). Since more information 113

regarding the susceptibility of other developmental stages and species of argasid tick vectors 114

to fluralaner is needed, the current study was designed to provide quantitative data on the 115

susceptibility of male, female and nymphs-3 ticks of O. erraticus and O. moubata to 116

fluralaner through in vitro feeding exposure.117

118

2. Material and Methods 119

120

2.1. Ornithodoros erraticus and Ornithodoros moubata ticks121

Tick specimens were obtained from laboratory colonies maintained at the Instituto 122

de Recursos Naturales y Agrobiología de Salamanca (IRNASA) (CSIC), Salamanca, Spain. The 123

colony of O. erraticus was established from specimens collected in Salamanca, western 124

Spain, and the colony of O. moubata was established from specimens submitted from the 125

Institute for Animal Health, Pirbright, Surrey, UK. The ticks were kept in controlled conditions 126

(28 °C, 85% relative humidity (RH) and 12-h photoperiod) and allowed regularly feeding on 127

rabbits. For these experiments, newly moulted unfed males, females and nymphs-3 of O. 128

erraticus and O. moubata were obtained.129

All animal manipulations were performed according to the rules from the ethical and 130

animal welfare committee of the Institution where the experiments were conducted 131

(IRNASA, CSIC), following the corresponding EU rules and regulations.132

133

2.2. Blood preparation 134
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The acaricidal effect of fluralaner on males, females and nymphs-3 of O. erraticus and 135

O. moubata was assessed through in vitro feeding on fresh defibrinated ovine blood. In 136

accordance with previous data obtained by Gassel et al. (2014) and Williams et al. (2015) for 137

O. moubata nymphs-3, blood was medicated with the following serially decreasing 138

concentrations of fluralaner: 1, 10-2, 10-4, 10-6 and 10-8 µg/mL (ppm) (Table 1).139

Fluralaner was dissolved in dimethyl sulfoxide (DMSO) to produce a stock solution of 140

50 mg/mL, and then diluted in blood to produce a 1,000 µg/mL (1,000 ppm) preparation. 141

This was further diluted in series with ovine blood to obtain the desired test concentrations.142

Untreated blood and blood treated with 0.002% DMSO were included as controls. 143

This DMSO concentration was the highest concentration to which the ticks were exposed, 144

which was equivalent to the DMSO concentration in the 1 ppm fluralaner preparation.145

146

2.3. In vitro feeding procedure 147

For the in vitro feeding procedure, a feeding device similar to that described by 148

Kröber and Guerin (2007) was set up (Fig. 1), but substituting the silicone membrane by a 149

Parafilm membrane, in accordance with recommendations of Schwan et al. (1991).150

The ticks to be fed were counted, weighed and placed into the feeding units, which 151

consisted of plastic vials (26 mm diameter, Deltalab S.L., Barcelona, Spain) with their bottom 152

removed and then sealed with a stretched Parafilm membrane, fixed by means of an elastic 153

band.154

Ten males, 10 females and 20 nymphs-3 of each species were included per treatment 155

group in each feeding unit, and three repeats per treatment were done (Table 1). Feeding 156

units were set up in six-well plates with 10 ml of blood per well and the plates were 157

incubated at 37 °C with gentle agitation (200 rpm) on a heater-shaker platform. The ticks 158

were allowed to feed to engorgement for a maximum of 2 h (Fig. 1).159

When the fully engorged ticks detached themselves, they were immediately 160

recovered and transferred to dry filter paper in Petri dishes (one dish per treatment group). 161

Ticks were then weighed and incubated at 28 °C, 85 % RH and a 12-h photoperiod for 4 162

weeks.163
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At 4, 24 and 48 h and 1, 2 and 3 weeks post-feeding, the dishes were examined and 164

numbers of live and dead ticks recorded. Finally, at 4 weeks post-feeding, the moulting rates 165

of the surviving nymphs and the fecundity and fertility rates of the surviving females were 166

also recorded as described by Díaz-Martín et al. (2015b). The whole experiment was 167

performed in triplicate.168

169

2.4. Data analysis 170

The percentage mortality (M) for each tick stage and species in the control and 171

fluralaner-treated groups at every time-point after feeding were calculated using the 172

following formula: 173

M (%) = number of dead ticks per treatment x 100 / number of fully engorged ticks 174

per treatment175

Corrected mortality percentages were then calculated at each time-point, for each 176

fluralaner concentration, and for each tick stage and species using the Schneider-Orelli’s 177

formula (Williams et al., 2015): 178

Corrected mortality (%) = 100 x (MF – MC)/ (100 – MC),  179

180

where “MF” was the mortality for each tick stage and species and fluralaner concentration, 181

and “MC” was the arithmetic mean mortality obtained from all replicates in the 182

corresponding untreated and DMSO-treated blood controls.183

Corrected mortality percentages were then summarised for each tick stage and for 184

each species, as the arithmetic mean of three replicas at every fluralaner concentration and 185

each time-point post-feeding.186

Corrected mortality data were then used to calculate the lethal concentrations LC50187

and LC95, defined as the fluralaner concentrations causing 50% and 95% killing effect at each 188

tick stage and in each species. For this, a Probit regression analysis was performed using the 189

MedCalc® Version 17.2 software.190

Moulting rates of the nymphs-3 and fecundity and fertility rates of the females were 191

summarised as the mean ± standard deviation of three replicas per fluralaner concentration.192
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193

3. Results 194

195

3.1. Susceptibility of Ornithodoros erraticus to fluralaner 196

All O. erraticus males, females and nymphs-3 fed until engorgement in the control 197

and fluralaner-exposed groups, and ingested normal amounts of blood (2.5 mg/male, 7.7 198

mg/female and 1.5 mg/nymph), with no difference between control and fluralaner groups.199

The mean mortalities obtained from both controls (untreated blood and DMSO-200

treated blood) were 0% for all the developmental stages between 4 h and 3 weeks post-201

feeding.202

The corrected mortality percentages obtained for the fluralaner-treated groups, 203

summarised in table 2. Fluralaner concentrations as low as 10-6 ppm caused >95% mortality 204

in the first 24 h post-feeding (hpf) and 100% mortality in 48 hpf.205

Finally, 10-8 ppm of fluralaner caused noticeably lower mortality. With this 206

concentration, cumulative mortalities peaked at 48 hpf and did not further increase between 207

48 hpf and 3 weeks post-feeding.208

At 4 weeks post-feeding, the surviving nymphs-3 in the 10-8 ppm group had moulted 209

normally and showed mean moulting rates of 84.3% ± 3.8, which were similar to moulting 210

rates of the nymphs-3 in the control groups.211

The surviving females in this group reproduced normally, laying on average 65 ± 13 212

fertile eggs/female, which was within the range of females in the control groups.213

214

3.2. Susceptibility of Ornithodoros moubata to fluralaner 215

All the O. moubata males, females and nymphs-3 fed until repletion in the control 216

and fluralaner-exposed groups, and ingested normal amounts of blood (30 mg/male, 116 217

mg/female and 21 mg/nymph), without showing differences between control and fluralaner218

groups.219

Mortality rates in the untreated blood controls were 0% at 48 hpf, but these slightly 220

increased to 3% in females and to 4.6% in nymphs-3 between 1 and 3 weeks post-feeding221
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(males remained unaffected). In contrast, mortality rates in the DMSO-treated blood 222

controls reached 4.2% in males, 45.5% in females and 33.9% in nymphs-3 in the first 48 hpf, 223

and between 48 hpf and 3 weeks post-feeding no more dead ticks were recorded.224

Accordingly, mean mortality rates for both control groups were 2.1% for males, 22.8% for225

females and 15.9% for nymphs-3 at 48 hpf, showing increases between 48 h and 3 weeks 226

post-feeding that were not statistically significant.227

In the fluralaner-treated groups, 1 ppm of fluralaner caused 100% mortality in the 228

first 4 hpf, while 10-2, 10-4 and 10-6 ppm caused progressively lower mortality rates, which229

peaked at 48 hpf (Table 3). These mortality rates did not increase, or increased 230

insignificantly, between 48 h and 3 weeks post-feeding.231

At 4 weeks post-feeding, surviving ticks in the fluralaner-treated groups moulted and 232

reproduced normally. Moulting rates of the nymphs-3 in the fluralaner groups were on 233

average 90.2% ± 1.2, similar to those of the nymphs-3 in the control groups. Female fertility 234

rates in the fluralaner groups were also similar to those in the control groups (on average, 235

125 ± 22 fertile eggs/female).236

237

3.3. Lethal concentrations (LC) for O. erraticus and O. moubata238

Table 4 shows LC50 and LC95 values for fluralaner in males, females and nymphs-3 of 239

both species throughout feeding exposure.240

For O. erraticus, the average LC50 was 2.0 x 10-8 µg/mL and the average LC95 was 5.4 x 241

10-8 µg/mL. It is notable that both LC95 and LC50 values were of the same order of magnitude, 242

and that values were similar for the different developmental stages tested, although 243

somewhat lower for nymphs-3, indicating that this was the most susceptible stage.244

For O. moubata, the average LC50 value was 1.5 x 10-6 and LC95 value 1.8 x 10-3 µg/mL, 245

the latter value being up to 3 orders of magnitude higher than the former. In this species, 246

both LCs varied substantially (by one or two orders of magnitude) for all of the 247

developmental stages tested, the lowest values occurring in females.248

249

4. Discussion 250
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In vitro feeding of soft ticks through artificial membranes, such as silicone and 251

Parafilm, has already been used successfully for the maintenance of O. coriaceus and O. 252

moubata (Osborne and Mellor, 1985; Hokama et al., 1987; Schwan et al., 1991). This method 253

has also been used for studying the effects of ASF virus infection on O. moubata and for 254

testing the acaricidal efficacy of fluralaner to O. moubata and O. turicata nymphs-3 (Rennie 255

et al., 2000; Gassel et al., 2014; Williams et al., 2015; McTier et al., 2016). The method has 256

also been adapted for hard ticks, allowing its application in a variety of research areas,257

including the testing of novel acaricides, vaccines and antibodies that target tick-protective 258

antigens and the study of tick-pathogen relationships (Kroeber and Guerin, 2007; de la 259

Fuente et al., 2016). 260

In the current study, we have set up an in vitro device to feed both O. moubata and 261

O. erraticus on ovine blood, which is similar to the apparatus formerly used by Kröber and262

Guerin (2007) to feed hard ticks. Good feeding performance and normal moulting and 263

fertility rates that were recorded for specimens fed on non-medicated blood confirmed the264

reliability of the method for maintenance of both species, extending its applicability to 265

investigations of O. erraticus. As a consequence, the in vitro feeding method was applied to 266

an investigation of acaricidal efficacy of fluralaner against adults and nymphs-3 of these two267

species, in order to confirm and expand on previously reported data for O. moubata and to 268

assess the susceptibility of another important argasid vector, O. erraticus.269

The results showed that O. erraticus was very susceptible to fluralaner; feeding 270

exposure to doses as low as 10-6 µg/mL caused >95% mortality in the first 24 hpf and 100% 271

mortality by 48 hpf. These results prompted us to test an even lower dose of fluralaner (10-8 272

µg/mL), which allowed us to establish an efficacy limit for this species with an average LC95273

value of 5.4 x 10-8 µg/mL, nymphs-3 representing the most susceptible life stage (LC95 4.7 x 274

10-8 µg/mL). This LC95 value was extremely low, approximately 106-fold lower than the 275

lowest LC95 previously reported for any tick species in similar feeding experiments (Gassel et 276

al., 2014; Williams et al., 2015; McTier et al., 2016; Pfister and Amstrong, 2016), indicating277

that fluralaner can be a very effective agent for control of O. erraticus.278
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Regarding O. moubata, results of these experiments indicated that this species was 279

also very susceptible to fluralaner, although not as susceptible as O. erraticus, since higher280

fluralaner doses (10-2 µg/mL) were required to effectively kill 100% of the O. moubata281

specimens in the same time period (48 h). The mean LC95 for O. moubata was 1.8 x 10-3 282

µg/mL, females being the most affected life stage (LC95 1.4 x 10-4 µg/mL).283

The LC95 values obtained here were lower than those previously reported by Williams 284

et al. (2015) for O. moubata nymphs-3 after feeding exposure to fluralaner in a similar 285

experiment (LC95 9.104 x 10-2 µg/mL). It is possible that use of different O. moubata strains 286

could account for the observed difference in susceptibility to fluralaner. It was also 287

noteworthy that in our experiments O. moubata was more affected by use of DMSO as a 288

solvent (15.9% mean mortality in controls) than the O. moubata nymphs-3 tested by the 289

former authors (2.5% mean mortality in their equivalent controls). This observation and the 290

fact that O. erraticus was unaffected by the DMSO (0% mortality among the specimens fed 291

on DMSO-treated blood) would suggest a particular sensitivity of this O. moubata strain to 292

both fluralaner and DMSO. Irrespective of the basis of these differences in O. moubata293

sensitivity to fluralaner, our current results confirm the previous findings of Gassel et al. 294

(2014) and Williams et al. (2015) concerning the high acaricidal effect of fluralaner on the O. 295

moubata nymphs-3 and provide novel data showing an even greater acaricidal effect against 296

O. moubata females. Therefore, these data indicate that fluralaner can be a very efficient 297

acaricidal agent for the control of O. moubata.298

Results of the current study, combined with those obtained by the previously 299

mentioned authors, indicate that fluralaner has the potential to provide very high acaricidal 300

efficacy against multiple argasid tick species via feeding exposure. 301

Finally, it is notable that pharmacokinetic studies in dogs have shown that following 302

single oral administration of 12.5 mg/kg of fluralaner, maximum plasma levels of fluralaner 303

(above 1,000 ng/ml) are on average reached within 24 h. These levels slowly decrease,304

remaining higher than 10 ng/ml for at least the following 12 weeks (Kilp et al., 2014). This 305

means that, in dogs, plasmatic concentrations of fluralaner would range between 1 ppm and 306

10-2 ppm during the first 12 weeks after treatment. Accordingly, the current results suggest 307
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that dogs treated in this way would be protected against any hypothetical infestation by O. 308

erraticus and O. moubata during this time period. Currently, fluralaner is not labeled for use 309

in pigs, which are the main hosts to be protected against these two Ornithodoros species, 310

and no pharmacokinetic data are as yet available for pigs. As metabolism can be significantly 311

different in pigs compared to dogs, specific data should be obtained for pigs in order to 312

define the acaricidal efficacy of fluralaner in this species. In addition, as pig meat is 313

consumed on a regular basis by many human populations across the world, specific 314

pharmacokinetic data are considered necessary in order to quantify the possible impact on 315

consumer safety of exposure to fluralaner residues.316

317

Conclusions 318

In vitro feeding of argasid ticks on blood through Parafilm membranes is a long-319

stablished method than can be used for the maintenance of laboratory colonies of soft ticks 320

and for testing novel acaricidal compounds. Fluralaner has demonstrated potent acaricidal 321

efficacy in the first 48 h after in vitro feeding exposure against all the tested developmental 322

stages of O. moubata, females being most affected. Fluralaner has also demonstrated an323

even higher acaricidal efficacy against all the developmental stages of O. erraticus that were 324

tested, nymphs-3 being the developmental stage most affected. Fluralaner has the potential 325

to provide very high acaricidal efficacy to multiple argasid tick species via feeding exposure326

and it could be included as acaricidal agent in integrated programmes for the control of 327

argasid tick vectors and argasid tick-borne diseases.328
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Figure captions. 443

444

Figure 1. Feeding apparatus (A), and engorging Ornithodoros moubata females (B) and 445

nymps-3 (C).446

447

448



Table 1. Summary of assays to test the acaricidal efficacy of fluralaner against Ornithodoros spp.  

Species Developmental 
stage

Ticks per 
treatment

group

Number of treatments:
untreated blood,
blood + DMSO,

blood + fluralaner
(1, 10-2, 10-4, 10-6, *10-8 ppm)

Replicates Total 
tick 

number

Ornithodoros
moubata

female 10 6 3 180
male 10 6 3 180
nymph-3 20 6 3 360

Ornithodoros
erraticus

female 10 7* 3 210
male 10 7* 3 210
nymph-3 20 7* 3 420

* the 10-8 ppm dilution was tested only with O. erraticus. 

Table 1



Table 2. Ornithodoros erraticus cumulative corrected mortality in the first 48 h after feeding 
exposure to fluralaner. Numbers represent the arithmetic mean of 3 replicates per developmental 
stage (M, males; F, females; N3, nymphs-3) or the arithmetic mean mortality from all the 
developmental stages tested.

Fluralaner 
(ppm)

Time post-feeding

4 hours 24 hours *48 hours

M F N3 All M F N3 All M F N3 All

1 100 100 100 100

10-2 62.9 0 0 21 100 100 100 100

10-4 0 0 11.5 3.8 92.6 93.6 100 95.4 100 100 100 100

10-6 0 0 0 0 91.5 98.0 100 96.5 100 100 100 100

10-8 0 0 0 0 3.3 2.8 2.7 3.0 9.4 8.2 22.5 13.4

* After 48 hours post-feeding there were no additional mortality and the surviving ticks moulted 
and reproduced normally. 

Table 2



Table 3. Ornithodoros moubata corrected cumulative mortality in the first 48 h after feeding 
exposure to fluralaner. Numbers represent the arithmetic mean of 3 replicates per developmental 
stage (M, males; F, females; N3, nymphs-3) or the arithmetic mean mortality from all the 
developmental stages tested.

Fluralaner 
(ppm)

Time post-feeding

4 hours 24 hours *48 hours

M F N3 All M F N3 All M F N3 All

1 100 100 100 100

10-2 0 0 2.4 0.8 49.5 79.3 67.1 65.3 86.9 100 93.9 93.6

10-4 0 0 0 0 55.1 67.4 82.5 68.3 74.6 84.3 82.5 80.5

10-6 0 0 0 0 49.0 79.6 62.4 63.7 71.8 80.1 62.4 71.4

*After 48 hours post-feeding, the surviving ticks moulted and reproduced normally. Between 48 
hours and 4 weeks post-feeding, the mortality rates did not increase or increased insignificantly. 

Table 3



Table 4. Lethal concentrations (LC) of fluralaner in ppm for males, females and nymphs-3 of 
Ornithodoros erraticus and Ornithodoros moubata in the first 48 hours after feeding exposure. 

O. erraticus O. moubata
Males Females Nymphs-3 All stages Males Females Nymphs-3 All stages

LC50 2.2 x 10-8 2.3 x 10-8 1.6 x 10-8 2.0 x 10-8 2.5 x 10-6 6.5 x 10-7 2.7 x 10-6 1.5 x 10-6 
LC95 5.9 x 10-8 6.1 x 10-8 4.7 x 10-8 5.4 x 10-8 1.8 x 10-2 1.4 x 10-4 2.6 x 10-3 1.8 x 10-3 

Table 4
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