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INSECTICIDE SUSCEPTIBILITIES OF PHLEBOTOMUS PAPATAS]
(SCOPOLI) FROM EGYPT AND THE SUDAN!

By M. L. Schumidt and J. R. Schmidt?

Abstract:  Susceptibility levels for Egyptinn and Sudanese
strains of Phicbotemus papatasi were determined through the use
of ihe W.H.O. Standard ‘l'est Kit for Adult Sandflies. Mean
LC;, values for DL ranged {rom 0.80-1.939% and for dicklvin
from 0.63-1.07%,. Luboratory-colony sandflics were found to
be slightly more tolurant to both insecticides than were wild-
caught specimens, possibly a manifestation of vigor tolerance.

Recognizing the importance of maintaining a
continuous surveillance of the insecticide susceptis
bility status of medically important insccts, the
World Health Organization has developed standard
tests for assessing tolerance levels and has encourag-
ed their use in aveas where disease vectors are
prevalent (W.H.O, 1960). By periodically compar-
ing the susceptibilicy levels of natural ficld popula-
tions with previously established baseline values, it
is possible to detect increased toierances and to
recommend appropriate modifications in control
measures,

The staws of the susceptibii’.y of Phlebotomus
sandflies to various insecticides has been reviewed
by Brown (1958) and Pal & Kalra (1965). Mem-
beis of the genus are characterized by marked sus-
ceptibility to DDT, dieldrin and BHC under la-
boratory and ficld conditions and no evidence of
resistance has been uncovered.  Unfortunately, in-
formation based on the use of standard quantitative
methods is limited for this genus, and the need for
more extensive testing has bren stressed (W.H.O.
1960}, ‘The present report sets forth bascline data
for Egyptian and Sudancse populations of Phle-
botomus papatasi and compares the tolerance levels
of wild and colonized material,

MATERIALS AND METHODS

Susceptibility tests were performed with: wild-
caught specimens collected during 1960 and 1961
from human dwellings in 3 Nile Delta villages,

From Work Unit MR005.09-1202.5, Bureau of Medicine
and Surgery, Navy Department, Washington, D. C, The
opinions and assertions contained herein are the private ones
of the authors and are not to bz construed as oflicial or as
reflecting the views of the Navy Department or the naval
service at large,

U, 8. Naval Medical Research Unit No. 3, Cairo, Egypt,
U. A R. Present addressi NAMRU-3 Field Facility, APO
New York 09319, USA.

Qaranfil and Barrada in Qalubiya Province, and
El Amiriys, a subutly in northern metropolitan
Cairoy ilies from a laboratory colony established in
1959 with specimens collected in El Amiriya; flies
from a lahoratory colony established in 1961 with
specimens  collected in Tir village, 8 km north
of Paloich, Upper Nile Province, Republic of the
Sudan,

Wild-caught specimens were collected between
May and October, the period of greatest sandfly
prevalence in lower Bgypt. They were aspirated
from walls and ceilings, transferred to a small
holding cage and wansported to the laboratory
where they were held at 21°C and 909 ru until
tested on the following day. Only females which
had fed within the previous 60 hr, judged by the
extent of blood-meal digestion, were used in the
tests,

Laboratory-reared flies from various gencrations
were fed on a guinea pig and held at 21°C and
90% rHu for 1 to 2 days umtil tested. All colony
flies were 1 to 4 days old when exposed to insec-
ticide,

The standard W.H.O. Test Kit for Adult
Sandflies was used throughout the study, The
methods are described in detall in a WH.O,
Technical Report (1960). In general, flies were
exposed to papers impregnated with 2-fold dilu-
tions of DDT (ranging from 025 to 4.09) or
dieldrin (ranging from 0.2 to 1.69%) for 1 hr, using
15 to 20 flies per dilution. Two-hour exposure
periods were also used in testing colony flies for
dieldrin susceptibility becauwse 1-hr exposures fre-
quently resulted in incomplete mortality at the
highest test concentration. During the exposure
period, room temperature ranged from 24° to 28°C,
relative humidity from 30 to 75% and light intensity
from 6 to 7 foot-candles. TFollowing exposure,
flies were transferred to insecticide-fiee containers
and held in total darkness for 24 hr at 20° to 22°C
and 90% ru. Tor each valid test, i,e., in which
the control mortality was less than 20%, the cor-
rected percent mortalities (Abbott’s formula) were
calculated for each insecticide dilution and plotted
on logarithmic probability paper. LC,s and dos-
age-mortality regression line slopes were determin-
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od according to the method deseribed by Litchfield
& Wilcoxon (1949),

RESULTS AND CONCLUSIONS

The results of susceptibility tests with DDT ave
given in ranLk 1. Mean LCys for wild-caught
Egyptinn sandflies ranged from 0.80 to 1.03%;, lor
colonized LEgyptian material from 0.97 10 1.30%,,
and for colonized Sudanese specitnens from 140
to 1.93%,. The dosagesmortality regression lines
reveal the nataral and colony populations to be
quite homogencous in their response to DDT. No
evidence of pronounced heterogencity indicr g
a potential shilt in tolerance levels was obtai. .,

The responses of sandilies following 1- and 2.
hr exposures to various concentrations ol dieldrin
are summarized in TapLe 2, Mean LCygs lollowing
1-hr exposure ranged from 0.63 0 0.80% [ov wild-
caught Fgyptian sandflies, 1.03 to 1.07% for colo-
nizec. Egyptian material, and 0.90 (o 0.95% flor
colonized Sudanese flies. Slopes of the regression
linos for dicldrin were genewnlly steep indicaling
a consistont homogeneity in both the wild and colo-
nized populations. In comparing the resulis of
tests using 1- and 2-hr exposure times, an ap-
proximate 1 :1 inverse relationship was found between
exposure time and LCy. Regression line slopes
were not influenced by variations in exposure times.

Colonization appears to have conferred a degree’
of “‘vigor tolerance” (Hoskins & Gardon 1936, to
the sandflics, since the highest LC,gs for both DDT
and dieldrin were obtained with laboratory-reared
material,  Sandfies from early laboratory gener-
ations were consistently more tolerant to hoth
insecticides than were wild-caught flics. On con-
tinued colonization, the flies tended to revert to
their natural state of susceptibility to DDT but
retained thetr enhanced tolerance to dieldvin.  The
mechanisms responsible for their greater tolerance
are unknown, but it is possible that the improved
nutritional state and larger size of (e colony flics
(Lewls & Minter 1960, Schmide 1964) are con-
tributing factors,

The Egyptian strains of P. papatasi used in tho
present study resemble those from other countrics in
regard to their susceptibilitics to DD'T and dieldrin
(rapLe 8). Total experience with natural popu-
lations of this species reveals an LCy, range of
0.28 to 1.2%, for DDT and 0,15 t0 0.80%, for dieldrin
when tests were conducted according to W.H.O,
standards. '‘Lhe levels observed for DDT to date
are similar to those obtained with naturally suscep-
tible populations of mosquitoes prior to the develop-
ment of resistance, i.e., 0.5 to 20%. Values for

TABLE I. Resulis of DDT susceptibility tests with wild and colonized Phlebotymus papatasi.

CORRECTED PERCENTAGE MORTALITIES AFYER I-HR EXPOSURE TO

ReGRESION
Lixe Store

LC,, (%)

4.0, DDT

207, DDT

1.09; DDT

o DDT 0.3, DDT

T T 057, B

No.
OF

Meun Range

Range
103 077-1.40

0.80 0.80-0.80

0.96
1.50
1.01

¢.97

Mieun
1.

Mean Range

Mean. Range

Mean Range Mean Range

Afean Range

Trsts

SaNoFLYy SOURCE

222,

1.3

87 72-100
97 94-100
o5 75-93
72 4591

90 &4-10D
97 95-160

49 4
67

1 26-67

75 65-85

50 22-80

16 0-35

0-25

0-1

13

9

2

iriyz, Bgypt (wild-caught)

El

1.2-0.8

1.3
1.9
1.6
16
1.4
1.9

4]

Parrada, Egypt (wild-caught)

1.4-2.3
1.4-1.9

0.64-1.25

0-35

16

Qaranfil, Egypt (wild-caught)

£.12-1.32

0.23-1.15

97 90-100

100
100

3
0-20

1

8

9

Egvpt; 2nd-3rd lab. generations

100 1.4-1.8

100

35-69

47-63

Egypt; 13-14th Inb. generations

13-1.5

0.92-1.03

55

0

0-13

o

Egypt; 19tk Jab. generation

Sudan
Sudan
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1.5-2.3

1.50-2.20

91 30-100

100

7

720

i3

4

. genarzdon

6th lab,

>

10th Inb. generation

E

W

A2 e

L

:
:
b



3

ot

O S O L

W g

e

wonp

g

i g | e

(WL T

E
%
5
£
E
.

1969 Schmidt & Schmide: Insecticides and 2 papatasi 89

TABLE 2. Results of dieldrir. susceptibility tosts with wild asnd colonized Phisbotomus papatusi,
CoRRECTED G5 MORTALITIES AFTKR l<iIRk XvOSURK TO!

No. 0.2% 049, 0.49% 1.6%
' DiaLorIN IeLbrin DIRLDRIN Dirrorin

Rranession

LCy (%) Ling Svor

Sasprery Sovrck  Tests Mean Ronge Mean Range  Mean

Rnnge Mean Runge  Moan  Rango Mean Range

Ef Amiriya, Bgypt

(wild-caught) 8 5 0~13 19 5-36 G8
Barrndta, Raypt

{wild-caught) 3 0o 6 0-12 19
Quranfil, Lgypt

(wild-caught 4 1 0-5 4 0-35 55
Egypts 2nd-3ud lab.

generalions 8 1 0-5 2 05 23
Egypt; 13th Jab.

genoeration 1 0 = 0 - 27
Sulan: Oth lnb,

generation 3 0 0 9 7-13 47
Sudan: 10th lab,

generation 1 0 - 7 - 33

53-06 499 94-100 0063 0.40-0.00 1.7 1421
3364 95 86-100 080 0.73-0.83 15 1.3-1.7
45-64 100 100 072 0.68-076 1.7 1.3-22
15-45 83 70-100 107 0484127 16 L5-L7
- a7 - 1.03 = 1.5 -
27-87 80 G7-100 095 061-1.14 1.8 14-22

CORRECTED %3 MORTALITIES APTER 2h1t EXPOSUF

Epypts 2ud-3rd lab,

generations 8 4 0-10 35 5-60 a7
Paypt; 13-14th
lub. gonerations 5 9 0-27 46 13-91 99
Fgypt: 19th lab.
generation 2 5 0-10 29 16~42 100

TABLE 3. Summary ¢f available informntion on the sus-
cepibility of P, pagatasi to DDT and dicldrin, using the
\W.H.O. Standard ‘T'est Kit,

Meax LGy,

SaxnrLy SoUrck % o4 Reprrixcs
DT Dieldrin

Chania, Crete 075 NI\ Hadjinicoliw, 1958
El Amiriyn, Eaypt 1.03 Q.63 Present study
Barrada, Egypt 080 0.80 Prosent study
Qarantfil, Lgypt 0.96 0.72 Present study
Atliens, Greeee 026 0.2 Hadjinicolaou, 1958
LEmboea Is,, Greeeo N1, 0.2 Hacljinicolaon, 1958
Kardituma Gula, 1.2 05 Belios: cited in Pal &

Greoce Kalra, 1965

Vientamas, Greece 04 0.27 Belios; cited in Pal &
Kalra, 1965
Kaveln, India 0.5 G5 Pai & Kaira, 1965
Wad Medani, Sudan 09 0,32 Qutubuddin, 1964
Maarret Shamrine, 0.8 0,52,08  Hadjinicolaou; cited
Syria 1]1(-1] Pal & Kalr,
{4

dicldvin  are higher for P. papatasi, ic., 0.15 to
€.80%, than {or mosquitocs, i.c,, 0,05 to 0.15%
(Busvine 1956, W.H.O. 1957, Davidson 1958).
This suggesis that sandilies have a higher natural
level of toletance to this insecticide,

Lack of definitive information on the extent of
insceticide use in many of the countries in which
susceptibility tests have been conducted precludes
an assessment of the influence of spraying on the
reported LC,y values. The values for Greece,
Crete (Hadjinicolaou 1958) and Egypt are based
cn tests using sandflies from areas where acrosol
space sprays had been used extensively but where

- 100~ 0.90 - 1.6 -
55-100 100 100 048 035075 1.6 1417
9¢-100 100 100 042 0.28-059 14 13-15

100 100 100 047 040-0535 13 la-L6

residual spray had not been applied, Thus, it is
likely that the LC,, values obtained with sandflies
from these arcas ropresent “‘normal” susceptibility
levels and that flies {romn other areas exhibiting
similar tolerances have been unaffected by expo-
sure lo inscclicides. The reported values, whether
indicative of normalcy or not, refloct the suscepti-
hility status of sandfly populations at a given point
in tme and as such coustitute valuable bascline
data for future comparisons.
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