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★  ★  ★

EFFECTIVENESS OF DDT DUSTING 
IN CONTROLLING RAT ECTOPARASITES 

AND TYPHUS INFECTION IN RATS
N e w e ll E G ood

Scientist (R)

The effectiveness of DDT dusting operations in 
reducing the hazard of t r a n s m i s s i o n  of murine 
typhus to man is measured hy two methods: (1) the 
reduction in rat ectoparasites and (2) the reduction 
in typhus infection in rats. The effect of this work 
in reducing human typhus can be measured of course 
only in the reduction occasioned in the number of 
reported human cases. Reduction in rat ectopara
s ite s  usually takes place within 1 or 2 days after 
dusting, whereas a year or more may elapse before 
the full import of the reduction in human typhus is  
apparent. Typhus in this country is a disease of 
rats which man acquires by accident. During the 
period 1945-49 approximately 18 percent of all rats 
tested proved positive for typhus. During these

same years, an average of 2,485 human cases was 
reported per year in the nine Southeastern States 
(including and south of North Carolina and Tennes
se e , plus Louisiana and Texas), for an over-all 
average case rate of 92 per 10,000 or 0.009 percent. 
Thus it is observed that typhus is  approximately 
2,000 times more p r e v a l e n t  in rats than in man. 
This comparison is  justified if one considers that 
rats probably live only about 1 year in nature and 
that most i n f e c t i o n s  therefore are more or le ss  
recent. Since infection rates in rats are so  much 
higher, they are considered to be much more signifi
cant statistically in measuring present typhus re
duction and also in i n d i c a t i n g  probable future 
typhus incidence in man.
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E ight spec ies  of ectoparasites commonly in fest 
ra ts  in the Southern S tates. T hese include three 
sp ec ies  of nonsticktight fleas , X enopsylla cheopis, 
Leptopsylla  segnis, and N osopsyllus fascia tus;  the 
sticktigh t flea, Echidnophaga g a l l i n a  c e a ;  three 
sp ec ies  of m ites, L i p o n y s  s u s  bacoti, Laelaps 
echidninus, and Laelaps nuttalli; and the rat louse, 
Polyp lax spinulosa. Other spec ies , such as the cat 
flea, Ctenocephalides fe l is ,  a lso  may be taken on 
ra ts . Any or a ll of these species of ectoparasites 
possibly may be involved in the transm ission of 
typhus from rat to ra t. However, only the oriental 
ra t flea, X. cheopis, a p p e a r s  to be of any great 
importance in transm itting murine typhus to man; 
a t le a s t control of X. cheopis is  correlated directly 
with a lowered typhus case rate in man. The degree 
of control obtained of th is flea, therefore, is of 
particular significance in any evaluation of the 
effectiveness of typhus control operations.
THE CONTROL OF BAT ECTO PA R A SITES 
B ¥  DDT DUSTING

Ten percent DDT dust in pyrophyllite, applied 
to rat runs and burrows, has been used on a large 
sca le  since the la tte r part of 1945 for the control 
of rat ec toparasites. During a ll of th is period of 
more than 4 years, rats have been trapped system 
atically  in both dusted and nondusted prem ises in 
each of the Southeastern S ta tes, and their ecto
parasites  removed and i d e n t i f i e d .  Data on rats 
examined during the period from September 1945 
through September 1949 are now available.

There is  considerable variation in the effective
ness of DDT dust against the different species of 
ra t ec toparasites. Fortunately, the ectoparasites 
which are the most i m p o r t a n t  vectors of murine 
typhus (A. cheopis and the other nonsticktight rat 
fleas) are the ones against which DDT dust is most 
effective. In general terms it may be s ta ted  that 
10 percent DDT dust, as applied for reduction of 
human typhus, gives very good control of each of 
the nonsticktight rat fleas, A. cheopis, L . segnis, 
and N. fasciatus; poor to fair control of the stick- 
tight flea, E. gallinacea; good control of the mite, 
L. nuttalli; but only fair control of the other rat 
m ites, L. bacoti and L. echidninus; and very poor 
resu lts  against the rat louse, P. spinulosa. Cat 
and dog fleas are affected little  by ordinary typhus 
control dusting methods but can be controlled if 
the dust is concentrated in the places frequented 
by dogs and ca ts . Control of the stick tigh t flea , 
likew ise, might be i m p r o v e d  by the dusting of 
chicken houses, which are the most common habitat

of th is flea.
The natural abundance of ra t e c t o p a r a s i t e s  

depends largely upon the season and the type of 
weather. Thus we find an increase of X . cheopis 
during the warm season and a decrease during the 
colder part of the year. The abundance of rat ecto
parasites likew ise varies from year to year. X. 
cheopis did not become as numerous in the summers 
of 1947 and 1948, each of which was preceded by 
a cold winter, as in the summer of 1946. On the 
other hand, there was an unusual increase in the 
abundance of th is sp ec ies , and of other fleas, in 
the latter part of the warm 1948-49 winter. The 
yearly and seasonal trends in both dusted and non
dusted areas are shown in figure 1.

Figure 1 shows that marked reduction was ob
tained for the first 6 months after dusting a t a ll 
seasons of the year during each of these 4 years. 
Data on individual months, however, show that in 
1 month in each of the years 1945 through 1948 the 
average number of X. cheopis per rat commonly 
referred to as the ilX. cheopis index ,”  exceeded
0.9 but was in no instance higher than 1.3. During 
1949 the highest cheopis level was more sa tis fac 
tory, being 0.5 per rat.

Averages for the entire year for the years 1946 
through 1948, and for the first 9 months of 1949 
are as follows:

A p p lica tio n  o f  dust 1946 1947 1948 1949(9 m onths)
Nondusted 2 .8 2.1 2.3 2.7
Dusted w ith in  6 months 0 .4 0.4 0.3 0.2
Dusted more than 

6 months prev iously 1.1 1.1 0.5 0.7

In percentages, these figures represent reduc
tions for the firs t 6 months after dusting of 84, 79. 
87, and 94 percent respectively  for these 4 years. 
It is encouraging to note that the degree of control 
improved in both 1948 and 1949. This would appear 
to  indicate either increased sk ill in dust applica
tion or a cumulative effect from repeated applica
tions. It appears to indicate a lso  that any develop
ment of resistance to DDT by X. cheopis under 
field conditions, which may have occurred, is not 
a factor of importance, as yet.

The duration of effectiveness of 10 percent DDT 
dust is  of great practical significance, since  upon 
th is point, together with the associa ted  factor of 
duration of reduction of typhus infection in ra ts , 
depends the frequency of dusting or the number of

6
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cycles of dusting necessary per year, or per 2-year 
period. Data on 38,925 rats, taken during the years 
1946 through 1948 from 10 percent DDT dusting 
projects, were separated according to the number 
of months after d u s t i n g  and the r e s u l t s  were 
analyzed. It was found that there was no significant 
change in effectiveness of 10 percent DDT dust 
against X. cheopis during the first 4 months. Maxi
mum reduction in the cheopis p o p u l a t i o n  was 
reached in from 1 to 7 days and continued with little 
change during this 4-month period. There was a 
small increase in the warm season cheopis popu
lation in the following 2 months, i. e . 4 to 6 months 
after application of the dust, and further increases 
after 6 months. On the basis of these data, it may 
be stated that 10 percent DDT dust as used under 
actual field conditions gives excellent control of 
X . cheopis during the first 4 months after appli
cation, satisfactory control for at least 6 months, 
and considerable reduction for much longer periods, 
some of which still may constitute satisfactory 
control. These data are shown g r a p h i c a l l y  in 
figure 2.

With the assurance that 10 percent DDT dust 
gave satisfactory control of X. cheopis for at least 
6 months, it was evident that one dusting during 
the spring would be sufficient to maintain control 
for an entire season. The possibility of a further 
reduction in the number of cycles of dusting now 
is  being considered. Available data on dusting 
periods greater than 6 months were tabulated by 
100-day periods, and since the habits of the two

T able 1
D u ra tio n  o f  E f f e c t i v e n e s s  o f  10 P e rc e n t  DDT D ost in  th e  C o n tro l o f  **X. c h e o p is ” 

on R a ts  in  11 S o u th ern  S t a t e s , * 1946 th ro u g h  1949
Based on d a ta  on, 4 ,8 3 5  r a t s

Rat lo a th
ex

r  o f r a t s  
amined

P ercen tage o f r a t s  
in fe s te d

Av. BO. 
In fe s te d

per
r a t Av. no. p er r a t  examined

181399
400

699
700+
days 181399 400

699 700+days 181399 400699 700+
days 181399 400699 700+

days
J a n .-Mar. 1,203 277 1 8 8 «* 4.4 2.2 * 0.4 0.2 *•

Rat tus r a ttu s A pr.-June 1,298 107 72 15 14 44 5.0 4 .9 8.5 0.7 0.7 3.8
and Ju ly -S ep t. 901 173 55 23 12 29 4.5 12.3 6.3 1.0 1.5 1.8

R attus norvegicus O c t.-Dec. 640 96 12 15 ' 27 ** 3.6 16.6 *• 0.6 4.5 *•
T o ta l 4,042 653 140 15 13 36 4.5 9.7 7.5 0.7 1.2 2.7

R. ra ttu s T otal 2,989 476 75 15 15 31 4.9 10.8 6.6 0.7 1.6 2.0
R. norvegicus T otal 1,053 177 65 15 6 42 3.3 2.9 8.2 0 .5 0.2 3.4

'Alabama, Arkansas, F lo r id a , G eorgia, L ouisiana, M iss is s ip p i, North C a ro lin a , South C aro lin a , Tennessee, Texas, and V irg in ia .
‘ ‘Number o f r a t s  examined i s  too small to  determ ine percen tage and average.

8

sp ecies of rats differ greatly, separate tabulations 
were made for each sp ecies.

The amount of available data is too small, parti
cularly in the periods greater than 400 days, to 
provide a basis for definite conclusions on this 
subject. However, the indications would appear 
to be that (1) in areas or buildings where roof rats 
only are found, dusting in alternate years may be 
sufficient; (2) in areas or buildings where Norway 
rats predominate, 10 percent DDT dusting gives 
satisfactory control in the Southern States as a 
whole up to approximately 1 year after dusting. 
Insufficient data are available for a further break
down by climate or temperature zones at this time, 
but it appears quite probable that in the northern 
portions of the southern United States, i. e . above
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Table 2

C o n tro l o f  “ X. c h e o p is "  by 5 P e rc e n t DDT D ust 
(and C om parison w ith  10 P e rc e n t  DDT D ust R e s u l ts )

Q uarter
No. o f r a t s  examined

Percentage o f R ats in fe s ted Av. no . of "X. cheopis* per in fe s te d  ra t Av. no. per o f  “X. cheopis* r a t  examined
Nondusted Dusted

1-180days
Dusted
181-600days**

Nondusted
Dusted
1-180days

Dusted
181-600days**

Nondusted
Dusted
1-180days

Dusted
181-600days**

1948
J an . -Mar . 761 6 5 0* 2.1 2.0 0* 0.1 1.1 0*
Apr. -June 1,199 22 12 18 8.4 4 .1 9.2 1.9 0.5 0.6
Ju ly -S e p t. 1,689 37 15 9 6.4 5.0 1.7 2 .4 0.7 0.2
Qc t . -Dec . 1,581 29 8 11 3.7 2.7 6.1 1.1 0.2 0.7

1949
J a n . -Mar. 2,387 19 5 4 3.8 2.4 1.5 0.7 0.1 0.1
Apr. -June 1,183 31 15 12 5.6 5.8 5.3 1.7 0.9 0.6
Ju ly -S ep t. 1,818 27 15 33 8.0 6.2 6.1 2.2 0.9 2.0
T otal or Average 10,618 25 11 9 5.6 4.8 5.3 1.4 0.5 0.5
Average fo r  
10% DDT dust fo r  sane period 17,154 33 7 12** 6.6 3.5 4.1** 2.2 0.3 0.5**

’Based on only 47 r a t s .  O ther f ig u re s  are  based on exam inations of from 74 to  1,660 r a t s .  The t o t a l  number of r a t s  examined by d u s tin g  p e rio d s  i s :  nondusted  — 3 ,312 ; d u sted  1-180 days — 
6 ,131; dusted  181-600 days -  1 ,175.

**Ten p e rc e n t DDT d u s t  d a ta  inc lu d e  re c o rd s  on r a t s  from prem ises d u sted  6 months to  3 y e a rs .

rats, is only 0.3 per rat.
It should be noted also that control appeared to 

be much poorer during the second year of dusting 
with 5 percent DDT than during the first year. This 
suggests the possibility that the use of dust with 
a low percentage of DDT may have permitted the 
development of a minor amount of resistance to 
DDT by X. cheopis.

A direct comparison of the amount of reduction 
in the X. cheopis population obtained by 5 percent 
and 10 percent DDT dust shows that poorer reduc
tion was obtained by 5 percent than by 10 percent 
DDT dust during the first 6 months after dusting, 
both in the percentage of rats infested and in the 
average number of fleas per infested rat (table 3).

A comparison of these two dusts for the groups 
dusted more than 6 months previously, which are 
not entirely comparable since the data for 10 per
cent dust include many rats from p r e m i s e s  not 
dusted for more than 600 days, shows that there 
was no difference in the percentage of rats infested 
but that 5 percent dust gave poorer results in re
gard to the average number of cheopis per infested 
rat and also, therefore, in the average number per 
rat examined.

9

33° north latitude, dusting in alternate years may 
be sufficient. A condensed tabulation of these data 
is given in table 1.

The possibility of reducing the cost of dusting 
operations by the use of 5 percent instead of 10 
percent DDT dust prompted its experimental use 
in 1946 and 1947. These comparatively small-scale 
tests appeared to indicate that 5 percent DDT dust 
was as effective as 10 percent dust for periods up 
to 3 or 4 months. Accordingly, large-scale use of 
5 percent DDT dust was started, particularly in 
Georgia and Alabama, at the beginning of the 1948 
season. During the early part of 1949, field obser
vations indicated that unsatisfactory results were 
being obtained with 5 percent dust, and a swing 
back to 10 percent DDT dust took place. Data on 
examinations of 10,618 rats taken in 5 percent DDT 
dust areas over a period of n e a r l y  2 years are 
given in table 2.

In premises dusted with 5 percent DDT the aver
age number of X. cheopis per rat for the first 6 
months after dusting, based on data from 1,789 rats, 
averaged 0.9 during the months of April through 
September 1949. The c o r r e s p o n d i n g  figures for 
10 percent dust areas, based on data from 1,915

880809 0  -  50 - 2
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P e rc e n ta g e  o f  O r ig in a l  I n f e s t a t i o n  o f  “ X. c h e o p is "  Found a f t e r  D u s tin g  
C om parison o f 10 P e rc e n t and 5 P e rc e n t  DDT D ust, Based on 2 7 ,77 2  R a ts

Table 3

Period
or

Q uarter

Percentag 
in fe e of r a t s  

s ted Av. no . o f "X. cheopis” 
per in fe s te d  r a t Av. no 

p er
of

r a t
*X. cheopis" 
examined1-180 days 181+ days 1-180 days 181+ days 1-180 days 181+ days

10% 5% 10% 5% 10% 5% 10% 5% 10% 5% 10% 5%
1948

Ja n . -Mar. 17 78 37 0* 37 96 46 0* 6 In c . 17 0*Apr. -June 23 53 53 84 92 49 In c . In c . 22 26 73 32Ju ly -S e p t . 24 41 52 26 35 78 44 27 9 31 23 7O ct. -Dec. 20 29 16 37 In c . 73 39 In c . 26 21 6 611949
J a n . -Mar. 9 26 9 21 15 63 23 38 1R 16 21 8A pr.-June 16 49 42 37 14 In c . 32 94 22 51 14 3Ju ly -S e p t. 24 57 41 In c . 55 77 72 77 13 44 29 93
Average fo r21 months 21.7 44.6 37.1 37.0 53.6 85.7 62.2 94.4 11.6 38.2 23.1 34.9

•Based on only 47 r a t s .

REDUCTION IN TYPHUS IN FECTIO N  IN RATS 
BY DDT DUSTING

The rat is by far the most important animal re
servoir of murine typhus and, therefore, any reduc
tion in the percentage of rats infected would result 
in the infection of a smaller percentage of fleas 
with the rickettsia and should be reflected in a 
reduction in human typhus. Thus the determination 
of the percentage of rats showing typhus antibodies 
in the blood can be used as a second method of 
measuring the effectiveness of DDT dusting opera
tions for the control of t r a n s m i s s i o n  of murine 
typhus to man (table 4).

In the p r e l i m i n a r y  analyses made to date, a 
complement fixation test of 1:4 has been considered 
positive. However, there is considerable doubt 
regarding the significance of titers of 1:4 or even 
of 1:8, and a reconsideration of what constitutes a 
positive titer may be n e c e s s a r y .  This test, of 
course, shows past infection and cannot be evalu
ated correctly when using the same periods after 
dusting as for ectoparasite infestation. Typhus 
antibodies do not begin to appear in the blood until 
the 12th to 18th day after exposure but, after appear
ing, are present at least for several months. Reduc
tion by DDT dusting, in the percentage of typhus 
infection in rats is not as striking as the reduction 
of ectoparasites. Many factors in addition to the 
reaction factor just discussed must be segregated 
before definite conclusions can be drawn. The f o l 

l o wi n g  table is of a preliminary nature and the 
important factors, such as age of rat, have not 
been considered. Nevertheless, a fair reduction 
in the percentage of rats infected is shown. Data 
on rats caught within 30 days after dusting have 
not been considered because of the probability that 
most of the rats found positive for typhus in this 
group acquired the infection before the time of 
dusting.

The data on typhus infection in rats presented 
above are rather variable and hardly can be inter
preted satisfactorily without further break-down of 
the contributing factors. However, they do show 
a steady decrease in the natural typhus infection 
in rats, some of which may be due to natural factors 
sue] as weather conditions, but a large part of 
which undoubtedly is  due to actual interchange 
of rats between dusted and nondusted premises, 
and to a systematic and successfu l reduction in 
typhus in the areas of highest endemicity.

A good percentage of reduction of typhus infec
tion in rats, 50 percent, is shown for 10 percent 
DDT dust areas, and a somewhat smaller percent
age of reduction, 41 percent, for 5 percent dust areas 
during the period 1 to 6 months after dusting in 
1948 and 1949. However, for periods greater than 
6 months after dusting, no such consistency was 
evident; results show almost no reduction, 1 per
cent, in the 10 percent dust areas but a good reduc
tion, 52 percent, in the 5 percent dust areas. No
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T ab le  4
E f f e c t  o f  10 P e rc e n t  and 5 P e rc e n t DDT D u stin g  O p e ra t io n s  

on t h e  P e rc e n ta g e  o f  B a ts  w ith  T y p h u s -P o s i t iv e  Complement E ix a t io n  T i t e r s  
11 S ou thern  S t a t e s  -  B ased on 4 1 ,1 7 0  B a ts

Year Q uarte r
10 percen t DDT dust 5 percen t DDT dust

Nondusted Days a f t e r  d u stin g Nondusted Days a f t e r dusting
31-180 181+ 31-180 181+

1945 O ct.-D ec. 51 31 -
J a n . -Mar. 33 34 O’
Apr. -June 30 21 5“ No data1946 Ju ly -S ep t. 35 21 30
Oc t . -De c . 29 18 28
Total 1946 32 23 27
Jan .-M ar. 23 24 27
Apr. -June 22 18 21

1947 Ju ly -S ep t. 15 14 25 IN O uatd
O ct. -Dec. 22 13 16
Total 1947 21 18 23
Jan .-M ar. 18 8 30 15 1 1 40“
Apr. -June 16 8 17 18 15 20

1948 Ju ly -S e p t. 15 8 10 19 9 8
O ct. -Dec. 14 7 10 18 9 6
T otal 1948 16 8 18 18 10 17
J a n . -Mar. 10 2 10 15 4 2
Apr. - June 11 12 10 16 9 7

1949 Ju ly -S ep t. 16 6 8 9 11 9
T o ta l J a n .-S e p t. 1949 13 7 9 14 8 4

4-year T o ta l 22.4 16.2 18.3 - - -

T otal 1948-1949 15.1 7 .6 14.9 15.6 9.1 7.5
Percentage o f red u ctio n1948-1949“ * 50% 1% * 41% 52%

’Based on less  than 20 r a t s .
“ Based on 20-49 r a t s .

“ ’Based on 20,239 r a t s  as fo llow s: 10 percent dust a re a s : nondusted — 6,215; dusted  1-180 days -  4,298; dusted  181+ days -  2,213. 5 percen t d u st a rea s: nondusted -  2,839; dusted 1-180 days -  3,684; dusted  181+ days -  990.

explanation for this sharp r e v e r s a l  in trend is 
offered. It is hoped that additional data and more 
critical analyses may give a clearer picture of the 
effect of DDT dusting on typhus infection in rats.

CONCLUSIONS
1. Ten percent DDT dust applied to rat runs and 

burrows is very effective in controlling the oriental 
rat flea, Xenopsylla cheopis, the principal vector 
of murine typhus to man.

2. The effectiveness of DDT has not decreased 
during the 4 years it has been used for this purpose.

3. The residual effect of DDT or the duration of 
its effectiveness against X. cheopis appears to be 
as follows; very effective for 4 months, satisfactory

for 1 year, and probably satisfactory for 2 years on 
roof rats and, in the northern parts of the typhus 
area, on Norway rats also.

4. Five percent DDT dust has been definitely 
le ss  satisfactory than 10 percent dust in the con
trol of X. cheopis.5. Analyses of, and interpretations of the impor
tance of, reductions in typhus infection in rats to
date are preliminary only. A fair percentage of 
reduction in typhus infection in rats is shown for 
both 10 percent and 5 percent DDT dusted areas
during the 6 months after d u s t i n g .  For longer 
periods, the data at hand appear to be too incon
sistent to permit valid interpretations.
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