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Supplementary data
Supplementary: Bioassay Results
Supplementary table 1: Larval packet test dose response mortality test results. 
	
Acaricide
	
Concentration (mL/L)
	Average % Mortality

	
	
	Rhipicephalus spp.
	Amblyomma spp.

	Diazinon
	0.0001
0.0002
0.001
0.0014
0.014*
0.02
0.028**
0.14
	_
_
_
57.5
74.00
83.00
84.5
100.00
	30.50
49.40
67.00
_
71.00
_
98.00
100.00

	Amitraz
	0.0001
0.001
0.002*
0.004**
0.01
0.02
0.2
	_
_
28.50
53.50
77.00
89.00
100.00
	37.00
63.5
68.00
71.50
_
_
100.00

	Cypermethrin
	0.0001
0.0002
0.001*
0.002**
0.01
0.4
	18.00
_
41.00
59.50
77.00
100.00
	54.50
58.00
66.00
79.00
87.00
100.00


Manufacturer's recommended dose taken as the discriminatory dose (DD): *, Twice the discriminatory dose (2 X DD): **, Not exposed: _. Zero mortality was obtained in control packets embedded with only the diluent containing 2:1 ratio of olive oil and chloroform.
1.1 Probit Analysis Results
	Supplementary table 2: Probit analysis for diazinon showing lethal dose estimates for Rhipicephalus ticks	

	Probability
	95% Confidence Limits for Concentration
	95% Confidence Limits for log (Concentration)b

	
	Estimate
	Lower Bound
	Upper Bound
	Estimate
	Lower Bound
	Upper Bound

	PROBITa
	.010
	.000
	.000
	.000
	-5.747
	-9.868
	-4.405

	
	.020
	.000
	.000
	.000
	-5.416
	-9.189
	-4.184

	
	.030
	.000
	.000
	.000
	-5.205
	-8.758
	-4.043

	
	.040
	.000
	.000
	.000
	-5.047
	-8.434
	-3.937

	
	.050
	.000
	.000
	.000
	-4.918
	-8.171
	-3.850

	
	.060
	.000
	.000
	.000
	-4.809
	-7.946
	-3.777

	
	.070
	.000
	.000
	.000
	-4.713
	-7.750
	-3.712

	
	.080
	.000
	.000
	.000
	-4.627
	-7.574
	-3.654

	
	.090
	.000
	.000
	.000
	-4.549
	-7.415
	-3.601

	
	.100
	.000
	.000
	.000
	-4.477
	-7.268
	-3.552

	
	.150
	.000
	.000
	.000
	-4.179
	-6.660
	-3.350

	
	.200
	.000
	.000
	.001
	-3.942
	-6.177
	-3.189

	
	.250
	.000
	.000
	.001
	-3.739
	-5.765
	-3.049

	
	.300
	.000
	.000
	.001
	-3.556
	-5.395
	-2.922

	
	.350
	.000
	.000
	.002
	-3.387
	-5.054
	-2.804

	
	.400
	.001
	.000
	.002
	-3.227
	-4.732
	-2.690

	
	.450
	.001
	.000
	.003
	-3.071
	-4.421
	-2.578

	
	.500
	.001
	.000
	.003
	-2.918
	-4.118
	-2.466

	
	.550
	.002
	.000
	.004
	-2.766
	-3.819
	-2.350

	
	.600
	.002
	.000
	.006
	-2.610
	-3.518
	-2.228

	
	.650
	.004
	.001
	.008
	-2.450
	-3.216
	-2.095

	
	.700
	.005
	.001
	.011
	-2.281
	-2.909
	-1.942

	
	.750
	.008
	.003
	.018
	-2.098
	-2.599
	-1.756

	
	.800
	.013
	.005
	.031
	-1.895
	-2.294
	-1.508

	
	.850
	.022
	.010
	.070
	-1.658
	-2.001
	-1.158

	
	.900
	.044
	.020
	.229
	-1.360
	-1.708
	-.640

	
	.910
	.051
	.023
	.311
	-1.288
	-1.646
	-.507

	
	.920
	.062
	.026
	.436
	-1.210
	-1.580
	-.360

	
	.930
	.075
	.031
	.636
	-1.124
	-1.510
	-.196

	
	.940
	.094
	.037
	.975
	-1.028
	-1.435
	-.011

	
	.950
	.121
	.045
	1.596
	-.919
	-1.351
	.203

	
	.960
	.162
	.056
	2.862
	-.790
	-1.255
	.457

	
	.970
	.234
	.073
	5.905
	-.632
	-1.139
	.771

	
	.980
	.379
	.103
	15.582
	-.421
	-.989
	1.193

	
	.990
	.813
	.175
	72.748
	-.090
	-.757
	1.862

	a. A heterogeneity factor is used,
 b. Logarithm base = 10.
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	Supplementary table 3: Probit Analysis for amitraz showing lethal dose estimates for Rhipicephalus ticks

	Probability
	95% Confidence Limits for Concentration
	95% Confidence Limits for log (Concentration)a

	
	Estimate
	Lower Bound
	Upper Bound
	Estimate
	Lower Bound
	Upper Bound

	PROBITa
	.010
	.000
	.000
	.000
	-3.891
	-4.268
	-3.624

	
	.020
	.000
	.000
	.000
	-3.719
	-4.059
	-3.476

	
	.030
	.000
	.000
	.000
	-3.609
	-3.927
	-3.382

	
	.040
	.000
	.000
	.000
	-3.526
	-3.828
	-3.311

	
	.050
	.000
	.000
	.001
	-3.459
	-3.747
	-3.253

	
	.060
	.000
	.000
	.001
	-3.402
	-3.678
	-3.204

	
	.070
	.000
	.000
	.001
	-3.352
	-3.618
	-3.161

	
	.080
	.000
	.000
	.001
	-3.307
	-3.564
	-3.122

	
	.090
	.001
	.000
	.001
	-3.266
	-3.515
	-3.087

	
	.100
	.001
	.000
	.001
	-3.229
	-3.470
	-3.054

	
	.150
	.001
	.001
	.001
	-3.073
	-3.284
	-2.919

	
	.200
	.001
	.001
	.002
	-2.950
	-3.137
	-2.811

	
	.250
	.001
	.001
	.002
	-2.844
	-3.012
	-2.718

	
	.300
	.002
	.001
	.002
	-2.749
	-2.900
	-2.634

	
	.350
	.002
	.002
	.003
	-2.660
	-2.797
	-2.555

	
	.400
	.003
	.002
	.003
	-2.577
	-2.700
	-2.479

	
	.450
	.003
	.002
	.004
	-2.496
	-2.607
	-2.404

	
	.500
	.004
	.003
	.005
	-2.416
	-2.518
	-2.329

	
	.550
	.005
	.004
	.006
	-2.336
	-2.430
	-2.253

	
	.600
	.006
	.005
	.007
	-2.255
	-2.343
	-2.173

	
	.650
	.007
	.006
	.008
	-2.171
	-2.255
	-2.088

	
	.700
	.008
	.007
	.010
	-2.083
	-2.166
	-1.995

	
	.750
	.010
	.008
	.013
	-1.988
	-2.073
	-1.891

	
	.800
	.013
	.011
	.017
	-1.882
	-1.972
	-1.773

	
	.850
	.017
	.014
	.023
	-1.758
	-1.858
	-1.632

	
	.900
	.025
	.019
	.035
	-1.603
	-1.718
	-1.451

	
	.910
	.027
	.021
	.039
	-1.565
	-1.685
	-1.407

	
	.920
	.030
	.022
	.044
	-1.525
	-1.649
	-1.359

	
	.930
	.033
	.025
	.049
	-1.480
	-1.609
	-1.306

	
	.940
	.037
	.027
	.057
	-1.430
	-1.565
	-1.246

	
	.950
	.042
	.031
	.066
	-1.373
	-1.515
	-1.179

	
	.960
	.049
	.035
	.080
	-1.305
	-1.457
	-1.099

	
	.970
	.060
	.041
	.100
	-1.223
	-1.385
	-1.000

	
	.980
	.077
	.051
	.135
	-1.113
	-1.290
	-.869

	
	.990
	.115
	.072
	.218
	-.940
	-1.140
	-.661

	a. A heterogeneity factor is used 
b. Logarithm base = 10.






	Supplementary table 4: Probit analysis for cypermethrin showing lethal dose estimates for Rhipicephalus ticks

	Probability
	95% Confidence Limits for Concentration
	95% Confidence Limits for log(Concentration)b

	
	Estimate
	Lower Bound
	Upper Bound
	Estimate
	Lower Bound
	Upper Bound

	PROBITa
	.010
	.000
	.000
	.000
	-5.747
	-9.868
	-4.405

	
	.020
	.000
	.000
	.000
	-5.416
	-9.189
	-4.184

	
	.030
	.000
	.000
	.000
	-5.205
	-8.758
	-4.043

	
	.040
	.000
	.000
	.000
	-5.047
	-8.434
	-3.937

	
	.050
	.000
	.000
	.000
	-4.918
	-8.171
	-3.850

	
	.060
	.000
	.000
	.000
	-4.809
	-7.946
	-3.777

	
	.070
	.000
	.000
	.000
	-4.713
	-7.750
	-3.712

	
	.080
	.000
	.000
	.000
	-4.627
	-7.574
	-3.654

	
	.090
	.000
	.000
	.000
	-4.549
	-7.415
	-3.601

	
	.100
	.000
	.000
	.000
	-4.477
	-7.268
	-3.552

	
	.150
	.000
	.000
	.000
	-4.179
	-6.660
	-3.350

	
	.200
	.000
	.000
	.001
	-3.942
	-6.177
	-3.189

	
	.250
	.000
	.000
	.001
	-3.739
	-5.765
	-3.049

	
	.300
	.000
	.000
	.001
	-3.556
	-5.395
	-2.922

	
	.350
	.000
	.000
	.002
	-3.387
	-5.054
	-2.804

	
	.400
	.001
	.000
	.002
	-3.227
	-4.732
	-2.690

	
	.450
	.001
	.000
	.003
	-3.071
	-4.421
	-2.578

	
	0.5
	.001
	.000
	.003
	-2.918
	-4.118
	-2.466

	
	.550
	.002
	.000
	.004
	-2.766
	-3.819
	-2.350

	
	.600
	.002
	.000
	.006
	-2.610
	-3.518
	-2.228

	
	.650
	.004
	.001
	.008
	-2.450
	-3.216
	-2.095

	
	.700
	.005
	.001
	.011
	-2.281
	-2.909
	-1.942

	
	.750
	.008
	.003
	.018
	-2.098
	-2.599
	-1.756

	
	.800
	.013
	.005
	.031
	-1.895
	-2.294
	-1.508

	
	.850
	.022
	.010
	.070
	-1.658
	-2.001
	-1.158

	
	.900
	.044
	.020
	.229
	-1.360
	-1.708
	-.640

	
	.910
	.051
	.023
	.311
	-1.288
	-1.646
	-.507

	
	.920
	.062
	.026
	.436
	-1.210
	-1.580
	-.360

	
	.930
	.075
	.031
	.636
	-1.124
	-1.510
	-.196

	
	.940
	.094
	.037
	.975
	-1.028
	-1.435
	-.011

	
	.950
	.121
	.045
	1.596
	-.919
	-1.351
	.203

	
	.960
	.162
	.056
	2.862
	-.790
	-1.255
	.457

	
	.970
	.234
	.073
	5.905
	-.632
	-1.139
	.771

	
	.980
	.379
	.103
	15.582
	-.421
	-.989
	1.193

	
	.990
	.813
	.175
	72.748
	-.090
	-.757
	1.862

	a. A heterogeneity factor is used.

	b. Logarithm base = 10.




	Supplementary table 5: Probit analysis for diazinon showing lethal dose estimates for Amblyomma ticks

	Probability
	95% Confidence Limits for Concentration
	95% Confidence Limits for log (Concentration)b

	
	Estimate
	Lower Bound
	Upper Bound
	Estimate
	Lower Bound
	Upper Bound

	PROBITa
	.010
	.000
	.000
	.000
	-6.477
	-12.029
	-5.035

	
	.020
	.000
	.000
	.000
	-6.124
	-11.149
	-4.806

	
	.030
	.000
	.000
	.000
	-5.900
	-10.592
	-4.659

	
	.040
	.000
	.000
	.000
	-5.731
	-10.173
	-4.548

	
	.050
	.000
	.000
	.000
	-5.594
	-9.833
	-4.457

	
	.060
	.000
	.000
	.000
	-5.477
	-9.545
	-4.380

	
	.070
	.000
	.000
	.000
	-5.375
	-9.292
	-4.311

	
	.080
	.000
	.000
	.000
	-5.283
	-9.065
	-4.249

	
	.090
	.000
	.000
	.000
	-5.200
	-8.860
	-4.193

	
	.100
	.000
	.000
	.000
	-5.123
	-8.671
	-4.141

	
	.150
	.000
	.000
	.000
	-4.806
	-7.893
	-3.922

	
	.200
	.000
	.000
	.000
	-4.554
	-7.279
	-3.743

	
	.250
	.000
	.000
	.000
	-4.337
	-6.757
	-3.584

	
	.300
	.000
	.000
	.000
	-4.143
	-6.294
	-3.437

	
	.350
	.000
	.000
	.001
	-3.962
	-5.871
	-3.294

	
	.400
	.000
	.000
	.001
	-3.792
	-5.478
	-3.150

	
	.450
	.000
	.000
	.001
	-3.626
	-5.107
	-3.002

	
	.500
	.000
	.000
	.001
	-3.463
	-4.754
	-2.843

	
	.550
	.001
	.000
	.002
	-3.301
	-4.417
	-2.668

	
	.600
	.001
	.000
	.003
	-3.135
	-4.098
	-2.468

	
	.650
	.001
	.000
	.006
	-2.964
	-3.796
	-2.233

	
	.700
	.002
	.000
	.011
	-2.784
	-3.513
	-1.950

	
	.750
	.003
	.001
	.025
	-2.590
	-3.249
	-1.603

	
	.800
	.004
	.001
	.067
	-2.373
	-2.997
	-1.174

	
	.850
	.008
	.002
	.233
	-2.121
	-2.746
	-.633

	
	.900
	.016
	.003
	1.226
	-1.803
	-2.470
	.088

	
	.910
	.019
	.004
	1.851
	-1.727
	-2.408
	.267

	
	.920
	.023
	.005
	2.905
	-1.643
	-2.342
	.463

	
	.930
	.028
	.005
	4.787
	-1.552
	-2.271
	.680

	
	.940
	.036
	.006
	8.393
	-1.449
	-2.193
	.924

	
	.950
	.046
	.008
	15.993
	-1.333
	-2.107
	1.204

	
	.960
	.064
	.010
	34.273
	-1.196
	-2.007
	1.535

	
	.970
	.094
	.013
	87.981
	-1.027
	-1.887
	1.944

	
	.980
	.157
	.019
	310.448
	-.803
	-1.731
	2.492

	
	.990
	.355
	.032
	2294.574
	-.450
	-1.490
	3.361

	a. A heterogeneity factor is used.  
b.   Logarithm base = 10.


	


Supplementary table 6: Probit analysis for amitraz showing lethal dose estimates for Amblyomma ticks


	Probability
	95% Confidence Limits for concentration
	95% Confidence Limits for log(concentration)a

	
	Estimate
	Lower Bound
	Upper Bound
	Estimate
	Lower Bound
	Upper Bound

	PROBIT
	.010
	.000
	.000
	.000
	-8.986
	-11.637
	-7.538

	
	.020
	.000
	.000
	.000
	-8.351
	-10.737
	-7.046

	
	.030
	.000
	.000
	.000
	-7.949
	-10.166
	-6.734

	
	.040
	.000
	.000
	.000
	-7.646
	-9.737
	-6.499

	
	.050
	.000
	.000
	.000
	-7.399
	-9.388
	-6.307

	
	.060
	.000
	.000
	.000
	-7.189
	-9.091
	-6.144

	
	.070
	.000
	.000
	.000
	-7.005
	-8.831
	-6.001

	
	.080
	.000
	.000
	.000
	-6.841
	-8.598
	-5.873

	
	.090
	.000
	.000
	.000
	-6.691
	-8.386
	-5.756

	
	.100
	.000
	.000
	.000
	-6.553
	-8.191
	-5.649

	
	.150
	.000
	.000
	.000
	-5.982
	-7.386
	-5.203

	
	.200
	.000
	.000
	.000
	-5.528
	-6.747
	-4.847

	
	.250
	.000
	.000
	.000
	-5.139
	-6.200
	-4.540

	
	.300
	.000
	.000
	.000
	-4.790
	-5.711
	-4.263

	
	.350
	.000
	.000
	.000
	-4.466
	-5.261
	-4.003

	
	.400
	.000
	.000
	.000
	-4.158
	-4.837
	-3.754

	
	.450
	.000
	.000
	.000
	-3.861
	-4.431
	-3.507

	
	.500
	.000
	.000
	.001
	-3.568
	-4.040
	-3.257

	
	.550
	.001
	.000
	.001
	-3.276
	-3.661
	-2.994

	
	.600
	.001
	.001
	.002
	-2.978
	-3.296
	-2.707

	
	.650
	.002
	.001
	.004
	-2.671
	-2.949
	-2.380

	
	.700
	.004
	.002
	.010
	-2.347
	-2.620
	-1.999

	
	.750
	.010
	.005
	.028
	-1.998
	-2.298
	-1.554

	
	.800
	.025
	.011
	.092
	-1.608
	-1.963
	-1.036

	
	.850
	.070
	.026
	.385
	-1.155
	-1.590
	-.415

	
	.900
	.261
	.074
	2.392
	-.584
	-1.131
	.379

	
	.910
	.358
	.095
	3.729
	-.446
	-1.022
	.572

	
	.920
	.506
	.125
	6.045
	-.296
	-.903
	.781

	
	.930
	.739
	.168
	10.292
	-.131
	-.773
	1.012

	
	.940
	1.129
	.235
	18.663
	.053
	-.629
	1.271

	
	.950
	1.830
	.344
	36.830
	.262
	-.464
	1.566

	
	.960
	3.228
	.536
	81.940
	.509
	-.271
	1.913

	
	.970
	6.485
	.925
	219.274
	.812
	-.034
	2.341

	
	.980
	16.395
	1.907
	812.772
	1.215
	.280
	2.910

	
	.990
	70.726
	5.946
	6425.928
	1.850
	.774
	3.808

	a. Logarithm base = 10.






	

	Supplementary table 7: Probit analysis for cypermethrin showing lethal dose estimates for Amblyomma ticks

	Probability
	95% Confidence Limits for concentration
	95% Confidence Limits for log(concentration)a

	
	Estimate
	Lower Bound
	Upper Bound
	Estimate
	Lower Bound
	Upper Bound

	PROBIT
	.010
	.000
	.000
	.000
	-6.212
	-6.879
	-5.720

	
	.020
	.000
	.000
	.000
	-5.875
	-6.482
	-5.426

	
	.030
	.000
	.000
	.000
	-5.661
	-6.230
	-5.239

	
	.040
	.000
	.000
	.000
	-5.500
	-6.041
	-5.099

	
	.050
	.000
	.000
	.000
	-5.369
	-5.887
	-4.984

	
	.060
	.000
	.000
	.000
	-5.258
	-5.756
	-4.887

	
	.070
	.000
	.000
	.000
	-5.160
	-5.641
	-4.801

	
	.080
	.000
	.000
	.000
	-5.073
	-5.539
	-4.724

	
	.090
	.000
	.000
	.000
	-4.993
	-5.446
	-4.655

	
	.100
	.000
	.000
	.000
	-4.920
	-5.360
	-4.590

	
	.150
	.000
	.000
	.000
	-4.617
	-5.005
	-4.323

	
	.200
	.000
	.000
	.000
	-4.376
	-4.725
	-4.110

	
	.250
	.000
	.000
	.000
	-4.169
	-4.485
	-3.926

	
	.300
	.000
	.000
	.000
	-3.984
	-4.271
	-3.760

	
	.350
	.000
	.000
	.000
	-3.812
	-4.073
	-3.605

	
	.400
	.000
	.000
	.000
	-3.649
	-3.887
	-3.457

	
	.450
	.000
	.000
	.000
	-3.491
	-3.709
	-3.312

	
	.500
	.000
	.000
	.001
	-3.335
	-3.535
	-3.167

	
	.550
	.001
	.000
	.001
	-3.180
	-3.363
	-3.020

	
	.600
	.001
	.001
	.001
	-3.022
	-3.192
	-2.867

	
	.650
	.001
	.001
	.002
	-2.859
	-3.019
	-2.706

	
	.700
	.002
	.001
	.003
	-2.687
	-2.841
	-2.531

	
	.750
	.003
	.002
	.005
	-2.501
	-2.655
	-2.338

	
	.800
	.005
	.004
	.008
	-2.295
	-2.453
	-2.116

	
	.850
	.009
	.006
	.014
	-2.054
	-2.225
	-1.850

	
	.900
	.018
	.011
	.031
	-1.751
	-1.945
	-1.509

	
	.910
	.021
	.013
	.038
	-1.677
	-1.878
	-1.425

	
	.920
	.025
	.016
	.046
	-1.598
	-1.806
	-1.334

	
	.930
	.031
	.019
	.058
	-1.511
	-1.727
	-1.234

	
	.940
	.039
	.023
	.076
	-1.413
	-1.639
	-1.121

	
	.950
	.050
	.029
	.102
	-1.301
	-1.540
	-.993

	
	.960
	.068
	.038
	.144
	-1.171
	-1.423
	-.841

	
	.970
	.098
	.052
	.222
	-1.010
	-1.280
	-.654

	
	.980
	.160
	.081
	.393
	-.796
	-1.091
	-.405

	
	.990
	.348
	.161
	.975
	-.459
	-.794
	-.011



a. Logarithm base = 10.
2

Supplementary : Molecular Assay Results
[image: ]

[bookmark: _Toc69126638]Supplementary Fig. 1: Sequence alignment of the test strains (OAR_ZAMN) against the Gonzalez amitraz susceptible (Gene Bank AC: EF490687.1) and the Santa Luiza amitraz resistant (Gene bank AC: EF490688.1) reference strains showed no amitraz resistance associated T8P and L22S amino acid mutations in any of the test strains. 


[image: C:\Users\MOBILE GIANT SERVICE\Pictures\sd\CESTZAM NUCLEOTIDE SEQ- NAMWALA.png]Supplementary Fig. 2: Sequence alignment of the partial Carboxylesterase gene for the five test strains against the Gonzalez organophosphate/pyrethroid susceptible reference strain (accession no.AF182283.1). No G to A mutation at position 1120 was observed for all the test samples. The highlighted regions indicate nucleotide variations relative to the reference strain as well as between the test strains.


Supplementary Questionnaire 
Questionnaire survey: Tick control practices used by traditional livestock farmers in Namwala District, southern Province, Zambia.

Name of veterinary camp:	_____________________
Date of interview: 		_____________________
Start time:			_____________________
Stop time:		_____________________
Principal investigator:		_____________________
Co-investigator:		_____________________
Sign:				_____________________

Respondent no: _____		Sex: ______			Age: ______

1. Do you have knowledge about tick-borne diseases affecting cattle in Namwala District?
2. Mention some of the TBDs that affect your kraal
3. Are ticks and TBDs a major constraint to livestock productivity? Explain.
4. What tick control measures do you take?
· Chemical acaricides
· Bio-acaricides
· Both Chemical and bio-acaricides
· Others (specify)	________________
5. Name the acaricides used and the reason for using them.
· Chemical acaricides_________________
· Bio-acaricides__________________
6. Are the acaricides used to control ticks on cattle effective?
7. What is the mode of acaricide delivery used?
· Knapsack spraying
· Dipping
· Others (specify)	_______________
8. How often do you apply acaricides on your animals?
· Weekly
· Bi-weekly
· Monthly
· Others (specify)	____________________
9. How do you make acaricide dilutions in readiness for application?
· Follow manufacturer’s recommended instructions
· Increase dosage
· Over dilute drug
· Others (specify) _____________________
10. Do you rotate acaricides? 
· Yes: what is the reason for doing so?
· No: what is the reason for not doing so?
11. How often do you rotate the acaricides and how is this done?
12. Are you a trained farmer or do you attend District farmer training lessons?
13. What level of Education have you attained? 
· Primary
· Secondary
· Tertiary
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