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Susceptibility of Body-lice to DDT in a Heavily
Treated Area of Yugoslavia

Lieut.-Col. TIBOR J. LEPES, M.D.1

Body-lice collected in the Kosohovo-Metohia area of Yugoslavia, an area with a long
history ofepidemic typhus and one which had been treated with DDT since 1947, were tested
for their susceptibility to that compound by the standard WHO test and showed an average
mortality of99% to 1.00%DDTand 960%to O.1 % DDT. Freshlyfed insects showed 100%
mortality at both concentrations. Tests with DDT-inmpregnated cloth indicated that the
LD50 had tripled between 1955 and 1958.

In sleeve tests the body-lice appeared to tolerate 15 times as much DDT as in tests not
involving the use of the human arm. Tests were also made to ascertain the effect of lowered
temperature on reducing mortality,from DDT, and the speed ofkill with DDT was compared
with that with BHC and pyrethrins.

Epidemic typhus has long been entrenched in the
autonomous region of Kosovo and Metohia, which
is situated in the south of Yugoslavia (Fig. 1), and
many epidemics have been reported from this area
during both the First and the Second World Wars.
Immediately before the Second World War the
disease was particularly widespread in the mountain
villages in this area, where most of the population
are Moslems. The habits of these people favour the
maintenance of the epidemic, and as many as 70%-
90% of the population harboured body-lice during
the winter months.

DDT was first introduced to control body-lice
and epidemic typhus in the Kosovo-Metohia area
in 1947. This insecticide was applied as dust during
December, January or February. Two applications
were made in 1947, but only one in each of the three
subsequent years. In 1953, the residual effectiveness
of the dust was greatly enhanced by the treatment of
clothing (removed from the body) with a 5% DDT
emulsion either sprayed or brushed on.

Our attention was drawn to the problem of DDT-
resistance in body-lice by the reports of Eddy (1952)
in Korea (on Koje-Do island) and of Hurlbut et al.
(1954) in Egypt. Although, epidemiological findings
gave no indication that the use of DDT for many
years had selected the natural population to increased
tolerance of this insecticide, we nevertheless decided
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FIG. 1

VILLAGES IN KOSOVO-METOHIA FROM WHICH BODY-
LICE WERE COLLECTED
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to examine the tolerance levels of body-lice in the
Kosovo-Metohia area by field tests. This project
was started in the winter of 1954-55.

MATERIAL AND METHODS

The body-lice were collected in nature, mostly
from schoolchildren. As DDT had been used, the
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number of body-lice on each person was small.
Thus it was necessary in each test to combine the
collections from several persons. The following
tests were performed:

1. The standard WHO test, with body-lice 4-6
hours after collection.

2. The standard WHO test, with collected body-
lice fed on volunteers for 4-6 days.

3. A test on cloth impregnated with different con-

centrations of technical DDT dissolved in acetone,
for determining the LD50 of body-lice 4-6 hours after
collection.

4. Sleeve tests, with sleeves sprayed with DDT in
acetone and worn by volunteers, using body-lice 4-6
hours after collection.

5. Comparison of (a) fed, (b) unfed and (c)
injured lice at six different temperatures between
150 C and 300 C.

6. Comparison of mortalities with DDT, BHC or

pyrethrins for 3, 6, 12, 18 or 24 hours of exposure.

Some experiments were performed with the
standard WHO test, using the normal Orlando strain
as obtained from Florida and reared in our labora-
tory at Belgrade.

RESULTS

Freshly collected lice

During December 1954 and February, March,
April and May 1955, the standard WHO test was

performed using only two concentrations of DDT-
0.1% and 1.00%-and a control group (Lepes, 1957).
A total of 994 lice were tested with 0.1 % DDT and
1011 with 1.0% DDT; 772 lice were tested in the
control group. The temperature of exposure varied
between 180 C and 290 C. The results for the five
months, in terms of mortality for each of the eight
villages examined, are presented in Table 1. The
mortality with 0.1 % DDT ranged from 75 % to
100% with an average of 96.3%; and that with
1.0%0 DDT from 90% to 100%, the average being
99.1 0%.

Lice fed on volunteers

The lice were tested within two hours of their
last meal, at a standard temperature of 250 C and
70% relative humidity, using all the concentrations
of the three insecticides supplied in the WHO test
kit. The mortality rate in a duplicate series of tests
was 100% for each concentration of DDT (0.1 %,
0.5%, 1.0% and 5.0%) as well as for BHC (0.25%
and 0.50 %) and pyrethrins (0.02 % and 0.04 %). The

TABLE I

PERCENTAGE MORTALITY AFTER 24 HOURS USING STANDARD WHO TEST WITH FRESHLY COLLECTED BODY-LICE

Villages December February March April May
where body-

lice were 0.1 % 1.0 % C 0.1 % 1.0 % C 0.1 % 1.0 % C 0.1% 1.0 % C 0.1 % 1.0% C
collected DDT DDT DDT DDT DDT DDT DDT DDT DDT DDT

Vrelo 94 100 0 84 95 0 97 100 17 97 100 43 100 93 43

Djurakovac 97 100 6 100 100 5 100 100 0 100 100 20 86 100 22

Istok 93 98 9 100 100 20 100 100 5 100 100 15 100 100 36

Rakos 90 90 6 100 100 10 100 100 20 88 94 21 87 94 12

Banjica 80 100 0 100 100 5 100 100 10 100 100 15 93 100 0

Dobrusa 100 100 0 92 100 0 100 100 0 100 100 30 74 100 0

Veric 100 100 6 100 100 20 93 100 10 100 100 20 80 90 10

Novo Selo 98 100 7 97 100 0 100 100 10 95 100 25 100 100 9
(untreated)

C = Control
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complete mortality with 0.1 % DDT contrasts with
the results obtained with freshly collected lice
(given above), in which the mortality ranged as low
as 75 %; the difference was evidently associated with
the fact that in the present test all lice had recently
fed.

Establishment ofLD50 levels
Technical DDT was dissolved in acetone and

sprayed on pieces of cloth in concentrations of
0.01, 0.025, 0.05 and 0.10 g per M2. At each concentra-
tion, at least 30 insects were exposed for 24 hours, and
then classified as either dead or normal. Slightly
paralysed insects that were able to take blood were

classed as normal, and severely paralysed insects as
dead. The LD50 was estimated by the probit Y
formula with correction of the mortality rate in the
control group. Lice tested at the beginning of 1955
showed an LD50 of 0.021 g technical DDT per m2
(Lepes, 1957). In 1957 the LD50 level had increased
slightly to 0.023 g per M2. In the spring of 1958 the
level had increased to 0.042, 0.043 and 0.067 g per m2
in three separate tests. By the same method the
Orlando strain showed an LD50 not higher than
0.014 g technical DDT per M2. Another laboratory's
colony which had been established from lice collected
in the Kosovo-Metohia area in 1955 showed an

LD50 of 0.020 g per m2 in 1957.

Sleeve tests

At least 30 lice were exposed to each concentration
of DDT applied to sleeves worn by volunteers for

TABLE 2
MORTALITY OF BODY-LICE IN SLEEVE TESTS

Concentration of Percentage mortality after
DDT
(g/m2) 24 hrs 48 hrs 72 hrs

0.01 17 27 27

0.05 7 13 13

0.10 17 20 20

0.50 33 47 73

1.00 47 73 97

2.00 57 93 100

Control 3 3

72 hours. Every 24 hours the sleeves were taken off
and the dead lice were counted and removed, leaving
the living and paralysed. The control sleeve was
sprayed with acetone only. The results are presented
in Table 2.
As Table 2 shows, 100% mortality was obtained

only with the concentration of 2.0 g per m2 and an
exposure of 72 hours. The median lethal dose for
24-hour exposure to technical DDT in sleeves is no
less than 1.0 g per M2; this is 15 times the LD50 to
acetone-DDT impregnation as measured by the
test on impregnated cloth (Test 3), in which the lice
were exposed to the impregnated cloth only and not
to the human arm.

Comparison offed, unfed and injured lice
Lots of 10 lice of the normal Orlando strain of the

same age and generation were exposed to 0.1%

TABLE 3
EFFECT OF FEEDING AND INJURY ON

DDT-SUSCEPTIBILITY OF BODY-LICE AT VARIOUS
TEMPERATURES

Estimated percentage of body-lice found after
24 hours in condition indicated

Group Exposure temperature (OC)
.onditiorl 150 180 220 250 | 280 300

Fed Normal - - - - -

Affected - - - - - -

Paralysed 60 40 30 10 - -

Dead 40 60 70 90 100 100

Unfed Normal 10 - 10 20 - -

Affected 20 20 20 20 10 -

Paralysed 60 60 20 20 20 40

Dead 10 20 50 40 70 60

Injured Normal 10 - - 10 - -

Affected 20 20 10 20 20 20

Paralysed 20 50 40 30 20 10

Dead 50 30 50 40 60 70
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FIG. 2
PERCENTAGE MORTALITY OF BODY-LICE EXPOSED TO
VARIOUS CONCENTRATIONS OF INSECTICIDES FOR

VARIOUS PERIODS OF TIME
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DDT dust for 24 hours at various temperatures. The
fed lice were taken two hours after feeding on
volunteers. The unfed had been starved for 24 hours,
and the injured lice had been fed two hours pre-
viously but one leg had been injured artificially. The
results obtained at six different temperatures from
150 C to 30° C are presented in Table 3.

The data in Table 3 show that the percentage
mortalities are significantly lower in the unfed than
in the fed lice. The mortality rates for the artificially
injured lice resemble those for the unfed group. The
data also show clearly that the mortality rate
increases with temperature. These two variables of
feeding and temperature can thus induce a wide
range of mortality, all the way from 10% for unfed
or injured lice at 150 C up to 100% for fed lice at
280 C or 30°C.

Speed of mortality
Lice of the Orlando laboratory's colony were

exposed to the four concentrations of DDT, the two
concentrations of BHC and the two concentrations
of pyrethrins provided in the WHO test kit, and the
mortality was counted after 3, 6, 12, 18 and 24 hours.
The results are plotted in Fig. 2.

RtSUMt
Le typhus exanthematique a sevi sous forme epide-

mique pendant les deux guerres mondiales dans la
region de Kosovo et Metohia, en Yougoslavie. Peu
apres la fin de la seconde guerre, il sevissait encore dans
les zones montagneuses de cette region. Le DDT a e
applique des 1947 dans les habitations et utilise des
1953 pour la desinsectisation des vetements.
Bien qu'aucune diminution de 1'efficacite des pou-

drages n'ait fait craindre I'apparition d'une resistance
au DDT, des essais furent entrepris des 1954-55 pour
evaluer la sensibilit6 des poux aux insecticides dont les
habitants, particulierement les enfants, etaient porteurs.
Les divers tests proposes a cet effet par l'OMS ont ete
appliques.

Chez les poux soumis aux essais en 1955, la DL50 etait
de 0,021 g de DDT/m2; en 1957, elle etait de 0,023 g/m2
et en 1958 de 0,042, 0,043 et 0,067 dans trois series de
tests. Pour la souche temoin Orlando, la DL50 etait de
0,014 g/m2.
La dose letale mediane pour les poux vivant dans les

manches d'habits traites au DDT et portes, etait de
1 g/m2, c'est-a-dire 15 fois la DL50 constatee chez les
poux exposes au contact d'etoffes impregnees de DDT,
mais n'ayant pas de contact avec le corps humain.
La DL50 chez les poux gorges et non gorges, et l'in-
fluence de la temperature sur la mortalite ont et egale-
ment etudiees.
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