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Abstract

The common bed bug, Cimex lectularius (Linnaeus 1758), is a nocturnal blood-sucking ectoparasite of humans 
that is highly prevalent in the northeast of Iran. In recent years, the efficacy of those insecticides that have been 
frequently used to control bed bugs in Iran has not been studied. Due to frequent complaints about bed bug 
treatment failures in Mashhad city (northeastern Iran), this study assessed the susceptibility of C. lectularius 
collected from a student residence hall to Diazinon, Malathion, and λ-cyhalothrin. The desired concentrations 
of each insecticide were prepared in acetone, and bioassays were performed using insecticide-impregnated 
filter paper method. The concentration–response data were subjected to POLO-PC software and data were 
analyzed by the log-probit procedure. The LC50 values of Diazinon and λ-cyhalothrin for examined bed bugs 
were 1,337.40 and 2,022.36 ppm, respectively. Malathion at the highest concentration (10,000 ppm) did not ex-
hibit any toxicity to examined C. lectularius. Comparing these results to the same previous studies showed that 
susceptibility of examined bed bugs to these insecticides has been highly decreased. This study revealed an oc-
currence of insecticide resistance in bed bug populations in northeastern Iran. It also suggests that Malathion, 
Diazinon, and λ-cyhalothrin are ineffective against bed bugs in this region. 

Key words: bedbug, diazinon, malathion, cyhalothrin, insecticide resistance

The common bed bug, Cimex lectularius (Linnaeus 1758) and the 
tropical bed bug Cimex hemipterus (Fabricius, 1803) are two noc-
turnal hematophagous ectoparasite belonging to family Cimicidae, 
which most commonly affect humans (Williams et al. 2012). Both 
species can feed on warm-blooded vertebrates, such as chickens, rats, 
and mice in the absence of humans (Rozendaal 1997). Since the be-
ginning of the 21st century, the resurgence of bed bug and increases 
in numbers of infestations has been reported from many parts of 
the world (Davies et al. 2012). Resistance to insecticides especially 
pyrethroids and dissemination of these resistant bed bugs through 
increased movements of humans across international borders has 
probably been the main cause of this re-emergence (Doggett et al. 
2012). However, increase in international travels and consequently 
rapid dispersion of isolated populations and augmenting gene flow 

between them may have contributed to the bed bug resurgence 
(Davies et al. 2012).

Bed bug have been suspected of transmitting >40 pathogenic 
agents, but there is no definitive evidence to suggest that this pest 
can serve as a vector for transmission of human pathogens (Lai et al. 
2016). Recently, for the first time, the acquisition, maintenance, and 
trans-stadial persistence of Trypanosoma cruzi (the causative agent 
of Chagas disease) in bed bugs were reported (Blakely et al. 2018). 
Commonly, it can cause itchiness, erythematous rash, asthma, ex-
anthema, dermatitis, and urticarial papules depending on immu-
nological responses (Lilly et  al. 2016). Sleep deprivation, various 
secondary bacterial infections, emotional stress, anxiety, and stigma 
are other negative effects of bed bug infestation on affected people 
(Delaunay et al. 2011).
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Application of chemical insecticides alongside nonchemical 
means, such as vacuum machines, heat/cold treatments, and disposal 
of infested furniture are used for treatment of human dwellings in-
festation (Delaunay et al. 2011). In Iran, the control methods cur-
rently used rely on treating infested buildings with different chemical 
insecticides (organophosphates, synthetic pyrothroids, carbamates, 
and neonicotinoids). Extensive and repeated as well as incorrect 
usage of insecticides have decreased the effectiveness of these chem-
ical compounds, possibly due to development of resistance (Lilly 
et  al. 2016). Bedbug resistance to pyrothroids, organophosphates 
and carbamates has been reported from different countries (Kilpinen 
et al. 2011, Tawatsin et al. 2011).

Cimex lectularius infestation is a very prevalent problem in 
human dwellings in Iran like other temperate countries (unpublished 
data). Unfortunately, the epidemiological aspects of bed bug infes-
tation in different parts of this country have been poorly studied 
(Haghi et al. 2014, Dehghani et al. 2016). Beside this, complaints 
about inefficiency of commercial formulation insecticides against bed 
bug have risen in recent years and serious concern have been raised 
about development resistance of this pest to available pesticides. In 
1956, resistance of C.  lectularius to DDT was reported from Iran 
(Mofidi et al. 1956). Since then, the efficacy of insecticides available 
on the market and bed bug resistance to those pesticides that have 
been frequently used to control it have not been studied.

Due to high prevalence of bed bugs in different human 
accommodations along with frequent reports about treatment 
failure from hotels, homes, and student dormitories in Mashhad 
(northeast of Iran), we decided to assess the susceptibility of 
C. lectularius to λ-cyhalothrin, Malathion, and Diazinon under lab-
oratory conditions.

Materials and Methods

The study was approved by the Ethics Committee at Mashhad 
University of Medical Sciences (Ethical code: IR.MUMS.
fm.REC.1395.504).

Collection of the Bed Bugs
The bedbugs used in this study were collected from a student res-
idence hall in Mashhad, the second largest city of Iran, which 
is located in northeastern country (36.2605°N, 59.6168°E). All 
infested rooms were inspected and collected alive bed bugs were 
transferred to plastic vials, then brought to the parasitology labo-
ratory of Mashhad University of Medical Sciences. Bed bugs were 
identified to species level using a stereomicroscope (ZEISS, Stemi 
305, Germany)  and based on morphological features. Live adults 
pooled and were kept in an insectarium and used for insecticide re-
sistance bioassays within a week.

Preparation of Insecticides
Three technical-grade insecticides including Diazinon (95%, Anhui 
Chizou Sincerity Chemical Co., China), Malathion (95%, Ningbo 

Sunjoy Agroscience Co., China), and λ-cyhalothrin (97%, Indogulf 
Cropsciences Ltd, India) were purchased . The desired concentrations 
of each insecticide were prepared in acetone  (Merck, Cat. No. 
1000141000, Germany) as a solvent. Acetone-diluted Diazinon and 
Malathion were prepared at concentrations of 50, 250, 500, 1,000, 
2,000, 5,000, and 10,000  ppm, whereas prepared concentrations 
of λ-cyhalothrin were 10, 100, 1,000, 2,000, 3,000, 4,000, and 
5,000 ppm. Bioassays were performed using insecticide-impregnated 
filter paper method and in this methodology a filter paper (Whatman 
No. 1, 11-cm diameter, China) was impregnated with 1.2 ml of each 
desired insecticide concentration without runoff. A  filter paper 
treated with acetone was used as control. The impregnated and con-
trol filter papers were dried in a fume hood. Ten mixed sex adult bed 
bugs were randomly selected and placed into 10-cm inverted petri 
dish lined with impregnated filter paper and lid was placed on top. 
The plates were incubated at 25°C and 80% RH for 24 h. Finally, 
bed bug mortality was assessed under a dissecting microscope, where 
an insect was considered dead if it did not show any sign of move-
ment when it was agitated with an entomological pin. There were 
five replicates for each concentration.

The concentration–response data were subjected to POLO-PC 
software and data were analyzed by the log-probit procedure using 
this software.

Results

After 24-h exposure to three insecticides, collected mortality 
data revealed Diazinon was the most toxic to exposed bed bugs 
(LC50  =  1,337.40  ppm). λ-Cyhalothrin was less toxic with 
LC50 >2,000 ppm. The 24-h LC50s and LC90s for the bed bugs 
exposed to Diazinon and λ-cyhalothrin have been showed in Table 1. 
With this testing procedure, Malathion at the highest concentration 
(10,000 ppm) did not exhibit any toxicity to examined bed bugs. No 
mortality was observed in the control groups.

Discussion

Accurate published data about distribution of C.  lectularius in 
Iran is scant and this parasite has been reported from Tehran, 
Mazandaran, Zanjan, and Ahvaz. Some researchers believed that 
it has been distributed all over the country (Ghahari et al. 2016). 
There is no epidemiological study that elucidates the distribution 
pattern and prevalence of bed bug infestation in Mashhad as the 
second most populated city in Iran with a population of over three 
million people. Apart from high population density, this city is vis-
ited by 27 million domestic and international tourists each year. 
These visitors can carry bed bugs in their luggage and introduce 
them into their accommodations. Bed bugs can be brought to 
home of humans from hotels and other tourist accommodations. 
Abundance of tourists and increase in infested lodging places can 
spread out the bed bug infestation to human dwellings across the 
city. As mentioned before, there is no scientific estimation about 

Table 1. Dose–response of the bedbug, C. lectularius, exposed to insecticide-treated filter paper based on log-probit analysis

Insecticide N LC50 (95% CI) LC90 (95% CI) Slope ± SE χ2 df

Diazinon 50 1,337.40 (955.29–1,884.75) 2,989.88 (2,067.41–7120.97) 3.67 ± 0.423 4.17 2

λ-Cyhalothrin 50 2,022.36 (1,311.35–2,863.56) 5,404.6 (3,613.4–14,744) 3 ± 0.379 3.80 2
Malathion 50 No mortality was observed at highest concentration (10,000 ppm)

LC50 and LC90 with 95% CIs presented in ppm.
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bed bug infestation in Mashhad, but according to some pest con-
trol companies, this pest is prevalent. Traditionally, chemical insec-
ticide especially organophosphates and synthetic pyrethroids are 
used against bed bugs, but recently application of these commercial 
insecticides does not give a satisfactory control. The bed bug control 
failure can be attributed to many reasons, such as poor technical 
skills, wrong pesticide selection, inadequate dosing of applied insec-
ticide, and developing resistance (Tawatsin et al. 2011). Due to fre-
quent complaints about bed bug treatment failures in Mashhad, this 
study estimated the susceptibility of bed bugs collected from a stu-
dent residence hall to three technical grade insecticides. The results 
demonstrated low susceptibility of examined bed bugs to Diazinon 
and λ-cyhalothrin and they were insusceptible to Malathion.

Due to no access to a susceptible strain in Iran, we compared our 
results with those used the same methodology in previous studies 
on susceptible strains to determine the susceptibility or resistance of 
our field-collected strain. In this study insecticide-treated filter paper, 
methodology was employed and mortality data were analyzed using 
POLO-PC software. Fletcher et  al. (1973) used the same method-
ology and software to evaluate susceptibility of C.  lectularius to 
Malathion and λ-cyhalothrin. The LC50 values of Malathion and 
λ-cyhalothrin in their study was reported as 92 and 22.2 ppm, respec-
tively. Calculated LC50 value for these two insecticides in our study 
was 2,022.36  ppm, while no bed bug mortality was observed by 
Malathion at 10,000 ppm concentration. The LC50 of λ-cyhalothrin 
in our study compared with aforementioned study showed that sus-
ceptibility of examined bed bugs to this insecticide has been highly 
decreased. The insusceptibility of exposed bed bugs to Malathion at 
10,000 ppm in comparison with LC50 of Malathion obtained by 
Fletcher et al. (1993) suggests that this compound has lost its efficacy 
against C. lectularius at least in this population. 

In this study, the LC50 of Diazinon was 1,337.40  ppm. 
Unfortunately, no published data were found about this value 
obtained from application of Diazinon on a susceptible strain that 
follows the same methodology as we did. Steelman et  al. (2008) 
exposed three different field-collected bed bug populations to 
Diazinon using adult vial test method. After 24-h exposure, the LC50 
values for Diazinon in three bed bug populations were 9.8, 28.3 and 
561.5 ppm. They concluded that population with LC50 561 ppm 
was resistant to Diazinon compared with other populations. The 
comparison between Diazinon LC50 in our examined population 
with those LC50s obtained in latter study indicated that our popula-
tion was resistant to Diazinon (Steelman et al. 2008).

Resistance to λ-cyhalothrin has been detected in Thailand 
and United States (Karunaratne et  al. 2007, Tawatsin et  al. 2011, 
Anderson et  al. 2012) demonstrated resistance of bed bugs to 
Malathion in Thailand and Sri Lanka. Cimex lectularius resistance 
to Diazinon in United States was reported by Steelman et al. (2008). 
Pyrethroids have been extensively used against bed bugs, because 
these compounds are less toxic to mammalians and have fast knock-
down activity (Dang et al. 2015). Also, organophosphates are com-
monly used alongside pyrethroids for bed bug control in Iran. The 
improper, extensive, and repeated usage of these insecticides to con-
trol bed bugs can lead to behavioral and/or physiological resistance 
(Marangi et al. 2009, Dang et al. 2017a).

This conventional toxicity bioassay showed that examined 
C. lectularius population was resistant to Malathion, λ-cyhalothrin, 
and Diazinon. The potential mechanisms of resistance should be 
detected by molecular and biochemical assays. Although the two 
latter assays require costly equipment and reagents but are very sen-
sitive to confirm resistance and its specific mechanisms (Dang et al. 
2017b).

Conclusion
This study revealed an occurrence of insecticide resistance in bed bug 
populations in northeastern Iran. It also suggests that Malathion, 
Diazinon, and λ-cyhalothrin are ineffective against bed bugs in this 
region. We recommend that persons who involve in controlling this 
pest should be trained to use combination of effective insecticides 
against susceptible bed bugs. Also, in resistant populations, an ‘inte-
grated pest management program’ is essential.
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