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 Bed bugs, Cimex hemipterus (Hemiptera: Cimicidae)  are small insects that are 
considered public health pests and cause many health and economic problems. The efficacy 
of Organophosphorus insecticides (Safrotin and Actikill) and pyrethroids (Project and Cyper 
Safe) in controlling C. hemipterus adults and nymphs were investigated using contact and 
dipping methods. The WHO protocol was followed for insecticides application. The results of 
the current study showed that the project pesticide from the pyrethroids group gave the highest 
effectiveness against bed bugs, as the value of the concentration that killed 50% (LC50) of insects 
was of the adults (264.8, 337.5 ppm) when using dipping and contact methods, respectively. 
while the LC50 value when applying the two methods of the same insecticide against nymphs 
was 254.7 and 329.3ppm, respectively. However, Safrotin the more effective organophosphorus 
insecticide. The dipping method was more effective than the contact method for all insecticides, 
and the nymphs were more susceptible than the adults  (LC50= 1502.6 and 1065.28ppm). The 
pesticides can be arranged in descending order according to their effect as  follows:  Project>  
Cyper Safe >  Safrotin  > Actikill. Our findings suggest that bed bugs in Jeddah Province 
may have developed resistance to common pesticides used in public health pest management 
programs. For this reason, this study recommends a periodic evaluation of the effectiveness of 
pesticides to be used during emergency pest outbreaks

Keywords: Assessment; Bed Bug; Concentration Insecticide; Contact Method; Dipping Method; 
Organophosphorus Insecticides; Pyrethroid  Insecticides.

 Bed bugs, Cimex hemipterus (Hemiptera: 
Cimicidae) infestation is a serious nuisance in 
homes, schools, mosques, and shelters as well as 
recreational and tourist sites leading to economic 
losses. Bed bug bites can cause a variety of 
skin lesions, including allergic and cutaneous 
inflammation. Moreover, bed bugs are vectors 
of several pathogens. Although in vitro studies 

have shown that human immunodeficiency virus 
(HIV) cannot be transmitted through cross-feeding 
systems1, hepatitis B virus (HBV) and HIV can 
survive in the blood of bed bugs for 4 and 2 h, 
respectively2,3. Ogston et al4 reported that hepatitis 
B can survive for up to 6 weeks in the blood of bed 
bugs fed HBsAg-positive meal. Clinically, bed 
bugs can successfully transmit numerous diseases, 
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including plague, typhoid fever, and viral fever. 
Moreover, Brittny et al5 noted the presence of bed 
bugs in areas affected by Chagas disease epidemics 
and several species of pathogenic fungi, including 
Trichoderma sp. and Aspergillus sp. has been 
isolated from the bed bug species C. Hemipterus 
(Fabricius, 1803)6.
 Over  the  years ,  chemical-based 
insecticides, such as pyrethroids, have been 
widely used in controlling insect infestation. 
However, some insect strains, including bed 
bugs, have developed resistance to some of the 
commonly used insecticides7–9. Bed bugs could 
be susceptible to organic chlorides, including 
DDT and organophosphate insecticides; however, 
indoor use of these insecticides is prohibited in 
several countries because of their high toxicity10. 
Propoxur, a carbamate insecticide, is an effective 
alternative against pyrethroid-resistant bugs and is 
commonly used in controlling bed bug infestation 
in commercial and industrial buildings, hospitals, 
and hotels11.
 Insecticide resistance is caused by genetic 
mutations, which increase the resistance threshold 
of insects to commonly used insecticides12. Owing 
to the resistance of insects to some insecticides, 
routine studies are warranted to examine the 
effectiveness of common insecticides in controlling 
bed bugs. Therefore, this study aimed to examine 
the efficacy of insecticides commonly used in 
Jeddah Province, Saudi Arabia, for controlling 
nymphs and adults of C. hemipterus, and to 
compare the effects of contact and dipping methods 
of application.

Materials and Methods

Bed bug rearing
 Bed bugs (C. hemipterus mother strain) 
were collected from various neighborhoods in 
Jeddah and transported in a glass container to 
the bed bug breeding laboratory in the Dengue 
and Vector Control Research Unit, Department 
of Biology, King Abdulaziz University. Pieces 
of folded white paper were placed inside the 
bottles containing the bugs to simulate a natural 
environment and to enable the bugs to move around 
inside the bottles. The openings of the breeding 
bottles were covered with white muslin cloth and 
strapped tightly using rubber bands to prevent the 

bed bugs from escaping. The cloth was tightened 
to simulate human skin and facilitate bed bug 
feeding. The breeding process was performed under 
a 12-h light and dark photoperiod at 25 ± 1 ! and 
a relative humidity of approximately 60% ± 5%, 
according to the method described by Feldlaufer 
et al13 and Zha et al14. Breeding was performed 
to obtain a sufficient number of bugs for the 
insecticide evaluation experiments. To stimulate 
egg production, the bed bugs were fed rabbit 
blood for approximately 30 min once a week. This 
was accomplished by attaching the cloth-covered 
opening of each breeding bottle directly onto the 
skin of a rabbit. 
insecticide compounds tested
 Two organophosphorus insecticides, 
Safrotin (20% propetamphos) and Actikill (500 
g/L pirimiphos-methyl), and two pyrethroid 
insecticides, Project (5% alpha-cypermethrin) and 
Cyper Safe (10% cypermethrin), were tested in this 
study.
insecticide susceptibility tests
 The efficacy of an insecticide against bed 
bugs is determined based on its active ingredient 
and the application method. Therefore, in this study, 
we examined the efficacy of the four insecticides 
using contact and dipping methods. The contact 
method simulated residual pesticide application 
whereas the dipping method simulated residual 
and non-residual spraying.
 The World Health Organization (WHO) 
was used the standard tube method to examine 
the efficacy of the insecticides when applied by 
contact to C. hemipterus nymphs and adults. An 
aspirator was used to introduce 20-bed bugs into 
four holding tubes (length: 12.5 cm and diameter: 
4.4 cm) containing untreated Whatman No. 1 filter 
papers. The bugs were then gently blown into the 
exposure tubes containing Whatman No. 1 filter 
papers impregnated with the insecticides. After 1-h 
exposure, the bugs were transferred back into the 
holding tubes. The number of bugs knocked down 
at 60 min and mortalities at 24 h were recorded 
following the WHO protocol. One of the tubes 
containing untreated filter papers was designated 
as the control group.
 The dipping method involved placing 
the C. hemipterus nymphs and adults in small 
muslin bags and then directly immersing them 
in the insecticides for 30 s. Thereafter they were 
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transferred to 150-mL clean containers, labelled 
in advance with the name and concentration of the 
insecticide used. The number of mortalities after 
24 h was recorded.
statistical analysis
 MS-Excel was used for data validation. 
Regression analysis was performed to assess the 
dosage response of the bed bugs to the insecticides. 
Chi-square slope values, lethal concentration (LC50 
and LC90 values), fiducial limits, and slopes were 
determined from the regression curves according 
to the procedure described by Litchfield and 
Wilcoxon15. Statistical analyses were performed 
using the method of evaluating biological data.
 

results

organophosphorus insecticides
 The results of this study are presented 
in Table 1. These results show that there was a 
relationship between tested concentrations and 
mortality percentage of adults and nymphs of 
C. hemipterus treated with organophosphorus 
insecticides, with concentrations used ranged 
from 500 to 5000 (ppm). Mortality rates ranged 
from 2-78 and 4-83% in the dipping method, and 

5-56 and 6-66% in the contact method for adults 
and nymphs, respectively; furthermore, mortality 
rates of adults and nymphs treated with Actikill 
insecticide ranged from 17-77, 21-88, 3-65 and 
5-72% respectively in the dipping and contact 
method. The study of the toxicity lines LC-P lines 
(Figure 1), LC50 and LC90for adults insects and 
nymphs treated with a Safrotin insecticide in both 
dipping and contact methods demonstrated that 
there is a remarkable difference in the level of 
sensitivity.The nymphs were found to be more 
sensitive than adults by 1.22 and 1.23 during 
exposure to Safrotin, and 1.72 and 1.21 treated 
with Actikill insecticides.  The optimal result were 
recorded with a dipping method compared to the 
contact method with adults (1.42 and 1.82 times); 
nymphs (1.41 and 1.82 times) respectively with 
Safrotin and Actikill; as in the case of Safrotin 
pesticide, also evaluated different concentrations 
to kill 50% of adults and nymphs after 24-48 
hours exposure to dipping method (1297.3 and 
1065.3 ppm and contact (1844.1 and 1502.6 ppm) 
respectively. The results have shown that the 
concentrations needed to kill 50% of adults and 
nymphs after 24-48 hours with Actikill insecticide 
were 2450.4 and1421.6 ppm and 3128.9 and 2580.9 

Fig. 1. Regression analysis to assess the toxicity of the organophosphorus insecticides (Safrotin and Actikill) to 
adult and nymph bed bugs (Cimex hemipterus) in relation to the method of application. (“D” represents “dipping” 

and that “CO” represents “contact”)
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Fig. 2. Toxicity of Safrotin and Actikill to adult and nymph bed bugs (Cimex hemipterus) in relation to the 
method of application. “D” represents “dipping” and that “CO”” represents “contact.”

ppm by dipping and contact methods respectively 
as shown in Table (1). Overall, the results showed 
that Safrotin was 1.89 and 1.33 times more effective 
in controlling the adults and nymphs, respectively, 
than the other organophosphorus insecticide when 
applied by dipping, and 1.69 and 1.72 times more 
effective in controlling the adults and nymphs, 
respectively, using the contact method (Figure 1).
Pyrethroid insecticides
 The results presented in the Table 2 show 
the level of sensitivity of adults and nymphs to the 
pyrenoid insecticides using the dipping and contact 
methods. The nymphs were found more sensitive 
than the adults to selected insecticide exposure 
using the dipping method. The LC50 and LC90 
values of the Project insecticide for the adult bed 
bugs subjected to dipping were 264.8 and 568.9 
ppm, respectively, after 24–48 h, whereas the 
values for those subjected to the contact treatment 
over the same period of time were 337.5 and 1128.4 
ppm, respectively. The LC50 and LC90 values for 
Project insecticide for the nymphs subjected to 
the dipping treatment were 254.7 and 706.4 ppm, 
respectively, whereas the values for those subjected 
to the contact treatment were 329.3and 667.5ppm, 
respectively (Table 2).  

 The adults and nymphs of bed bugs 
displayed different levels of sensitivity to Cyper 
Safe insecticide using the dipping and contact 
treatment methods. Overall, the nymphs were 
found more sensitive to the insecticide than the 
adults, and the dipping method was more effective 
than the contact method. The LC50 and LC90 values 
of Cyper Safe insecticide for the adult bed bugs 
subjected to the dipping treatment were 416.7 and 
1196.4 ppm, respectively, after 24–48 h, whereas 
the values   for those subjected to the contact 
treatment were 526.9 and 1554.4 ppm, respectively. 
The LC50 and LC90 values of Cyper Safe insecticide 
for nymphs subjected to the dipping treatment were 
369.9 and 764.5 ppm, respectively, whereas the 
values   for those subjected to the contact treatment 
were 474.9 and 1606.7 ppm, respectively (Table 2). 
The resistance of the adult and nymph bed bugs 
to Cyper Safe insecticide ranged between 1.64 to 
2.07times (Figure 2 and Table 2), indicating that 
Project insecticide was the most effective pyrenoid 
insecticide and it was found that the dipping 
method produced the best results (Figure 3).



761Khan et al., Biosci., Biotech. Res. Asia,  Vol. 18(4), 757-765 (2021)

ta
bl

e 
1.

 S
us

ce
pt

ib
ili

ty
 le

ve
ls

 o
f t

he
 a

du
lt 

an
d 

ny
m

ph
 st

ag
es

 o
f C

im
ex

 h
em

ip
te

ru
s e

xp
os

ed
 to

 d
iff

er
en

t c
on

ce
nt

ra
tio

ns
 a

nd
 a

pp
lic

at
io

n 
m

et
ho

ds
 o

f t
w

o 
or

ga
no

ph
os

ph
or

us
 in

se
ct

ic
id

es

In
se

ct
ic

id
e 

Tr
ea

tm
en

t  
Ta

rg
et

  
C

on
c.

 
M

or
ta

lit
y 

 
LC

50
(p

pm
) 

R
es

is
ta

nc
e 

 
LC

90
(p

pm
) 

Sl
op

e 
*(

C
hi

)2

 
m

et
ho

d 
st

ag
e 

(p
pm

) 
(%

) 
Fi

du
ci

al
 li

m
its

 
R

at
io

 
Fi

du
ci

al
 li

m
its

 
 

 
 

 
(L

ow
er

– 
U

pp
er

) 
 

(L
ow

er
– 

U
pp

er
)

Sa
fr

ot
in

 
D

ip
pi

ng
 

A
du

lt 
50

0–
20

00
 

2–
78

 
12

97
.2

9 
1.

21
8 

25
60

.8
 

4.
33

 
1.

40
77

 
 

 
 

 
12

12
.5

– 
 

 
22

69
.4

– 
 

 
 

 
 

13
91

.4
 

 
30

10
.9

 
 

N
ym

ph
 

50
0–

20
00

 
4–

83
 

10
65

.2
8 

1 
22

19
.5

4 
4.

02
 

7.
96

 
 

 
 

 
85

4.
00

6–
  

 
19

09
.2

– 
 

 
 

 
 

12
98

.3
 

 
34

90
.1

 
C

on
ta

ct
 

A
du

lt 
50

0–
20

00
 

5–
56

 
18

44
.1

37
2 

1.
73

1 
46

83
.0

00
2 

3.
17

 
1.

16
99

 
 

 
 

 
16

56
.7

– 
 

 
36

50
.2

– 
 

 
 

 
 

21
30

.1
 

 
68

79
.2

 
 

N
ym

ph
 

50
0–

20
00

 
6–

66
 

15
02

.6
26

3 
1.

41
1 

36
63

.1
62

1 
3.

31
 

0.
77

54
 

 
 

 
 

13
76

.4
– 

 
 

30
11

.3
– 

 
 

 
 

 
16

66
.4

 
 

48
72

.1
A

ct
ik

ill
 

D
ip

pi
ng

 
A

du
lt 

50
0–

50
00

 
17

–7
7 

24
50

.4
03

6 
1.

72
4 

14
79

0.
83

45
 

1.
64

 
7.

28
51

 
 

 
 

 
20

80
.0

– 
 

 
10

12
6.

7 
–

 
 

 
 

 
29

17
.0

 
 

26
46

5.
2

 
 

N
ym

ph
 

50
0–

50
00

 
21

–8
8 

14
21

.6
15

9 
1 

63
97

.2
59

2 
1.

96
 

2.
11

88
 

 
 

 
 

11
99

.7
– 

 
 

50
91

.8
– 

 
 

 
 

 
16

45
.0

 
 

87
60

.7
 

C
on

ta
ct

 
A

du
lt 

50
0–

50
00

 
3–

65
 

31
28

.9
36

5 
2.

20
1 

11
61

3.
17

71
 

2.
25

 
0.

96
93

 
 

 
 

 
27

57
.5

– 
 

 
87

66
.2

– 
 

 
 

 
 

36
13

.2
 

 
17

55
4.

2
 

 
N

ym
ph

 
50

0–
50

00
 

5–
72

 
25

80
.9

89
7 

1.
81

6 
98

60
.8

 
2.

20
 

0.
44

08
 

 
 

 
 

22
73

.2
– 

 
 

76
26

.4
– 

 
 

 
 

 
29

46
.7

 
 

14
23

2.
6



762 Khan et al., Biosci., Biotech. Res. Asia,  Vol. 18(4), 757-765 (2021)

ta
bl

e 
1.

 S
us

ce
pt

ib
ili

ty
 le

ve
ls

 o
f t

he
 a

du
lt 

an
d 

ny
m

ph
 st

ag
es

 o
f C

im
ex

 h
em

ip
te

ru
s e

xp
os

ed
 to

 d
iff

er
en

t c
on

ce
nt

ra
tio

ns
 a

nd
 a

pp
lic

at
io

n 
m

et
ho

ds
 o

f t
w

o 
py

re
th

ro
id

 in
se

ct
ic

id
es

In
se

ct
ic

id
e 

Tr
ea

tm
en

t  
Ta

rg
et

  
C

on
c.

 
M

or
ta

lit
y 

 
LC

50
(p

pm
) 

R
es

is
ta

nc
e 

 
LC

90
(p

pm
) 

Sl
op

e 
*(

C
hi

)2

 
m

et
ho

d 
st

ag
e 

(p
pm

) 
(%

) 
Fi

du
ci

al
 li

m
its

 
R

at
io

 
Fi

du
ci

al
 li

m
its

 
 

 
 

 
(L

ow
er

– 
U

pp
er

) 
 

(L
ow

er
– 

U
pp

er
)

Pr
oj

ec
t 

D
ip

pi
ng

 
A

du
lt 

10
0-

50
0 

8-
96

 
26

4.
78

97
 

1.
04

 
56

8.
87

38
 

3.
86

 
16

.2
04

 
 

 
 

 
17

6.
2-

 3
63

.9
 

 
54

1.
8-

 1
37

1.
4

 
 

N
ym

ph
 

10
0-

50
0 

17
-8

9 
25

4.
71

28
 

 1
 

70
6.

40
02

 
2.

89
 

10
.2

97
9

 
 

 
 

 
17

4.
5-

 3
49

. 3
 

 
63

1.
9-

 1
86

1.
5

 
C

on
ta

ct
 

A
du

lt 
10

0-
10

00
 

15
-9

0 
33

7.
54

73
 

1.
32

5 
11

28
.3

85
3 

2.
62

 
3.

24
61

 
 

 
 

 
18

2.
9-

 5
00

.4
 

 
97

5.
4-

 3
49

7.
6

 
 

N
ym

ph
 

10
0-

50
0 

3-
83

 
32

9.
25

63
 

1.
29

3 
66

7.
48

45
 

4.
18

 
7.

85
27

 
 

 
 

 
26

9.
1-

 4
10

.2
 

 
58

0.
6-

 1
15

3.
4

C
yp

er
 S

af
e 

D
ip

pi
ng

 
A

du
lt 

10
0-

10
00

 
6-

88
 

41
6.

66
77

 
1.

63
6 

11
96

.4
38

9 
2.

79
 

2.
39

84
 

 
 

 
 

37
2.

8-
 4

62
.4

 
 

10
13

.3
- 1

49
1.

4
 

 
N

ym
ph

 
10

0-
50

0 
3-

75
 

36
9.

96
76

 
1.

45
2 

76
4.

45
4 

1.
07

 
9.

11
15

 
 

 
 

 
21

30
.1

-3
01

.2
 

 
69

4.
6-

 1
68

3.
4

 
C

on
ta

ct
 

A
du

lt 
10

0-
10

00
 

4-
79

 
52

6.
99

07
 

2.
06

9 
15

54
.3

56
7 

2.
73

 
2.

62
73

 
 

 
 

 
47

3.
5-

 5
87

.5
 

 
12

75
.5

- 2
04

6.
0

 
 

N
ym

ph
 

50
0-

20
00

 
8-

82
 

47
4.

97
9 

1.
86

5 
16

06
.7

24
8 

2.
42

 
5.

64
42

 
 

 
 

 
42

1.
7-

 5
34

.6
 

 
12

95
.1

- 2
16

6.
2



763Khan et al., Biosci., Biotech. Res. Asia,  Vol. 18(4), 757-765 (2021)

discussion

 The results of present study have shown 
that the Safrotin insecticide was more effective 
than the Actikill insecticide of the same group. 
The toxicity of organophosphorus insecticides 
is attributed due to the inhibition of the enzyme 
acetylcholinesterase, which is responsible for 
the breakdown of the excitatory neurotransmitter 
resulting in the stoppage the nerve impulses. 
This leads to the accumulation of acetylcholine 
at synapses and caused an increase in excessive 
excitability and eventually death of the insects16. 
Furthermore, Project was more effective of the 
two pyrethroid insecticides. The toxicity effect of 
pyrethroid insecticides may lead to their ability 
to change the function of voltage-gated sodium 
channels in the neuron membrane of insects. As 
a result, this can disturb the electrical signals in 
the nervous system17. Differences in the efficacy 
of the insecticides may be due to the differences 
in their active components, exposure periods, 
and frequency of spraying. In the present study, 
the nymphs were found more susceptible to 
insecticides than the adults. This observation may 
be attributed to the thinner and permeable body 
wall of the nymphs compared to that of the adults. 

Additionally, adults have a larger body surface than 
nymphs, which may have contributed to the higher 
susceptibility of the nymphs to the insecticides. The 
dipping method was more effective with nymphs 
than the contact method because, through dipping, 
the body surface of the nymphs and adults was 
immersed in the insecticides. Nevertheless the 
comparable regional studies are limited; although 
numerous studies have been performed in other 
regions and the results of which are consistent to 
those of our study. In the present study, relatively 
high concentrations of the insecticides were used 
to obtain the desired result, indicating that the 
nymph and adult bed bugs have developed a certain 
level of resistance to the insecticides, which are 
commonly used in insect pest control programs in 
Jeddah province. Despite the toxic effects of two 
groups of pesticides, the current study has shown 
a significant decrease in the response of nymphs 
and adults of bed bugs to the tested pesticides, 
and to obtain appropriate mortality rates for 
drawing toxicity lines and extracting statistical 
constants, very high concentrations of the tested 
pesticides were used. This is an indication of the 
possibility of the bugs acquiring the resistance 
to the pesticides used in the control programs in 
Jeddah province, with a difference in the level 

Fig. 3. Toxicity lines IC-p lines that show the different level of sensitivity to bed bugs C.hemipteruswith a  
different in tested pesticides, target phase and method of application
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of response from tested compounds. Previous 
studies have reported the acquisition of resistance 
by insects to commonly used insecticides. Boase 
et al18 demonstrated that bed bugs in Britain 
and the United States of America are resistant 
to the pyrethroid insecticide á-cypermethrin. 
Similarly, bed bugs in Sydney, Australia are 
resistant to some pyrethroid insecticides, including 
deltamethrin19,20. Globally, several studies have 
demonstrated insect resistance to several traditional 
phosphorous, carbamate, and pyrethroid chemical 
compounds19–24. Furthermore, some previous 
studies attributed pesticide resistance in bed bugs 
to behavioral factors, such as avoidance to treated 
environments. However, Hardstone et al25 reported 
that pesticide resistance in bed bugs could be 
attributed to their ability to oxidize toxic substances 
through cytochrome p450 activity. Benoit et al26 
reported that insecticide resistance in bugs could be 
a result of physiological adaptations, as the target 
sites of the pesticides may become insensitive to 
the particular pesticides. The reason for insect 
resistance to phosphorous pesticides due to an 
increased capacity to metabolism that can be the 
result of either modification of the existing enzyme 
to more suitable for degradation of insecticides, 
or by increasing production of detoxification 
of enzymes which were previously existing in 
susceptible insects, yet in much lower amounts27. 
Lastly, this study was conducted in vitro; hence, 
further studies  required to be applied in the fields.
conclusion and recommendations
 In conclusion, in this study, relatively 
higher concentrations of the insecticides were 
needed to achieve the desired level of toxicity 
against the nymph and adult stages of bed bugs 
than the concentrations normally used against 
other insects that impact public health, including 
mosquitoes, flies, and ticks. This is an indication 
that bed bugs present in Jeddah province may 
have acquired a certain level of resistance to the 
pesticides commonly used in public health pest 
control programs. Therefore, routine studies are 
warranted to examine the sensitivity of major insect 
pests to commonly used pesticides for detecting the 
emergence of mutant strains.A periodic evaluation 
of the pesticides by public health should be carried 
out to be used at the time of the spread of pests, 
and it will also benefit in the creation of database of 
pesticides and their effectiveness. The experiments 

will assist to formulate new concentration of 
insecticide for killing bed bugs insect. It would 
prepare insecticed to rate in the write for creating 
income.Further extensive studies on insecticide 
efficacy against common bed bugs are really 
needed.
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