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. 13. ABSTE ACY

I. Dcvelop mant of an Effcetive mnd Practical Vaccine Acainat Exporiwvntnl and
Humau onn\lltn .

A, Rabbits were vaccinated intramuscularly at 3-week intervala with & total of
3 vaccine doses, each conteining an equal voluwe of & X 109 y~irradiated,
liquid nitrogen-preserved T. pallicdum and an slginate-gluconate adjuvant,

1. Intradermal cheilenge revealed enhanced partial immunity compared to
‘ that achicved without adquants. . '
'Z.A One animal developed Jntent syphilis following vaccination, indicating
m"the pres¢nce of infectious treponemas in the vaccine,
3{ Each of the vaccinated animale developed VDRL antibedy; in concrast. none
of those tested to date have developed TPI antibody. :
B. Preliminary studics indicate that Trcporema pallidum, Nichols strain,
gsuspensiong can be purified by both multiple centrifugation and
discontinuous Ficoll density gradient techniques.,
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Abstract (continued)

II. Mechanism(s) of Immune Responge in Experfmewtal end Hu: - Syphilis

A. The Role of Humoral Antibody

It has uow ﬂeen possible to demonstrate a humoral mechanism 6perative during

the immune process in experimental syphilis., DPassive protection experinents
utilizing the continucus daily injections of immune sera into nomal recipient
rabbits foliowing challenge has resulted in significant delays in the incuba-

tion period and/or the development of flat erythematous, atypical lesions compared
to control snimals. Further, preliminary neutralization experiments have shown -
that rabbits incculated intradermally with ° “epeoeme~imrune gserum mixtures

incubated at 34°C for 16 hours fail to develop lesions. during & 35« day

observation pericd, a&s compared to trbpeweme~nou-1ummne gerum uonrrolfaitﬁs
where typical lesions occurred in 14-18 days. Studtes to-determ;ne Lhu role nf

humoral antibody it the human {immune respouse have been piarvcd

-

B. The Role of C:ll Mediated Phencmena &Si ; S if B :- - .t' '-‘; _;?

Prelininary studics hava shown that pevipherel lvaaeﬁytrs yropared frox patients
with sccondary aud latent. S}phi];ﬁ havc a aigniflcant Lycotoxic effect upon T,
- pellidus, Nichols strain, subceﬁtiug thac ucll-WOdiaged phgﬁ@mcna play 4 role in

the human syphilis {roune. procadsy | -

III. The “In ¥itro" Cultlv"ffﬂn oﬁ'T'Q“*“ﬂma‘pglljig,‘in fircne Culture Monolayers

Treponemes inoculated: into gecondary monclnyer gu!turcs derived frem uainsculated

rabbit testicular tissue were shown to have taken up an intracellular residence

within 30 minutes rfter inoculnticn, Prwlimin:ry vesults indicate that the virulence
- of the intra~ellular organisms peréiét £6r. at least 24 hours.
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ANNUAL REPORT NO, 2

BACKGROUND_AND RESEARCH ACCOMPLISHMENTS

I. DEVELOPMENT " AN EFFECTIVE AND PRACTICAL VACCINE AGAINST EXPERIMFNTAL AND
HUMAN SYPHILIS (OBJECTIVE NO. 1)
A. Immunization of Rabbits with Liquid Nitrogen-Preserved, y-Irradiated Treponema
pallidum, Nichols Strain, in a Reduced Injection Schedule (With and Without
Adjuvants)

1. Degree of Nomologous Acquired Resistance

The basis for continued studies toward the a.velopment of a practical
vaccine has now been firmly established (Miller, 1973). Briefly, it has
been shown that rabbits immunized intravenously over a 37-week period
with a total of 3.71 X 10% freshly {solated, y-irradiated T. paliidum,
Nichols strain, are completely immune to intradermal challenge with

homologous treponemes for at least one year following the completion of
vaccination. However, as indicated in Annual Report No. 1 and Renewal
Application 4/18/73, the use of 60 intravenous injections over a 37-week
period is far from practical and points to the necessity for studies
designed to determine {mmunogenicity with reduced numbers of immunizing
injections, with or without adjuvants. Such reduced vaccination schedules
require the use of individual doges containing significantly larger
numbers of attenuated treponemes thar those used to achieve a total dose
of 3,71 x 109 orgunisms., Additionally, if the development of complete
vesistance is dependent upou the intact immunological integrity provided
by freshly-isolated, 7-irradiated I. pallidum as postulated, then it . lso
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becomes essential to ;resarve them in this state over relatively long
periods of time rather than relying upon the impractical method of
vaccination the day of extraction and {rradiation. The most satisfactory
and practical procedure for preservation was formulated after a year of
exhaustive investigation. Irepouems pallidum, Nichols strain, is extracted
from infected rabbit testes in 70 or 140 ml of 50% serum saline equilibrated
vith 95% N3 - 5% CO2, depending upon the availability of rabbits with a
suitable orchitis. The suspension is centrifuged at low speed to remove
gross tissue debria, adjusted to contain not mors than 6.5 X 107 organisms
per ml, then observed for motility. The suspension is then dispensed im 11
ul amounts into each of 6 or 12 tubes (depending upon vhether extraction was
carried out in 70 or 140 ml). 8ix tubas are placed {in specially-desiguned 6-
tube plastic holders and equilibrated with 95INy<51C05(1f 12 tubes of suspension
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L.& prepared, a second plastic holder is used to accomodate the remaining
6 tubes). The plastic holder(s) is placed in the central well of a 0060
source, and exposed to 650,000 ra“s. Thus, the irradiation process is
covpleted in one or two short exposure times which vary monthly

depending upon the decay rate (presently it is 25 minutes,39 seconds).

The € or 12 tubes of treponemal suspension are pooled, motility is
determined, and glycerol is added to a final concentration of 15%. The
irradiated suspension is then aliquoted into 2 or & tubes, and sedimented
by centrifugation at 19,000 X g for 30 min. The supernatant is completdy
removed from 1 or 3 tubes, decanted to 1 ml in the 2nd or 4th tube, and
stored at -20°C. The sedimented treponemes in the tube(s) containing 1 ml
of sarum-saline-glycerol are resuspended, then transferred to the remaining
1 or 3 tubes (one at a time, in the case of the latter), for resuspension
of the sedimented organisms. The final suspension, which contains from
0.82 to 6.5 X 107 y-irradiated T. pallidum, Nichols strain, is dispensed
into sterile 2-ml-capacity vials, placed in the Revco (-76°c) for 30
minutes, then stored in liqu'd nitrogen at -2000C. Morphology, as
determined by darkfield examination, is excelleat. Purther, the degree of
wotility after irradiation aud just prior to storage has alvays been
essentially the same, '

Preparation and storage in liquid mitrogen are carried out periodically
(depending upon rabbit orchitis availib:lity and necessity for immuno-
serologic testing) and have bean continuing for the past 3 years.

In March, 1972, enough viccine doses werc accumulated to initiate
experiments utilising preserved, irradiated trepon-mes in both a veduced
intravenous and reduced intramuscular infection schedule without adjuvants.
As described in Annual Raport No, 1, the 1 ml vials of vaccine were

thawed the day of iuncculation and pooled to give 27 to 50 ml of a
treponemal suspension countaining approximately 2 to 4 X 10? organisus

per ml. The morphology by darkfield wes excellent. FurtlLer, no change

in the degree of motility was noted after thaving just srior to inoculation.
Each of 12 .abbits was immunized {ntravencusly and each of 12 intramuscularly
at 3-week intervals with a total of } vaccine doses, each containing
approximately 4 X 10° treponemes (total of 12 X 10%); one animal dicd
during the fmmunization procedure, No significant weight loss was observed
among any of the vaccinsted animals during or after immunization., Darkfield
examination of the testes of each rabbit 241/2 weeks after the first 2
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injections aad one week after the last injection was negative, suggesting
the non-infectivity of the vaccine doses. As a further check on
infectivity, a single poplitcal node and testis were removed from each

of 22 surviving animals one week after the last immunizing injection

and inoculated into the tests of serologically non-reactive, normal

rabbits; 2 intravenously imeunized and 4 intramuscularly imrunized donor
rabbits died as a result of the surgical procedure. None of the recipient
animals showed evidence of infection during the 6 months of observation,

ag measured by negative darkfield examination and TPI tests. Three weeks
after the last immunizing injection, the 9 animals vaccinsted intravenously,
the 8 vaccinated intramuscularly, and the 12 non-immunized controls were
challenged intradermally at each of &4 sites with 1500 virulent I, pallidum,
Nichols strain, per sitec. 8 of the 9 animals immunized by the intravenous
route showed a significant delay in the development of lesions, ranging froa
6 to 9 days after the average incubation period of 1l days in the non-
{mmunized control rabbits; one animal failed to develop lesions during the
88<day observation period and was considered immune on the basis of negative
darkfield, FTA-ABS, and TPI tests obtained during 6 months of obgervation
of the normal recipient injected intratesticularly with the right node and
testis of the vaccinated animals., Bach of the 8 animals immunized by the
intramuscular route also exhibited a significant delay in the development
of lesions, ranging from 5 to 7 days after the average incubation period

in the non-immunized control rabbits; one animul davcloped atypical, flat,
darkfield negative lasions which healed 34 days after challengs, at s time
vhen the non-imsune control rebbits were exhibiting fndurated and/or
ulcerative lesions; right sode and testis tranafer into the testes of a
noraal recipiasnt after 88 days of observation resulted in uo evidence of
infection, as measured by negative darkfield examinatior, FTA-ABS, and

TPI tests carried out during the 6-month observation period.

Thus the experiment clearly shows that scwa Jdegrec of howdlogous acquired
resistance develops as a result of intravenous or intra muscular vaccination
with liquid humcn-pnumd I. pallidum, Nichols strain, esploying a
practical time schedule, and provided a sound rationale for experimonts
utilizing adjuvantas.
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The use of a gsodium alginate-calcium glucomate adjuvant to enhance the

fmrune response was predicated upon fts successful use with particulate

8. typhi vaccines and the possibility of its utilization in humans without
. haruful effects (Shapiro, Modai, and Kohn, 1967). As in the previous
B experiment without adjuvants, the 1 ml vials of preserved irradiated

Y T

treponemes were thaved the day of inoculation. They were then pocled to give

st

18 to 19 ml of a treponemsl suspension coutaining™% X 109 organisms per

ml, and combined with an equal volume of 4% sodium .iginate-0.67% calcium
gluconate adjuvant containing 0.4% phenol as a presevative. The

. morphology of the trepouemes in adjuvaut by darkfield microscopy vas

3 excellent, and no change in the degree of motility was noted just prior

to inoculation. In an effort to employ the same injection schedule as in
the non-adjuvant experivient already described, each of 15 serologically
non-reactive rabbits was jmmunized by the intramuscular route at 3-week
intervals with a total of 3 vaccine doses (2 ul per dose), each containing
an equal volume of the pregerved, irradiated treponeme- ndju'vanr. nixture;
each snimal thus received a total of ~12X 10° organignme; one animal died
during the imsunization process. No significant weight los: vas observed
among any of the vaccinated animals during or aftsz tewmmnirxstion. Darkfield
examination of the testes of each rabbit 2 1/2 wneks after each of the first
2 injections and one weck after the last injaction was uegative suggesting
the non-infectivity of the vaccime doses. As a furthar check ou imfectivity,
a single popliteal node and testis were removed from each of the 14
surviving animals one weesk after the last immunizing injection and incculated
into the testes of serologically non-reactive, normal vabbits; 2 of the
fmmunised donor rabdbits died of unknown causes following the surgical
procedure and prior to challenge. Although negative by testicular

darkfield examination during 6 months of obsarvation, recently completed
findinga showed that one recipient animal developed both FIA-ABS and TPI
antidody within 1 smonth and 2 months, respectively, after node and testes
transfer, indicating the piresence of viable, i{nfectious t;nponaic {n the
vaccine dose(s).received by the {mmnized dondr rabbit, MNous of the
remaining recipient animsls showed evidence of {nfection during the 6 months
of cbaarvation, as measured by negativa darkfield examinations and TPI tests
{FIA-ABS tests have been completed om & 1/2 month specimens snd ave negative).
The present of infectious tresponsmes withim a vaccins cousisting of -
Lirvadiated, liquid nitrogen-pr-~-srved organisms, togethar vwith the fact
that freshly isolated, ?-irradiated I. pallidum has never besn showm to
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contain infectious organisms, suggests the interesting possibility that

DNA repair has occurred during storage of the treponemal suspensions, thus
pointing to the necessity for increasing the total r-irradiation dosage to that
which will result in irreversible DHA damage.

Pour weeks after the last {mmunizing injectfon the 12 surviving vaccinated

x rabbits and 12 non-immunized control animals were challenged intrsdermally

; * at each of 4 sites with 2360 T. pallidum, Nichols strain, per site. Evidence
& of partial immunity among the 1l animals receiving non-infectious vaccine
was demonstrated by the occurrence of a siguificant delay in the develop-

S =

ment of lesions, ranging from 3 to 14 days in each of the immunized rabbits,

compared to the non-immunized controls. PFurther 8 of the 11 vaccinated

T ¥

animals developed relatively flat, erythematous, atypical leaions which
healed at a time when 10 of the 12 control rabbits were exhibiting
ulcerative lesfons. It is interesting to note that the animal imeunized

il AL
I N .

with vaccine containing infectious trepounemes did not develop a greater
{mmunity than the animals which were partially protected by means of
completely inactivated organicsms; atypical lestons developed after a delay

i o s

in the incubation period of 7 days coumpared to the control animal and
persisted longer than the atypical lesions which occurred in tha other
“test" animals.

oo ol &
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The enhancing effect of the adjuvant was sugpestad by a comparison of these
results vith those obtained in the previously described intramuscular
experiments in wvhich the vaccine contained no adjuvant and the irmun{red
animals wvore challenged with asignificantly fever creponemar (1500 per site).
In the latter experimsat, ncne of the 8 vaccinated rabbits exhibiced 1
delay of wore than 7 days in the appearance of lesions compared to the
aou-imminigzed controls., Additionally, in contrast to 8 of the 11 animals
vaccinated vith the treponeme-ad juvant mixture, oaly 1 of the 8 rabdite
developad flat, erythematous, atypical lesions.

D LSRR
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- Thus, the experiments shov some degree of ashanced homologous acquired
resistance remiting from the use of an ajgoste-gluconste adjuvant with

_ irradiated liquid nitrogen<preserved . psllidum, Michols strain, as &

| vaccine utilized {o s practical, reduced time amd injection schedule,

and points to che secessity for further experimints smploying wodifications
fo the spacing sand numbers of vaccine fsjections as well us smaller challenge
faocula {n order to clearly demenstrate low leve) bdut significant reststasce.

The finding of infectious treponemes {n the preserved vaccine also {ndicstes
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the necessity for exposing the treponemes to a greater total 7y-irradiation
dos~ge prior to processing and storage in liquid nitrogen.

Antibody Response

Inasmuch ‘DRL, TPI, and FTA-ABS antibodies are important in the diagnosis
and control of syphilis, the finding that they develop during the 37-veek
ifntravencus immunization process uwd paraist in some animals for at least
oue year after vaccination is <f great significance, and potht: to the
sericus restrictions which could be imposed upon & human vaccine with the
same antibody-producing capacity (Miller, 1973). Thus, as described in
Annual Report No. 1 and Renewal Applicatioun 4/18/73, it is intereating to
note that two weeks after completion of immunisation and just prior to
challeage, each of the animals vaccinated by the intravencus or imtramuscular
rvoute vich liquid nitrogen-preserved trepouncmes without adjuvants in the
previously described axperiment had developed both VDRL and FTA-ABRS antibodies.
The VDRL antibody titers ranged from 1:64 to 1:256 among the intravenous-
immunized ana from 1:2 to 1:8 among the intremugcular-immunized ratbits,
vhile FTA-ABS titers vanged {rom 1:160 to 1:2560 among the intravenous-
{mounized and from 1:160 vo 1:1280 amoag the !‘atramuscular«immunized animals.
In contrast, only 3 of the 9 intravenous-vaccinzted animals. 1In contrast,
on'y ) of the 9 {ntravenous-vaccinacted animale cxhibited TP titers, ranging
from 1:11 to 1:26, viile pone of thoss vaccinated hy the intrasuscular

Similariy, each of the animals vaccinated intrasuccularly with preserved
treponcees and alginata~gluconate sdjuvant had developsd VDEL antidody
titers, ranging from 1:2 to 1:4 within o4 weoks after coapletion of
tamnization and just priov to challenge, wvhile none of the 5 enimals
tested to date had dovnloped TPI antibody (PTA-ABS detetminations have
6ot as yet bdecn carric. out). It is {nterceting to speculate concerning
the possibility that VDRL antibody wmay have developed in recponse to
rabbit tissue present (n the vaccine rather thaa te the treponmemes per se,
particularly {u light of veceat findinge of Smibert that cardiolipin is
present fa rabbit teeticulsar tissve and absent from T. pallidum, Nichols
strain (Personal Communication). Such findings lend further impetus to
the necessity for studies relating to the purificatios of T. pallidun.
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3. Degree of Heterologous Acquired Resistance

As indicated inm Rencwal Application 4/18/73, the data of Turner and
Hollander (1957) suggest that raibits infected with the Nichols strain

of T. pallidum exhibit a lesser degree of immunity to re-infection with
some heterologous rabbit-adapted human strains as compared with the
homologous strain, Further evidence for possible protective antigenic
dissimilarity among strains emanates [rom studies in this laboratory in
vhich it has been shown that (a) 2 lipopolysaccharide antigen from the
avirulent cultivatable T. reiteri is shared by the rabbit-adapted Nichols
strain of T. pallidum but not by human strains (Miller, Debruijn, Bekker
and Ouvlee, 1966), (b) an ultracentrifugally homogenew:a polysaccharide
isolated from the Nichols astrain reacts with homologous rabbit but not
husan anti-gyphilitic sera (Miller, Bekker, DeBruijn and Onvliee, 1969),
and {(c) rabbit anti-syphilitic sera prepared against the

rabbit-adapted Utrecht strain of T. pallidum and absorbad with an uliragonic
lysate prepared froa the homelogous atrvain, show ractivity fu the presence
of Richols stratu lyzate antigen (Miller, Bokker, Cuoviee and Debyvijne
unpublished dacta), Of critical terortance, then, is tha neconmstity for
deternining whather anius!ﬁfimmurszcd with and resiztant to the Nichols
strain of I. pallidum are aleo {mguns t0 heterolegous rabbit-acapted husan
stratas. Such studies erc pradicated upon the succeasful schievermar of
scquired resintonse employing adjuvente and liquid witrogen-prescrved

I, pallidur, Nichols atraia, s an {ntrasuscular vatcliue in a reduced
{njection and tiwe schedule.

Purifieation of T. pallidua, Wiche'a Strain

The preparation of pure treponesal susponsions s essential not only to the

developrent of a practical experimsntal and human vaccine utilising intact

I. pallidun, but also as s prelude to the {colation snd charscterizetincn of
protei{n and polydsccharidea from the Michole and other radbbit-adapted strains
of Y. ggllléui wiich comcetvable could be coployed as either irsunogens for
vaccioaticn or as antigens for specific serolegic disgnosis. Specvlatively,
the sdministration of rabbit tissue-contaminated vaccines to humans could lead
to hypersensitivity reactions related to foreign protein sensitizatlion as well
af to testicular dasage resulting {rom sa imsune response to testes-apecific
antigens (Miller, 1973).

As doscribed in Annual Roport Ho, 1 and Renvwal Application &/18/7), “clean™
suspensiocns vith excelleot morphology vhen examined vnder the darkfileld
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microscope have been prepared by multiple centrifugation techniques. Briefly,
rabbits were infected intratesticularly with T. pallidum, Wichols strainm,

and injected with cortisone in order to produce maximal yields of treponemes.
The testes were aseptically removed at the height of lesion development,
carefully segmented, washed, suspended in phosphate buffered salime and
extracted by shaking under 957Ny - 5%C0, equilibration for 1-1/2 houvrs in the

AR T VL CRVR e S e W

cold, Additional medfum was added and extraction allowed to continue overnight.
The suspensions were removed after each extraction and centrifugec four times

at 2000 RPM for 10 m. .tes. After the final centrifugation, the supernatant

was removed, centrifuged at 19,000 X g for 30 minutes, washed four times with
phosphate buffered saline, and reuuséended in approxiwmately i ml of the last

i e R St Lt 50

wash. The suspensions were examined by darkfield microscopy and frozen at
=209C, Portions of the "clean" suspensions are awaitig further analysis (a)
for tissue components by electron microscopy and gel diffusion utilizicy antie
serum prepared against rabbit testicular homogenate and (b) for serological
activity. Additjonally, as described in Renewal Application 4/18/73,
murificacion experiments utilizing discontinuous "Ficoll" density gradients
fer separation have been 1nitiated.at the California Hospital Medical Center
in cooperation with Dr. John Sykes, who has successfully employed this
technique for the separation ot tumor cells from fibroblasts (Sykes, Whitescarver,
Briggs and Anson, 1970). Preliminary studies already carried out have shown
vhet "clean" actively motile preparations of T. pallidum, Nichels strain, can
be obtained. Intratesticularlye-infected rabbits were sacrificed at the height
of orchitis development ond the testes aseptically removed and segmented.
Extraction was carried out in 50% heat-inactivated rabbit serum-saline medium
under Y5% N, = 5% CO, equilibration for 1 hour at room temperature. In order
to minimize the interfering effects of the fibrinous exudate, the resulting
treponemal suspension was diluted 10 times with Eagles winimal essential

mad fum witlout calcium (MEM) and containing 50% heat-inactivated fetal calf
serum, The diluted extract was then strained through 4 layers of gauze to
remove gross tissue particles, then centrifuged at 900 X g for 10 minutes

to remove further small-particle debris. The supernatant was centrifuged at
19,000 X g for 20 minutes, the resultant pellet re-suspended in 10 ml of the
MEM-fetal calf serum gsolution, and additional clarification carried out by
centrifugstion at 900 X g for 10 minutes. The suspension was again
centrifuged at 19,000 X g for 20 minutes, the supernatant discarded, and the
pellet re-suspended in MEM containing Ficell(density + 1.030). The MEM-Ficoll

suspension was layered onto various discontinuous gradients cof Ficoll dissolved
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in MEM and centrifugation carried out at 8,923 X g for 10 minutes at 25°c
fu & Spinco L-2 HV preparative ultracentrifuge uging an SW«50 swinging
bucket rotor. Following centrifugatiom, the various interdensity zones
were collected by bottem puncture under direct visual observation and
exanined by darkfield and electron microscopy; additionally, the treponemes
from each interface were examined in the FTA-ABS test for antig -ic integrity
and purity. The cleanest preparations werz obtained at the 1.050 - 1.065
gms/ml interface. Both darkfield and electron microscep, ‘- iled to reveal
evidence of tizsue contamination; FTA-ABS tests employing the gradient
treponemes as antigen not only revealed reactivity at the same level as
standard, non-purified antigen preparations, but zlso appeared free of auny
tigssue debris., Of important significance was the finding that gradient
treponemes retained their motility, thus lending hope to the pogsibility

that immunogenicity and virulence has also been retained,

MECHANISM(S) OF THE IMMUNE RESPONSE IN EXPERIMENTAL SYPHILIS (OBJECTIVE NO. 2)

A. The Role of Humoral Antibody

1. Experimental Syphilis
As degceribed in Annual Report No. 1, Renewal Application 4/18/73, and

Miller {1973), it had not been possible to demonstrate, by "in vitro"

or "in vivo" m.thods, a role for humoral antibody in the iwmune response,
The finding that TPl antibody is not associated with acquired resistance
together with the inability to demonstrate evidence of passive protection
in rabbits injected with a single dose of immune serum or immune glabulin,
seemed to support the conclusion that immunoglobulins are not invelved.

a, Combined '"In Vitro" - "In Vivo" Netralization

As described in Anaual Report No.l and Rencwal Application 4/18/73,
preliminary experiments cmploying a combined "in vitro" = "in vivo"
neutralization system have suggested that humoral antibody is

operative. Sera were obtained from 2 infected-immune and from normal
. (nou-immune) rabbits on the day of the experiment. A suspension of

I. pallidum, Nichols strain, containiug 104 treponemes was prepared

and added, in equal volumes, to tubes containing each of the immune

and the pooled non-immune sera. The tubes were then equilibrated

with 95% Ny = 5% COp and placed in the 34°C incubator. After 4 and

16 hours, respectively, 0.2 nl of each of the mixtures (containing 1000
treponemes) were inoculated intradermally into the shaved backs of 2
normal recipient rabbits for each time schedule according to the
following protocol:

e
3
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Pocled Pooled
Immune Serum #1 . Noun-Immune Serum Immune Serum #2 Non-Izmune Serum
+ + + +
Treponemes Treponemes Treponemes Treponemes

O @) O
O O O
O Q Q 0
0 O O

Those sites which received the immune sera-treponeme mixtures
incubated for 4 hours developed gonmorally imaller lesions after

a 2 to 4 day longer incubation period as compared to those sites
injected with the non-immune sera treponeme suspension. Those sites
which received fimmune sera-treponeme mixtures incubated for 16 hours
failed to develop lesions during the 55-56 day observation period

as compared to the non-immune-treponeme control sites, where lesion
development occurred in 14-18 days.

Definitive experiments are now underway to 1) confirm the suggestod
role of humeral antibody utilizing rhis technique, 2) determine
vhether neutralization can be used to assess the “immune status" of
the rabbit host during the development of resistance, and 3) determine
the location of neutralizing antibody during the development of
resistance, Fifty-one rabbits have been given an "{mmunizing
infection" intratesticularly with T. pailidum, Nichols strain.
The developing immune response has been determined by intradermal
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b.

challenge with 1000 homologous treponemes at 10 days, 1 mont.,

2 months, 4-1/2 months, 6 wonths and 8 months after ivfection.

Sera have been obtained just prior tc each challenge, pooled, and
frozen. Quantitative neutralization tests will be carried out on
each sequential set of pooled scra according to the method already
described but utilizing only the 16-hour "in vitro" incubation
period prior to imnjection of the serum-treponcme mixture inte normal
recipients. An attempt will then be made to correlate the
neutralization titers with the jmmune status of the animals at the
spaced intervals of time following infection. Quantitative
neutralization tests will also be carried out on (1) the sera
obtained from rabbits vaccinated with y-{rradiated, preserved
treponemes and alginate-gluconate adjuvant in an attempt to
correlate titers with the immune response to challenge and (2)

the IgC and IgM fractions of the infected-immune and vaccinated-immine
sera {n an attempt to deteruine the immunoglobulin location of
"neutralizing" antibody during the development snd persistance of
resistance. Appropriate controls will be included during each
experiment.,

Passive Protection

Purther evidence for a humoral antibody mechanism has come from both
preliminary and definitive (in progress) passive protection experiments.
As noted in Annual Report No. 1 and Renewal Application 4/18/73, based
upon the presumption that previcus failure may have been due to the
relatively rapid disappearance of antibody frem the rabhit host
following a single injection of immune serum or globulin, a pilot

study was designed in which 2 normal rabbits were injected intravenously
with 5 ml of immune serum, chnlleﬁged intradernally at 4 sites with

1000 T. pallidum, Nichols strain, 2 hours later, then injecteu daily
with 4.5 to 5 ml of immune serum for a total of 25 days. As contvols,

2 additional rabbits were similarly injected with 5 ml »f normal
(non=-jmmune) serum and 2 rabbits with 5 ml of saline. The 2 saline-
injected animals developed typical lesions in 15 and 18 days, while

the 2 non-immune-injected rabbits developed typical lesions in 13

and 17 days after challenge. In contrast, one of the animals that
received fmmune serum developed atypical, flat, erythematous lesions
(characteristic of nartial resistance) 12 days after chalienge with
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complete healing occurring at day 40. The second rabbit recipient

of immune serum fsiled to develop lesions for 35 days after challenge,

thereby providing additional evidence for a humoral antibody mechanism.
The delay in the incubation period could signify the presence of
insufficient amount of antibody necessary to destroy all treponemes in
the challenge inoculum. However, it was interesting to note that
typical lesions developed in this animal 10 days after the cessation
of imwun serum injections, suggccting the rather ianteresting hypo-
thesis that the challenge treponemes may have taken up an intra-
cellular residence upon introduction into ti:2 host, W th continual
humoral suppression by antibody oc-urring until the discontinuance of
immune serum injections. Evidence of protection was aga’n noted in an
additional preliminary experiment in which 2 rabbits that had received
daily intravenous injections of 5 ml of immune serum and were challenged
intradermally with 2000 T. pallidum at each of & sites 2 hours after
the initial injection, developed atypical, flat, erythematous lesions,
while 2 similarly injected and challenged developed small, flat lesions
compared to the typical lesions which occurred in the non~ijmwmune
serumeand saline-injected controls. Further, the "test animal"

lesions remained as described up to the 7% days of observation in

contrast to the progresgive development of indurated and ulcerative
lesfions in the control animals. An attempt to obtain a similar
protective effoet was unsuccessful with 5 ml of ivmune serum
administered intravenously every 3 days or every 5 days as wll as
with a single intraperitoncal injection of either 10 ml or 40 ml of
immune seruvm,

Thus, the evidence appeared to indicate that passive protection

could be convincingly demonstiated only by continuous daily intravenous
injections of immune serum utilizing up to twice that amount employed
in the previous experiments. A definitive experimont now in progress
was designed in which each of 5 serologically non-reactive, normal
rabbits were inoculatcd intravenously with 3 ml par Kg body weight
(~10nl) pooled imwmme sera frechly obtained €rom rabbits with a

I, pallidum infection of 13 months duration; the pooled sera were
injected at 4~hours prior to int  wdermal challenge with 1000 T,
pallidum at cach of 4 sites, and daily thercafter for 37 days. At

the same time, fresh vormal rabbit serum and saline were injected into
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each of 5 rabbits under the same conditions and for the same length
of time. The protection afforded by the immune sera was unequivecal.

While typical lesions develepad in the normal serum and saline recipients
in 10 to 14 days, each of the 5 animals receiving immune sera developed
only a faint evythema at 1 to 4 sites in 13 to 54 days (average 35)
after challenge and from 1 day before to 40 days after the appearance
of the last lesion in the control animal; further, the redness
disappeaved in 6 to 26 days after its appearance from.all but the 2
animals in whom the erythema developea 50 to 54 days after challenge
or 13 to 17 days after the last injection of fwwne sera, (The latter
have shown the appearance of induration at Jday 34.) Reappearance of
the erythema occurred in 1 animal 13 days after the final immune scva
adninistration and has progressed to an frregular induration up to the
present time. (54 days). The results would seem to suggest that the
use of twice the amont of fmmune sera, compared to the preliminary
experiments, produced an initial and continucd antibody level which
allowed a greater number of treponemes to he dastroyed, thereby
eliciting a clearer demonstration of protection, The re~appearance

of erythema in 1 animal 13 days following cesration of immune sera
injections, together with the developenent of initial les.ong in 2
animals 13 to 17 days after irmune gera injections were terminated,
suggests the possibility of an intracellular location for trepuneses
surviving in the challenge inoculum. Node and testes transfer of the
"test" rabbitas to normal recipients is planned after 3 wonths of
observation in order to ascertain intracellular location and whether
disscmination has occurred frowm the local sites of challenge. Separate
experiments to determine the immunoglobuiin location of “protective"
antibody have algo been planuned.

2, Human Syphilis

Although the mechanism(s) whereby iwmmunity develops in human syphilis

is unknown, the recont succcss in elucidating a role for humoral antibody
in experizentnl syphilis has proupted the application of the same
neutralization and passive protection techniques to the human dissrse in
an effort tc reveal an operative antibody mechanism, Blood specimcne from
patients with primary, secondary, latent, and tertiary syphilis are being
obtained from the Loa Angeles County Health Departmant (Hollywoods
Wilshire V.D. Clinic),
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Serum is removed at the U.C.L.A. laboratory and frozen for future use in
planned neutraiization experiments analagous to those already described
for the experimental syphilis system. Passive protection experiments

with human syphilitic sera necessitate the use of recipient rabbits

made tolerant at birth to human globulin., These studies arc being planned.

B. The Pole of Cell-Mediated Phenomena In Experimental and Human Syphilis

As jndicated in Annual Report No. 1 and Renewal Application 4/18/73, .ie demonstra-
tién that cell-mediated phenomena may participate as a mediator of acquired re-
sistance in cxperimental and/or human syphtl!s has been hampered for the most part
hy. t:he lm.k of satisfactory methodology which would allow the performance of

cxpe_rimants £zom vhich definitive .."d unequivocal coneleuions could be drawn. This
laboratory is now concerned with the developmeut and application of techniques
vhich could be utilized in experiments relating to (a) the dircct cytotoxic action
of "immme lymphocytes" upon T. pallidum and (b) azlteration of the jmmune response
with gaai: anti-rabbit thymocyte globulin.

1. Direct Cytotoxicity of "Immune Lymphocytes" Upon T. Pal)idum, Nichols Strain

De:emiﬁa!:ion of the cytotoxic effect of immune lymphocytes upon T. pallidum
is ”p'm‘dicdtéd upon the preparation of pure lymphocytes which will remain viable
during thair intersction with suspensions of virulent and motile T. pallidum
without éké_rting a non=gpecific harmful cffeet upon the treponemes. Conversely,
the 'i_:.mponme puspensior must allow the survival of lymphoeytes during the
Interacting period. DPrevious experiments have baen based upon the hypotheris
that an atmosphere of 95% Ng = 4 €Oy is essential for these uxperiments, ines-
much as this environment is necessary for T. pallidum survival for 40 or more
hours. lowevor, recent findings by Pathlev at the State Serum Ingtituts in
Copenhagen and in this laboratory hive suggested that the use of M:Coy's Sa
medius allows both lymphocytes (as mecasured by trypan blue cxclusion) and
treponemes to survive uuder acrobic conditions of incubation at 35°C for
approximately 40 hours.

In prelininary experimants, relatively pure lyuphocytos were prepared from 12
paticnts with latent syphilis, 3 patients with secondary syphilis, and normal
coatrol donors as follows:

a. Ueparinized blood vas layered onto a 9% Picoll-hypaque gradient and
contrifuged at 400 X g for 20 minutes.

b. Thoe lymphocytes separeted at the interface werc washed soveral times with
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2.

Hank's balanced solution. Each washing was followed by centrifugation
at 400 X g for 10 minutes and resuspension of the pellet in the Hank's
solution.

c¢. After the final washing, the lymphocytes were suspended in McCoy's 5Sa
medium to give a concentration of approximately 106 lyuphocytes per ml.

Treponemal suspensions in McCoy's 5a medium were adjusted to c.ontain 1-2

organisms per field, combined with the lymphocyte preparations, and incubated
aerobically at 35%C. Motility was determined by observing 25 to 50 treponcaes
under darkfield microscopy. After 5 to 10 hours of imcubation, all treponcmas

in the presence of the "test" lymphocytes were rendered pon-motile as coupared
to the 50% « 807 motility observed in the presence of "normal control"
lymphocytess These exciting results suggest that cell-mediated phenomena

play « role in the human syphilis fumune proccss and are being centinued,
Heparinized specimens from primary, sccondary, latent, and tert! iry paticuts

are being cellected from the L.A. County licalth Department (HollywoaodeWilshire
V.D. Clinic) for use in dircect cytotoxicity studics designed to corx: _ate the
appcearance and persictonce of cell-wsdiated phencmena with the developmont of
the luman sypaliitie imsuns procens, Additicnally, the wmothodaleogy iv baing cxe
tended to the study of cellermediatied dmamity dn ewpertucntal =, philis, Rabbits
solidly {mmune as a vesult of {ufection with T. pcllidum, Richolr strain, will
be tested for evidcuce of lymphocyte eytotonieity. If auccassiul, studies

will he designad to detammine wiiether the development and peraistencs of {manity
can be corrclated with the degrec of lymphocyte cytutoxicity.

Alteration of Tmmunity and/or Dnhnucement of Sus:optibility Brperiments
Utilixing Goat Anti-Iabbit Thyvoeyte Glohulin (\I8)

As described in Rencwal Application 4/18/73, rabbit thyruses have beon
collected, frozem awd transported to Myland Laboratorics, vhers goat
immunisation was carried cut. A total of approximately 550 ml has been provided
for this study, vhich has zlready been denigned and is undorway. Pifty rabbits
have been given an “imaunizing infoction" intratesticularly with T. paldidum,
Nichols strain. At the end of 3 to 6 wonths, when a relatively solid fremnicy
should be uanifest, ATG, normal goat globulin (NGCG) and salfne will be
administered intravenously in 0.6 ml/kg body weight amounts at days -7 (pre-
challenge), =4, =1, I(post=challenge) 7, 11, 15, and 19, as follous:
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20 - ATG
Immune Rabbits 10 - NGG

20 - Saline

10 = ATC
Non-Immune Rabbits 10 - NGG
10 - Salina

At day -1, lymphocyte depletion or alteration will be determined on relected
animals employing rabbit skin allografts. Ten rabbits in each gioup will be
challenged intradermally at each of 4 sites with 1000 I. pallidun and
examined for lesion developatent for 3 months. Additionally, each of 10
immune rabbits administercd ATG and saline (controls) will not be chillenged
in an effort to ascertain whether ATG can cauex the re~appearance of
symptomatic discasc (lesions) in auimals with latent infection during a 3~
wonth period. VDRL, FTA-ABS, and TPI determinations will be ecarried out on
pre-and post-challenge blood samples.
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III. THE “IN VITPD" CULTIVATION OF T. PALLTY IN TTSSUR CULTURE MOROLAYRNS (RE A A I

The inability to culturs T, palliden "fn vitro", eit  in artificial mediun

or in tiasgsue culture, has hawpered and made complex those studies relating to the
biology end immunology of treponescs and treponemal o!scuse. The demonstration

by Sykes and Miller (1971) that T. pallicys tukes vp au intescellular location
within the colla of rvabbit testes following fnoculation suggested an approach to
tisgue culture based upon our ability to locate the treponcomes within cells.

In cooperation with Dr. Sykes at the Califuornia Hospital Madical Center,

studfes were {nitisted in an effort to explove the fate of T. palitdum in tlecue
culture monolavers and possible factors whifch {nfluence survival and/or grovth,
Secondary monolayer culturcs derived from uninoculated rabbit tostes vere
established utilixing Kagle's MEM mndium without antibiotics Hapes, and either
30% heat-{nactivated fetal calf cerum or 503 hoat-inactivated normal rabbdit scarum. -
Ia the fnitfial experiments, 2.5 to 3 ml of a I. pallidun suspension preparcd in
the tissue culture medium and coataining 10 co 40 actively motile organisms per
high dry darkfield was added to the momnlayer cultures. TIncubation was carried
out at 35°C. Exemination of the tissue culture fluid showed decreascs in the
sumber of treponemes vith tiwe, suggesting that the organisms wmay hove tokon

up ao intracellular pesideace. Eloctron afcrographs confirmed the hypothesis

and desonstrated entry into the mouolayer cells vithia 30 minutes post-finoculation.

T T e o, g T e T e
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The development of lesions following the intradermal infection of rabbits with
washed monolayer cultures at periods of time after treponewe introduction
provided clear evidence for the presence and persigtence of virulent organisms
within the cells for at least 24 hours., Studies to determine how long they
survive under these conditions are continuing. In addition, the following
experiments have been plammed to elucidate those factors which influence survival
aund/or growth, ‘
1. The addition of superoxide diseutase (from E. coli) to the monolayers in
and effort to neutralize possible oxygen toxicity for treponemes (McCord, Kecle,
and Fridovich, 1971).

2. The use of chasbers separited by membrane filters, utilizing supercoxide
dismutase, radueing agents, or anti-oxidants on onc gide ard the tissue culture
wonolayer on the other.

3. Pulse chasing the inoculated monolayere with short bursts of 954 Ny -

5% 002.

4., Quantitation of the nunbars of viable treponcmes per individual cell at

{ntervals of tine aftasr fnoculation.

5. Pasnage of infecred rabbit testes in monolayer to determing if the
treponcmas will reproduce within the new cclls,
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1.

RESEARCK GOALS (JANUARY 1, 1974 - DECE" TR 31, 1974)

VACCINE DEVEL.OPMENT
A. Preparation and storage, iu liquid nitrogen, of freshly isolated T. pallidum

B.

C.

Nichols strain, which has baen 7-irrvadiated with a tetal deosage of 1,000,000
rads, in an effort to effect complete trepimemal inactivation without the
possibility of DNA repair during storage. A

Initiation of experinents designed to determine the degree of homologeus
rosistance and antibody response of rabbits immunized intraruscularly with

4 liquid nitrogen-presecved, y-irradiated (1,000,000 rads) T, pallidun

vaccine doses administered at 4 week intervals with alginate-gluconate adjuvant,
Bach rabbit will receive 4X107 treponenes per dose for a total of 16x107
organisms.,

Continuation of purification studies employing both multiple centrifugution and
discontinuous Picoll density gradient techuiques as desceribed in Backgregnd
and Rasearch Accomplishmcnts., Suspensions will he analyzed for motility as
well as for the presence of tissue componeants by derkfield ard electron
microscopy. Portions of ecuch “elean" susprooaieca will be lysed : -¢:a: .afeally
and tested for tiszua coatemination by gel diffurion utidizing anti. ..um
prepsrcd against rabbie tosticulnr hemopcuste. Serological analyais will be
carried out by (1) quuntitative FTA-ABS tests utilisfng “elean” v stendavd,

‘mon~purified treponcmes as antigen, and (2) qualitative C'F tasts utilizing

soluble ultrsaonic lysates of "clean" va standsrd, non-purificd trepones-y
as antigen. ' )

“Clean" as wvell as freshly extrocted, aoue-purifiecd suspeusions vhich have

been adjusted to contain identical wumbers of organisms will be injected
{atratesticularly into mormal rabbits in an attespt to doteet differences in
virulence, If no appreciadble diffarences are roted in antigotkiity and viruleonce
of suspensions which have satisficd the ciiteria of purity, oxperi-cnts will

be faftinted towvard elucidating their efficacy as & source of 7-irradiated
vaceine,

Complaticn of in-depth ncutralization and passive protection exparimeats
(dsscribed under Background and Rosearch Accomplishments) designed to conlirm
preliminary (indings vhich suggest & role for humoral antibody in the
exparimental immuns reapouse.
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B. Initiation of in-depth neutralization and passive protection experiments
similar to those referred to in A in an effort to dewonstrate s role for

humoral antibody in the human immune rcaponse.

C. Continuation of direct cytotoxicity studies (described under Background and
Research Accomplishments) designed to determine whether cellular mechanisms
are operative in experimental and/or human gyphilis.

D.. Coatinuation of studies (described under Background and Research Accomplishments)
designed to alter the immune responge and/or enhance susceptibility in
experimental syphilis utilizing goat antierabbit thymocyte globdulin,

“IN VIYRO" CULTIVATION OF T. PALLIDUM IN TISSUR CULTURR MONOI AYERS

Coutinued efforts to explore the fate of T. pallidum in tissue culture wonolayers

and to eluctdate those factors which influcece survival and/er gro.th ut{lizing the
approaches descridbed under Background and Research Accomplishments.
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