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CQITRIBUTION TO THE STUDY OF THE BEHAVIOR OF PATHOGENIC
MICROBES IN HEMATOPHAGOUS INSECTS FIRST REPORT

[Following is a translation of an article by Georges
Blanc and Marcel Baltazard, in the French-language per-
iodical Archives de 1l'Institut Pasteur du Maroc (Arch-
jves of the Pasteur Institute of Momcca'y 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 mice
robes in this hematophagous insect.

From studies on the plague bacillus (G. Blanc and M. Baltazard,
C. Re Soc. Biol., 136, 1942, p 646), we passed on to the study of Winiim
more!s bacillus (G. Blanc and M. Baltazard, Anmnales Inst. Pastewr, (G,
1942, p 281) and Gessard's bacillus (G. Blanc and M. Baltazard, [ B.
Acade Sc., 215, 1942, p 43). The perfect adaptation of these gemms to
1ife and to multiplication in the digestive tube of fleas seemed to .on-
stitute for us an interesting biological characteristic that could oven,
at least in certain cases, have a systematic value utilizable in clasie
fication and that would permit the separation or the brining together of
germs in the same genus or the same family.

Thus we were able to observe that other very virulent germs, tiat
gave an intense septicemnia to laboratory animals, were not fit for supe
porting themselves in the digestive tube of fleas; for example, the care
bon bacillus and various Pasteurellas (avian strain, rabbit strain, pore
cine strain) (G. Blanc and M. Baltazard, Report on the Operation of the
Pastour Institute of Morocco, 1942, p 1.1) Now, most bacteriologists
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 bae
c¢illus which displays so many characteristics that are common with it,.
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Sut there is a biological characteristic, not yet studied, on which we
have believed it indispensable to throw light, before considering this
relationship as completely established: 1t is the characteristic of the
behavior of this bacillus in Xenopsylla cheopis. It seemed likely, a
priori, that this behavior was probably the same behavior as found in
the bacilli that give laboratory animals an infection of the pseudotus
berculous type, such as the plague bacillus, Whitmore'!s bacillus and the
pyocyanic bacillus. Experiments have confirmed this supposition. We

~also wanted to extend our research to pathogenic germs of other groups

and we began to study the Salmonellas. The results that we set forth
here are t.he first ones obatined with these different germs.

General Technigues

Fleas (Xenopsylla cheopis ) are infected by biting an animal that
is also infected with the germ to be studied. Sometimes the animal, nost
frequently a guinea-pig, is placed directly in a growing vat of young
fleas containing thousands of fleas. Since this technique of flea grov-
ing has previously been given very much in detall, we shall not repeat

" it here (G. Blanc and M, Baltazard, Archives de 11Institut Pasteur du
Harog, 2, 1941, p 465). Other times the animal 18 bitten by fleas plac=

ed in a tube with a wide opening, a type of Borrel tube, closed at both
mds uith a sifting s.ﬂ.k cloth.

mee or twice a. day. the fleas are gorged. For- that purpose, .one

o end of the tube is applied to the ventral wall of the infected guinea- - -
-~ pig and kept there a length 'of time sufficient for allowing all the fleas!
) take their bloody meal, that i.s. about one half hour, ,

It 4s possible to ascerta:l.n whether they are infected by removing

'eeme fleas, either from the vat or from the tube. The insects are crushe-
 ed carefully in a rough-bottomed glass, the trituration is diluted in a

ferr cubic centimeters of physlological water or of boulllon, seeded on

‘ culture media and inoculated in a susoeptible animal. .

In order to ascertain if the fleas are.able to transmit the ine

| ‘fect:!.on by biting, it suffices, after having observed that they are prop;

erly infooted, elther to put a fresh gulnea=pig in the vat, or to meke
the fleas contained in the Borrel tube bite a fresh gninea-pig. The ill~

f:nees of the animal bitten in this way provides the desired proof. —

In every case we used ooncurrmtly the two techniques that have ‘

. just been outlined. It happens that they are insufficient. In order o'

infect the fleas effectively, it is necessary to make them feed on an )
aninal whose septicemia is intenses it is necessary to be sure that the
insect has in faot ingested a considerable amount of the germs being stue
died to leam what happens to them in their digestive twbe. Now, some
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pathogenic microbes do not cause a real septidemia in laboratory an:‘x.mdls,

but merely a more or less slight bacteremia that is more less transitory.
In these cases, we were forced to use a special procedure. We delibere
auOlJ rcjected Hindle and Duncan's technique (E. Hindle and J. Duncan,

- Te Parquitolo"-, fv22, 1925, p L34) used by them to study the behavior of

various microbes in the digestive tube of Argas persicus and which con=
sicts of making the tick feed through an animal membrane: for exarple,
guineca-pip mesentery, covering a cupula containing a mixture of- inacti-
vated serum and of microbian culture, Haller!s organ having been previ-
ous reoved., Since this very delicate method seemed to us to be inappli~-

" cable to fleas, we used, to infect them, their property of gorging theii-

selves greedily on a rabbit and we put them to feed on an animal 3n
vitich we had produced experimentally an intensive bacteremia, The fol=

Jlowing is the method: a rabbit is fastened down 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¢ to 160,000 per cubic millimeter, or 6,000 to 8,000 in one-twenti~ .
eth of a cubic millimeter, the volume of blood that authorit:.es admit as
the amount absorbed by a flea during one feeding. All this mathematical
reasonmg has only a theoretical value, since the distribution: of micro-

"bes-in circulating blood is not wniform, 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 ma;}ority.
S Five minutes after the rabbit has received the intravenous i.naec-_-»

‘-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

¢ manner: several hundred fleas, recently hatched and never having
bittm, are put in a wide tube of the Borrel type, closed at both ends
with a piece of sifting silk No. 8. One of the ends of this tube is ap=
plicd to the ventral wall, carefully depilated, of the rabblt and kept
there sufficient time for the fleas to gorge themselves, or usually one
half hour., Examinations wnder a binocular magnifier allow us 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, -

43 seeded on usual mediz. This enables us to verify the intensity of

the induced bacteremia. As soon as the fleus are distended, ten of than
are crushed in several drops of bouillon and the dilution is owltivated,
which allows us to verify that the fleas have really ingested microbes
during their bloody feast,

Once the fleas are properly infected, they are then put to feed
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on fresh guincaw-pigs that are changed as often as scems necessary to a-
void superinfections. At fixed time intervals, generally every four dz
goric fleas are removed from the Borrel tube, are crushed and diluted in
several drops of bouillon or physiological water, The dilution is culte
ivated and inoculated in susceptible animals, in order to judge the con=
dition of infection of these fleas. The excrements are collected {rom
the Borrel tube at several different times and are cultivated and inocu-
lated, which enables us to determine if the germs ingested by the fleas
are regularly eliminated and, consequently, are multiplying in the diges-
tive tube. Finally, some excrements are preserved dry 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,

BACILLUS OF PSEUDOTUBERCULOSIS OF RODINTS

We used two strains for our experiments, one brought from Paris,
isolated from a guinea-pig that came from Doctor Boquet!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 Risow
lated from the Parls strain, enables us to .add an agglutina‘hion examina-
%ion 'l'.o the stucbr of these characteristics.

.L__ti._ec on mew_ﬂ_&am

‘ The Paris strai.n is the one used, freshly isolated and strongly
v'lmlmt. it kills the guinea-pig in seven to twelve days after intra-
- musoular injection in the thigh (Figs. I and II) [all figures are ap-
pmded at the end]. The transfer gv.inea-pigs, also inoculated in the |

thigh with one co. of spleen dilution 10 cc. of physiologiocal water.
dle in eight to twelve days.

on 27 Jwe 1943, a guinea-pig that had been inoculated on the 24th
in the left thigh, with one cubic centimeter of the dilution in 10 cos
‘of physiological water of a 2i-hour oulture of the pseudo strain, is put
in a vat containing several thousand fleas, , choopds, that had
‘bean raised withoul ever having bitten. (n wing morning, the
guinea=pig is found deads In the autopsy, tho oims of an aoute infeow
tich are found. At the level of the injection, in the left thigh, thore
is bloody suffusion without abscess, the left inguinal ginglions have
inoreased in volume and are heworrhagic but not purulent. The left sube
Junbar ganglion has increased in volume and is purulent. The splemn is
very swllen, black, soft, friable, without abscess, The lungs display
nunerous henorrhagic spots, the liver is congested and marbled. Bacilli,
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prlefciv i‘requcntly 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 eanbimeter and less than 20 germs per cubic millimctor, thercfore,

less than one germ per twentieth of a cubic millimeter, the normal stonme
ach capacity of the flea, according to Dujardin-Baumetz.

On the same day, a fresh guinea-pig is put in the vat and does not

~ become infected. At various times, batches of ‘fleas are taken from the
vat for inoculation in guinea-pigs. :

. On 2 July, or four days after feeding on an infected guinea-pig,
one hundred fleas are crushed and diluted in 3 cc. of physiological vat-
er. Half the suspension is inoculated in a guinea-pig peritoneally.

It dies five days later, with pseudotuberculosis lesions, The spleen and

blood yleld positive cultures of Malassez's bacillus.

Ten days after the infecting feeding, thirty-five fleas are crushe
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 intemal lesions of the infection with a slow evolution, Finale
1y, tventy-two days after the infecting feeding, five fleas are taken
fron the vat and inoculated in & guinea-pig intraperitoneally.  This gui-

‘  ; ‘nea=~pig dies of pseudotuberculosis nine days later. The guinea-pig left
in the vat is not infected.  Therefore, the fleas have Vbe‘en»infec‘ted Yy

a single feeding on a pseudotuberculous guinea-pig. They rcmained ine
fected at least for twenty-two days. but did not transmit the infection

by biting.

Another experiment made wdor the same conditions cnabled us to
ascortain that one single feeding on an infected guinea-pig was suffi- -
clent to infect the fleas, This time, twenty-four hours after the infece
ting feeding, twelve fleas that were picked out of the vat infected a
gwlhea=piy peritoneally. Three fresh guinea-pigs that were placed in
the sane vat and that were subjected successively to bites during these
twenty=four days, did not become infected.

Finally, a third experiment was performed with thres hundred flecas
taken from the vat, placed in a Borrel tube, and fed twice a day on the
sae guinea=pig for eighteen days, The guinea-pig was not infected, but
the tio hundred fleas, approximately, that remained on the eichtomth day
infected the two guinea-pigs in which they were inocwlated. The result
of this first sories of experiments is that the Xenopsyll pr_&g fleas
are infected on the puinea-pig stricken with pseudotuberc 8, although
the septicemia is not very intense and represents less than twenty gems
per cubic millimeter.
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Infcction ﬂ‘zeriment on Breeding Fleas Placed Piaced in a Tube

Since it was a fact that septicemia in g,uinea-plgs is always quite
weal: and slow in appearing, we attcmpted to infect the fleas more intenso-
1y oy making them gorze on a rabbit in a state of strong bacteremia as a
result of intravenous inoculation in accordance with the method that we

-indicated above. Four experiments enabled us to observe the infection of
the fleas fourteen, twenty, twenty-four and thirty-five days after the
‘single :mi‘ecting feed;mg.

"~ The i‘ollomng is, by way of example, the report of one experiment:

7 February 1944: At 1040, rabbit 28/24 receives, in the marginal vein

: of the right ear, 3 ce. 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
Xemopsylla cheopis, fresh and never having bitten, are put to fced
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 rabbitts left
= .ear, are cultivated on an agar tube. A hemoculturs is also made
of 2.5 cc. of blood taken by cardiac puncture. At 1130, finally,
‘ten of the fleas that have Just fed are crushed and 20 drops of
“bouillon are added: A loopful of the dilution is seeded in an
agar tube and the rest in another tube. ~

; , me following is the result of these operations. Hemocultw
- ures: heatt blood, very many colonles;’ ear blood, very many ¢olw
onles, The first psylloculture is positive, fifteen colonies are
counted in the tube seeded with a loopful of dilution and more than

one hundred in the other tube; the fleas that fed on the rabbit
have, in fact, ingested Malassez's bacilli.

8 Febxuary: The fleas are fasting.
9, 10 and 11 February: The fleas bite a guinea-pig.
On 11 February, another psylloculture is made by cmms'.
ten fleas, seeding is made in two tubes as before. The two tubes
b‘yioldmvory nany quasi-oonfluent colonies of pseudotuberculosis
. . .

i

12 Pebruary: The fleas are fasting.
13, 14 and 15 Pebrvary: The fleas bite a fresh guines-pig. .

-6‘&
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On 15 February, a third psyllocultiure that yields very nuwi-
crous colonies.

16 February: The fleas are fasting.

17, 1S and 19 February: The fleas bite another guinea-pig. Cn 19 Fobe
ruary, fourth psylioculture, yielding the same result as the pre-
ceding one.

20 February: The fleas are fasting.

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

2l February: The fleas are fasting.

25, 26 and 27 February: The fleas bite another guinea-pig. On 27 Febe
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 March: The fleas bite another guinea-pig. On 2
March, seventh psylloculture that ylelds twelve colonles in the
tube seeded with.a loopful of the dilution and 50 in the one
seeded with the 20 drops. .

3 March: The fleas are fasting.

h, 5 and 6 March: The fleas bite a fresh guinea-pig. On 6 lMarch, eighth
psylloculture that yields the same results as the preceding once
The experiment is in its twenty-ninth day and since the number of
fleas left alive in the tube is still considerable, it is coniine
ved, : :

7 Maxch: The fleas are fasting.

- 8, 9 and 10 March: 'L'he {leas bite a treah auinn-pi..,. Q, 10 m'

nﬁ.uth psynoculturo. It is ncgativo.

: nmuzm: 'monmmnaﬁnz

13Hamh= The upommtiamppodwtho thlrw-ﬂtthday. Mh\md-_
red £ifty fleas remain alive and are orushod in soveral drops of ‘
bouillon. Atmthpqnowltmﬁnpmoaposiﬁnmture -
with numerous oohnho ot pwubtuborc\ﬂod.n \-mm
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Tro cubie contimeters are added to the suspension of th
erusied fleas and the whole is inoculated in guinea-pig 95/51,
peritoneally. This guinca-pig is sacrificed on the sixth d:}.
The spleen is very swollen, is covercd with a slight exudate and
displays some smoll abscesses. There are some abscesses on the
cpiploon; the liver is swollen but without abscesses. The same
applies to the lungs. Liver and spleen smears show the charace
teristic nasses of bacilli in a small nurber. These bacilli are
" abundant on the spears: of epiploic abscesses.

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

Experimental Disease in Guinea-Pips

The guinea-pigs that were inoculated with fleas coming from the
vats or the tubes die of pseudotuberculosis in a few days, vsually six
to scven (Figs. III and IV). The spleen is swollen, but without abscess
or vith only a small number; the liver is swollen and it is not rare for
it to present many small abscesses. Very few bacilli are found on spleem
or liver smears, usvally in small intra or extracellular clusters, like
the ones usually observed in pseudotuberculosis. Cultures of the splcen
and of the blood are positive, This clinical and anatomopathologic pice
ture 1s one of an acute infection caused by a virulent microbe, As wo
have already said, the guinea-pigs bitten by the infected fleas never
inour pseudotuberculosis, either acute or chronic. It is not possiblo
to state that they do not acquire any infection without symptoms. The
virulenve of Malasses's bacillus is relatively very vweak and it is not
possible to oonclude from the fact that infection and immunity is absant
.'m the bitten guinea-pigs that the hacﬂlus cannot be inoculated hy it
inge .
_ Asmhandmntg;h: “3gb::mhu(0.ma:;'?:h§.$ _
tazaxd, s s P ’ possible 8 Lo
&w thout producing elther infection or immnity.

mthcomraotourmta uobmdamtﬁthadoubt-._»-‘

.cphm' tdon:: ﬁowuormmmw!muuoﬂmm
. two guinea~pigs, one of which had been bitten by fleas infected with

" pesslotuberoulomis bagilli nd the otaer dnoculated with those seme fleas.
'«‘;_,‘.mwatuuummummommnwmm :

- mznovmm; nmtm/aomum.mmmeim@
ormwm.zmo&umoummumwm




KT

R N T

isolated in Casablanca from a rabbit that displayed typhic lesions of
pscudotubereulosis, has all the bicchcuical characteristics of lalassezts
vacillus and causes a typical pseudotuberculosis infection in puineca-
pizse Let us add that this same strain was used in other inlcction exe
perinents by flcas and that its specific characteristics have remained
wchanzed for the year that we have vecn preserving it.

Tabbit 10/80 received the ten billion geris at ten o'clocke A
quarier of an hour later, two hundred X, choopis oreeding fless that have
never bitten are put on the rabbit to porge. iIn accordance wita the
nethod that we have presented, the flecas bite throu;h ilie piece of sifi=
ing silk that closes the Borrel tube in vhich they have been placed. The
operation lasts onc half hour, after whaich it is easy to observe wiia a
binocular pagiifier that the fleas are all well distended. Then 2 hcio=
culture is performed by drawing heart blood and another onc by seeding
one drop of lood taken from the rabbit's rigat ear, the ear opposite the
one that - sived the culture.

Both hemocultures are posilive and yleld wmany colonies on the sure-
face of the a(;ar. Finally, ten fleas that have just bitten are crushed
in several drops of bouillon. Secding the dilution on slant ajar yieclds
about one hundred colonies of a germ identificd as the pseudotuborculosis
bacillus. Therefore, circulation of the inoculated gerws and passase in
the dizestive tube of the fleas have occwrred. These fleas arc kepi lfast-
ing for 24 hours, and are then put to feed on a fresh guinea-pif, thich
does not beoome infected. Tae last day, that is, 1 Decerver, ica fleas
are taken from the tube and crushed in 20 drops of bouillon., Gac tuoc .
is seoded with a loop and another one with the rest of the dilution. his
socond tube yields a surface cultwre, the first one produces about ﬁ.ve
huidred colonies. Tie microbe identified is the pseudotuberculosis La-

- eillus. Elood is drawun four tines during four da;’s by heart pwcture

froi the bitten puinca-pig: the culture is negative. Aftor a day of
fasting, the fleas are put back to feed on another guinea-pls for fm.r
consoccutive days. On the last day, homoculture of the guinoa-piz and

- oulture (paylloculture) of tean crushed flmas, as before. This time stlll
~ the same rosult: numerous oolonies of psoudotuberculosis bacilli, ez =~
- ativg hemoculture. Again, one day of fast followod by three days of o
" feet ag, on a fresh guinea-pig. Ssme operaticns as umial, ‘Yegative hewo-
| culture, positive psylloculture. (nce again the same operations are pare
o . forseds psylloculture nade on 18 Deconber ylelds a bacillus that i3 cone -
-~ firmod as having all the characteristics of ialasces's bacillus and :
. vhich, whai it is inooulatod in the guinaa-pig, gives it a typical pooudo= -
- tubarculosis infootion. Dut a new fact appears: the cuﬁma—pig (95/'»7) '

43 bitten on 16, 17 and 18 Deocmber, that is, on the 20th, 2lst

R ‘-ﬂaayaotm mt. mmm xt-ommnmmne

umtmmn. mnmmimnmmcmou
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ond inoculated in a fresh puinea-pig {10/95), vhich becomes infected like
the preceding onc. A culture of the inoculated product yields 2 pscudo
uj“)e vacillus, but, since the colonies are not pure, a precise identifie-
ca u.on, wfortunately, is not made,

In ordcr to isolate the reras responsidle for infeeting the tio
UUJ.‘AC',-I)ZL s, wder itne vest possible conditions, in order to avoid eanbe
liag the wicrobes to pass into the blood durins the z2zonal piriod, the
tio guinca-pigs are sacrificed before the finzl period of the Giseasc.
The following are their observations: guinea-pic 95/1&7, bitten on 16,
17 and 18 DBecember by the fleas in tube 195, that is, on the 20th, 2lst
and 22nd days of the experiment, After three days of incubation m.trom‘.
fever, the tcrsperature r:.se.., on the Lol.;.ox:mg, days, to 40.% C., 40.7 C.,
Lrl.3 C., drops back to 40 C, then to 39.6 C. on the tenth day (Fig V),

,u.le date .on which thc .;nm.;ls is sacrificed. On autopsy, the prescacc

of a very large inguinal ganglion, the sizc of a sall nut, located wo
the left, that is to say, on the side uhere the tube containing the {leas
was applied on the central [Sic; obviously should read "Ventral®] surw
face, is observed. Vhen it is sectioned, the ganglion shows an alveolar
structure; there is a litile pus in the crypts. The splemn is Very
swollen, weighs 3450 g+, is filled with abscesses., The liver is inter-
spersed with very many small abscesses. Lungs without noiable lesions. -
Kidneys swollen and white, suprarenals swollen and pale. The left lumbar

. ganglion, the size of" a bean, is purwlent. The spleen smears show nWi=

erous short bacilli with bn.polar staining; - ganglion smears display .
countless bacilli of the same type. - CuItures .of the heart blood, of the

. spleen and of the inguinal ganglion are positive. -The. Aisolated germ has:
211 “the characteristics of the plague bacillus, including’ agglutmabila.- s
¥ by an antiplague serum. When it 15 inoculated in a guinea-pig, it = -

kills it with all the signs of the plaguc. It is pathogenic for tne rau
(rei‘ractory to the pseuaotuberculosis bacillus).

Guinea-pig 10/95, inoculated :mtrapentoneally with the suspension

.of the hundred Xenopszlla cheopis, comes down with an illness that has

a more rapid evolution. Inoculated on 20 December, it has 40.lt C. on the

© 22nd, 41 C. on the 23rd and the 24th, the fifth day, or 25 December, iis

tenperature is 40 C. (Fige VI). A very swollen 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 walnuts - The left lumbar ganglion is swollen, the size of a bean and
is purulent. No pus in the peritoneum, no abscess. The spleen is a bit
swollen .and. granulous. without coating; the liver, the lungs. the k:.d.-
neys appear to be nomal. ~ ‘ ' o

Very nuherous short bacilli with bipolar staining are seen on a
smear of the spleen, the inguinal ganglion and of the luxnbar ganglion.
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3lood aid spleen culiures yield, in a2 state of purety, i very
awierous colonies, an imrobile bacillus identified as Yersin's bacillus,

.Ioculation of the guinea-pig causes an experimental plague.

Strain 95/47 was transfeorred o numerous guinea-pigs. It served
w infect fleas (f. ¢ The bite of

%. cheopis) on which the strain is kept.
kills the guinca-pigs with plague, within sixty

these fleas actually |
. 20Ur'S On an averagcCe

On the othier hand, sirain 195, isolated on 18 December from flcas
2fser their last feeding on guinea-pig 95/47, behaved after its isola-
tion like a pseudotuverculosis bacillus, both because of its biocherical
characteristics and its pathogenic ability. ‘

Vnea it was used for a fiea infection experiment, using the rabvit
nethod, it was followed for 37 days. None of the guinea~pigs bitien was
infected. The psyliocultures always showed Malassez's bacillus. ZFinole
1y, o the thirty-seventr day of the experiment, 250 live fleas and 20
dead fleas are crushed and all put in suspension in 2 cc. of physiologi-
cal water and injected, intraperitoneally, in a guinea-pig that dies of

pseudotuberculosis five days later. Culture of the organs yields a pscuw
dotuberculosis bacillus. ‘ o ‘ ’

- How are these facts explained? .

e Let us reject. iﬁnedia‘f‘.ely anfzérglana_t:iqn‘n that comes to :mindg-': that o
eudotuberculosis Strain isolated from the rabbii and that was used

_".in the experiment with tube 195 was, ‘in reality, a more or less atienuat-
" . ed plague sirain. - 1 ;
. preserved in our laboratory, was transferred several times by guinea-pigs,
~-it shoved itself ‘to be virulent for these animals to which it gives a di-
~sease that has all the characteristics of pseudotuberculosis, including

That is not at all the case. ¥hen this strain, still

the completely typical aspect offered by the gerwms on spleen or liver
smears and it retains all the bacteriological ¢

haracteristics of a pseus
“dotuberculous bacillus. - '

. We have léf'l; a choice bctx-:'e\én' two other ex'planations;‘

" Summing wp the facts, it is seen that every'hhing occurred as if

- Halasses's bacillus had undergene 2 mutation in the digestive tubc of the

fleas, trensforming it into Yersin's bacillus. ‘Aside from the fact that

_such 2 mutation appears difficult o accept 2 priori and that in faet it

has never been observed wntil now [See Note], it probably would not ex -

~ plain. the case of guinea—pig«95/l&?,‘ if this hypothesis were accepteds -~
- This guinea-pig is bitten on 16, 17 and 18 Decemder by fleas recognized -

as infected with pseudotuberculous bacilli. ~On 25 Decenmber, it dies of
plague, but the nsylloculture made on 18 December, after the three biting
sessions, still gives Malassez's bacillus; therefore, the mutation prob-

- ably occurred in the guinea-pig and not in the flea and these bacilli,
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transienied into plazuc bacilli, were provatly thc ones that infected the
fleas iltich, in their twm, zave the plajue to guinea-pig 10/95 in which
Tigy were inoculated. It wd.a be vain to make such a h,,rpothesis', D=
cause no fact of the same order has cone up in support of its And this
socond oplanation must be given up, just like the 11rs~ once Cac final
c. vlul" tion rewains: the last umea-pl'- bitten by the fleas, guinca-

95/1:7, wos in a condition of latent infection with. .Plague.s This eXe
pl'mau:.on, al.houi,h it is not very sau...sfac..o‘,,, must still be accepted,
Tor at the time waca we were performing our experiments on pseudotuders
culosis, we did not have any experiment on plague under way, nor did we
have any infected fleas, guinea—pigs or rats. oo

([i:ote:] The only mutations poinicd out, as far as we know, be=
tween the two bacilli were done so by A. Bessoiuova, Ge Lemsxaya. Pe
Folodtzova and 0. Mossolova: #Scre Cases of Spontancous Transmutation
of 2. pestis into 3. nsqudotuberculosis rodentiuvm,' J. Parasit. Epid.
1I1croo.. 15, 1936, p 151. wacse authors ovserved, out of 21k “strains of
p1 e bacilii, one mutation inio pseudotuberculosis in five oi‘ them,
three of human origin and iwo from rodents.)

I{ must indeed be admi‘\‘.ted, nevertheless, since the appearance
of Yersin's bacillus occurred in a sealed tube on fleas that had bitten
only non=inoculated gumea—plf's on which they had fed, that one of the
suinea-pigs infected them, in th:..s case the last guinea-pig, 95/47.

It must be admitted than tn:.s guinea-pig was mi‘ected mth plup;ué' s
_in 2 latent form at the time when it was bitten oy fleas, that the bites

transformed this latent infection into acute infection starting at the
region injured by the bites, hence the appearance of thé left inguinal
‘bubo. It must be admitted that, in the course of this evolution, a core
tain nuber of fleas became :.ni‘ected and that these are the ones that
gave the plague to guineawpiz 10/95 when they were inoculated 3a it. For

o the woment, we are obliged to retain this explanation-as the only one ade
- missible, even though it is not very satisfactory. It is rather curious

that a similar spontaneous infection of a guinea~piz has never been Obe

served in our laboratory and that chance made this first spontaneous ine

- fection appear d\u'lng experiments parformed with the pseudotuberoulosis
: bac.ﬂlus. _

-

SALI'IQ\I ELLOSIS BAGILLI

A small number of observations can be picked up in medical biblioe -

graphy concerning the presence of Salmonella in hematophagous arthropods.
In 1937. C. H. Huang. He Co Chan” and V, To Lien- (Chinese Medc Joumo,
52, 1937, p 345) observed a small epidemic with SaEx onella ¢ ntgri‘cidio
in Peiping. Several of their patients were also stricken with reourrent
fever. The authors isolated Salmonella enteritidis by examining lice
taken from these patients. In 191'&20 R, R. Parker and E. A. Steinhaus
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(Beolic Eerlih Roports, 58, 1943, p 1010) observed an infoction vith Se
crieaiiicis in soue puinez-pigs used for transferring spotted fever.
They ascertained that the Dermncentor andersoni that bit these guincae
p:x."" becarie infected and were able to preserve e the Salmonella for at
loast 35 days. Tnere could have been infection of the ezgs and the
bresence of Daciili in the cxercuents.e In 1942, A. lesserlin and G.
COdal ("‘"J.l. Iacte Hyze lame, 2, .a.912 p 15) observed an infantile Cp-
idenic with Solmonclla suipestifer -in the douar of thé Oulad ben Azzouz
(Gnam, Yorocco) =nd, wder the supposition that the infection came
nerhaps from a orecding ccnter vhere there was an epizootic of hog
cnolcra; oy means of biting insects, they conducted a series of experi-
nents that enables them to oosersce that anopheles, human fleas, swine
lice, may be infected, After several months, the authors were able to
i‘ind wic bacillus on swine lice in the cadavers that were preserved in
the lauorawry without special precautions.  Finally, Van Oye (accords
:mu to Prasse L_Q‘G¢uale, 25 September 1643) succeeded in infecting bugs
by making them bite mwice infected with an avian Salmonella. These bugs
renzined inflected for about one month and the bacilli were found in the
e'.:c*e:um'cs.‘ Transmission to mice by biting is possiblc during the tio
veelis that follow the infecting feeding.

Our experinental research bore on two species of Szlronella: S.
suwlvestiser aad S. schottmulleri, the tuo strains that were isolated
fron mane - The precise determination of the two species was made by
studying the biochemical characteristics and by means of the cross ag=-

glutination method accomplished with agglulinant serums prepared -in owr

1aborauory end with others coming from offical laboratories., We comleu-
ed the diarnoses by means of a comoaratlve study of the gluc:xdoln.p:.dn.c
antigens (G. Blanc and B. Delage, lMaroc pedical, 243, 19&# P 71).

SALM OI\ELLA SUIPmSTIn.R _
The strain that we utilized was isolated by Couz:x. from the blood

;of a ch:ld during the epidemic of which we spoke above.

_ The exper:ments bore primarily on the infection of fleas. Some

»a’cte;moﬁs to infect Agde; aenyptd gave a positive results

e

Egegtion of ﬂ_gg , \
Cne or several Infected guinea-pigs are placed in succession in

a val containing thousands of fresh fleas that have never bitten, after
“whdeh fresh guinea-pigs are put in and taken out before the appearance

of fever and are observed after having taken care to frce them compleice

1y of any fleas that might have remained on them. Another method cone

sists of putting a certain number of fresh fleas in a Dorrcl tube vhose
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cads arc closed with a plece of siftiny silis The fleas contained in the
tobe are applied to bite through the sifting silic first indected fuinca-
»iss, then freosh guineawpigs. In the interval beitwveen biting sessions,

the tube iz placed on a Borrel tube cover wiere it is casy to collect the
fleas® ciercments. In order to collect a larze amount of excrements, a

whiite rat is placed in a vat containii; infected {leas and the rat is

sacrificed, dying as a result of bites after 28 hours. Tais rat, vhosec

‘fur has become black filled with exerements, provides a considerable a=

rowmt of excrements (avout 1 cr.)e In order to collect these excremnts,
the hairs are pulled out, dried in a vacuw, sifted and the powder that

is collccted is kept in phials scaled wnder vacuun.

Infection of Stecomyins

Avout one hundred Acdes aezypti are put in a cage, in the dark,
in a very humid atmosphere. ‘ '

Ay earthenware container, filled with waler and closed with hydroe
philous cotion, is suspended inside the cage. The rough, damp surface
of the container permits Acdes to be layed and the constent evaporation

_of the water ensures a suitable hygrometric condition. Several infected

guinea=pizs, secured on their back and their ventral wall depilated, are
placed successively in each cage. Each biting session lasis about one
hour; there is one in the morning and one in the afternoon. Fresh guiw

- nea=pigs follow the infected guinea-pigs under the same experimental cone-
. ditions. : ‘ '

Results Obtained

The fleas, Xenopsylla cheopis, beconc infected on the guinca=pize
They remain infccted for at least forty days. The:Saluonglln can be isow
lated both from the fleas and from thelr excrements.

The fresh guinea~pigs bitten by these fleas may become infected.

Some experiments made with Stejomylas enabled us, in onc case, to
find 5. suipestifor in an insect ten days after the last infeoting foedw
inz and to produce once infection of the guinea-pig by biting.

'ha; The following ave, by way of example, the record of two experi-
nents:

1, Yot with M- Yat 185: | | |
2 September 1943: Several thousand fleas (&%ﬂ) that have Jjust
hatohed and that have never bitten are put in a vat. = -~
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02 the some cay, a guinos-piz, 10/13, that has just been
inocwlated is put in {thc vat. It received intraperitoncally I ce.
f o suspcasion of the spleen of a guinea-pi; lnfected with 3.
swinestifor (Couzi strain). Guinea~pig 10/11 dics on 8 September.
The hcuoculiure is positive. . : '

o

9 Septerber: Another cuinea-pic, 10/21, inoculated intramuscularly with
a culturc of the same strain of 3. suipestifer, is put in vat
185, It is fowund dead on 13 September. The hemoculture is posie
tive, ‘

13 Septewber: A first sounding is tokaa to ascertain if the {leas that
have bitten guinea~pizs 10/11 and 10/21 have become infected. One
hwdred £ifty are withdramm froa the vat and crushed, put in suse
pension in four cubic centimeticrs of physiological water and ine
oculated intraperitoncally in puinca-pic 10/24. This one dics on
2) September. Tae spleca is anorwous, [riable, black with a
thick coating. The hemoculiure and the splenoculiure are positive.

15 September: Another guinea-pip, 10/25, inoculated with the suspension
of splecn from guinea-pig 10/21, is put in the vat. It dies on
21 September. The hemoculiure is positive.

21 September: A fourth guinea-pis, 10/1%k, inoculated the evening before
intramuscularly with a cul®ure of S. suipestifer, is put in val
185, It ramains there until the next day. Found dead on 22 Seple
N enber, the hemoculture is positive.

U v ‘

23 Septarber: Qie hwndred fleas are takea from the vat, crushed, put in
suspension in 3 ce. of physiolozicol water. It is inoculated ine
troperitoncally & guinea=pig 15/16. The animal dies six doys
later, on 29 Septerber. Ia the aubtopsy it is noted that ihe uplean
is very swollen, black, covered with a coating., The left lwg is
the seat of an intense congestion. There arc sane infarcis. ihe
suprarenal capsules are very swollan and are purplish in colors
The blood and splewn clutures yield S. suipe tifor. When the fleas
in the vat have been duly infected, Ifresh guinea-pizs are putl in
to be left only a few days.

2% Septerivor: Cuinea«plg 95/16 is put in the vat wniil 2 December. I
will becowe infected but will survive infection that is reveled
by fover and by a positive hemoculture with §. suipostifer (Mo

2 October: Another fresh guinoaw-piz, 95/20, replaces it. It is left in
the vat for seventem days without showdig the slizhtest fobrile
 reaction. When it is removed and punctured for a husmooulture, it

- dmediately shows a rise in temperature above 40.2 C. It wil




c’io o2 2% Deccuber, The splect is sii-htly inereassd in volwice

A pleuropericardiiis with intease puluonnry congestion is obsorve .
cc.. The blood and spleen cultures give S. svinsstifer. The aw i
cute infection seems to have been touched.off by the traumaticn '
of the hcart puncture (curve VII),

12 Qctober: Cae hwndred fleas are washed, crushed in 6 cc. of phjgiolow
ical watere. The whole is inocula tcd in the peritonenl cavity of
guinen=piz 9)/2!' thich will die on 18 Cctober. Tweaty other floas
arc inoculatcd in the same way in another suinca-piz, 95/25, wilch
will also die of S. suipestifior infeetion on 20 Octover (curve XI).

19 October: Another gwineca-pis is put in the vat vhere it is left watil
2 Novenber, It incurs a febrile infection and dies on 9 Kovembers
Death is probably due to the heart punction. The macroscopic
lesions are little pronownced. The splecen has increased in volunme,
without coating; examination of the smears does not showr any bae=
cilli. The blood and spleen cultures yield S. suipestifer.

2 Novemver: The cxperiment is stopped. The hundred fleas reru.:‘ming in
the vat are crushed 3 cc. of physiologzical water added; <the whwole
is inoculated in the per:.toneal cavity of guinea=-pic lo/olr after
having seeded a few drops of the suspension. This culture yiclds
nwierous colonies of S, suivestifer. The gulnea-pig dies on 10
Novenber (Fig., X). In the autopsy ‘a very swollen, black colored
snleen with coating, is found; the iiver appears noriale The ad=

renal glands are swollen and purplisih. 4An intense congestion of
the upper, median and lower looes of the rizht lung,

The blood culture and the spleen culture are positive. S.
suipestifer is isolated.

¥ may be concluded from this e:’perinmt that lasted two nonins
that X. chieopls fleas become infected Ly Liting guinea-piss themselves
infected with So sulpestifer, The Infection was maintained from 23 Scp-
tenber witil 2 movm’oer. or forty days. Fresh zuinea-pizs bittan by
fleas became Infected. S, suipestifer was isolated from the guinea=pizs,
the floas and their exerements,

19 July: An infected guinea-pig is put in a cage contd.ning about three
hwdred A, agoyptl, captured in nature ‘

20 July: Another exposure to bites in the cage. m guinea=pig h dying.
2 Mly: Another infected guinea=pigz is put in the cage. _’
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- germs that is s0 pronowncod in plague is never observed.

25 and 24 July: The sane guinca=pis is subjected to Stegomyias bites
trlce a day. : ‘

26 guly: A fresh pvinea-piz, A.69, is put in the cage in the morain: and
then isolated in the afternoon. Its temperaturce is taken every
daye  llo fever appears 2t any tine. It dies on 30 August,. In the
awvopsy, Lfew sims; and Inguinol jonglions, the size of a grain
of ihecat, arc menorrha ic. The spleen is swollen, zark in color;
There is 1little peritoneal liquide. The hemoculiurc and spelno-
culture yicld S. suipcstifer. 4 liver fragment is crushed in 10
cc. of physiological water; 3 cc. ol this suspension are inocCu=
lated intraperitoneally in a guinea-pig that will die of infecw
tion by S. suipestifer. Other transiers, also positive, are cone
tinued. ‘

From 27 to 30 July: Another zuinea-piz, 4,70, is put in the cage. Then
guinea=pis A.80 replaces it from 2 to & Cciober. iieither one
will becomie infected.

29 July: Tcn crushed Stegomyias arc inoculated in a suinca-pig that does
not becoile infecied.

5 Avgust: Ten live Stegonmyias remain in the case. They :¢re crushed in
1 cc. of physiological water and inoculated in guinca-piz A.83.
This one will not become infected.

- The point to remember from this aperiment is the possivility for
Stegoryias to becoue infected and to transmit the infection by Liting.
IV secms that the infection is less staeoug than the flea infection and
that feuv inscets beeoue infected, because, in this experiiient, we did not
find S. guipegtifer in the erushed Sicjouyiase Ca the othier hand, i ow
nother aiperinment, it was possible to isolate the S. suipestifer strain
in Stegowylas ten days after their last inlectin- Jcediinc.

Eperimental Discnse in CulnenePi s

Guinca~pirs that were inocvlated in tho peritoncuws uwith erughcd’
fleoas incur a short-lasting and alvays wortal infection. Tever appears
fron the 3rd to the 5tk day, the tomperature rises avove &l C., rcuinins
on 2 platoan, and defervesconce, most frequently very avmpt, mnowices
doath dch oceurs from five o ten days afier inocwlation. Tho toipoine
twe curve 13 coiparable to the ono with the transfer aninals (firs. LI,
X, XI). Tho laesions observed in tho autopsy are acute infection, black,
very sollan spleay, stollan, purplish adrenal ;lmds, lenoculiwre aid
splatoculture are aluays positive, but the bacilli on spleci smears are
rolatively fow in number, sonctimes very sparse., The puwlluwlation of
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The muinenedizs bitten by the inlncted fleas react differently.

3

Tnc 1dlness is of the subacute type. Incubation Tor aboul tea days, ape
parent Licudetion, period preceding ine fever, but, well Lefore its ope

ry
pearanee, it 1s possible to isolate . suwingotilor from Ulc organs and
vai from the blood, The fover ecurve, iu c¢zse of death of the animal,
does nov differ from the one described for animals infectcd by inocue
lation of crushcd fleas and the lesions fowad at the autopsy are idoie
iicals  Therefore, therc is no reason for speakinz properir of a clinie
cal fowma, chronic in type, but merely an cxiensicn of imcubation. The
illness breazs ouv later but il is as acutec.  Somctimes the animal rce
covers from ivs infection. ‘e observed a guinea=pig, put in a vat o be
bitiaa for eisht days, that incurred a long pyretic form, nore than ten
days, and that, nevertheless, survived. 3 heart puacture made on the

NS oL,

Tfifus day of the Lever enables us to isolate 3. guipestifer.

e} [/

Finally, there is another form that secus indeced, to be fownd:
the inapparent foru. A real blood infection withoul spymptons and espe=
cially without fever. But the animal that is “afected in this way is in
a state of wnstable physiolobical equilibriwm, and even an unimportont
trawatisn Lrmediately transforas this inapparent infeciion into fevrile,
acute, mortal illness. In one case, for cxauple, we have a guinea-piy
that 15 kept in a vat of hyperlnfecticd fleog for seveateen dayse Its
tanperature 1s token resularly aad is coimletely i ormal and the anineld,
in spile of the ancmizing bites, is in perfect condition. It is tcken
out of the vat, freed of its fleas. Its tewperature is 39.2 C., henrt
pwmcture and hemoculiurz is positive bul very poor. Oaly one tube of
o produced a few colonies of S. suinastifcr, In the evening, the toip-
erature is 40 C, It renains on a plateau bedwen 40 C. and 41 C. for nine
days. The anlimal dies on the tenth day. The spleen has increased litile
in volume. Bacilli are fownd there only with culiure but not with direect
exanination. There is an iihtense pulmonary congestion with pericarditis,

lesions caused by the puncture and point of departure for goneralization

of the infecticn.

In anothor case, a guliiea=pis, taien from the vat wader the swie
cenditions, afier twelve days, withoul havinzg displayed thie slijhest sion
of infection, is bitten by non-infected fleas for the purposc of isolaie-
in~ S. suivesti: by the very sensitive method of xenodiagnosis; the
andinzl 1s kept txgce a day for twenty minutes spread out on its back tith
a tube containing about three hundred fleas applied to its abdominal wall,
Swrily after this ordeal, its tamperature rises and the animal dies fron
the results of a heart puncture. Discrete lesions in the autopsy. lo

- bacllli on direct examination of spleen smears. Blood and spleen oulis L

ures positivs,

. Yirudence of Mo Résreacats |
;o113 suipostifer ingosted by the flcas are not only

'7'185'.




precerved dn the dicestive tube of the inscet bub they mliiply there aad
arce clininated with the fz2ces in zrcet cunntivy. The cwiure of a sanll
nuou.n. of axercmcats yiclds nuwicrous colonles on solid ucciae. Tho pice

rvetlon of the 8. suipestifer in the dry cirerements is determined to
ho.vc 2 coasiderable duration with malitasance of viruleaccs, Al pree
scat, after cnactly one year, ihis prescrvation seams o be mdmmuca,
sinee culiurcs of cxercments still chld a considerable number of quasie
confluent colenies, even with one tuentleth of a milligzran.

SumnrTy

The followdns facts nay be retaincd {rom these firsd studics on
the behavier o*‘ Se samcs‘c:.f in oiting inseeis, and espeeially in a rat
flea, Xenopsylla cheopis

1. A flea %hat bites a cuinea-pi; infected with 3. suipestifer
Deeones infected :.tsclf. Tae iLugested sacilli amuliiply in the dizesiive
tube of the insect, passing into the excranents vhere they can be pre-
served dry for a consideradle iinc.

2. 4n infected flea that bites a healthy pulica-pis may give it
the infoction.

3« The guinea~pigs infcciec by flea biiles coime cow wrdth a fcb-
rile illness, usually rorial. They wny cleo incur an L:fection without
spympions and parvicularly without mar ¢ renction. Thls inlection is
accoupznied by sepiicemia. Sone anivols siricken by wils inapparant
salmonellosis are in an unstable paysiolosical equidiibriwi, ond even a
slight traumatisn moy be sufficient to transform this inapparent infec-
tion into an -acute t,/pe of infection.

It scous possible to draw sone suj;cstiens fron ticse facis:

Ae  Infeetions with S, "clne.wi&cr, i pacticwdar Le; cholers,
nay provably be propacated by ha “.to‘a‘..;“cuo iuSOC WSe ’

B« The very lons preservation in the vimdaut stalo of Se suie
postifor in the excranciis of henatopiin;ous dnseets 1oy probavly consiie
tute an irportant tactor in the. preserv..tio“ md t..e tm.wz;is.»ion of
this saluonellosis. -
L C. The existence of mapparmt and m"ﬂo roroo.. of saliorclloge
_esin hboratov' aninals i3 porhaps not pocuu:-.r to then and meir ead..."a-,-, '

_ once m domostd.c animls md even 1n mx mxst vo. co..sidorod. -

smmm SG!O’I"’ m;u (,‘:;3‘33&31._ i_)
'nu rosults obtai.nod \d.té'x the .aalz*molla of hog c.'alcr.. ..cd z.a uo ‘
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I tho cane henstophocous iuscei, the rat flea Xocaongylln cazopls. ine
.n L BN Ed -~ S ks BN Je Fon  aq o % Hen L. % St Rat PR ISP
precise doteruination of the strain used (svrain dsolatcd Irow hwan

3 ) .

L
blooc uyr Doctor Cousi in Rabai) was niade as bedore by cianining its Lioe
c.enienl charceteristics o culiure mcdia, b* azslutination with vorie
ous sermuis ond vy deternining {he presence of the specific rlucidolipie
éic mtizer (G. Slane and 3. Delaze, loc. cite)e The paratyphoid B
strain, thet is vcz:r li‘c’ue wathogenie for "uinca-pi:;s, Gid not enable
us Yo use the val netiod utilized for studying S. swipes:ifcre We used
the nethod, also deseribed acre, of tic ir .ndz.uorv bacteraiia of the rabe
0iv that nakes iv possible for fleas to become Lifected casily. An cite
peringnt report followvs;

Q1 16 Decerber 1943, a rabbit rec
paratiyvhic B bacilli, 3 m.ll:.o:. gc‘...o jolol
zinal vein of the rizht car. The inoculation is administered at 10 ofw
clock. At 1030, a Borrel tube containing 240 Xenonsylln cheonis is ap-
plicd on the depilated ventral surface of Whe animnl taica 3§ seeured,
as p'*cvioudy, in a dorsal position. The fleas have hatcired recentldy
and have never bitten. Tacy corge themselves greedily. At 1030 [sic],
the tude is raioved. Examination wiih a Linocular marnifier enables us
to vorify that most of the flcas hove bitien. Five ninutes later, at
1035 [sic], culiure of scveral drops of bleod Crawu from the rabbitlts

cives & cc. of a suspeasion ol
1 cwoic ccntimeier, in the nar-
av

*loft ear, and hemoculture of 2 ce. of blood drarm by heari puncture; at

the same tine, ten fleas are crusied in tuenty drops of ‘oouillon. 3oth
heiocultures will be positive, and tie fcir drops of blood 1ill yicld
coniluent colonics on slant azar. Tie psylloculture ill ciso be posi-
Hivo. A loopful of the suspension seeded on 27ar yields 13 colonies i
datified, just like the ones originating in the henoculitures, as being
of a paratyphic B bacillus. 17 Docexber: 7The fleas arc put to bitec on
a frosh pulnea-pig, taw tea are crushed, with the addition of 20 crops
of bouillon, This sccond psylloculture is positive; one loopful of the
suspension ylelds five colonies. ‘

18 }D'ecem‘ber:‘ The {loas are left tastk.:.
19, 20 ar.d ZL Decorber:

‘mq 'bite the f'us.nea-pi.ﬂ;.

uDecmbcr Mpqmmm mdeasbctorowithtmﬁust Qxe
mmmm»m@sormawpmca. B

mu tnunc L e -

'.”_’23. m md zs Docmbor: mung the ::\ﬂnea-pic

| 25 Docuabﬁrz rovrth pqﬂc«ulture. pxbdm.ing ao oohniea per loopm.
.28 Docenbu': mu :uung




27, 20 oad 29 Deeauser:  Bitii: the _ulnca=nis.

- -

29 Deecrzor:  Filth psyllocwliwre, . Aelding oze single colo Ay per loope

30 Deeciber: Fleas fastinz.
31 Decaiber, 1 and 2 Jonuary: 3iling the guineca=piz.

2 Janvary: Sinth ps “lloct.lturo progucing aix colonices per loopful. Qre

hesmoculiure 02 tae puinea=pis Uaat has teon bitien since 17 Deo=
comber is acgative.

3 Jenvary: Fleas fasting.

L January: One millicram of cierencat Irerm tic 13245 is Saken fron the
Sorrel tuve 2 md diluted in onc cc. of woulllon, . & scedins is node
in an tube of zr-ar wiis one loonlul of thu 4liuvtion, The cultwre
yiclds a great nwiber ol colonics of parsiypiic 5 Lacillus,

L, 5 ond 6 Jenuary: 3iting on a fresh suinea-nis.  Sevesil psylioculi-
ure, Also posiuve. sul ..h.’..... e e z...:e secdce with one loop-
ful of the dilution produces a ;rcal nwider of colonies.

7 Januaxry: Fleas fasting.

8, 9 oand 10 Janwarys 3Siting the guinca=pig.

10 Jenvary: Bighth psylloculiure, ,;:..l S very many colonies, like the
pmcm on.c.

1 Janvary; Fleas fasting.
112, 15 and W& Jonwary: Biting tne guisea-pise

103 Jmuar;r Ninth ps:fnbcultm. yiolcing, like the two prccddin: ones, :
e ~reat mmber of aolor.ios. ' -

15 met Fleas fasts.ng - :
; 16 a7, 19 md 19 Jm\uryg Biting t&o "umoa -Pi..o : | .-
29 Jmuarys Twth mmmm sun vw ,m i
\'zOmez nacmu.a

| ~*z1 to 27 Jannary: S.tung the ’**dnca-pi‘,. mte.m‘m .s:: eaa da,r or r:.s:....;“

Lar
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27 Jmavery: Zeovanll pspiloculture, producing oaly a Ieow colonics.

-~ e San -

- = o
Lt ; " "

v 'Jx-xu-\..'-u: ‘.‘lCc.S _c..sto__-u-
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29, 20 od 21 Sauwery: Zitino the guinea—nig.

51 Jmauvery:  Twelfin p""».‘.oc*u.'cz.uc, 45 POOYT as the preccding one; tucre
are only a fou colonics, stiil of paratypric 3.

’)

Sta 1::, ¥ith 51 ua.“.li"lj the Jorir-scvcath ua,y of tm, eperinat
fowr rore psylloculiures, 2il nesative, are nade, the last one with .».or.._;
fleas Solll al:w\. (there are £fifiy dead leas), made on 16 February.

The i‘ol_o\nn ; facts can be retoincd for the present from these .
first studies on the behavior of 3. schohimilerd (pqrat:,rpnzc 3 bacile.
lus) on the rat flea_Xenovsylla gheonis:

1, A flea that bites a animal (rabsit) in a state of intense
- bactereuia becomes infected.
-7 2. The infected flea w2y be nost to bacilli for at least foriy-

seven da"s. &

-"13.; "'Le sacnll:. ingested bJ the fiea u.u.‘.ulpl;,' in its digestive
'E.uoe ._1,4 Dasg ou\. :u' t‘xe excrements,

L "‘;Ouhcr Tacts Teq :m: ﬂdd:l:tlo.wl research Tor their interpretation.

S T Dveryihing: seanis uO %ake place a5-1l, at a siven moment (psylloculiwres.

L0, 8,9 agrlo), Yhere was an intense muliiplication of the bacilii

o ¢+ followed by a cedsation-nd DJ tae dlwpnearancc of tae sexnas. - The Obw

T U . Jee ..J.on\to this 4g thau, as the experiment progressed, there is-a de-

o +  erease in the nimber of fleas and that il they have not all been infece
© ted ‘e nuber-of fleas carryiag gerus is ,uecreas:.n A conclusion cma
_ba dram 0"11,] be repeatmg the mmmrmcms. : :

PR S - The guinea~pigs ‘bition by inc i‘leas vere not infected and the-
I be.‘ocal e rena:.ncd negative. Ko interprciation can be given to this
A selthers: The paratyphic B pacillus 1.1 300 little virulent to infect the

* 'fumea,-pl . even though it could poss 101" be transmitted by biting. Ve
. & haverdanonstrated: elscwhere 4N connection with the pyocyanic oac:.llu.;, :
Ceose T - that althou‘,,h the flea b“i’ce may never be infectlous it was possible to

LA . £ind ¥he germ in the skin of the bitten {,umea-pig. perhaps the sane is
R ..n.e of the para Jphic B ‘oacillus. ‘
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SO LTI
L ' 1
Tie resdlis oLlnined AL Tio ooceias of S-dionalis, o;‘.e of e : 3
| oviioeiis of anlial inmfection, the ol one axcausively of hunan infcc-
Tion, oopear o Le co..:lcue-' coInal "‘.4;.&. il they are copored Ath Whe
foels oa.,e:'vea o7 Parier i a Se 22is, we are led o oxima 1o
wic crdire group off Salwon “'!,. (parat’.: =i a) the charactcristic of be-
. Iz able Yo develon in The dijastive il of zcaualoviasous arthropods, :
0 nass out in tic exerencnis and o Be preserved Taerc for a considcre
asle period of tise. vs wiid

These facts wiil perhiaps cnadle us to consiGor 2 - -
active role for hemetophagous insects in t:..e trans s.,:.on and preserva- 1
tion of bacilli of the geaus Szlionclla,

ad
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2:D: COBAYE = guinea-pig; 'J = day of the experiment; “ORT = deadi
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Pscucotubereulosis by Inoculation of Crushed Fleas

CODAYE 28.27  |COSAVE 8540
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Solzonellosis Due to S. pestiler ‘p‘g Imc, cted Flea
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