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Susceptible Refractory 



A) Immuno-control (Vector Refractoriness)













C) Approaching the nature: 











Bt- 

code 

City of 

collection 

Hrs 

P-T 

LC50 (µg/ml) 

(lower - upper)* 

LC95 (µg/ml) 

(lower to upper) 

X 105 

CFU/µg 
Slope ± SE 

Bt-63 Makkah 
24 0.91 (0.7 – 1.07)a 5.51 (4.1 – 8.2) 

0.7 ± 0.2 
2.1 ± 0.053 

48 0.5 (0.41 – 0.58) 1.12 (0.95 – 1.4) 4.72 ± 0.006 

Bt-55 Madinah 
24 1.7 (1.5 – 1.98)b 7.9 (6.11 – 10.68) 

1.95 ± 0.3 
2.5 ± 0.059 

48 1.06 (0.91 – 1.2) 2.29 (2.5 – 3.8) 3.65 ± 0.21 

Bt-53 Madinah 
24 1.9 (1.7 – 2.2)b 8.08 (5.8 – 11.7) 

1.3 ± 0.4 
2.6 ± 0.0011 

48 0.72 (0.6 – 0.8) 2.5 (2.08 – 3.6) 2.9 ± 0.0014 

Bt-60 Madinah 
24 1.9 (1.7 – 2.2)b 5.01 (4.2 – 6.15) 

0.13 ± 0.1 
4.05 ± 0.002 

48 0.94 (0.8 – 1.05) 2.9 (2.5 – 3.8) 3.3 ± 0.09 

Bt-68 Madinah 
24 2.3 (2.06 – 2.7)c 10.7 (7.8 – 15.7) 

1.05 ± 0.3 
2.5 ± 0.055 

48 1.1 (0.97 – 1.3) 5.4 (4.2 – 7.5) 2.4 ± 0.056 

Bt-42 Jezan 
24 2.5 (2.2 – 2.9)c 15.4 (10.9 – 22.8) 

0.93 ± 0.3 
2.1 ±0.048 

48 1.2 (1.04 – 1.35) 3.07 (2.5 – 3.8) 4.02 ± 0.26 

Bt-44 Jezan 
24 3.03 (2.7 – 3.4)d 9.4 (7.7 – 11.6) 

0.63 ± 0.4 
3.35 ± 0.075 

48 2.08 (1.8 – 2.3) 6.12 (5.1 – 7.5) 3.5 ± 0.094 

Bt-29 Madinah 
24 4.2 (3.5 – 5.0)e 32.6 (22.8 – 47.8) 

0.52 ± 0.1 
1.8 ± 0.03 

48 2.2 (1.8 – 2.7) 14.05 (10.6 – 19.2) 2.05 ± 0.037 

Bt-12 Yanboa 
24 4.6 (4.2 – 5.1)e 9.4 (7.9 – 11.08) 

0.53 ± 0.4 
5.4 ± 0.005 

48 2.4 (2.04 – 2.8) 10.4 (8.01 – 13.9) 2.6 ± 0.06 

Bt-26 Madinah 
24 4.8 (4.1 – 5.6)e 33.9 (21.8 – 54.5) 

4.1 ± 0.7 
1.94 ± 0.044 

48 1.9 (1.5 – 2.4) 14.6 (10.2 – 22.01) 1.9 ± 0.051 

Bt-15 Bti-H14  
24 4.88 (4.2 – 5.4)e 21.93 (17.3 – 28.03) 

4.5 ± 0.3 
2.52 ± 0.044 

48 2.62 (2.2 – 3.1) 10.01 (7.8 – 13.2) 2.82 ± 0.092 

BIOASSAY TEST 

Toxicity of Bt isolates against 

3rd larval stage of Cx. 

pepiens at 24h post-

infection. Bt subsp. israelensis 

strain (H14) is the positive 

control. 

KEY; LC50= Lethal concentration 

(concentration to kills 50% of test 

organisms); LC95 = Lethal 

concentration (concentration to kills 

95% of test organisms); CFU= 

colony forming unit; * significant 

different compared to the reference 

positive control Bti-H14 (based on 

the non-overlapping confidence 

limits). 



Bt- 
code 

City of collection 
LC50 (µg/ml) 

(lower to upper) 
LC95  (µg/ml) 

(lower to upper) 
Slope ± SE 

× 105 
CFU/µg 

Bt-H14 H14(Reference) 13.33 (11.2-15.9) 63.7 (40.4-102.3) 2.4 ± 0.071 4.5±0.3 

Bt-05 Kharj 13.4 (11.07-16.5) 78.5 (46.0-137.0) 2.15 ± 0.0612 1.0±0.1 

Bt-07 Asseer 15.0 (12.2-18.8) 90.4 (50.5-166.0) 2.12 ± 0.065 1.0±0.2 

Bt-10 Qassim 4.96 (4.41-5.58)* 18.59 (14.6-23.8) 2.9 ± 0.062 1.2±0.3 

Bt-11 Younboa 12.3 (10.2-14.8)* 72.6 (43.5-124.25) 2.1 ± 0.057 0.65±0.3 

Bt-12 Younboa 9.5 (8.3-10.9)* 41.6 (29.4-59.6) 2.6 ± 0.0613 0.53±0.4 

Bt-16 Asser 13.0 (10.6-16.0) 84.2 (47.8-152.6) 2.02 ± 0.0563 0.92±0.3 

Bt-17 Hafr-elbaten 22.0 (18.2-26.7) 128.5 (76.4-219.7) 2.14 ± 0.059 8.1±0.4 

Bt-26 Madinah 12.9 (9.9-16.9) 149.7 (64.7-367.2) 1.54 ± 0.0456 4.1±0.7 

Bt-27 Madinah 7.1 (6.1-8.2)* 40.1 (27.3-60.2) 2.2 ± 0.048 5.9±0.4 
Bt-28 Makkah 8.6 (7.7-9.6)* 27.5 (22.4-33.9) 3.3 ± 0.073 6.2±0.3 

Bt-29 Madinah 14.4 (12.4-16.73) 49.4 (34.1-72.3) 3.1 ± 0.12 0.52±0.1 

Bt-42 Jezan 5.9 (5.2-6.8)* 24.3 (18.9-31.3) 2.7 ± 0.067 0.93±0.3 
Bt-44 Jezan 16.1 (13.7-18.9) 91.9 (59.3-144.2) 2.2 ± 0.052 0.63±0.4 

Bt-53 Madinah 13.8 (11.7-16.4) 101.7 (61.3-171-9) 1.9 ± 0.0452 1.3±0.4 

Bt-55 Madinah 4.11 (3.6-4.6)* 14.4 (11.6-18.1) 3.02 ± 0.071 1.95±0.3 

Bt-56 Madinah 11.7 (10.2-13.5)* 43.8 (31.2-62.2) 2.9 ± 0.083 0.15±0.3 

Bt-57 Madinah 7.4 (6.5-8.25)* 26.12 (20.9-32.9) 2.98 ± 0.068 1.27±0.3 
Bt-58 Madinah 5.73 (5.06-6.5)* 24.62 (18.6-32.9) 2.6 ± 0.05 1.24±0.2 
Bt-59 Madinah 10.3 (8.5-12.6)* 84.9 (46.3-161.6) 1.8 ± 0.047 1.28±0.2 
Bt-60 Madinah 14.7 (12.5-17.5) 58.2 (38.1-89.9) 2.75 ± 0.096 0.13±0.1 
Bt-63 Makkah 3.9 (3.4-4.4)* 15.7 (12.3-20.3) 2.7 ± 0.063 0.7±0.2 
Bt-67 Madinah 6.9 (5.9-8.2)* 50.6 (31.5-83.4) 1.9 ± 0.045 0.6±0.1 

Bt-68 Madinah 5.16 (4.5-5.8)* 21.6 (16.6-28.5) 2.64 ± 0.0564 1.05±0.3 

BIOASSAY TEST 

Toxicity of Bt isolates against 3rd 

larval stage of An. gambiaeat 

24h post-infection. Bt subsp. 

israelensis strain (H14) is the 

positive control. 

KEY; LC50= Lethal concentration 

(concentration to kills 50% of test 

organisms); LC95 = Lethal 

concentration (concentration to kills 

95% of test organisms); CFU= colony 

forming unit; * significant different 

compared to the reference positive 

control Bti-H14 (based on the non-

overlapping confidence limits). 



Toxicity of Bt isolates against 3rd 

larval stage of Ae. aegypti at 24h 

post-infection. Bt subsp. israelensis 

strain (H14) is the positive control. 

KEY; LC50= Lethal concentration 

(concentration to kills 50% of test 

organisms); LC95 = Lethal concentration 

(concentration to kills 95% of test 

organisms); CFU= colony forming unit; * 

significant different compared to the 

reference positive control Bti-H14 (based 

on the non-overlapping confidence limits). 

BIOASSAY TEST 

Bt- 
code 

City of 
collection 

Hrs 
P-T 

LC50 (µg/ml) 
(lower to upper) 

LC95 (µg/ml) 
(lower to upper) 

X 105 
CFU/µg 

Slope ± SE 

Bt-15 
B.t.i. (H14) 
(Reference) 

24 13.02( 11.9-14.2) 28.74(24.4-33.8 ) 
4.5 ± 0.3 

4.78± 0.2 

48 4.1(3.5-4.7 ) 15.1( 11.9-19.2) 2.9±0.064 

Bt-05 Kharj 
24 1.3(1.2-1.5 ) 4.7(3.8-6.05 ) 

1.0 ± 0.1 
3.02±0.0673 

48 0.54(0.43-0.64 ) 1.9(1.5-2.5 ) 3.06±0.16 

Bt-07 Asseer 
24 9.9(9.2-10.7 ) 19.37(16.77-22.41 ) 

1.0 ± 0.2 
5.64±0.26 

48 5.71(5.09-6.4 ) 15.25(12.5-18.7 ) 3.85±0.2 

Bt-10 Qassim 
24 3.67(3.03-4.42 ) 30.05(20.88-44.65 ) 

1.2 ± 0.3 
1.8±0.034 

48 1.4(1.07-1.75 ) 8.8(6.37-12.91 ) 2.05±0.059 

Bt-11 Yanboa 
24 3.98(3.4-4.6 ) 20.3(15.6-26.8 ) 

0.65 ± 0.3 
2.32±0.038 

48 2.01(1.6-2.4 ) 11.9(8.6-17.4 ) 2.12±0.052 

Bt-12 Yanboa 
24 4.79(4.13-5.54 ) 14.05(11.32-17.53 ) 

0.53 ± 0.4 
3.52±0.20 

48 1.43(1.15-1.73 ) 6.58(5.04-9.03 ) 2.52±0.47 

Bt-16 Asser 
24 3.88(3.46-4.35 ) 14.5(11.3-18.7 ) 

0.92 ± 0.3 
2.9±0.06 

48 1.44(1.3-1.6 ) 3.41(2.86-4.16 ) 4.4±0.32 

Bt-17 Hafr-Elbaten 
24 1.32(1.2-1.5 ) 5.8(4.5-8.01 ) 

8.1 ± 0.4 
2.5±0.058 

48 0.58(0.45-0.71 ) 2.98(2.35-4.23 ) 2.3±0.082 

Bt-27 Madinah 
24 4.58(3.96-5.29 ) 21.19(16.45-27.7  

5.9 ± 0.4 
2.47±0.043 

48 1.25(0.95-1.58 ) 7.5(5.5-10.8 )  2.11±0.065 

Bt-28 Makkah 
24 5.5(4.7-6.4 ) 23.3(17.5 31.4) 

6.2 ± 0.3 
2.62±0.064 

48 2.2(1.6-2.8 ) 15.9(11.1-23.9 ) 1.9±0.054 

Bt-44 Jezan 
24 2.24(1.96-2.56 ) 10.58(7.77-15.26 ) 

0.63 ± 0.4 
2.44±0.052 

48 1.44(0.98-1.31 ) 5.04(3.97-6.84 ) 2.55±0.0613 

Bt-53 Madinah 
24 2.23(1.9-2.6 ) 11.78(8.0-19.5 ) 

1.3 ± 0.4 
2.3±0.056 

48 1.06(0.94-1.2 ) 3.93(3.2-5.2 ) 2.9±0.062 

Bt-60 Madinah 
24 1.17(1.03-1.32 ) 4.81(3.81-6.56 ) 

0.13 ± 0.1 
2.7±0.057 

48 0.41(0.28-0.52 ) 2.76(2.09-4.27 ) 2.0±0.071 

Bt-63 Makkah 
24 1.28(1.12-1.46 ) 5.93(4.5-8.4 ) 

0.7 ± 0.2 
2.4±0.053 

48 0.7(0.6-0.8 ) 2.63(2.14-3.5 ) 2.8±0.08 

Bt-68 Madinah 
24 1.7(1.5-1.9 ) 6.7(5.2-9.2 ) 

1.05 ± 0.3 
2.7±0.0603 

48 1.07(0.95-1.2 ) 3.7(3.0-4.7 ) 3.06±0.069 














