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6 Abstract

7  To reduce the use of insecticide treatments against Haematobia irritans we evaluated the

8 impact of treating 15% of the bovines, with the greatest number of flies including bulls,

9  with 40% diazinon ear tags, on the infestation of untreated cows. Horn fly susceptibility
10  to diazinon was measured before and after treatment, and peaks of infestation were
11 recorded. Three groups of Bradford bovines were evaluated: Group 1 (control untreated),
12 Group 2 (15% treated) and Group 3 (control 100% treated). Weekly counts of horn flies
13 were performed on the same animals for 78 days. Two peaks of infestation were recorded,
14 and a higher number of horn flies occurred in the untreated control group than in the
15  untreated cows of the selectively treated group throughout the entire period of the study,
16 except for a single week. The horn fly field population was significantly more susceptible
17  to diazinon than the reference susceptible strain both before and after insecticide
18  treatment. In conclusion, treatment of 15% of the most infested animals from a herd, with
19  40% diazinon ear tags, quickly reduced horn fly infestations of the entire herd and may
20  be a practical approach for horn fly control, reducing costs and chemical use.
21 Key words: Selective treatment; Haematobia irritans; Ear tags; Bovines; Diazinon;
22 Bioassays

23 1. Introduction

24 Haematobia irritans irritans (Linnaeus, 1758) (Diptera: Muscidae), an

25  ectoparasite that is spread throughout the American continent, causes substantial
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26  economic losses related to the parasitism itself, labor and treatment costs®. There are also
27  potential costs related to development of insecticide resistance, which can lead to more
28  frequent treatments, and to the presence of insecticides residues in meat and milk, which
29 can lead to market restrictions?>. To reduce the use of unnecessary treatments for
30  controlling horn flies, cattle should be treated only when the economic threshold of 200
31 flies per animal has been exceeded®. In Uruguay, horn fly infestations generally do not
32 exceed this threshold, and when it does, it is only for a short period of time. However,
33 some farmers still treat their animals repeatedly, without considering the economic
34 threshold recommended®.

35 Previous studies have shown that horn fly populations are not equally distributed
36 within a herd®®, and between 15% to 30% of the herd carries more than 50% of the flies*.
37  Also, bulls have higher infestations than cows, and some animals may be naturally more
38 susceptible or resistant than others®’ In a recent study, we demonstrated that treating only
39  a bull with one 40% diazinon ear tag reduced the horn fly infestation of the entire herd.
40  Inthe same study, we also reported that cows susceptible and resistant to horn flies were
41  those with infestations above the upper quartile or below the lower quartile, respectively?®.
42 The present study evaluated the impact of treating 15% of the most infested
43 animals in a herd, including bulls, with 40% diazinon ear tags on the infestation of the
44  remaining herd. Horn fly susceptibility to diazinon was measured before and after

45  treatment and infestation peaks were recorded as well.

46 2. Results
47 2.1. Descriptive analysis
48 Horn fly infestations presented two peaks during the study, the first one in late

49  spring, during November and December (between day -7 and 28), and the second one at
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50 the end of the summer, during February and March (between day 70 and 91) (Fig. 1 and

51 Table1).
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53  Fig. 1 Weekly horn fly counts on a naturally infested (untreated) Bradford herd, from

54  November 28, 2017 to February 23, 2018 in Tacuarembo, Uruguay.

55 The median of infestation was above the threshold for treatment only for six
56  specifics days (-7, -1, 1, 21, 56, and 78) (Table 1). Figure 2 depicts the observed number
57  of flies from untreated (Fig. 2A) and treated (Fig. 2B) animals from Group 2, and from
58 the treated animals from Group 3 (Fig. 2C). Descriptive statistics for the observed horn

59 flies count from the three groups across the observation period is presented on Table 1.
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61  Fig. 2 Horn fly counts on: untreated cattle (A) and treated cattle (B) from the selective
62  treatment group and from control 100% treated group (C).
63

64 2.2. Statistical analysis
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65 The following coefficients were non-significant and were removed from the final
66  model: number of horn flies in the week before the beginning of the trial; initial body
67  condition; and initial weight. Figure 3 depicts the estimated number of horn flies on
68  untreated cattle from Groups 1 and 2 (Fig. 3A), and for the treated cattle from Groups 2
69 and 3 (Fig. 3B). As it can be observed, a higher number of flies was estimated for the
70  untreated control group (Group 1) than for the untreated animals of the selectively treated
71 group (Group 2) throughout the entire study, except at observation day 63; however,
72 statistically significant differences (p< 0.001) were observed at days 1, 14 and 21 only
73 (Table 2). The remaining comparisons between groups in the same observation date were
74  not statistically significant by the Bonferroni adjustment for a total of 12 comparisons. A
75  higher number of flies was estimated on treated animals from the selectively treated group
76 (Group 2) than in the animals from the control Group 3 (100% treated) (Fig. 3B); and
77  statistical differences were observed on most observation days, except days 7, 21, 35

78  (Table 3).
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80  Fig. 3 Predicted number of horn flies on untreated group (Group 1) and untreated cattle
81  from selective treatment group (Group 2) (Fig. 3A) and from the treated cattle from the

82  selective treatment group (Group 2) and from the treated control group (Group 3) (Fig.

83 3B).
84 2.3. Insecticide susceptibility to diazinon
85 The horn fly population evaluated in the present study was significantly more

86  susceptible to diazinon than the susceptible reference strain (LCso 1.02) in all three
87  bioassays (LCsgo ranging from 0.55-0.78) (Table 4). There were no significant differences
88  between the LCso of pre and post bioassays, and the RR ranged from 0.5 (post-treatment

89  selective treatment group) to 0.7 (pre-treatment and post treatment-control group).
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90 3. Discussion

91 The higher infestations observed in November/December and February/March
92  followed the general trend of population peaks in mid to late spring and late summer to
93 beginning-autumn as observed in studies conducted in Canada®, Argentinal®, Brazil®,
94  U.S.A.Y and Uruguay*2. Even during those population peaks, the median of infestations
95 was above the economic threshold only for specific days, thus confirming previous
96  observations®!2,

97 Although the efficiency of the selective treatment evaluated in this study varied
98  considerably, it was enough to maintain a low population of horn fly (below the
99 recommended threshold of 200 flies per animal) in the untreated cattle from the
100  selectively treated group. Since the complete elimination of horn fly using the technology
101 current available is not feasible, it is important to coexist with this parasite at levels that
102  do not affect livestock production significantly, with less contribution to the development
103  of resistance to insecticide. As it was studied previously a more effective chemical control
104  tends to lead to a quicker development of resistance®. However, as the horn flies moves
105  between hosts, in a selective (partial) treatment, all flies from a herd may receive
106  treatment, exposing the population to a low level of insecticide. This exposition may
107  increase the selection of heterozygotes (RS), precluding the possibility of keeping a
108  functional refugia (untreated parasites that may maintain the susceptibility in a
109  population)*141° In contrast, it has been suggested that the partial treatment of a herd
110  may preserve the susceptible genes?.

111 Until now, there is no suspicion of horn fly resistance to organophosphate in
112 Uruguay. Indeed, the horn fly population of the present study was more susceptible to
113 diazinon than the susceptible reference strain. Similar finding has been reported in

114  pyrethroid-resistant horn fly populations”81° and the increased OP-susceptibility may
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115  result from an increased diazinon activation by mixed function oxidases?. High levels of
116  horn fly pyrethroid resistance have been reported in Uruguay?! and, although the involved
117 mechanisms remain unknown, it is possible that mixed function oxidases play a relevant
118  role in resistance to pyrethroids in horn fly populations from Uruguay as has been
119  reported in Brazil®.

120 In the search to reduce pesticide use and for more sustainable methods of
121 controlling horn flies, other control methods that do not use insecticide have been tested
122 in Uruguay. Physical control using a walk-through trap for dairy cows was highly
123 efficient?®, On the other hand, biological control using Digitonthophagus gazella was not
124  successful because this coprophagous dung beetle did not adapt to Uruguay?* contrary to
125  what has happened in Brazil?®. Considering that, to this date, there are no methods for
126 horn fly control in extensive field conditions in Uruguay other than the use of insecticides,
127  the selective treatment could be a strategy for diminish the use of chemicals to keep the
128  fly number under the threshold. Further studies are needed to elucidate some important
129  aspects of the partial treatment strategy, particularly regarding its influence on
130  development of insecticide resistance. However, in a practical approach, an effective
131 control of the horn fly infestation on the whole herd (up to 40 cows per bull) might be
132 achieved by just treating bulls when infestations are still low at the beginning of the
133 season®. When infestations are higher, and some animals carries more than 200 flies at
134  the beginning of the season, treating 15% of the most infested animals of a herd, including

135  bulls, may be necessary to provide more satisfactory results, as showed in the present

136  study.
137 4. Materials and Methods
138 The present study was performed at the experimental farm “La Magnolia” of INIA

139 (31°42'32.2"S 55°49'43.0"W) in the department of Tacuarembo, Uruguay, during the
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140  breeding season between 28 November 2017 and 23 February 2018. This experiment was
141  approved by the committee of ethical use of animals (CEUA) of the National Institute of
142 Agricultural Research (INIA) and was performed in accordance with relevant guidelines
143  and regulations. At the beginning of the trial (day 0), a bioassay to assess the susceptibility
144  of the horn fly population to diazinon was performed and ear tags were applied to the
145  cattle of the treated groups. A total of 159 cows and four bulls from a Bradford herd were
146 randomly assigned to three groups. Distance between groups varied from 500 m to 1500
147  m, with an empty paddock (free of animals) between treatment groups.

148 Group 1 was composed by 40 cows plus one bull and remained untreated. In this
149  group, fly counts were performed for four weeks after the trial ended (until 26 March
150  2018), to complete the evaluation of horn fly infestation peaks. Group 2 was composed
151 by 80 cows and two bulls. In this group 15% of the bovines (two bulls and eight cows)
152  were selected among those with greater number of flies of that herd and treated with one
153  long lasting ear tag containing 40% diazinon (Over®, Santa Fe, Argentina). Group 3 was
154  composed by 39 cows and one bull and all animals were treated with one long lasting ear
155  tag containing 40% diazinon per animal.

156 4.1. Data collection

157 Seven days before the trial started, bovines were assigned to the three groups and
158  horn flies were counted from all the bovines. Eight cows that had higher counts of flies
159  as well as the two bulls from Group 2 were selected to be treated. Also, bovines from
160  Group 1 and 3, to which the flies were going to be counted weekly were selected.

161 Horn flies were counted once a week, for 12 weeks, including the day after the
162  trial started (day 1), as well, and one day prior to the start of the trial (day -1). In the
163  control groups (Groups 1 and 3), flies were counted on 10 randomly selected cows, plus

164  the bulls. From Group 2, flies were counted on the 10 treated animals and 20 untreated
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165  cows randomly selected. The horn flies were counted from the same animals throughout
166  the entire experiment. These counts were performed in the field by using trained horses
167  to not disturb the bovines®®. Although observers used a counting clicker device to perform
168  counting the numbers can be underestimated.

169 4.2. Statistical analysis

170 4.2.1. Data management. Data were entered in an Excel spreadsheet and
171 subsequently verified for data entry errors. Next, the data were imported into Stata 14%’
172 for descriptive and statistical analysis.

173 4.2.2. Descriptive analysis. The following variables were evaluated: number of
174  horn flies on untreated animals; number of horn flies on treated animals; number of horn
175  flies at the beginning of the trial; number of horn flies in the week before the beginning
176  of the trial; observation day; group; body condition; and initial weight. Descriptive
177  analysis was performed using the median, the interquartile range, and the minimum and
178  maximum number of horn flies, which were calculated on each observation day for each
179  group.

180 4.2.3. Statistical analysis. As the variability of the counts of horn flies on the
181 treated animals presented a different profile than that on the untreated animals, two
182  separate repeated measures linear mixed models were created using animal as random
183  effect and an autoregressive within-animal correlation. One model was built where the
184  response variable was the natural log transformed number of horn flies on the untreated
185  animals from Group 1 and Group 2. Another model was built where the response variable
186  was the natural log transformed number of horn flies on the treated animals from Group
187 2 and Group 3. The explanatory variables were: number of horn flies on day -7; number
188  of horn flies on day -1; initial weight; initial body condition; treatment group; and time.

189  Each model included a time (observation date) by treatment group (2-way interaction).

10
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190  The model coefficients that were non-significant (p-value > 0.05) were removed from the
191  final model. The efficiency of the selective treatment was estimated using the formula:
192  efficiency (%) = [(a-b)/a] x 100, with “a” and “b” being the predicted median of horn flies
193  for the control untreated group and the untreated cows of the selective treatment group,
194  respectively. Standardized residuals and the best linear unbiased predictions (BLUPs) of
195  the random effects (i.e., effects due to cow factors after removing the effects of time,
196  treatment, and pasture) were obtained and assessed for normality, heteroscedasticity, and
197  outlying observations?,

198 4.3. Insecticide susceptibility to diazinon

199 Three bioassays were performed to determine the susceptibility of H. irritans
200 populations to diazinon (Sigma Aldrich®, 98% purity) using the impregnated filter paper
201 method?®. The first bioassay (pre-treatment) was performed on day O of the trial (5
202  December 2017) using flies from all groups; the second and third bioassays (post-
203  treatment) were conducted after the trial ended (28 February 2018), using flies from the
204  respective untreated control group and the selective treatment group. To perform these
205  bioassays, horn flies were collected directly from cattle with a sweep net and used in
206  bioassays within 20 min of capture. Ten concentrations of diazinon ranging from 0.1 to
207 3.2 ug/em?, plus one control (acetone only), were used with three replicates of 25 flies on
208  average for every replicate. Fly mortality was determined after a 2 h exposure period and
209 flies that were unable to walk were considered dead. The bioassay was also performed
210  with horn flies from a susceptible colony maintained at the Knipling-Bushland US
211 Livestock Insects Research Laboratory, USDA-ARS (Kerrville, TX) for comparisons.
212 Probit analysis of dose-response data and LCso estimates were obtained using
213 PoloPlus Software (Version 2.0, LeOra Software, Petaluma, California, USA).

214  Differences between the LCso values from tested populations and the susceptible strain

11
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215  were considered significant when their 95% fiducial limits did not overlap (Barros et al.,
216  2012). Resistance ratios (RR) were calculated by dividing the LCso from the field
217  population by the LCso from the susceptible strain.

218 Data Availability

219 The datasets generated and/or analyzed during the current study are available from

220 the corresponding author on reasonable request.
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Table 1. Median (p50), minimum (Min), maximum (Max), lower quartile (p25) and upper quartile (p75) of the number of horn flies of the three

groups at 14 observation days

Observation day

Group* -7 -1 1 7 14 21 28 35 42 49 56 63 70 78 85 92 99 106
Min 46 59 72 121 57 41 13 15 22 38 26 33 89 65 41 33 42 39
p25 76 96 123 172 128 146 53 36 48 76 112 74 122 270 92 84 64 56
1 p50 116 243 282 230 160 230 74 66 86 88 221 152 135 398 1615 119 1145 89
pr5 347 450 535 380 186 276 158 108 150 185 262 220 187 610 382 183 173 122
Max 541 768 674 804 /54 930 252 186 192 427 640 850 398 960 776 274 244 216
Min 20 78 20 21 3 5 4 1 3 5 5 4 12 15 - - - -
p25 635 123 46 65 215 325 39 255 41 49 72 152 74 216 - - - -
2a ps0 945 247 705 142 51 555 58 395 51 61 117 182 116.5 260.5 - - - -
p75 139 462 135 222 80 815 945 57 83 86 149 278 1395 336 - - - -
Max 214 910 658 750 185 204 134 141 149 192 176 644 268 466 - - - -
Min 4 242 23 5 3 5 9 0 4 15 17 8 12 59 - - - -
p25 109 592 31 19 8 7 21 2 12 48 37 30 54 114 - - - -
2b p50 1525 718 61 425 12 10 25 8 21 89 57 845 83 1885 - - - -
p75 175 840 268 118 23 27 59 59 76 136 109 163 119 296 - - - -
Max 1200 1400 1235 750 37 101 185 102 144 322 381 800 312 750 - - - -
Min 18 178 2 2 0 0 0 0 0 1 0 0 2 1 - - - -
p25 35 203 7 3 1 1 0 0 0 2 1 3 5 13 - - - -
3 p50 66 448 11 6 1 3 1 2 2 5 4 8 6 32 - - - -
p75 102 663 37 23 3 8 2 2 5 16 15 23 16 108 - - - -
Max 650 1200 140 150 13 19 12 8 6 34 68 120 182 424 - - - -

*Group 1 control untreated; Group 2a untreated animals from selective treatment; Group 2b treated animals from selective treatment; Group 3 control treated. Highlighted are the population

peaks
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Table 2. Predicted median of horn flies and efficiency of selective treatment with a diazinon ear tag by observation day and treatment group on

untreated cattle

Median number of horn

Observation day Treatment Group flies Standard Error  Efficiency (%)? P-value®
1 Seective Tresmen : 03 1502 6622 0.000
7 Selctve Troament 2 12614 2223
: S Tt ma oo
. S
2 selctve Troament 2 6550 Y
= Seecive Treament : 32,06 7 5238 0156
° S o e es o
& setctve Troament 2 1120
. S MR MR amom
. S Se R s o
o Smuwes 1 EB B gy g
mo Swuwes 1 meEE gy o

Average efficacy 47.22
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Table 3. Predicted median of horn flies by observation day and treatment group from the repeated measures
linear mixed model on treated cattle

Median number of

Observation day Treatment Group horn flies Standard Error P-value?

Selective Treatment 2 87.85 26.39

1 Control Treated 3 18.52 551 0.000
Selective Treatment 2 42.73 12.83

7 Control Treated 3 13.94 4.14 0.096
Selective Treatment 2 12.20 3.66

14 Control Treated 3 3.44 1.02 0.036
Selective Treatment 2 14.96 4.49

21 Control Treated 3 5.20 1.54 0.144
Selective Treatment 2 31.40 9.43

28 Control Treated 3 2.81 0.83 0.000
Selective Treatment 2 9.59 2.88

35 Control Treated 3 2.94 0.87 0.060
Selective Treatment 2 24.30 7.30

42 Control Treated 3 3.55 1.05 0.000
Selective Treatment 2 75.76 22.76

49 Control Treated 3 9.52 2.83 0.000
Selective Treatment 2 61.44 18.44

56 Control Treated 3 7.42 2.20 0.000
Selective Treatment 2 109.30 33.35

63 Control Treated 3 12.21 3.63 0.000
Selective Treatment 2 70.85 21.23

70 Control Treated 3 13.55 4.03 0.000
Selective Treatment 2 186.20 55.79

78 Control Treated 3 41.97 12.48 0.000

341 2 Bonferroni-adjusted. P-values for comparisons of Groups 1 and 2, adjusted for testing
342  across 12 weeks.

18


https://doi.org/10.1101/798231
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/798231; this version posted October 8, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Table 4. Bioassays performed to determine the susceptibility of H. irritans populations

to diazinon
Diazinon LC50 Fiducial limits RR Conclusion
Kerrville 1.02 0.97-1.07 - -

La Magnolia
Pre-treatment? 0.72 0.65-0.80 0.70 Susceptible

Post-treatment
Control Group® 0.78 0.74-0.90 0.76 Susceptible
Selective Treatment Group® 0.55 0.39 - 0.86 0.54 Susceptible

@ Bioassay performed with flies collected from animals from all three groups.
b Bioassay performed with flies collected from Group 1.

¢ Bioassays performed with flies collected from Group 2.
343
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