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Resistance of the Housefly
(Musca domestica L.) to Insecticides in Egypt*

A. TOPPOZADA, M. A. MOHAMED & M. E. ELDEFRAWI

Housefly resistance to DDT and lindane in Egypt was first reported 17 years ago, yet
these insecticides continue to be used.

The present degree of housefly resistance to DDT and lindane was found to be high,
and cross-resistance to dieldrin was discovered. An analysis of dieldrin resistance was
made, and it was found that a single selection with dieldrin at a high selection pressure
resulted in a homozygous resistant strain. The strains were found to be still susceptible
to organophosphates and carbamates, some of which could be chosen for housefly control
in Egypt.

Spraying programmes using organic insecticides to
control houseflies in cities and villages in Egypt
started around 1946. DDT, in dust and spray for-
mulation, was used extensively; in 1949 the first
DDT-resistant strain appeared (WHO unpublished
document, 1950), and DDT residual sprays on walls
were reported in 1951 not to control houseflies
(Zahar, 1951). Gahan & Weir (1950) tested the effec-
tiveness of lindane as a housefly control agent, and
showed that after one year of its continuous use
lindane-resistance developed, indicating that the
benefit derived from a change to this insecticide was
only temporary. However, because of the failure of
DDT spraying programmes in many areas, lindane
was added to DDT, and the mixture was successful
for some time. Since then there have been few reports
on the susceptibilities of Egyptian houseflies to dif-
ferent insecticides or the efficiency of spraying pro-
grammes. The DDT-lindane mixture remained in
use for approximately 15 years, and it was only as
recently as 1963 that the municipality of Alexandria
introduced malathion in weekly foggings and tri-
chlorfon spraying in fly-breeding areas, as a supple-
ment to the use of lindane. Dichlorvos was also
quite effective when tested in Alexandria in 1964.
The fly-control programme usually lasts from

April to November in Alexandria and Beheira Pro-
vince, but sprayings are much less frequent in the
latter, being mainly concentrated in Damanhur

* From the Department of Plant Protection, Faculty of
Agriculture, University of Alexandria, Alexandria, Egypt,
UAR.

(see Fig. 1). Housefly populations are sometimes
also exposed to insecticides used in agriculture. The
insecticides widely used in agricultural spraying pro-
grammes in lower Egypt have been DDT, lindane
and toxaphene until 1961, and since then carbaryl
and trichlorfon.
There is world-wide concern over the problem of

the insecticide-resistance that is bound to occur with
the continued use of insecticides. Houseflies present
a major problem, especially because of the relative
speed with which resistant strains appear. The pre-
sent study was designed to test the susceptibility of
houseflies collected from the city of Alexandria and
Beheira Province in an attempt to analyse the various
patterns of resistance and to correlate them, if pos-
sible, with the history of insecticidal use; and also
to provide knowledge on cross-resistance. A com-
parison could then be made with other areas of the
world, especially where a similar situation of housefly
resistance had occurred a few years back, thus avoid-
ing pitfalls and achieving a better housefly-control
programme to slow down the development of in-
secticide-resistance.

MATERIALS AND METHODS

Adult houseflies (about 4000) were collected by
bait traps from each of the locations and during the
months in 1965 shown in Fig. 1. The collected
adults were fed on sugar solution and milk, and the
oviposited eggs were transferred to a medium of 40%
cotton-seed meal, 25 % rice bran, 25 % wheat bran,
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FIG. 1

LOCATION OF COLLECTION STATIONS FOR MUSCA DOMESTICA a
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a SM i/eAr-Srt. 7 Rosetta - Aug.
4464 -. Ann11 U Ken,w.Na -e Oct.

wto 70966

a The months of collection are given under the map, together with the names of the collection stations.

5% blood powder and 5% meat powder (150 ml and tested at 800F± 5°F (26.70C±2.70C) and 75%-
water was added to every 180 g of the medium). The 80% relative humidity. Ten females were used for
susceptibility of 3-4-day-old females was determined each test, and 4-5 replicates were made for each test
by topical application of 1 M1 of the insecticidal point. Treated flies were fed on cotton wicks soaked
solution on to the thoracic terga by a 1 -,l glass in sugar solution, and mortality counts were made
micropipette. All the insecticides used were of ana- 24 hours after treatment. Successive mortality points
lytical grade at least 99 % purity-except for mala- were connected so as to show the points of inflection,
thion (90% technical) and pyrethrins (25% in acetone which facilitates calculation of the frequency of the
of dewaxed pyrethrum extract). The flies were reared genotypes.

r
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FIG. 2. DOSE-RESPONSE LINES FOR pIp'- DDT APPLIED TOPICALLY TO FEMALE HOUSEFLIESa
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a The numbers against the lines for the different strains are the same as in Fig. I S indicates the susceptible strain.

TABLE 1. LDso OF THE DIFFERENT INSECTICIDES FOR FEMALES OF THE VARIOUS HOUSEFLY STRAINS

train
,5o

DDT Lindane Dieldrin Malathion Trichlorfon JUC-10854 IMesurol IPyrethrins
Susceptible 0.09 0.009 0.015 0.43 0.26 2.10 - 0.4

Kabbary 6.40 0.74 0.10 0.27 0.40 0.96 0.48 0.40

El Nozha 7.40 0.56 0.16 0.15 0.29 0.80 0.46 0.25

Sidi Bishr 2.50 0.6 2.40 0.54 0.11 1.45 0.41 0.40

Abis 7.0 0.31 0.15 0.28 0.10 0.40 0.26 0.54

Kafr El Dauwar 5.0 0.37 0.60 0.13 0.13 0.80 0.43 0.65

Damanhur 7.4 1.5 0.32 0.36 0.16 1.5 0.56 0.48

Rosetta 3.5 1.35 1.95 0.24 0.09 0.80 0.40 0-32

Kom Hamada 3.5 1.2 0.12 0.38 0.17 1.8 0.62 2.4

Since a susceptible housefly strain was unavailable,
the reference dose-response lines were those of the
standardized reference strain WHO/IN/Musca do-
mestica /1 1 for DDT, dieldrin and malathion, of the
S-Lab. strain for UC-10854 (Georghiou, Metcalf &
March, 1961); and of the Wilson strain for lindane,
pyrethrins and trichlorfon (Forgash & Hansens,
1959, 1960).

1 See Bull. Wld Hlth Org., 1966, 34, 437-460.

RESULTS AND DISCUSSION

Chlorinated hydrocarbons
It is quite apparent that all the housefly strains

studied are resistant to p,p'- DDT (Fig. 2). The
high levels of DDT-resistance, ranging between
about 28 x and 82 x when compared to the stan-
dardized reference strain (Tables 1, 2, 3 and 4) or
between 81 x and 246 x when compared to another
susceptible strain (Rogoff & Metcalf, 1951), are not
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TABLE 2
LD.o OF THE DIFFERENT INSECTICIDES FOR FEMALES OF THE VARIOUS HOUSEFLY STRAINS

LDso (jig/fly)
Strain

DDT Lindane Dieldrin J Malathion T Trichlorfon UC-10854 Mesurol Pyrethrins

Susceptible 0.25 0.016 0.028 1.10 0.68 4.20 - 1.10

Kabbary 44.0 3.7 6.0 2.00 1.00 3.7 1.3 1.90

El Nozha 25.0 3.5 5.0 0.26 0.60 2.2 1.4 1.0

Sidi Bishr 11.0 1.7 100.0 1.7 0.20 2.7 1.00 1.8

Abis 24.0 7.4 18.0 1.3 0.25 1.9 0.57 2.2

Kafr El Dauwar 35.0 4.2 100.0 0.32 0.32 2.00 1.00 3.8

Damanhur 31.0 15.0 110.0 0.85 0.32 3.7 1.8 1.2

Rosetta 22.0 6.0 9.5 0.60 0.15 2.6 1.3 2.5

Kom Hamada 15.0 4.2 38.0 1.1 0.4 4.8 1.7 8.4

TABLE 3
RESISTANCE OF THE VARIOUS HOUSEFLY STRAINS TO THE DIFFERENT INSECTICIDES AT THE LDso LEVELa

Resistance to
Strain | DDT [ Lindane Dieldrin Malathion Trichlorfon UC-10854 [ Pyrethrins

Kabbary 71 78 6.6 0.63 1.53 0.48 1.0

El Nozha 82 59 11 0.35 1.1 0.4 0.62

Sidi Bishr 28 63 160 1.25 0.42 0.73 1.0

Abis 78 33 10 0.63 0.38 0.20 1.4

Kafr El Dauwar 56 39 40 0.3 0.5 0.40 1.6

Damanhur 82 158 21 0.84 0.62 0.75 1.2

Rosetta 39 142 130 0.56 0.34 0.40 0.80

Kom Hamada 39 126 8.0 0.89 0.65 0.90 6.0

a Expressed as LDso for the strain in question divided by LDso for the susceptible strain.

TABLE 4

RESISTANCE OF THE VARIOUS HOUSEFLY STRAINS TO THE DIFFERENT INSECTICIDES AT THE LD.o LEVEL a

Resistance to

Strain DDT Lindane Dieldrin Malathion Trichlorfon UC-10854 Pyrethrins

Kabbary 176 321 214 1.82 1.47 0.88 1.73

El Nozha 100 219 179 0.24 0.88 0.52 0.91

Sidi Bishr 44 106 3 571 1.55 0.29 0.48 3.45

Abis 96 462 643 1.18 0.37 0.45 2.0

Kafr El Dauwar 140 262 3 571 0.29 0.47 0.48 3.45

Damanhur 124 937 3 930 0.77 0.47 0.88 1.09

Rosetta 88 375 339 0.54 0.22 0.62 2.27

Kom Hamada 60 262 1 357 1.00 0.59 1.14 7.64

a Expressed as LD.o for the strain in question divided by LD.o for the susceptible strain.
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surprising since DDT-resistant housefly strains were
already present in Egypt 17 years ago and DDT has
been in continuous use since then. The Alexandria
and Damanhur strains exhibit higher DDT-resistance
than the other Beheira strains, presumably owing to
the more frequent selection by DDT in those two
cities.

It would be safe to predict that such DDT-resistant
strains would be cross-resistant to TDE and DBrDT
and maybe also to methoxychlor, since cross-
resistance was found to carry over from DDT-
resistance in many housefly strains (Barber& Schmitt,
1948; Metcalf, 1955; March, 1959).
Usually high DDT-resistance in houseflies causes

cross-resistance to lindane (Decker & Bruce, 1952;
March, 1959), and this resistance would be raised if
the flies were selected with lindane as well. As seen
in Fig. 3 and Tables 1, 2, 3 and 4, the strains inves-
tigated show a high resistance to lindane, ranging
between 33 x and 158 x. Lindane-resistance in
Egyptian houseflies has already been reported (Gahan
& Weir, 1950), and yet lindane still remains in use.

Houseflies resistant to lindane are always cross-
resistant to the cyclodienes, notably dieldrin, and are

sometimes also cross-resistant to DDT (Decker &
Bruce, 1952; March, 1959). The data in Fig. 4 and
Tables 1, 2, 3 and 4 demonstrate, for the first time,
dieldrin resistance in houseflies in Egypt, which
ranges between 6.6 x and 160 x in the strains
studied. This is most likely a cross-resistance result-
ing from the lindane selection pressure, since dieldrin
has not been used for housefly control. Goodwin-
Bailey & Davies (1954) found that houseflies in
England treated with a DDT-HCH mixture acquired
a resistance of 100 x to DDT, 53 x to lindane,
but 266 x to dieldrin.

Analysis of dieldrin resistance. It was of interest
to calculate the percentage ofsusceptible and dieldrin-
resistant flies in the different strains. Dieldrin-
resistance seems to be autosomal, monofactorial and
with intermediate dominance (Guneidy & Busvine,
1964), and the discriminating doses used by Geor-
ghiou, March & Printy (1963), of 0.05 p,g/? and 1.5
pg/9, separate the three genotypes (homozygous sus-
ceptible rr, hybrid Rr, and homozygous resistant
RR). Table 5 shows the percentage frequencies of
the three genotypes calculated from the dose-response
lines of Fig. 4. The percentage of homozygous

FIG. 3
DOSE-RESPONSE LINES FOR LINDANE APPLIED TOPICALLY TO FEMALE HOUSEFLIES a

Lindane (pg/fly)
a The numbers against the lines for the different strains are the same as in Fig.'1; S indicates the susceptible strain.
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FIG. 4
DOSE-RESPONSE LINES FOR DIELDRIN APPLIED TOPICALLY TO FEMALE HOUSEFLIES a
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a The numbers against the lines for the different strains are the same as in Fig. 1; S indicates the susceptible strain.

TABLE 5

ANALYSIS OF DIELDRIN-RESISTANCE IN THE DIFFERENT
STRAINS

Frequency of genotypes (%)
Strain

rr Rr RR

Kabbary 37 44 19

El Nozha 34 45 21

Sidi Bishr 8 39 53

Abis 40 31 29

Kafr El Dauwar 28 28 44

Damanhur 37 25 38

Rosetta 0 40 60

Kom Hamada 52 9 39

susceptible in the different strains ranges between 0
and 52. The Rosetta strain has no susceptibles, as

is reflected in its being the most homogeneous strain
with the highest slope for the dose-response line,
and the highest percentage of homozygous resistant

(RR = 60 %); it is followed by the Sidi Bishr strain
which has only 8% rr. Thus the dieldrin-resistance
picture is quite alarming, and the effect of such re-
sistance may be increased still further by the high
reproductive capacity which often accompanies
dieldrin-resistance. Knutson (1959) reported that a
dieldrin-resistance of 45 x, developed in an isolated
farm at the end of the third year of dieldrin treat-
ment, increased further to 100 x over two years
without further insecticidal treatment.
To study the effect of further selection on dieldrin-

resistance, another strain was collected from El
Nozha in August 1966. Its LD50 for dieldrin and
percentage of homozygous resistant were found to
be higher than for the previous El Nozha strain (LD50
increased to 0.51 jig /? and RR increased to 50%),
presumably as a result of further selection with lin-
dane for a year. On the basis of the dose-response
line for this strain (P, Fig. 5), the calculated dose-
response lines for the mixed susceptible population
(rr + Rr) and for the homozygous resistant popu-
lation (RR) were constructed (dotted lines, Fig. 5).
When the strain was selected with a dieldrin dosage
corresponding to LD9,O the dose-response line for
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FIG. 5
DOSE-RESPONSE LINES FOR DIELDRIN APPLIED TO AN EL-NOZHA STRAIN (P),

AND THE SELECTED FIRST (F0) AND SECOND (F2) GENERATIONS a

a Calculated lines for the homozygous susceptible plus the hybrid population (Rr+rr) and for the homozygous resistant
population (RR) are also given.

the next generation (F1, Fig. 5) was close to that cal-
culated for RR, and resistance increased to 640 x.
In other words a single selection at a high pressure
resulted in a completely resistant population. A
second selection with dieldrin at LDeo raised the LD50
only slightly further, maybe because of selection of
more vigorous individuals.

Organophosphates and carbamates
The present study proves that Alexandria and

Beheira houseflies are resistant to multi-chlorinated
hydrocarbons. Further use of such insecticides
should therefore be discontinued in these areas, and
alternative insecticides sought. Malathion and tri-
chlorfon have been used intermittently with lindane
for housefly control in Alexandria since 1963, and
the strains are still quite susceptible to them: 0.3 x -
1.25 x and 0.34 x - 1.53 x, respectively (Fig. 6 and
Fig. 7, Tables 1, 2, 3 and 4). In other countries,
organophosphates have successfully replaced chlo-
rinated hydrocarbons. Parathion was used in Den-

mark in 1952, and diazinon in Italy in 1953; but
housefly strains resistant to these insecticides ap-
peared in 1955 and 1956 respectively. Malathion-
resistant strains developed in the USA after 5 years of
continuous use (Schoof& Kilpatrick, 1958; Harris &
Burns, 1959); and diazinon-resistant as well as
ronnel-resistant strains appeared in California (Geor-
ghiou, 1966; Georghiou & Bowen, 1966). Couma-
phos, though at first effective on DDT-resistant
Danish houseflies, failed after one month and resist-
ance of 40 x developed (Keiding, 1956). Thus a
change to an organophosphate is only a temporary
solution.

Other organophosphates effective on houseflies
resistant to chlorinated hydrocarbons are fenthion,
dichlorvos and dimethoate (Georghiou & Bowen,
1966, Georghiou, 1966). Dimethoate is also effective
against parathion-resistant and diazinon-resistant
housefly strains (Oppenoorth, 1959). It is of special
interest because of the susceptibility of malathion-
resistant houseflies to it. The malathion-resistant
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FIG. 6. DOSE-RESPONSE LINES FOR MALATHION APPLIED TOPICALLY TO FEMALE HOUSEFLIESa
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aThe numbers against the lines for the different strains are the same as In Fig. 1; indicates the susceptible strain.

FIG. 7. DOSE-RESPONSE LINES FOR TRICHLORFON APPLIED TOPICALLY TO FEMALE HOUSEFLIES 0
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a The numbers against the lines for the different strains are the same as In Fig. 1; S indicates the susceptible strain.
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FIG. 8
DOSE-RESPONSE LINES FOR UC-10854 APPLIED TOPICALLY TO FEMALE HOUSEFLIES a

98

90

>, 70~~~~~~~~~~~~~~~~~~~~~~~

60

608/

2.,, ,,,,,l , I,,, I /

0-c) 30

20K A /

10

0.01 0.1 1.0 10.0
UC - 10854 (pg/fly)

a The numbers against the lines for the different strains are the same as in Fig. 1; S indicates the susceptible strain.

(200 x) housefly strain G was found to be cross-
resistant (25 x) to Acethion (O,O-diethyl S-carbo-
ethoxymethyl phosphorodithioate), and to the carbo-
methoxy and carbopropionoxy analogues of mala-
thion (61 x and 48 x, respectively), but not to di-
methoate (3.9 x) (Matsumura & Hogendijk, 1964,
Matsumura & Dauterman, 1964). Since they found
malathion-resistance to be due mainly to higher car-
boxyesterase activity, these authors suggested that
the carboxyesterase involved does not readily attack
the carboxyamide bond of dimethoate.

Since the Alexandria and Beheira housefly strains
are still susceptible to malathion and trichlorfon, the
only organophosphates used for their control locally,
it is expected that they are also susceptible to other
organophosphate insecticides.
The strains studied in the present investigation are

all susceptible to the carbamate UC-10854, m-iso-
propylphenylmethylcarbamate (0.2 x - 0.9 x) (Fig.
8, Tables 1, 2, 3 and 4), and probably also to Mesur-
ol,' (Fig. 9), for which no dose-response line for
a susceptible strain was available. No carbamate-
resistance in field strains of houseflies has yet been

1 4-(methylthio)-3,4-xylyl methylcarbamate (Bayer).

reported, mainly because this group of insecticides
has not been widely used for the control of house-
flies. Several carbamates are quite effective, such as
Hercules 8717, m-(2-propynyloxy)phenyl methyl-
carbamate, and dimetilan, but strains resistant to
chlorinated hydrocarbons and malathion have been
found to be somewhat cross-tolerant to these
carbamates in California (Georghiou & Bowen,
1966).

Pyrethrins
Another alternative is pyrethrins, which are occa-

sionally used with a synergist in Egypt for housefly
control in houses. When tested, most of the strains
were susceptible, except for the Kom Hamada strain
which exhibited a vigour tolerance of 6 x when
compared at the LD50, and the Kafr el Dauwar,
Sidi Bishr and Kom Hamada strains when compared
at the LD,0, with vigour tolerances of 3.5 x, 3.5 x
and 7.6 x , respectively (Fig. 10, Tables 1, 2, 3 and 4).

Large-scale use of pyrethrins may be expected to
result in resistance in a short time; a housefly popu-
lation in Wasa, Sweden, highly resistant to many
chlorinated hydrocarbons and somewhat resistant to
parathion, became resistant (11 x - 14 x ) to a 1: 10
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FIG. 9. DOSE-RESPONSE LINES FOR MESUROL APPLIED TOPICALLY TO FEMALE HOUSEFLIESa
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a The numbers against the lines for the different strains are the same as in Fig. 1; no susceptible strain was available.

FIG. 10. DOSE-RESPONSE LINES FOR PYRETHRINS APPLIED TOPICALLY TO FEMALE HOUSEFLIES a
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a The numbers against the lines for the different strains are the same as in Fig. 1; S indicates the susceptible strain.
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mixture of pyrethrins and piperonyl butoxide after
one year of use (Davies, Keiding & von Hofsten,
1958).

Concluding remarks
Although housefly resistance occurs in Egypt to an

alarming extent, we fortunately now have a larger
variety of effective insecticides to choose from, as well
as more time and knowledge than were available to
deal with similar resistance situations in Europe and
North America. Judging by previous experience
elsewhere, we know a priori what to expect and how
long it would take for a resistant strain to appear as
a result of the continued use of several insecticides
which are still effective. It is also known that alter-
nation of two insecticides delays the development of

resistance to either, even for insecticides of the same
chemical group such as malathion and diazinon as
long as the biochemical basis of resistance is different
in the two cases (van Asperen, 1964).
The use of insecticides should be integrated with

other promising methods for housefly control, such
as chemosterilization. Insecticides should be con-
centrated at strategic points as suggested by Keiding
(1963), so that it is the fortunate individuals rather
than the resistant ones that survive and reproduce,
and so give a chance for dilution by susceptible
houseflies. It is thus preferable to concentrate the
use of insecticides on the loci of fly breeding existing
in the vegetable, fruit and fish markets, slaughter-
houses and dairy barns which are found on the out-
skirts of Egyptian cities.

RtSUMI2

La lutte contre la mouche domestique dans les villes et
les villages d'Egypte a debute vers 1946. Le DDT a e
l'insecticide de choix jusqu'en 1949, mais l'apparition
d'une resistance 'a ce produit a conduit a recourir a
l'application d'un melange de DDT et de lindane. Tout
r6cemment, on a introduit le malathion et le trichlorfon
A Alexandrie et effectu6 quelques essais avec le dichlor-
vos.

I1 a paru utile de pr6ciser l'etat actuel de la resistance
aux insecticides chez la mouche domestique d'Egypte.
Huit souches de Musca domestica ont e recueillies 'a cet
effet 'a Alexandrie et dans la Province de Beheira et sou-
mises a des epreuves de sensibilite par application locale
de divers insecticides en solution dans l'acetone. Des
souches sensibles normalisees ont e choisies comme
souches de reference.

Les souches egyptiennes ont fait preuve d'une resistance
tres elevee au DDT (de 28 x 'a 82 x) et au lindane (de
33 x 'a 158 x). Chez toutes, on notait en outre une resis-

tance crois6e a la dieldrine (de 6,6 x a 160 x), le pourcen-
tage des homozygotes sensibles variant de 0 'a 40, celui
des heterozygotes de 9 a 45, celui des homozygotes
resistants de 19 'a 60. La souche de Rosette se caract6risait
par son homogen6it6 et l'ampleur de sa resistance a la
dieldrine: on n'y d&celait aucun individu sensible et la
proportion des homozygotes r6sistants atteignait 60%.
Par s6lection unique a un dosage correspondant 'a la
DL,O, on a obtenu chez une souche d'El Nozha une
population d'homozygotes extremement resistants 'a la
dieldrine. Toutes les souches 6taient sensibles au mala-
thion (de 0,3 x a 1,25 x) et au trichlorfon (de 0,34 x a
1,53 x), insecticides utilises par intervalles depuis 1963,
ainsi qu'a 1'UC-10854 (de 0,2 x 'a 0,9 x). Elles etaient
probablement sensibles au Mesurol, mais le fait n'a pu
etre confirm6 en l'absence d'une souche de r6ference
sensible a cet insecticide. Enfin, on n'a observe aucune
resistance aux pyrethrines, sauf chez une souche en pro-
venance de Kom Hamada.
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