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I. INTRODUCTION

In the study of infectious ulseases, & knowledge of
thie pathogcenesis of tnhe infection is of utmost ingporteance.
Observations on the pathogenicity and virulence of the etio-
logical agent contribute to a betier understanaing of patho=-
zenesls and tlhie nost-parasite relationshnip.

There is a lack of agreement amcen, microbiologists on
definite meanings for tne terms "patnogenicity" and "virulence".
Frequently tne two terms are used as synonyms. This indicates
the necessity for prefacing a study of these properties by as-
Signing the definitions to be used tiroughout this thesis. A
useful distinction between the two terms has been made recently
by Miles (40). He sug.ests that "virulence" be used to refer
to the observed infective cepaclty of tne pathogen studizsa,
when applied to the tissues of the host. The frequency with
which virulent strains are found in a group of organisms
deterimines whether the term patliozenic is applied to that
Eroup, M"Pathogenicity" is therefore, no more tnan the dis-
POSi tion to virulence of a class of parasitic microbes.

For a definition of "virulence", Dubos (21) nas pre=-
Sénteq the following: M"Virulence 1s not a permanent intrinsic
pP°F>€Ebty of a given species. It expresses only the ablility

of . . : . .
8 iven strain of the infective agent, in a certain growth
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phase, to produce a pathologlcal state in a particular host,
when introduced into that host under well defined conditions."

The importance of Leptospira pomona as a zoocnotic

ar;ent has been well establisned (14, 17). The epideniological,
eplzootiological and clinlical aspects of this leptospirosis
have been described in detail. (66, 47, 52). However, informa-
tion regarding the microblic factors which determine the viru-
lence of this serotype is limited. A knowledge of these fac-
tors would aid In a more complete understanaing of tne patno=-
gene sis of leptospirosis.

his study was undertaken to determine the virulence

of two strains of Leptospira pomona for hamsters and guinea

Plgs, and to ascertain the changes in virulence of the
organisms by passage through artificial fluid media. During
the course of these studles, attempts were made to demonstrate
in Vivo adhesion of leptospirae to erythrocytes. Observations
on the relationship between the in vitro production of a

hemOlysin and the virulence of Leptospira pomona were also

made o



II. LITERATURE REVILW

In 1936, Clayton, Derrick and Cilento (17) isolated
a strain of leptosplira from a farmer in Queensland, Australia
which proved to aiffer serologically from known existing

specles. This species was desiznated "Leptospirsa pomona" by

Derrick (20).
Morphology

Since morphological alstinctions cannot be made between
the wvarious species of leptosplrae (66), the description by

Noguchi (,9) of Leptospira icterohaemorrhagiae is applicable

to L. pomona. He described the "spirochete" as being 7 to 40
microns in length with a diameter of about 0.25 microns.
Spirals occurred at approximately 0.5 micron intervals. The
terminal portions of tine spirochete were uescribed as pointed
With one or both ends bent. Noguchl observed that reproduction
took place by transverse division, He could not recognize
flagella, axial fillaments, or membranes. The organism was re-
sistant to 10 percent saponin but dissolved readily in 10
Pércent bile salts.

More recent investisations with the electron microscope
have elucidated previously undetectable structures. Iliorton

8Nd  Anderson (48) were unable to observe any internal structure



in L. icterohaemorrhagise. However, Babudieri (2) concluaed

from his studies that leptospirae consist of & cylinaer of
homos;eneous protoplasm, enveloped by a very tnin anistlc
membrane, wrapped arouna & rigzld central filament, the axistyle.

In o0ld cultures he founa tnin filaments, which he
interpreted to be axistyles and resicual masses waich were
freed by the destruction of the menbrane and protoplasm. The
axistyle was not affected by the papain, pepsin, or by
free zing.

Bessemans and coworkers (6) investi_ated the granules
wniich are found in old cultures, or in cultures subjected to
temp e rature extremes, imwmune sera, or bile salts. By means
of a pneumatic micromanipulator, single granules were isolated
which could glve rise to normal leptospirze. The resistance
°of these forms to noxious agents and heat was found to be no
Erea ter than that of leptospirae. Czekalowski (139) considers
these granuler forms to be phasecs in tne life cycle of lepto-
SPLrae, Other workers (2, 66) consider them to be merely de-
génerxrgtive products.

Webster and Reynolds (6G) were unanle to find any dif-
fel"f-’n:lce in the virulence for guinea pigs of long and short
forms or L. pomona.

Cox and Larson (1lU) have recently reported on tne
c0lonjial morphology of leptospirae. They described two types

of 1eptospiral colonies. The first type is smaller in diameter



and more opaque than the second which is larger in diameter
and translucent. Some strains were observed to produce
colonies which developed irreguler margins resembling the

roug n variant colonies of bacterisa,

Virulence of Leptospirae

Many workers (66, 62, 23, 39, 15) have reported on the
reduction in virulence of leptospirae due to cultivation in
artificial media. Langworthy and Moore (39) transferred L.

Acterohaemorrnagise at one tc two weex intervals in semi-solid

Medium. A perceptible decrease in virulence for gulnea pigs
Was noted after two months, with a marked decrease in four to

S1x months. Chang (15) found that L. icterohaemorrhagiae lost

its virulence for gulnea pigs after three to four transfers in
Semi-s0lid and fluid media over a period of 150 to 200 days.
Faine (24) reported a 50 per cent lethal dose of 10 leptospirae

Tor a culture of L. icterohaemorrhagiae which had been trans-

Terred 9 times in fluid media since its isolation from a puinea
Plg. Fifty percent lethal dose values of L x 10S cells for an
9

e1ighteenth culture passage and ;reater than 10’ cells were ob=-
Served for a strain which had been maintailned 2 1/2 years in

Culture. L. pomons was described by Webster and Reynolds (69)
88 1losing its virulence for calves and guinea pizs after 3 to

L months in semi-solid medium. Alexander et al. (1) reported

that g strain of L. pomona lost its lethality for hamsters



&fter one year's passage in fluid mediwn. Rheinhard and
Hadlow (52) found that L. pomona which had been maintained
for three years in artificial medium, or wiaich had undergone

100 serial passages in embryonating eggs was relatively
avirulent for cattle,

Severel procedures have peen proposed for the main-
tenance of virulence of leptospirae in vitro. Stavitsky (61)

found the virulence of L. icterohaemorrhagziae to ve maintained

for 100 days by freezing liver blocks from infected juinea
pizs at -20 C. Ii'reezing of cultures and 10 percent liver
suspensions were unsuccessful in preserving virulence. Lyo-
phili zation of any of these materisls did not meintain viru-
lence. Chang (15) reported that tne virulence of leptospirae
could be maintained for 288 days wihen the organisms were grown
iIn fresh liver enriched semi-solid mecium. Bauer (2) observed

that a culture of L. icterohaemorrnapiae was still virulent Ilor

gulnea pigs after one year in semi-solid medium witiout transfer.
An Iincrease in virulence of leptospirae may be at-

taineg by passage throuzh susceptible animals. In 1917

Stoke g, Ryle, and Tytler (64) reportea that tae virulence of

L. dc terohaemorrnhagise was increased by gulinea plg passage.

When &uinea pilgs were inoculated with blood from infected
hum&ns the average survlival time of the enimals was 10 dejs.

Alter 1, passages tarough guinea pilgs the average survival time

Ya&s U .8 days.



Noguchi (50) found that one passa e of L. ictero-

haemorrhagiae through gulinea plis decreased survival time of
-7 o p -

the animals from 9-12 to b-0 dajs.

Hamdy and Ferguson reported (30) tnat tne virulence
of L. pomona for namsters was increased by serial passage.
After sixteen passages, deatn occurred four days after inocu-
lation. At the twentieti passage ceath occurrea on tne tnird
daye.

Van Thiel (6£) reported tnat after eleven successive
Inoculations ot L. pomona into guinea pizs, deata occurred
in 2 out of 2”7 animals,

Other workers nave reported that attempts to increase
virulence by animal passare were unsuccessful. Bernkopf et al.
(5) passed a "bovine strain®™ of leptospirae tnroupan six pas-
sages in calves with little virulence increase. Borg-Petersen
(9) Could not detect an increase in tne virulence of Lepto-
3pira bovis when passea tarough guinea pigs and mice.

Stavitsky (6u) examlned extracts frou cultures of

L. &erohaemorrhagiae for the presence of substances associ-

ated witn virulence. He was unuble to demonstrate hyaluronidasse,
fib"':‘inolysin, leukocidin, or coagulase., ifowever, Vollana and
Brede (67) allowed filtrates from cultures of various patho-
ténic species of leptospirae to anct on the synovial fluia of

"M ox_ A decrease in the viscosity of this tluid, waich is

rich in hyaluronic acid, was noted., They interpretea their



findings as indlcating the presence of hyaluronidase in the
culture riltrates.

The presence of & leptospiral toxin had been suggested
as early as 1917 when Inacda (33) proposed that toxins arise
from the disintegration of the spirocnetes within the orgeanse.
Vann  Thiel (66) nas cescribed tne clihical picture of lepto-
spirosis as one of "general intoxication". Fferguson ané co-
workers (25) have proposed that the cause of fetal death and
sbortion in bovine leptospirosis is a hemclytic toxin.

Stavitsky (60) has describeda the findirgs of Japanese
workers, in which toxic substances for gulnea pi;s were found
in cultures of leptosplrae kept uncer aiuerobic conditions at
37T C. for 2 to 3 days. However, Stavitsky (60) was unable to
demonstrate tais toxin.

In 1956 Alexander et al. (1) observed the presence of
a hemolysin in cultures of some specles of pathogenic lepto-
Spir'ae. Thie hemolysin was aescribeu as veing soluble, non-
Clelysable, thermolabile and oxygen-stable. No antigenicity
°of the hemolysin could be aemonstrated. Hemolytic activity
W8s observed with sheep, cow, and goat erythrocytes.

This work was followed by the report of RHussell (56) on
the presence of a hemolytic agent in cultures of L. pomona.
Characteristics similar to those previously described (1) were
ettributed to this hemolysin., The hemolysin was most active

for Sheep erythrocytes. Human and rabbit erythrocytes were



affected to some extent, wnile erythrocytes from guinea cigs
showe d 1little activitiy,.
Chang (15) nus sugcested that tie viralence of lepto-
spirae 1s closely assoclated with tiie ability to attack fresh
liver substences. 1ile cemonstrated that avirulent strains,
isolated from guinea pgizs, ard grown in fresh: liver enriched e
semi—-so0lid medium regained some of trneir virulence for guines '
pigs .
Stavitsky (€2) has sugzested that the surfece potential
of leptospirae may be associated with tneir virulence. liow=-
ever, there is no &zreement on tne sign of the surlface charge
of these spirochetes. Kligler and Aschner (36) found from

electrophoretic studies that L. lcterchaemorrhagiae was posie-

tively charged at the piH of blood. However, srown aind broom
(11), in a study of thc sdhesion of colloius to leptospirse

in the presence of lmuune serum, found leptospirae to be nega-
tively charged.

Stearns and Roepke (63) have demonstratec that dissoci-
atlon forms of Lrucella have different electrophoretic mobili-
tles .

The in vitro achesicn of leptospirae ana other spiro-
chetes to blood particulates and otner onzcteria hes been ab-
Sérveq. (11, 10, 12, 38). This adhesion takes place in the
Presence of immne serum and complement (68). Lamanna (37)
hes Tecently reviewed serologicel adhesicn and discussed its

°lological significance.
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Studies of genetic variation of leptospirae and its
relation to virulence are limited. Schilossberger (57) reportec
in 1950, the demonstretion of induced muteticn of L. ictero=-

haemorrhagiae. Using metheds similar to those of Griffith (2C)

with pneunccoccel, Schlossberger cbserved that when & neat-
killed virulent strain and an avirulent strain of L. lctero-

heemorrhagiae where incubated togetlier for 3 ways and then

inoculated intoc a guinea pi:,, taet the animal died and thne
virulent strain was isclatea. However, atteripts by tnis werker
to deinonstrate this piencmenon using otier comvinstions of viru-
lent and avirulent strains were unsuccessiul.

Faine (24) found that one pussege of & strain of L.

icter ohaemorrhagiae of reduced virulence through guinea pigs,
restored the strsin to its original virulence. ile postulated
that passage of leptosy ireae throu;h susceptible animals results

In tlie selective multiplicaetion of virulent mutents.

Pathogenicity of L. pomona

Naturally occurring infections proauced by L. pomona
lave been reported in man (14), cattle (3), swine (27, 8),
horse g (55), sheep (31, 53), and cogs (66).

The plpg appears to be tihe principal cr usual aost of
L.

BOrmona (71). However, the clinical signs of the disease

in SWine are minimal, with the exception cof aborticn and death

°T newporn pigs (7).



11

The disease in cattle is cha:acterizeg by aborticns,
decreased milk production, lhemoglobinuria, anorexia and gencral
depression (42, 43).

- L. pomona infections in sieep result in fever, Iinap=-
petance, and hemoglobinuria (L5, 50). |

Fever, tempcrary blinaness, meningitis, ana achiiy
and swelling of the joints (66) are frequently reportec for
human L. poriona infecticns.

Hoag et al. (32) described experimental L. pomona in-
fections in 2-day old chicks. Clinical symptons were lacking.
Leptospirenia cf abcut § days dauration was cbservea. Antiboay
production was wéak in these animals,

Gleiser and coworkers (26) reported that tre inoculation
of 17 ~day cld chicken embryos with L. pomona procuced death in
2-5 Cays after hatching.

Ringen ané Okazaki (53) reported that guinea pigs,
ha"lsters, and white micec were rezcily susceptible; whereas
joung  chicks were relatively resistant. The infection in
hemsteprg 1g usually lethsl (1); however, the virulence of L.

Romona rfor gulnea pigs is low (66, 70).
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III. MNMATERIALS ALD MeTHODS

The Zifect cf licciun ragsare on the
Virulence of L. pcuong
Two strains of L. pcirona were enployed in tihiis stucy.

L. pomona (strain Wicksard) was isolatec (43) frou tae urine
- of an infected dairy cow wnd .ae been maintained in young

guinea pigs for three years. Tlls stral- prcuuced ¢ febrile

response in guinesa plirs. It wes noet lothsl fer hamsters.

Since 1its iscletlion, it nec been usca For exderimental infec-

tions and was kncwn to be pethooenic Ifor cattle (L4/), swine

(47), sheep (LY), soats (47), and do s (1€).

L. pomona (straln Ohic) wos isolated frow an inlected
hog . by workers ot the Agricultiwal Liperinent Statlon at
w°C>S1:er, Onio. It had been nuintuliasd in asunstiers anca gulnea
Ples gnd was lethal ror nansters. It acG ocen useG to proa.ce
®XpPerimental infecticns in shcep (45), aovgs (LE), wnd uogs (16).

The culture amedium usec tiroushcut tils stuw, was a
1O 3 fieqd Chang's fluid mediuwa (15) containing Q.01 per cunt
herncsglobin (Difce) and 10 per ceat sterile reboit seruu.
E843}1 screw cap culture tubc contuined approximatel;y 10 wl ol

ne o
“1g,

The leptospirac were transferred to fresh wedla wuen
& -~ - . ) . b
SW\lture nad reached a stage o maximu growth. This deter-

Iy . - . . \
TNe tion was approxiuateu by visuel octservation ol thue



turbicity of the culture and by periodic exeminations oy

garikxfiell microsceoy. Dighit to twelve dars were reguired for
J o J S

. 8
maximum greowth te cccur and approximately 5 x 10~ cells g-r cc
G IS

were ocbserved, The inocula cconsisted ¢f Uo.1 to 0.5 i1 of culi-

wn
} lo
w

ture, All cultures viere incubated at 29 C..

Virulence determinations were rade durin_ tie logarithmic
srowth thase of a culture. he ccocncentration of leptos,irece
in 5 to 10 day c¢ld cultures wes ascertained by asrkfield
miecroscopyr using e Fetroff-llauser sscterial counting cliamver,
The countiy procedure ccnsisted of placing a crop of culture
1 the ccuntin: cell with a capillar; pipctte and adjusting
the cover rlass over the cdrop. I1f the wiowit oi fluid was
Insufficient to cover the cell area or was il eicess resulting
in the san.le overilewing the cell, the cell was cleancd cnd
the Lracsaure reoeatec., vinen a satisfactory vreparation had
beern obtained the chamber wa s paiacea on the staie of the derx=-
fl21lad microsce pe and allowel to remain unalsturbed for several
“lnutes to minimize any movement of the fluid. At a }j20x
obtical wmagnificaticn, and dsrkfield illumination, the number
°f netile lertospirse in £C, 1/L00 square millimeter squares
Was determined. The 8C squares representeu a groupg of 10
SQuare g from euch corner ol tie counti.y; area and one crouj
in the center. The nunver of leptospirue per squere was cal=-
ulatey and multiplicetion of this figzure by 2 x 107 Lave the
WUnber of or ganisms per cc. Tne entire ccuiting procedure was

r e
“Pexnted at least once more to assure accuracy. The aifferecuce



between two or more determinations jave an error of O to 5
percent of the sverages. When the concentration of a sample
was too great for accurate ccunting, it was diluted so tnat
from: 2 to ¢ leptosplirae were seen per square. No increase in
accuracy was obtained by decreasing the motility of the
organi sms with formalin. Therefore, only viable, niotile
leptospirae were counted. The error of tanis method for aeter-
mining, bacterial concentrations is reported to be avout 10
percent (70).

When the number of leptospirae in tne culture had been
&scer tained, ten fold serial dilutions were made. Dilution
blank s containing 9.0 ml of Chang's medium minus the rabbit
S€rum and heroglobin were uscd. In some studies dilution
blanlcs containing 13.5 ml or 13.0 ml of diluent were employed.

Five or seven Syrian hansters were inoculated intra-
Perl t oneally with 1.0 cc of each dilution. In some titrations
five &ulnea pigs were also inoculated intraperitoneally witin
1.0 cc of each dilution. All haasters and gulnea uigs usead
wWere from animal colonies maintained in this laboratory and
knowmn to be free of leptospiroses. Hamsters were from 3 to 5
Weeks of age, while the guinea pigs were L to 6 wecks old.

Hamsters were observed dally for signs of illness or
deatn, yhen a ha.mstér became moribund, 0.2-0.5 cc of blood
W&S obtained by cardiac puncture. The sanple was placed in
a drop of sterile heparin sodium solution and centrifuged for

5 Minyutes at 2000 rpm in a Servall Small Type A centrifuge.
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A sample of the plasma was examined by darkfield microscopy
for the presence of leptospirae. In some cases the number of
leptospirae in the plasma was determinea using the counting
chamber.

Trenty to thirty days followin; inoculation &all sur-
viving animals were sacrificed and a blood sample wes obtained
from each. A modified agglutination-lysis test (44) was con-
ducted ior eeacn serui sample using living L. pomonsa antigen
(strain Johnson).

Any animal which died three or more days after inocula=
tion, or any which survived anu had a serum antibody titer of
10-2 or greater was considerea to have been infected.

The virulence of cells from each pacsage was expressed
as that number of leptospirae which would kill 50 percent of
the inoculated animals. This value will henceforth be referred
to as the LD50° The number of leptospirae infecting fifty per-
cent of the inoculated animals will be termed the IDSO' LDSO

and IDSO values were calculated by the method of reed and

tluench (51, 54).
A. Virulence Determinations with Strain Wickard

Virulence determinations with strain Wicksrd were con=-
ducted for medium pascages 1, L4, 8, 10, 12, 16, 20, and 2.
The first passage was a 32-day old culture of blood from an
€xperimentally infected sheep. The sheep had been inoculated

With blood from a guinea pig in the leptospiremic stage of the
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disease. Contaminants were not observed in this culture when
inoculations were made in Brain Heart Infusion Broth (Difco).

The inoculum for the hamsters was centrifugea for 10 minutes at
2000 rpm in a Servall Small Type A centrifuge to re:move gross
particles pricr fo‘counting. Seven hamsters and live guinea pigs
were used for each dilutlon.

To determine if the cell free culture fluid was anti-
genlic and misrht interfere with the results, a portion of the
culture was passed through a Seitz filter and then frozen anc
thawed twice iIn the refri.erator. Leptospirae were not visible
after this treatment when viewed by darkfield microscopy. Ten
fold dilutions of the filtrate were made anc hamsters inoculated
as previously described.

Five hamsters were inoculeted with each dilution for
passeges lIp through 2. Passages 1, L, and ¢ were also incculatea
into each of five gulnea pigs. Virulence determinations for
passage 16 were made using both washed and unwasnhed leptospirae.,
The organlsms were separated fromm the culture fluid by centri-
fuging 4O ml of culture for 35 nminutes at 12,000 rpm in a
Servall Superspeed Centrifu;e, Type SS-l. The sedimented
leptospirae were then washed three times in 4O ml of sterile
Chang's buffer (pHd 7.0-7.2). The buffer consisted of 4.0 g
NazHPOu.7H20, 0.8 ¢ KHzPOu, and 8.0 g NaCl in two liters of
distilled water. The washed cells were resuspended in 4O ml
of buffer and a virulence determination made. The supernatant

fluid from the first centrifu;aticn was passed through a Seitz
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- filter and frczen and thawed twice in the rerlrigcratcr. One cc

of this preparstiocn was injected intraperitoneally into euci of

three hiemsters. Inoculction of the filtrate intc Chans's medium

.
~ -
41

csroduced no growth of leptospirce followin, 30 wuys incubatic

gt 29 C.
irulence deter.inatlons ol uxwcla deud‘_es 4 dallu v wel e
r

regpeated. Tie leptospiree were isolcocted [rom anotner experi-

mentall; infected sheep,

o S a3
2 viru

lenice Determinations witiy Streain Oinic
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The firest iedlci pregeie of strala Cillo was o S0 aey
01ld culture frci: infected guince pi  ULlcod.

nminsetions in hamster:s were mede on pascepges 1, L4, 7, o Ll
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Guines= pi s were usec for passass

C. The Fffect of Aze of Fawsters on Susce ,tibility
te L. povione
Twn titrations were mace using hamsters of various
ages e The first study employed 7 week old ana 4 week old

hamsters. wach ase group was inoculated with 10 fold dilutions

of ®lood from puinea pi. s in the febrile sta._ e c1’ leptospircsics,
blocd

f

‘iz second study ewployed 15 week and |, week old hamsters.

from infected guines pij;s was &.ain usea for the ilnocculum.
Do Growth of Levtospiree ian vitro after Passa:e in khedula

The number of leptcspirae needec to initiate growtih in
Chang ' g medium was determined for passages 1, |} and 8 of strein
Nicl{&ixni. Courits and serial dilutions were maade 835 creviously
“eSCrjped., The inocula consisted of 0.1 ml of fluid from each

dillltlion blank and was transferred tc each of five or seven

tube 5 of medium per dilution. The cultures were examined by
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darkfield microscopy for the presence of leptcspirae at 10, 20,
and 30 days. The number of lecptcspirue needed to initiate (rowca

in S0 percent of the incculzsted tules was then determined.
Adhesion of Leptospirae to Erytarocytes

A. In vivo Adhesion

The premise tiict leptos.irwe nignt adicre te erytiro-
cytes during leptosciresiia was investi sted using suinea pigs
InTected with the Wickard strain of L. pomona.

Infected guinea pigs which had tewperatures of 104
to 106 F were bled aseptically, Heparin was used as an anti-
coagulant. A portion of the blocda was diluted ten fold, ana
each dilution inoculated into hamsters and Chang's medium as
previously described. IFive ml of the whole blood were centri-
fuged for 15 minutes at 2C0. rpm in a Servall Small Type A
centrifuge., The plasma was removed aseptically with & sterile
capillary pipette. To it was added sterile Alsever's solution
(59) tc make a final volume of 5.0 ml. Ten fold dilutions ol
the plasma were mede, and 5 hamsters and 5 {ubes of Chang's
medium inoculated with each dilution. The sedimented erythnro-
cytes were washed three times by resuSpending in 5.0 ml
amcunts of Alsever's solution and centrifugation for 15
minutes at 2000 rpm. After the final washing, the erytiro-
cytes were resuspended to 5.0 ml volume 1in Alsever's solution.
Ten fold diluticns were lnoculated both intc hamsters ana wedia.
Twenty to 25 days after inoculation tue hamsters were sucrificca
and a blood sariple obtained. An ag:ilutination lysis test was

made on the sera. Antibody titers of 10"2 were considered
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ind;cative of tlie presence of leptospirae 1In tihe lncculum.
Cultures were exanmined after 10, 20 and 30 days of incubeation.

As a control procecure, C.3 ml of a culture of virulent
L. pomona_(strein Wickard) was sdded to 3.0 ml of heparinized
tlood from a non-infected guinea pirr. Tue same seperation,
washing ana dilution procecures were performed as described
for txe infected blood titration. Only Chang's medium was

inoculated.
B. In vitro dAdhesion

l. Two cc of blood were cobteined by caerdiac puncture
from a guinea pi; having s serum antibecy titer of 10'5. Bloca
was s3imilarly obtained from a ncn-infected guines pige. One .l
of this was gleced in heperin ané centrifuged et 1000 rpm for
15 minutes. The plasma wes re-~.oved from each sample with a
cepl1lary pipette. Guinea pi: [ lasma, containing L. poriona
antibody, was added tc one porticn of the normel cavien
erythrocytes. The final volumc equeled the oripinal arount
of YL cod or 1.0 ml. A similar eount of normel Slasma was
added to a seccnd gortion of normgl erythrocytes. Both
erythrxrocyte-plasiia samples were incubzted at 37 C. for L5
minuteg, They were then centrifuged for 15 minutes at 1000
pm and the plasma reroved. The erythrocytes were washed
twice with 2.0 wl zncunts of Alsever's solution ana resuspended
tc theip ori;inal volume of 1.0 ml with fresh normal plasma.

To eacnh sample was added 0.1 ml of a culture of L. pomona



(strain Wickard). The culture contained spproximately

l.6 x 108 organisms per cc. The final concentration wus
therefore a_proximatel; 1.5 x 107 legtospirase per cco The
sariple s were incubated for 15 minutes at 37 C. [(ollewing in-
cunpaticn the samgles were cenirifu;ed at 1000 rpm for 15 minutes
and the leptospirae in tie plezsma counted using trne Fetrorlf-
Hauser bacterlzsl countins chawmber, e erythrocytes were ai-
lutea approximately 1:1)0 anc observed by darkfield microscoj

for wvisible leptoszirvasz-erytrrocyte adhesion.

2. In a seccona in vitrc study of adhesion, sheeg
erythirocrtes and leptospiral sntisera from sheep were used.
The X,, pomona antivody titer ol the serw. was lO’S. The tecii-
nigue wes as follows: 0.1 nl ol culture ol strain Wickerd wes
adde <. to erch cof six tubes. The six tubes contairea respec-
tively: 1) 0.9 1.l of C.85 percent s=aline, 2) 0.Y ml of waicole
blooc , 3) 0.1 ml of erythrocytes in C.U 11l of 0.235 percent
salilne, l}) 0.1 ml of erythrocytes in 0.3 1°1 of nornmal sheep
sera which had been inzctivatec at a temperature of 55 C. for
thirty minutes, 5) 0.1 ml of erythrocytes in C.1 ml of L.
Pomonia antiserum slus 0.7 ml of inactivated serum, and 6) 0.1
ml of* L, pomonaz entiserum plus 0.7 1l of nerael sacep sera.
The tubes were incubetew at 37 G. for 30 ninutes followed by
centrirfusation for 15 minates &t 19CC rpm. The number of

leptospirae were determined for the supernatent fluid from

each tuhe ucing the countin, chamber metl.oé. The erythrocytes
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were diluted 1:1C and viewec by carkfielc microcsccuy
Y :

for leptospiree-erythroc: te achesion.

3. The adhesion oi L. pcucona (strain Wickard) to
poly styrene latex spheres (PSL) wcs investigated. The spheres
vere obtained from the Dcw Chemical Company, lMialand, Miciiigen.
The diameter of the (PSL) was 1.171 microns. A distilled water
suspension containine 7.2 x 108 spheres per cc was used in this
study.

Cheng's buffer, 0.1 ml, was Jlaced in each of eleven
tubes and 0.1 1l of strain Wickard culture was added to tubes
l, and 4-9. Tubes 1-9 contained 0.1 ml of PSL suspension.
Tube 2 received 0.1 cc of normal siheep serum, while a similar
amount of ovine L. pomona antiserum with &n antibody titer of
10=> was placed in tube 3., Tubes L=-6 contained ten fold
dilutions of the nermal servr. fTubes 7-9 had similar dilutions
of antiserum. Tube 10 ccatainea 0.1 11 of culture plus O.1 ml
of antiserusn. Tube 11 haa C.1 pl of PSL &nd 0.1 ml of &nti-
Sérum. The tubes were incuvated for thirty minutes &t 37 C.>
Following incubation 0.1 1,1 of PSL was added to tube 10 and
Cel rmild of culture to tube 11. A gertion of ezch tube was taen
examined by darkfield microscopy for adhesion of leptospirse to

the P31,



22

In vitro Hemolysin Yroduction in .lelatlion to Virulence

Leptosyirae were grown in tine isctonic bufiered
medium described bty Alexancer et al. (1), augmentea by th
additicn of 0.01 percent hemo lobin (Difco). This mecium was
inoculated with 0.5 ml of material ffum cuitures of both
strains of L. pomona which exhibitea various degrees of viru-
lence. The cultures were incubated st 29 C for 10 to 1k
days. One to 3 days after ;rowth had reached & maximu:, the
nut ber of leptospiree was deteriined using the bacterial count-
Inz chamber. Tuhe cultures were then ysluced in the refrigeratcer
(4L ©.) until used.

Normal ovine and bovine 2lcod were collected by venie-
punc ture, haparinized =nd preserved in Alsever's solution «
4 c. Hamster, rabbit and giinea plg blood were obtained by
cardiac puncture and similarl; processed. The erythrocytes of
the warious zpecies were prepsred by wasihing tirece times with
isotonic buffered base (pi 7./4). The base consisted of the
1sot onic buffered medium minus rabbit scruwu and leroglobir.
The vrashed red blocd cells were then resuspended in sarficient
lsotonic base to make a § percent cell suspension by volune.
A stangdard curve of percent hewclysis versus o, ticel density
vas Jdetermincd fer the erythrocytes of each specles. Tils was
accomplished by adalng 5.0 ml of distillied water to 5.0 :nl
of thhe aucve erythirocyte susgeansiovn. Centrifu_ation of tuis

materiaol ot 2000 rpa did not ca.use sedimenteation ol the red

’



blocd cells. Therefore, 100 percent nemolysis of tle reu
blood c¢ells had occurred. Appreopriate amounts of ne.iolysea
erytlzrccyjtez and isotonic buse were mixed to give roangecc of
fror: 1C to 100 gercent henolyeis. The fingl volune in each
¢ilution wes 1,0 w1, In crcer thst sufiicient amcate of

-~

samp> le were avelilable for o tical dencity ceterwinations, 2.0C
it of isotonic base were =dded to e~ch diluticr, to maike a
total volume of 3.7 ml. Optical censity determinations were
their :ade in a Bausch and Lomb Spectronic 20 Colorimeter using
mateiieu test tubes. Readings uere made at a wave length cf
520 mu. Percent henclysis was plotted versus opticul aensity.
Tea L. pomona culturce of varying degrees of virulence
were +tested for hemolytic properties. Tne following is ¢ list
of Liie cultures used, their crigin, and the nunmter of transfers
in me aia since isolaticn froa an animel prior to taeir beling
teste 3 for hericlytic properties.
1 . Strain Wickard, from infccted dairy cow, in medium
passage for tlhrae years.
2 e« Streain Wickxard, from infected sjuinea pig, tuird
mediun pascage.
3 e Strain Wickard, from experimentally infected sheep,
third wedium pas:tages
'te Strzin Viickero, from c¢xperimentally iniccted slieey,
fourth redivn pessace.
5. Strein ﬁickard, froim exgerimentally ianfected sice,

ninth medium pasce e.
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6. Strain Wickard, from cxperimentally ialtcted siceg,

tenth medium pacssa e,

T e Strain Wickerd, from experimentelly infected siiezp,
twent;=-fifth rcdiun passage.

() . Ve PPN B . . . ). )

- - Strain Chio, from inlected ;uinea pie, f{ourti .edaium

passagpee

9 e Straoin Chic, from infected juinea pi;, sixth mediwm

pasca; .
1C. Strein Ohio, [rcm infected ;uinea visy €1l.nth seoliin
pass&ae .

~Since cultures 1 and 2 nhed not been inclucded in previous
virtilence titrstions 1.0 cc of cach culiare was inoculated intro-
’eri toneally into erchi of three hanstirs Lo determine if these
cultures were infective.

Two fold serizl dilutions of thie cultures were made in
tiie i scotonic base. To 1.0 ml ci esach dilution, 1.0 ml of a §
perecent suspension of washed erythrceytes wes added. 4#8 con-
trols 1.0 ml of the wasiied er;tiirccjtes were auced to 1.0 wl
of ¥hie diluent and of tiie meuiwi. The tests were incubated
at 37 C. for four hours &nd tlen pleced in tiie refrigerator
(4L C - ) for twelve hours. Incubation has beecn reportea tc be
N€Ce s s=ary for complete hemolysis to cccur (26). Following
ineubs ticn, the tubes were ~ently zgitated and centrifu_ed
8T 1000 rpm in an International Clinical Type Centrifuge
model CI,, One ml of the supernatant fluid was reaoved ana

placed in a colorimetric test tube. Twe ml of 1sctonic buse
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was =udded and the optical densit; ceternined. Opticsl densgitics
wvere plotted versus dilution. From the standarc curve tus
optical dersity of & 50 percent hemclyzed erythroc,te suspercicn
waos determinec., Uging this value tie dilutior of cultlure
nece scary Lo groduce 50 percent hiewmolysis cof eryti.rocytes weas
ascerteined. Thals cilution was used to express tine hemoljtlc
rotential «f « culture,

All ten cultures were tested using 2otu shee snd
harister erythrocytes. Two fold culture diluticns of 1l:2
throush 1:102!. were usec for the tests employing, sheep erytiiro-
cyte s, while culture dilutions of 1:2 throuch 1:123 were used
when hsaster erythrocytes were eaploved. Cow, rabbit and

suinesa pii erythrocytes were tested a_ainst cultures 1, 2, 7,

and 8, Dilutions from 1:2 through 1:1é were employed.






IV. RESULTS

The Effect of lediwe:. rassege on the
Viruleuce ci L. pomona

A. Virulence Determinations with Strain Wickserd

The results of virulence determinations using strain
Wickard are presented in Tables 1-12. igure 1 depicts the
chang;e s in virulence which cccurred follouin: passape of tue
oranisms in media. Unfcortunstely, titretions of the twelftn
media pascace in heosters erd toe repeated titraticn ot the
elzhtr edia parst e aia not include & ciluticn of leptospirue
Proctiieing lesc than {ift; percent iafections. (Tables 5, and
3, »e spectively) For tne celculaticn of LDSO ana IDSO values
of these titrations it wes essumed that tne next lhilghest ten
fold dilution of leptospiree wculd not nave sroducec any ia-
fect I ons, Therefore, these values riay be hiiher than the
actual value.

Examination of Tables 1-3 indicates that strain
Wicktargd was not lethel for hamsters followinz one pussage in
medla . A lethsl eifect was observed in titrations of the
fourth through twenty-fourth niedia passages. However, han-
sters exposed to the first passupe were infected as demonctrated
by deVelogment of serun antibocy. Theretore, tuae virulence of

the Cirgt cacsa e wes comperatively lew. ‘Tue relatively hich
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degree of infectivity of this passa;e 1s reflectzu by tie IDSO
value of 3.8 organisms (Table 1F).

The virulence of tlie lichkard strein increanced bvetween
the £irst and fourth passsaces. A decrease in virulence was
ohserved for the eighth passaze followec by an increase in
virulerce throucsh thie tuelfth medl.i. trencfer. The sixteenth,
twentieth snd twenty-fourth psssages incdicoted a s.:=d, reduc-
tion in virnlence (Figure 1). When the fourth and eighata
"assagres of strain Wiclisrd, w:aich had been isolateda from anotner
experimentally infected sheep (repeat titration), were titrateu,
8N increase in virulence occurred after tlie fourth passa.e.

All hamsters and ‘ulnes pigs demonstrated antibody
Proluction wi.en they were inoculated with a 10~2 ailution of
twice <frozen and tuewed filtrate cf the first culture LESca,Ce
F1f1:y' percent of the guinea pi;s and hensterc irocuvlated witn
8 1073 4ilution of tie filtrate e:perienced a serological
PeSt>onse. Inoculation of hizher dilutions cid not produce
ant'ibody in either speclies. The leptospircl protein ol tae
ce]il"I?ree culture may hsve resulted in antihod; production
for the eifhth passa e titrstion in rulnea pigs.

A comparison of the titrations cf the sixteenth pas-
S8E€, 3in which a whole culture or washed cells were used as
fLm)‘::\-lla.('I'able 6), indicates that tihe wihcle culture materiel

POSsessed a lower LDgQ value, Ilicroscoplc exsmination ol tic
1e%‘tospirac after tihree wasnings ia Lulfer revealed taat

rany of the organisms had become grenular, and some cellulear



disintegretion wd occurrcd. In the counting of tiese lepto-

spirae , sttempts were nesde te includs only ti.cse cr anis.s

wnicly ware intect and hod retained thelir rnormel morphology

and motility. Hamsters inoculated with filtered, frozen anc
thawe A sugernate of tune culture material cic not display eny
cbserveble sipne of inlection. Sere from these animcls did not
contain demonstreble L. pomona antibody.

Hamsters and gulnea pi_ s were equally susceptible to

the eightn pasca.e inoculum, whereas hansters were slisntly

Incre suscepllnle to cr anicns of tie firet and [fourth pasceges.

E. Virulence Determinations witii Strein Onio

Caenges in virulence sinilar to ticse ooservea {or

strairn Wickard were ncted. Tables 13-17 represent the results

<

C+i streain Ohlo titriticns. PFigurs 1 cermcenstrates

toe ruglc

Cecreacse in virulence from the first to the rourtl gos
The LDSO vilues of these two titraticns were 1 zia 15,000

Fecpectively, The virulence of strain Ohlo increcsed with
the se ventn and eleventh passages at & rave similar to thet

of strain Wickerd. A S0 percent end point was not reucheu wita
the £3r st passage. Tuae LD.. value was determined &s previously

>0
descr‘ibe d.

Hewmsters 2nd suvinea pigs were ecsentially equally
Siscept itble to infectlion with this strain.

Pirure 2 illustrates tue reletionshiy betlween tue
size cp

R

L inoculun and thie durction of survival of iuafected



hausters. The plotting cof these cata results in essentially
e straight line. Irom the =lcpe of tais line the generaticn

4

time cof L. poucne in vivo .uway te calculated using the method

of Yourmens ar.d Yowiens (72). Tihe generction time 1s equal

to the los cf 2 civided by the recigrcocal oif tiae glcpe. This

1

methed of calculating generatica times in vive is Ruseuw on

4.

tlie egsumpticn tiat wi.en death occurs a censtant numter of

organisns is present., Sftudleces wlth L. ictercheenorrhagise

culiniesn si s heve indicated that tnis relation-

- ~ 5 [

inlectior

'.-’-

8

ship is present (24). In tae present stuwy leptospirel

ccunts for plasma froa woribend linsters renged from 3 x lOé’
to 103 organisms pir cc. Since tlie nwber ol leptospiree in
the bloca et deat hes been revorted es belngs from 5C to 76
percent of the tctal nunber of cor znisms in the body (25), tae
range of orpanicus in the plasma probably represents a rela-
tively ccnstant leptospiral rvopulaticn in the hamster at the
time of deeth,

A ccoiparison of tiie dossge-response curves of lepte-
soirae pcessgecssing comparstively hijh and low cdegrees of viru-
lence, indicatcce that the slopes ere relatively egual but taa
deatih cf &n animcl inoculated with organisms of lower virulence
was delayed about 5C hours. The fsct thet the curve ol tho
less virulent culture is anot lineer necr the LUSO inocuiuwn is
probebly due to Lhe interfercnce of antivocdy. The calculated
reneraticn time of L. pomona in lemsters wwg found to be 75

hours.



The majority of hamsters cled between L and 12 days

h
following incculaticn. Iixeminaticn of glesuma frcm hamsters
which died within this zerilced elwsys revealed the cresence
of leptcspir-e. However, in a few caces hunisters cdled 12 to
18 cays follcwin: inoculation. Legtospirae were nct seen in

tlie plagmna of these animals, but sntibody wes present as de-

termined by the agslutination lysis test.

C. The Bffect cf Age cia Susceptibility of Lzmmsters
to L. pomona
Table 16 records the resulls cf two ceterminaticns on

the sisceptipllity of C and 15 weei old wmsters to L. poronsa

as conpared with lp weell old animeals. DBight weck ola hamsters
were slightly more susceptible tian tlie L weel old anirals.

3.3

It was calculated that a 10 dilution of guinea pig blood

would infect 50 percent of ilhose 2 weeks old, whereas a 10-3°u
dilution wculd produce tlie sans percentace of infecticns in the
i veek o0ld hamsters. Fifteen anda L week olC hamsters were

equally susceptible. A dilution of guinea pig blocd of 1073+

was calculasted toc be the diluticn which would groduce 5C per-

cert infection in each a’e groupe.
D. Growth cf Leptospirae Iu Vitro after Pessage in Media

Table 17 summarizes tiue results of tiis stuc,. Tie
nwnoer of organisms necessary to prcauce growth in 50 percent
ol - N ~
Ol the inoculated tubes is: 2.4 for the first psssage, 2045

for the fourth passase, and 22.5 for the eighti passajge.
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5

Adheslion of Leptospirae anc krytarocytes
A. In vivo Adhesicn

The results of leptospirae-erythrocyte achesion
studies usin, strein Wickard are svwnarized in Tavle 16,
Titretion of the blood compcnents 1n nanmsters indicated itlLat
egual nuwmbers of leptospirac were in the plesia and washed
erythrocyte portions. Wien tue titretion ues wmace in Chiang's
sedium, a slightly hi ker concentraticn cf leptosgirae was
ncted in the erytnrocyte porticn taan in the plasia. Tiae

centrol study, employins ncrmal guinea i tlcod to which

o

c.J
o

tiie Wiclard strain culburce liad bheen caded, indicotea tuat
the organisms were eausll Cistributed between tiie erytarccytec
ana plaswa,

Microscopic examination of bloocd from saeep, juinea pi;s
and hausters obtainced durin,, tie leptospiremic pusce oi inlfec-
tion ¢id nct reveal adhesion of leptospirae to erytiwrocj tcc,
Adhesicn ol leptospiree tc achreomacytes was cbserved i 7 to

0 duy cld Chang's medium cultures of infected blcoua frem
varicus animnals. Investi_stion of aduhecsion by visual methoas
Is often ccmplicated by the presscice of filanentous ele.icnts
attachec to, or preojectin. from, erytirocytcs. The occurrence

of these "pseudospirochetes" and metihcds for distingulsiing

them from true spiroctietes have been reportec (29).
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B. In Vitro Adhesicn

l. Whren the supcrnatart floid vas segpareted frow the
erythrocytes wnich hsou been incubated with normal plesmna, it
wes found thiat it contained over 90 percent ol tiie ori_inal
nurnber of leptessirae. Less tiear ten percent cof tlhe ori _irail
number cof crgaais.as remained in tue fluild reoncved lrow erytiro-
cytes incuhated witi plasrma wuica conteained L. powonu antidoGye
An examinaticn ol ciluted Jreparsticrs ol sedimented erytiroc-
cytes by deariufielc micrescopy, failed to reveul leptospirue
in elther the creparation of rec blcod celle incuwveteu with

rormal or with iirnune glaswma.,

~

2. Ta

o

le 22 swaunarizes the results of the seccna

trial to dewscnctrate in vilre aclesicn cf erjythroc;tes and

leptos.irae. Mo adhesion was dermonstrated. II adiiesicn had
taken olsce, tube 6 ccntalnin_ antibed, cnd coiplenent would
heve contuined fewer leptosgirae tian tube T to which nc coui-
plement wes supplied. The fewer nueobers of organicms in blcce
tubes containing L. pomona antiserws vas prouvevly due to 1lysis
of tlhie leptespirac by lytic entibiody. sxanicalion of resus-
rénsions cf tie sceclinented erjtiarcc,tes freom euch tuve did

not shicw ceryti:rccyjte leptospirse wdhesion.

3e Adiesion of leptospirae and polyst,rene latex

wres was not dewmcnstratca 1a any of the teste,



In vitro llemoljycin Procucticn

in nelation te Virulewuce

The twenty-firth wedla pessaje ol the Wickara sirsis
cemonstreted the restest heuwcl;tic sctivity.
of this culture wars relatively lov. [lie fcurth passsaje ol
this strain produccd approximately one-taird tie heumol;sin
of the twenty-fii'th pessage and yet was conicideradly more
virulent. Culture 2 (Tablc 20) w.ica was not letnal for
hamsters, denomnstrated more heaiclitic actlivity then many of
the more virule (letlial) cidturce. The cultire of tne wichara
strain wnica had Been in wcia {or tiree [ cers procuced tlie

1

lowest concentraetion of henclysin.,  Thils culture stiw:iloted

~

~-

antivedy forration 1n hamsterse The Liire prcscace ol tals
strain waich was igclated from a2 sheep, also odroducec low
Llemolysin coacentraticne. Culthires cf tie relatively virulent
nintli erd tenth passe es of tie Wiclard circin (repeat titra-
ticn) indiceted only accerete cacljytic ectivity.

A cellnite relati hi> between virulence and heaclytic
votency was also absent with strain Ohloe. Cultlures of tlic

lyth ara eighth passages ol thils strain cxlbibited approximutely

2]

S0 wercent of the hermolytic activity oif the l.ss virulent fourta
sagsae, A correletion between bie heriolytic potenticl ara tie
gze of tre culture, nwiber of orpanisms in the culture at the

time of deactivaticr, or iwiber of passa_es in .edia, was not

eviuent. Tabhle 20 suua®rizeg the results of tiilis stucy.



Table 21 indiceates that L.IEQEQEE cultures were heuo-
lytically active against cow, rabbit, end hamster erytiro-
cytes. Guinea pni. ervtiirccytes were not susceptible to
hemolysis. Cow and sheep erythrocytes had relatively ecual
susceptibilities. R&bbit cells were slipghtly wmcre sensitive
than those from hamsters. Diflerences between thie corparative
hemolytic activity of the various cultures [for tue erythro-
cytes of tre diffcerent wnimels and tuose of slhieep were not ov=-

served,
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V. DISCUSSION AND CONCLUSIOLS

The Effect of Medium Passagce on the
Virulencs of L. poiona

A and B,

The rapid decreasgse 1in virulence observed for ooth
L. pomona strains following cultivetion in media is in sagree-
ment with previous reports (66, 71). However, the fact that
increases in virulence may occur following several medium
passages of tne leptospirse has been less frequently reported.
Van Riel has been cited (66, 1) to have observed an increase

in virulence of & strain of L. icteronaemorrhagiae for guinea

ples after & months cultivation in media. In the present
study the increases occurred for the fourth and tenth passages
of strain Wickard and for the seventh of the Ohio strain. The
repeated titration using strain Wickard indicated that an in-
crease in virulence had occurred for the eighth transfer,
Alterations in virulence are usually explained as a
result of changes in the numober of virulent organisms in the
inoculum rather than as an alteration in tane virulence of each
organism (21, 2l;). Continuous guinea pig passage of strain
Wickard may have lessened the original or inherent virulence
for hamsters. The single passage of the orgzanisms in sheep may

have selected a few virulent leptospirae which when translerred
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in media reproduced and were in sufficienf numbers in the
fourth passage to cause death of hamsters,

The increases in virulence observed with both strains
after I to 8 medium passages may be due to a mutation. The
culture medium wouldhseem to favor the proliferation of the
virulent mutant over the less virulent or;anisms. The subse-
quent decrease in virulence observed after 12 medium passages
of strain Wickard indicates either a loss of the abllity of
the mutant to outgrow the parent cells or that another muta-
tion to a less virulent population had occurred,

Hamsters which survived the inoculum usually failled
to demonstrate serum antibodies. It is evident thnat the lethal
leptospirae must have constituted the greatest percentaye of
individuals in these inocula. The only exception was observed
for hamsters inoculated with the first medium passage.

Regardless of the mechanism involved in the virulence
changes of these two strains, the change does not seem to be
complete and is reversible,

Morse (L1) has observed that swine inoculated with
the nonlethal strain Wickard shea leptospirae in their urine
which occasionally killed hamsters. Hamdy and Ferguson re-
ported an attenuation of a strain of L. pomona for cattle
after several hamster passages (30).

The fact that passage of sfrain Ohio in gulnea pigs
did not seem to effect its virulence for hamsters may be be-

cause this strain was in continuous guinea pig passage for
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about 8 months prior to the initiation of virulence determina-
tions, as compared to about 3 years for strain Wickard.
Therefore, the length of time that the strain is maintained

in guinea pigs may determine whether alterations in the viru-
lence of the organism will take place. It is possible that
strain Ohio and strain Wickward possess different virulence
factors. Guinea pig peassage mey have an effect on just a cer-
tain factor or factors. Recent observatlons have shown a dif-
ference in the in vivo hemolytic activity of the two strains
for hamsters (65). This may indicste a aissimilarity in one
or several factors associated with the pathogenic properties
of these strains.

When the LDSO values observed for washed and unwashed
cells of the sixteenth passage were compared, 1t was difficult
to assess the observed difference. This was due to the dis-
ruption of the organisms during the washing procedure. Al-
though abnormal cells were not included in the enumeration,
it is very likely that organisms incapable of reproducing were
included among those counted. Due to these factors it does not
seem justifiable to attribute a greater virulence to the un-
washed leptospirae. A soluble agent capable of proaucing ob-
servable illness was not demonstrated in the cell free culture
fluld of this passage.

A straight line was obtainea when the aversage survival
time of infected hamsters was compared to the number of organ-

l1sms inoculated (Figure 2). From the slope of the line the
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in vivo generation time of both strains was calculated to be
7.5 hours.

The generation time of L. icterohemorrhagiae in

guinea pigs has been reported as 8.3 hours (2).

The relation-
shios would appear to be significant.

The increase in the aversge survival time of hamsters

inoculated with a less virulent culture is probably due to

there being fewer virulent organisms in this inoculum.

Since
there seems to be a constant number of leptospirae in an animal

at death, a greater period of tlme would be reqguired for the

fewer virulent orgeanisms in this inoculum to multiply to the
required population.

The observation that some hamsters die 1-6 days after
the leptospliremic phase of the disease and have demonstrable
antibody in their sera is in accord with the suggestion by
Faine (24) that the lesions of leptospirosis may develop to

such & degree that they cannot be repaired or compensation
canmot occur. |

Hamsters appeared to be slighntly more susceptible

than gulnea pigs to infection with leptospirae of the early

medium passages of the Wickard strain. The findings are in

contrast to the report of Ringen and Okazaki (53), who found
the gulnea pig to be the more susceptible laboratory animal,
The disagreement may be due to the fact that these workers

used a strain of L. pomona which had been cultivated in media

for several years. Other factors may be 1nvolved such as

the strain of animals used or the strain of L. pomona employed.
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C.

The Effect of Age on the Susceptipbility of
Hamsters to L. pomona

Only slight differences in susceptibility to L. pomona

(strain Wickard) were observed for l, 8, and 15 week old
hamsters (Table 16). When susceptibility is based on the

period of survival of infected hamsters rather than the

number of organisms needed to produce infection, 3-5 week old
hamsters have been reported to ve more susceptible than older
animals (30). The aze of hamsters wnich may be employed in

the dlagnosis of leptospirosis does not seem to be limited to

weanlings if infection in these animals is determined by
development of antibody.

D. Growth of Leptospirae In vitro after Passage in Media

The results (Table 17) indicate that the number of
leptosplrae needed to initiate growth in Chang's medium in-

creased as the organisms were transferred in media.

These
findings are not consistent with the theory that as bacteria

are transferred in media they become adapted to the media by
the selection of adapted variants.

The results may be due to differences in the media
used for each titration. The medium component that is least
under experimental control 1s the rabbit serum.

The increased
number of organisms needed to promote growth after L and 8

medium passages may be associated with the fact that these
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passages were letnal for hamsters in contrast to the first

passage.

Adhesion of Leptospirae and Erytarocjtes

A. In vivo Adhesion

L. pomona (strain Wickard) was equally distributed
between tne plasma and washed erythrocyte portions of in-
fected gulnea piy blocd as determined by titrations in nam-
sters. Titrations in media indicated a slignhtly higher con-

centration of leptospirae in the erythrocyte portion. Equal
concentrations of leptospirae were found in tne erythrocyte
and plasma portions of normal guinea pilg blood to which the
leptospirae had been addea. Leptospirae‘were not observed
adhering to erythrocytes during leptospiremia in guinea pigs,

hamsters, and sheep.

It was not possible, therefore, to unequivocally demon=-

strate that adhesion was commonplace during leptospiremia. The

presence of leptospirase in the erythrocyte portion was probably

due to some extent to the speed of centrifugation. It was felt

that 2,000 rpm for 15 minutes was necessary to insure complete
separation of the erythrocytes and plasma. Other factors may
be involved such as an electrostatic attraction of leptospirae
and erytarocytes or adherence of the organisms to leuckocytes

and platelets present in the centrifusate.
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Be In vitro Adnesion

l. The results of this experiment indicated a removal
of over 90 percent of the leptospirae by the antibody treated
erythrocytes. However, leptospirae were not observed by
darkfield microscopy when a systematic search wus performed
on diluted suspensions of the erythrocytes. Approximately 106
organisms per cc woula have been present in the diluted sus-
pensions, a number which is readily detectable microscopically.
It would seem that a large number of leptospirae had been des-
troyed. Lytic antibody prescnt on the erytirocytes or incom-
pletely removed by washing seems to be the likely cause of
the destruction of the leptospirae.

2. The results of this experiment (Tabie 19) also
seem to be influences by lysing or tne leptospirae by antibody.
Complement 1s necesséry tor in !lﬁgg adheslon to take place
(37) but does not seem to be required for the lytic action of
leptospiral antibody (71). The approximately equal reduction
in the number ot oréanisms in all tubes of tne series which
contained antiserum indicates that complement is not necessary
for this reduction to take place. In all cases the reduction
is probably cdue to lysing of the leptospirae.

3. Polystyrene tatex spheres did not seem to pe a
suitable material for the adhesion of leptospirae. Lamanna

(37) reported that adhesion of bacteria and crianic collolds

has been observed.
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In vitro Hemolysin Froducticn
in Relation to Virulence

The herolytic potency of tiie cultures examinea secnied
to te independent of the virulence cf the culture for Leusters.
A culture of strein Wickard which was not lethal for hamsters
produced a ;reater concentrction of hemolysin than several
other passages of the strain which were letnal. The culture
which demonstrated the hignest LDSO procauced the greatest
hemclycilse.

Determinations of LDSO were not made for each cf the
cultures examined. Tlie virulence of these cultures was assumed
tc be represented by trhie curve shown in Figure 1. Virulence
changes may Lave occurred between the polnts on this graph.
However, no nicre than 1 to 3 passages were made between viru-
lence determinations end 1t does not seem likely that narked
alteraticns occufred within these limits.

An explenation for the aifferences in hemclytic ac=-
tivity of the varlous cultures could not be ascertained from
the experimental results. However, the suggestion has been
made that mutations of the leptosgirae occurred during the
course of the investigation. The changes in hemolytic potency
may be the result of differences in the metabolic activity of
thhe mutants and parent cells.

The differences in susceptlbility of erythrccytes from
several animal species to the nemolytic factor of L. pomona is

in agreement with previous reports (£6). In vivo hemolytic
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activity in hamsters did not appeer to correlate with the
in vitro hemolytic activity of tne streain for hanmcster enthro-
cytes. The previously mentioned hematological cxeminations
(65) of strain Ohio infected lLiemsters gave no indication of
a hemolytic type of infection., iHowever, the Ohio strain pro-
duced comparatively significant amcunts of hemclysin in vitro.
The results of the present study indicete that the
virulence cf L. powmona may increase when the crganisms are
transferred in Chang's medium. Fruture work concernin, the
effect of varicus media on virulence anc comparative growth
rates of virulent snd avirulent strains in media are indicated.
There is a possibllity that an alteregticn in the virulence of
L. pomons may occur wnen the orgunisms are msintained in guinea
pig passage. The inoculaticn of siheep with the nonlethal strain
may fevor the proliferation cf a few lethel :wmtants. The ef-
fect on virulence of successive passages of 4 given strein in
a single host specles may be responsible for alteratiocns in
infectivity and lethality fo the "passage species" and other
species. This would be importent in the epizootiology of
leptospirosis. The recently reported medium for observing
the colonial morgholcgy of leptosplirae (12) might facilitate
the investigation of leptospiral variaticn. Unfortunately,
repeated attempts in this laboratory to cultivate leptcsplirae,

known to be virulent, on this medium were unsuccesgsful.



It has been suygested that the hemolytic activity of
the leptospirae is an attribute ¢f a hLemolytic toxin (1).
The results of the present study did not unequilvocally demon-
strate a relationship between the henclytic activity of L.
pomena and its virulence for hemsters. If the hemmolytic ac=-
tivity 1s due to a toxin, it would seein that this is only one
of several factors concerned in virulence. 1n order to &ascess
the role of the hemclytlc facter in the course of leptospirosis,
the purification and characterizetion of the heriolysin will be
required. Subsequent demonstration that the purified toxin
(hemolysin) contributes per se to the course of the infectlion

might then te afforded.
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VI. SUMRARY

An investlgatlion was made on the eifect of medium
passage on the virulence of two strains of L. pomona for
hamsters and guinea pigs. Strain Wickard wiiich originally
proauced only & mild infecticn in haasters, was lethal ror
these animals aftsr ! passaxes in media. A decrease in viru-
lence wes observed in tne early medium passages ol botn strains,
followed by an Increase in virulence after i to 8 transfers.
After 12 pessages, strein Wickard demonstreted & steaay de-
crease in virulence. Similar cnenges in infectivity for
gulnea plgs were notec. It was suggested tanat tne changes in
virulence may be the rcsult of mutaticns of the leptcspirae.

Hamsters were slightly acre susceptible to L. ponona
than guinea pigs. Four, 7 and 15 weck old hamsters were es-
sentially equally susceptible to infection.

The in vivo adheslon cf leptospirae and erythrocytes
was not unequivocally demonstrated. 1In vitro studies aia not
reveal adhesion, althouch the presence of lytic antibody may
have influenced the results.

The virulence cf the various medium passages was not
relatec to the ability to producc hemoclysin in vitro. The

Susceptibility of hamster erythrocytes to the hemolysin from
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the various cultures did not seecm to be associlated with the
ability of these organisms tc produce a heaolytic eftect in

hamsterse.
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TABLES
Tables 1l-1L. *Average number of days after inoculation
that animals survived.

¥ Numerator = number of animals infected;
Denominator = number of animals inoculated.
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TABLE 1
TITRATION OF STRAIN WICKARD IN EAMSTERS,
MEDIA PASSAGE NO. 1

Number of Numrber of Number of Average

Leptospirsae Animals Deaths Survival

per Inoculum Infected Time®
1.22 x 10l 7/7%% 0 -
1.22 x 1¢3 7/7 0 -
1.22 x 10° /7 0 -
1.22 x 10° 6/7 0 -
1.22 1/7 0 -
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TABLE L4

TITRATION OF STRAIN WICKARD IN HAMSTLRS,
MEDIA PASSAGE NO. 10

Number of Number of Number of Average
Leptospirae Animals Deathns Survival
rer Inoculum Infected Time™*

2.45 x 107 5/5% 5 e

6

2.L5 x 10 5/5 S 5.8

2,45 x 10° 5/5 L 7.0

2.45 x 10t 3/¢ 3 96

245 x 103 o/s 0 --

TABLE 5

TITRATION OF STRAIN WICKARD IL HALSTERS,
MEDIA PASSAGE WO, 12

Number of Number of Number of Average
Leptospirae Animals Deaths Survival
per Inoculum Infected Time®

2.l x 107 5/5%* 5 Le2

2. x 10° 5/5 5 6.4

2. x 10° 5/5 5 7.6

2. x 104 5/5 5 10.2

2. x 10° 5/5 5 10.8

. e E——————




52

-- -- 0 0 s/0 s/0 (0T ¥ gesL ,OT X 90°¢€
0°0T 0° 11 T S S/t s/s 201 ¥ gerl 0T % 50°¢
2ot e s < 5/¢ s/s (0T X g2°. :2 X 90°¢
e 8L S s s/s s/s #OT X g2°L (OT X 90°¢€
L 2*L s ] wn3/S wu/S 0T ¥ g2°L 0T ¥ 90°¢

asvatdsoqdenq eJaniTn) svaTdsoqdst aJan3Iny agatdsojdaq eani3Iny e3a1ésojdeq sanaTny
poyssMm aTOUM D3YUSBM 3TOTIM payssm 3aTOoUM paysseM aToUM
umynoouy Jad
$PUTT sujee(q P3308JUT STBUTUY asatdsogdoag.
TIBATAJINS 07FBJI9AY Jo Jaqumy Jo aequmy JOo asqumypy

9T *ON @OYSSYd VICTM ‘SUTISHVH NI QYVNOIM NIVMLIS 40 NOILVHIIL

S HIIVL



TABLL 7

TITRATION OF STRAIN WICKARD Il HAFSTLRS,
- MEDIA PASSAGE NO. 20

Number of Number of Number of Average

Leptospirae Infected Deaths Surviyal
ver Inoculum Animals Time™
T7.76 x 10° 5/50 5 6.8
7.76 x 10° 5/5 5 7.6
7.76 % 10% 5/5 5 8.0
T7.76 x 103 2/5 2 11.5
7.76 x 10° 1/5 1 12.0

TABLE 8

TITRATION OF STRAIN WICKARD IN HALSTERS,
MEDIA PASSAGE NO. 24

Number of Number of Number of Average

Leptospirae Infected Deaths Survigal

per Inoculum Animals Time
8.58 x 10° 5/5%% 5 5.6
8,58 x 107 5/5 5 8.6
8.58 x 10t 0/5 0 .-
8,58 x 10° 0/5 0 .
8,58 x 10° 0/5 0 -
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TABLE 10
TITRATIO! O~ STRAIN OHIO IN HAMSTKRS,
MEDIA PASTAGL NO. 1
Number of Number of Number of Average
Leptospirae Animals Deaths Survival
ner Inoculum Infected Time*
2.08 x 104 5/5%" 5 6.5 o
2.08 x 10° 5/5 5 745 |
2 i
2.03 x 10 5/5 5 8.3 i
1
2.08 x 10 5/5 5 9.6 !
2.08 /s N 11.5 ’
TABLE 11 -
TITRATION OF STRAIN OHIO IN HAMSTHIRS,
MEDIA PASSAGE NO. L4
Number of Number of Number of Average
Leptospirae Animals Deaths Survival
per Inoculum Infected Time™
33t
he76 x 104 5/5 5 7.0
1.76 x 103 0/5 0 -
.76 x 10° /5 0 -
1
4.76 x 10 0/5 0 -
L‘--76 0/5 0 -
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TABLE 12

TITRATION OF STRAIN OHIO IN HAMSTERS,
MEDIA PASSAGE NO. 7

Number of Number of Number of Average
Leptospirae Animals Deaths Survival
per Inoculum Infected Time™®

7 FreTs o

3.63 x 10 5/5 5 4.8

6

3.53 x 10 5/5 5 6.0

3.63 x 105 5/5 5 6.6

3.63 x 104 5/5 5 6.6

3.63 x 10° 1/5 1 8.0

TABLE 13

TITRATION OF STRAIN OXHIO IN HANMSTERS,
MEDIA PASSAGE NO. 11

Number of Number of Number of Average
Leptospirae Animals Deaths Survival
per Inoculum Infected Time

5 e

2.00 x 10 5/5 S 6.2

2.00 x 1ou 5/5 5 7.4

2,00 x 10° 5/5 5 7.8

2
2.00 x 10 5/5 5 9.2
2.00 x 10° 2/5 2 10.5




TITRATION OF STRAIN OHIO Il GUINEA FIGS,
MEDIA PASSAGES L. AND 11

TABLE 1l

57

Passage L Passage 11

Number of Number of Number of Number of
Leptospirae Animals Leptospirece Animals
per Inoculum Infected per Inoculum Infected

L o - 5 L e
.76 x 10 5/5 2.00 x 10 5/5

3 L
Le76 x 10 0/s 2.00 x 10 5/5

2 ’ 3
Le76 x 10 1/5 2.00 x 10 5/5

1l 2
L76 x 10 0/5 2.00 x 10 5/5

1

75 0/5 2.00 x 10 1/5

T

]

T T



TABLE 15

LDSO AND ID5O VALUSS fOR TITRATIONS
OF WICKARD AND OHIO STRAINS

Strain Media Animal Used LDSO IDSO
Passage for Titration Value Value
Wickard Hamster ‘>105 3e8
" L " 1,509 1,509
" 8 " 235,85 235,885
" 10 " 2,500 16,9465
. 12 " 709 709"
" 16 " 9568 a68
" 16 (woshed " 1,716 1,716
cells)
" 20 " 7,700 7,760
" 2l " 271,200 271,200
" , (repeat) " 1,600 1,212
n 8 (repeat) " 1,202 261*
" 1 Guinea pig -- 842
n N n - 6,323
" 8 " -- 235,885
Ohio 1 Hamster 0.9 0.9*
" L " 15,051 15,051
" 7 " 8,607 8,607
" 11 " 29 29
" Iy Guinea pig -- 15,051
n 11 " -- L7

®50 percent endpoint not reached.

These values repre-

sent the highest possible value whichi could be calculated from

the data.
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TABLE 16

THE EFFECT OF THi AGE OF HANSTERS ON
SUSCEPTIEILITY TO L. POMONA (WICKARD)

Dilution Number of Number of
of Infected Four Week 01d kight Wieek 0ld
Guinea Pig Blood Hamsters Infected Hamsters Infected

-] 2 L3

10 5/5% 5/5
-2

10 5/5 5/5
-3

10 L/5 s/s
-] B

107+ o/5 2/5

1077 0/5 0/5

Dilution Number of Number of
of Infected Four weck 01d I*ifteen Week 01ld
Guinea Pig Blood Hamsters Infected Hamsters Infected

) i 3

10 5/5 5/5

1073 3/3%% 5/5
-l

10 1/5 1/5

1077 0/5 o/5
-5

10 0/5 0/5

*Numcrator = number of hamsters inflected;

Denominator = number of hamsters inoculated.
43¢
Two hamsters escaped from the cage. Thus only 3
hamsters renained for infectivity cdeterminations.
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TABLE 18
IN VIVO ADHESICN OF STRAIN WICLARD AND EXYTHROCYTES

—— e
—

Dilution Number of Number of Numnber of

Blood Material Ingiulum ﬁ:ﬁiiiﬁﬁ gzkl)g:pf:ith Zﬁgtﬁgi Tubes
Growth with Growth

Whole Blood 107° 5/5% 5/57" 5/5""

" 16-3 1/3 75 951

" 107 0/5 5/5 W5

" 1077 0/5 0/5 --

Flasna 107t 5/5 5/5 --

" 1077 L/ 5/5 5/5

" 107 0/3 /5 5/5

" 1074 /5 0/5 2/5
-Erythrocytes 1072 5/5 5/5 --

" 107 L/5 5/5 </5

" 1073 o/3 2/5 5/s

n 1071 0/5 o/5 2/5

24

“Nunierator = number of hamslers infectec;
Demominator = number of hamsters inoculated,

**Numerator = number of tubes with growth;
Den ominator = number of tubes inoculated.

-=Not determined.




TABLE 19

IN VITRO ADHESICN O LEPTOSPIRAE AND LEXYT!IROCYTLS AFTLR
ILCUBATION AT 37 C FOR THIRTY MINUYILS

‘ 3 Number of
Tube Nc. Compoenernts Leptosgiree _¢r cc

cf Supernatel

1l 0e9 cc saline 2.6 x 107
2 0.9 cc whole blocd™™ 3.2 x 107
3 0.1 cc RBC* 4 0.8 cc saline 2.6 % 107
N Gel cc REC™™ 4 0.3 cc lnactivated 2.0 x 107
normel sera®iH
5 0.1 cc REC™ 4 0.1 cc antisera™ ™ 1.0 x 10/
+ O'Z=$C inactivated ncrriel
sepa* ¥
6 0.1 cc R3C*™ + 0.1 cc entisera ™™ 0,9 x 107

e

+ 0.7 cc norunal sera

‘$ ire . ~ 5 -
"0e1 cc of & culture of L. pomona (wickard) was added
te esch tubs. ‘

Qe
WAy T

'ermal ovine blocd, RBC's and serum.

¥ Normal ovine sera inactiveted at 55 C for 30 minutes.

34543t . . . s -5
##t0vine sers contalning L. pomcne sntlbody &t a titer of 1077,

1Numbers determined by ketroff-Hauser countin. caaunber,

T o, -.f-m-.-...,.-.,!
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TAsSLE 21

THs HEMOLY3IS €f ERYTHROSYTLS MRCM VARIQUS ANIMALS BY L. rOilCha

Percent Ilemolyeis

Cu%ture* US?urce of cf Culture Dilutions
Lo, Lrythrocytes 132 il 1:6 1:10
7 Cow 100 1CO 90 35
" Rabbit 51 10 31 10
" Hamster 2L 15 10 0
" Gulnea pig | 6 0 0 0
1 Cow 85 75 66 L1
" Rabbit 0 0] 0 0
" Harcter ¢ 0 C 0
" 4 Gulnee plg 0 0] 0 0
2 Cow G0 as &5 80
" tabbl 20 Cc 0 0
" Hemster 15 10 0 0
" Guinea iy 0] 0] 0 0
8 Cow 90 90 90 75
" itabolt 17 0 0 0
" Hamster 17 10 0 0
" Guinea pig -0 0 0 0
3 Hamster 10 0 0 0]
L Hemster 20 11 0 0
6 Hamster 16 0 0 0
9 Hamster 10 0 0 0

10 {flamster 10 0 0 0

l

¥Numbers refer to cultures in Taeble 20.



Fijure 1. ———o
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Figure 2. Line A =

Line B
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FIGURES

Strain wickard
Strain Ohio

Repeated titrations of strain
Wickard

Bstimation of virulence since the
first medium passage of strain
Wickard was not lethal

First medium passage of strain
Onio. IDSO = 009

Sixteenth medium passage of
strain Wickard. LDSO = 103
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