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Evaluation of County-Wide DDT Dusting OperatiOns
in Murine Typhus Control'

By ELMER L. HILL, Surgeon, and IIARlEY B. MORLAN, S. A. Santitarian (R)
(Entomologist), Public Health Service

The recognition of murine typhus fever as an epidemiological
syndrome is relatively recent. In 1926 MIaxcy (1) suggested the role
of the domestic rat in the transmission of typhus fever in the United
States. Five years later the role of the rat was proved by the work of
Dyer, Rumreich and Badger (2). Thereafter, until 1944, the trend
of reported cases was steadily upward. From 1940 through 1944, this
trend of incidence (3) showed an alarming increase with 5,353 cases
reported during 1944 (figure 1). Attempts at controlling murine
typhus fever on a city or county-wide basis (4, 5, 6) had met witlh
varying degrees of success. WVork in progress during 1945 (5) indi-
cated that DDT might be an effective material for controlling rat
fleas. Due to the apparent urgency of tlle situation, steps were taken
to incorporate DDT dusting techniques into existing typhus control
programs, aIld coincidentally an aceeleration and expansion of this
type of work was undertaken in the Southern States most heavily
affected by murine typlhus fever (figure 2).
The nation-wide decline in murine typhius fever inicideince frolmi

1945 to 1947 (figure 1) might have been due to a multiplicity of factors
other than the introduction of DDT dusting. In 1945 the question
as to whether or not DDT application could be made practical for the
control of murine typhus fever on a community-wide basis, remained
unanswered. Since new methods require objective evaluation in
order to employ them in their proper place in tlhe total public health
program of the community, it was (leemed advisable to carry on a
comprelhensive study to determine wlhetlher or not, DDT dusting on
a county-wi(le basis wouldl measurably reduice the incidence of mutiiie

From Communicable D)isease Center, Atlanta. (la. I'his study w-as made cooperatively w ith the
Georgia Department of IPublic hlcalth, Typhus Control Service, Roy J. Bostoni, l)irector.
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Figure 1. Reported cases of murine typhus fever in the United States, 1931-1947

Figure 2. Reported cases of murine typhus fever in the United States, 1941

5500 ~ MURINE TYPHUS FEVER
5000

4500

4000

3500

300

230002500

000

0

951 1932 i933 1934 935 193 93? 896 1939 8940 194 942 94 1944 1845 1946 14
YEARS

pro I£Ce mwev so .-- --- ---- - -- -- ----------



1)ecemeriih 17, 194.S

typhus fever in hiumans. The studly was also to determine whether
or not one or nmore of the abundant species of rat ectoparasites would
be effectively controlled throughout tthe treated areas, to measure ainy
reduction of typhus in the rat reservoir, and to observe any association
between ectoparasite control and reduction of typhus in rat and man.
A survey in the latter part of 1945 revealed that an area in south-

west Georgia, wlhich includes Brooks, Thomas, and Grady Counties,
was of appropriate size and otheiwise suitable for such a study pIroject.
Through the cooperation of the Georgia Department of Public Health,
this area was made available for the study, aind Dr. C. D. Bowdoiii
and Roy J. Bostoni (6, 7) of that agency assisted in expediting the
establislhment of the iinvestigations. Headquarters for the project
Were locate(d at Thoniasville.

Methods
Since conditions surrounding human populations were not expectedl

to remain static, the span of time over whiclh the study could be
conducted was considered limited to a period of about 2 to 5 years.
Therefore, principal reliance was placed upon concurrent comparisons
but, insofar as it was possible, data which antedated the DDT typhus
control operations were obtained for comparison with subsequent data.
In this study, objective measurements of three principal points of
reference were undertaken. Each of these was subject to determina-
tion or confirmation by specific objective techniques. These points
of reference consisted of the measurement of recognized, confirmedl
murine typhus fever incidence among humans, tile prevalence of
murine typhus complemenit fixing antibodies in the rat population
determined on a representative sampling basis, and the abundance
of the principal rat ectoparasites with sampling metlhods paralleling
those for rat serological studies.
Grady County, with an area of 444 square miles, was studlied as an

untreated check. Thomas County, witlh an area of 530 square miles,
and Brooks County, 514 square miles in area, were treated and details
of the DDT dusting operations are shown in table 1. Population
data for the three counties are given in table 3.

While steps were taken to avoid community-wide undertakings
which might introduce bias factors into tlle measurements obtained,
the controlled perfection of a laboratory experiment was not expected.
Before the epidemiological trends of human incidence, reservoir
prevalence and potential vector abundance were considered significant,
they were subjected to exacting statistical tests. Observations in-
dicated that very little activity relevant to typhus control took place
in Thomas or Brooks Counties other than that resulting from individ-
ual initiative, private enterprise, or the DDT dusting work which was
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und(ter the auspices of the stutdy project. In GIrady Couiity iIndivi(dual
iniitiative anizd private einterpiise were probably closely parallel to the
two treated counties. However, a locally sponsored househol(d
clean-up drive was carried on in Cairo, the couinty seat of Grady
County, duiinig 1947.

Table 1. Summary of DDT dusting operations for murine typhus control in Brooks and
7'homas Counties from April 1, 1946, through September 30, 1947P

.Averageb
Pereenit pounds of

Estab- treated Pounds of 10 percent1)uIstilig lerio(Is lishments estab- 10 percent DDT dust
treated lish- I)DT dust per estab-

ments used lishment
treatedi

Brooks Cotlidy
1. Apr. 1 through Juie 28, 1946 4,322 83 19.717 4. 6
2. July 1 through Oct. 2, 1946 4,731 91 17,081 3.6
3. Oct. 3 through Dec. 31, 1946 --4,016 77 25, 145 6.3
1. 'Mar. 31 through May 30, 1947 --4.511 87 22,967 5. 1
5. Aug.1 through Sept. 30, 1947 ---5,014 96 20,782 4. 1

Thomas Countty
1. 1May 13 through July 3, 1946 8,157 92 18, 702 2.3
2. July 15 through Oct. 4, 1946 6, 939 78 16, 288 2.3
:1. Oct. 7 through Dec. 23, 1946 5,333 610 36,321 6.8
4. Feb. 2 throughMar. 29, 1947 6,532 74 33,243 5. 1
5. June 2 through July 30, 1947 --- 8, 156 92 19,096 2.3

lComputed on the basis of a total of 5,207 establishments in Brooks County and 8,881 establishments in
'I'homas County; as indicated by project census figures. Premises not treated include both absentees and
-efusals.

Dusting Op)erations In the coniduct of DDT dusting operations in
Thomas and Brooks Counties, an effoi't was ma(le to distribute 10
percent DDT in pyrophyllite in suchi a manneI that rats would be
forced to cross through patches of it to travel from harborage to
food and water supplies. Since rat populations of treated areas were

predominaiitly Rattus rattus, it was necessary to train personnel to
accomplislh thorough coverage of overhiead runs as well as those at the
ground level. MXlen at all possible, dust was applied to rat harbor-
ages, but ofteni because of structural characteristics of buildings or
storage of stock feed, these harborage places were inaccessible.
Reliance was necessarily placed upon thorough treatment of accessible
ratruns. Repeated observations indicated that rats would traverse
thin dust pateles, wvhereas they frequently avoided those whiclh were
much more than one-eighth of an inclh (leep. Therefore, it was
consi(lered possible to obtain betterrat ectoparasite control by using
less mateiial in the ii(lividual patches.
Men engage(d in thed(usting operations gradually evolved a method

of hand dustinig that was hiighly efficient. They were able to place
packedhandfuls of the material on any desired location, even to a

lheight of about 20 feet. Unintentional dusting of stored feed and
personnel engaged in the work was avoided more effectively bylhand
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applicationi thatn formerIly had beeni the case witlh a plunger-type (lust
gun and other less satisfactory equipment. Mfore tlhotouglh coverage
of all rat runis was accomplislhed, estimatioin of quantity of DDT (lust
iisedl per treated establishment was nmore accurate, an(l a considerable
saving in time resulted from hanid dusting.2

Table 2. Rats fromt Thomas and Brooks counties examined for murine typhus comn-
plement fixing antibodies and the percent from establishrnents treated with 10 percent
DDT dust I

Thomas County Brooks County

Per-
cent PrceentlPeriodl Num- Irats Num- rats fronm eriod

her rats from ber rats dusted I
exanm- dusted exanm- estab-
ined estab- ined lish-

lish- ments
ments

1946 ll1947
May 18X n 176 86.9 May
Julne -- 220 80.0 130 86. 9 June
July - 112 77. 7 98 84. 7 Jutly
August____ 109 8s. 1 10)( t0). 0 AuAtgust -

September Il 15 88.7 93 9f). 3 September
October 17i 82. 4 143 93.7 October
November- 81 86. 4 s3 90.4 Novembor
December-_ 63 87.3 101 97.0 D)ecemnber

1947 Ii 19.8
January- 97 90. 7 102 9x. 0 January
Febr-uary 9S)2 I 94.6 113 99.1 February
March 132 902 141 100.0 Mlarch
Apfil 152 80.3 203 96.0 April

Total- 1.537 74. 1, 483 92.9 Total.

Th'Ihomas County Brooks County

Per- Per-
cent nit

Num- rats !Nuini- rats
ber rats fronm ber rats from
exam- duste(I eXxain- dIuste(t
imied estab- ined. estab-

lish- lish
nents mernts

140) 93. 6 1SO 94. 4
1 }19 98. 1Is1 96. 7
154 99.4 219 100i). 0
153 ](0. O) 225 99. I
170 100. ) 170; 100. O
2-21 100.0 '264 1011.0
161 199.4 1.5t) 1o0o.0
168 1 00. ( i63 109. 0

1.56 10.1) 146i 10(0)
162 100.(0 160 1 I0)1)0
270 1011). (1 163 100. 0
286 100.)) 193 10N.1)

2,1901 9941 2 220 99.2

Rat sampling was imiaintained< on a basis wvhich was representative of each county as a whole regardless
of the status of niurinie typhus cotntrol operations.

Five rounds of dusting wei-e accomnplislhed in each of the treated
counties between April 1, 1946, and September 30, 1947, withi 60 to
96 percent of premnises receiving treatment in separate county-wide
cycles of dusting activity (table 1). In Brooks County the first
round of DDT dusting operations started April 1, 1946, while in
Thomas County the first round started Mfay 13, 1946. From Mfay
1946 through April 1947, 92.9 percent of the Brooks County rats
which were tested for murine typhus comnplement fixing antibodies,
and 74.6 percent of those tested from Thlomas County, came from
premises whicli had been treated with DDT dusti (table 2). During
the following year, over 99 percent of the rats examinecd from both
counties came from treated premises. Wherever there was a choice
of epidemiological methods, that method which might be expected to
reflect least credit on DDT dusting operations was selected in ordem-
to provide conservative measurements of the county-wide epidlemio-
logical phenomena being studied.

2 Clinical observation of personnel engaged in dusting operations, including photofluorographic examina-
tion, revealed no ill effects which could be attributed to exposure to the DDT-pyrophyllite mixture.
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Since the human incidence of murinie typlhus fever was relatively
low, a method designed to encompass the total county-wide incidence
was imperative. A decrease of about 60 percent would be necessary
before a phenomenon, such as human murine typhus morbidity with
an annual rate of about 100 per 100,000 in a population of 20,000
could be considered statistically significant.
Rat Populations Sampled-Murine typhus antibody prevalence

rates in the domestic rat populations of about 45 percent in Grady,
50 percent in Brooks, and 55 percent in Thomas County made it
possible to sample the rat populations with 16 geographically repre-
sentative tiapping stationis in each county. An effort was made to
incilude in each statioii a sufficient number of rat-infested premises to
supply a live-rat sample of from 10 to 20 each month, without mate-
rially affecting the over-all rat population of the station.
Repeated rat-trapping activities took place within the statioins eaclh

imionth of the study. Extra-station trapping was carried out in order
to provide a relatively complete county-wide survey and as a check
on the possible changes which might result from repeated trapping
within the stations. This type of trapping also seemed adequate to
support the studies of rat ectoparasite abundance.
As rats were collected they were brought to the headquarters of the

project to be bled and their ectoparasites collected, counted, and identi-
fied. For the purpose of this study, a titer of one to four or higher with
the murine typhus complement fixation test was considered sufficient
to place the rat among those possessing demonstrable antibodies foi
Rickettsia typhi (Wolbaclh and Todd) Philip.3 While most of tlle rat
sera were subjected only to the murine typhus complement fixation
test, sufficient numbers of specimens were tested with other rickettsial
antigens to demonstrate the improbability of obtaining significant
numbers of confusing cross reactions.
Data recorded on each rat included information identifying the

location and type of habitat from which the rat was taken, body length,
tail length, sex, species, and whether adult or young. The basis for
age classification was sexual maturity; that is, if the testes were con-
fined to the abdomen or the vagina imperforate they were considered
young, otherwise they were classified as adults. In addition to this
basic identifying data, the number and species of ectoparasites infest-
ing each rat and the serological results were added to the record.
Human-Case Investigations-Since a retrospective study of humanl

cases occurring in 1945 was included in the project, six screening
methods were employed. These included reports from State and local
hlealth departments, hospital records, laboratory records, contact with

3 The etiological agent of murine typhus fever has appeared in the literature under several names, R.
mooseri, R. prowazeki var. mooseri, R. muricola, R. murina.
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physicians, reputed cases picked up oIn information in the natuire of
rumor, and door-to-door survey. WThile the door-to-door survey was
indispensable for the retrospective study of 1945 cases, by the middle
of 1946, the other five methods were found to be adequate for keeping
abreast of current cases. This elimination of an expensive procedure
was made possible by personnel of the project becoming familiar with
the areas in which they worked and with the families in those areas,
so that the desirable features of the door-to-door survey were actually
retained.

In connection with each human-case investigation, basic identifying
lata, possible sources of infection, clinical characteristics and labora-
tory results were recorded. Clinical histories were evaluated in order
to classify them as clear-cut history of murine typhus fever, possible
murine typhus fever history, inadequate clinical information or nega-
tive histories. Each human case was charged to the county of resi-
dence, regardless of a history which might indicate exposure elsewhere.
The final objective criterion for considering a case confirmed

(lepended upon the serological results obtained. The complement
fixation test for murine typhus was selected for confirming or rejecting
a human case. Since human blood specimens were frequently ob-
tained at considerable lengths of time after the illness, a titer of one
to four or higher was ordinarily considered sufficient to place a case iII
the confirmed group. In most confirmed cases where the initial test
produced a titer of one to four, a subsequent serum specimen was
obtained that gave a positive test at a titer of one to four or higher.
This criterion was fQllowed if tests with other rickettsial antigens
failed to yield equal or higher titers. However, in cases giving a his-
tory of prior rickettsial infection or active immunization, especially
strong clinical and laboratory evidence was required before considering
the case confirmed. This evidence included the typical clinical syn-
drome of murine typhus fever and rising serological titers during the
course of the illness being studied.

In order to check serologicalfresults obtained in the Communicable
Disease Center laboratory, some serological specimens were divided
and portions sent to one or more of the following laboratories: (1)
National Institutes of Health, Bethesda, Maryland,4 (2) Georgia
Department of Public Health, Regional Laboratory, Albany, Georgia,5
(3) Lederle Laboratory, Pearl River, New York.f As with the human
sera, occasionallv rat serum specimens also were examined by more
than one laboratory.

4 Dr. Robert Huebner.
6 Frank Stubbs.
6 Dr. Herald Cox.

813318-48-- 2
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Results
For the 18-miionthl perio(l prior to the completion of the first DDT

(lustinig cycle in botlh ThomInas and( Brooks Counties, and including(r
January 1945 throtuglh June 1946, theimurine typhlus incidence rate
was 232.1 for Gradly County (figuie 3); 180.2 for Thomas County;
and 174.1 for Brooks County, with the incidence of officially reporte(d
cases only 37.2 percent, 46.2 percent, and 34.8 percent of these re-
spective values.' These data provided an indication that the three
counties were suifficiently similar prior to the DDT dusting operations
to peirmit valid subsequient comparisons.

0
w
0
9
0

0Di
4
I?

U)

1946 1947

Figure 3. Human cases of murine typhus fever by month of onset, confirmed by
the murine typhus complement fixation test 1945 through 1947

R-ate Decreases in Treated Counties-The first cycle of DDT dusting
operations was completed in both Thomas and Brooks Counties
July 3, 1946. During the period of July 1946 through December
1947 (figure 3), the murine typhus incidence rate was 235.9 for Grady
County (untreated), 31.5 for Thomas County, and 14.7 for Brooks
Couinty. Not a single case was found in Brooks Count,y from Septem-
ber 1946 through April 1948. Thlomas and Brooks Count,y experience,
in contrast with Grady County, represented significant decreases in
human incidence of murine typhus fever subsequent to DDT dusting
operations. Likewise when the hiuman incidence experience for 18

7 I)ata on reported murine typhus fever cases was obtained from Georgia Department of Public Health.
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nionths prior to July 1, 1946, was coinpared witlh tlhat in the subsequent
18 montlhs, higlhly significant re(luctions were notedl following DDT
(lusting operations in Thomas and Brooks Counties, whiile Ino signifi-
cant change took place in Gra(ly County. The incidence in th(ie
period, July 1946-December 1947, containing two peak seasons,
would ordinarily be considerably greater than the incidence in the
period January 1945-June 1946, containing only one seasonal peak.
Data in table 3 indicate that recognized, confirmed cases of murinie

typhus fever occurred with greater frequency among wlhite males
than in any other population group. In Grady CouInty, the rural
and urban hiuman incidence rates for 1945 were not significantly
different. The 1945 rural-urban distributioni noted for Thomas
Counity, witlh a 261.5 rural rate and a 115.8 urban rate, indlicated a
greater clhance for infection among rural residents (6). A similar
tendency existed in Brooks County with a rural rate of 263.2 and an
urban rate of 57.6, for 1945. During 1946, the difference between
the rural and urban murine typlhus morbidity rates for Grady (un-
treated) and Thomas (treated) Counties was insignificant, while in
BIrooks (treated) County a sliglht difference in rates persisted an(d
continued to indicate a greatei chance of rural residents acquiring
recognized inurine typhus fever. In 1947, the rural morbidity rate
was significantly greater than the urban rate in Grady County. Tlhe,
niumnber of typhus cases whiclh occurred in 1947 in the two dusted
(ounties, Thomas and Brooks, were 7 and 0, respectively, while in
the undusted county, Grady, 27 cases were recorded (figure 3).
Although the decrease in human incidencee rate of mnurine typlhtus

fever in G(rady County from 295.4 per 100,000 in 1946 to 146.0 in 1947
was not statistically significant, the decrease in the turban rate (Cairo)
from 253.2 in 1946 to 18.2 in 1947 was significant. This probably wtas
(tile to the relatively minor efforts of a local organization in promoting
a clean-up campaign in the community. This locally sponsored cam-
paign was started early in 1947 and did not incltude specifically any
community-wide rat- or typhus-control activities. As was predicted
early in the study, Grady County showed a tendency, in 1947, to
become less uiseful as an untreated comparison area. However, as a
standard comparison for most of tlie factors associated with the
murine typhus epidemiological syndrome, it remained relatively tin-
altered during the perio(l of this study, aI(l slhowed promise of con-
tinuing to serve in this capacity for another year oIr two.
The reservoir-vector portions of this study covered in a(fdition to

a 2-year period, Mfay 1946 through April 1948, sonle priorldata which
(lid not match thle standards of comparability (contained in time
riemainder of tlhe work. These prior data were inclutdledi in thle
tabulations, since they were found to be of valuie for certain crtudle
comparisons.
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DIurrig tihe couIIrse of th1e stud(y at change in the (loInestic rat poptula-

tioni began to take place in each of the tlhree counties, witlh a relatiV(
increase in the number of Rattu.s nortvegicux. However, Rattus rattu8
consistently outnumbered R. ncriegicus in the tlhree counties. Due to
this variable aInd maniy otlhers whlichl were u(ndotubtedly associtetd(I
with the two reservoir species obserxved, the reservoir-vector (lata
were analyzed for R. rattus and R. noruegicus separately.

Trends in prevalence of typlhus antibodies in rats recordled in figure
4 and table 4 indicated that the percentage of both species of rats,

Table 4. Murine typhus complement fixation results in Rat tus rattus and Ra ttus nor -

vegicus populations of Grady, Thomas and Brooks Counties, Georgia, by months, in
the evaluation of DDT dusting operations

Rattus rattus

a olilti

Prelimninary data: 3
1945 Oct.-
1946 Jani -

1946 April

.NMay
June
July _
August
Septenmber
October
November
D)ecember-

January
February
March
April

Total MIa;

May
June
July-
August
September
October
November
D)ecember

January
February
March
April

Total May

Grady3 Thomas 2 Brooks 2

Per- Per- Per-
i.Nurn- Icent Nuni- cent Num- cent
bher posi- ber pIosi- ber posi-

tive tive tive

....___.._... __I

-I)ec 113 52.2
MAar |- 233 50.2

241 46. 108 t,3. 0

194(;
86 39.5 164 63.4
-89 27.0 186 54.8
96 39.6 78 41.0
i63 47.6 87 47.1
,3 45.2 1(X1) 53.0
, 7 39.0) 134 36.6

----------------I 4() 47.5 76 30.3
4.5 42.2 34 14.,

1947
114! 47.4 84 22.6
47 1 29.8 59 35. 6
71 52.11 102 23.5

128 43.0 138 39.8

y 1946-April 1947 929 41. 6 1,242 42.15

1947
137 39.4 111 18.0
103 388. 128 10. 2
204 36.8 115 13.9
135 45.2 123 7. 3
1()0 43.0 128 2. 3
133 36.1 141 4. 2
76 48.8 123 S. I
112 37. 5 114 9.61

1948
11)7 19.6 log 9 0.9

91 49.4' 113 3.5'
182 21. 4 197 4. 1

-- 48 12.5, 227 8.4

'1947-April 1948X 1,428 35.4 1,629 7.4

81 5j).6
199 46.2
154 50.0

.

176 i 48.9
130) 33. 1
98 26. 5
100 30).0
93 33. 3
143 26.6
83 111.9

1)11 39..6

102 8.8
113 !15.0
141 1(1.6
203 8. 9

1.483 24.7

180 6.1

181 7.2
219 5.9
225, 5. 8
176 4.0
264 2. 6
145 1.4
1,%1 1.31

143 1.4
154; 0
159 1. 2
170) 0.6

2,176 3.4

Rattus norvegicdus

Grady Thomas 2

Per- Per-
Num- cent Num- cent
ber posi- ber p)nsi

tive tive__ 1_~~~
2 50.

25 40.)

27 25.9
18 44.4
12 66.71
21 61.9
19 42.1
16 75.1)
20 35.0

65' 27.7
301) 36.7
13 46.2
45 22.2

311 37.9

44 43. 2
39 I). 5
47 53. 2
46 50).))
19 31.6
40 42 5

44 45.4
104 42. 3

84

41)

6445

39.3
27.4
31.2
22. .5

37. 5

2 __50.00

1)

24 54.2
34 til.8
34 32.4
22 31. 8
15 20.0
42 31.1)
5 20.1)

2(9 13.8

13 0
33 9.1
30 10.1)
14 21.4

295 27. 8

21. 0

21 4.8
39 12.8
30 13.3
42 16.l7
so S. S
3, 7. 9
,54t 1.8X

47 4.'
4'3 4. 1
73 1.4
59 1.

,561 6.1

' No R. norvegicus were collected from Brooks Counity unitil November 1947-April 1948, wheni 44 were
examined serologically with 2.30 lpositive to the murine typhus complement-fixation test.

2 Grady County untreated; Thomas C)unty treated with 5 cycles of D)D)T dusting betweeni May 13, 1946i
and July 30, 1947 Brooks County treated with 5 cycles of 1)l)T (lusting between April 1, 1946 and Septem -
ber 30, 1947.

3 Sampling methods used in collecting the preliminary data were niot strictly comparable betweeni coun11-
ties or with subsequent metho(ds.
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tthe serum of wii(nlh yiel(led positive tvphlus complement-fixation
results, was hiiglher pr-ior to (lusting operations, and(i tlwrouglh MIay and
June 1946, in Tlhom0as anid Brooks Counties tlhan in Grady County,
whichl was not treated. During andl after Juily 1946, the per'cenltage
of positive R. rattus in Brooks Couinty anid R. norvegicus in ThIomas
County was consistently less thiani in the untreate(l county. Thle
percenitage of positive R. rattus remained higher in Thlomas Counity
until October 1946, when the prevalence of positive reactors dIroppe(l
below, and remaiined below, the prevalence level of that in t,he uin-
treated county (Gradly). A more prompt reduction of positive rats
in Brooks than in Tlhomas County was attributed, at least in part,
to the earlier start in (lusting opeIrations in Brooks County. Trends
continued in a generally downiward (lirectioni in the treate(l counties
to the end of the report periodl (April 1948).

Ectoparasite Findings-During the perio(l, Mfay 1946 tlhrough
April 1948, more thani 96 percent of t,he total niumber of ectoparasites
collected in the three counties was among four species. They were
the oriental rat flea, XVeiwop.sylla cheopis (Rothschill), (10.6 percent)
Iflse flea, Leptopsylla segniis (Schlinherr), (6.1 pereent); tropical
rIat Mite, Liponyssus bacoti (Hirst), (27.3 percent); common rat
louse, Polyplax prrqunulosa (Burmeister), (52.1 percent). In untreated
Gra(ly County, 16.3 percent of the ectoparasites collected were
X. cheopis, 9.8 percent were L. segqniis, 25.0 per-cent were L. bacoti
an(l 44.6 percent were P. spin uilosa.

Differiences in ectoparasite rates on the two species of liosts must
l)e interprete(l witlh caution, since larger numbers of R. rattus xvwere
(ollectedl than R. niorregicus in all three couiities but not in tlie? same
proportion (tables 5, 6, 7, 8). The montlhly figures for percentage of
i-ats infested fluctuated less erratically tllan did the figures for mean
number of ectoparasites per rat.
Although some reduction in flea infestation rates occurre(l in the

unltreate(l county as the study progresse(l, the muclh greater re(luction
in dusted counIlties gave evi(lence of control of X. cheopis andi L. sega is
by dusting operationis (figures and tables 5 and(l 6). This was pa ticut -

larly evident whien the ectoparasite (lata, collected( prior to Mlay 1946,
were inclutd(ed in the ainalyses of flea infestation trends. The earlier
and nmore effective control of these fleas in Brooks County tlhan in
Thomas Counity was probably attributable to the 6 weeks' eairlier start
of dustiing operations in Brooks Couinty. It appeare(l tlhat (Itirinig tlhe-
fourtlh and fifth DDT (lusting cycles in April-MIay anld August-
September 1947, respectively, more effective control of fleas was
obtaine(l in Brooks Couinty than by similar opeirationis in Tlhomas
Couinty, timed in February-NMarch an(d Junie-Jtuly. It slhouldi be
note(l that DDT dlusting operations in these two (counties dturing 1946

16;47
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were not identical in a.ll respects, wlhich miglht lhave accounted for
the differences noted in the results obtained during 1947.
The percentage of rats infeste(d with L. bacoti was slightly reduced

through the cumulative effect of repeated DDT dustinig cycles (figur e 7;
table 7). Immediate or marked control of this mite was not apparent.
There was very little evidence of practical control of P. spinulosa on ra.ts

Table 6. Leptopsylla segnis infestation of Rattus rattus and Rattus norvegicus in
Grady, Thomas, and Brooks Counties, Georgia, by mcnths, in the evaluation of DDT
dusting operations 1

Month

Preliminary data: 4
October-D)ecember 1945-
January-March 1946 --

April 1946

1946
May -- ----------

June
July
August -- - ---

September-
October
November
December .

1947
January - - - - -
February -- --

March
April-

Total May 1946-April
1947

1947
May-
June-
July-
August -

September
October
N'ovember -- -

December -

1948
January
February
March-
April -----------

Rattus rattus

Grady Thomas
County 3 County 3

Per- Mean Per- Mean
cent num- cent num-
in- ber in- ber

fested per rat fested per rat

64.7 3.4

33.9
71.2
77.9

1.5
6.2
5.6

Brooks
County 3

Per-
cent
in-

fested

32.2
65.4
54.5

Mean
num-
ber

per rat

Rattus norregicus 2

Grady
County 3

Per-
cent
in-

fested

Mean
num-
ber

per rat

1.1-

5.1 100.0 10.0

Thomas
County3

Per-
cent
in-

fested

0
0
0

Mean
num-
ber

per rat

0
0
0

40.5 1.5 53.0 2.0 18.7 .6 62.1 3.4 67.7 7.4
27.0 1.0 10.6 .2 15.9 .7 35.7 1.1 7.0 .2
9.9 .1 8.0 .1 6.4 .3 9.5 .1 2.9 0
13.0 .2 6.7 .1 6.7 .2 41.2 1.2 4.0 .3
15.5 .2 18.0 .8 12.3 .2 13.0 .2 11.8 .2
51.2 2.6 21.3 1.2 21.9 .8 45.0 4.4 20.0 1.
55.1 4.3 29.8 1.4 14.3 .6 50.0 3.3 0 0
61.1 2.8 17.9 .7 14.0 .3 50.0 4.5 13.3 7

59.5 5.5 19.4 1.1 4.6 .1 42.8 3.2 6.7 .1
67.3 4.6 16.9 .5 7.6 .2 66.7 2.6 2 9 0
59.7 3.9 20.4 .8 5.1 .1 30.8 1.9 9.1 .4
65.6 5.3 29.4 2.0 7.9 .3 40.4 6.1 0 0

41.6 2.5 22.8 1.0 11.7 .4 41.8 2.9 14.1 1.1

42.0
17.1
7.4
6.1
4.8

42.1
42.3
44.2

43.0
66.0
67.0
72.5

2.6
.4
.3
.1
. 1
1.9
1.7
2.4

2.2
3.8
5.2
3.4

7.6
5.1
1.6
.8

0
5.7
1.6
2.5

9.6
10.2
18.8
10.3

.4

.1
0
0
0
.1

0
.2

.2

.2

.9

.3

4.1
0

0

.4
0

3.4
.7
1.2

1.4
0

1.8
2.8

.1
0

0

0

0

1

0

0

.2
0

.1
0

58.7
18.2
0

4.2
9.1

40.0
27.3
33.9

23.8
45.4
57.7
51.2

3.4
.7
0

0

.2
1.6

.9
2.0

.7
1.6
7.0
5&2

0

4.2
0

0

0

2.5
7.9
5.6

0
4.1
3.9
6.4

0
0
0
0
0
.1
.3
.1

0
.4

0
.2

Total May 1947-April _ 2_ 2
___

1948 - 34.9 2.0 7.0 .2 1.4 0 33.6 2.2 3.1 .1

The numbers of rats examined are shown in table 5.
2 No Rattus norvegicus were collected from Brooks County until the period November 1947-April 1948,

when 49 were trapped with no X. cIeopis infestation, with 10.2 percent infested with L. segn, with no
L. baecoi infestation and with 44.9 percent infested with P. spinulosa.

3 Grady County untreated; Thomas County treated with 5 cycles of DDT dusting between May 13,
1946, and July 30, 1947; Brooks County treated with 5 cycles of DDT dusting between Apr. 1, 1946, and
Sept. 30, 1947.

4 Sampling methods used in collecting the preliminary data were not strictly comparable between counties
or with subsequent methods.
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from the dusted counties (figure 8; table 8). This louse spends its entire
life eycle on its host; it therefore has less chance of coming in contact
with and obtaining a letlhal dose of DDT than do the fleas and mites
which normally spend a portion of their time off the host animal,
in rat runs and harborages where the DDT is distributed.
The sticktight flea, Echidnophaga gallinacea (Westwood), comprised

Table 7. Liponyssus bacoti infestation of Rattus rattus and Rattus norvegicus in Grady,
Thomas and Brooks Counties, Georgia, by months, in the evaluation of DDT dusting
operations 1

Rattus rattus Ratfus norregices 4

Grady Thomas Brooks Grady |Thomas
County 3 County 3 County 3 County 3 County 3

Month __ __ __ __ ___ ___

Per- Mean Per- Mean Per- Mean Per- Mean Per- Mean
cent num- cent num- cent num- cent num- cent num-
in- ber in- ber in- ber in- ber in- ber

fested per rat fested per rat fested per rat fested per rat fested per rat

Preliminary data: 4
October-I)ecember 1945 30.2 1.7 49.1 5.6 . 25.0 1.25
January-March 1946. 71. 9 11. 7 58.2 13.6.
April 1946 50.0 9.3 61.9 7.1 60.5 9.0.

1946
May ---- .-.-- -----------

June
July .
August
September .
October .
November
December .

1947
January
February .
March .
April .

Total May 1946-April
1947 .

42.2 6.4 45.1 5.4 36.5 4.4 20.7 1.9 35.5 2.4
29.7 3.1 36.5 3.9 27.3 4.8 16.7 1.9 7.0 .7
22.3 3.8 15.9 1.1 26.1 9.1 23.8 .3 8.8 .7
17.4 8.5 35.6 6.1 15.8 1.0 29.4 2.0 8.0 .4
15.5 2.2 27.9 8.2 19.6 1.1 13.0 3.2 11.8 .2
36.4 5.8 27.6 10.1 29.6 15.3 25.0 1.1 4.4 .8
30.6 5.9 31.9 6.6 10.7 12.9 25.0 &82 0 0
59.2 5.7 23.1 16.0 27.2 9.0 15.0 .f6 10.0 1.7

40.5 18.0 16.3 14.2 21.1 7. 7 25.7 1.2 13.3 .2
28.6 1.4 24.6 1.4 16.1 1.1 6.7 .1 2.9 0
50.6 3.3 15.7 1.0 19.6 2.7 ,30.8 .3 9.1 .2
35.1 4.3 41.1 2.9 25.0 14.9 25.5 4.0 42.8 2.4

33.2 6.0 30.9 6.0 24.1 7.3 21.3 2.0 11.6 .8

1947
May 48.2 12.1 25.4 10.2 14.4 3.0 41.3 3.7 36.7 1.9
June 30.8 5.6 14.0 1.2 7.6 .4 22.7 .9 16.7 .5
July 19.1 2.1 9. 1 1.5 11.6 1.4 10.2 .1 12.2 2. 0
August 24.5 5.1 3.1 . 1 7.3 . 4 19.1 .4 3.0 0
September 26.0 2.4 6.9 .8 5.6 .8 4.5 . 1 0 0
October 43.6 44.2 5.7 1.0 5.7 .6 27.5 3. 7 2.5 .I
November . 20.5 2.9 4.8 1.1 4.8 . 2 9.1 . 1 5.3 .1
December 29.2 6.5 10.8 .3 7.2 3.1 15.2 .8 1.8 .1

1948
January 28.9 4.5 3.8 1.3 6.1 .2 20.6 .5 5.8 .8
February 22.3 3.1 11.9 .4 9.3 2.3 8.0 2.0 8.2 .1
March 36.2 3.6 27.7 8.8 11.6 . 7 34.6 5.5 9.2 .7
April 49.0 5.2 5.6 .7 8.9 .3 27.9 1.6 8.1 .1

Total May 1947-April
1948 ---- 30.9 8.3 11.5 2.5 8.4 1.1 20.0 1.8 7.7 .5

The numbers of rats examined are shown in table .5.
2 No Rattus norvegicus were collected from Brooks County until the period November 1947-April 1948,

when 49 were trapped with no X. cheopis infestation, with 10.2 percent infested with L. segnis, with no
L. bacoti infestation and with 44.9 percent infested with P. spinulosa.

3 Grady County untreated; Thomas County treated with five cycles of DDT dusting between May 13,
1946 and July 30, 1947; Brooks County treated with five cycles of DDT dusting between Apr. 1, 1946 and
Sept. 30, 1947.

4 Sampling methods used in collecting the preliminary data were not strictly comparable between counties
or with subsequent methods.
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2.7 percent of the total ectoparasite collection from the three counties;
3.6 percent of the Grady County collection. This flea was encoun-
tered much more frequently on Rattus norvegieus than on Rattus rattus.
In the untreated area, from 15 to 40 percent of the Norway rats were
infested during most of the year, with over 5 percent infested during
February at the lowest point of seasonal abundance. While infesta.-

Table 8. Polyplax spinulosa infestation of Rattus rattus and Rattus nervegicus us
Grady, Thomas and Brooks Counties, Georgia, by months, in the evaluation of DDT
dusting operations 1

Month

Preliminary data: 4
October-December 1945=
January-March 1946.
April 1946

1946
May
June ------ ---------------

July.--August
September--

October
November .
December .

1947
January
February
March
April .

Total May 1946-April
1947

1947
May
June
July .
August
September-
October
November
December

1948
January .
February .
March .
April

Grady
County 3

Per- Mean
cent num-
in- ber

fested per rat

Ratfus rattus

Thomas
County 3

Per. Mean
cent num-
in- ber

fested per rat

61.4 3.6 55.5
66.2 7.7 65.7

51.9 3.8 63.7 4.4 54.5

Rattus norregicus 2

Iooks Grady Thomas
mty 3 County 3 County 3

Mean Per- Mean Per- Mean
num- cent num- cent num-
ber in- ber in- her

per rat fested Per rat fested Per rat

4.7 -25.0 0.2
7.4
4.6 50.0 6.5 .

67.2 6.5 67.2 4.4 4&3 3.3 62.1 23.6 35.5 2 5
62.2 5 9 69.2 5.1 60.8 4.7 7L4 20.2 48.8 6.7
64.5 6.7 72.7 7.5 52.6 8.8 81.0 9.6 C7.5 5.0
68.5 7.5 80.8 12.8 64.6 6.2 64.7 162 520 14.0
72.2 6.8 46.7 4.6 59.4 5.0 82.6 6.2 47.0 3.6
61.9 7.4 49.4 4.3 59.7 4.4 85.0 7.6 66.7 11.8
63.3 6.0 68.1 8.4 52.7 4.8 100.0 12.6 33.3 1.0
81.5 63.2 74.4 7.9 57.9 7. 7 55.0 180.6 53.3 7.8

67.5 4.8 51.0 3.1 53.2 5.9 82.8 7.4 46.7 3.1
79.6 11.7 73.8 10.0 72.0 7.4 80.0 5. 3 47.0 8. 1
85.7 6.8 58.3 8.7 69.0 11.0 100.0 3.9 C0.6 5.5
72.5 4.4 59.6 4.3 56.9 6.1 87.2 11.7 71.4 5.6

69.1 9.0 62.9 6.1 58.5 6.2 79.3 21.2 54.1 7.0

82.5
64.1
72.1
87.8
76.0
72.9
57.7
66.4

79.8
88.3
80.5
78.4

6.8
4.4
7.8
7.8
8.8
4.9
4.6
5.8

10.9
10.5
10.7
11.2

41.5
36.0
37.2
39.1
50.4
46.1
55.6
56.7

73.7
81.4
79.3
91.8

2.9
2.0
1.8
2.6
3.3
3.3
4.0
9. 1

24.8
1. I
10.4
13.7

Total May 1947-April
1948 -76.0 7.8 60.3 7. 7

50.2
41.4
53.4
51.3
38.8
26.9
32.6
55.4

69.4
55.9
72.4.
80.4

51.1I

4.2
2.4
3.9
3.4
2.3
1.6
5.0
12.0

9.0
& 9
9.4
24.9

84.8
68.2
77.6
70.2
72.7
65.0
68.2
81.2

81.0
75.0
91.0
8t.7

13.3
10.8
5.9
7. 1
4.4
6.5
9.3
7.7

27.2
8.4
28.2
11.1

6.6 I178.0 12.5

G66.7
58.3
53.6
51.5

12.9
21.9
5.4
3.8

63.6 4.4
58. 8 19.2
68.4 4.9
68.5 4.8

80.8 25.7
85.7 10.5
86.8 33.6
87.1 11.5

71.2 14.7

I The numbers of rats examined are shown in table 5.
2 No Rattas norvegicas were collected from Brooks County until the period Novemler 1947-April 1948,

when 49 were trapped with no X. cheopis infestation, with 10.2 percent infested with L. selmis, with no L.
bacoti infestation and with 44.9 percent infested with P. sp8nulosa.

3 Grady County untreated; Thomas County treated with five cycles of DDT dusting between May 13,
1946 and July 30, 1947; Brooks County treated with five cycles of DDT dusting between Apr. 1, 1946 and
Sept. 30, 1947.

4 Sampling methods used in collecting the preliminary data were not strictly comparable between counties
or with subsequent methods.
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tion of rats witlh the sticktight flea was definitely suppressed in the
dusted counties, its control was erratic in contrast to the more con-
sistent reduction of X. cheopis and L. segnis. This erratic control of
E. galliacea, a common ectoparasite of domestic fowls, may be partly
attributed to the particular care taken to avoid DDT dusting which
might endanger chickens.
The reduction in populationi of ectoparasites in dusted counties was

not necessarily the sole cause of the downward trends in human in-
cidence of murine typhus fever, anid in the prevalence of rats which
were positive to the murine typhus complement fixation test. Field
observations and rat colony experience indicated that toxic effects,
similar to those seen in laboratory experiments on rats, occurred fol-
lowing DDT dusting operations (8). Althouglh there was no way of
knowing the degree of rat morta.lity occasioned by county-wide DDT
dusting operations, some rat deaths were attributable to this cause.
In addition, various other disturbances in rat lhabits were noted, in-
cluding a general exodus of rats from a heavily infested area immedi-
ately following the first application of DDT dust. Such factors may
have contributed to the decline in murine typhus observed in man
and rat (9, 10).

.Summary
In an area where the probability of rural residents acquiring murine

typhus fever was equal to or greater than that for urban residents, it
was found possible to control this disease on a county-wide basis.
By the county-wide application of 10 percent DDT in pyrophyllite

to rat runs and harborages and in the absence of other rodent, rodent
ectoparasite, or typhus control measures, human murine typhus fever
incidence was significantly reduced in Thomas and Brooks counties,
Georgia, as was shown by comparison with previous experience in
these counties and by concurrent comparisons wvith data froin un-
treated Grady County.
DDT dusting operations, as executed, disturbed the normal ecology

of rat and rat ectoparasite populations in a variety of ways and by so
doing may have contributed to the altered epidemiological picture of
murine typhus fever.
A significant reduction in the prevalence of typhus complement fix-

ing antibodies in the rat populations of the dusted counties closely
followed and was attributed to the ectoparasite control obtained.

In contrast with levels observed in an untreated county, satisfactory
county-wide control of Xenopsylla cheopis and Leptopsylla segnis was
obtained by the county-wide DDT dusting operations.

Liponyssus bacoti and Polyplax spinulosa populations on rats were
reduiced only slightly in the treated counties.
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Attempt to Produce an Arsenic-Resistant Strain of
Spirochaeta pallida in Experimental Syphilis

By T. F. PROBEY, Senior Pharmacologist 1

Although mucli hias been written about "treatment-resistant
syphilis," there is no generally accepted explanation of this phenome-
InoIn. it is tlhe concensus that the cause lies in one of tlhree factors-
the lhost, the drug, or the Spirochaeta pallida (1).
One tlheory is that the action of the drug on the spirochete produces

a drug-resistant strain of S. pallida. This explanation of treatment-
resistant syphilis has considerable support, but is not accepted by all
authorities. Other clinicians admit the possibility of the spiroclhete
becoming resistant to a single drug but not to all. The production
of a drug-resistant strain of S. pallida is possible, it is argued, because
of the necessarily prolonged subjection of the organism to repeated
and continuous subcurative (substerilizing) doses.
With the introduction of arsenic in the therapy of syplhilis, the possi-

bility of "arsenic-resistant" strains of S. pallida was accepted since
arsenic was known to induce "arsenic-resistance" or "tolerance."
Cases of early relapse because of inadequate therapy, especially in
the early days when Ehrlich's therapia sterilisans magna was accepted
as the best method of treatment, did much to contribute to the accep-
tance of "arsenic-resistant" strains of S. pallida.
Reviews by Yorke (2) in 1933, Beerman (1) in 1936, and Beerman

and Severac (3) in 1942 give a comprehensive coverage of the litera-
ture on treatment-resistant syphilis. Yorke (2) reported that a
critical examination of studies by workers who claim to lhave succeeded
in enlhancing the resistance of S. pallida shows that the increased
resistance was comparatively slight. In his summary, Yorke observed
that although there is some evidence that drug-resistant strains of
S. pallida may be produced, it is a much more difficult matter than in
the case of trypanosomes. Beerman (1) in his summary reports
that while a few of the early experimental studies indicate that treat-
ment resistance could not be induced experimentally by subcurative
(loses of (Irugs, other of the early studies and practically all recent
investigations show that resistance to (Irugs can be provoked by
exposing S. pallida to inadequate doses. Beerman and Severac report
(3) that many investigators have inoculate(d animals with organisms
from treatment-resistant patients, and all, except Schoch and also
Beerman, found that the strains of S. pallida isolated from treatment-
resistant human cases were apparently not treatment-resistant in
rabbits. Alost of these investigations, they point out, were of short

From thc Biologics Control Laboratory, National Institutes of Health, Public Health Service.
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duration, and the criteria used in the study of experimental syphilis
in rabbits were unreliable.

Critical examination of these studies shows not only that the
increased resistance was conmparatively slight (2) but also that some
studies were not conducted with S. pallida; that one report was (le-
signed to study the influence of subcurative doses of arsenicals on the
resistance of infected rabbits to reinfection; that another was evaluated
on the basis of the therapeutic dose and not on the curative dose in
experimental syphilis, and that one was an in vitro study. Beerman
(1) and Beerman and Severac (3) have presented a study of a strain of
S. pallida recovered from a case of treatment-resistant svphilis. Their
experiments, to determine the therapeutic efficacy of arsphenamine
in the syphilitic infection with the "resistant" strain, were controlled
by rabbits infected with the Nichols strain. The curative dose of
arsphenamine for rabbits infected with the Nichols strain, Beerman
reported, was 14 mg. per kg. This report is an account of expeiiments
with 18 rabbits conducted over the 10-year period, 1924 to 1934.
Beerman and Severac reported that in a series of experiments con-
ducted over a period of 9 vears, 1933-1941 (iilcluding Beerman's
study (1)), 13 of 51 rabbits infected with the resistant strain and
treated with arsphenamine witlh (loses from 14 to 30 nmg. per kg. were
not cured. However, a break-down of their table shows that treat-
ment with 18 mg., 20 mg., and 25 mg. of arsphenamine cured 86 per-
cent, 80 percent, and 89 percent, respectively, of the infected rabbits.
The results (3) indicate that a strain of S. pallida has been found

whllich in rabbits has sporadically exhibited evidence of refractoriness
to treatment. This refractoriness becomes quantitatively less as the
strain becomes more adapted to the new host. This was indicated
by the increasing difficulty of finding infected rabbits whose syphilis
resisted treatment with doses of arsphenamine significantly higher
than the usual sterilizing dose.

Studies in experimental syphilis by Pearce (4) have demonstrated
that the infection with S. pallida varies within rather wide limits from
time to time, but values are relatively constant for any strain at a
given time. This would mean that the experimental syphilitic infec-
tion varies from animal passage to animal passage, but in the same
passage the infection is relatively constant. It was our experience,
in a studv of the spirocheticidal activity of neoarsphenamine (5), that
the minimal effective dose varied from test to test, probably because
of the variable factors in the experimental infection rather than differ-
ences in the curative activity of tlhe drrug. It was also our observation
that, because of this variation in the curative dose 25 mg. to 40 mg.
per kg., each test must be considered independently and must be
compared with a control product. With this procedure no significant
difference in the sterilizing power of neoarsphenamine could be noted.

D ecember.. 1,7. 19-1-&S
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Experimental attempts to produce a "resistant" straini of S. paltiu
lhave giveni unconvincing results, andl critical examination of the re-
ports of worikers claiminig to lhave enhance(d the resistanice of S. pallida
shows that the increased resistance is comparatively sligght (2). Il
fact, the more probable explanation is that the reported variation is
due to the normal variation in the experimental syphilitic infection in
rabbits ratlher than to an in(reased resistanice of S. pallida to arsenic.
"Arsenic resistance," "treatment resistance," or "Wassermann

fastness" are terms employed to describe a condition in the manage-
ment of clinical syphilis. There is, however, no clear-cut clinical
criterion by which "arsenic resistant" strains of. S. pallida can be
identified. Consequently, studies of experimental svphilis in rabbits
offer the onlv method of identifyinig a strain of S. pallida that has
acquired "arsenic tolerance" or "resistance" or, conversely, a strain
that does not become arsenic resistant. This information would be
lefinite only as regards S. pallida which has become adapted to the
rabbit hiost and not necessarily applicable to S. pallida in human
i nfection.

Experimental Study and Observations

In this study an attempt was made to induce "arsenic resistance"
in the Nichols strain of S. pallida in experimental syphilis by sub-
curative treatment with neoarsphenamine.
The "resistant strain" was started with two rabbits from series 5

of the study of the spirocheticidal activity of neoarsphenamine (5).
The rabbits were infected with the normal strain of S. pallida on
September 22, 1933. They developed darkfield positive lesions and
were treated with 20 mg. per kg. of neoarsphenamine D4 on December
7, 1933. Both rabbits were killed on MIay 16, 1934, and tissue trans-
fers were made to normal rabbits. The transfer rabbits developed
darkfield positive lesions. The sterilizing dose of the several lots of
neoarsphenamine reported in series 5 was recorded as 30 mg. per kg.

Theoretically, arsenic resistance of S. pallida is produced either by
a large subcurative dose, or by multiple small doses of arsenic (1).
The treatment schedules employed both procedures. In each of three
passages (numbers 1, 3, and 6) the treatment employed was a single
injection of 20 mg. of neoarsphenamine per. kg. This dose we have
found to be a relatively large subcurative dose, curing 45 of 126 rab-
bits, or 35.7 percent (5,6). In five passages (numbers 7, 8, 10, 11,
and 15) the strain was subjected to weekly injections of 1 mg. per kg.
of neoarsplhenamine. The course of treatment used in these passages,
especially in passage 8 with 52 weekly injections, should satisfy the
multiple-small-dose tlheory for the production of arsenic resistance.
The "resistant strain" has been carried through 24 rabbit passages.
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The hiistory of the straini passages and( the treatments witlh ineoarsphe-
namine are detailed in table 1. It will be noted that 6 animal pas-
sages have been dropped from the table. In several of these passages
the treatment schedule employed cured the infection, and it was
necessary to use the untreated controls of that passage, or the previous
passage, to carry the "resistant strain."
The rabbits infected with the normal strain of S. pallida were used

as controls. These infections naturally were not from the same animal
passage as those used to infect the rabbits with the "resistant" strain;
the two strains may differ in either or both tests because, as reported
by Pearce (4), the infectivity of S. pallida may vary within wide limits
from passage to passage.

Table 1. History of strain passages (transJers) and treatment with neoarsphenamine

Treatment Treatment

Strain passage Strain passage
Nube )ose Ntme oseN'umber miig./kg. Nber mg./kg.

Normal 1 20 12 RS-*251 1
1RS - -- - None 15 R -- *12
2RS- 1 20 17RS- None
3RS - None 18 RS - None--
4RS- None 20 RS None --
5 RS 1 20 21 RS - --*12 1
6RS - *15 1 22 RS None-
7RS- *52 1 23 RS -- 1 21
x RS Noc-e

*1 milligram dose at weekly intervals. NOTE: See table 2 for arsenic resistance tests.

The technique used in this study is the same as that employed in
the study of the spirocheticidal activity of arsenicals (5). The
criterion of cure or of the presence of syphilitic infection was estab-
lished by tissue transfers from the testicles and the popliteal glands to
normal rabbits. In the second test to determine "arsenic resistance,"
the transfcr rabbits were subjected also to the reinoculation test.
Table 2 details the results of the two tests to determine whether

the strain had become "arsenic resistant," and the control tests with
the normal strain of S. pallida.
The "resistant strain" was tested the first time at the third animal

passage, the second passage as the "resistant strain" (2 RS.), with
one previous treatment with 20 mg. per kg. of neoarsphenamine.
The experimental syphilitic infection with the "resistant strain" was
(cured; that is, all of 7 rabbits, with 40 mg. per kg. of neoarsphenamine,
and 4 of 7 rabbits with 30 mg. per kg. The 20 mg. dose was ineffective.
The control group, infected with the normal strain of S. pallida, was
cured; that is, all of 7 rabbits, with 30 mg. per kg. of neoarsphenamine,
and 6 of 7 rabbits were cured with 25 mg., and 2 of 7 rabbits with 20
mg. per kg. The same lot of neoarsphenamine was used for the
treatment of both groups of rabbits.
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The secoind test, to (determine "arsenic resistance'' was conducted
at the twenty-fourth animal passage, the twenty-third of the "Iresist-
ant strain" (23 RS.). Previous treatment lhas consiste(d of :3 single
injections of 20 rng. per kg. and 116 injections of 1 mg. per kg., a total
of 176 mg. per kg. of neoarsphenamine. Because of the extensive
treatment, to which the "resistant, strain" had been subjected, it was
(lecided to alter the dose seledule used in the first test to include a
higher dose level in the event that the strain lhad become resistant.
The number of rabbits in both "resistant," and control groups was
increased to 10 with every (lose to minimize the probable error of
small numbers of test animals.

Table 2. Effect of subcuraltive treatment with neoarsphenamine on S. p)allida--
"arsenic resistance" in experimental syphilis in rabbits

Results of tissue transfer from rabbits
treated with neoarsphenamine. Dose Observation periods
per kg. NIini-

~m l_

S. pallida effec- Remarks
80 mg. 40 mg. 30 nmg. 2.5 ing. 20 mg. tive Pre- Post- Trans-

____ (lose treat- treat- feras
ment ment

+1 ~~~+ -

my. Weeks Weeks 11eeks
Nichols strai 3 1 4 4 1 30 11 23 19 1)4 series 5.2
Resistant strain - 0 7 3 4 232 l 40) I) is 20
2 RS).

Nichols strain 0- ---- --- ---- 77 1 5 5 2 25 10 13 1X A4 series 6.2
(control).

Resistant strain (1 4 0( (41 10 0 <440 7 14 30
(23 RS).

Nichols strain )0 10 -- <40 7 14 30
(control).

Composite resist- 0 6 0 17 3 4 -----12 0 401
ant strain.

Nichols strain 7 81 35 106 22 60 81 45 25-40 Series I to
142.

Origin of the "resistant" strain.
2 References (5, 6).
-EEach rabbit inoculated with tissue pool of 3 rabbits.
4 Reinoculation test-all rabbits developed syphilis.
5 4 rabbits died 24th to 32d day after treatment.

The experimental infection with the "resistant strain" was culrled with
both 80 mg. and 40 mg. per kg. of neoarsphenamine; with 20 mg. none of
the 10 rabbits was cured. All 10 rabbits of the control group infected
with the normal strain were cured with 40 mg. per kg. of the same lot
of neoarsphenamine. Because all rabbits of the "resistant" group
at the two hig-her-dose levels and all rabbits of the control group at
tlhe one-(lose level were apparently cllred of the experimental infection,
it, was (leemed advisable to subject the transfer rabbits of these three
grouips to reinoculatioin with S. pallida to eliminate the possibility of
the presence of asymptomatic syplhilis. The untreated strain coin-
trols of both gIo'Ups (rabbits infected to carry the strains) were also
reinoculated as controls for the reinoctilation test. All transfer
rabbits from the three treated groups subsequent to reinoculation
developed darkfield-positive lesions. The strain-control groups witl
history of having had primary lesions remained negative.
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In thie composite pIrotocol, table 2, tue results of the two tests witl
the "resistant" strain and the resuilts of previously reported study
of the spirochetficidal (normal strain) activity of arsenicals (6), are
(letailed for the purpose of comparing tlle, efficacy of neoarsplhenaminie
in experimental syplhilis in rabbits infected withl the "arsenic-resistant"
strain and with the normal strain of S. pallida.
The difference in tile effective dose of neoarsplienamine in cuiring

experimental syphilis in rabbits infected witlh "arsenic-resistant"
strain and normal strain, 40 mg. an(l 30 mg. per kg., is well within
the limits of variat,ion reported (6) for neoarsphenamine, 25 to 40
mg. per kg. in curing experimental syphilis. This variation probably
was due to the variable factors in the experimental infection rather
thlan to differences in the curative activity of neoarsphenamine.
An interesting sidelight in the stuidy is the fact that the only deatlhs

occurring in the syphilitic rabbits following therapy were those in
the group receiving 80 mg. per kg. of neoarsphenamine in thle second
t,est for "resistance." Of the 10 syphilitic rabbits receiving this dose,
4 died between the 24th and 32d days after treatment. These
deaths may be an indication of the toxicity of arsenic to syphilitic rab-
bits; however, we are unable to eliminate the possibility of an inter-
current infection as the cause of death as these rabbits, although
individually caged, were in the same bat,tery of cages.

Conclusion
The Nichols strain of S. pallida in experimental syphilis in rabbits

was not rendered "arsenic resistant" by the sub-curative treatment,
schedule employed in this study: (1) large single dose and (2) multiple
small doses of neoarsphenamine.
The variation between the curative dose of neoarsphenamine in

the experimental infection with the "resistant" strain and the normal
strain, 40 mg. and 30 mg. per kg., respectively, is within the limits
expected in experimental infection.
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Examination for Medical Officers

.-1 competitive examination will be held January 17, 18, and 19,1949,
for appointment of medical officers irn the Regular Corps of the Public
Health Service in the grades of assistant surgeon (1st lieutenant) and
senior assistant surgeon (captain).

The Regular Corps is a commissioned officer corps composed of
members of various medical and scientific professions, appointed in
appropriate professional categories such as medical, dental, nursing,
engineering, pharmacy, etc., depending on training and experience.

Requirements. For the assistant surgeon appointment the appli-
cant must be a United States citizen, at least 21 years of age, and a
graduate from a recognized school of medicine. Physicians now
serving internships, who are successful on the examination, will not
be placed on active duty in the Regular Corps until completion of
internship. Senior assistant surgeon applicants in addition to the
above requirements, must have at least 10 years of educational
training and professional experience subsequent to high school. (All
commissioned officers are appointed to the general service and are
subject to change of station.) Qualifying applicants will receive
written professional tests, an oral interview, and a physical
examination.

The professional written examination for assistant surgeon will
cover: (1) anatomy, physiology, bio-chemistry; (2) materia medica and
therapeutics; (3) practice of medicine; (4) practice of surgery; (5)
obstetrics and gynecology; (6) epidemiology and hygiene; (7) pathology
and bacteriology. Senior assistant surgeon applicants will be ex-
amined on subjects 3, 4, 6, and 7 listed above.

Examinations will be held at Norfolk, New Orleans, San Francisco,
Seattle, Chicago, Cleveland, Detroit, Boston, Memphis, Kirkwood
(Missouri), Staten Island, Los Angeles, Lexington (Kentucky), Fort
Worth, Kansas City (Missouri), Denver, and Atlanta.

Entrance pay for an assistant surgeon with dependents is $5,011
per annum; for senior assistant with dependents, $5,551. These
figures include the $1,200 annual additional pay received by medical
officers as well as subsistence and rental allowance. Provisions are
made for promotion at regular intervals up to and including the
grade of senior surgeon (Lt. colonel) and for selection for promotion
to the grade of medical director (colonel) at $9,751 per annum.

Application forms and additional information may be obtained by
writing to the: Surgeon General, Public Health Service, Washington
25, D. C. Attention: Division of Commissioned Officers. Completed
applications must be received by January 1, 1949.

(1660)



INCIDENCE OF DISEASE
No health department, State or local, can effectively prevent or control disease without

knowledge of when, where, and under what conditions cases are occurring

UNITED STATES
REPORTS FROM STATES FOR WEEK ENDED NOVEMBER 27, 1948

A total of 524 cases of poliomyelitis was reported for the week, as
compared with 651 last week, 221 for the 5-year (1943-47) median,
and 366, the largest number for a corresponding week of the past 5
years (in 1946). Only 3 States, Ohio, Iowa, and Missouri, reportedl
an increase of as many as 5 cases, and only 5 States reported more
than 16 cases, as follows (last week's figures in parentheses): California
192 (245), South Dakota 59 (65), Minnesota 27 (45), Iowa 23 (18),
and New York 21 (27). The total for the year to date is 26,216,
5-year median 13,102. The total for the corresponding period in
1946 was 24,261, or 94 percent of the total for that year (25,698).
Of 2,075 cases of influenza reported (last week 2,067, 5-year median

2,404), 4 States (Virginia, South Carolina, Texas, and Arizona),
reported 1,755 cases (last week 1,771). The cumulative figure since
July 31 (average date of seasonal low incidence) is 23,418, as com-
pared with a 5-year median 18,969 and 28,922, the largest correspond-
ing figure of the past 6 years, reported in 1945.
A total of 3,763 cases of measles was reported (last week 4,036,

5-year median 1,936). Only 12 States reported more than 100 cases,
and only Massachusetts (720 cases, last week 737) and Texas, (458,
last week 276) reported more than 210 cases. The total since Sep-
tember 4, average seasonal low incidence date, is 21,539, 5-year median
12,596, and highest corresponding figure of the past 6 years, 27,847,
reported in 1943.
During the week 1 case of anthrax was reported, in Washington,

2 cases of smallpox, 1 each in Oklahoma and Texas, and 5 cases of
Rocky Mountain spotted fever, 2 each in North Carolina and Alabama,
and 1 in Maryland. Of 26 cases of tularemia (last week 16, 5-year
median 14), 5 occurred in Indiana and 3 each in North Carolina and
Florida. No other State reported more than 2 cases.
Deaths registered during the week in 93 large cities in the United

States totaled 8,535, as compared with 9,217 last week, 8,952 and
8,588, respectively, in the corresponding weeks of 1947 and 1946,
and a 3-year (1945-47) median of 8,952. The total to date is 439,108,
corresponding period last year 439,496. Infant deaths totaled 598,
last week 686, 3-year median 678. The cumulative figure is 31,843,
same period last year 35,171.

(1661)
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FOREIGN REPORTS

CANADA

Provinices (Comnunicable diseases-U eek ended November 6, 1948.
Cases of certain communicable diseases were reported by the Dominion
Bureau of Statistics of Canada as follows:

l)isease

Chickenpox
Diphtheria
t)ysentery, bacillary
Getman measles
Influenza -
Measles -
Meningitis, nmenineouoe-

cal -

Mumps .-
Poliomyelitis
Scarlet fever
Tuberculosis (all formiis)
Typhoid and paraty-
phoid fever

IUndulant fever - -

Venereal diseases:
Gonorrhea
Syphilis

WN'hooping cough -

Prince
Edward
Island

No
Scc

vaNewVtia Bruns-mt ick

21

44j10 I

7 'II
3 1
1 7
8 12

I I

14 1(!
2 1
3 ---

Que-
bec

144
13
8
I

.,i242

83
81

104
.54
.58

On-
tario

321

I .'

10

2
47

.54

8:1

45&14

49
19

Mani- kat- Alber-
toa ewan I

49

I

--

20

28

17

2

40

15-
2

10

12

If;

4

78

3

12

45
8

9

CUBA

Habana-Communicable diseases-5 weeks ended October 30, 1948.-
During the 5 weeks ended October 30, 1948, certain communicable
liseases were reported in Habana, Cuba, as follows:

1)isease Cases D)eaths Disease Cases I)eaths

Chickenpox 1 Tuberculosis 4 2
Diphtheria - 13 Typhoid fever 6- 6
Measles -- 2

Provinces-Notifiable (liseaises-5 weeks ended October 30, 1948.
During the 5 weeks ended October 30, 1948, cases of certain notifiable
(liseases were reported in the Provinces of Cuba as follows:

P'inar HaaaISanta Cams-IN)iscase del aaaRi Mtanzas COla euey Oriente TotalI

Cancer - 1 l1 23 2 1 71
Chiekenpox ----------1 ---

I I
D)iphtheria .I; ----2 2 3 23
Hookworm disease 1|- -- 1 1
Leprosy -2 2 1 1----i
Malaria 22 1-- ---------1 2 7I2t
Measles 3I2Pinta -. I1
Tuberculosis Il---- 8 14 15 12
Typhoid fever -----6----.. 17 4 8101f5
W\hooping cough ------- 8 ----- -----------------81--- 81

Includes the city of Habana.

(1664)

British
Colum-
bia

309

-I
3t;

52

10

I
IN)

10223

Total

1,011

I Is
17
5

:128
246

321;t

213

4

39.5
161
9:3



1665 December 17, 1948

JAPAN

Notiifiable dhseases 5 weeks ended October 30, 1948, an(l accumulLlatedI
totalsfor the year to date.-For the 5 weeks ended October 30, 1948, ai(I
for the year to date, certain notifiable diseases have been reported
in Japan as follows:

D)isease

Diphtheria
Dysentery, unspecified -

Encephalitis, Japanese "B"
Gonorrhea -----------------
Influenza-
Malaria-
Measles-
Meningitis, epidemic -- ---

Paratyphoid fever
Pneumonia -----------------
Scarlet fever ----------------

Smallpox-
Syphilis ---

Tuberculosis -

Typhoid fever -

Typhus fever ----
Whooping cough -------

5 weeks ended Oct. 30,
1948

Cases D)eaths

1, 706 127
1, 228 457
1 348 267

17, 192
69

322
1, 284

112
248

3,925
229
4

18,753
37,487

894
3

3,690

5

39
19

3

112

Toa eote o h

Total reported for theX
year to date

Cases I)eat hs

12,942
14 120
8,368

191,470
2,573
4, 712

48, 159
1,896
2, 603

98, 588
2, 287

31
185, 150
325, 217
8,220

461
46,071

1, 131
3, 866
2, 465E

33

475
130

30
1

986
33

I Includes suspected cases.
NNOTE.-The above figures have been adjusted to include delayed and corrected reports.

REPORTS OF CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND
YELLOW FEVER RECEIVED DURING .THE CURRENT WEEK

Note.-The following reports include only items of unusual incidence or of special interest and the occur-
rence of these diseases, except yellow fever, in localities which had not recently reported cases. All reports
of yellow fever are published currently.
A table showing the accumulated figures for these diseases for the year to date is publishe(d in the PUaLIC

II EALTH REPORTS for the last Friday in each month.

Plague

Belgian Congo-Stanleyville Province.-During the week ended
November 13, 1948, 2 fatal cases of plague in natives were reported
west of Blukwa in Stanleyville Province, Belgian Congo, 1 case each
in Bi and Tolo.

British East Africa.-Plague has been reported in British East
Africa as follows: In Kenya Colony-For the week ended October 2,
1948, 1 case (in South Nyeri District), for the week ended October 30,
2 fatal cases; in Tanganyika Territory, week ended October 30,
14 cases, 10 deaths (in Central Province).
Madagascar.-During the period October 1-31, 1948, 13 cases of

plague, with 12 deaths, were reported in Madagascar.
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Smallpox

Belgiaa (Cotgo.-During the peIio(Io Septemb)er 19-October 31, 1948,
576 cases of sinallpox (including alastrim) weret reporte( ill Belgitanl
Conigo.

Iraq.-DUIring the, w eek eiidled November 20, 1948, 127 cases of
smallpox witlh 2 deaths were reported in Ir'aq.
Peru.-Smallpox has been reported in Peru as follows: May 1-31,

1948, 568 cases; Juine 1-30, 402 Cases.
Philippine Islands-M1indanao Island.-DUring the week ended

November 13, 1948, 91 cases of smallpox with 18 deatlis were reported
in Mindanao Island in the Plhilippines.
Syria.-Smallpox has beeii reported in Syria as follows: Week

ended November 6, 1948, 37 cases; week en(le(l November 13, 62 cases.

Typhus Fever

M,Iadagascar-Tananarive.-During the mnontlh of September 1948,
7 cases of typhus fever (munine) were reported in Tananari ve, MIada-
gascar.
Peru.-During the period June 1-30, 1948, 106 cases of typhus fever

were reported in Peru.

Yellow Fever

Brazil-Bahia State.-On September 23, 1948, 1 death from yellow
fever was reported in Ubaitaba County, Bahia State, Brazil.

DEATHS DURING WEEK ENDED NOVEMBER 20, 1948
[From the WVeekly Mortality Inidex, issued by the NatioInal Office or Vital Statistics]

Week ended Correspond-
Nov. 2), ing week,

1948 1947

D)ata for 93 large cities of the United States:
Total deaths - -- 9, 217 9,212
Median for 3 prior years -- --- - 8,951 --- ---

Total deaths, first 47 weeks of year 4,30,563 430,544
Deaths under 1 year of age - ---- 68 41
Median for 3 prior years 641 -

Deaths under 1 year of age, first 47 weeks of year 31, 24534, 525
Data from industrial insurance companies:

Policies in force .- --- 70,806, 389 67,047, 497
Number of death claims 12,859 12,365
Death claims per 1,000 policies in force, annual rate--- 9.5 9.6
Death claims per 1,000 policies, first 47 weeks of year, annual r-ate 9. 29. 2


