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A Confirmed Case of DDT-Resistance
in Xenopsylla cheopis in India

T. B. PATEL,1 S. C. BHATIA 2 & R. B. DEOBHANKAR3

The authors describe a technique, developed in their laboratory at Poona, Bombay
State, for estimating the susceptibility of the oriental rat-flea, Xenopsylla cheopis, to
insecticides. Using this technique, they compared the susceptibility to DDT, y-BHC and
dieldrin ofa fieldpopulation ofX. cheopis from a locality in Poona District which had been
sprayed with DDT 28 times, with that of a similar population from a locality in North
Satara District which had been sprayed only three times. The Poona strain proved to be
highly resistant to DDT and moderately resistant to BHC, which has never been used in
Poona District, but remained susceptible to dieldrin, although slightly less so than the
Satara strain. The authors consider this a clear-cut case of the development ofphysiological
resistance as a result of continued DDT spraying, and suggest that the rat-fleas in any area
where DDT has been used on a large scale for disease control should be tested regularly for
susceptibility so that, in the event of an outbreak of plague, the insecticide most likely to
destroy the vector could be applied from the outset.

According to recent reviews on insecticide re-
sistance in arthropods by Brown (1958, 1959) no
clear example of induced DDT-resistance in the
oriental rat-flea, Xenopsylla cheopis, has been ob-
served anywhere in the world except Ecuador, where
in 1950-52 failure to control this pest with DDT was
reported (Saenz Vera, 1953). Even in the laboratory
neither Kilpatrick & Fay (1952) nor Shawarby (1953)
were able to increase the resistance of X. cheopis to
DDT by a factor of more than 2 or 3 in 4-7 genera-
tions. Sen (1958), however, using the Busvine & Nash
technique, has obtained LC50 values of 0.4% DDT,
0.06% y-BHC, and 0.15% malathion for this species
in Calcutta, India. Apart from the foregoing, the
data on the measurement of physiological resistance
to insecticides in X. cheopis are very fragmentary.
This is chiefly due to the lack of a standard test
method for the use of workers on this flea, but partly
also to the fact that plague has receded at a tremend-
ous rate in the past five years and has almost disap-
peared throughout the world, so that there has been
little large-scale application of insecticides for flea
control. Domiciliary insecticidal spraying, however,
has been resorted to on a gigantic scale for the con-
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trol and eradication of malaria and other arthropod-
borne diseases, and it is quite possible that such
widespread application of insecticides, especially
DDT, has had the collateral effect of reducing flea-
densities below the critical threshold for the trans-
mission of plague, and therefore has probably played
an important role in diminishing plague incidence,
even in endemic areas. On the other hand, this
measure is potentially dangerous in that it may
encourage the development in fleas of resistance to
the insecticides used, with the result that if at any
time one or two sporadic cases of plague occurred in
a treated locality they might lead to an epidemic
which would be difficult to control with the same
insecticides. It is therefore absolutely essential to
check regularly the insecticide-resistance level of this
pest in places where large-scale house spraying has
been carried out continuously for a number of years,
as it has in India and other countries in malaria
eradication programmes. Although we have con-
sidered for a long time measuring the susceptibility
of this pest to DDT, dieldrin and y-BHC, as is being
done with mosquitos, it is only recently that the
problem has been seriously pursued. We developed
our own method for testing the susceptibility of field
populations of X. cheopis, which is the most pre-
valent rat-flea in Bombay State, the two other rat-
flea species, X. astia and X. brasilensis, being rare
there. It is extremely interesting that the very first
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series of tests done in two localities have revealed the
occurrence of high physiological resistance in this flea
in one locality (in Poona District) and continued sus-
ceptibility in the other locality (in North Satara
District). The two localities are about 60 miles
(96 km) apart and have received DDT spraying for
different periods. This is the first record of proved
physiological resistance to DDT in X. cheopis.
The test method developed and the results ob-

tained are described below.

SUSCEPTIBILITY TEST PROCEDURES

As there was no standard WHO or other procedure
available for testing the susceptibility of fleas to
insecticides as there is in the case of the mosquito,
we devised our own method, described hereafter.
The method gave 10-15% mortality in the controls
initially but later, when more care was taken in
handling the insects, the control mortality was
reduced almost to zero. Empty rat-traps with bait
are placed in the houses, granaries, etc. in the even-
ing. The following morning the traps with rats are
collected and are put into separate cloth bags, which
are tied securely in order to prevent the escape of rat-
fleas during transport to the field laboratory. A piece
of moist lint is spread with the smoother side up on a
table, on to which the fleas are blown off the rats.
Test-tubes ('/2 inch x 6 inches (12 mm x 150 mm) or,
preferably, '/2 inch x 8 inches (12 mm x 200 mm)
with strips of clean paper ('/2 inch x 1 inch) are kept
ready for holding the fleas. The rat-traps are then
taken out of the bags one by one, the empty bags
being inverted and shaken over the moist lint so as to
remove any fleas remaining inside them. The rats
are then taken out one by one with the aid of cloth,
and held by the ears and tail while the fleas are blown
off on to the moist lint. Unless moist lint is used,
the fleas will jump away before being caught. While
one worker is blowing off the fleas with the aid of a
glass tube, another holds two test-tubes end to end
very close to the fallen fleas so that the latter have no
option but to jump into one of the two tubes. The
fleas thus collected are transferred to holding-tubes,
each of which contains a strip of clean paper. Ten
fleas are put into each holding-tube, the mouth of
which is then closed with a piece of muslin and a
rubber ring. This method of collecting fleas involves
the least injury to the flea and has with a little prac-
tice minimized the mortality in the controls to almost
zero. After enough fleas have been collected (it
takes about 3-4 hours to collect about 300-400 fleas),

they are exposed to the insecticide in the following
way: the tube is slightly shaken to make the fleas fall
to the bottom, and the clean paper is then removed
by means of long fine forceps and replaced by a
strip of insecticide-impregnated paper ('/2 inch x
1 inch). At the end of the required period of exposure
(one hour or any other desired period) the insecticide-
impregnated paper strip is removed in the same way
and the fleas are transferred to clean tubes, contain-
ing strips of clean untreated paper, where they are
held for 24 hours for observations of mortality. The
mouths of the holding-tubes are secured with pieces
of muslin cloth and rubber rings. During the ex-
posure period the fleas are in contact with the paper
practically all the time; even if they do occasionally
fall to the bottom of the tube they immediately
return to the paper. The method described above
has worked very well and the mortalities in the con-
trols have been low. After the mortality has been
recorded, each batch of fleas is boiled separately in
10% potassium hydroxide for about half an hour
and the fleas are then identified under the micro-
scope. In the tests performed in the two localities
there were only 0-2% of X. astia and other species,
and these were not taken into account in the calcula-
tions of mortalities.

RESULTS

With the above-mentioned technique, suscepti-
bility tests were performed on oriental rat-fleas
(X. cheopis) collected from roof rats (Rattus rattus
rufescens) trapped in two groups of villages-
namely, Waduth, Arale, Arphal and Shivthar in
North Satara District and Vadgaon, Dhiari, Nanded
and Khadakwasla in Poona District. The villages in
North Satara District received a single round of
DDT house spraying at a dosage of 1 g per m2 during
the months of June to October in 1956, 1957 and
1959, for the purpose of malaria control. The
houses in the group of villages in Poona District, on
the other hand, have been sprayed with DDT (or
dieldrin) for the last 14 years. From 1946 through
1952 the latter villages received three DDT spraying
rounds in the malaria season (June to October) at
0.5 g per m2 per round, and from 1953 through 1959
they received one or two rounds of DDT in the
malaria season at 1 g per m2, except in the years 1955
and 1956 when dieldrin at the rate of 0.25 g per m2
was employed instead of DDT (see Table 1). The
two groups of villages are only 60 miles (96 km)
apart. There is no big difference in the topography,
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TABLE 1
DATES ON WHICH THE VILLAGES IN POONA DISTRICT
WERE SPRAYED WITH DDT OR DIELDRIN, 1953-59

Name of village
Year _ _ _ _-_ _ _ _ - _ _ _ _

and round Khadak- Vgaon Nande
wasla Vago add Dhiari

1953

1st round 17-18 Aug.; 18 Aug.; 17 Aug.; 18 Aug.;
DDT DDT DDT DDT

2nd round _ _ _

1954

1st round 10 July; 10 July; 10 July; 12 July;
DDT DDT DDT DDT

2nd round 17 Sept.; 17 Sept.; 17 Sept.; 17 Sept.;
DDT DDT DDT DDT

1955

1st round 18&20 18 July; 18-19 July; 10 Aug.;
July; dieldrin dieldrin dieldrin

dieldrin

2nd round - _ _

1956

1st round I & 9 June; 4 June; 4 June; 2 June;
dieldrin dieldrin dieldrin dieldrin

2nd round _ - _

1957

1st round 25-26 June; 27 June; 21 Oct.; 27 June;
DDT DDT DDT DDT

2nd round _ _ _

1958

1st round 22-23 June; 23 June; 23 June; 22 June;
DDT DDT DDT DDT

2nd round 18 Dec.; 19 Dec.; 19 Dec.; 19 Dec.;
DDT DDT DDT DDT

3rd round a 5 Jan.; - _
DDT

1959

1st round 25 May; 27 May; 26 May; 26 May;
DDT DDT DDT DDT

2nd round 19-21 Dec.; 31 July; 17 Aug.; 14 & 16
DDT DDT DDT Aug.; DDT

a Although part of the 1958 spraying cycle, this round was
actually carried out in 1959.

climate, etc. of these two groups, but the Satara
villages are somewhat drier than the Poona villages,
which are situated in irrigated tracts and have a
slightly higher rainfall. For the lower concentrations,
the DDT and dieldrin papers supplied by WHO in
the resistance testing kit for mosquitos were used,
while for the higher concentrations of DDT and
dieldrin and for y-BHC (lindane), papers were not
supplied by WHO but were prepared in our labora-
tory by the modified Busvine & Nash technique
(WHO Expert Committee on Malaria, 1954; Bhatia
et al., 1958). The concentration-mortality data after
exposure of fleas to DDT for one hour, together
with probit analysis, are given in Tables 2 and 3 for
the Satara and Poona villages, respectively. The

TABLE 2
CONCENTRATION-MORTALITY DATA

WITH PROBIT ANALYSIS) ON TOXICITY OF DDT
TO X. CHEOPIS FROM VILLAGES IN NORTH SATARA

DISTRICT: FIRST EXPERIMENTS a

Concentration Number of pe t Adjusted
of DDT fleas Percentage mortality
________I (dead/total) __(%)

0.25 19/59 32.2 22

0.50 23/46 50.0 42

1.00 29/48 60.4 54

2.00 36/51 70.6 66

4.00 48/48 100.0 100

Control
(no DDT) 8/60 13.3 -

Log (concentration x 100)/pro-
bit-kill regression equation . Y = 1.7436X + 1.7151

X2 (degrees of freedom) . . . . x2 (3) = 8.6785

Table value of x2 at:

5 % significance level . . . 7.8

1% ,, if .. . . 11.3

Heterogeneity . . . . . Heterogeneous at 5 %
but not at I % level

LCso value (% DDT) . . 0.77 %

LC*o value (% DDT) . . . . . 4.15 %

a These experiments were carried out on 5-6 November
1959. The fleas were exposed for one hour to WHO DDT-
impregnated papers and the mortalities were observed 24 hours
after the exposure.
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TABLE 3
CONCENTRATION-MORTALITY DATA (WITH PROBIT
ANALYSIS) ON TOXICITY OF DDT TO X. CHEOPIS FROM

VILLAGES IN POONA DISTRICT a

Concentration Number of Percentage Adjusted
of DDT fleas kil I mortality

(%) (dead/total) kil

0.25 1/40 2.5 2.5

0.50 3/40 7.5 7.5

1.00 1/40 2.5 2.5

2.00 1/40 2.5 2.5

4.00 6/40 15.0 15.0

8.00 b 6/38 15.7 15.7

16.00 b 9/38 23.6 23.6

Control
(no DDT) 0/60 0 -

Log (concentration x 100)/pro-
bit-kill regression equation . Y = 0.70579X + 1.79729

x2 (degrees of freedom) . x2 (5) = 8.278

Table value of x2 at:

5 % significance level . . . . 11.1

1 % ,, to . . . . 15.1

Heterogeneity . . . . . . . Not heterogeneous

LCso value (% DDT) . . . . >16 %

LCgo value (% DDT) . >16 %

a These experiments were carried out on 3-10 December
1959. The fleas were exposed for one hour to WHO DDT-
impregnated papers and the mortalities were observed 24 hours
after the exposure.

b Papers at these concentrations were prepared in our
laboratory by the modified Busvine & Nash technique (see
WHO Expert Committee on Malaria, 1954).

tests revealed great differences in the levels of re-
sistance to DDT in the fleas of the two localities.
For example, while one hour's exposure to 4% DDT
resulted in 100% kill of the Satara strain, it effected
only 15% kill of the Poona strain. Moreover, in-
creasing the concentration of DDT to 16% resulted
in only 23.6% mortality of the Poona strain; in other
words, as many as 76.4% of the fleas of the latter
strain survived even a fourfold increase in the DDT
concentration.
From Tables 2 and 3 it can be seen that the LC50

values calculated by probit analysis are 0.77 % DDT

for the Satara strain and more than 16% DDT for
the Poona strain (by extrapolation, 344.9 %).
According to the above LC50 values the Poona strain
appears to be highly resistant to DDT. If the LCQ0
values for the Poona strain are calculated by extra-
polation, the difference between the resistance
levels of the two strains is enormous. As the experi-
ments in Satara were done at the beginning of
November 1959 and those at Poona were carried out
a month later, it was thought desirable to repeat the
experiments at Satara in December. The concentra-
tion-mortality data collected the second time in
Satara are shown in Table 4, along with probit
analysis. The susceptibility of the Satara fleas was
found to be slightly greater than it was in the month
of November, but the difference is not significant

TABLE 4
CONCENTRATION-MORTALITY DATA (WITH PROBIT
ANALYSIS) ON TOXICITY OF DDT TO X. CHEOPIS FR'M

VILLAGES IN NORTH SATARA DISTRICT: REPEAT
EXPERIMENTS a

Concentration Number of Pe t Adjusted
of DDT fleas ercenl mortality(%) (dead/total) kill%_

0.25 9/30 30 20

0.50 12/30 40 31

1.00 21/30 70 66

2.00 24/30 80 79

4.00 30/30 100 100

Control
(no DDT) 4/30 13 -

Log (concentration x 100)/pro-
bit-kill regression equation . Y = 2.17585X + 0.95404

x2 (degrees of freedom) . . x2 (3) = 2.3582

Table value of x2 at:

5 % significance level . . . 7.8

1 % ,, . ... 11.3

Heterogeneity ....... . Not heterogeneous

LCso value (% DDT) . 0.72 %

LCso value (% DDT) . . . 2.80 %

a These experiments were carried out on 12-13 December
1959. The fleas were exposed for one hour to WHO DDT-
impregnated papers and the mortalities were observed 24 hours
after the exposure.
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since the LC50 values are 0.72% and 0.77 %, in
December and November, respectively, and the cor-
responding LC90 values are 2.80% and 4.15%.

As, in the case of the Poona strain, we could not
obtain a higher kill than 24% with one hour's
exposure to the highest concentration of DDT
tested-namely, 16%- it was thought desirable to
run a time-mortality test using a longer exposure of
this strain to the DDT concentration which had given

TABLE 5
TIME-MORTALITY DATA (WITH PROBIT ANALYSIS) ON
TOXICITY OF DDT TO X. CHEOPIS FROM VILLAGES IN

POONA DISTRICT a

Exposure Number of pe tag Adjusted
period fleas ercenlage mortality
(hours) (dead/total) k m a

Concentration of DDT: 4 %

1 10/50 20 20

2 14/50 28 28

4 29/50 58 53

8 27/50 54 54

16 67/100 67 67

24 43/50 86 84

Control (no DDT)

1, 2,8,16 0/200 b 0 -

4, 24 11/100 b 11 -

Log(time x 10)/probit-kill
regression equation . . . Y = 1.2223X + 2.89594

x2 (degrees of freedom) x2 (4) = 4.2907

Table value of x2 at:

5 % significance level . 9.5

1% ,, ,, . . 13.3

Heterogeneity ........ Not heterogeneous

LTso value (hours) . 5.27

LTgo value (hours) . . . . 58.7

LTss value (hours) . . 416.3

a These experiments were carried out on 3-10 December
1959. The fleas were exposed to WHO 4 % DDT-impregnated
papers for various periods and the mortalities were observed
24 hours after each exposure period.

b 50 fleas for each exposure period.

100% kill of the Satara strain with one hour's
exposure-namely, 4 %. The data are given in
Table 5, along with probit analysis. Similar time-
mortality tests were performed on the Satara strain
with 4% DDT, but the exposure periods in this case
were only fractions of an hour, since one hour gave
100% mortality. The data, together with probit
analysis, are given in Table 6. The LT50 values for
the Satara and Poona strains are 16.6 minutes and
316 minutes (5.27 hours), respectively, and the
corresponding LT90 values are 41.0 minutes and
3522 minutes (58.7 hours). On the basis of the LT50
values, the Poona strain is 19 times more resistant to

TABLE 6
TIME-MORTALITY DATA (WITH PROBIT ANALYSIS) ON
TOXICITY OF DDT TO X. CHEOPIS FROM VILLAGES IN

NORTH SATARA DISTRICT a

Exposure Number of Percentage Adjusted
period fleas kill mortality

(minutes) (dead/total) kill

Concentration of DDT: 4 %

7.5 15/40 38 28

15.0 24/40 60 54

30.0 31/43 72 68

60.0 30/30 100 100

Control (no DDT)
60.0 4/30 13

Log-time/probit-kill regression
equation . . . . . . . . Y = 2.9744X + 1.37146

x2 (degrees of freedom) x2 (2) = 8.9718

Table value of x2 at:

5 % significance level . . . 6.0

1% ,, ,, . . . 9.2

Heterogeneity ...... . . Heterogeneous at 5 % but
not at 1 % level

LT5o value (minutes) . . . . . 16.6

LT,o value (minutes) .41.0

LT.g value (minutes) . . . . . 100.8

a These experiments were carried out on 12-13 December
1959. The fleas were exposed to WHO 4 % DDT-impregnated
papers for various periods and the mortalities were observed
24 hours after each exposure period.
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DDT than the Satara strain, while on the LT90 basis
it is 86 times more resistant. In another test with
4% DDT, 100% kill of the Poona strain was obtained
by continuous exposure for 72 hours, while 48 hours'
exposure gave only 93% kill. This indicates that the
Poona strain is about 70 times more resistant to DDT
than the Satara strain. Continuous contact of the
Poona strain with 1% DDT papers for 72 hours
resulted in an aggregate percentage kill equal to that
observed in the controls exposed to oil-impregnated
papers, and after 96 hours' continuous exposure the
aggregate percentage kill was slightly lower than that
in the controls (see Table 7). This indicates that 1%

TABLE 7

TOXICITY OF DDT TO X. CHEOPIS FROM VILLAGES
IN POONA DISTRICT ON CONTINUOUS EXPOSURE

FOR UP TO FIVE DAYS a

Controlpapers

DDT-impregnated
Control papers papers

Continuous
Cponuos u ntreated oil-im- 1 % DDT 4% DDTperiod pregnated

D/Lb| % c D/L % D/L |%D/L %

24 hours 0/10 0 2/8 20 5/5 37 8/2 73

2/8 4/6 7/3d

5/5 2/8 9/1~

48 hours 3/7 30 3/7 53 9/1 70 10/0 93

8/2 10/0 9/1

7/3 1 3/7 10/0
72 hours 5/5 50 7/3 77 10/0 77 10/0 (100

9/1 J 10/0 10/0

- __ - __- 9/1 -|6/4 10/0°

96 hours 7/3 70 10/0 97 10/0 87 10/0 100

10/0 10/0 10/0

ll |10/0 |10/0 | |10/0
120 hours 9/1 90 10/0 100 10/0 100 10/0 100

10/0 10/0 10/0!__ I -r/o 11,1 I o o
a The experiment was started at 1 p.m. on 10 December

1959. The DDT-impregnated and oil-impregnated papers used
were those supplied by WHO.

b D/L = ratio of number of dead fleas to number of living
fleas at the end of the period of exposure.

c Aggregate percentage kill at the end of the period of
exposure.

d One of these 3 fleas was moribund.

TABLE 8

CONCENTRATION-MORTALITY DATA (WITH PROBIT
ANALYSIS) ON TOXICITY OF DIELDRIN TO X. CHEOPIS

FROM VILLAGES IN POONA DISTRICT a

Concentration Number Pe t Adjusted
of dieldrin of fleas ercentage mortality

(%) (dead/total) i mot

0.05 2/30 7 7

0.10 3/30 10 10

0.20 8/30 27 27

0.40 13/30 43 43

0.80 29/30 97 97

1.60 30/30 100 100

3.20 b 30/30 100 100

Control (no
dieldrin) 0/30 0 -

Log(concentrationx 100)/probit-
kill regression equation . Y=2.6215X+1.0747

x2 (degrees of freedom). x2 (5)=13.4121

Table value of x2 at:

5 % significance level . .11.1

1 % significance level 15.1

Heterogeneity .Heterogeneous at 5 % but
not at 1 % level

LC5o value (% dieldrin) 0.31 %

LCgo value (% dieldrin) ] 0.97 %

a These experiments were carried out on 8-10 December
1959. The fleas were exposed for one hour to WHO dieldrin-
impregnated papers and the mortalities were observed 24 hours
after the exposure.

b Papers at this concentration were prepared in our labo-
ratory.

DDT papers are as ineffective as control papers and
confirms the resistance of the Poona strain to DDT.

Tests of resistance to dieldrin and y-BHC were
also carried out. The concentration-mortality data,
together with probit analysis, for dieldrin and
y-BHC with the Poona strain are given in Tables 8
and 9, respectively, and those obtained with the
Satara strain are shown in Tables 10 and 11, res-
pectively. The LC50 values for y-BHC are 0.030%
and 0.28% with the Satara and Poona strains,
respectively, and the corresponding LC9o values are
0.10%0 and 1.56 %; in other words, the Poona strain
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is about 8 to 16 times more tolerant to y-BHC than
the Satara strain. As to dieldrin, the LC50 values are
0.13% and 0.31%, and the LC90 values are 0.33%
and 0.97 %, for the Satara and Poona strains, res-
pectively; the Poona strain thus shows only a
twofold or threefold increase in tolerance to dieldrin
over the Satara strain.
The above data are based on experiments in which

the fleas were not segregated by sex. The males,
which made up about 26% of the total number of
fleas in these experiments, were slightly more sus-
ceptible than the females. However, no attempt is
made here to separate the data on males and females

TABLE 9

CONCENTRATION-MORTALITY DATA (WITH PROBIT
ANALYSIS) ON TOXICITY OF y-BHC TO X. CHEOPIS FROM

VILLAGES IN POONA DISTRICT a

Concentration Number Pe t Adjusted
of y-BHC of fleas Percenlage mortality

(%) (dead/total) kY)

0.00625 0/30 0 0

0.0125 0/30 0 0

0.025 1/30 3 3

0.050 1/30 3 3

0.100 12/30 40 40

0.400 18/30 60 60

0.800 23/30 77 77

Control (no
y-BHC) 0/30 0

Log(concentrationx 100)/probit-
kill regression line ... . . Y=1.7226X+0.78186

x2(degrees of freedom) . . . x2 (5) =9.8761

Table value of x2 at:

5 % significance level . . 11.1

1 % significance level ... 15.1

Heterogeneity ... .... Not heterogeneous

LC5o value (% y-BHC) . . . . 0.28 %

LCgo value (% y-BHC) . . . . . 1.56 %

a These experiments were carried out on 9-11 December
1959. The fleas were exposed for one hour to v-BHC-impreg-
nated papers prepared in our laboratory by the modified
Busvine & Nash technique (see WHO Expert Committee on
Malaria, 1954) and the mortalities were observed 24 hours after
the exposure.

TABLE 10

CONCENTRATION-MORTALITY DATA (WITH PROBIT
ANALYSIS) ON TOXICITY OF DIELDRIN TO X. CHEOPIS
FROM VILLAGES IN NORTH SATARA DISTRICT a

Concentration Number Percentage Adjusted
of dieldrin of fleas kill mortality

(%) (dead/total) kil

0.05 7/30 23 12

0.10 12/28 43 34

0.20 23/30 77 73

0.40 28/30 93 92

0.80 30/30 100 100

Control (no
dieldrin) 4/30 13 -

Log(concentrationx 100)/probit-
kill regression equation . . Y=3.12555X+1.51426

x2 (degrees of freedom) . . . X2 (3) = 0.3702

Table value of x2 at:

5 % significance level . 7.8

1 % significance level. 11.3

Heterogeneity ...... . . Not heterogeneous

LC,o value (% dieldrin) . 0.13%

LC,o value (% dieldrin) . 0.33%

a These experiments were carried out on 12-14 December
1959. The fleas were exposed for one hour to WHO dieldrin-
impregnated papers and the mortalities were observed 24 hours
after the exposure.

as no big deviations were found when the combined
data for both sexes were compared with the data
calculated separately for females. The flea density,
as determined in the above experiments, in the two
localities is shown in Tables 12 and 13.
The comparative toxicity of DDT, dieldrin and

y-BHC to the Satara and Poona strains is shown in
summary form in Table 14, which is based on the
data given in Tables 2-6 and 8-11.

DISCUSSION

The results of our experiments clearly show the
Poona strain of X. cheopis to have a high degree of
resistance to DDT in comparison with the Satara
strain. A concentration of 16% DDT failed to give
a kill of more than 24% in the case of the Poona
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TABLE 11
CONCENTRATION-MORTALITY DATA (WITH PROBIT
ANALYSIS) ON TOXICITY OF v-BHC TO X. CHEOPIS FROM

VILLAGES IN NORTH SATARA DISTRICT a

Concentration Number Percentage Adjusted
of v-BHC of fleas e kill mortality

(%) (dead/total) (%)

0.0125 8/30 27 15

0.025 14/30 47 38

0.05 18/28 64 59

0.10 29/30 97 96

0.40 30/30 100 100

0.80 30/30 100 100

Control (no
y-BHC) 4/30 13 -

Log(concentrationx 100)/probit-
kill regression equation . . Y=2.809375X+3.51724

x2 (degrees of freedom). x' (4)=1.9592

Table value of x2 at:

5 % significance level . . 9.5

1 % significance level. 13.3

Heterogeneity ........ Not heterogeneous

LC5o value (% v-BHC) . . . . . 0.03 %

LC,o value (% v-BHC) . . . . . 0.10 %

a These experiments were carried out on 12-14 December
1959. The fleas were exposed for one hour to v-BHC-impreg-
nated papers prepared in our laboratory by the modified
Busvine & Nash technique (see WHO Expert Committee on
Malaria, 1954) and the mortalities were observed 24 hours after
the exposure.

strain after one hour's exposure, whereas 4% DDT
gave 100% kill in the case of the Satara strain
exposed for the same period. On the assumption
that, in the field, fleas come into contact with DDT
deposits for about one hour during a gonotrophic
period of about two days, these data indicate that
field control of the resistant strain with DDT might
fail completely. However, in relating the experi-
mental data to practical control work, it must be
borne in mind that direct comparisons cannot
validly be made between the mortalities encountered
in susceptibility tests and those encountered in the
field.

The DDT-concentration/mortality curve for the
Poona strain begins to flatten out after a concentra-
tion of 4% DDT, indicating that no matter how
much the concentration is increased, it might not
result in an increase in mortality beyond 30% or so
with an exposure period of one hour. This flattening
of the DDT-concentration/mortality curve strongly
supports the theory that DDT would be quite
ineffective against this strain of flea with an exposure
period of one hour. From the practical point of
view, it is of little interest to increase the exposure
period beyond one hour, which is the probable
period of contact of fleas with insecticide during a
gonotrophic cycle in the field. But for the purposes
of comparison the effect of longer exposures at high
concentrations of DDT was also investigated in the
case of the Poona strain. Even in these experiments,
which are of academic rather than practical im-
portance, the Poona strain proved to be some
19 times more resistant than the Satara strain, the
LT50 at 4% DDT being 316 minutes for the former
strain as compared with only 16.6 minutes for the
latter. For practical field control, however, it is
important to obtain 90% if not 100% mortality of
the disease vector, and hence LT90 or LT99 values are
of more significance than LT50 values. The LT90 at
4% DDT is 3522 minutes for the Poona strain as
compared with 41.0 minutes for the Satara strain,
thus showing the former strain to be 86 times more
resistant than the latter. The LT99 at the same con-
centration (see Table 5) is 416.3 hours (24 977 min-
utes) for the Poona strain as compared with 100.8
minutes for the Satara strain (see Table 6), thus
indicating a 249-fold greater resistance in the Poona
strain. Calculation of the LT9. for the Satara strain
by probit analysis gave the value 100.8 minutes, but
100% kill in the experiments was obtained by
60 minutes' exposure to 4% DDT. Hence the high
degree of resistance to DDT in the Poona strain has
been thoroughly confirmed, although the estimates
of magnitude vary with the different criteria taken
for comparison purposes, ranging from 19-fold
(based on LT50 values) to more than 5000-fold
(based on LC9o values).
Whether this difference in the resistance level of

the two strains existed before DDT spraying was
begun in these areas, or whether it developed after
the DDT operations had started, cannot be said
with certainty, as no susceptibility tests were carried
out in these localities before the start of DDT
spraying or in any unsprayed areas in Bombay State.
At present, there is no area left unsprayed in Bombay
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TABLE 12
PARTICULARS OF TRAPPING WORK DONE IN CONNEXION WITH RESISTANCE

EXPERIMENTS: NORTH SATARA DISTRICT a

Date of laying traps No. of No. of No. of No. of
Popula- -traps fleasVillage P°tjPion Date of collection traps with rats

of fleas laid deflea-ed collec-

rats ted

4511.59 52 18 51 92
Shivthar 1 707 5.11.59

11.1 2.59 0 8 2 16
12.12.59508

Arphal

Flea
index b

1.8

5.04

4.11.49 50 8 18 72 4.0

11.12.59 50 8 25 104 4.16
12.1 2.59

12.12.59 50 16 63 134 2.13
13.12.59

4.11.59 50 13 33 152 4.6
5.11.59

11.12.59 50 12 35 39 1.11
12.12.59

12.12.59 50 12 37 110 2.97
13.12.59

13.12.59 18 45 161 3.57

a All the rats caught were Rattus rattus rufescens. Of the fleas collected, two were Ctenocepha-
lides canis and the remainder X. cheopis.

b Average number of fleas per rat deflea-ed.

TABLE 13
PARTICULARS OF TRAPPING WORK DONE IN CONNEXION WITH RESISTANCE

EXPERIMENTS: POONA DISTRICT a

-~~~ ~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Date of laying traps No of No. ofNo. of No. of
Village opua- Date of collection traps trash rats collec- inFdeea bin of fleas laid with deflea-ed cotec- ided

Vadgaon 710 1.12.59 100 12 26 67 2.572.12.59

Dhiari 2 099 2.12.59 100 28 56 287 5.123.12.59

4.12.59 100 26 127 452 3.55
5.1 2.59

Khadakwasla 2 043
6.12.59 100 26 82 397 4.84

7.12.59
100 47 40 270 6.758.12.59

Nanded 1 549

19.12.59 100 32 57 470 8.24

a All the rats caught were Rattus rattus rufescens. Of the fleas collected, four were X. astia and
the remainder X. cheopis.

b Average number of fleas per rat deflea-ed.
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State owing to the commencement of the malaria
eradication programme, so that no base-line data
can be obtained on the normal susceptibility of X.
cheopis in the State. But Sen (1958), in Calcutta, has
found the LC50 for DDT in this species of flea to
be 0.4%, which is somewhat lower, although not
significantly so, than our figure of 0.7% for the
Satara strain, which was subjected to insecticidal
spraying only three times during the years 1956-59,
unlike the Poona strain, which was subjected 30 times
to insecticidal spraying over the years 1946-59.
Since DDT was applied continuously for 14 years
(except for two years when dieldrin was applied)
in the villages of Poona District, it is logical to
conclude that the high resistance of the Poona
strain may have developed as a result of DDT
selection pressure and may therefore be an example
of the neo-Darwinian theory of selective breeding.

TABLE 14
COMPARATIVE TOXICITY OF DDT, y-BHC AND DIELDRIN
TO SATARA AND POONA STRAINS OF X. CHEOPIS a

Criterion Satara Poona Resistance
for strain strain factor b

DDT: exposure for one hour

LCso value 0.77 % >16 % _c
0.72%

LC.o value 4.15% >16% _c
2.80%

DDT: exposure to 4 % papers

LTso value 16.6 minutes 316 minutes 19
(0.27 hours) (5.27 hours)

LT.o value 41.0 minutes 3522 minutes 86
(0.68 hours) (58.7 hours)

v-BHC: exposure for one hour

LCso value 0.03 % 0.28 % 8.3

LC,o value 0.10 % 1.56 % 16.1

Dieldrin: exposure for one hour

LCso value 0.13 % 0.31 % 2.4

LCso value 0.33 % 0.97 % 2.9

a Based on the data in Tables 2-6 and 8-11.
b Factor by which the Poona strain showed greater resist-

ance than the Satara strain.
c Since the LCso and LCso values for the Poona strain could

be obtained only by extrapolation, exact figures for the resist-
ance factor cannot be given. The factor is of the order of
450 on the basis of the LC,o values and more than 5000 on the
basis of the LCgo values.

However, the possibility that mutation has occurred
in the Poona strain of X. cheopis cannot altogether
be overlooked. DDT has been experimentally
proved on Drosophila flies to be quite non-mutagenic,
so that it is unlikely that mutation alone has been
responsible for the development of resistance in
the Poona strain. But there is a strong possibility
that both mutation and selective-breeding pheno-
mena have occurred in the strain. Resistance
of such a high order as 5000-fold would be quite
unlikely to have developed simply by selective
breeding of the existing resistance genes in the
population. For example, try as we may we cannot
by selective breeding develop a strain of human
being 100 feet tall; it is quite impossible by such a
process to increase the height of a human being much
beyond 7-8 feet, the greatest height found in any
human race today. But giants can be produced by
the process of mutation of a gene. In plant-breeding
experiments, for instance, giant specimens have been
obtained by inducing mutation with colchicine and
other such mutagenic substances, but never by
selective breeding alone. The Darwinian theory
satisfactorily explains the perpetuation of a freak
strain in a population, but does not explain how such
a strain arises in the first place. On the other hand,
big mutations in a gene are often accompanied by
lethal genes and poor fertility, and consequently they
will not change the population or race unless the
process of selective breeding comes into operation.
In our opinion, therefore, resistance of a high
degree results from the operation of both processes,
while resistance of a low order may be developed by
selective breeding alone. Further experiments on
field and laboratory-bred populations of the Poona
and Satara strains will be carried out in the near
future.
BHC has never been used for indoor spraying in

any of the above localities of North Satara and
Poona, but the continuous spraying with DDT (or
dieldrin) for 14 years in the Poona villages has
nevertheless resulted in tolerance of the Poona
strain to y-BHC also. This tolerance is not of a very
high order, being only about 8 times greater than
that of the Satara strain on the basis of LC50 values
and 16 times greater on the basis of LC9o values. The
LC50 value of y-BHC for the Satara strain is 0.03%,
which is half the value of 0.06% obtained for
X. cheopis in Calcutta by Sen (loc. cit.). On the basis
of these values it would appear that BHC could still
be used for control of the Poona strain, but a high
concentration of pure BHC wettable powder (prefer-
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ably 50% of pure BHC containing about 6.5% y-
isomer, and in any event not less than 50% of pure
BHC containing 3% y-isomer) would have to be
employed, since the LC9o is as high as 1.56%
y-isomer. The question of cost must therefore be
considered.

Dieldrin was used for indoor spraying in 1955 and
1956 in the Poona villages, but has never been applied
in the Satara villages. This has resulted in a slight
increase in the resistance level of the Poona strain,
the LC50 value for that strain being 0.31 % as com-
pared with 0.13% for the Satara strain, and the LC90
value 0.96% as compared with 0.33%. Dieldrin
may therefore still be effective in controlling the
Poona strain for some years to come. It may be
pointed out that no experiments with organo-
phosphorus insecticides such as diazinon or mala-
thion were made as technically pure grades of these
insecticides were not readily available. It is hoped to
obtain them and to carry out tests in the near future.
The detection of a high degree of physiological

resistance to DDT in the Poona strain of X. cheopis
clearly points out the desirability of conducting
insecticide-susceptibility surveys of fleas in all
localities where insecticides have for a number of
years been used on a large scale for the control of
malaria or other arthropod-borne diseases. Unless
such surveys are undertaken there is a possibility that
attempts to control fleas with DDT during an out-
break of plague might fail completely owing to the
development of resistance. Failure to control plague
with DDT has already been reported from Ecuador
(Saenz Vera, 1953), although no definite scientific
proof of DDT resistance of fleas was obtained there
and it is difficult to judge from the report whether
the resistance was behaviouristic or physiological.

CONCLUSIONS

1. A high degree ofDDT resistance has developed
in the field population of the Poona strain of the
oriental rat-flea, X. cheopis, probably as a result of
having been subjected to DDT spraying for many
years. On the basis of concentration-mortality,
time-mortality and continuous contact responses to
DDT, the Poona strain is 19 to more than 5000 times
more resistant than the Satara strain.

2. A resistance of medium degree to y-BHC has
developed in the Poona strain of X. cheopis although
this insecticide has never been used in any of the
localities in Poona District. The Poona strain is 8 to
16 times more resistant to y-BHC than the Satara
strain.

3. The dieldrin-resistance level in the Poona strain
of X. cheopis is only 2-3 times greater than that in the
Satara strain. This indicates that at present dieldrin
is effective against both the strains.

4. It appears from these experiments that there
may be other areas, in this country and elsewhere, in
which fleas have developed DDT-resistance as a
result of the large-scale application of DDT for
disease control. It is essential that the rat-fleas in all
such localities should be tested for susceptibility to
DDT, y-BHC, dieldrin, etc., so that in the event of an
outbreak of plague in any of them the insecticide
most likely to destroy the local vector can be applied
from the outset.
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R1tSUMt

La resistance des puces au DDT n'a pas suscite le
meme interet ni justifie des etudes aussi approfondies
que celle des moustiques. Il est vrai que la frequence de
la peste dans le monde a diminu6 si rapidement au cours
des dix dernieres annees que de grandes campagnes de
lutte par les insecticides etaient sans objet. II n'est pas
exclu, du reste, que les pulv6risations intensives contre
les moustiques et autres arthropodes aient abaiss6 le
niveau de la population des puces au-dessous du seuil
critique de transmission de la peste, contribuant ainsi a
reduire la frequence de la maladie dans les regions end&e
miques. En 1950-52 cependant, dans des regions de

l'Equateur traitees au DDT depuis 1946, des lign6es de
puces resistantes ont ete signal6es, menaqant l'efficacite
de la lutte contre la peste. Ailleurs, les etudes sont restees
fragmentaires.

Les auteurs ont repris la question dans l'Inde, et faute
d'une methode standard d'evaluation de la sensibilit6
des puces, ils en proposent une, qu'ils ont appliquee a la
mesure de la resistance de Xenopsylla cheopis, principale
espece de puce du rat dans l'Etat de Bombay. Ils la
decrivent et exposent leurs resultats.
Une souche de X. cheopis recueillie sur Rattus rattus

rufescens, dans le district de Poona traite au DDT pen-
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dant 14 ans, preserii.it une resistance de 28 'a 5000 fois
plus forte - suivant le critere choisi - que celle d'une
souche du district de Satara, traite trois fois seulement.
Une concentration de 16% de DDT ne tuait pas plus de
24% des puces de Poona apres une heure d'exposition,
alors que 4% de DDT detruisait 100% des puces de
Satara. Bien que les conditions experimentales ne soient
pas identiques 'a celles de la nature, on peut craindre que
les concentrations de DDT utilisees pour les traitements
usuels ne parviennent plus a e'liminer les puces dans la
region consider6e.

Une resistance moyenne au HCH (8-16 fois celle de s
souches sensibles) accompagne la resistance au DDT,
bien que le HCH n'ait jamais ete employe dans la region.
La resistance 'a la dieldrine, en revanche, n'est que 2-3
fois celle de la souche sensible.

Il se peut que dans d'autres regions de l'Inde traitees
au DDT les puces aient acquis aussi une certaine r6sis-
tance. II serait urgent de le preciser, de fagon a pouvoir
appliquer un insecticide pleinement efficace dans toute
localite que menacerait une subite offensive de la
peste.
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