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ABSTRACT 

Objective: The objective of this study is to assess the resistance status and yearly changes involved for house fly populations from six cities 
in Turkey. 
Methods: Field strains of house fly (Musca domestica L. Diptera: Muscidae) were collected in 2004-2006 from cow farms (Antalya, İzmir) and 
garbage dumps (Adana, Ankara, İstanbul, Şanlıurfa) in Turkey. The resistance levels of first and two generation offspring were determined 
against five insecticides (cypermethrin, cyphenothrin, deltamethrin, permethrin and fenitrothion). 
Results: While the highest resistance level for pyrethroid was determined for Antalya 2005 strain (851.97 Cypermethrin) and lowest resis-
tance level for Şanlıurfa 2004 strain (2.06 Permethrin), the highest fenitrothion resistance was found in Şanlıurfa 2004 strain (50.37) and lowest 
fenitrothion resistance was found in Adana 2004 strain (6.45). 
Conclusion: Our results showed that pyrethroid resistance levels were very high and determined a decreasing trend for Antalya and İstanbul 
strains and an increasing trend for Adana and Şanlıurfa strain for all tested pyrethroid insecticides from 2004 to 2006. Although cypermethrin 
and cyphenothrin resistance showed a decreasing trend, deltamethrin and permethrin showed an increasing trend for the Izmir strain from 
2004 to 2006. The same trend was also determined for the Ankara strain except for permethrin. Fenitrothion resistance was determined 
to be lower than pyrethroids, but these levels were still high. Flies from cow farms were generally more resistant than those from garbage 
dumps. Our results also revealed the presence of strong selective pressure on the populations. (Turkiye Parazitol Derg 2012; 36: 87-91)
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ÖZET

Amaç: Bu çalışmanın amacı Türkiyenin altı ilinden getirilen karasinek soylarında direnç durumunun ve yıllık değişiminin saptanmasıdır.
Yöntemler: Karasineklerin (Musca domestica L. Diptera: Muscidae) alan soyları 2004 ve 2006 yılları arasında Türkiye’de bulunan inek çiftlikleri 
(Antalya, İzmir) ve çöp depolama alanlarından (Adana, Ankara, Şanlıurfa, İstanbul) toplanmıştır. Alan soylarından laboratuvarda elde edilen 
birinci ve ikinci kuşak bireylerinin 5 farklı insektisite karşı (cypermethrin, cyphenothrin, deltamethrin, permethrin and fenitrothion) direnç 
seviyeleri tespit edilmiştir. 
Bulgular: En yüksek pyrethroid direnci Antalya 2005 soyunda (851.97 Cypermethrin) ve en düşük pyrethroid direnci Şanlıurfa 2004 soyunda 
(2.06 Permethrin) tespit edilirken, en yüksek fenitrothion direnci Şanlıurfa 2004 soyunda (50.37), en düşük fenitrothion direnci Adana 2004 
soyunda (6.45) bulunmuştur.  



INTRODUCTION

The house fly, Musca domestica L. (Diptera: Muscidae) is a major 
pest for human and domesticated animals. It is a potential vector 
of many different diseases such as dysentery, typhoid, trachoma 
and cutaneous diphtheria (1, 2). Insecticide resistance has devel-
oped within all populations of M. domestica L. around the world, 
causing an important problem for house fly control (3, 4). There 
are many studies from around the world showing that flies in 
houses and animal shelters can develop high resistance to 
organochlorines, organophosphates, carbamates, and synthetic 
pyrethroids (5-12). Periodical or continuous evaluation of the 
resistance status of local populations of M. domestica to differ-
ent insecticides can yield information about suitable usage of 
insecticides. Therefore, it is necessary to assess the resistance 
status of M. domestica continuously for development of effec-
tive and realistic control programs that can minimize insecticide 
resistance.

The objective of this study is to assess the resistance status and 
yearly changes involved for house fly populations from six cities 
in Turkey. Our goals were to survey the resistance levels of M. 
domestica populations which will help in understanding the 
direction of resistance for future monitoring efforts.

METHODS

Insects
House fly samples were collected by sweep net in 2004-2006 
from six cities in Turkey. These areas were cow farms in Antalya 

and İzmir and garbage dumps in Adana, Ankara, İstanbul, and 
Şanlıurfa. GPS coordinates; brief descriptions and insecticide 
usage of locations are provided in Table 1. The flies were colo-
nized at the insectary in Hacettepe University Ecological Sciences 
Research Laboratory (ESRL). Flies were reared at 27±1°C and 
65% relative humidity with a 12-h photoperiod. Collected female 
house flies were then left to lay eggs. Eggs were inoculated in 
larval medium 500 g wheat bran, 120 g powdered milk and 500 
ml of water. Flies were bioassayed, beginning with the first gen-
eration of field-collected flies. The World Health Organization 
(WHO) standardized-insecticide susceptible reference strain was 
obtained from Danish Pests Infestation Laboratory as a control 
strain.

Insecticides
Five technical-grade insecticides were tested and each insecticide 
was diluted five times with analytical-grade acetone. All technical 
grade insecticides were obtained from the Hacettepe University 
Insecticide Tests and Production Laboratory. These were 
Cypermethrin (94%), Permethrin (96% cis-trans 25-75) (Changzhou, 
China), Cyphenothrin (93%) (Sumitomo Chem. Co), Deltamethrin 
(99.6%), (Aventis CropScience), Fenitrothion (99%) (United 
Phosphorus Ltd). Although many pyrethroid group insecticides 
are used in house fly control, usage rates of these insecticides 
(Cypermethrin, Permethrin, Cyphenothrin, Deltamethrin) are very 
high in Turkey. Fenitrothion was used for mosquito and house fly 
control in the 1990s but this insecticide usage is very limited in the 
2000s in Turkey. Therefore we aimed to determine the resistance 
direction after give up usage insecticide. 

Sonuç: Bizim sonuçlarımız pyrethroid direnç seviyesinin yüksek olduğunu, denenmiş olan pyrtehroidler için 2004-2006 yılları arasında Antalya 
ve İstanbul soylarında azalış, Adana ve Şanlıurfa soylarında artış trendinde olduğunu göstermiştir. İzmir soyunda 2004-2006 yılları arasında 
cypermethrin ve cyphenothrin direnci azalış trendi göstermiş olsa da deltamethrin ve permethrin direnci artış trendi göstermiştir. Aynı trend 
permethrin hariç Ankara soyu içinde tanımlanmıştır. Fenitrothion direnci pyrethroid direncinden düşük bulunmuştur fakat bu seviye hala 
yüksektir. Inek ahırlarından gelen soylar çöplüklerden gelen soylardan daha fazla dirençlidir. Bizim sonuçlarımız aynı zamanda popülasyonlar 
üzerinde yoğun bir seçilim baskısı olduğunu göstermiştir. (Turkiye Parazitol Derg 2012; 36: 87-91) 
Anahtar Sözcükler: Musca domestica L., insektisit direnci, izleme, pyrethroid, organofosfat

Geliş Tarihi: 30.11.2011  Kabul Tarihi: 23.02.2012 

Area GPS coordinates Location Area type Insecticide usage profile years from 1997 to 2006

Adana 36 51’ N 35 20’ E Dogankent Garbage Cypermethrin, Cyphenotrin, Deltamethrin, Permethrin

Ankara 39 52’ N 32 55’ E Mamak Garbage Azametiphos, Chlorpyriphos methyl, Cypermethrin, 

    Cyphenothrin, d-phenotrhin, Diflubenzuron (IGR),  
    Methoprene (IGR)

Antalya 36 52’ N 30 54’ E Kundu Cow farm Azametiphos, Cyfluthrin, Resmethrin, Cyromazine (IGR)

İstanbul 41 03’ N 28 56’ E Sutluce Garbage Azametiphos, Cyphenothrin, Deltamethrin, Diazinon, 

    Resmethrin, Methoprene (IGR)

İzmir 38 27’ N 27 13’ E Bornova Cow farm Cyphenothrin, Deltamethrin, Permethrin, Resmethrin

Şanlıurfa 37 06’ N 38 48’ E Yenice Garbage Azametiphos, Cyfluthrin, Cypermethrin, Cyphenothrin, 

    Deltamethrin, Primiphos methyl, Zeta-cypermethrin  

                  Insecticides Cypermethrin Cyphenothrin Deltamethrin Permethrin Fenitrothion

     Maximum Application Doses 25 mg a.i./m2 50 mg a.i./m2 15 mg a.i./m2 62.5 mg a.i./m2 1 g a.i./m2

Note: mg a.i/m2: milligram active ingredient for per square

Table 1. GPS coordinates, usage of insecticides in the last 10 years for vector control and application dosages of collected 
populations
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Bioassays
Biological tests were performed according to the WHO standard 
residual surface methods (13, 14). 370 mL glass jars (insecticide 
application surface 270 cm2) were used for the application sur-
face. Application doses were determined according to WHO 
recommendations and five serially 1/5 diluted concentrations 
were used (15). Maximum concentrations of WHO recommenda-
tions are provided in Table 1. Five to seven day old females were 
used for tests and each tests consisted of four groups of 20 flies 
for each treatment level. Bioassays were conducted at 27±1°C 
and 65% relative humidity with a 12-h photoperiod. Flies were 
transferred to insecticide free clear jars after a one hour applica-
tion period. Moist cotton and sugar impregnated cotton were 
placed on the top of each jar and mortality was determined after 
24 hours from treatment with insecticides. 

Data Evaluation
LD values were defined with Probit Analysis (16) using the EPA 
probit analysis program version 1.3. Resistance ratios of field 
populations were calculated with the formula shown below. 
Resistance ratio of WHO susceptible strain was accepted as 1.

RR= LD50 of field populations/LD of WHO susceptible popula-
tions.

RESULTS

The results of the residual bioassays are shown in Table 2. The 
level of resistance of M. domestica L. for all treatment insecti-

cides varied widely from year to year. However, fenitrothion 
resistance levels were lower than the pyrethroids used in this 
study. The change of resistance levels between years fluctuated 
greatly and was high for cypermethrin and cyphenothrin used in 
this study. 

The highest resistance ratios were found in the Antalya strain 
(780.98 for 2004, 851.97 for 2005, 300.14 for 2006) for all years. 
Resistance levels decreased in all populations against cyper-
methrin from 2004-2006 except in Şanlıurfa and Adana strains 
(Table 2). The highest change of resistance level was determined 
in the Antalya strain from 2005 to 2006 (resistance level decreased). 

Resistance levels increased in the Adana, Antalya and Şanlıurfa 
strains and decreased in the Ankara, Istanbul and Izmir strains 
against cyphenothrin (Table 2). The highest resistance ratios 
were recorded in the İzmir strain in the years 2004 (348.07 RR50) 
and 2005 (440.49 RR50) and in the Antalya strain in 2006 (286.05 
RR50). The highest change of resistance level was found in the 
Sanliurfa strain from 2005 to 2006 (resistance level increased). 
Yearly changes in resistance ratios for the Adana and Antalya 
strains were very low from 2004 to 2006, but resistance ratios did 
increase gradually.

Resistance levels increased in all strains from 2004 to 2006 for 
deltamethrin except for the Antalya and Istanbul strains, but the 
resistance levels in these strains also increased from 2005 to 2006 
(Table 2). The highest resistance ratios were found in the Izmir 

  Insecticides Cypermethrin Cyphenothrin Deltamethrin Permethrin Fenitrothion

Strain Year LD50 RR LD50 RR LD50 RR LD50 RR LD50 RR

Adana 2006 19.2 270.42 17.06 84.03 3.01 158.42 9.65 83.18 17.01 9.9

 2005 15.17 213.66 14.08 69.35 2.17 114.21 5.78 49.82 18.98 11.05

 2004 13.02 183.38 15.34 75.56 1.08 56.84 3.15 27.15 11.08 6.45

Ankara 2006 13.01 183.23 37.27 183.59 2.96 155.78 13.55 116.81 28.33 16.49

 2005 24.2 340.84 63.51 312.85 0.41 21.57 32.4 279.31 42.63 24.82

 2004 20.07 282.67 66.17 325.96 1.27 66.84 17.25 148.7 36.48 21.24

Antalya 2006 21.31 300.14 58.07 286.05 2.77 145.78 17.26 148.79 67.43 39.27

 2005 60.49 851.97 55.68 274.28 2.25 118.42 20.03 172.67 77.12 44.91

 2004 55.45 780.98 51.54 253.89 3.16 166.31 23.78 205 79.37 46.22

İstanbul 2006 18.22 256.61 24.56 120.98 2.31 121.57 7.33 63.18 18.43 10.73

 2005 20.36 286.76 53.79 264.97 1.34 70.52 15.87 136.81 44.87 26.13

 2004 25.6 360.56 45.18 222.56 2.79 146.84 14.06 121.2 43.32 25.23

İzmir 2006 3.74 52.77 43.65 215.02 5.58 293.68 9.56 82.41 50.71 29.53

 2005 6.54 92.14 89.42 440.49 3.17 166.84 5.6 48.27 66.79 38.89

 2004 8.75 123.23 70.66 348.07 4.3 226.31 9.1 78.44 78.8 45.89

Şanlıurfa 2006 7.36 103.66 34.45 169.7 3.78 198.94 17.42 150.17 41.71 24.29

 2005 2.76 38.95 4.4 21.71 0.73 38.42 4.28 36.89 76.49 44.54

 2004 2.75 38.73 4.7 23.19 0.04 2.1 0.24 2.06 86.5 50.37

WHO   0.071 1 0.203 1 0.019 1 0.116 1 1.717 1

Note: LD50: Lethal dosage 50, RR: Resistance Ratio

Table 2. LD50 and RR values of Musca domestica L. adults from 6 cities in Turkey
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strain for all years, but levels decreased in 2005 and later 
increased again in 2006, even exceeding the 2004 levels. The 
highest changes in resistance ratios were found in the Şanlıurfa 
strain from 2005 to 2006. 

Resistance levels increased for three strains (Adana, İzmir, 
Şanlıurfa) and decreased in others (Ankara, Antalya, İstanbul) 
from 2004 to 2006 for permethrin (Table 2). Yearly changes in 
resistance ratios were very low in the Adana, Antalya and İzmir 
strains from 2004 to 2006, but resistance ratios increased step by 
step in the Adana strain. In the İzmir strain however, resistance 
levels decreased in 2005 and later increased in 2006. In the 
Antalya strain resistance ratios decreased gradually. The highest 
resistance ratio was found in the Ankara strain (2005).

Fenitrothion resistance ratios were determined to be low for all 
populations tested in this study (Table 2). Resistance ratios 
decreased from 2004 to 2006 for all strains except in the Adana 
strain and resistance ratios varied around 6.45 (Adana 2004) to 
50.37 (Şanlıurfa 2004). The lowest resistance ratios were found in 
the Adana strain in all years but resistance ratios increased 
nearly threefold from 2004 to 2006.

DISCUSSION

Previously, the resistance status of house flies in Turkey have 
been examined by different authors (17-23). Although they had 
shown low or high resistance level against all of the chemical 
insecticide groups, Cetin et al. (23) reported low levels of Insect 
Growth Regulators (IGRs) resistance for some strain in the 
Antalya region. In this study, we found high resistance levels in a 
three year period towards pyrethroid group insecticides. This 
insecticide group has been used in housefly and mosquito con-
trol applications since the late 1980’s and today in Turkey control 
applications depend greatly on pyrethroid. Fenitrothion has 
been used in control applications since the 1980’s as residual 
exposure but the usage of this insecticide has decreased since 
the 1990’s (21).

Pyrethroid group insecticide resistance levels were very high. We 
determined a decreasing trend in the Antalya and Istanbul 
strains and an increasing trend in the Adana and Şanlıurfa strains 
for this insecticide from 2004 to 2006. The decreasing trend may 
be related to the collection area and insecticide application pro-
file. In these areas where cow farms are prevalent, application 
frequencies are lower than other sites such as garbage areas. In 
addition to this situation, cyphenothrin and deltamethrin were 
only used in the Istanbul collection area. Although cypermethrin 
and cyphenothrin resistance showed a decreasing trend, delta-
methrin and permethrin showed an increasing trend in the Izmir 
strain. Although deltamethrin, permethrin and cyphenothrin 
were used in the last ten years in this area, this situation may be 
related to the application frequencies of these insecticides, or 
yearly rotations of these insecticides. Except for permethrin, the 
same trend was also determined in the Ankara strain. Although 
we determined a decreasing trend, resistance ratios were still 
high. The high level of resistance in all strains is expected to be 
due to the extensive usage of this insecticide group. The degree 
of resistance to cypermethrin and cyphenothrin were higher than 

the other two insecticides. This situation can be related to the 
usage of cypermethrin and cyphenothrin in vector control pro-
grams conducted during the last ten years in this area. The 
observed situation in the Antalya strain cannot be explained by 
the above given scenario, because insecticides used in this study 
are not a part of the control applications conducted in this area. 

Since the 1990’s, Fenitrothion usage was very low in control 
applications and our results confirm this situation. Although feni-
trothion resistance ratios were low, we were still able to record 
moderate levels of resistance and also a decreasing trend from 
2004 to 2006. This situation may be explained by usage of other 
organophosphate insecticide (Azametiphos for Ankara, Antalya, 
İstanbul and Şanlıurfa strain) in control applications. 

A general examination of the data would seem to be indicating 
that resistance varies widely and is still high in all strains for pyre-
throid group insecticides. Decreasing trends cannot be explained 
solely by insecticide usage. The sharpest decreasing trend was 
found for cypermethrin resistance in the Antalya strain and is not 
related to application profiles because cypermethrin has not 
been used in this area during the last ten years. Moreover, high 
resistance levels indicate that there are strong selection pres-
sures on all populations. Chapman et al. (24), showed selective 
pressure and resistance development for all insecticides after 
three trials for deltamethrin, cypermethrin and permethrin. 
Fenitrothion resistance ratios varied around approximately 6-50 
fold and these ratios were very low for all tested populations in 
this study compared to the pyrethroid group. This situation may 
reflect the non-usage of this compound for control operations. 
In addition to these results, our findings suggest that genes 
leading to organophosphate resistance are preserved in the 
tested populations. Fenitrothion usage seems to be appropriate 
for control operations, however resistance levels will likely 
increase, since intense usage is necessary to deal with the above 
situation. 

House fly resistance to insecticides is a big problem in Turkey as 
it is globally. In recent years insecticide resistance surveys of M. 
domestica have been conducted in Turkey. Akiner et al. (21) 
reported high pyrethroid resistance in six different locations in 
Turkey and also found low levels of fenitrothion resistance. Cakir 
et al. (22) showed resistance against cypermethrin and deltame-
thrin and also reported the efficiency of piperonyl butoxide 
(PBO) and PBO+tetramethrin for house fly control in Turkey. 
Cetin et al. (23) determined low levels of IGRs resistance in 
house fly populations of five different southwestern Turkey. 

Although there are many registered compounds for house fly 
and mosquito control, these compounds tested in this study are 
still being used by operators. Therefore high resistance can be 
predicted towards these products. Therefore, conventional 
insecticide usage must be restricted before resistance becomes 
a serious problem. Cetin et al. (23) also indicated the same prob-
lem and reported low levels of resistance towards IGRs. Although 
in recent years studies monitoring and measuring insecticide 
resistance are increasing, there is still a need for further monitor-
ing efforts for the establishment of effective control programs 
covering all aspects of resistance development. 
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