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7.1 Summary

In laboratory tests. New World screwworm flies were found to be at least
three orders of magnitude lees susceptible to the insecticides deltamethrin,
alphacypermethrin and cyfluthrin than are tsetse fl ies. Deltamethrin was the
most toxic of the three insecticides to screwworm f l i e s . For topical
application, the LDSOs for deltamethrin 20% suspension concentrate were 33 ng
and 25 ng for male and female screwworm flies respectively, compared with 0.04
ng for tsetse , G. m. morsitana. In various tests simulating contact of
screwworm f l ies with cloth or netting targets impregnated with insecticide,
100% k i l l was only achieved with 3.2% deltamethrin and contact times of at
least 10 sec, although 100% knockdown for up to 24 hours was obtained with
lower concentrations. Ho repellent effect was observed at the higher
concentrations. Cloth targets impregnated with a high dose of insecticide and
baited with an attractant could be effective against NWS fl ies, especially if
after "knockdown" flies are removed by predators.

7.2 Introduction

The specific aim of this work was to discover if targets impregnated
with deltamethrin SC, as used for tsetse control, could be used, or adapted
for use, against screwworm f l ies , Cochllomyia homlnivorax. Laboratory work
was therefore directed towards answering the following questions;

i) Hill deltamethrin impregnated netting k i l l screwworm after a brief
collision contact?
ii) Hill deltamethrin impregnated cloth ki l l screwworm after a short tarsal
contact?
iii) Hhat rates of impregnation of material is necessary to kill screwworm
flies?
iv) How long would the flies need to be in contact with the material to be
killed?
v) Is the impregnated material repellent to the flies?
vi) How effective are other pyrethroid insecticides?
vii) Would other formulations be more effective?

7.3 Methods

Sterile screwworm, C. hominivorax, were obtained as irradiated pupae
from Mexico and emerged and retained at 25°C and 75% RH in cages with sugar
and water constantly available. The flies were bioassayed 1-5 days after
emergence. After treatment the flies were held at 25°C and 75-80% RH and
supplied with a honey/water solution. Mortality was recorded at 48 h and
knock-down was also noted during the first 24 h.

A laboratory method of achieving a realistic simulation of screwworm and
tsetse contacting the insecticide was suggested by experiments carried out on
tsetse target materials in Zimbabwe (Torr, 1985). The target consisted of a
square of black material with a border of black netting. Two types of contact
with such targets are likely:-

(a) tarsal contact due to landing and possibly walking on the target
(b) collision, and therefore brief contact with the target.
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effective, with blue and yellow being about equal somewhere between the
extremes.



The insecticide ueed for the majority of the teate was deltamethrin
suspension concentrate, which has been used against tsetee. Alphacypermethrin
has also been used on t s e t s e targets and th is was assessed by topical
application tests for i ts effectiveness against screwworm.

Two commercially available insecticide formulations for veterinary uae
were tes ted ; a pour-on formulation of 1% deltamethrin and a spot-on
formulation of 1% cyfluthrin. Black cotton cloths impregnated with these
formulations were bioassayed at intervale from 15 min to 48 h after dipping.

Control tests were carried out simultaneously on untreated material for
the contact tests and with solvent only for the topical application tests.

7.3 Experimental procedures and results

Concentration
(a) Cloth

Cotton dril l material was dipped in aqueous dilutions of deltamethrin
suspension concentrate. After draining and drying 25 mm circles were cut from
the treated material. Tarsal contact was achieved by retaining a fly within a
chamber approximately 25 mm diameter x 5 mm high, the base of which was
covered with a circle of treated cotton dr i l l . This method ensured that
contact was maintained whilst s t i l l allowing the fly to move about on the
cloth. In a series of tests the concentration of deltamethrin and the length
of contact were varied. The results are shown in Tables 7.1 and 7.2.

Preliminary trials on alphacypermethrin indicated low mortality against
screwworm even at 0.8% concentration for tarsal contact and brief contact
tests. This was reinforced by LD50 values obtained from topical application
tests (Table 7.9). Further work was concentrated on deltamethrin which was
shown to be more effective.

Although 100% mortality was only achieved with 3.2% concentration of
deltamethrin, there was a significant knock-down at much lower levels. At all
concentrations down to 0.4% knockdown of 100% occurred within 15 min, with the
recovery time ranging from 2 h to 24 h.

Probit analysis of the results produced LC50 and LC99 values for
deltamethrin against male and female flies after 20 s and 45 s tarsal contact
(Table 7.3).

The results of a GLC analysis carried out on samples of treated cloth
are shown in Table 7.4. These indicate that the ratio of concentration to
insecticide deposit on the material is proportional over the range considered
(fig. 1).
(b) Netting

Terylene netting was attached to a frame, impregnated with aqueous

dilutions of deltamethrin suspension concentrate (by dipping and drying) and

flies were 'bounced' against the target to simulate the contact that would be

made whilst flying. Netting targets were impregnated with a range of

deltamethrin concentrations from 0.00625% to 0.8% and the mortality achieved

against tsetse (teneral Glossina morsitans) and screwworm after this momentary

(brief) contact was recorded.

The mortality for tsetse ranged from 10% at 0.00625% concentration to

100% at 0.2% concentration, but no mortality or knock-down was noted in any of

the tests against screwworm.

Impregnated material

In order to assess any variation in insecticide loading on the cloth,

possibly due to migration of particles during draining, mortality assessment

with test pieces cut from different parts of the treated cloth was carried out

regularly during the period of testing. There was no noticeable variation in

the mortality at any time.
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Testa were also carried out to investigate the possibility of reduced
toxicity after a treated tes t piece had been contacted by a large number of
f l ies . The concentrations producing near 100% mortality were of the greatest
interest and no decrease in their effectiveness was found after contact of 20
flies individually on a 25 mm circle of material for 45 a.

Irritation
Because of the importance of maintaining tarsal contact, i t was

necessary to assess any irritation effect of the insecticide. Flies were
introduced into a container with a lid lined with material, half of which was
treated with insecticide. The number of f l ies present on each side of the lid
was recorded at 15 s intervals for 5 min.

Tests with 0.2%, 0.4% and 3.2% treated material indicated that there was
no obvious irritant effect, even at the highest concentration (Table 7.5).
This result has been backed up by observation during the whole testing
procedure.

Other formulations
Samples of black cotton drill were dipped in deltamethrin (1% Pour-on)

and cyfluthrin (1% Spot-on) formulations and suspended to drain off the excess
liquid. Because of the volatile nature of the cyfluthrin formulation the
weight of the cloth was noted at intervals after dipping to provide
information on the amount of solvent present at the time of each t e s t .
Equivalent data on the loading of the deltamethrin Pour-on formulation was
also obtained for comparison. Mortality achieved by 20 s contact with a sample
of treated material was obtained in the same way as previously described for
aqueous formulations.

100% mortality was recorded in a l l tes ts on deltamethrin, but the
results for cyfluthrin show a sharp decline in mortality from about 50% in the
first 2 h to less than 10% at 4-7 h (Table 7.6). There was an equivalent
reduction in the weight of the cyfluthrin impregnated cloth (Table 7.7),
suggesting that the higher mortality could be due to the solvent rather than
the insecticide. Mortality with deltamethrin remained at 100% up to 48 h
(Table 7.6) and weight loss did not occur to any significant degree after the
init ial draining of excess liquid (Table 7.7).

Subsequent GLC analysis of two cloth samples 24 h after dipping showed
that the amount of insecticide retained on the material was approximately the
same for each formulation. The results of the analyses are shown in table 8,
together with the figure obtained for material treated with a 1% a.i . dilution
of deltamethrin sc.

Topical tests
Topical tests were carried out on C. homlnivorax to compare LD50 values

with those obtained for teneral G. morsitans. A range of concentrations of
deltamethrin, alphacypermethrin and cyfluthrin were prepared from technical
materials diluted in butanone. Individual f l iea were anaesthetised with
carbon dioxide, 1̂ 1 of insecticide solution was applied to the dorsal thorax
using a microcapillary and mortality was recorded after 48 h. Probit analysis
of the results gave LDSOs which are compared in Table 7.9 with values
previously obtained with tsetse (teneral G. morsitans).

7.4 Discussion

Although tsetse are killed by brief contact with impregnated netting
(0.2% deltamethrin) th i s work has demonstrated that screwworm f l i es are
neither killed nor knocked down when the concentration is increased to 0.8%.
Observation of screwworm behaviour (Chapter 8) suggests that the most frequent
contact point for screwworm with a target i s the black material to which they
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fly directly, unlike tsetse which usually circle the target before landing
(Vale, 1974). Even if screwworm f l ies c irc le a target the addition of a
netting panel, which is effective againet tsetse, i s unlikely to enhance the
kill of ecrewworm.

The results of these laboratory experiments show that deltamethrin
impregnated black cotton cloth will kill screwworm flies (Tables 7.1 and 7.2).
Compared with tsetse the concentration of deltamethrin SC in which the cloth
is dipped needs to be very much greater, probably at least 3% compared with
the 0.1% (or more) used for tsetse. This increase has important safety
implications for the people preparing and handling the cloth. However i t
should s t i l l be possible to use the technique with the appropriate safeguards
and at increased unit cost, although Green et al. (Chapter 9) showed that
ecrewworm f l i e s wil l respond to smaller targete than t s e t s e . Higher
concentration of insecticide would also mean that the targets should be better
protected in the field from contact by people, domestic stock and other non-
target animals.

Green et al (Chapter 9) found a mean contact period of 6.5 в for
screwworm f l i es landing on a cloth target in Libya. This low mean does not
account for f l ies which might have made subsequent landings, adding to the
potential insecticide pick-up. The frequency of multiple landings might be
studied in future field work.

The data in Table 7.2 suggest that screwworm flies would need to be in
contact with 3.2% deltamethrin impregnated cloth for 20 s or more for complete
ki l l . However comparison of ki l ls after 20 в and 45 s contact shows that
contact time has l i t t l e effect (Table 7.3). None of the pairs of LC50 data
shows a statistically significant difference. It is possible that the number
of landings, and perhaps the amount of movement, are more relevant than time
spent on the impregnated cloth. This i s an area which could be explored in
future work.

Observations on fl ies after treatment showed that all f l ies were rapidly
knocked down after exposure to 0.4% deltamethrin even though i t required eight
times this concentration for complete kil l (Table 7.1) and considerably more,
particularly for females, if the computed LC99 data are used (Table 7.3). The
period of knockdown was related to the concentration of insecticide but even
at 0.4%, knockdown for 2 h would, in many environments, result in the f l ies
being removed by scavengers or dying from desiccation. In this way doses of
insecticide which are sub-lethal in laboratory conditions might be effective
in the field.

Under laboratory conditions the retention of deltamethrin after dipping
was directly proportional to the concentration of active ingredient in the dip
suspension even up to 3.2% (Table 7.4, fig. 1). This shows that there is no
practical problem in impregnating the cloth at this high concentration.
Further work should be done on other types of formulation, e.g. o i l solutions
(Langley, 1991, unpublished report), to see i f they could be more readily
available to the flies and so allow for the reduction of deltamethrin content.
Irritation of f l ies by deltamethrin was not found to be significant and should
not reduce the effectiveness of deltamethrin impregnated targets.

Topical application of synthetic pyrethroids showed that deltamethrin
was more toxic to screwworm flies than alphacypermethrin and cyfluthrin (Table
7.9). When LD50 data for combined sexes are compared deltamethrin is shown to
be 4.4 times as toxic as alphacypermethrin and 8.6 times as toxic as
cyfluthrin.

The t e s t s with pour-on and spot-on formulations of deltamethrin and
cyfluthrin further demonstrated the greater effectiveness of deltamethrin.
One confusing factor was the presence of a considerable proportion of volatile
components in the cyfluthrin formulation which had the effect of making this
product appear very effective if tested before the volatiles had evaporated.
Mortality reduced to virtually zero after six hours (Table 7.6) while the
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volatile solvents had been evaporating over the same period (Table 7.7) and
GLC analysis (after 24 h) showed that the cyfluthrin had not been loat (Table
7.8). These tests demonstrate that the toxicity of a freshly impregnated
cyfluthrin cloth is probably due to the volatile additives and not to the
cyfluthrin.

The results reported here suggest that, on purely toxicological grounds,
neither alphacypermethrin nor cyfluthrin are l ikely to be effective
replacements for deltamethrin for impregnating cloth on screwworm targets.
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TABLE 7.1
Contact tox ic i ty of c loth impregnated with a range of

d i lut ions of deltamethrin S.C. t o C. hominovorax.

cone.
% a.i.

0.013

0.025

0.05

0.1

0.2

0.4

0.8

1.6

3.2

control

20 s

tarsal contact time

% mortality
(total flies)

male female

0

3

15

20

50

62

65

96

100

4

(30)

(35)

(40)

(30)

(42)

(40)

(34)

(28)

(24)

(105)

8

2

20

29

14

58

62

94

100

4

(25)

(50)

(30)

(31)

(63)

(50)

(34)

(49)

(19)

(113)

45 s

% mortality
(total flies)

male

52 (73)

65 (49)

85 (62)

93 (43)

100 (69)

9 (42)

female

29

44

61

90

100

7

(105)

(87)

(70)

(30)

(35)

(69)

TABLE 7.2
Contact toxicity of cloth impregnated with a 3.2% a.i.

dilution of deltamethrin SC to C. hominivorax.

contact
time (s)

10

20

30

45

control

% mortality (total flies)

male

100 (27)

100 (24)

100 (28)

100 (69)

4 (23)

female

87 (23)

100 (19)

100 (22)

100 (35)

5 (20)

Studies of the behaviour of New World
screwworm flies in the field in Libya in



TABLE 7.3
Contact toxicity of cloth impregnated with dilutions of
deltamethrin SC to С hominivorax at two contact times.

contact

45 s

20 s

% a.i. (95% fiducial limits)

LC
5 0

male

0.24
(0.18-0.30)

0.25
(0.19-0.32)

female

0.37
(0.29-0.46)

0.51
(0.42-0.62)

LC
9 9

male

3.29
(2.16-5.76)

3.42
(2.35-5.72)

female

5.14
(3.40-8.92)

6.98
(4.47-13.15)

TABLE 7.4
GLC analysis of deltamethrin deposits on cloth after dipping,

draining and drying.

dip concentration
% a.i.

0.00625

0.025

0.1

1.0

3.2

deposit
g a.i./m

2

0.016

0.058

0.28

2.0

7.2

In addition to the above questions, there remain many other studies
requiring field work, including: optimization of the target (size, shape,
heioht above m?ound avifcv of the sachet-based svstem:



TABLE 7.5
Distribution of screwworm flies on treated and untreated cloth

using deltamethrin SC.

cone.
% a.i.

0.2%

0.4%

3.2%

total flies

11

15

24

% of recorded flies

treated
material

53

54

46

untreated
material

47

46

54

TABLE 7.6
Change in toxicity to screwworm f l ies of cloth after dipping

in 1% cyfluthrin and deltamethrin Pour-on and Spot-on
formulations. (20 s tarsal contact)

Time between
cloth
impregnation
and
testing (h)

0 - 2

2 - 4

4 - 7

24 - 48

% mortality (total flies)

cyfluthrin

male

50 (26)

29 (31)

6 (31)

female

43 (30)

17 (30)

3 (33)

deltamethrin

male

100 (30)

100 (41)

100 (15)

100 (30)

female

100 (24)

100 (22)

100 (15)

100 (15)

ваше as that used in previous laboratory studies). Data for С homlnlvorax
are given in Table 9.1. Nearly twice as many C. hominivorax of both sexes



TABLE 7.7
Loss of weight by evaporation after dipping cloth in Spot-on
and Pour-on formulations of cyfluthrin and deltamethrin.

-

Time after dipping
(h)

0.08

0.75

1.67

2.25

3.00

4.50

6.00

formulation remaining on cloth as a
% of total retained after draining

.cyfluthrin
Spot-on*

100

86

74

61

41

20

1

deltamethrin
Pour-on**

100

100

100

100

100

100

•Draining of liquid from cloth ceased by 5 min (0.08 h)
Further loss was due to evaporation.
••Draining of liquid continued up to 1 h. and during this time
loss due to evaporation was negligible.

TABLE 7.8
GLC analysis of cloth 24 h after impregnation with

formulations of cyfluthrin and deltamethrin.

insecticide

cyfluthrin

deltamethrin

deltamethrin

formulation

Spot-on

Pour-on

SC 1.

1.

1.

0%

0%

0%

a

a.

a.

.i.

i.

i.

deposit
g a. i. /m

2.

2.

2.

6

3

0

SC, and baited with two sachets of S4', and two plastic bottlee containing
dimethyl disulphide. The odour dispensers were incorporated between two
layers of cloth making up the taraet. The durations of 157 contacts of C.



TABLE 7.9
LD50S of some synthetic pyrethroids by topical application to

screwworm (C. hominivorax) and tsetse (G. morsitans).

deltamethrin

alphacypermethrin

cyfluthrin

LD50 (and 95% fiducial limits)
ng

C. hominivorax

male

33
(25-30)

111
(84-146)

205
(153-262)

female

25
(20-30)

145
(110-194)

292

(224-378)

G. morsitzns

mixed sexes

0.040
(0.036-0.046)

0.17
(0.15-0.20)

0.18
(0.15-0.22)

IS
со

Fig-7.1

GLC analysis of deltamethrin deposits on

cloth samples after dipping
100

10 -

1 -

с
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0.01

0.001
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0.0001 0.001 0.01 0.1 1
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