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CWTRIBUTIW TO THE STUDY OF THE BEHAVIOR OF PATHOG34IC
MICROBES 3N HEKATOPHAGOUS 3NSECTS FIRST REPORT

[Following is a translation of an article by Georges
Blanc and Marcel Baltazard, in the French-language per-
iodical Archives de 1'Institut Pasteur du Maroc (Arch-
ives of the Pasteur Institute of Morocco , Vol III, No 2,
1944, pages 21-49.]

As a result of our research on the behavior of typhic viruses in
the rat flea, we were led to enlarge the field of our observations and
of our experiments and to study the behavior of various pathogenic mic-
robes in this hematophagous insect.

From studies on the plague bacillus (G. Blanc and M. Baltazard,
QR. oc. Biol., 136, 1942, p 646), we passed on to the study of Whij-
-ore's baciUus (G. Blanc and M. Baltazard, Annales Inst. L.%e, 68Q,
1942, p 281) and Gessard's bacillus (G. Blanc and M. Baltazard, 1. .

Aca.d. S., 1, 1942, p 43). The perfect adaptation of these gen.a ho
life and to multiplication in the digestive tube of fleas seemed to all-
stitute for us an interesting biological characteristic that could ovcn,
at least in certain cases, have a systematic value utilizable in clasi-
fication and that would permit the separation or the brining together of
gerns in the same genus or the same family.

Thus we were abl to observe that other very virulent germs, t:wt
gave an intense septic eia to laboratory animals, were not fit for sup.-
porting themselves in tke digestive tube of fleas; for example, the car-
bon bacillus and various Pasteurellas (avian strain, rabbit strain, por-
cino strain) (G. Blanc and M. Baltazard, Report on the Operation of the
Pastour Institute of Morocco, 1942, p 11). Now, most bacteriologist s
classify Yersin's bacillus in the genus Pasteurella. The difference in
behavior of the plague bacillus and the Pasteurellas in the flea moves
us to separate these germs and to classify them in different genera. Al-
though the plague bacillus cannot be retained in the genus Pasteurella,
it seems that it should be placed in a common genus with Malassez's ba-
cillus which displays so many oharacteristics that are common with it.



Dut therc is a biological characteristic, not yet studied, on which we
havc bclieved it indispensable to throw light, before considering this
rclationship as completely established: it is the characteristic of the
behavior of this bacillus in Xenopsylla cheopis. It seemed likely, _
axio, that this behavior was probably the same behavior is found in
the bacilli that give laboratory animals an infection of the pseudotu-
berculous type, such as the plague bacillus, Whitmore's bacillus and the
pyocyanic bacillus. Experiments have confirmed this supposition. We
also itnted to extend our research to pathogenic germs of other groups
and ire began to study the Salmonellas. The results that we set forth
here are the first ones obatined with these different germs.

General Techniaues

Fleas (Xenopsyfla cheopis) are infected by biting an animal that
is also infected with the germ to be studied. Sometimes the animal, most
frequently a guinea-pig, is placed directly in a growing vat of young
fleas containing thousands of fleas. Since this technique of flea grow-
ing has previously been given very much in detail, we shall not repeat
it here (0. Blanc and M. Baltazard, Archives de l'Institut Pasteur du
-LLZc, , 1941, p 465). Other times the animal is bitten by fleas plac-
ed in a tube with a wide opening, a type of Borrel tube, closed at both
ends -th a sifting silk cloth.

Once ort ice a day, the fleas -are gorged. For-that purpose, one
end of the tube is applied to the ventral wall of the infected guinea-
pig and-kept there a lengthof time sufficient for allowing all the fleaw
to take their bloody meal, that is, about one half hour.

It is possible to ascertain hether they are infected by removing
some fleas, either from the vat or from the tube. The insects are-crush-
ed carefully in a rough-bottomed glass, the trituration is diluted in a
f0.7 cubic centimeters of physiological water or of bouillon, seeded on
culture media and inoculated in a susceptible animal.

3h order to ascertain if the fleas are able to transmit the n-
fection by biting, it suffices, after having observed that they are prop-
erly infected, either to put a fresh guinea-pig in the vat, or to make
the fleas contained in the Borrel tube bite a fresh guinea-pig. The ill.
ness of the animal bitten in this way provides the desired proof.

3 every case we used conourrently the two techniques that have\
just been outlined. It happens that they are insufficient. Za order to
infect the fleas effeetively, it in necessary to make them feed on on
animal whose septicemia is intensel it is necessary to be sure that the
insect has in fact ingested a considerable amount of the gerus being sat.
died to lean hat happens to then in their digestive tube. ow, some
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p-thogcnic microbes do not cause a real septicemia in laboratory nimnals,
but iorely a more or less slight bacteremia that is more less transitory.
In these cases, we were forced to use a special procedure. We deliber-
atcly rojectod Hindle and Duncan's technique (E. Hindle and J. Duncan,
T1. Parasitolorr 17, 1925, p 434) used by them to study the behavior of
various microbes in the digestive tube of rias nersicus and which con-
sists of making the tick feed through an animal membrane: for example,
guiinca-pig mesentery, covering a cupula containing a mixture of- inacti-
vatod serum and of microbian culture, Hailer's organ having been previ-
ous relmoved. Snce this very delicate method seemed to us to be inappli-
cable to fleas, we used, to infect them, their property of gorging hew-.
selves greedily on a rabbit, bnd we put them to feed on an animal in
which w had produced experimentally an intensive bacteremia. The fol-
lo-,rng is the method: a rabbit is fastened dowa on its back and the skin
of its belly very carefully depilated. It- receives three to four cc. of
a microbian emulsion, titrated at three billion, by means of an injection
in a marginal vein of one ear. If we admit that the total volume of
blood circulating attains a maximum of 100 cc., there must be a transi-
tory bacteremia of about 120 to 160 million germs per cubic centimeter,
120,0(C, to 160,000 per cubic millimeter, or 6,000 to 8,000 in one-tenti-
eth of a cubic millimeter, the volume of blood that authorities admit as
the amount absorbed by a flea during one feeding. All this mathematical
reasoning has only a theoretical value, since the distribUtionLi of micro-
bes in circulating blood is not uniform, but, in fact, under the indicat-
ed experimental conditions, by using the germa studied here on intensive
bacteremia is observed which allows us to- state that the fleas that are
put on to feed must be infected in their majority.-

Five minutes after the rabbit has received the intravenous injoc-
tion of the microbian dilution, the fleas are placed on it to feed in
the microbian dilution, the fleas are placed on it to feed in the follow-
ing manner: several hundred fleas, recently hatched and never having

bitten, are put in a wide tube of the Borrel type, closed at both ends
%Ith a piece of sifting silk No. 8. One of the ends of this tube is ap-
plied to the ventral wall, carefully depilated, of the rabbit and kept
there sufficient time for the fleas to gorge themselves, or usually one
half hour. Examinations under a binocular magnifier allow ts to make
certain that all the fleas are well distended.

During the operation, a drop of blood taken frum the marginal
vein of the ear opposite the one that was used as an inoculation point,
is seeded on usual media. This nables us to verify the intensity of
the induced baoteremia. As am as the fleds are distended, ten of them
are crashed in several drops of bou!ilon and the dilution is cultivated,
uhich allows us to verify that the fleas have really ingested microbes
during their bloody feast.

Orce the fleas are properly infected, they are then put to feed
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on fresh guinea-pigs that are changed as often as seems necessary to a-.
void superinfections. At fixed time intervals, generally every four days,
soncO fleas are removed from the Borrel tube, are crushed nd diluted in
several drops of bouillon or physiological water. The dilution is cult-
ivatcd and inoculated in susceptible animals, in order to judge the Con-
dition of infection of these fleas. The excrements are collected from
tho Borrel tube at several different times and are cultivated and :nocu-
lated, which enables us to determine if the germs ingested by the fleas
are re~ularly eliminated and, consequently, are multiplying in the digos-
tive tube. Finally, some excrements are preserved dr- and, by means of
repeated cultivation, it is possible to determine if the microbes that
they contain are susceptible to being preserved in this state of anhydro-
biosis for a more or less long period of time.

BACILMUS OF PSEUDOTUBERCULOSIS OF RODTS

We used two strains for our experiments, one brought from Paris,
isolated from a guinea-pig that came from Boctor oquet' s laboratory, the
other one isolated at Casablanca from a rabbit that had died of pseudo-
tuberculosis. Both were carefully examined from the point of view of
their biochemical characteristics and their pathogenic properties. An
agglutinant serum that was prepared in a rabbit with types S and Riso-
lated from the Paris strain, enables us to add an agglutination examina-

Sion to the study of these characteristics.

3fectAon terl ts g e A ! Vat

The Paris strain is the one used, freshly isolated and strongly
virulent; it kills the guinea-pig in seven to twalve days after intra-
muscular injection in the thigh (Figs. I and nI) Call figures are ap-
pended at the end]. The transfer guinea-pigs, also inoculated in the
tiJ.gh with one ca. of spleen dilution in 10 ca. of physiological water,
die in eight to twelve days.

On 2? Jne 1943, a guinea-pig that had been inoculated on the 2M4h
in the left thigh, with one cubic centimeter of the dilution in 10 cc.
of physiological water of a 24,.hour culture of the pseudo strain, is put
in a vat containing several thousand fleas, J chopi8, that had
been raised without ever having bitten, Ch the fo wing moning, the
gulnea-pig is found dead. -h the autopa, the signs of an acute iiifec-
tiah are bund. At the level of the injetion, in the eft thigh, there
is bloody suffusion without abscess, the left inguihal gongleons have
Increased in volume and are hemorhagic but not purulent. The left sub-
lumbar ganlion has Increased in volume and is purulent. The spleen is
very solme, black, soft# friable, without absesso The lmags dslay
numerous hemorAuagIc spots, the iver Is ongested and =arbled. Bacilli,



most frequently grouped in a mass according to the usual type of pseudo-
tuberculosis bacillus, are found on spleen and liver smears.

Spleen and blood cultures yield numerous colonies. One drop of
blood produces 530 colonies, which represents about 16,000 germs per cu-
bic cmitimeter and less than 20 germs per cubic millimetor, thorcforo,
less than one germ per twentieth of a cubic millimeter, the normal stom-
ach capacity of the flea, according to Dujardin-Baumetz.

On the same day, a fresh guinea-pig is put in the vat mid does not
become infected. At various times, batches of Tleas are taken from the
vat for inoculation in guinea-pigs.

On 2 July, or four days after feeding on an infected guinea-pin,
one hundred fleas are crushed and diluted in 3 cc. of physiological wat-
or. Half the suspension is inoculated in a guinea-pig peritoneally.
It dies five days later, with pseudotuberculosis lesions. The spleen and
blood yield positive cultures of Malassez's bacillus.

Ten days after the infecting feeding, thirty-five fleas are crudh-
cd as before. Two guinea-pigs are inoculated, one in the peritoneum, the
other in the thigh. The first one Will die seven days later; the second
one with internal lesions of the infection with a slow evolution. Final-
ly. twenty-two days after the infecting feeding, five fleas are taken
from the vat and inoculated in a guinea-pig intraperitoneally. This gui-
nea-pig dies of pseudotuberculosis nine days later. The guinea-pig left
in tle vat is not infected. Therefore, the fleas have been infected by
a single feeding on a pseudotuberculous guinea-pig. They remained in-
fected at least for twenty-two days, but did not transmit the infection
by biting.

Another experiment made under the same conditions enabled us to
ascertain that one single feeding on an infected guinea-pig was suffi-
cient to infect the fleas. This time, twenty-four hours after the infec-
ting feeding, twelve fleas that were picked out of the vat infected a
guinea-pig peritoneally. Three fresh _euinqq-pigs that were placed in
the same vat and that were subjecteds--essively to bites during these
twenty-four days, did not become infected.

Finally, a third experiment was performed with threa hundred fleas
takn from the vat, placed in a Borrel tube, and ted twice a day on the
sawe guinea-pig for eighteen days. The ginea-pig was not infected, but
the twio hundred fleas, approximately, that reamned on the eighteenth day
infected the two guinea-pigs in which theq were inoculated. The result
of this first sories of e3oeriments is that the n-l ij. fleas
are Infected on the guinea-gig stricken with pseudotubMerclos., although
the septicuema is not vw Intense #nd represents less than twenty gems
per cubic e.
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Infcction aperinents on Breedin Fleas Placed in a Tube

Since it was a fact that septicemia in guinea-pigs is always quite.
woal: and slow In appearing, we attempted to infect the fleas moro intense-
ly by making them gorge on a rabbit in a state of strong bacteremia as a
roalt of intravenous inoculation in accordance with the method that we
Indicated above. Four experiments enabled us to observe the infection of
the fleas fourteen, tirenty, twenty-four and thirty-five days after the
sinclo infectng feeding.

The folloing is, by way of example, the report of one experiment:

7 February 1914: At 1040, rabbit 28/24 receives, in the marginal vein
of the right ear, 3 cc. of a suspension of pseudotuberculosis ba-
cilli from a 24-hour culture of strain 195. The suspension has
approximately 4 billion germs per cubic centimeter. At 1045, 200
Xenopsylla cheopis, fresh and never having bitten, are put to feed
on the rabbit. These fleas are enclosed in a Borrel tube, closed
at both ends with a piece of sifting silk. They are kept in place
for one half hour.

At 1125, a few drops of blood, taken from the rabbit's left
• ear, are cultivated on an agar tube. A hemoculture is also made
of 2.5 ac. of blood taken by cardiac puncture. At 1130, finally,
ten of the fleas that have just fed are crushed and 20 drops of
boull are adde4; A loopful of the dilution is seeded in an
agar tube and the rest in another tube.

The follox-iing is the result of these operations, Hemoult.
ures: heart blood, very many colonies; ear blood, very many col.
onies. The first psyfloculture is positive, fifteen colonies are
counted in the tube seeded with a loopful of dilution and rre than
one hundred in the other tube; the fleas that fed an the rabbit
have, in fact, Ingested Nalasses'a bacilli.

8 Febraza': The fleas are fasting.

9, 10 and 11 Februry: The fleas bite a guinea-pig.

On 11 Februar', mother pqroultu'e is made bV crushi.
ten fLeas, seeding Is made in two tubes as before. he two tubm,
yield vy mny quas-ofuent olones of pasudotaberoudoss
bao=*i.

12 February, The fleas are fasting.

33, 14 and ,5 Febnuary, 7e fleas bite a fresh guinea-pig.
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VI

On 15 February, a third psylloculture that yields ver nun-

crous colonies.

16 Febrarj: The fleas are fasting.

17, 13 ad 19 February: The fleas bite another guinea-pig. On 19 Fob-
ruary, fourth psylloculture, yielding the same result as the pre-
ceding one.

20 Fcbruary: The fleas are fasting.

21, 22 and 23 February: The fleas bite another guinea-pig. On 23 Feb-
ruary, fifth psylloculture. This time the colonies of pseudotub-
erculosis bacilli are much less numerous in both tubes.

24 February: The fleas are fasting.

25, 26 and 27 February: The fleas bite another guinea-pig. Oa 27 Feb-
ruary, sixth psylloculture that is practically negative. There
are only three colonies in the tube seeded with 20 drops of the
dilution.

28 February: The fleas are fasting.

29 February, 1 and 2 Farah: The fleas bite another guinea-pig. On 2
Yarch, seveanth psylloculture that yields twelve colonies in the
tube seeded with.a loopful of the dilution and 50 in the one
seeded with the 20 drops.

3 Yarch: The fleas are fasting.

4, 5and 6 March: he fleas bite a fresh guinea-pig. On 6 I.-oh, eighth
paylloculture that yields the same results as the precodina co.
The exparizent is in its tweaty-ninth day end since the number of
fleas left alive in the tube is sl onsiderable, it is coantin-ued.

7 March: The fleas are fasting.

8, 9 and 0 Marh, The feas bitea fresh gua a-p,.. On 30 areh.
nnth pq3looulture. It is negative.

U ad 12 Marchs The fleas are astin.

1 - 3 arah: The vperinent is stopped ai the th-irt-fifth day. Two hvud-
red tiftt fleas remain &live =d af orashod in averal drops of
boullon. A twith pQrloou2ture ill produce Ia positive mature,
Vith naeous ou~nles of Pseudtubeftuosls taoillie



No cubic ccntimetcrs are added to the suspension of the
crudacd fleas and the tfhole is inoculated in guinea-pig 95/51,
pcritoncally. This Guinea-pig is sacrificed on the sixth d&t;.
Tho spleen is very suollen, is covered with a slight exudate and
displays some small abscesses. There are some abscesses on tie
cpiploon; the liver is mollen but without abscesses. The samo
applies to the lun-s. Liver and spleen smears show the charac-
teristic masses of bacilli in a small nurber. These bacilli are
abundant on the sears. of epiploic abscesses.

Seedings of heart blood and spleen produce cultures of Ma-
lassez's bacillus. On the thirty-fifth day of the experiment, the
fleas, after a sinele infecting feeding, were still infected.

3werimentl Disease _% Guinea-Pir.s

The guinea-pigs that were inoculated with fleas oomin from the
vats or the tubes die of pseudotuberculosis in a fet days, usual3y six
to seven (Figs. I and IV). The spleen is mijolen, but without abscess
or uith only a small number; the liver is swollen and it is not rare Zor
it to present many mall abscesses. Very few bacilli are found an spleen
or liver smears, usually in small intra or extracellular clusters, like
the ones usually observed in pseudotuberculosis. Cultures of the splen
and of the blood are positive, This clinical mnd anatomopathologic Pio-
ture is one of an acute nfection caused by a virulent microbe. As m
have alread said, the pita-pigs bitten by the infected fleas never
Incur pwAsutbecaoais, either acute or chronic. It is nt possible
to state that the do not acquire any infection without amptons. the
virulane of Kalassezs a bacillus is relatively very weak and it is not
possible to conclude from the fact that Infection and ilamity is absent
in the bittmiguinea-pigs that the bacillus mnnot be inoulated bY bit-

Aswe have am for the -Iacls (0.Blanc nd .DOa-
tassrdt.I A*4 Los~i~ AL i& P itIs Possblethat tis trs.

sa tm shled Wthout p u i ether Infectim or ImMMV..

]h the ouame of our ~riamtse we obeved a fact with a dubt.
fri rpaatia, the aofan Inf tri br Yuble', bacll= In
bue G&'q.-pgs,0 one Of %bi& ha" bean bitten by noea 10fected Vith
pseob ea".b a the otbed oulatw wIth those sa" Lau.
W beaiMv it to be it etg to Pu*" the Iba aIS" 14h SUl MtW

4% 2?l ovnbe 3.0,. 3abit 10/60 r ves. te S u wn
ofthe 2t t ear, a *a".oen s of -a duti of peeudotuber s
bcuture"M qm tiag sot tan b0 gra. The =strai was

9SI



isolzated in Casablanca fron a rabbit that displaycd t.phic lesions of
pscudotubcrculosAs, has all the bicchc:.iical characteristics of :laszoz's
bacillus and causes a typical pseudotuberculooiz infection in Guiaca-
pis. Lot us add that this same strain was used in other infection em.
poruWents by fleas and that its specific characteristics have remained
muchan-ed for the year that we have been preservin- it.

Tabbit 10/0 received the ton billion gers at tm o'clock. A
.quacr of an hour later, tuo hrundred X. chooi breeding fles that have

never bitten are put on the rabbit to gorgc. in accordance with the
nethod that we have presented, the fleas bite throuh the piece of sift-
in- silk that closes the Borrel tube in ihich they have bea placed. Me
operation lasts one half hour, after vhich it is easy to observe vith a
btiocular maoifier that the fleas are all well distended. Tnm a heno-
culture is performed by dradng heart blood and another one by seeding
one drop of %lood taken from the rabbit' s right ear, the ear opposite the
one that - Aved the culture.

Both hemocultures are positive and yield many colonies on t'e cur-
face of the aGar. Finally, ton fleas that have just bitter are crudied
In several drops of bouillon. Secdinz the dilution on slant -:;ar yields
about one hmdred colonies of a germ identified as the pseudotuborculosis
bacillus. Therefore, circulation of the inoculated rerms and pas=eo in
the dimestive tube of the fleas have occurred. Those fleas are kept fast-
Ine r 24 hours, and afet then put to feed on a fresh Cenea-pi, t ich
does not becoe infected. e last da , that is. 1 Decefo , tr fls
are taken from the tube and crhed in 20 drops of bouillon. Oac tube
is seded ith a loop and another one ith the rest of the dilution. Zis
second tube yields a surface culture, the first one produces about five
hwsred colonies. e microbe ideatified is the pseudotuberculocis ba-
eillus. Blood is dram four times during: four days by heart puncturo
fron the bitton pinea-pig: the culture is negative. After a dzy of
fastIng, the fleas are put back to feed an another gunoa-piC for four
oonsecutive days. 0n the last day, hamoculture of the cunoa-piz and
eultue (p3.ooalture) of ton oe khed fleas, as before. This timo Ctll
.the sam result: nmerous colnese of pseudostubrculais bacilli. -

Uati hemoulture. Again, 9 e day of fast foloed by three das. of
ec'Ng, CO a ffrsh guPIea-pi. Sam operations as WLU Ceat~vc hcn-
ult., positive pqllooltue. Ciee again the sme operations are pa-

9b: pMaloulture made an 18 Deo be yields a bacilus that is aon-
fiMd as having all the bamtexriAus of Ia~ases'a ba.3ba er
'idhich, ifhe It Is 1oculated.aIn the uineo-pi, gives it a tpical PUdo-
tbarculaxis Wnoceti aht a now faot appeares t40 guiaG-pUg C93/47),
is bitte m 26. 17 d ]A Decmber, that is, an the 20th. 2st ad -22o
day of the au wmt, mnd beemes infeted. obervaton v be-tm below.

bmn the fever qea, the hudr~ed su, vivig flees .are erz-iot

.9w



zi L.ioculated in a freoh guine a-pi- (10/95), h .. lch becomes infected lke
the precedin; one. A culture of the inoculated; product yields a pseudo
type bacillus, but, since the colonies are not pure, a precise identili-
cation, t ifortunately, is not made.

Zi order to isolate the zerns responsible for infecting the tD
;uinea-pifs, rder the best possible conditions, in order to avoid enab-

lia- the nicrobes to pass into the blood durin tne zgonal priod, tho
t"O cguica-pigs are sacrificed before the fial period of the disease.
Te folloidng are their observations: guhicea-pin 95/47, bitten on 16,
17 and 1 December by the fleas in tube 195, that is, on the 20th, 21st
m.d 22nd days of the experiment. After three days of incubation without
fever, thc- tcmperature rises, on the follo'wing days, to 40.4 C., -40.7 C.
41.3 C., drops back to 40 C, then to 39.6 C. on the tenth day (Fig V),
the date on which the animals is sacrificed. On autopsy, the presncc
of a very large inguinal gmiglion, the size of a =all nut, located to
the left, that is to say, on the side dhere the tube containing the fleas
vas applied on the central (Sic; obviously should read "Ventral"] sur-
face, is observed. WMaen it is sectioned, the ganglion shois an alveolar
structure; there is a little pus in the crypts. The spleen is very
sjollen, weighs 3.50 g., is filled, zith abscesses. The liver is inter-
spersed writh very many small abscesses. Lungs without notable lesions.
Kidneys swollen and iihite, suprarenals swollen and pale. The left lumbar
ganglion, the size of a bean, is purulent. The spleen smears show num-
erous short bacilli with bipolar staining; -anglion smears -display,
countless bacilli of the same type. - Cultures of the heart blood, of the
spleen and of the inguinal ganglion are positive. 6hisolated goerm has.
all the characteristics of the plague bacillus, including agglutinabili..
ty by an antiplague serum. 1hen it ii inoculated in -a uinea-pig, it
lcillslit -irth all the signs of the plague. It is pathogenic for the rat
(refractory to the pseudotuberculosis bacillus).

Guinea-pig 10/95, inoculated intraperitoneally ith the suspension
of the hundred Xenopsylla cheopis, comes do-n writh an illness that has
a more rapid evolution. Inoculated on 20 December, it has 40.4 C. on the
22nd, 41 C. on the 23rd and the 24th, the fifth day, or 25 December, its
temperature is 40 C. (Fig. VI). A very suollen inguinal -ganglion can be
felt on the left. The animal is sacrificed that same day. At the autop-
sy, the presence is !noted of a subcutaneous abscess ,t the level of the
inoculation and a swollen left Inguinal ganglion, abscessed, the size of
a iwalut. The left lumbar ganglion is wollen, the size of a bean and
is purulent. No pus in the peritoneum, no abscess. The spleen is a: bit
swollen and, eranulous, ithout coating; the liver, the lungs, the kid-
neys appear to be normal.

Ver numerous short bacilli with bipolar staining are seen on a

smear of the spleen, the Inguinal gan and othe lumbar ganglons

- 10 -



Slood and zplc- cultures yield, in a state of purety, ir verj
n=..erour colonies, an imrobile bacillus identiied as Yersin Is bacillus*
Lioculatioai of the guinea-pi& causes an experimental plague.

Strnzin 95/47 was transforred to numerous guinea-pigs. It served
to infect fleas (X. c~hoois) on wich the strain is kept. The bite of
there fleas actudl7 kills the guinea-pigs with plague, within sixty
hourv on an average.

On the other hand, strain 195, isolated on 18 December from ficas
aft r their last feeding on Cuinea-pig 95/47, behaved after its isola-
tion like a pseudotuberculosis bacillus, both because of its biocherical
chanacteristics and its pathogenic ability.

Whan it .as used for a flea infection experinent, usin tZhe rabbit
,ethod, it was followed for 37 days. None of the guinea-pigs bitte wmas
ifected. The pcyllocultures always showed Rlassez' s bacillus. 'inl-

ly, o1 the thirty-seventh day of the experiment, ?50 live fleas and 20
dead fleas are crushed and all put in suspension in 2 cc. of physiologi-
cal iater and injected, intraperitoneally, in a guinea-pig that dies of
pseudotuberculosis five days later. Culture of the organs yields a pseu-
dotuberculosis bacillus.

How are these facts explained?

Let us reject immediately an -explanation that comes to mind:-- t1hat
the pseudotuberculosis strain isolated from the rabbit and that was, used

in t1e experient '1ith tube 195 ras, :in reality, a nore or less attenuat-
ed plague strain. That is not at all the case. I Nehn this strain, still

-- preserved in-our laboratory, was trnsferred several tines by guinea-pigs,
-it sho-wed itself to be virulent for these animals to hdiich it gives a di-
sease that has all the characteristics of pseudotuberculosis, including
-the completely typical aspect offered by the germs on spleen or livor
smears and it retains all the bacteriological characteristics of a. pseu-
dotufoerculous bacillus.

We have left a choice betm6n two other explanations.

Suming up the facts, it is seen that everything occurred as if
Ralassez's bacillus had undergone a mutation in the digestive tube of the
fleas, transfonming it into Yersin's bacillus. Aside from the fact that
such a mutation appears difficult to accept a pjpr and that in fact it
has never been observed until now [See Nota), it probably would not ex-
plain the case of guinea-pig 95/47, if this hypothesis were accepted.
Zis guinea-pig is bitten on 16, 17 and 18 December by fleas recognized
as infected with pseudotuberculous bacilli. On 25 December, it dies of
plague, but the psylloculture made on 18 December, after the three biting
sessions, still gives Halassez's bacillus; therefore, the mutation prob-
ably occurred in the guinea-pig and not in the flea and these bacil.i,



tia~cr:id into plaic bacilli, were proba'bly tic ones that infectcd the
I c -hiclh, iLnc their tuzn, gave the plague to guinea-pig 10/95 in 1.iich
".thy -;cro ioculated. It u.oald be vain to make such a hypothesis, be-
cause no fact of the s.rne order has corne up in support of it. And this
second explanation must be given up, just likte the first one. One final
c:pl.nation remains: the last uuinea-pi- bitter by the fleas, Guinea-
pig 95/7, lmas i a condition of latent infection withplaue. This ox.
planation, although it is not vcry satisfactory, must still be accepted,
for at the time 'wn- we were performing our excriments on pseudotuber-
culosis, we did not have any experIment on plague under way, nor did uo
have any infected fleas, guinea-pigs or rats.

(fDota:] The only mutations pointed out, as far as ue know, be.-
tueen the tum bacilli were done so by A. Bessonova, G. Leriskaya, P.
Nolodtzoba and 0. Iossolova: "Sone Cases of Spontaneous Transmutation
of -. postis into 3. Tswudotuberculosis rodcntixu," J. P,.,Ir Lbid.
3icrob., 1, 1936, p 151. 'Mese authors observed, out of 214 strains of
plaLue bacilli, one mutation into pseudotuberculosis in five of them,
three of human origin and tuo from rodents.)

It must indeed be admitted, nevertheless, since' the appearance
of Yersin's bacillus occurred in a sealed tube on fleas that had bitten
only non-inoculated guinea-pigs on w hich they had fed, that one of the
guinea.,pigs infected them, in this case the last guinea-pig, 95/47.

It must be admitted that this guinea-pig ;as infected rith plague
in a latent form at the time when it was bitten by fleas, that the bites
transforwed this latent infection into acute infection starting at the
region injured by the bites, hence the appearance of the left inguina.

bubo. It must be admitted that, in the course of this evolution, a cor-
tain number of fleas becpne infected ard that these are the ones that
gave the plague to guinea.-pig 10/95 when they Were inoculated in it. For
the -momit, we are obliged to retain this explanation as the only one ad.
missible, even though it is not very satisfactory. It is rather curious
that a similar spontaneous infection ofa guinea-pig has never been ob-
served in our laboratory and that chance made this first spontaneous in-
fection appear-during-experi.nts performed vith the pseudotuberculosis
bacilus.

SALUN =LOSIS BACMI

A small number of observations can be picked up in medical biblio-
graphy concerning the presence of Smnella in hematophagous arthropods.
Ln 1937, C. H. Huans, H. C. Chang and V. T. Lien- (Chinese Mod. Journ.,

1 34) observed a small epidemic ith Sa
in Poiping. Several of their patients were also stricken with recurrent
fever. The authors isolated S enteritidis by exam.ning lice
talcn frotm these patients. I 1940, R. R. Parker and E. A. Steinhaus
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(P^':A.c Ie~ith Rorts, 1943, p 1010) observed an Lifoction with

cnt- ..- i:3 in zso-.,:e -uinea-piCs used for transferring spotted fever.
They rtaiod that the. Dor acentor indersoni that bit thse ' uinea-
pigs beca=o infected and were able to preserve the Salnonella for at
least 35 days. 7nero could have been infection of the eggs -d the
prosencc of bacilli in the cxcrments. In 1942, A. -esserlin and G.
idCo;.u-i(c, -, 12, 3942, p 15) observed an infantile ep-
ideic iith SlnonIla suiQcstifer in the douar of the Oulad ben Azzouz
(Gha, b, I.rocco) Ead, iznder "",he supposition that the infection came
perhaps from a breeding center whcre there s an epizootic of hog
cholcr:.1. by means of biting insects, they conducted a series of experi-
nmcts that enables them to obserse that anopheles, human fleas, swine
lice, may be infected. After several ronths, the authors wcre able to
find t:e bacillus on swine lice in the cada vers that were preserved in
the laboratory without special procautions. Finally, Van Oye (accord-
ing to Pr s INedicale, 25 September 1943) succeeded in infecting bugs

by mwking then bite mice infected wita an avian SaLnonella. These bugs
rehaied infected for about one month and the bacilli were found in the
e:crC7nts. Trmnmmission to mice by biting is possible during the to
weeks tLat follow the infecting feeding.

Our experimental research bore on t.o species of Salmonella: S
sui~osti;er and S. sehottmulleri, the two strains that were isolated
from mcn. The precise determination of the two species was made by
studyLg the biochemical characteristics and. by means of the cross ag-
glutination method accomplithed ith agglutinant serums prepared in our
laborato r and with others coming from offical laboratories. We complet-
ed the dianoscs by means of a comparative study of the glucidolipidic
antigens (G. Blanc and B. Delage, I, aroc l, 24, 1944, p 71).

SAIZ MZLA SUIPESTIFER

The strain that we utilized was isolated by Couzi from the blood
of a child during the epidemic of which we spoke above.

The experiments bore primarily on the infection of fleas. Some
attempts to infect &ede aert-i gave a positive result.

21faition 2. JM

One or several S£feeted guinea-pigs are plaoed in succession in
a vat containing thousands of fresh fleas that have never bitten, after
,lich fresh Cuinea-pigs are put in and taken out b4fore the appearance
of fever and are observed after having taken care to free them complete-
ly of any fleas that might have remained on them. Another method con-
sists of putting a certain number of fresh fleas in a -orrol tube idose
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s acre applid -to as a resuli Ihe iftn, 24~l hos Tisot r, Whose

fur ha bebo e bc lackiled wiaBorltb ecoer -Jts, roide s aj codealec t-
lot of cccmnts(ao1r). In ordr to collect hsxrnns

the hairs aro pulled out, dried in a vacuuoi, sifted and the powder that
is collected is kept in phials sealed under vacu=m.

Infection of st"Oya

About one hundred Ace aernpti are put in a case-, in the dark,
in a very humid atnosphere.

Ani earthwnware container, filled wi-th water and closed writh Ihydro-
philous cottona, is suspended inside the cage. The%, roug,,;.I- damp surface
of the container pepiits Aee to be layed and the const.-nt evaporad.on,
of the wter ensures a suitable hygron-etric condition. Several infected
Guioapigs, secured on their back and their ventral wall depilated, are
placed successively in each car,. Each biting session lasts about one
hour; there is one in the morning and aoe in the afternoon. Fresh gui-.
nea- plgs follow the infected Guinea-pigs under the same experimental con-
ditions.

Results Obtnod

Mhe fleas, Xenopsylla chiopis, becone infected on the Guinoa-piz.
They remaina infcted for at leastk- fortj days. The: Salonoll.a can be iso-
lated both from the fleas and fron their excrements.

Im. fresh guinea-pies bitten by these fleas may bccome infected.

Some experIments made i~th Ste, pnvias eabled us, in one case, to
find al. su±iestifor In an insect ten days after the last infectinu food-
Ina~ and to produce once infection of the guinea-pig by bit4.*

The. tLlowIing are, by wmy of exampe, the record of two ew-

2 Septuier 1943 t Uverol thouseand fle.as (L. ch~gon) that have just

hatobed and that have zieve bitten axe jtWa vat*



0- th"e s':;ie oa., a gu10/-1i1, 1O/l., t.hat has just boon
inoculatc-d is put in tc vat.t. received intraporitonally 4 cc.
of a suszvnSion of tho spleen of a 'uinea-pig infected with S.
su'%ncs ,0't. (Couzi strai). Guicea-pig 10/1 dies on 8 September.
Zhe ho1ioculture is positive.

9 Sptc:ber: Another guinea-pig, 10/21, inoculated intriauscularly ithZ
a culture of the sama strain of 3. suiptier, is Lut i vat

105. It is found dead on 13 September. Me heanocuJlturc is posi-
tive.

13 Septeiiber: A first sounding is ta:-= to ascertain if the fleas that
have bitten guinea-pigs 10/3.1 ad 10/21 have become infected. ie
hundred fity are ithch-ar ra fro the vat and crushed, put in sus-
pension in four cubic centcitcrs of physiological water and in-
oculated intraperitonea1ly Li guinca-pig 10/24. This one dies on
21 September. The spleen is :on=ouq, friable, black with a
thick coating. The he:,oculturo and the splenoculture are positive.

15 September: Another guinea-pig, 10/25, inoculated ith the suspension
of spleen from guinea-pig 10/21, is put in the vat. It dies on
21 Septeiber. Th-e hemoculture is positive.

21 September: A fourth guinea-pig, 10/12, inoculated the evaning before
intramuscularly with a culture of 3. Su 'estifn., is put in vat
185. It reimains there until the next day. Found dead on 22 Sept-

3 eziber, the henoculture is positive.

23 Septemrber: One hundred fleas are taken fron the vat, crushud, put in
suspension in 3 cc. of physiologictl u:atar. It is inoculated i-
traporitoncally Li Cuinoa-pig 15/16. The a nial dies six days
later, oa 29 September. i the autopsy it is notod tat the u;)1oca
is very nllen, black, covered it.h a coating. Me left lixg ls
"he seat of an intense congestion. There arc sowe infarcts. ':he
miprarenal capsules are vary owolln and are purplish in color.
Me blood mid spleen clutures yield A. Sune-tiferh the fleas
in the vat have been duly infected, fresh ginea-pigs are put in
to be left only a few days.

24 September: Guinea-pig 95/16 is put in the vat .mtil 2 December. 1t
vLU5 become infected but wfli survive infection 'hat is revc,2cd
by fever and by a positive hemoculture with 1. Minr's&Lfcr (Fi,.VIII).

2 October: Another freah unoa-pi, 951/20, rcplace it. :t is loC'f n
the vat for sovateon days uithout shoi:L, tho slihtest fobrilo
roactono. Uhm it is reovod and punctured for a hCVulturo it

ftey shos a rise In teqerature above 40.2 C. It ,Il



clie o., 29 iDcciiber. Tre splccn io siI:h .' -tCl; h c! L- volu .
A plcuroicaicarditis ith tnfae 1r-onary con-cstion is obsorv-
ce. 71o bloo ciad spleen cultures j-ivc S. Mjq> -t~.er. Te a-
cute infection seems to have bcon touchcd .of by the traumatian
of' the nazi u.ctuM (curve V11).

12 October: One hundred fleas are washed, crushed in 6 cc. of physiolog-
ica i.,atcr. The wfhole is inoculated Li the pcritonc: I cavity of
guinea-pig 95/24 wrhich w4ll die on 13 October. Twe-nty other fleas
are inoculatcd in the same way in another -uinca-pig, 95/25, hich
will also die of S. sups.-tifr infection on 20 ctobCr (curve XI).

19 October: Another guinca-pi: is put in the vat w-here it is left intil
2 November. It incurs a febrile iniection and dies on 9 November.
Death is probably due to the heart punction. The macroscopic
lesions are little pronounced. The spleen has increased in volume,
without coating; examination of the smears does not show any ba-
cilli. The blood wnd spleen cultures yield S. aupsif er.

2 Rovenber: The oxperient is stopped. Te hundred fleas remaining in
the vat are crushed, 3 cc. of physiological water added; the w-hole
is inoculated in the peritoneal cavity of guinea-pi 10/64 after
having seeded a fewU drops of the suspension. This culture yields
nw1irous colonies of S. sul estifcr. The guinea-pig dies on 10
NoveLber (Fig. X). Ti the autopsy a very miollor, black colored
snleen ith coating is found; the liver appears normal. The a&-
ratal glazds are mollen and purplish. An intense congestion of
the upper, median and lower lobes of the right liug.

The b'lood culture and the spleen culture are positive. L.
Zpestifer is isolated.

It may be concluded from this experiment that lasted tvo nonths
that K. goTs fleas become infected by bitin- guinea-pigs themselves
infected with S. suipestifer. 7he infection was maintained from 23 Sp-
teber imtil 2 November, or forty days. Fresh Zuinea-pigs bittcn by
fleas became Infected. _. n mniostifer was isolated from the guinea-pins,
the fleas and their excremonts.

19 July: An Infected uinea-pig is put in a cage conttining about three

hmdred &. L captured in nature.

20 July Another exosure to bites In the cage. 7e fivAia-pit s AAG.

22 July: Another infected uinea.-pI Is put In the ceae.
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23 ind 21,4 July: 7T-e sam~e -uica-pi- is ,,b'jcctrd to St.cznorn.yias bites
tAca Qa' .

26 July: A fresh L'inca-pi:;, A.6,9, is put La tho cagrc in th'le nor~n:,, and
theni isolated in the ,ifCernioon. Its teinperature is taken ovory.
ay. 1'o fever appearz at av time. It dies on. '30 August. Mi thec

autopsYl , -; nd inguirw.z ,aglions, thei sizc of a [graln
$. what ar nlnorAJc. The spleca is si-olon, gark i color;

t-here is little perikoneal liquid. Tie hemoculure and spel:n-
culture yiecld S. L~cr liver £rar-mnrt is crushed i 10
cc. of~ physiological water; 3cc. of this suspension are inocu-
lated intraperitoneal.y i a guiea- pig thjat ill1 die of' infoc-
tion by 2. suipe.-tifar. Other traasfers, also positive, are conl-

From~ 27 to 30 July: Another "uinea-pig, A.70, is put :i tl-c cage. Thai
gucna-pi, A.80 replaces it £ron 2 to 4 October. 1,either one

ill becom~e ifected.

29 July: Tai crushed Stegonyrias are inocuJ~atcd in a .-uia-pig that does
not becoi~io inf'ected.

5 Au.-ust: Tw. live Ste-onyias reriai in the case. 7hey -e crushed i1n
1cc. of' physiolocicaj. water mid inoculated in g,'um -ca-,Ui- A.83.

Th~is ono v-11 not become inf'ccted.

Tho point to reirber from this ao rinwont is the possi'oility f'or
Sto,-onyias to bccoine L-Lfected aid to transmit th-e inroctiori by bitinr.0
It seems that the infection is less stUng an the flea inf~ection zuid
that few isects bacoixe infected, because, in this Pxpe.~'iont, we did not
find 1. Oineti2  in the crushed S5too',ias. On the other an, n r.-
nother ozperieit,, it wams possible to isolate the S. ruiestifer, strai
in Ste,-omyias ton da2ys after their last zco r:

Guincawpirs that were inoculatcd U4 tho peritwac-a with cucdc
fleas Incur a short.1astin- and la~usV isortal infection. Favor appears
I'm~ the 3rd to the 5%1; day, the torspernturo rises oovo 41 C., r s"
on a platoau,, and daforvasocaco, most troqucatly var., abrutj ,,talAow=c3

deah ~.choccurs froni five to ton daysq nftor inc 46in 74ha te, Pcra1
tw.'o curve is cowparab2.o to theo it~h tio trxiror anin:. Z61s ~
X, XI). 7he lesions observod In the nutopsy ar *acuto infection, U2aaltq

&%zoculturo are almza,' positivo, but the b,,cifi on zspleen =oars arc
rolatively few In ziwibrl, . omet±ies var sparse. "Lae pialulation of
j~iems that Iuaso prcnood In plague is never observed.
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Theix~p~ bitte.- 'jY '-he i.- 2c'-cZ f2.cas rcact- di-fferently
7,oill0 s i, 01, 'te SubacII-,- typc. Z cusation fo:r al.outu tun cLays, uan-

paret ~t~atonperiod proc-Cdnr ihe or, bu-u, weoll 'before its ap-
pcarnce, at is -possiblo to irolate o nhrsI'er fronit~ org;,a s -);-d
ova-, fronith lood 7Ihe fevOr Curve, :ncaze of dcoa th o2 the Manimal,
eboc 11kot differ from iuthe one described for~ zanvials i.e'ctcd by inocu-
lai1on of cIrushod fleas and tCho lesions fo,,zd at the autopsy are idcn'-
tILca-l. Thoref oe, there i- no reasoni for spai~propc-3 ;- of a clin-1
Cal :ori.14, Chronic in typ,'O but Io~re2.y an c N;=sion of incubation. 71he
il-2acss broa:-s ou later but it is as acute;. So,,-ictiris tChe anizial ro-
covors :Cron its Linfection. ','o obszerved a gie-iput in a vat to be
bite u o ci;td ,tatic'r6aln pyretic forin, n~ore than tai

&'Is, and that, n1cvertheless, survived. A heart pun-cture made on the
fIMt day of the fcver enabCles us to isolato S. svi~cstr.

Finally, there is m-nother forn tWa 4seems, indoced, to be foilxd:
the inapparent foxrm. A real blood infctontto-4t symnptons and espe-
ciall,; without fever. But the ainal that is -afected in this tm7 is L
a state of unstable physiolobical ccjuibritzi, and oven, a, n rnport):t
traunatismi 5Lzwediately tru-isfor.-:is this iziapparent ifection into febrile,
acuto, itorta illness. In one case, for 0x2lwo have a -u:Inea-pi2z
tVhat 4is 11tr.pt in a vat of hy-perifected flo.-s for sevantccn days. Its
temperaturo is taken ro,,uL-rly aad is con,)lCtcJ. - oriial said -the anibwlI,
in spite of~ the anmzrgbites, is in perfect condition. It is tzken
out of th-e vat, freed of its fleas. IsteilA?erature is 39.2 C., *hert
puncture and hcaiocultu-a is positive but'U very poor. Cnly one tube of
tuo produced a few colonies of 1. suinstigor. In the evening-, the tcnpy-
ercature is 40 C. It remains on a plateau betwen 40 C. and k21 G. for nine
days. The aninal dies on the tenth day. Mhe spleen has icreased' little
:In voluno. 'Bacilli are found there only ith culture but not w-ith direct
w~amination. There is an intense pulmonary con-estion itlh pericarditiUs,

Slesions caused Iby the puncture mnd point o: departure for generalization
of the infeotcn.

Li another caso, a euinoa-pi,,, tacen from the vat ivider the axio
conditions,, after twemlve days, ithout havin- displayed the Slijaost si,
of ifect.on , iwsbitton by non-infoctod £2.oas for the purpose of Isolat-
In,- S. mapairr.b the very sensitiva method of xcodia',osis; the
aniiia is kept tie* a day for twenty ritiuteq spread out on its back iith
a tube ccntakn about thre hundred fleas applied to its abdominal mzllo
Moraly afttr this ordeal, Its temperature rises and the animal dies frOM
the results of a heart puncture. Discrete lesionsa in the autopsy, Ho
bac5i on direct minaation of spleen smars, Mlood ad spleen oult-
urea positIVe.,

x~a91g av Z~a
Vho M&S~lger in-ostod by thcM Ca.aaa are not only
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-ro c1L.15xatcd Vac: tho£co 5x zra (cuti' Tho culture of -a
Sof' c r1;ct3iclTh n-L.=j~' cololilicz on solid i.1ci.2. 7he pro-

-cr-,---o oZ t:he Z. sI% o~~ i theo ciy c::crc-cntr, is dctermi:hed to
have aconcideraf1e duration wihaait-nnc i viru;.cuc. At pre-
sent,. aftor exacty on year, thais proscrvation sews to be undi~iinsed,
cicc cultures of' czcromits si yield a considerable nu,,,ber of quasi-
conflumit colonies, even wit2- one twcnti-eth of a rilli-ra.

Zic folloin- ffacts way be retained froi~ these fii-t studios on
wthe behavior of S. s4aies.9io in bitin:i- insects, and ecspecially in a rat
flea, Xanops-Vlla c~ho~is:

1. A flea "that bites a .uinca-p. ir.cLctod with- S. gui 2 !i
becomes inf'ected itself. Zie ba~t cilli multiply in the di-estive
tuba of the Insect, passin.i- into tho wxcr .cntws %Znre thecy can be pro-
served di-y for a considerable tiric.

2. An infected flea that bitcs a heathy cuna-pi, nay rive it
the i.Cction.

M.Te -uinca-pi-s ifc-CtcC 'b- f1pa bicz coi-;c down ith a Nob-
rile iL1ness, usually rnortal. Zhqey y elco Incuxr -mn .Afction iritL.hout
sT~mptLoms mnd partLicularly uwithout Ccrile eatin Tii in.Lectioa Is
accoriomied by septicemiia. Some anir.;vls striccn by this iap-pnant
sorlfelosia an~ in an unstable pyilical c !briui, cmd even a
sa.igt trarnati. ra4ly be sufl Icicnt to t nsfor, thiis inapljarcat inCoc-
tion into an -aeuta type0 of inlrection.

It scows posaible to dravw sono ucto. r.ai~c~h~c

A. Wa~ction3 &ZthJ. ~ ~,in -articulzr '.o ; cholera,
mVn pz'aly be propa~ated by a.osist.

B. Via very lozat presovatioa i the viruk'mt steor .4-

a.;j. in the excrwmoits of -eitp..ous in.-ot-4 wny probay Conasi-
tiito an Uzportant factor in t~o preservation =id the. trmimsimi o:

t~a oa2re13oais.
C. The existas of 1wipparvmt and franilo foroo 0: saL-ior.ollos-

es. In~ 2.borutorPr nima is podxps not poomaLia to thwc nad their ot-'"
Gac. 1Ai domestic aw5.usla and awm in twn zmat !)o consideroe.

Mwe results obtained vith the C4lr.OnUA e *-od %Woor 1c4~



cz-Lwlor 0-,oi rn . -tyol2c 2bacillus in ; n, ~

blooc'.~- 1~ a-'-~ n xv) wzc as bco'ra loy ccnin i's bio-
c..zic'.lc rctoistccon cul2ture no:ia br luVt!Lon 1iith v~-I.

ous comic~ md by dotcri,.i tiop secnce of~ the specific ::2.uCidolipi-
dic c'nt;i c (G. L2anc nd 3. Lcla-c, loc. cit.). "..1 paratp'hoid B
rstrai:n, th 'at is Vcr-y .iitlc 3hoc for 64Ac~i~, i not, enable
us to use thao vC6t-,-.ottod wuilized foe- stuacyi:; S.NiifO.W used
t:ho ic-thod, also decscribeod here, of tetransitory !bac-Lc~x-nia of the rab-
bi4 tiat n.-kas it -possible for fleas to become i.-fected easily. An cn-
pcriLnqt rpport follows;

Qi 16 Dcocenbor 191".3, a rait roceives 4 cc. of a suspension of
pnralophic B bacilli, 3 billion, 2c : cr cubjic cnierin the mar-

inlvein of the ri:jht car. Mwe !xoculation is a&Lnic-tored at 10 ot-
clock. At 1050, a Barrel tube coa,:iing 240 dhg i is ap-
plied on the depilated ventral surface of -the aninaJ ;h is secured,
as previously, i a dorsal position. 7hc fleas have htched rcccnatly
mi~d 'have never bitten. Zaey f-ore themselves (grecdily,. At 1050 [sic],
thie tibe is rmoved. Btaminzition wiha bi)nocular maifier enables us
to voiniiy that nost of the i'leas hzrve bitten. "5'lvo ninutas later, at
1035 [sic], cul~ture of scvcr.a drops of blood 4ravn from the rabbit's
loft ear, an1d henoculture of 2 cc. of blood &-a!-, by heart puncture; at
the sw.e tine, ten~ fleas are crashied in t..:eaty drops of bouillon. Both
hemoculturos id.11 be positive, and th.e £rc-. drops of balood iril yield

~cconfluent colonias on sLsatt a::.-r. The psyllocultUxo iill -,!so be posi..
tivo. A loopfrl of the suspension seeded on -,-ar yields 13 colonies I.-
dctfid just Melc t ones ori~inatin- in the hexmculturos, as bcinC
of a paratyphic B bacillus. 17 Docedber: 'The fleas txc put to bite an
a frosd~inap, thmz tea are cruashed, i4th the addition of 20 drol.s
of boufl~on. This second p.%illoaaiture is positive; one loopful of the
m ouftsion AIdS five colonies.

318 Decawber: The fleas are left Lastin;.

19. 20 rmd ZL Deccwber:. Thy bite the ueapg

22L Decoui~ Third psy11ooiture, made as befbr. wit.tw tin i st. One
24opMr ylelds tai colonio, of yaratjpi@ S.

22 Decebe: Yleas tstbce

23 arA 9$2 Dom.bers- Ditig the gulxxo-piz*

23 Dooodber: Ib02ath pqAleoutWe. podua~ing 20 cOlni par 2.eepfu.

26 Doober: Ffts fastic..

20



27, 23 ad 29 Dcc ;A DitL tc._- 'a 2

29 Doccc:2r: F1ft psyllocua.1C.re, yicJidin- o-o inl colo.y e cp
a.. pelop

30 Dcamc:,bar: Fleas f astin'z

53. Dccc2)or, 1 =ud 2 Jmnuzry: BiAXV'- "he ~n~~

2 Jmuary: Si::t- pz,-llocut.turo, ?rodu~cir.- six colonies par loopfui.. anc
lhmloculturco 0--: 'I~w-;~ ea-pi- t:1-16 has z-ecn bitten s~ice 1.7 Do-
coobr is ;:c-ativo.

S Jn~Lr~:Flczas fastixs.

4 .Thu=,y: Co ix.li~rari of c;:cra-.=it frc*; .z~r iz; taken from - a
3orro tubeo mnd dLlu*4*Cc- ±!; o-.,o cc. oA ' A sceft.1- is =ido
in~ an tubc of a:~. ti>.oze loo-L2f- of Zia~o;.~ cultiir
:'iolds a rctnw.ber o' co2.oi-.-" of' paj'x~c. cllus.

4, 5m.d 6 J.-nuary: Biti., im, a frc:;' , t~c-)~ Sevc.--2. psyllocu2.
ure. Also positive, 'at thi'AS 447.oth tubje !ec& ui one loop-
ful of the dilution procArces a scmat nu er of coaies.

7janu=r": F1.oaS fastiac.

8,9 =nd 10 Joiuary: Bit4zG the L-uirnca.pi,.

.10 Jo-nuary: Eighth psyiaditro r.±; vcryj many colonie;l like the
pieaedin, or.o.

1 Jonuar-,; Pleas fastinf.

lag 13 mid 14 Jmruai': BitSn, the ~~?~

14 Jmwurj:- rinth payflacultura, y~a1;U4n-, Mek the t-.m procodiax; onas;
a civat*Awber of colonias.

15 Jmuia17: M2an fastinc.

2.6, 17, 2.9 m 2.9 Jmua7t Biting the e.i-pl~

2Jaiumi'y Tath pqflooultaz :SjiU. vcrf ih

20 j=Ur?: Flaw taatL9

2to 27 Jmz~a7 Biting. the Airwd-+iZ, SaWt td one day? of 1



27 p vnt. ~-aocuJturc, prodci-nr only a fc7,. colonics.

29, 3O -, d ?,l uJn -. ry: ~i h unap~

~l ~nvr:'j: t~lft p~7Jo~&.ur, s poor as the pre.-cdin!! one; thcre
are only a ^Lo-: colo-n-Ics, sizill of paratyphic 3.

S~t -ir 31t. ja-. ny the .. '-SCVC7nth1 Cay Of tZ~e e~ccrtiqrt
four tnore psyrllocult ,res, all rio;ative, are nade, the latone wiAth forty
fleas still alive (there are fi-t c~c d fleas), nade on 16 February.

Meo follouinL -ats can be retaincc. fo te prosent fro., these
first studies On the behavior o.^ S. nqchott: xlcr1 (parat.,Yphic B bacil-_
lus) on the ra l ~a cheoA:

1. A flea that bitos ao anim: abbt I a steof intense
bactezraia becomea infected

- 2. The infected flea nay be ho~st to bacilli for at least forty-
S v~on Clays.

2, TI M abacilli in e s teGd by the flea ialtiply :L- its diivestive
pue as4 out ilr- thIe ONereents

0 Thr Tc ~icqir~add~ioal eserchfor their intk~erpreain

EVqr Uhn -s.6i s tb -take~ .plhce aS if, at a "gIinoci (psylioculturos-
7 ,9 nu- 10) teewsa t-ie lipication of the bacilli

followed. b") a ce" sAtion-~db t7e dsparance o A the rox-ma. Theob
jecin ,,o this ~1stha,,. h ~~ei profressed, there- is -a de-

crease :4- the n-aiber of Xleas an~d that ifthey have not all been ifec-
ted the iawuiberliqf fleas carrying gerT.13 is _%lecreasing, A conclusion cmi

&b X "'q nl be .repaeating t~e op 4t -erns.

-The v' nea--pi, bitton& by the fleas were not- infected and the
0:enocultur rehf ngaindnegative. 1ko intierprotation can be Egiven to this

<oihcr Th paratyphic : ibacillus i. too little virulent -to ifect the
IT eap' even tuhoug~h it. co4 pos ;ibly be -transmitted by bitinS. We

hava daionstrated- elsow~e ~ connectioln, wth the pyocyanic b acillus,
-that a.1thowth'the flea bite m~ay never be infeCtJOUSL it was possible to
fid the <term irn the skin Qf the bitten' une-pig; perhaps the same is

to of the paratyphic B bacilu.

-- 2-



r-z'at- 0 ~ -- U.:0 C> Ofe Sare -11 to ex, o toA--

th niE Ioup- oi' ork~~~;i ) th cractcrizt'c of~ bc-
A ~je to doCvel 1) n "'0 Ce d5nsivc-- of hmtopha-ous ar-hoo-o1,

'W was out L t7. e;:cre~cr.&ts mruc to be preserve-d tice for a cmonA.Adcr-
z2In. Period of td;--v. Z Acse fzc-*s -c.i c nablie us to coansidcr a

active role for he=tohaa ;o-s =Isect in t-.e tranrmiission and preserva-
ti.on of baciMl of the -emius S-Aly.ann11i.



Thocu2:~Li- __

4o fE

LJ::C-A~giiea~p ~ J a-p i ercimt; XORT dead;

Pseudotubaroulosis by Inoculation of' Crushcd Flls

ICOI2IAYE 11-1.27 COZAVla3., O4

41- -;:j ±.I js E ~I.

M,11.: COMMY =Guinea-pig; J -day of the experirtient; I4OfT -dead;
SAC ±M'ME sacrificed

Platrue Flea Bies Plaue 1 I1oculation
~Tue )of Fleas ube 125.)

S~AY 954? -- COCAVE 10.95

404
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D- to do P

-t'"

cc~ "V - )g

L:Z I:D: C0ZAY3 guinea-pg a 1 teenai
=:,, dlead - ~ =vt

Sn'U,:oncljosis Due to S. pestifer by Iietd 2r3e

COCA~%1

41..

Mr~D COJAYE guinea-pig- -aof tia Po_4%-qc'
SURVIE -survives a; JT da e.~ nt; CUVB as vat;

Salao-elosi S~lnoblelosis Sn~J-monje2io sistu o S. p0. Due to S. Pp L11. to S. )oSoce Tr~ins- Zto I~c 1~ Io

Peritcncz

~CODAYE 0. COAy n Oc OAE%~

40 ,- 6

~2~:COLA=E Lmnea.piL ; J d caY Of th e weriment; ::OIT -do.,rl

- END
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