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SYNOPSIS

An attempt to eradicate murine typhus fever by control of rats
and rat-fleas in rural foci was carried out in Georgia between
July 1953 and May 1954. Anticoagulant rat poisons and DDT
powder were the principal agents used. Rats were eliminated
from 89% of rat-infested premises and satisfactory flea reduction
was achieved.

Although premises cleared of rats have become reinfested at a
rate of 25% 10-18 months after clearance, typhus fever has appa-
rently been eliminated. On the results reported, the authors believe
that eradication of murine typhus fever from rural areas is econo-
mically and practically feasible, and that plague in commensal rats
may also be eliminated by measures similar to those adopted in
this experiment.

Murine typhus, a rickettsial disease of commensal rats, Rattus rattus
and Rattus norvegicus, induced by Rickettsia prowazecki typhi Wolbach
and Todd, and transmissible to man, received recognition as a result of
epidemiological investigation by Maxcy 10 in 1926. His deduction that
certain arthropods might be responsible for its transmission from rodents
to man was substantiated by Dyer and co-workers,3 who experimentally
incriminated the Oriental rat flea, Xenopsylla cheopis (Roth.), as the impor-
tant transmitting agent. Annual enumerations of human cases in the
United States of America later rose from a few reported cases to a
peak of over 5000 cases in 1945, and it is probable that at least as many
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cases were unreported.6 Beginning in 1946, the number of reported human
cases declined, being fewer than 200 by 1954.

This decline undoubtedly was due to a number of causes, not the least
of which was the programme for the control of rodents and rodent ecto-
parasites which was carried out co-operatively by the US Public Health
Service and State health agencies.'1 13, 19, 20 Decline was most rapid in
counties in which co-operative State and Federal DDT-dusting and rat
control programmes were carried on, as may be seen from the accompanying
figure, and began in those counties in which organized control programmes
were initiated in 1945.

COMPARISON OF PERCENTAGE DECREASE SINCE 1944
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Epidemiological investigations of reported cases, and studies of the
presence of typhus-neutralizing antibodies in rats and mice and their
relation to infestations by ectoparasites indicated that murine typhus in
the USA is essentially endemic in the regions where the average January
temperature is above 40°F (4.5°C) and the average relative humidity (July
at noon) above 370%.13 This disease has been gradually eliminated from
most cities and towns where it was once prevalent, and now remains only
in scattered foci on comparatively isolated farms and other rural pre-
mises." 6, 8,13, 15,18

Hill et al.7 reported that DDT dust alone, applied five times within an
18-month period, greatly reduced but did not eradicate murine typhus in
humans and in commensal rat populations of two rural counties (Thomas
and Brooks Counties) in south-western Georgia. Grady County, which
adjoins Thomas County, served as an untreated control in their experiment.
Good results from the treatment were evident for at least five years.
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Feral rats are of little apparent importance, according to studies made
in this region.5 Although several studies 9, 14, 16 have shown, by the com-
plement-fixation test, the presence of typhus antibodies in different species
of feral animals which may occasionally associate with the commensal
rats on farms, these animals are believed to be of minimal importance in
the epizootiology of the disease. This belief is substantiated by the work
of Rickard & Worth 16 and Keaton et al.9 Rickard & Worth reported that
titres of 1: 64 or lower in typhus complement-fixation tests of sera from
the cotton rat, Sigmodon hispidus, were not significant; lower titres (1: 8 or
higher) were significant in the case of the commensal roof rat, Rattus rattus.
Keaton et al. concluded that the occasional low titres of sera obtained
from cotton rats, wood rats (Neotoma sp.), opossums (Didelphis marsu-
pialis virginiana), and feral house mice (Mus musculus) were of doubtful
specificity; they found that native wild rodents that were not associated
with domestic rats bore no rickettsiae or antibodies. Morlan, Hill &
Schubert 14 found only 1.5 % of 3202 sera from 37 species of wild animals
positive in complement-fixation tests, and the titres were uniformly low
(1: 64 or less) except for those of three cotton rats, and Smith 17 concluded
that house mice were not important as hosts of murine typhus fever
organisms in the south-eastern United States.

The comparatively new anticoagulant types of rat poison, Warfarin
and Pival, gave promise of usefulness as adjuncts to the control of typhus
through flea control. The fact that commensal rats apparently do not
become shy of these poisons in food or water-bait preparations makes it
appear probable that rat populations may be very considerably reduced,
thus lessening transmission of typhus among rats and possibly eliminating
the disease. Eradication of typhus should therefore be attainable (1) by
elimination of the rat reservoir, (2) by elimination of the ectoparasite
vectors, or (3) by partial, though good, control of both rats and fleas,
which should prevent rats and infected ectoparasites from being associated
sufficiently to support the disease. It is upon the last possibility that the
attempt, here reported, at eradication in south-eastern Grady County,
Georgia, was based.

Rat Infestation and Prevalence of Typhus among Rats

About 50% of the farms and isolated rural premises in the county
(Grady) selected for a study of methods of eradicating typhus were infested
by rats when this study was initiated in July 1953.

In 1945, when earlier studies were made in the area by Hill et al.,7
52% of 695 rats trapped in Grady and Thomas Counties had typhus
antibodies as shown by complement-fixation tests. In 1949, four years
later, 36% of 1499 rats from Grady County, where no control programme
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was carried out, were positive.7 (In Thomas County, in the meantime, an
effort had been made to control rat fleas.) Unpublished data for 1950 and
1951 indicate that more than 30% of the rats in Grady County still had
murine typhus antibodies in titres of 1: 8 or higher.
A pre-control survey was undertaken in Grady County on 1 July 1953,

and ended on 12 August. Tests revealed that about 33 % of the rat-infested
premises in the south-eastern quarter of this county harboured rats with
complement-fixing typhus antibodies; 44% of the 87 rats tested had such
antibodies. This apparently represents little or no change from the condi-
tions which prevailed there in 1949.

Infested premises had piles of peanut hay and corn on low, broken
flooring in cribs and barns, or on the ground itself, and heaps of lumber
and junk in or near buildings. This made the application of eradication
measures particularly difficult. Peanut hay probably offered the greatest
obstacle, since it provided abundant food and harbourage for the rats;
it was almost always present, and it might not be contaminated with
poisons because it was fed to livestock.

The presence of two species of commensal rats, R. norvegicus and
R. rattus subsp., further complicated control since they have somewhat
different food preferences, behaviour and habitats. Occasionally, both
species were found on the same premises, but the Norway rats usually
outnumbered the roof rats. There is evidence that the Norway rats will
eventually predominate throughout the experimental area if their southward
movement continues.4

Procedure and Methods

The south-eastern quarter of Grady County and a small adjoining area
of south-western Thomas County were selected as the experimental area
in which to test the feasibility of eradicating murine typhus foci. This area
of approximately 130 square miles (about 235 km2) contains 713 rural
premises.

Two county health department employees were chosen to carry out
the eradication operations. They secured permission from the owners
and occupants of premises to apply the necessary DDT dust, poison bait,
and other treatment, and sought their co-operation in rat-control sanitation
measures.

Poison baits

A mixture of coarsely ground yellow corn meal (65%), rolled oats
(25 %), and powdered sugar (5 %), plus Warfarin (3-(l-phenyl-2-acetyethyl)-
4-hydroxycoumarin) concentrate (5 %) was generally used in the experiment.
Another mixture, apparently as effective, consisted of coarsely ground
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yellow corn meal (90 %), powdered sugar (5 %), and Pival (2 pivalyl-1,3-
indandione) concentrate (5 %). Where these baits were not accepted
readily, ground peanuts, parched peanuts, or laboratory dog food were
substituted for the corn meal. Supplementary poisoned baits of hamburger
and red squill preparations or fruit with zinc phosphide were sometimes
used. Water baits using water-soluble Warfarin were tried but apparently
were not as effective as the food baits except during unusually dry periods.

Baits were placed about the premises in several different ways,
according to conditions: in open cardboard trays nailed to floors, beams,
or sills; in cardboard trays behind a board nailed against a wall or floor;
in open-ended, tunnel-type boxes; and in wall boxes leaned or nailed
against a wall.

Water baits in quart jars (approximately one litre) were put over chicken-
watering glass dishes in places accessible only to rats and mice.

Cyanogas dust

Where rat burrows or shelters were accessible and safety hazards did
not exist, Cyanogas " A " dust was applied with a foot pump and short
extension hose. This method was occasionally very effective in reducing
initial infestations or shortening the period required for eradication.

DDT dusts

Since the operation was designed to determine whether or not murine
typhus fever might be eradicated from premises by reduction of flea popula-
tions, 10% DDT dust was always applied to rat habitats in an attempt to
destroy the rat fleas. The DDT dust was ordinarily distributed by hand,
a handful being placed in openings through which rats entered the structure,
in their runs and burrows, and around poisoned baits. Areas underneath
cribs and structures slightly raised above the ground were dusted with
hand-pump dusters or crank dusters.

Timing of treatment and reinspection

The experimental area was divided into two sections and an eradicator
was assigned to each, with a ½2-ton panel truck for transportation. Premises
were systematically examined for signs of rats, and the occupants were
questioned as to the presence of rats or house mice. Dust patches were
used extensively to detect tracks of rats. If only mice were present, premises
were considered to be free from species capable of being a reservoir of
typhus, since the incidence of typhus antibodies in house mice has been
found to be very low,2' 9, 14, 17 and because certain other observations "
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have indicated that house mice do not harbour typhus when dissociated
from commensal rats. Uninfested premises were inspected at two-week
intervals for the first three months and then monthly until the end of the
operational period to determine whether they became infested. Infested
premises were treated with DDT dust and poisoned bait, and such other
measures were taken as appeared to be indicated on the initial visit.
Premises were reinsp cted in two to five days to replace any bait eaten, and
weekly or every two weeks thereafter until the rats were eliminated. As
premises were cleared, reinspections were spaced at monthly intervals to
detect reinfestations, and additional premises were given initial treatment
until the entire area was inspected and treated. Premises which became
reinfested were re-treated, bi-monthly or monthly applications usually
being sufficient.

Criteria for determining success of eradication

The following observations were taken as proof that all rats were
eliminated from premises: (a) no bait was missing from the bait containers;
(b) baited snap-traps and unbaited steel traps set in suitable places
failed to catch any commensal rats (mice or cotton rats were occasionally
taken), or were not sprung; (c) no rat tracks were evident in patches of
DDT dust previously placed in strategic positions; (d) occupants saw
no rats or signs of rats; and (e) no recent signs of rats or of recent damage
caused by rats were detected by the inspector.

Rate of Decline of Rat Infestation and Cost of Control

During the period of eradication (1 July 1953 to 4 May 1954), 361 pre-
mises were found to have no rat infestation, and 352 were found infested.
Occupants of three rat-infested premises refused treatment of any type.
Rats were eliminated from 309 (88 %) of the infested premises, leaving
40 premises on which eradication measures against rats failed, chiefly
owing to the abundance of harbourage and food. An average of 13.7 visits
was made per premises, and an average of 4.1 pounds of DDT dust and
13.5 pounds of poisoned food bait was used per infested premises. Bait was
maintained for an average of about 88 days in 309 premises from which
rats were successfully eliminated, but an average of 167 days of treatment
failed to achieve eradication in the 40 uncleared premises. An average
of 4.4 man-hours was required per premises treated. A total of 1323 rats
(an average of 12 p-r farmstead) was recovered from 107 premises where
poisoning was done, although only those rats which died in the open are
included in this total. It is estimated that at least twice as many more
were killed or died in inaccessible places, as indicated by odours.
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The aggregate average cost per infested premises was computed at
U.S. $19.73 for control alone. The cost of making pre-control and post-
control surveys is not included.

Rate of Decline of Flea Populations and Prevalence of Murine Typhus

The first post-control inspection to measure decline of the flea population
was made from 25 May to 9 July 1954, one to three months after the
eradication programme was terminated. Sera were tested from 70 rats
trapped from 28 of the 40 uncleared premises. No rats were taken from
12 of these premises because the low rat populations in them made it
impractical to obtain specimens. Three of the 70 rats had typhus antibodies,
as shown by complement-fixation tests; two of these positive rats were
from one set of premises and one was from another.

The ectoparasite data from 15 of the roof rats and 22 of the Norway
rats were as follows: the Oriental rat flea, Xenopsylla cheopis, infested
2 roof rats and 1 Norway rat (8.1 %), the mean number per infested rat
being 1.0; the sticktight flea, Echidnophaga gallinacea, infested 6 roof rats
and 14 Norway rats, the means per infested rat being 4.8 and 11 respectively;
the spined rat louse, Polyplax spinulosa, infested 3 roof rats and 5 Norway
rats, the means per infested rat being 11 and 4.4 respectively. Based on a
four-year average (1946-49), the expected prevalence of infestation of
commensal rats by Oriental rat fleas in this region during the period 25 May
to 9 July was 61 %.7
A second inspection was made almost immediately. It revealed that

during the period 13 July to 5 August 1954 (approximately three months
after the eradication work ended), 16 (5.2 %) of the 309 premises previously
cleared of rats had become reinfested. Thirty-four rats trapped from 12
Qf these reinfested premises were bled and searched for ectoparasites.
Three Norway rats from two premises had complement-fixing typhus
antibodies, with titres of 1: 128 (2 rats) and 1: 32 (1 rat). All were adults,
and they may have been migrants from uncleared premises nearby. Brain-
tissue inoculations from the positive rats failed to produce typhus in guinea-
pigs.

Ectoparasite data for the 11 roof rats and 23 Norway rats were as
follows: the Oriental rat flea was found on none of the rats; the sticktight
flea occurred on no roof rats but on 12 Norway rats, the mean per infested
rat being 8.8; the spined rat louse occurred on 2 roof rats and 4 Norway
rats, the mean number per infested rat being 5.5 and 6.3 respectively.
Six tropical rat mites, Bdellonyssus bacoti, were found on 1 roof rat. Oh the
basis of a four-year average (1946-49), the expected prevalence of Oriental
rat fleas in July is 67%.
A third inspection was made from 8 February to 8 June 1955, during

which time 561 premises were reinspected and, if infested, laid with traps.
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The following results were noted:
Number of premises

Premises originally infested 255

(1) Cleared of rats during control programme 226
Still clear 169
Reinfested 57 (25%)

(2) Not cleared of rats by 4 May 1954 29
Still infested 13
Uninfested 16 (55%)

Premises originally free of rats 306
Still free 285
Infested 21 (7%/O)

The following conclusions may be drawn from these data: (1) premises
cleared of rats became reinfested at the approximate rate of 25% per year;
(2) premises not infested with rats during the eradication period became
infested at the approximate rate of 7% per year; (3) premises where eradi-
cation was not attained during the operational period became rat-free at
the rate of 55% per year.

This inspection and trapping resulted in the collection of 139 commensal
rats from 78 premises; of these rats, 124 (76 roof rats and 48 Norway
rats) were tested for the presence of typhus antibodies. Premises which had
harboured typhus-positive rats during the previous post-control survey
and neighbouring premises were laid with traps first. Those from which
it had been impractical to eradicate the rats were done next, and finally
those which were previously rat-free but which had become infested.
The serum from only one Norway rat, trapped at the border of the eradica-
tion area, was positive in the complement-fixation test (titre 1: 32). This rat
is believed to have moved in from the adjoining, untreated region. The
serum from one wood rat (Neotoma floridana) was also positive, the titre
being 1: 16, but this titre is probably non-specific, since most other workers
have found that native rodents have been uniformly negative for rickettsiae
even though sera have been positive with low titres in complement-fixation
tests.2 9 14 Furthermore, this native rat was obtained from premises
several miles from any known typhus-infested commensal-rat colony.
Sera from six additional wood rats trapped elsewhere were negative.

Fifty-eight Norway rats, 81 roof rats, 6 cotton rats (Sigmodon hispidus),
1 opossum (Didelphis marsupialis), 7 house mice, 7 wood rats and 1 cotton
mouse (Peromyscus gossypinus) were examined for ectoparasites. Only
non-vector parasites were found on the commensal species (see Table I).
The expected rate of infestation of commensal rats by Oriental rat fleas
for this period, based on 1946-49 data, is 27 %. Four cotton rats were
infested by 11 fleas (10 Polygenis gwyni, 1 Leptopsylla segnis), 12 mites
(Haemolaelaps glasgowi), and 6 lice (Hoplopleura hirsuta). The cotton
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TABLE I. INFESTATION BY ECTOPARASITES OF COMMENSAL RATS
OBTAINED BY TRAPPING BETWEEN 9 FEBRUARY AND 8 JUNE 1955,

GRADY COUNTY, GA.

Rattus norvegicus Rattus rattus
(58 examined) (81 examined)

Ectoparasite
percentage ectoparasites percentage ectoparasites
infested per infested rat infested per infested rat

Fleas

Xenopsylla cheopis 0 0 0 0

Leptopsylla segnis 13 2.6 4.9 2.5

Echidnophaga gallinacea 41 30 16 1.6

Mites

Bdellonyssus bacoti 21 45 20 34

Haemolaelaps glasgowi 0 0 1.2 1.0

Ticks

Amblyoma americanum 5.2 1.0 0 0

Lice

Polyp/ax spinulosa 60 10 57 12

mouse (Peromyscus gossypinus) had 1 nymphal tick (Amblyoma americanum),
and the opossum bore 54 fleas (7 Ctenocephalides felis, 45 E. gallinacea,
and 2 P. gwyni). The 7 house mice and 7 wood rats (Neotoma floridana)
had no ectoparasites.

Status of Infestation of Rats by Fleas in Untreated Areas

In order to determine the status of infestation of rats by fleas in a
similar area in Grady County where DDT had not been used in a
systematic effort at control, a survey was made during the period
9 June to 14 October 1955.

Sixty-one Norway rats were trapped in 29 farm premises (about 2 per
premises) and ectoparasites and sera were collected from them.

About one-third of the rats bore Oriental rat fleas (see Table II) during
the months in which in 1949 about 62% bore them. There was therefore
a high prevalence of infestation by Oriental rat fleas, although somewhat
lower than in 1949. There was, however, a much higher prevalence of
infestation in this untreated area than in the area where premises had been
treated with DDT (30% against 0).

Five of the 52 rats tested for the presence of murine typhus fever anti-
bodies showed positive titres.
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TABLE II. INFESTATIONS BY ECTOPARASITES OF 60 NORWAY RATS
OBTAINED BY TRAPPING BETWEEN 9 JUNE AND 14 OCTOBER 1955

IN UNTREATED AREA IN GRADY COUNTY, GA.

Ectoparasites | Percentage of rats EctoparasitesEctoparasites ~~infested per infested rat

Fleas

Xenopsylla cheopis 30 8.3

Echidnophaga gallinacea 43 15

Mites

Bdellonyssus bacoti 13 6.8

Laelaps echidninus 9.8 18

Lice

Polyplax spinulosa 44 7.8

Discussion of Typhus Residual and Rates of Reinfestation

A post-control inspection and trapping programme in 28 premises from
which rats could not be entirely eliminated was carried out during the
three-month period 25 May to 9 July 1954. The finding of only three rats
with typhus antibodies among the 70 rats from 28 premises, trapped and
tested from 10 to 12 months after a typhus eradication programme was
initiated, indicated marked and early, though not complete, success.
A second post-control inspection was made from 13 July to 5 August

1954 in the 309 premises previously cleared of rats. Trapping was done in
infested premises. Although this inspection was made three months after
the eradication programme ceased, most of the premises had been cleared
of rats before the end of that period. Nearly all the premises (95%) had
remained clear of rats for an average period of six months. The discovery,
among 34 rats from 12 infested premises, of three rats with typhus antibodies
is believed to indicate a carry-over of rats infected before the eradication
programme was completed.
A third post-control inspection of the region (7 February to

8 June 1955) was made approximately one year after the eradication work
was completed and was aimed at complete coverage of the eradication
area in Grady County.

This survey revealed that, although premises cleared of rats 10-18 months
earlier were becoming reinfested relatively fast (25 %), neither reinfestation
of commensal rats by the Oriental rat flea nor reinfection with typhus
had occurred.
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The Oriental rat flea, X. cheopis, was either absent from, or found in
such a small percentage of both the premises and the trapped rats that
adequate reduction was indicated. Since it is believed that the Oriental
rat flea is the only ectoparasite of importance in the transmission and
maintenance of murine typhus in nature,'2 it would appear that the DDT-
dusting measures accompanying rat control were sufficient. Except on
premises whose owners refused permission to do eradication work, eradi-
cation of murine typhus fever apparently was accomplished, populations of
Oriental rat fleas were greatly reduced, and rats were exterminated from most
premises. The paradoxical high rate (55 %) at which premises not amenable
to clearance subsequently became clear of rats may be explained by:
(1) efforts of owners and of commercial post-control operators hired by the
owners when our eradication measures were discontinued; (2) crop failures
due to dry weather, and consequent removal of stored grain and hay,
depriving the rats of food and harbourage; and (3) possible reduction
of the rat colonies by the control effort to a few rats which were either
infertile or of the same sex.

The finding of one wood rat out of seven with antibodies to typhus
with a titre of 1: 16 is not believed to be significant because of its location,
because of the doubtful specificity of low titres, and because of the absence
of vector fleas. The single Norway rat with a positive titre was taken from
premises situated at the extreme periphery of the eradication area. No rats
with complement-fixing typhus antibodies were found in the eradication
area or within two miles, or a little over three kilometres, of these
premises at any time.

Although natural causes such as apparently adverse climate assisted
considerably in the reduction of the percentage of premises infested by rats
and the prevalence of Oriental rat fleas and murine typhus, control measures
were necessary and effective in bringing rat and flea populations beneath
the threshold required for sustaining murine typhus fever.

Conclusion
Practical measures that have accomplished less than complete rat and

rat-flea eradication were effective in eradicating flea-borne typhus from
commensal rats (R. norvegicus and R. rattus) in a rural area where murine
typhus has been endemic for many years. It is believed that these eradication
measures could also be utilized to eliminate murine plague occurring in
these particular commensal rat species, since roughly the same degree of
X. cheopis infestation enables the maintenance of the disease in these rats.

RItSUM12

Un essai d'eradication du typhus murin a ete entrepris dans une region de l'Etat de
Georgie, Etats-Unis d'Amerique, en 1953-54. Il s'agissait de d6truire les rats par les
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raticides anticoagulants, et par le DDT les puces dont ils sont porteurs. Avant le d6but
de cette campagne, on estimait que 50% des 713 locaux agricoles de la region etaient
infestes de rats. Des rats trouves dans 63 % de ces locaux presentaient des anticorps anti-
typhiques et 44% des rats captures donnaient des reactions serologiques positives pour le
typhus.

Au cours des 10 mois que dura la campagne, les rats furent elimines de 89% des
locaux infestes, moyennant l'emploi d'environ 2 kg de poudre de DDT, de quelque 5 kg
d'appats empoisonnes et au prix de 20 dollars par local. I1 fallait 88 jours pour obtenir
un resultat effectif dans un local.

Ce traitement a considerablement reduit le nombre des puces. Bien que les rats aient
envahi a nouveau les locaux desinfestes, dans la proportion de 25% apres 10-18 mois, le
taux d'infestation par les rats et les puces a et abaiss6 A un niveau inferieur A celui qui
assurait la transmission du typhus murin dans la region. L'eradication de la maladie par le
proced6 decrit paralt donc realisable dans les regions du meme type que celle ou s'est
deroule l'essai. II est probable que les puces de rats vectrices de la peste peuvent etre
e1iminees de la meme maniere.
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