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We owe our knowledge of the causative agent of rat-bite fever largely to the
researches of the Japanese workers, Futaki’ and Ishiwara, and their associates.
Futaki in 1915, reported finding a spirochete in preparations from the bitten
area and the lymph glands of persons having rat-bite fever. Ishiwara and Ohta-
wara.during the same year, conducted histological studies on guinea pigs which
had been experimentally infected with rat-bite fever, and found a similar spiro-
chete. In 1916, numerous other authors in Japan took up the problem which
centered particularly in the variety of types of spirochetes found in the disease
in man and the experimental animals. Two main groups—long and short spiro-
chetes—were distinguished. In May, 1916, Futaki announced on the strength of
cultural studies made by him and his associates, that the two types are in all
probability identical, and a little later he definitely advanced the belief that the
organism is the causative agent of rat-bite fever. His work was confirmed by
Kaneko and Okuda,* who reported on the pathological anatomy of the disease.

The short spirochete found by Futaki, and Kaneko and Okuda, coincides with
respect to form and movement with that observed by Ishiwara and his associates
in experimentally infected guinea pigs. These spirochetes have been identified
in guinea pigs, white rats, and mice, following the intraperitoneal injection of
patients’ blood and emulsion of lymph gland. In the guinea pig, fever resulted.
In no instance were these spirochetes found in healthy guinea pigs, white rats,
or mice. They were also absent from the blood and tissues of infected animals
receiving salvarsan treatment.

On the basis of the facts above cited we may say that in all prob-
ability the spirochete which has been described is the causative agent
of rat-bite fever. The premises are, however, not complete, for we

* Published in Tokyo Iji-Shuho, September, 1916, No. 1990.
1 Kaneko, R., and Okuda, K., A contribution to the etiology and pathology
of rat-bite fever, J. Exp. Med., 1917, xxvi, 363.
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lack one significant proof in order to make the assertion conclusive.
It is necessary to demonstrate in the serum of patients having rat-
bite fever an immunity principle which is specific for the spirochetes
of that disease. Up to the present time such confirmation has been
lacking.

In the postmortem examination made in our clinic of a patient
having rat-bite fever, the spirochetes were found located mainly in
the kidneys, and not in other tissues. A similar localization of spi-
rochetes in the kidneys is true in the convalescent stage of spirochz-
tosis icteroh@morrhagica, and as that phenomenon, together with the
disappearance of symptoms in Weil’s disease, has been explained on
the ground of the formation of antibodies in the blood, we may as-
sume that a similar condition exists in rat-bite fever; .., antibodies
are present in the blood of those who recover from the disease. In
order to prove this point, we obtained blood serum from three pa-
tients recovering from rat-bite fever, and conducted the experiments
cited below.

The spirochetes employed by us came from guinea pigs, the ani-
mals having been infected through the bite of the rat, Mus decumanus.
Ishiwara has affirmed that these organisms are morphologically
identical with those studied by him and obtained from experimen-
tally infected animals. We wused no spirochetes taken directly
from human beings.

Histories of Patients from Whom Blood Was Qbtained for Animal
Experiments.

Case 1.—Male, age 17, farmer. In Aug., 1915, the patient was bitten in the
tip of the right little finger by a house rat. After 2 weeks, the bitten area be-
came swollen and red, followed by swelling of right neck and axillary glands, and
typical fever. Admitted to First Surgical Clinic of the University. Diagnosis,
rat-bite fever. Discharged, cured, after 59 days. Blood taken on July 27,
1916.

Case 2.—Male, age 40, farmer. The patient was bitten in the upper arm
by a rat, in Feb., 1916. After 20 days, the patient developed high fever, chills,
swelling and sensitiveness of right axillary glands; typical exanthematous spots.
Admitted to First Surgical Clinic. Treated with salvarsan. Blood taken on
Aug. 4, 1916.
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Case 3.—Female, age 35, wife of merchant. In May, 1916, the patient was
bitten on the right upper eyelid, by a house rat. After 3 weeks, swelling and
redness of bitten area; eye closed. High fever, swelling of neck glands, and
exanthematous spots. Admitted to the Dermatological Clinic. Diagnosis, rat-
bite fever. Blood taken on Aug. 7, 1916.

Dark-Field Preparations.

We examined by dark-field illumination a mixture of one,loopful of
guinea pig blood containing one to two spirochetes to an optical
field and one loopful of serum from recovered cases of rat-bite fever.
Control experiments were made with serum obtained from recovered
cases of Weil’s disease or beri-beri, and isotonic salt solution.

In the control experiments we found relatively numerous spiro-
chetes, but we were unable to identify any actively moving organisms
in the experiments made with the spirochetes and serum of rat-bite
fever, although motionless or very inactive specimens were present.
Here the spirochetes had been almost totally destroyed. We found
only one or two specimens in a preparation.

Experiments were then undertaken to ascertain the efficacy of
diluted serum. For this purpose we employed serum in isotonic salt
solution, diluted two-, four-, and eightfold, and made tests similar
to those which have been described. Twice diluted serum still
showed the spirocheticidal and spirochetolytic properties, but with
serum in a dilution of four, no such effects were observed.

It is evident from these experiments that the serum of patients
convalescing from rat-bite fever contains a specific immunity prin-
ciple against the spirochetes of that disease, although the immune
body is relatively weak.

Pfeiffer’s Phenomenon.

Pfeiffer’s tests were made with the rat-bite fever serum and the
blood of guinea pigs containing the spirochetes. In view of the fact
that the immune bodies which develop in the blood in rat-bite fever
are relatively weak, as demonstrated by the experiments described
above, we employed in these tests two parts of serum to one part of
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blood, in order to obtain conclusive results. The quantities used
were 2 cc. of serum and 1 cc. of heart blood taken from an experi-
mentally infected guinea pig. This mixture was injected into the
peritoneal cavity of another guinea pig. After 30 minutes and again
after 2 hours peritoneal fluid was drawn by puncture, and a search
for spirochetes was made by dark-field illumination.

The experimental animals were also kept under observation, in
order to throw further light on our results, and two series of control
experiments were carried out. In the one case, we made Pfeiffer’s
tests with the serum of beri-beri or spirochetosis icteroh@morrhagica;
in the other, we injected 1 cc. of the infected guinea pig blood but
no serum. The results are shown in Tables I, 1I, and III.

It will be seen that no spirochetes were found in the peritoneal
fluid taken 30 minutes or 2 hours after injection in Pfeiffer’s tests
made with the immune serum of rat-bite fever and the blood of
guinea pigs containing the rat-bite fever spirochetes. On the other
hand, the peritoneal fluid contained numerous, briskly moving spiro-
chetes in the control experiments made with beri-beri or spiroche-
tosis icterohemorrhagica serum, as well as in the experiments where
only 1 cc. of guinea pig blood, and no serum, was injected. It is
clear that the serum of persons recovering from rat-bite fever has a
specific spirochetolytic and spirocheticidal effect upon the organisms
in question.

The blood of the experimental animals kept under observation was
examined by dark-field illumination; in the case of the animals in-
jected from Case 1 on the 12th, 20th, and 29th day after injection;
of animals receiving blood from Case 2, on the 7th, 15th, and 24th
day; and animals infected from Case 3, on the 5th, 13th, and
22nd day. The results in these experiments were similar to those of
Pfeiffer’s phenomenon tests. In the case of the guinea pig showing
positive spirochetolysis, no spirochetes could be detected in the
peripheral blood, while in the control animals numerous organisms
were found 5 days after injection, thus proving the efficacy of the
serum in protecting the guinea pig against rat-bite fever infection.



381

Y. IDO, H. ITO, H. WANI, AND K. OKUDA

‘uorstoururg y1o &1

-uorsoururt 10 &L (qo ‘¢ *00 23197 ‘peyY [eondo 4

*{qo ‘¢ 00 z31077 ‘spay [eondo ¢y ‘uonyeredaid sse8-19A0)) ,

*poo[q U1 punoy 231>

-ondg  ‘woyureIp ‘Aep WY U0 PAMA | 5 99 5 T | 59 » o | » ” ” 6
“eaqAIep ‘Aep W WO PIAA | 5 5 » TF| 5 5 » £L » » » » » »” 8
w o o VEn »n »n T |n » » €T PPRTIRNTRR /At § INPTRRE VR YR o / ” ” ”» » » ” L
» qout *(SPRY
}'p1ey ‘uatroads ‘usmoads ‘uaurroads -1oads omy ur ajeyoords )
Juour9g-¢ | duourg-z | auo Ur9-g uo ur | suour | | A 91/7¢  ‘pooiq ‘90 T WIS M3Q-L1q " g Y | 9
*syuomLIadxa [01310))
” ” » o ” » » o » »” » O bl » » o ” » » o » » »” » ” » W
“(SPIRY
om} ur a)eyoonds T)
”» » » o 1 2 » O ” ” ” c » 3 » o » 2 b4 c > o,ﬂ\om MH »@OOMQ ‘22 .H »” »» ” ¢
” » » o » o » o » N » o N N » o ” » » o » » » » ”» 2 M;
» » » O »” » ?” o » » b o »” » »” o 2” ” ” o » »” » » ” » N
‘uon} ‘uon ‘uon ‘uor} ‘uon *(p1ey
-eredaad -eredord -eredaxd ~eredord -eredard auo ur 9jeydoxds T) ‘paray
auo ul Juo ur ( auo ui Juo u suout ) [ A 91/2z ¥ ‘poolq 0 T | ‘wniss 9j1q-jeI D 7 H | 1
. . . . . Lypuend) poo *£yppue
£%p q167 £ep 302 Aep mzt S 7YY | TWOSIONY | guggeruing mm%ﬁqmaﬁuc oN emma0s »a_g_._wuww R
‘oN Sid
aowﬂms.a

*pooyq uf punoy

sajadoxdg  -s31d waum3 jo asinod 1ylIng

‘ping 1eeuoiirad ur $939ydoxdg

*£31Aed [eauoyirad ojur suoroA UL

‘T 2sD)

‘I d14dVL



IMMUNITY PRINCIPLES IN RAT-BITE FEVER

382

. )
uorsrowut o 4L -[qo ‘¢

‘uorsrowuil flo &L +fqo ‘¢ -00 Zjo] ‘prey [eondQ |
*00 Z)1o] ‘sprey [eondo ¢y ‘uorieredaid ssejd-10A00) 4

PRY ‘PRY 91
Juo ur ¢ QUOULZ-Ty 5 9 THwm » » ¥ » o on o 98 »” ” »
'SP[Y 0M]  ['SP[oy 0M) uswpoads
OH uo Qm ﬁ OU auo .ﬂm .ﬂ uo .nmm N-.H ” 3 »” W|¢ » 2" »” * » » 2 »” »” » WM
*SUaUX
-1ads
PIRY Ja17}
»» ” » m|¢ Juo .ﬂm ﬁ OH OBU Hnm ﬂ ” » » TN ” 3 3 N'ﬂ 1 » » » » » «ﬂ
L'sppy » U "(PIPY uf 39y
PIPY 1moj 0} ‘uauapads ‘uaundads -1ads -ords 1 uey) oxowr)
duo ur g Iy ur] | SUOUEZ-] | 9UO Ul F-¢ uoury | A 9I/F€ H ‘PoO[q O T WINIAS 119Q-113q 27 Y | ¢1
‘syupwaLradxa [oxjuo))
2 »n ¥ O »” »” ” o ” ” b2 O »” »n I O ” » » o » ” »” ” »” » Nﬂ
»” » ” o ” » ” o »” ” » O » 3 2 o » »” » o » » »” ” » ” ﬁﬂ
uon uon **uon ‘uon ‘uon *(PPRY ur 93940
-eredaxd -eredard -eredaxd -eredaxd -eredaxd -onds 1 uey) azowr) PRIy
quo ul o auo Ui ( Quo Ul o Quo uy suour g | A 91/1¢ ¥ ‘Pooiq "20 [ | ‘wnids q-3er 0 7 H | O
. . . . . *Arjuen ‘Poo] *A3ue
£2p uIwy £ep wist £ep iy SUZIRUY | WO NV | gugerann S s o oN N ?wﬁ_:wm —
‘oN 3id
“poo[q ul punoj weung
sojoyoondg  “sdid euind Jo 9SIN0D 1PYWNY ‘pIng [eouotad up sagaydondg "Ayaed [esuoirad ojur suordR(u]

¢ 50D

‘II ATV



383

Y. IDO, H. ITO, H. WANI, AND K. OKUDA

“uosrouny 10 4t *[qo ‘¢ -00 23197 ‘PpRY Teondo |
‘uorstowurt 1o &L +(qo ‘¢ 0o z31] ‘sppY reonido (f ‘wonyeredard sse[d-10A0])

‘PI3Y -uaturoads *(p1ey duo uy Z-)
9uo ut g~1 auo ur 8~/ » o » » » o» o » 9 » o o» S A O.H\QN k! gvooﬁn T XA
.VOWQ » » » » »n n N« ”» » » wlN » ” » ” 2” »” NN
PIRY
”»»n » ﬂ'N 3uo ._.k.m M,N »” » » ” » W » o h ” » » ”» ” » ﬁN
*SUIW
-ads i =leid "Iy ‘wnx
1Py uowads Q2173 ‘usmoads -ads *(pI9y duo ux 7) -9s BOI3RLIOUIRY012]01
AUoOUI H~¢ | duoUW Q-G | o) omIUI] suourg | suwou9-¢ | A 91/0¢ A ‘poolq 0 [ | ssozeyoonds 20 7z H | 0
‘syuoumLIadxa [oryuc)
” » o ” N » O ” . » o ” »n » O ” » » o » » » » »” » Qﬂ
» ” ”» o 2 1 ” o » ”» » o » » o » ” » c » ”» » ” » » W.H
‘uon uon} ‘uon ‘uon ‘uony
-eredord -eredaxd -eredoaxd ~eredaxd -eredoxd *(PIPY U0 Ui Z-T) *paIay
Juo ut o auo ut auo ut o Juo u1 @ swour ) [ A 91/62 ¥ ‘Pooiq 92 1 | ‘wnias 331q-3eI ‘0 7 D | 4]
L £ . . . ‘Apyaendy -pooiq £muend
P puzz P WIET 4ep g g 2 29V utar of 19y Buystuang 81d wdaurnd jo "oN ‘mneas Surgsruang sjusnyed
w3

*poo[q Ut punoy

sojoydoardg  ‘s3id eauIng jo 950D PYINF

‘pinp revuojtrad ur sajeyd01dg

*K31a%d Jeouojurad ojur suofjodfuy

£ 25D)

‘TII J1dVvL



384 IMMUNITY PRINCIPLES IN RAT-BITE FEVER

The Action of Rat-Bite Fever Serum on the Spirochetes Circulating
in the Blood.

We injected 1 to 3 cc. of serum from the three cases of rat-bite
fever intraperitoneally, intravenously, or subcutaneously into guinea
pigs. The results were wholly negative, as the spirochetes in the
circulating blood were not affected. We believe, however, that the
negative character of the experiments is due to the small quantity of
serum employed, and that in order to obtain a decisive result it is
necessary to use for injection into the experimental animals serum in
quantities corresponding to the total amount of blood employed.

As the guinea pig requires a large amount of serum on account of
its size, we used mice in our further experiments. The maximum
body weight of a mouse is 10 gm., and hence the amount of serum
needed is not large; we found that 1 cc. of serum is effective in the
mouse. This quantity of the immune serum of rat-bite fever was
injected intraperitoneally into two mice, and intravenously into
another. In the mouse receiving the intravenous injection, we were
unable to find, 30 minutes after inoculation, any spirochetes in the
blood by dark-field illumination, while numerous organisms had been
detected prior to the injection. In the other mice, those which had
received intraperitoneal injections, the number of spirochetes 30
minutes after inoculation was greatly decreased, only one or two
specimens being found in a preparation after diligent search. It
must be added, however, that in the latter case an increase in the
number of spirochetes in the blood took place 1 or 2 days later. In
the intravenously injected mouse, a small number of spirochetes could
be detected in the blood on the 3rd day following the injection.

SUMMARY.

Summarizing the results that have been cited, we have proved
that the blood serum of convalescents from rat-bite fever contains
antibodies which are specific against the causative agent of that
disease. The serum of rat-bite fever was capable of destroying the
spirochetes not only in the hanging drop preparations, but also in
the peritoneal cavity of guinea pigs. The guinea pigs employed for
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Pleiffer’s test always remained well. In the experimentally infected
mice receiving intravenously or intraperitoneally serum equalling in
quantity the amount of infected blood, the numbers of spirochetes
were greatly decreased or they disappeared for a definite period. It
is not yet clear how long after recovery from rat-bite fever the anti-
bodies are effective in the blood of human beings, and further inves-
tigations are needed to elucidate this point. In our experiments we
found that serum taken from Case 1 showed definite spirochetolytic
and spirocheticidal properties 11 months -after the onset of the dis-
ease. In Case 2, the period was 6 months, and in Case 3, 3 months
following the onset of rat-bite fever.

CONCLUSIONS.

1. The serum of persons who have recovered from rat-bite fever
contains an immune body which destroys the spirochetes of that
disease.

2. The experiments here cited confirm the findings of Futaki and
his associates, with respect to the spirochete which is identical with,
the organism discovered by Ishiwara and Ohtawara and advanced as
the causative ggent of rat-bite fever. The etiology of rat-bite fever
has, therefore, been definitely established.

3. The immune body present in blood serum during the convales-
cent stage of rat-bite fever is not equal in efficacy to that contained
in the serum of spirochetosis icterohzmorrhagica.

We take pleasure in expressing our appreciation of the direction
and support which Dr. Ryokichi Inada has given to our work.



