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- Transmission of Salmonella enteritidis by the Rat
Fleas Xenopsylla cheopis and Nosopsyllus fasciatus

By C. R. EskEey, M. D., Frank M. PriNCE, B. S., and FRANK B. FuLLERr, M. S.*

During the course of culturing flea feces to determine the presence
of plague infection, it was discovered that a number of fleas were
excreting Salmonella enteritidis (Gaertner), which had invaded the
laboratory mouse colony. This accidental infection of the fleas initi-
ated this study. .

Varela and Olarte () state that they were able to infect Pulex irri-
tans Linnaeus, and Ctenocephalides canis (Curtis) by feeding them
on 8. enteritidis infected mice, but failed to transmit the disease with
these ectoparasites. Parker and Steinhaus (2) report that they in-
fected ticks, Dermacentor andersoni Stiles, with S. enteritidis and that
these arachnids were capable of transmitting the infection to guinea
pigs. Body lice removed from patients were found infected with S.

enteritidis, according to Huang, Chang, and Lien (3).

Infecting Fleas

The white mouse proved to be a very desirable animal to use for
infecting fleas with S. enteritidis. Of several procedures used to in-
fect mice, the most satisfactory method and the one adopted in the
tests was the subcutaneous inoculation of 0.1 cc. of a 5 cc., 24-hour
tryptose hormone broth culture. Intraperitoneal inoculation was not
satisfactory because most of the animals died from the local reaction.
Mice infected with contaminated drinking water were unsuitable be-
cause of the irregularity with which septicemia appeared. In one
instance, satisfactory results were obtained by feeding fleas on a
mouse which was infected by the bites of fleas, thus demonstrating
that the infection can be transmitted from mouse to mouse by fleas.

Fleas used in the experiments were bred in the laboratory and were
starved for 48 hours or longer before placing them on infected mice.
They were not exposed to infection until a blood smear from the tail
of the mouse revealed the presence of at least three or four organisms
per smear. In mostinstances, only a small percentage of fleas exposed
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to this low degree of septicemia were found to harbor the Salmonella
organisms afterwards. Best results were obtained when mouse blood
smears contained five or more bacteria per microscopic field. The
results from exposing various groups of fleas to infection by feeding on
different mice varied from 3 to 98 percent flea infection. This was
true in the case of both species of fleas used in this study, Xenopsylla
cheopis (Roths.) and Nosopsyllus fasciatus (Bosc.) Upon removal
from infected mice, each flea was placed in a clean test tube and stored
in an incubator at 72° F. A high humidity was maintained by keep-
ing an open pan of water in the incubator.

Method of Determining Flea Infection

As soon as fecal material was observed in the test tube after a flea
had fed on an infected mouse, the flea was transferred to a clean tube.
The fecal matter was emulsified with a drop of hormone broth, and
then streaked with a platinum loop on Salmonella Shigella media
(Difco). When the first feces culture was negative, the flea was
usually discarded or fed on another infected mouse; occasionally, a
second test was performed. To determine the persistence of the
infection, droppings from each flea were cultured at weekly intervals
until death, at which time the flea was triturated and plated. -

Duration of Flea Infection

A considerable number of fleas excreted all the Salmonella organisms
in their first fecal deposits following exposure to infection, while others
became free of the infection at various periods as shown in the table
below. N. fasciatus tended to harbor the infection longer than X.

cheopis.
X. cheopis N. fasciatus

Number Percent Number  Percent

Free of infection after 1 positive feces_________ 16 25. 8 16 11. 8
Free of infection by end of second week_ _ ... __ 12 19. 4 7 5.1
Free of infection by end of fourth week________ 1 1.6 17 12. 3
Free of infection end of eighth week___________ 2 3.2 6 4.3

Total becoming frée of infection..______ 31 50 46 33.3
Retained infection until death or killed_._______ 31 50 92 66. 6

Length of Life of Infected Fleas

S. enteritidis infection unquestionably shortened the life of X.
cheopis. None of this species that remained infected until death
survived over 40 days. Only 26 percent lived more than 30 days.
The average length of life of the 31 fleas still infected at death was
24 days. Three uninfected X. cheopis, one male and two females
carried as controls, were killed after 63 days’ observation.
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N. fasciatus were more resistent to the infection than X. cheopis as
38 percent of them survived the infection over 40 days. In fact,
18 percent lived more than 8 weeks. However, it is believed that
many of the N. fasciatus died as the direct result of the Salmonella
infection.

Symptoms of Infection

Many infected fleas of both species developed symptoms of an
inflammatory condition of the gastro-intestinal tract. ~ For instance,
there were generally about twice as many fecal deposits during the
last week of life as during the first week after infection. Over 20
percent of N. fasciatus developed a bloody diarrhea, a condition not
observed among the X. cheopis. This diarrhea appeared as red
splotches of bloody material deposited in the bottom of the test tubes
with as many as four or five excretions in 24 hours. Most of the V.
fasciatus died a few days following the appearance of diarrhea; but,
in a few instances, the condition disappeared, and the fleas lived
many days afterward. In one case, the flea became free of infection
after excreting bloody material for 2 or 3 days.

A second noticeable feature in connection with S. enteritidis infec-
tion of fleas was the prolonged efforts made by many of them to feed.
Numerous bites of infected fleas were frequently from 10 to 20 min-
utes duration. Normal fleas of both species used in this study rarely
required more than 5 minutes to satisfy their appetites, although, on
rare occasions, they remained attached to their hosts 10 minutes, or
slightly longer. The bites of 45 percent of the Salmonella infected
X. cheopis which survived over 2 weeks averaged 8.7 minutes per
bite as compared to 2.8 minutes for the normal fleas.

The bites of infected N. fasciatus did not tend to be as prolonged
as those of X. cheopis. However, the average length per feeding of
54 percent of N. fasciatus which survived 2 weeks or more was 6.6
minutes as compared to an average of 3.8 minutes per bite for 10
uninfected fleas of this species which were under observation for 3 to
6 weeks. Prolonged efforts to feed occurred at almost any period
during the life of infected fleas, that is, during the first week after
infection, or at any intermediate period during life. Not infrequently
the last attempt to feed before death was unusually prolonged because
of the weakened condition of the flea.

Microscopic Evidence of S. enteritidis Infection

At varying intervals, a large series of infected fleas were examined
microscopically, and colored photomicrographs were made of many
of them. The following conditions observed in these studies are
believed to be the result of S. enteritidis infection.
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Evidence of bacterial growth in the stomach. The contents of a
normal flea’s stomach immediately after feeding has a uniformly
bright red appearance unless there is present some residue of the
previous meal. This residue usually appears as a very dark sub-
stance which follows the contour of the posterior end of the stomach,
or, in some instances, it may be seen as rather coarse granular material
which is mixed more or less with the recently ingested blood. In
the case of S. enteritidis infected fleas, the recently ingested meal
generally has a definitely dark cloudy appearance which involves
practically all of the distended stomach and which is believed to be
due to the multiplication of the Salmonella organisms. Variation in
the intensity of the discoloration in different zones is more charac-
teristic of X. cheopis than N. fasciatus. In the case of the former
species, the dark discoloration tended to be most intense around the
periphery, next to the stomach wall, thus producing a nearly clear
central zone. This condition may be due to adherence of the bacterial
formations to the stomach wall, or to a tenacity of the material which
prevents its diffusion throughout the ingested blood as it enters the
stomach.

Stippling of the esophagus. In a number of fleas, very fine dark
specks outlined nearly the entire length of the esophagus. As this
condition does not occur in normal fleas, it would seem that it was
produced by the Salmonella infection.

Invasion of the body cavily by the infection. In many infected fleas
of both species, brownish discolored areas of varying intensity and
size were observed in the posterior third of the body cavity. In
some instances, these brownish formations appeared to involve the
rectal pouch, or to envelop it. In normal fleas the outlines of the
rectal pouch are generally visible, but in a great many of those infected
with S. enteritidis, it was impossible to discern this structure.

Loss of tissue tone or elasticity. From the microscopic appearance
of a number of fleas, it seemed that the Salmonella infection resulted
in a loss of tone of the structures forming the alimentary tract. Dila-
tation of the esophagus by freshly ingested blood was observed in
microscopic examination of several N. fasciatus. The blood in the
esophagus of these fleas was continuous with that in the stomach
through a patent proventriculus. In other instances, the esophagus
was dilated after feeding, but did not contain any blood. Excessive
dilatation of the stomach following feeding was observed in both X.
cheopis and N. fasciatus. There were also instances in which the
rectal pouch was much more distended than ever observed in normal
fleas. Occasionally, fleas died in a very short time after dilatation of
one or more of the alimentary structures was observed. Prolonged
efforts to feed may have been due to loss of muscle tone in some cases.
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Transmission by Feeding Fleas Individually on Mice

In these experiments, groups of 3 to 15 S. enteritidis infected fleas
were fed individually on separate mice. Eight of the mice upon which
these fleas were fed died of the Salmonella infection. Before mice
were used in the experiments, the feces of each mouse were examined
for S. enteritidis. A total of 58 mice was used because of the frequent
shifting of each group of fleas to a fresh mouse. Whenever the feeding
of infected fleas was discontinued, the mouse was set aside for obser-
vation for about a month. Then it was killed and examined for evi-
dence of infection. The nature of the infection was proved in every
mouse by macroscopic and microscopic examination, and by the
cultural characteristics of the isolated Salmonella organisms. Mice
were kept in sterilized individual glass jars, and the metal tubes in
which they were held while fleas fed on them were sterilized before
being used for another mouse

From the results of feeding individual fleas on mice, it would seem
that N. fasciatus were more efficient vectors of S. enteritidis than
X. cheopis since 138 of the former species transmitted the infection
to 7 of 43 mice upon which they were fed as compared to one trans-
mission by 46 X. cheopis which were fed on 15 mice. _

In experiments of this type, it was impossible to determine which
particular flea or bite resulted in the transmission of the infection.
In some instances, the bites of two or more fleas may have been
infectious. In three cases, fleas defecated from one to three times on
mice that became infected. There is a possibility that these three
mice might have contracted their infection by licking off the infectious
feces. As none of the fleas defecated on the other five mice, it may
be assumed that these mice were infected by the bites of the fleas.

The mechanism involved in the transmission of S. enteritidis through
a flea bite is unknown. The abnormally long efforts many fleas spent
in feeding suggest that the blood meal could not enter the stomach in
a normal manner. This may have resulted in the regurgitation from
the esophagus with the concomitant inoculation of the host. How-
ever, the microscopic examination of many fleas failed to reveal a
single instance of complete blockage of the stomach such as occurs in
plague-infected fleas.

Following is a short summary of four experiments which resulted
in the infection of mice by S. enteritidis infected fleas:

Ezperiment 1. Between November 29 and December 4, 1948, 10
N. fasciatus, which were infected November 27, fed 28 times on a
mouse that died December 7, 1948. During the 6 days the fleas fed
on the mouse, one bite from each of six different fleas was of abnormal
duration varying from 6 to 12 minutes. One flea that fed for 12
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minutes on December 1, or 6 days prior to the death of the mouse,
was dead when examined the next day.

Ezxperiment 2. The mouse used in this experiment was found to
be excreting S. enteritidis in its feces December 15. A positive blood
culture was obtained from the mouse December 22, and it was dead
on December 23. This mouse was exposed to the bites of three V.
fasciatus, all of which had previously fed on the animal infected in
experiment 1. Between December 10 and 13, inclusive, the fleas fed
six times. The longest of these bites was one of 6 minutes duration
on December 11, or 4 days before Salmonella organisms were found
in the feces of the mouse. The flea responsible for this bite refused
to feed the next day and was dead when examined December 13.
The fleas used in this experiment were infected 14 days before they
were fed on the mouse.

Experiment 3. Between January 24 and February 5, 1949, 13 N.
fasciatus fed 80 times on a mouse that died of S. enteritidis infection
on February 9. The fleas were infected January 14, or 10 days
before they fed on the mouse. None of the flea bites could be con-
sidered abnormal. Two fleas died during the experiment, and one
ceased excreting Salmonella organisms after January 31. Therefore,
the record of the experiment does not provide any information regard-
ing the time of the infectious bite or the flea or fleas responsible for
the infection of the mouse. However, it is possible that the mouse
may have been infected by flea feces as one flea defecated on its
abdomen January 25, and a second one, on February 2.

Experiment 4. In this experiment, nine X. cheopis, which were in-
fected December 29, 1948, were fed on a mouse that died February 4,
1949. The fleas were not fed on the mouse until 6 days after their
infection. One positive feces had been obtained from each flea before
the experiment was begun. However, the feces of four fleas were
negative when tested the next time so that they had ceased to harbor
Salmonella organisms before they had a chance to bite the mouse.
The feces of a fifth flea was free of S. enteritidis after January 6, or
after it had fed once on the mouse. As it is unlikely that this flea
could have infected the mouse, the transmitting agent was probably
one of the remaining four fleas. Two of these four fleas became free
of infection during the course of the experiment—one after January
17, and the other after January 31. However, the bites of both these
fleas could have been infectious prior to the dates that they ceased
to excrete Salmonella organisms. Each of the four suspected fleas
fed for abnormally long periods on the mouse on two or more oc-
casions—the efforts to feed were of 10 minutes or more duration.
The bite of one flea on January 7, or 28 days prior to the death of
the mouse, lasted 24 minutes. The flea was dead 3 days later, having
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refused to feed once in this interval. Excessively long bites were
made by the other three fleas, 25, 22, 14, 11, and 8 days, respectively,
before the death of the mouse. Which of these suspicious bites could
have resulted in transmission of the Salmonella infection is unknown.
As none of the fleas defecated on the mouse, it must have contracted
the infection through the agency of one or more flea bites.

Transmission by Fleas Placed on Mice in Jars

The method most frequently employed for testing the ability ‘of
ectoparasites to transmit an infection from one animal to another is
that of placing infected ectoparasites en masse on a susceptible animal
in a jar or cage and then waiting for the results. Experiments of
this type have certain disadvantages because it is impossible to decide
whether the infection was contracted from the bites of the ectoparasites
or by some other method, such as oral infection which may follow
crushing the infected ectoparasite in the mouth, and possibly swallow-
ing it; or by licking infectious feces from the body. Infected ectopara-
sites’ feces may also contaminate the food of the test animal.

During this study, mass transmission tests were carried out by
placing 206 fleas on 24 mice which were kept in separate glass jars.
No more than 10 fleas were placed on any one mouse. At least two
positive feces tests should be obtained before starting experiments
of this type because of the large percentage of fleas that did not
harbor S. enteritidis after the first fecal examination. Every 7 to 10
days the mice and any fleas remaining on them or in their bedding
material were transferred to clean sterilized jars. At this time mouse
feces were collected for cultural tests. The mice were killed, autopsied,
and cultures made of their spleens, livers, and blood at the end of
5 or 6 weeks. None of the mice subjected to this routine examination
showed any evidence of Salmonella infection. Before the final
disposal of the mice, each mouse and the contents of the jars were
searched for fleas. A total of 13 N. fasciatus and 9 X. cheopis were
recovered at this time. Feces collected from these fleas and the
crushed bodies were cultured. None of the fleas recovered were
infected with S. enteritidis, indicating that all those that did not
become free of the infection before the experiments ended had died.

In the N. fasciatus experiments 125 infected fleas were placed in lots
of 5 to 10 on 13 mice. Only one mouse was infected. S. enteritidis
was cultured from the feces of the mouse on the cleventh day, and it
died on the fifteenth day. The results of these experiments did not
equal those obtained by feeding N. fasciatus individually.

The results obtained with X. cheopis in the jar experiments were
practically the same as those resulting from feeding individual infected
fleas of this species on mice since 81 fleas infected 2 of 11 mice in jars.

840024—49—2
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One mouse upon which three infected fleas were placed died 20 days
after the start of the experiment. The Salmonella organisms were not
isolated from the feces of this mouse prior to its death. The feces of
the other mouse were found infected 19 days after eight X. cheopis
were placed on it. As the mouse showed signs of recovering froin the
infection, it was killed a week later. This was the only mouse known
to have been infected through the agency of fleas that did not die from
the infection.

Significance

Salmonella enteritidis is one of the agents responsible for outbreaks
of acute gastroenteritis which is characteristic of the so-called food
poisoning diseases. In severe cases, there is great prostration and
the final outcome may be fatal. Various factors such as diseased
meat and food contaminated by unsanitary conditions, including the
infected feces of rats and mice, are generally considered the sources of
human infection. .

The experimental transmissions detailed above indicate that the
two common fleas found on rats in the United States may play an
important part in the dissemination of S. enferitidis among rodents
and from them to man. Human infection could be contracted di-
rectly from the bite of the fleas, or infectious flea feces may contam-
inate food.

Summary

The investigation demonstrates that the two common rat fleas,
Xenopsylla cheopis and Nosopsyllus fasciatus may be infected with
Salmonella enteritidis when feeding on infected mice and that the
fleas may transmit the infection from one mouse to another by their
bites. Furthermore, the feces of infected fleas also contain viable
organisms in large numbers and provide an additional means by
which the infection may be disseminated. Many fleas become free
of the infection, but over half of them remain infected until death.
S. enteritidis infection appears to produce certain pathological condi-
tions in the alimentary canal of fleas that tend to shorten the lives
of many of them. However, some fleas survived the infection for
more than 2 months. The mechanism by which the flea infects
its host by its bite is unknown, but probably results from the regur-
gitation of infectious material from the esophagus.

NoTe.—Some experimental investigations were conducted with Salmonella
typhi-murium (Loeffler) similar to those reported above. Fleas were found
susceptible to this infection but neither of the two strains of 8. typhi-murium
employed produced as high a degree of septicemia in mice as S. enteriditis. No
attempt was made to transmit S. typhi-murium with infected N. fasciatus by
feeding fleas individually on mice, and only 12 infected X. cheopis were tested



941 July 29, 1949

in this manner. Twenty-five infected N. fasciatus were placed on 5 mice in
jars, and 104 X. cheopis were similarly tested on 11 mice. No evidence of S.
typhi-murium was found in any of the mice when autopsy examination and
cultures were made a month later. These studies only proved that fleas may be
infected with 8. typhi-murium.
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Preliminary Field Trials With Laboratory-Tested
Molluscacides

By M. O. NoraN and E. G. BERrY*

During the past year, screening tests of chemical compounds have
been conducted in this laboratory in a search for suitable agents to
destroy aquatic snails that serve as intermediate hosts for the
schistosomes and other trematode parasites of man. In these labora-
tory trials, more than 400 chemicals, mostly organic compounds,
were screened. Details of the tests will be published separately.

The planorbid snail, Australorbis glabratus, was used as the test
animal in all of the laboratory experiments. This snail is native to
Puerto Rico and some of the other Caribbean islands, and is found
also in Venezuela, the Guianas, and Brazil. In some of these areas,
it serves as the only intermediate host and in others as the principal
intermediate host of Schistosoma mansoni. The species is easily
raised in the laboratory, and mature specimens were thus provided for
all the screening tests. A. glabratus has not become established in the
continental United States, although one species of Tropicorbis from
Louisiana has been shown experimentally to be a potential host for
S. mansonti (1). Members of the genus Tropicorbis are closely related
both morphologically and ecologically to species of Australorbis.
Close similarities are present in the genital structures of members of
the two genera, as well as in other organs, a fact which has led Pilsbry
(2) to suggest that Awustralorbis might be considered a subgenus of
Tropicorbis. Both genera are found in streams, ponds, lakes, borrow
pits, and roadside ditches, and representatives of each (A. glabratus
and 7. centimetralis) serve as natural intermediate hosts of S. mansons.
It was noted also that members of both genera reacted similarly to
chemical compounds in the limited number of tests performed in the
laboratory. A decision was therefore made to test the molluscacides
on a species of Tropicorbis in the field.

Members of the genus Tropicorbis are found in Louisiana and
southern Texas. A snail survey of these States had been made in
1946 by Berry (3) so that information concerning the species and
ecology of endemic snails was available. The vicinity of Brownsville,
Texas, was chosen for the preliminary field trials, since Tropicorbis
obstructus donbilli is common in most of the fresh waters of this area.

Materials and Methods

More than 80 compounds were active in varying degrees against
A. glabratus in the laboratory. From this number, the following were
selected for the preliminary field trials made in January 1949.

*From the Laboratory of Tropical Diseases, National Institutes of Health.
(942)
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The areas selected for the field trials were those in which T'. obstructus
donbilli predominated over snails of other genera and species. How-
ever, in observing the toxic effect of the compounds, consideration
was given also to the other species present in the area, viz, Drepano-
trema cultratum labrosum, Helisoma trivolvis, and Apleza nitens. Since
the toxicity of the compounds to mammals had not been determined,
it was necessary to select bodies of water in which the trials could be
conducted without danger to man or domestic animals. The combi-
nation of these factors presented many difficulties, and it was im-
possible to find suitable small bodies of water that could be treated
completely. Consequently, only measured sections of large ponds
or ditches were dosed. The measured sections were staked and out-
lined by running heavy twine from one stake to another just above
the surface of the water. The depth of the measured area was system-
atically determined and the mean depth computed. Volume or
cubic content was then calculated. In one series of tests, all chemical
compounds were dissolved in acetone, or/and alcohol (95 percent) and
applied to the measured areas at the rate of one gram of chemical per
100 liters of water (10 parts per million). With all but one of the
compounds, namely, pentabromophenol, there was noticeable crystalli-
zation of the chemicals on the surface of the water. Consequently,
in a second series of tests, emulsions of the compounds with Tween 80
were used. These emulsions were also applied at the rate of one gram
of chemical per 100 liters of water.

The calculated amounts of the compounds were dlspersed by means
of “Sure-Shot” spray guns powered by compressed air, about an inch
or two below the surface of the water of the measured areas. (This
was a better method than the one used in the beginning of holding the
gun close to the surface of the water and spraying downward.)

In order to be certain that there were sufficient numbers of Tropi-
corbis in any given area, snail populations of areas were determined
before treatment with the chemicals. By use of a metal sieve fitted
with a straight handle, the snails were collected from the aquatic
vegetation in the water and then returned after the counts had been
made. After spraying, especially with the more effective chemicals,
snails could be found only in the mud on the bottom.

Local conditions for testing were much the same for all of the com-
pounds. All but one of the compounds were tested in ponds or borrow
pits, shallow marshes, and roadside ditches within a radius of 12 miles
of Brownsville. The one exception was in a large shallow pond, or
borrow pit, located between McAllen and Hidalgo, approximately 50
miles west of Brownsville. The aquatic vegetation was dense and
numerous globular and filamentous algae were present. The com-
pound, acetic acid, benzenethiol ester, was applied in acetone solution
to a section of this pond.
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An extensive drainage pond, located on the property of the Douglas
Dairy Farm, approximately 7 miles south of Brownsville, was used
for the testing of 7 compounds applied in acetone solutions. The
area had been abandoned as a watering place for cattle and had been
enclosed within a fenced area. The pond had a mud and grass bottom
and was more than 370 feet long; the width varied from several to 25
feet, and the depth from 1 inch to more than 2 feet. The aquatic
vegetation was variable, thicker in some spots than in others, and
consisted of plants, tall grasses, cattails, duckweed (Lemna) and algae.
There were many species of aquatic insects and insect larvae, such as
water boatmen, beetles, dragonfly and mosquito larvae, as well as
tadpoles and ostracods. Two species of snails, viz, Tropicorbis
obstructus donbilli and Drepanotrema cultratum labrosum, were abun-
dant in the pond, but unevenly distributed ; because of this fact several
hundred Tropicorbis from nearby areas were introduced into sections
of this pond prior to chemical treatment.

Three compounds were tested in shallow marshes which were exten-
sions of a very large resaca, located on the grounds of the Brownsville
Country Club, north of town. The marshes were similar to the pond
just described.

All emulsions of compounds, together with an acetone solution of
pentabromophenol (2d test) were tested in roadside ditches located
more than 11 miles north of Brownsville. They were shallow and
filled with seepage waters, without current, with grass bottom, aquatic
plants, and tall grasses. The ditches extended -for several hundred
yards along both sides of a main highway. Their width varied from
4 to 12 feet or more. The Tropicorbis in these ditches were numerous
and unusually large specimens. Drepanotrema, Helisoma and Aplexa
were less abundant. Small bivalves were present, as were frogs and
tadpoles, a few salamanders, and various species of aquatic insects
and larvae. )

Results of the tests were checked at 24-hour intervals for a period
of 3 or 4 days. With the chemicals that were especially effective,
this period was extended to 5 or 6 days. In a few instances, the
regular 24-hour checks had to be postponed for a day because of rainy
or sleety weather. With each examination of the area after spraying,
snails were collected and transferred to fresh water in beakers and
observed for viability. The examinations at 24 hours and 48 hours
were deliberately spotty because of unwillingness to stir up currents
of water within the treated areas and thus to dilute the concentrations
of the chemical. The 72-hour check was considered the most im-
portant, and at that time snails were systematically searched for in
the entire treated area, and large numbers collected.

During the field tests, temperature readings of the water were taken
during the day and ranged from 7° to 24° C. The average tempera-
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ture during a 3-week period was 16.5° C. The pH of the water ranged
from 7.2 to 7.9.

Results

The criterion of molluscacidal activity was based on the presence of
live snails in the treated area at the end of a 3-day period. The cir-
cumstances and conditions under which the trials were conducted
did not allow a mathematical expression of the results. There was no
way of determining with accuracy the snail population prior to the
treatment of the area or of recovering with certainty all snails following
treatment. However, the 72-hour post-treatment check was carried
out in a thorough and systematic manner and every effort was made
to determine the presence of any snails which might have escaped the
action of the chemical.

Results of the tests are shown in the table. Pentabromophenol and
pentachlorophenol, Na salt, monohydrate (“Dowicide G’’) were the
only compounds that proved to be good molluscacides in the field
trials.

The first trials with these two compounds were in the pond on the
Douglas Dairy Farm. The two sections treated with the chemicals
were more than 60 feet apart. There was rather dense vegetation
between the areas and no flow of water. Both compounds were
lethal to a proportion of the snails (Zropicorbis and Drepanotrema)
within the first 24 hours. Of the small numbers of snails collected in
the area treated with pentabromophenol, at 24 hours, the majority
were dead; at 48 hours, all snails collected were dead. At 72 hours,
numerous snails were collected from the entire area, and all were
dead. There was no collection of snails at 96 hours, but on the 5th
day the area was again systematically dipped for snails. Snails were
found with difficulty and, of those collected, all but 1 Tropicorbis
were dead. In the area treated with pentachlorophenol, at 24 hours,
the majority of snails collected were alive; at 48 hours, very few live
snails were found; and at 72 hours, all were dead. At 96 hours, all
snails collected were dead, with the exception of 2 Drepanotrema.
With both compounds, snails outside the treated area. (up to approxi-
mately 6 feet) were dead; beyond 6 feet, live snails were collected.

In the second trials, in the roadside ditches, results with penta-
bromophenol throughout the 72-hour examination were similar to
those in the first trial. The snails in these ditches included Tropi-
corbis, Drepanotrema, Helisoma, and Aplexa. Helisoma appeared more
resistant to the chemical than the other species of snails during the
first 48 hours; at 72 and 96 hours, all species of snails were dead.
Also, on the 6th day no live snails could be found in the area. The
results with an emulsion of pentachlorophenol were not so good as
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Results of field tests of potential molluscacides

Chemically treated area Tyopicorbis found
Compound Solution Temp.
" (e o| Srotn | T | rangs | o4 | 48 | 72 | 96
feet) | (feet) | water| (" Gty  POUrs| hours| hours) hours
Acetamide, N-cyclohexyl-2,3,4, | Acetone...... 143 06| 79| 16-22 | + + 4+ |eeeeee
6- tetrachlorophenoxy-(“Tetra-
mide A”’)
Emulsion._.__[ 180 04| 7.2 716 | £ | £ |- +
Acetic Acid, benzenethiol ester.| Acetone...... 1, 350 07| 75| 1820 | + + L o R
Benzene, 1-bromo-2,4-dinitro-_...| Acetone._.._. 220 08| 7.8 12-16 | + + + |oeeee-
Emulsion_.__{ 120 0.4 7.2 7-15 | + + feeeeee +
Guanidine, 1-dodecyl-, acetate..| Alcohol...._.. 150 06| 7.4 1422 | 4+ =+ + e
Emulsion_.__{ 300 0.6 7.2 | 12-24 | =+ + + |eeeee-
1,4Naphthogquinone, 23- | Acetone and 60 1L1] 7.8 12-22| =+ + R ol .
dichloro-. alcohol.
1,4 Naphthoquinone, 2-methyl-_| Acetone...... 150 06| 74| 1422 | -~ + + |oeee--
Acetone______ 40.5 0.2 7.8 12-24| - - + |-
Emulsion_.__| 160 0.5 7.2 715 | + * .o +
Phenol, pentabromo-._.._._.._ Acetone___.__ 150 1.4 7.8 12-16 | F - L
Acetone._____ 450 0.4 7.2 22| F - - -
Phenol, pentachloro-, Na salt, | Acetone_.__.. 399 06| 7.8 12-24| =+ F - -
monohydmte (“Dowiolde G”).
Emulsion..__| 120 03| 7.2 7-16 | £ ... F o |eeaean
Phenol, 234, 6-tetrachlcro- Acetone___.__ 90 05| 7.8 19-24 | =+ =+ E S .
(“Downc de 'No. 6").
Pseudourea, S-(8-[p-tert.-octyl- | Acetone and 75 0.9 7.8 12722 | + + + |ecemee
phenoxy-g-ethoxylethyl)- alcohol.
thio-, HC], hemihydrate.
Emulsion.___.| 180 0.6 7.2 7-16 | + |- + [aaeee
—=dead snails.
+=live snails.
F=more dead than live snails.
<=more live than dead snails.
No sign=no collection of snails.

were those with the acetone solution. Only a few live Tropicorbis
and Drepanotrema were found at 72 hours, although many snails were
collected. It is possible that sleety weather and low temperature
conditions may have played a role in preventing the compound from
exerting its lethal effect on the snails.

So far as is known, these are the first trials of pentabromophenol as
a molluscacide. Sodium pentachlorophenate has been reported by
McMullen, Ishii, and Mitoma (4) to give excellent control of the
operculate snail, Oncomelania nosophora, in the field in Japan. Both
of the compounds we employed are caustic, and, in addition, penta-
chlorophenol causes persons to have a choking sensation with much
coughing. Insects and plants in treated areas appeared unaffected
by both compounds; frogs and tadpoles were rapidly affected and died;
small bivalves were found dead,
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In screening tests in the laboratory, the most rapidly lethal of the
10 compounds tested in the field were 1-bromo-2,4-dinitrobenzene,
1-dodecylguanidine acetate, and the three phenols. In such tests,
these compounds at concentrations of 10 parts per million and at
average temperatures of 78° to 80° F. killed snails within 24 hours.

Under natural conditions in the field, 1-bromo-2,4-dinitrobenzene
had no effect whatever on snails but it did kill both .culicine and
anopheline larvae. 1-Dodecylguanidine acetate was mostly in-
effective against the snails, while 2,3,4,6-tetrachlorophenol (“Dowi-
cide No. 6”) was lethal to some. Only the last-named compound
affected aquatic plants and algae.

In the field trials with N-cyclohexyl-2,3,4,6-tetrachlorophenoxy-
acetamide in acetone solution, snails were normal at all examinations;
when it was used in emulsion, some dead snails were found at all
examinations. The compound was lethal to tadpoles and salamanders.
2-Methyl-1,4-naphthoquinone appeared to be slightly toxic to snails.
2,3-Dichloro-1,4-naphthoquinone was mostly ineffective; benzene-
thiol ester of acetic acid and S-(B-[p-tert.-octylphenoxy-g-ethoxy]-
ethyl)-thiopseudourea were ineffective.

Aplexa nitens, a large snail belonging to the family Physidae, was
affected very rapidly by the more effective of the compounds.
Drepanotrema cultratum labrosum, a small, flat planorbid snail with a
tiny aperture, appeared to be the most resistant.

All the compounds were tested under rigid conditions in the field.
For the most part, temperatures were surprisingly low. Brownsville
and the Rio Grande Valley, along with most of southwestern United
States, suffered from unusually cold weather in January. There
were strong winds, rain, and, during the final trials, freezing weather.
Since only measured sections of a pond or ditch were treated, there was
undoubtedly some dissipation of the chemicals outside the measured
areas. As stated previously, all compounds were applied at the rate
of 10 parts per million based on measured areas, but it is probable
that under conditions of the test, the final concentrations of the chemi-
cals in dosed areas were less than 10 parts per million.

Summary

In preliminary field trials, the following 10 organic compounds were
tested as potential molluscacides: N-cyclohexyl-2,3,4,6-tetrachloro-
phenoxyacetamide; benzenethiol ester of acetic acid; 1-bromo-2,4-
dinitrobenzene; 1-dodecylguanidine acetate; 2,3-dichloro-1,4-naphtho-
quinone; 2-methyl-1,4-naphthoquinone; pentabromophenol; penta-
chlorophenol, Na salt, monohydrate (“Dowicide G”); 2,3,4,6-tetra-
chlorophenol (“Dowicide No. 6’’), and S-(8-[p-tert.-octylphenoxy-g-
ethoxyJethyl)-thiopseudourea, HCI, hemihydrate.
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The compounds were applied in the form of an emulsion or acetone
solution in concentrations of 10 parts per million to ponds, borrow
pits, shallow marshes, or roadside ditches, where the predominant
snail was Tropicorbis obstructus donbilli. Members of this planorbid
genus are closely allied both morphologically and ecologically with
Australorbis glabratus, the principal intermediate host of Schistosoma
mansons in the Western Hemisphere.

Pentabromophenol and pentachlorophenol were the only com-
pounds that showed promising molluscacidal activity. Both com-
pounds are caustic and irritating to the mucous membrane of the
respiratory tract in humans. Additional studies are needed to
determine whether these chemicals can be employed with safety and
whether they may be of practical value in the control of the planorbid
intermediate hosts of various species of schistosomes.
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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 JULY 9, 1949

Summary

A total of 684 cases of poliomyelitis was reported, as compared
with 479 last week (an increase of 43 percent), 510 for the correspond-
ing week last year (representing an increase of 41 percent), and a
5-year (1944-48) median of 288. Totals for the 9 geographic divi-
sions, all showing increases, are as follows (last week’s figures in
parentheses): New England 24 (13), Middle Atlantic 24 (16), East
North Central 76 (39), West North Central 101 (61), South Atlantic
31 (19), East South Central 57 (29), West South Central 271 (243),
Mountain 32 (21), Pacific 68 (38). States reporting the largest
numbers are Texas 121 (last week 118), Oklahoma 74 (last week 51),
Arkansas 70 (last week 59), California 58 (last week 29), and Minnesota
38 (last week 25). Other States reporting increases of more than 8
cases are Indiana (7 to 24), Mississippi (0 to 13, next earlier week 9),
Kansas (13 to 25), Tennessee (10 to 21), Maine (0 to 10). The total
reported since March 19 (average week of seasonal low incidence)
is 2,957, same period last year 2,530, 5-year median 1,028.

Of 112 cases of typhoid fever (last week 74, 5-year median 101),
14 occurred in Texas, 12 in Georgia, 10 in Pennsylvania, 7 each in
Virginia and Kentucky, 6 each in Ohio, Arizona and California.
Only 3 other States reported more than 3 cases each.

No occurrence of anthrax or smallpox was reported.

A total of 9,359 deaths was recorded during the week in 94 large
cities in the United States, as compared with 8,978 last week, 8,483
and 8,970, respectively, for the corresponding weeks of 1948 and 1947,
and a 3-year (1946—48) median of 8,810. The total for the year to
date is 256,134, as compared with 258,627 for the corresponding
period last year. Infant deaths recorded during the week totaled
695, as compared with 686 last week and a 3-year median of 747.
The cumulative figure is 17,548, as compared with 18,249 for the
same period last year.

(950)
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PLAGUE INFECTION IN BEAVERHEAD COUNTY, MONT.

Under date of July 8, plague infection was reported proved in
specimens of tissue and ectoparasites from ground squirrels collected
in Beaverhead County, Mont., on a ranch 24 miles northwest of
Dillon on the Jackson road, as follows:

In a pool of 31 lice from 28 ground squirrels, Citellus columbianus,
shot June 22 (a pool of 30 fleas from the same animals failed to be
proved infectious) ; in pools of 75 fleas and 21 lice, inoculated separately,
from 53 ground squirrels, Citellus richardsonii elegans, shot June 23,
and in 2 specimens of tissue, inoculated separately, from 2 of the same
53 ground squirrels; and in pools of 62 fleas and 55 lice, inoculated
separately, from 44 ground squirrels, C. richardsonii elegans, shot
June 24. . .

DEATHS DURING WEEK ENDED JULY 2, 1949

[From the Weekly Mortality Index, issued by the National Office of Vital Statistics]

Week ended | Correspond-
July 2, 1949 | ing week,1948

Data for 94 large cities of the United States:

Total deaths . iccceceaes 8,978 8,963
Median for 3 prior years__...__._.._. 8,079 |-ccee
Total deaths, first 26 weeks of yeal - 246,775 250, 144
Deaths under 1 year of age......._.. 686

Median for 3 prior years. - 630 |ocomoao.
Deaths under 1 year of age, first 26 weeks of year. - [P 16, 853 17,637

Data from industrial insurance companies:
Policies in foree. ... ... ... 70, 356, 854 71,015, 454
Number of death elaims____.__.__._.______.._____. - 12,139 11,615
Death claims per 1,000 policies in force, annual rate - 9.0 8.6
Death claims per 1,000 policies, first 26 weeks of year, annualrate. ... 9.5 9.9
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TERRITORIES AND POSSESSIONS

Panama Canal Zone

Notifiable diseases—May 1949.—During the month of May 1949,
certain notifiable diseases were reported in the Panama Canal Zone
and terminal cities as follows:

Residence !
Ozutside t(lize
. : one an
Disease Panama City Colon Canal Zone terggiml Total
cities

Cases [ Deaths | Cases | Deaths | Cases | Deaths | Cases | Deaths | Cases | Deaths

Chickenpox........__... 14 |- b7 (R 0 [ [ PO 33 | e
Diphtheria__..._........ 5 b PR D U RO R N (RS 5 3

Poliomyelitis....
Relapsing fever. .
Scarlet fever_. ..

Typhoid fever.. ...
Typhus fever (endemic)-

1 If place of infection is known, cases are so listed instead of by residence.

2 3 recurrent cases.
3 Reported in the ‘Canal Zone only.

Puerto Rico

Notifiable diseases—/ weeks ended June 25, 1949.—During the 4
weeks ended June 25, 1949, cases of certain notifiable diseases were
reported in Puerto Rico as follows:

Disease Cases Disease Cases

Chickenpox 51 || Tetanus. .- oo 21
Diphtheria... 21 || Tetanus, infantile.._..__.____. - 4
Gonorrhea. .. 122 || Tuberculosis (all (orms) 569
Influenza.. 100 (| Typhoid fever_.___...._._..._. 12
Malaria. .. 23 wyphus fever (munne) ........ - 10
Measles. - R 18 hooping cough_______________._._._ 195
Syphilis. e oo 58




FOREIGN REPORTS

CANADA

Provinces—Notifiable diseases—Week ended June 18, 1949.—During
the week ended June 18, 1949, cases of certain notifiable diseases were
-reported by the Dominion Bureau of Statistics as follows:

Prince New Sas- British
: Nova Que-| On- | Mani- Alber-
Disease Edward Bruns- katch- Colum-| Total
Island | Sotis | "y | Dec | tario | toba | gy | ta | Thig

981

2

408

25

341 958

1 2

Mumps.. 49 1 217 31 2 20 127 485

Poliomyelitis. ... | o |oeeeeea]ememeeae 7 b3 ) N O 1 11

Scarlet fever. 1 2 62 45 b I 10 16 138

reul 3 22| 101 20 33 19 |oceeeen 58 256
Typhoid and para-

typhoid fever__________|....._.... [ 35 P AR A SO I 4

Undulant fever - 2 5 7

Venereal diseases:

Gonorrhea._..__._.__ 8 12 77 76 21 32 322

Syphilis.._. 9 5 46 4 8 2 19 135

‘Whooping cought b & 2 46 41 3 1 3 107

WORLD DISTRIBUTION OF CHOLERA, PLAGUE, SMALLPOX,
TYPHUS FEVER, AND YELLOW FEVER
From consular reports, international health organizations, medical officers of the Public Health Service,

and other sources. The m?orts contained in the following-tables must not be considered as complete or
final as regards either the list of countries included or the figures for the particular countries for which

reports are given,
CHOLERA

(Cases)

NotEe.—8ince many of the figures in the following tables are from weekly reports, the accumulated totals
are for approximate dates.

June 1949—week ended—

January-
Place April 194 May 1949
4 1 18 25
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CHOLERA—Continued
3 June 1949—week ended—
anuary-
Place April 1049 May 1949
4 11 18 25
fndia o) AstaA—continued
nnm : . 85
Pondic 100 -
Indochina (French)
2 2l Y 2
1 1 ) B I
$2,251 33 LI [ PR R,
9 1 i (N E A,
21 2
6 - -
2 P, I IO
2 PN SN NPURISUIRN RN

1 Preliminary figures. ?In portsonly. 3Imported. ¢ Includesimported cases.  May 1-14, 1949
PLAGUE
(Cases)

Stanleyville Province.. -
Brltlsh East Africa:

Burma. ..
Mandalay. -
Moulmein_ -

.hngoon -

OCEANIA
Hawail Territory: Plague infected rats¢______.___|. .. ____[._..._.... JEPRP R PR F R F———

1 Includes imported cases. 2 Imported. 3 Preliminary figures. ¢ Includes cases of pneumonic plague.
8 Delayed re Hpom show a total or 391 eases of plsgue with 54 deaths in Brazil in 1948. The figures published
in Public Health Reports for A , P. mil ude r;fom only through August 1948. ¢ Plague
infection has been reported in lesil ’l‘erri follows: On 12, 1949, in & mass inoculation of 2 pools
of tissue from 10 rats (8 and 2), taken on Moul Island; on Mar. 16, 1949, in mass inoculation of 3 pools of
29 fleas (7, 13, and 10) from rats trapped on the Island of Hawali,
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SMALLPOX
(Cases)
(P =present)
June 1949—week ended—
Place i‘;:_ﬁ“&; May 1949
4 1 18 25
AFRICA
Algeria. __ - 98 b T % PR SR A,
Angola 1239
Belgian Co! 1742 199 1 47
British Eas!zxXMea:
Kenya, -- 15 6 1 1
Nyasaland 68”8 84 34 25
ececesemmmcacmmnnsascsecsennnm—nan 1 -
UgaNAn .- oo oo 32 S USRI RN AU PR
Cameroon gnﬁtiah) 9
Cameroon (French) mmmmmmmmemcm———— 30 22 3] e
Dahomey 43 310
Egypt. . 3
4
6
1
57
40
"
Mozambique. _.__________ " TTTTTTTTTTTTTTTTOT 83| 28 -3 I NN I .
Ni - vm 4,712 768 45 414 415 |oceean
Niger Territory 252 146 324
Po ese Guinea. .. - U PRI (USRI PRI D, -
Rhodesia:
4| aeee b 1 PRI BRI S
- 20 I PRI SISO DRI F—
15 1
Sudan (Angelo-E tian) % i 8 18
udan o-Egyptian). ... 2| 38| 14| 8| 18).___._.
Sudan gFrench) Eyp . b 13 T P PRI R B
T (French).__ - 57 7 38 318
Union of South Afriea. ... _____._____________. 124 P P P P P

Italy
Portugal: Lisbon..
Spai
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SMALLPOX—Continued
’ June 1949—week ended—
anuary-
Place April 1049 May 1949
4 1 18 25

NORTH AMERICA

1 Includes alastrlm 2 June 1-10, 1949. 3 June 11-20, 1949. 4 In Lagos only. $ Includes imported cases.
|IJo only. 8 Preliminary figures. 9 May 1-14, 1949. 19 In Rome ,January 1-May 27,
}39 (v:la‘riﬂgist%) 11 In Rome May 28-June 10, 1949 (vanolold) 12 May 15-June 11, 1949. 13 April 1-May 31,
9. rim.
TYPHUS FEVER *

(Cases)
(P=present)

AFRICA

Palestine
Philippine Islands: Manila_.____.
Stmlts Settlements: Singapore._._.

Transjo
Turkey. (See Turkey in Europe.)

EUROPE

See footnotes at end of table
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TYPHUS FEVER~—Continued

J June 1949—week ended—
anuary-
Place April 1049 May 1949

4 11 18 25

EUROPE—continued

SPBIN . o e eeaee 1 ) I R I, JEOR P
Turkey 91 18 3 5 3 2
Yugoslavia 103 D728 T IR AN

*Reports from some areas are probably murine type, while others include both murine and louse-borne

types.

1 Murine type. 2June 1-10, 1949. 2 June 11-20, 1949. ¢Includes murine type. $Includes imported
cases. 6 Imported. 7 Delayed reports. Additional reports of cases of typhus fever received since publica-
tion of figures for the year 1948 in Public Health lg:‘)orts for April 29, 1949, E 549, show the following totals
for that year for the countries listed as follows; El Salvador 2 cases (1 fatal); Bolivia 159 cases; Chile 817 cases;

Peru, 1,863 cases; Venezuela 200 cases.
YELLOW FEVER

(C=cases; D=deaths)

AFRICA
Belgian Congo:
Stanleyville Province_ ... ________________
Gold Coast........._.....
Birim District..__.
Komenda Village 2.
Oseikrome Village2_._____.
Nigeria:
LagOS. o i D L3728 ISR SRR FRUSRIPRIN PRI FO
NORTH AMERICA
Panama:
Pacora. oo C LX) (SRR FRSRIION IR PRI FOR
SOUTH AMERICA
Brazil:
Amazonas State_ ... ... D ) N PRI BRI OISR PP S,
ParaState........ .. ... D b2 SRR SN PRSI FRI R

1 Suspected. 2 Near seaport of Sekondi. 3 Cases admitted to Lagos Hospital from ship that arrived
from two other ports in Nigeria—Warri and Burutu. 4 Regort,ed January 15, 1949. Date of occurrence
Novgmber 11-December 30, 1948° Five cases, all fatal, confirmed; 3 suspected cases.



