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ABSTRACT

1. DEVELOPMENT OF AN EFFECTIVE AND PRACTICAL VACCINE AGAINST

A. No immunity to the intradermal challenge of 542 1. pallidum
wvas demonstrated among rabbits vaccinated intramuscularly
at 4-weck intervals with a total of 4 vaccine doses, each
containing an cqual volume of 4.5 to 5 X lt‘0 y=irradiated
(650,000 rads), liquid nitrogen-preserved T. pallidum and
an alginate-gluconate adjuvant; cach of the vaccinated

animals developed VORI antibody.

B. The possibility that soluble surface immmogen(s) detach
from the y-irradiated treponemes during processing prior
to storage has led to the design of experiments utilizing
supernatants, obtained during preparation of vaccine, as

immunizing agents, ’
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1. MECHANISM(S) OF THE IMWUNE RESPONSE IN EXPERIMENTAL AND HUMAN SYPHILIS

A. Humoral Mechanism(s)

1. Experimental Syphilis

- a. Humoral mechanism(s) operative during the immune process
. have been demonstrated by the use of both passive protec-
tion and "in vitro"-"in vivo" neutralization techniques.

(See Annual Reports Nos. 3 and 4.)

b. As a prelude to further immune mechanism studies, it has

’ been shown that rabbits injected with graded doses of

T. pallidum (lub. lﬂg. lol. and lo‘! develop lesions
essentially within the same incubation periods as rabbits
given single doses, suggesting that the incubation period
required for lcsion development is independent of the
influence from other sites as long as the inoculum contains
at least 10° treponemes; however, the later course of
lesion development was shown to be influenced by other
lesions. In further graded dose studies, it was found
that lesions which develop from lﬂb inocula do, indecd,
influence the developmrat of lesions from inocula contain-
ing lﬂ'.‘. lﬂ: and 10 treponemes. These studies are con-

tinuing.

2. Human Syphilis

a. Although a technique has been developed for determining
the relationship of neutralizing antibody to immmnity
- in patients, it involves the use of 30% unheated human
serum due to the non-specific treponemicidal activity
operative when a 90% concentration is employed. (Sce

Annual Report No. 4.)

b. Preliminary studies have shown that absorption of
unheated normal human serum with non-pathogenic Treppnema

phagedenis var. reiteri removes the non-specific heat-

stable treponemicidal factor(s). Inasmuch as absorption
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in this manner might allow the use of maximal concentra-
tions of unheated sera in the neutralization assay,

these studies are continuing.

!
L™ < l'n-lxmz:m!) cxper iments have shown that per l!‘h\'!‘ll

Iymphocytes from patients with latent syphilis may have
a significant cytotoxic ceffect upon 1. pallidum (See
Annua) Reports No S and 4.,)

b. Studies to deternine whether cytotoxicity can be correlated
with the human immune process are being planned

2 Experimental Syphils

i) In experiments designed to determine whether a treponenmicidal
effect of immune lymphocytes is mediated by specific trepo-
nemal antibody, 1t was found that the usc f immune scoram
dijutions in combination with both normal and mmung
lynphocytes docs not result n the inactivation of 1
P allidum

b. Studies are underwvay to confirm and extend the finding
that immume ymphocytes "pr ined™ for 24 hours by y=irradiated
| ] pu[luﬂn;m CXOrts a Spox tfic evtotoxie effect upPon virulent
] lu)llu};!u (See Anmual T-’r;mw-f'f No 1
No significant differences were observed in the deve lopment
of lesions anong rabbits inoculated intravenously and daily

with goat anti-rabbit thmocyte globulin (ATG) as compared
to those inoculated with normal poat globulin or €al ing

(See Annual Report No, 4.)

d Stindies have been planned to obtain a highly sjx fic AlC
by absorption technigues as a prelude to further experiments

L
to determine whether susceptibility can be enhanced in this

manner.
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I11. PURIFICATION AND "IN VITRO" TISSUE CULTIVATION OF "T. PALLIDUNY,
NICHOLS STRAIN

A. Purification by Discontinuous Ficoll Density Gradients

i

As a prelude to the design of a more effective Ficoll gradient
for purification of T. pallidum, the equilibrium buoyant density
of the organism was determined to be 1.190 to 1,193 gms/m) i

utilizing lincar sucrose gradients, (See Annual Report No, 4.)

8. Iln Vitro" Cultivation in Tissue Culture Monolayers

l. It has beon shown that T, ";','i"'.‘f forms a strong attachment
to mono!tyer cell surfaces. Further, the treponemes appear
to show a strikingly selective preference for epithelioid
rather than fibroblastic cells in primary monolayer cualtures
derived from normal rabbit testis; this may be a sienificant

requirement for T. pallidum multiplication,

L

Transmission electron microscope studies have demonstrated

for the first time, the active penctration of T, pallidum

into primary monolayer cells derived from normal rabbhit testis,

3. As a prelude to cell monolayer-treponeme intoraction experiments,
it has been shown that I containing 50% fresh, heat-inactivated
normal rabbit serum and 1.0 off dithiothreitol, incubated at 34°¢C
in an atmosphere of 2.88% 0,, 5% (0, and 92.12% N,, is presently
the most optimally defined tissue culture medium and environment
for best maintenance of motility and virulence. Further, the

. nediun does not damage cell cultures.

This report containe a significant bibliography.
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ANNUAL REPORT NO. 5

BACKGROUND AND RESEARCH ACCOMPLISIMENTS

1. DEVELOPMENT OF AN EFFECTIVE AND PRACTICAL VACCINE AGAINST EXPERIMENTAL
AND HYMAN 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 Homologous Acquired Resistance

The basis for continued studies toward the development of
a practical vaccine utilizing v-ivradiated T. pallidum as the
immunogen has now been firmly established (Miller, 1973; ililler,
1976) . The publications and Renewal Application No. 3 (6/24/74)
have detailed (a) the consplete immunity to homologous challenge
accomplished by immunizing rabbits intravenously over a 37-week
period with 60 injections containing a total of 3.71 X lng
freshly isolated T. pallidum, Nichols strain, y-irradiated with
650,000 rads, (b) the necessity for reducing the number of
immunizing injections with or without adjuvants, (c) the ratjonale
and successfully developed procedures for preservations of large
nunbers of irradiated treponemes for relatively long periods of
time in liquid nitrogen, (d) the development of some degree of
homologous acquired resistance following intravenous and intra-
muscular vaccination with liquid nitrogen-preserved 650,000 rad
Y-irradiated T. pallidum, Nichols strain, employing a practical
time schedule, (e¢) the enhancing effect of a sodium alginate-
calcium gluconate adjuvant upon the immune response to homnlogous
challenge following intramuscular vaccination, and (f) the
presence of relatively few infectious treponemes within the
preserved, irradiated treponemal vaccine, suggesting the occur-
rence of DNA repair during liquid nitrogen storage.

Table | summarizes the comparative data supporting the
conclusion that (a) partial immumity developed among 11 animals

receiving non-infectious, v-irradiated (650,000 rads), liquid
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» TABLE 1
Ny Results of Challenge Imoculatfon in Rabbits Jmwinized Vith ~. 12 X lo' Liquid %itrorensPreserved,
Y-lryvadiated T, :allgé'n. With and Without Adluvant, in Tvo Separate t-pusaenu'
" Develonxant of sions
With .ﬂjuvnat. Vithout Aliuvane
Saye e Accurulative Nusber of Positive Sites®
latramuscular Intrvascular
i & After (Non-lnfectious) | (Infections) Controls Int ravenous Intra~iscular Tentrols
*
| LEhallenge 11 manbies? 1 Rabhie® 12 Babhits o l»y_u' A Ptk esf 12 Radhics
| L L8 ([ 6%)
«/48 (B
9 ; S/LB ( 10%)
10 12/48 ( 35%) L L 14748 ( 29%)
11 Y0/48 ( 63%) e 2748 ( SO%)
| W 40748 ( 1Y) & Y3/LR ( $1%)
13 &3/48 ¢ %) L LETLE [ 9%
14 6764 ( 14%) 48/48 (100%) . Le/as (100%)
13 8764 ¢ 187 L =
18 16046 (327 et 5733 vy
12 19054 (437 336 ¢ #y |_133 ¢ a1y
N L_33s¢s ¢ 57 s (5% 16726 ¢ 27 {_2333 12y
' | _2eea (3o ' 3 (13w 20738 ¢ 22%)
-t e Jatea ¢ 11%) ale ooy | 32/3% ¢ =33y .
Fid 28744 ( 86%)
‘ 2 AOJAL (917 -
i Fa) | A2/as (95 | B
2 a2/68 (5% L
L safss ooy | 2
- Hean Tine
(Days) 1.3 143 1.3 18.8 17.4 1.2
. . Poleradiation dosage, 630,000 rads; challenged by the (ncradermal route at & sites.

Challenge dose per site: "Without Adjuvant™ Beperinest « 1300 I, palliden
R "With Adjuvant™ BExperivent - 2060 T. pallld»

. Vaceine Combined with squal volume of AL sodiem alginate « 0,671 caletvn alginate of Juvant containing D.47% phenol as
preservative.

® Wumerstor = Sites Positive; Denominstor = Total Sttes.
{ s Bight rabbite developel flat, erythematous, atypleal lesions at all sites. .

¥ fecetved vaccine conta.ning infectious trepovenss; developed flat, erythematows, atypical lesions at all sites
@ following ehallenge.

f One rabbic huaq to divelop Jesions at any site during the 88-day observation period,

3 One radbbic developed f at, er .chematous, atypleal leslons at 2ll sites,’
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gluconate adjuvant, and (b) the adjuvant exerted an enhancing

effect upon the immune response to homologous challenge when

compared to the response of rabbits immunized intramuscularly !
with the same total dosage of vaccine, but without adjuvant. '
Evidence of partial immunity among the 11 animals receiving

non-infectious vaccine was demonstrated by a significant delay

in the development of lesions, ranging from 3 (2.7) to 14 (13.7)

days in each of the immunized rabbits compared to the average

time of lesion development in the non-immunized controls,

Further, 8 of the 1l vaccinated rabbits developed relatively

flat, erythematous, atypical lesions which healed at a time

when 10 of the 12 control rabbits were exhibiting ulcerative

lesions. It is interesting to note that the animals immunized

a greater immunity than those animals which were partially

protected by means of completely inactivated organisms; atypical

lesions developed after a delay in the incubation pericd of

7 (7.2) days compared to the control animals and persisted

longer than the atypical lesions which occurred in the other

“test" animals.

The enhancing effect was suggested by the findings that
(a) none of the 8 rabbits vaccinated intramuscularly without
adjuvants exhibited a delay of more than 7 (6.8) days in the
appearance of lesions compared to the average time of lesions
development in the non-immunized controls, and (b) 8 of the 11
animals vaccinated with the treponeme-adjuvant mixture developed
flat, erythematous, atypical lesions in contrast to their
development in only 1 of the 8 animals vaccinated intramuscularly
without adjuvants.

These results pointed to the necessity for further experiments
employing modifications in the spacing and numbers of vaccine-
adjuvant injections as well as the use of smaller challenge inocula

in order to determine whether a clearly denonstrable complete

immunity can be achieved. The finding of infectious treponemes
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in the preserved vaccine also indicated the necessity for

(a) determining the extent of infectiousness within the remaining

RS LR s 1

stored vaccine doses irradiated at this level! and (b) exposing
the treponemes to a total y-irradiation dosuge greater than
650,000 rads prior to processing and storage in liquid nitrogen

for further immunization experiments.

In an effort to determine the extent of infectiousness
within the preserved vaccine, 24 vials (1 ml per vial) of

i T. pallidum y-irradiated with 650,000 rads and preserved in

‘ liquid nitrogen for 7-10 months, were thawed and pooled to give
a concentration of 3 X 109 treponemes per ml.  The morphology
of the treponemes was excellent and the motility equivalent to
that of the preserved treponemal vaccine used in the previously
described adjuvant experiment. Each of 10 serologically non-

reactive New Zealand white male rabbits was inoculated intra-

testicularly with 1 ml of the vaccine per testis or a total of
6 X lO9 treponemes. None of the 9 surviving rabbits showed
evidence of infection during the 3 months of observation as
measured by negative darkfield examination and TPl tests
(1 animal died from unknown causes following 2 months of
observation during which darkfield and TPl results were also
negative). At the end of the 3-month observation period, the
popliteal lymph nodes and testes of the 9 animals were removed
and inoculated intratesticularly into serologically non-reactive,
normal rabbits. None of the recipient animals showed evidence
. of infection during the 6-month observation period as measurcd

by negative darkfield examination and TPl tests.

Thus, the available evidence indicated that there were
relatively few infectious treponemes present in the 650,000 rad
y-=irradiated vaccine, and suggested that exposure to a total
y=irradiation dosage of 1,000,000 rads prior to processing and
storage in liquid nitrogen might cffect complete inactivation

of the organisms without the possibility of DNA repair during

storage.
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Freshly isolated T. pallidum, Nichols strain, were
Y-irradiated with 1,000,000 rads and preserved in liquid nitrogen
for use in immunization experiments designed to determine the
effect of modifications in the spacing and number of vaccine-
adjuvant injections, as well as to determine the effect of a
smaller challenge inoculum. As in the previous vaccine-adjuvant
experiment, the 1 ml vials of preserved irradiated treponemes
were thawed the day of inoculation. They were then pooled to
give 20 ml of a treponemal suspension conta ning 4.0 X 109
organisms per ml, and combined with an equal volume of 4% sodium
alginate - 0.67% calcium gluconate containing 0.4% phenol as a
preservative. The morphology of the treponemes in adjuvant by
darkfield microscopy was excellent, and no significant change
in the degree of motility was noted. Fiftecen rabbits were
immunized intramuscularly with 4 liquid nitrogen-preserved,
Y-irradiated (1,000,000 rads) T. pallidum vaccine doses admin-
istered, at 4-week intervals, with an equal volume of alginate-
gluconate adjuvant. Each rabbit received 4 X l(l9 t reponemes
per dose (2.2 ml) for a total of vI6 X 109 organisms. No
significant weight loss was observed among any of the vaccinated
animals during or after vaccination. Darltfield examination of
the tested 3-1/2 weeks after cach of the first 3 injections and
one week after the last injection was negative suggesting the

non-infectivity of the vaccine doses. As a further check on

infectivity, a single poplitecal node and testis were removed
from each of the animals one week after the last immunizing
injection and inoculated into the testes of serologically non-
reactive, normal rabbits. None of the recipient animals showed
evidence of infection during the 6-month observation period as

measured by negative darkfield examination and TPl tests.

Four weeks after the last immunizing injection, the 15
vaccinated rabbits were challenged at ecach of 4 sites with 474
T. pallidum, Nichols strain, per site. No evidence of immunity
to ~liallenge was noted; typical lesions appeared at cach site

in both the challenged vaccinated and control animals, with no
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significant Jdifference in the incubation periods. Thus, while
foirradiation with 1,000,000 rads appears to effect complete
imactivation of T. pallidun without DNA repair occurring during
fiquid nitrogen storage, the evidence strongly suggests that

irradiation at this level damages the immunogens responsible

for stimulating host resistance. Despite the fact that relatively
few infectious treponemes may appear in a vaccine y-irradiated

with 650,000 rads and preserved in liquid nitrogen, it remains
essential to carry out further experiments with vaccine prepared

in Ehis manner employing modifications in the spacing and numbers
of waccine-adjuvant injections; it is equally important to determine
whether a relatively small challenge inoculum will clearly reveal
the presence of a complete immunity among animals vaccinated in
this manner. Thus, freshly isolated T. pallidum, Nichols strain,
were y-irradiated with 650,000 rads, and processed as previously
lescribed and preserved in liquid nitrogen. The 1 ml vials of
preserved irradiated treponemes were thawed the day of inoculation,
i pooled to give 18 ml of a treponemal suspension containing
£.5-5.0 X 10° organisms per ml, and combined with an equal volume
of 4% sodiwm alginate - 0.67% calcium gluconate adjuvant containing

@ . 4% phenol as a prcscrvntivc. %

fhe morphology of the treponemes in adjuvant by darkfield

microscopy was excellent, and no significant change in the degree
»f motility was noted. Twelve rabbits were immunized intra-
suscularly with 4 liquid nitrogen - preserved, Yv-irradiated
850,000 rads) T. pallidum vaccine doses administered, at 4-weck
intervals, with an equal volume of the adjuvant. Each rabbit
feceived 4.3 to 5.0 X 109 treponemes per dose (2.4 ml) for a
total of 18.7 X lng organisms. No significant weight loss was
ehsetved among any of the vaccinated animals during or after

2

v e inat jon Parkfield examination of the testes 3'; weeks

-

sfter each of the first 3 injections and one week after the
fast injection were negative, suggesting the non-infectivity
of Ehe vaccine doses. As a further check on infectivity, a

cimgle popliteal node and testis were removed from each of the
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12 animals one week after the last immunizing infection and
< inoculated into the testes of serologically non-reactive, normal %'
: rabbits. None of the 9 surviving recipient rabbits showed

s evidence of infection during the 6-month observation period,

as measured by negative darkfield examination and VDRL tests

(TPI and FTA-ABS tests have not been carried out as yet). Five |

weeks after the last immunizing injection, the surviving 10

vaccinated and 12 control rabbits were challenged at each of 4
sites with 542 T. pallidum per site. No evidence of significant
immunity was noted; typical lesions appeared in both the challenged
vaccinated and control animals, with no significant difference in

the incubation periods.

Thus, it appears that the failure to note an enhancing
degree of protection in this experiment utilizing an additional
injection of liquid nitrogen-preserved vaccine-adjuvant and a
relatively small challenge inoculum is a reflection of either
a) immunogen damage during the liquid nitrogen storage processing
procedure, b) immunogen damage during storage in liquid nitrogen,
c) the relative ineffectiveness of the alginate-gluconate adjuvant,
and/or d) the release of soluble surface immunogen(s) into the
serum-saline-glycerol supernatant during preparation of the
treponemes for liquid nitrogen storage. The latter theory is
consistent with the fact that freshly-isolated T. pallidum

contains an "outer coat'" at its periphery thought to be associated

e S LRARLS —— v,,‘,___< ‘

with virulence and which is lost rapidly "in vitro'" upon aging
(Miller, 1973). In the preparation of T. pallidum suspensions

for liquid nitrogen storage, the 66 ml of y-irradiated treponecmes

in 50% normal rabbit serum-saline containing 15% glycerol are

centrifuged at 19,000 X g for 30 minutes and re-suspended in

1 ml of the supernatant; the remaining supernatant is frozen

at -20°C. It is conceivable that during either the irradiation
or centrifugation process, soluble surface immunogen(s) detach
from the organisms into the surrounding fluid. Indeed, it is
possible that the complete immunity demonstrable with freshly-

isolated, y-irradiated T. pallidum may have been due to the
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injection of soluble surface immunogen(s) contained in the
suspensions injected the day of preparation without high-speed
centrifugation and liquid nitrogen storage. By this procedure,
each of the animals received a total of 60 ml of fresh immunogenic
suspensions, while in the experiments carried out with liquid
nitrogen-preserved treponemes, each rabbit received a maximum of
4.8 ml of preserved suspensions which may have contained inadequate
amounts of soluble immunogen(s). Thus, before initiating attempts
to produce acquired resistance with irradiated, preserved

T. pallidum suspensions utilizing other adjuvants, experiments

will be carried out to determine whether protection can be achieved
with the serum-saline-glycerol supernatant fluids (with and without
complete Freund's adjuvant) obtained from the y-irradiated

(650,000 rads), liquid nitrogen-preserved trecponemes cmployed

in the previously described studies.

Antibody Response

Inasmuch as VDRL, TPI and FTA-ABS antibodies are important
in the diagnosis and control of syphilis, the finding that they
develop during the 37-week intravenous immunization process with
freshly isolated irradiated treponemes and persist in some
animals for at least one year after vaccination is of great
significance, and points to the serious restrictions which could
be imposed upon a human vaccine with the same antibody-producing
capacity (Miller, 1973). Thus, is it interesting to note that
while both VDRL and FTA-ABS antibodies developed following the
intramuscular and intravenous immunization of rabbits with liquid
nitrogen-preserved treponemes (650,000 rads) with or without

adjuvants, TPI antibody failed to develop in any of the 20 animals

vaccinated by the intramiscular route with or without adjuvants,

(including the animal which received infectious treponemes), and

in only 3 of the 9 rabbits vaccinated intravenously. Further,
no evidence of a TPI anamnestic response was observed in any of
the experiments at 3-days or l-month following challenge.

Similar results were obtained among the 15 rabbits vaccinated
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with T. pallidum y-irradiated with 1,000,000 rads and admin- i
. istered intramuscularly with adjuvant as described. Each of the i

10 rabbits vaccinated intramuscularly with 4 spaced doses of
y-irradiated (650,000 rads), liquid-nitrogen-preserved treponemes
developed VDRL antibody (FTA-ABS and TPI antibody determinations

. have not been carried out, as yet). There is the possibility
that VDRL antibody may have developed in response to rabbit tissue
present in the vaccine rather than to the treponemes, per se,
particularly in light of findings by Smibert that cardiolipin
is present in rabbit testicular tissue and absent from T. pallidum,
Nichols strain (Personal Communication). Such findings lend
further impetus to the necessity for studies relating to both

the purification and "in vitro" cultivation of T. pallidum.

35 Degree of Heterologous Acquired Resistance

The data of Turner and Hollander (1957) suggest that rabbits
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 from studies in this laboratory in which
it has been shown that (a) a 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 Onvlee, 1966), (b) an ultracentrifugally

homogeneous polysaccharide isolated from the Nichols strain

reacts with homologous rabbit but not human anti-syphilitic sera
- (Miller, Bekker, DeBruijn and Onvlee, 1969), and (c) rabbit anti-

syphilitic sera prepared against the rabbit-adapted Utrecht

strain of T. pallidum and absorbed with an ultrasonic lysate
prepared from the homologous strain, show reactivity in the
presence of Nichols strain lysate antigen (Miller, Bekker, Onviece
and DeBruijn, - unpublished data). Of critical importance, then,

is the necessity for determining whether animals immunized with

and resistant to the Nichols strain of T. pallidum are also immune




Annual Report No. 5 Page 11

RE

to heterologous rabbit-adapted human strains. Such studies
are predicated upon the successful achievement of acquired
resistance employing whole, Y-irradiated T. pallidum, Nichols
strain, or soluble surface immunogen(s) as a vaccine in a

practical injection schedule.

MECHANIS!H(S) OF THE IMMUNE RESPONSE IN EXPERIMENTAL AND HUMAN SYPHILIS
(Objective No. 2)

As Humoral Mechanism(s)

Although no evidence was available (prior to 1972) to suggest
that humoral mechanism(s) of resistance were operative in experimental
and human syphilis (Eagle and Fleischman, 1948; !fagnuson, Thompson,
and McLeod, 1975; MclLeod and Magnuson, 1953; Magnuson, Thomas, Olansky,
Taplan, DeMello, and Cutter, 1956; Miller, Fazzan, and Whang, 1963;
Miller, Whang, and Fazzan, 1963; Miller, 1973), preliminary experiments
were initiated in this laboratory in 1971 in which the methods of
passive protection and combined "in vitro"-"in vivo' neutralization were
utilized in an effort to reveal humoral expressions of resistance in
the experimental model. The success in elucidating a role for humoral
antibody in experimental syphilis using these methods has prompted
their application to the human disease in an effort to reveal an

operative antibody mechanism.

1. Experimental Syphilis

a. Passive Protection

The experimental evidence which appeared to suggest
that passive protection could be convincingly demonstrated
only by continuous daily intravenous injections of " 10 ml
of immune rabbit serum (IRS) has been detailed in Renewal
Contract 6/24/74. A definitive experiment based upon this
rationale was designed in which each of 5 serologically
non-reactive, normal rabbits were inoculated intravenously
with 3 ml per Kg body weight (" 10 ml) pooled IRS freshly
obtained from rabbits with a T. pallidum infection of 12

months duration; the pooled sera were injected at 4 hours

prior to intradermal challenge with 1.1 X IO3 T. pallidum
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at each of 4 sites, anl daily thercafter for 37 days. At
the same time, fresh normal rabbit serum (NRS) and saline
were injected into each of S rabbits under the same condi-

tions and for the same length of time. The protection

afforded by the immune serum was unequivocal (Bishop and

Miller I, 1976). As shown in Table Il, typical lesions

developed at all challenge sites on rabbits in the NRS and

saline recipient control groups after an average incubation
period of 13.7 and 13.1 days, respectively; 35 of the 40
lesions ulcerated in an average time of 28.9 and 25.3 days
after challenge. All of the lesions were typically
erythematous, indurated, and raised. 'lotile treponcmes were
demonstrable in aspirates from 34 of the 40 lesions. |llealing
of the lesions was complete in 53.0 + 9.7 days in the NRS
control rabbits and in 48.8 + 7.5 in the saline control
animals. Passive transfer of NRS did not influence the
course of lesion development; the severity of the lesions,
the incubation period, the time required for ulceration, and
the duration of the lesions were the same in both the NRS

and the saline recipient groups.

In contrast, the lesions present in the IRS-injected
rabbits developed at 17 of 20 challenge sites, required
41.5 + 16.3 days incubation, and were non-ulcerative. They
measured 12 mm or less in diameter, were pale and flat with
irregular borders, and were darkfield negative. The lesions
persisted only 13.5 + 8.5 days as compared to a duration time
of 39.2 + 9.6 and 35.6 + 6.6 days respectively in NRS and

saline iecipients.

The wide diversity in the incubation periods and duration
of lesions among the 'test'" animals is a reflection of 2
different patterns of lesion development. Two animals developed,
during the administration of serum, relatively small atypical
lesions 1Z mm in diameter. In one rabbit, the lesions appeared
on day 14 at 3 of the 4 challenge sites, disappeared on day 17,

reappeared on day 23, and again disappeared on day 26 for the
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for the remainder of the observation period. The second
animal showed lesions at cach of the 4 sites on day 31 with
disappearance on day 34 and no recurrence. The remaining
3 rabbits failed to develop lesions until day 5!, or 25 days
after IRS injection was terminated. Pale, atypical lesions
first appeared on these animals at 10 or 12 sites between
days 51 and 57 and persisted for 20 days. Prior to their
appearance, all lesions had completely healed in 7 of the

10 control animals,

Thus, the results demonstrate conclusively that passive
transfer of a relatively large quantity of immune Serum daily
over 37 days confers to normal rabbits resistance to challenge
with T. pallidum, Nichols strain. This resistance is mani-
fested in the marked delay in lesions development and profound

decrease in the severity of the lesions.

In an effort to determine whether the delayed, atypical,
non-progressive healed lesions in the passively immunized
rabbits represented only localized infection, or whether
dissemination and intracellular residence had indeed occurred,
the lymph nodes, spleen, liver, and testes were removed and
inoculated intratesticularly into serologically non-reactive
recipient rabbits. Dissemination and the possibility of
intracellular residence following challenge was confirmed by
the development of darkfield positive lesions in 3 of the 4

surviving recipient animals,

Thus, the results stiongly suggest that the use of

relatively large amounts of immune serum produces an initial

and continued level of “protective" factor(s) in recipient

rabbits which contributes to treponemal destruction upon

ghallcngc (Bishop and Miller I, 1976). Indced, the protective
effect of large doses of immunc scrum has since been confirmed
by other investigators (Sepetjian, Salussola, and Thivolet,

1973; Turner, Hardy, Newman, and Nell, 1973; Perine, Weiser,

and Klebanoff, 1973; Weiser, Erickson, Perine, and Pearsall,
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1976). In an effort to determine whether passive immuniza- z
tion could achieve antibody levels present in donor serum,

TPl determinations were carried out as markers. The tests
were performed on sera obtained from the passively immunized
rabbits (1) day after the last serum or saline injection
(day 38) and (2) the day of sacrifice (day 212). The data
are shown in Table 11l (Bishop and Miller I, 1976).

TPI reactivity of the donor immune serum pools ranged
from 1:42 to 1:928 with a mecan titer of 1:429, while the
donor non-immune scrum pools were non-reactive at the time

of injection into the recipient rabbits.

On day 38, the TPl reactivity of those rabbits that
received IRS ranged from 1:143 to 1:303 with a mean titer of
1:228. In contrast, those animals that reccived NRS and
saline exhibited values ranging from Non-Reactive (NR) to
1:85 (mean 1:24) and from NR to 1:40 (mean 1:15) respectively,
thus suggesting that the antibody in the IRS recipients was
derived primarily from the donor immune serum pools; further
evidence was provided by the finding that 6 of the 10 control
animals had no TPI antibody. It is equally apparent that the
mean TPI titer of the passively transferred serum pools was

higher than that of the recipient rabbit sera.

It was of interest to note that at day 212 which represents
7 months following challenge and 6 months following the last
serum of saline injection, the TPI reactivity of the IRS-
recipient rabbits had cither decreased or remained at approxi-
mately the same level; in contrast, the control animals
exhibited significantly increased mean titers. Inasouch as
passively transferred antibody would not be expertrd to persist
in the recipient host for 6 months, it seems apparent that the
TPI antibody response exhibited by 3 of the 4 surviving IRS
recipient animals is a reflection of the immunogenic stimula-
tion provided by the organism. Conversely, the complete
disappearance of TPI antibody from IRS-recipient rabbit No. 2

suggests an absence of infection by T. pallidum.
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It scems evident from these data and from those of the
preliminary experiments that the successful demonstration of
significant passive protection is predicated to a large extent
upon (1) relatively large volumes of immune serum, (2) fresh
serum, and (3) daily serum injections. It is probable that
the humoral factor(s) involved are immunoglobulins rather than
lymphokines, although the participation of the latter cannot
be unequivocally excluded (Bishop and Miller [, 1976).

The failure of passive immunization to effect complete
protection is evident not only from the eventual appearance
of atypical lesions but also from the fact that dissemination
occurred in 3 of the 4 surviving IRS-recipient animals. This
failure may have been due to the fact that either (1) an
insufficient amount of serum was injected before challenge,
and hence the circulating and extravascular levels of the
immunc factor(s) were too low at the time of challenge, or
(2) the dilution of donor serum upon the injection resulted
in a reduction of humoral immune factor(s) below the concentra-
tion necessary to cffect complete protection. If TPl antibody
levels can be used as a marker, the finding that the mean TPI
titer of the transferred serum pools was higher than that of
the recipient animals at the end of the injection schedule
lends support to both of these hypotheses.

Complete protection by passive immunization may also be
precluded on the basis that the large amount of unpurified,
whole serum from allogencic donors injected into the rabbit
recipients may have induced the production of antibody against
donor immunoglobulins or other serum factor(s), thus resulting
in the inactivation of specific treponemicidal factors present
in the immune scrum. Onc cannot exclude the possibility that
cell-mediated phenomena play a role in the immunc process and
therefore complete protection by transfgr of immune serum only
is not possible; this, of course, presumes that immunoglobulins

rather than lymphokines are the sole protective factor(s)

present in immune serum (Bishop and Miller I, 1976).




sl ke

Annual Report No. 5

Page 18

The delay in lesion development until after discontinuance
of the serum treatment has been previously observed (Perine,
Weiser, and Kiebanoff, 1973; unpublished data, Bishop) and
suggests that in some passively immunized animals the pathologic

processes which induce the skin lesions do not become operative f
until serum administration has becn terninated. The intra-
cellular location ot T. pallidum demonstrated by Sykes and
Miller (1971) offers a mechanism whereby the organism can elude
treponemicidal humoral factor(s); extracellular treponemes are
exposed to the action of the passively transferred immune

humoral factor(s), but those which entered cells shortly after
challenge may become inaccessible to serum factors. Upon
termination of imer'ne serum injections, subsequent decline in

the level of the circulating and extravascular immune factor(s)
allows viable intracellular treponemes to survive in an extra-
cellular environment and induce iocal lesion formation., This

may explain why (1) lesions failed to develop in 3 IRS recipients
until 17 days after injectisns were terminated and (2) the dura-
tion of those lesions which developed during the time of continu-
ing serum administration was very short (4 days), while those
which appeared after the injections were terminated persisted
longer (20 days) but still not as long as lesions in the control
groups (39 and 37 days).

Although the atypical local lesions and/or delay in the
development of such lesions was a reflection of the protection
provided by passive immunization, dissemination occurred in
3 of the 4 surviving IRS-recipient animals. It was of interest
to note that at this time TPl antibody levels either remained
the same or decrcascd in contrast to the significantly clevated
TP1 titers of the non-protected control animals. This scems to
suggest that (1) the action of the passively transferred immune
serum had reduced the mmbers of treponemes available for stimu-
lation of TPI antibody production; (2) the disseminated treponemes
resided intracellularly and thus provided no stimulus for TPI

production; or (3) injection of pre-formed antibody suppressed
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B cell stimulatior and prevented subsequent TPI antibody

production (Bishop and Miller I, 1976).

The demonstration of a role for humoral factor(s) in
immunity in experimental syphilis necessitates the elucidation
of whether immunoglobulins are the factors operative in the
passive protection of rabbits by immune scerum. These studies
have been planned. In addition, studies have been planned to
determine whether similar humoral factor(s) demonstrable by
passive immunization are operative in the serum of rabbits
vaccinated with either y-irradiated (Miller, 1973) or time-

inactivated (Metzger, Michalska, Podwinska, and Smogor, 1969)

T. g;llidu-.

Combined "In Vitro"-"in Vivo" Neutralization

A second approach to the demonstration of humoral mech-
anisms of resistance is based upon the use of a neutralization
technique similar to that employed in studies relating to viral
immunity. Turner (1939) first utilized this technique but
negated his results on the basis of subsequent ly acquired
knowledge regarding the incubation survival of T. pallidum.

The decision to re-explore the use of this method was based

upon the development of newer knowledge relating to “in vitro"
survival of treponemes. Further, it was felt that the technique
not only might provide a tool for clucidating humoral expressions
of immunity, but might also allow a quantitative assessment of

the development and persistence of the immune response during

the course of the cxperimental disease. Preliminary cxperiments
did, indeed, provide evidence of an operative humoral mechanism(s).
Sera were obtained from 2 infected-immune and from non-immunc
rabbits on the day of the experiment. A suspension of T. pallidum
containing ln' treponemes/ml was prepared and added, in cqual
volumes, to tubes containing cach of the immunc and pooled non-

immune sera. The mixtures were then cquilibrated with 95% N, -

5% COZ and placed in the 34°C incubator. After 4 and 16 hours

respectively, 0.2 ml samples of each of the mixtures (containing
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1000 treponemes) were inoculated intradermally at cach of 4
sites on the shaved backs of normal recipient rabbits for each
time schedule. Those sites which received the immune serum-

treponemes mixtures incubated for 4 hours developed generally

smaller lesions after a 2 to 4 day longer incubation period as
compared to those sites injected with the non-immune serum-
treponeme suspension. Those sites which received immune serum-

treponeme mixtures incubated for 16 hours failed to develop

lesions during the 56-day observation period as compared to the
non-immune serum-treponeme control sites where lesions develop-
ment occurred in 14 to 18 days. This clear demonstration of a
treponemicidal factor(s) in immune serum led to a more definitive
experiment designed to (1) confirm the initial findings,

(2) elucidate the role of a heat-labile factor(s), if any, in the
reaction, and (3) correlate the development and persistence of
immunity to challenge with quantitative levels of the "neutralizing"
factor(s). Fifty rabbits were injected intratesticularly with

T. pallidum, Nichols strain, and the ctiology of the resulting
orchitis confirmed by darkfield microscopy. Intradermal challenge
of a representative number of rabbits with T. pallidum at cach of

4 sites on the shaved back at 11 days, 1 month, 3 months, { 1
4'; months, 7 months, 17 months, and 24 months post-infection
revealed a developing but incomplete immmity at 11 days with
solid resistance appearing at 3 months and persisting for at
least 2 years following infection. The animals were bled 2 days
prior to or shortly after challenge and the sera frozen for use
in the neutralization studies. The basic technical design was
modified somewhat from the preliminary experiment in that :
1 volume or treponemal suspension was combined with 9 volumes
of pooled test or control scerum, cither undiluted or diluted and
either unheated or heated at Sh“C for 30 minutes, to give a final
concentration of ln‘ treponemes/ml in the preparation. After

o

113 : : L 0 : . 23 9
equilibration under 95% N, - 5% CO, and incubation at 34 C for

4 or 16 hours depending upon the experiment, 0.1 ml of the

treponeme-serum mixtures, each containing 1000 T. pallidum

-:3'--llll-IllIllllllllllIlllIIlIIlllIIIIIllllIIiIln-----l--l----l“
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were imjected intradermally into the shaved backs of
5 serologically non-reactive rabbits to determine virulence.
e preliminary observations that specific treponemal inactiva-
Eiom By immune serum factor(s) commenced within a 4-hour
imcubation period and is complete within 16 hours was confirmed
Bishep and Miller Il, 1976). As shown in Table IV, rabbits
ihecwiated with treponemal suspensions incubated 4 hours with
wiheated 4 month IRS developed typical lesions after a 2 to 7
fiay delay im the incubation period compared to the control
sifes, while those animals injected with the same unheated IRS
Erepenene mixtures but incubated for 16 hours failed to develop
fesions at amy of the inoculated sites, in contrast to the
Wpearance of lesions in 11 to IS days at all sites inoculated
wiEh wakeated MRS troponeme mixtures similarly incubated. The
Pt e ipat iom of heat-labile serum factor(s) in the reaction
wive showsm comvimcingly by the development of typical lesions
eifhEn 15-01 days at those sites inoculated with heated 4%
MR IRE freposene mixtures incubated for 16 hours. As shown
i fable ¥, the imactivation of treponemes by IRS begins within
¥ Rewes of in vitro incubation, is significant but incomplete
17 howrs, and becomes complete within 16 hours. "Aging" the
Sespenenes ia waheated MRS, under the same conditions of incuba-
fiam, For & howrs followed by 4 hours of incubation with IRS,
sfFacted complete imactivation. In contrast, the same suspension

eubnted & Rhowrs with IRS alone produced lesions at 5 of the 10

Pl etad cifes ‘Nging™ of the treponemes for 8 hours followed
By ¥ Bawse of imcadation with IRS also cffected complete neutral-
s e, while the sane suspension incubated with IRS alone for

Neuse prodced 2 lesion at | of the S inoculated sites.

Palble W1 shows that the injection of rabbits with IRS-
Erupnmene firtwres incobated with and without 100 vg/ml of
Pocuseme Fad ¥ to 8 hours failed to show significant differences
B the Sime of appearance and in the number of lesions which

Meve toped, thwe clearly denonstrating that this concentration

o sl Teeesime does mot influence neutralization of T. pallidum
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under these test conditions. The absence of lesions at all

sites injected with treponemal suspensions incubated 16 hours
with IRS or preliminarily '"aged' with NRS for 4 or 12 hours

prior to the 4 hours incubation with IRS precludes any further

S

conclusions regarding the influence of lysozyme.

A number of questions regarding the mechanism of inactiva-
tion by IRS are raised by these findings. One possibility is
that an outer coat or envelope must be removed from T. pallidum
to allow exposure of antigenic sites which are susceptible to
specific inactivation by immune factor(s). The coat has been
suggested to be mucopolysaccharide in nature and therefore
susceptible to degradation by lysozyme; pre-incubation with
unheated NRS may provide serum lysozyme necessary to effect
coat removal. Since 4 hours of incubation with NRS followed
by 4 hours of incubation with IRS inactivatced the treponemes,
incubation for 8 hours with IRS would be expected to similarly
accomplish complete inactivation, but failed to do so in the
experiments. Loss of lysozyme activity during storage of the
IRS may account for this result; however, addition of 100 ug/ml
of lysozyme failed to enhance the reaction. These findings
contrast with those of Metzger et al., who demonstrated the
acceleration of serologic reactions by the addition of lysozyme.
Although treponemes were not pre-incubated with heated NRS,
similar results would be expected if pre-incubation allows
removal of an outer coat by serum lysozyme, since the transition
temperature for thermal denaturation of lysozyme is well above
56°C (Bishop and Miller 11, 1976).

A second possibility is that exposure to IRS alters the
envelope or outer surface of the treponemes and prolongs the
time required for inactivation. Miller (1973) has suggested
that an immunogen present in freshly isolated trecponemes and
nccessary for the development of complete immunity in rabbits
may be located in a mucopolysaccharide outer coat. If, indeed,
such an antigen exists, it is possible that immune serum contains

antibodies which bind to the outer coat and stabilize it against

degradation.

-
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[t is possible that pre-incubation with NRS removes

antiglobulin factors associated with T. pallidum, which have

been reported by Logan (1974), and allows accelerated specific
inactivation by IRS. This mechanism anticipates an immuno-

globulin nature for the immune serum factor(s).

Another possibility suggests an entirely different mech-
anism for inactivation of the treponcmes, namely lysis by the
action of the alternative pathway of complement (Mueller-Eberhard,
1975). The components of this system are known to react with
polysaccharides, and the sequence of reactions can be activated
by immunoglobulin (Ig) aggregates. It may be possible for
T. pallidum to bind the complement (C) components which initiate
the reaction, inasmuch as a polysacchurido has been isolated
from the organism (Miller, Bekker, DeBruijn, Onvlee, 1969).

The shorter incubation required for inactivation of the trepo-
nemes after pre-incubation with fresh, unheated NRS could be
explained by the higher concentration of active C than was
present in thc IRS after storage. [However, this nonspecific
mech=nism would not be consistent with the data unless it
required activation by a component present only in IRS, since

NRS alone did not inactivate the treponemes.

Experiments designed to determine whether the heat-labile
factor(s) in immune serum which participate in the neutralization
of T. pallidum are operative alone or in combination with heat-
stable factor(s) during the immune state have been completed;
the role of both heat-stable and heat-labile factors has been
convincingly demonstrated (Bishop and Miller 11, 1976). Imnune

-

sera from 3-month and 6-month infected rabbits were heated at
56°C for 30 minutes. Equal volumes of unheated normal rabbit
serum (NRS) undiluted and serially diluted to 1:8 with heated
NRS were added to the heated immunc sera and the ncutralization
test utilizing 1000 T. pallidum as nntigon was carried out as
previously described, Control consisting of unheated immunc

sera, heated immune sera, unheated immune sera + undiluted

unheated NRS in equal volumes, heated immunc sera + undiluted
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heated NRS in equal volumes, unheated NRS, and heated NRS were
included in the test. Following the 16-hour incubation period,
5 serologically non-reactive rabbits were inoculated intra-
dermally on the shaved back as follows:

3 ]

Unheated Immune Sera 0 0 lteated Immune Sera +
Unheated NRS (undiluted)

\

Heated Immune Sera 0 0 Heated Immune Sera +
/ 1:2 Unheated NRS
Unheated Immune Sera + 0 0 Heated Immune Scra +
Unheated NRS (undiluted) 1:4 Unheated NRS
Heated Immune Sera + 0 0 Heated Immune Sera +
Heated NRS (undiluted) 1:8 Unheated NRS
{ \\
' Unheated NRS 0 0 Heated NRS
=
XS

The results of the experiment are summarized in Table VII.

The data clearly show that the neutralizing property of
immune sera is dependent upon the presence of a heat-stable
factor(s), presumably immunoglobulin in nature, operative in
combination with a heat-labile factor(s) also present in normal
rabbit serum (complement?). It is unlikely that the immune
serum components are lymphokines and thus indicative of cell-
mediated immunity, because of the dependence of the reaction
on the non-immune component, presumably C. The exclusive use
of the homologous system of T. pallidum, Nichols strain, with
sera from infected animals raises the possibility of a non-
specific serum component responsible for inactivation. [lowever,
since only the heat-labile component is found in NRS, any non-
specific mechanism would necessarily require the action of an
immune serum component produced or mobilized in response either

to a T. pallidum antigen or to the disease process. One such
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8rive rabbits vere Inoculated futradermally at ecach of 10 sites on the shaved

back vith IOJ T. pallidum, Kichols strain, fn the {{oal preparationn follows

ing 16 hourn fn vitro {ncubation.

b

Mran - Standard Deviation,

‘ns = {nerine rabbit serum;

‘560 for JO minutes.

®1he diluent wie heated MRS.

NRS = non-{esmine rabhit scrum.
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mechanism operative in bacterial destruction, the alternative
pathway of complement, has been discussed. Studies to determine
whether the heat-stable factor(s) are, indeed, immunoglobulin

in nature as well as studies to determine if neutralizing ]

factors are operative, and their nature, in vaccinated animals,

have been planned.

Of considerable interest was the relatively close qualitative
and quantitative correlation between the "neutralizing' effect
of the serum and the immune status of the source rabbits during
the course of the disease (Bishop and Miller II, 1976). As shown
in Table VIII, pooled serum obtained from rabbits 2 days prior
to the 11-day challenge in which it was demonstrated that immunity
was just developing, failed to exert a treponemicidal effect upon
T. pallidum; rabbits inoculated with the unheated 9-day serum-
treponeme mixtures developed lesions at every site at approximately
the same tipe as the control sites. Serum obtained from rabbits
infected for 1 month, at a time when immunity to challenge
appeared complete, showed an incomplete but significant neutraliz-
ing effect. Four of the 10 sites inoculated with the undiluted,
unheated serum-treponeme mixture failed to show lesions. At 3
months post-infection, when immunity to symptomatic reinfection
appeared to be complete, the neutralizing effect increased; 8 of
the 10 sites failed to develop lesions. Pooled serum obtained
from rabbits 4.5 and 17 months PI, at a time when the persistence
of complete immunity to symptomatic reinfection was demonstrable
by challenge, either completely neutralized the treponemes or
reduced the virulent organisms below the minimum number necessary
to produce a visible lesion; none of the 10 sites inoculated
with each of these scrum-trcponeme mixtures developed lesions.
The quantitative data, shown in Table IX, scem to support this
correlation. There seems little doubt that the relatively high
neutralizing end point of sera from rabbits infected for 3, 7,
and 17 months accurately reflects their solidly immune state

demonstrable by challenge. Thus, it is indeed conceivable that

the technique of neutralization may provide a suitable mecans for
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evaluating the immune status of the host. An immunc mechanism
dependent upon the synthesis of specific anti-treponemal
antibodies is consistent with the observed correlation between
the development of immunity to challenge in the donor animals
and the appearance and level of the neutralizing factor, The
development of resistance to challenge precedes the appearance
of demonstrable neutralizing factor in the serum, Although

only 2 of 10 rabbits were resistant to challenge 11 days post-
infection, pooled serum collected from them on day 9 showed no
evidence of inactivating treponemes. It is possible but unlikely
that the 2 days between bleeding and challenge significantly
altered the response to challenge or the level of immune serum
factors. Similarly, 8 of the 9 animals challenged at | month
were resistant to challenge, and their serum showed evidence of
partial neutralization. It is possible that the neutralizing
factor, presumably antibody, was present concurrently with carly
resistance but in quantitics insufficient to be demonstrated by
complete ncutralization. However, .the level of the factor
increases during the course of the discase as shown by the NEP
and then declines somewhat late in the infecfion in the manner

of a typical response curve.

The design of the experiment allows determination only of
resistance to symptomatic reinfection and allows no conclusions
regarding the correlation between complete resistance to reinfec-
tion and the necutralizing serum factor(s). To determine resistance
to asymptomatic reinfection as weil would necessitate antibiotic
treatment of the animals and a delay before attempting reinfection,
during which time the immme responsc of the animal presumably
continues. For this reason, carlier reports of resistance to
reinfection at 3 wecks (Magnuson and Rosenaun, 1948; Turner and
Nelson, 1950) may not accurately represent the status of immunity
at the time of treatment, but rather at the time of challenge.
Additionally, no information was obtained regarding immunity to
greater challenge doses during the early course of the infection

in our experiment. Studies along both these linecs are being

planned.
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During the development of immunity in the scrum donors,
the challenge dose used was lo3 T. pallidum per site, and
graded challenge doses up to lo6 treponemes per site were
used only at the conclusion of the experiment. It has been
shown that rabbits become resistant to challenge with increas-
ingly larger numbers of organisms as immunity develops (!agnuson
and Rosenau, 1948). However, it may not be possible to use
increased numbers of treponemes in the neutralization test as a
measure of greater resistance. Preliminary observations indicate
that undiluted serum pools, which had NEP values as high as 128
in neutralization tests using lo‘ treponemes per ml, failed to
completely neutralize suspensions contadning |o° organisms per
ml (Bishop and Miller I, 1976).

The inocula, consisting of los treponemes per site in this
experiment, may have been so large that reduction in numbers of
viable organisms was masked. It is also possible that cither
the incubation time or the concentration of immune factor(s)
was insufficient for inactivation of the greater number of
organisms. Further, no correlation was found between the
motility of the treponemes in these suspensions and their
ability to produce lesions. Therefore, oae must conclude that
a neutralization test using relatively small numbers of treponemes
and various dilutions of the serum more accurately measures the
immmity of the donor than one in which the number of treponcw
is increased.

It would be of great interest to determine the presence of
the neutralizing serum factor and its correlation with the status
of immunity in rabbits immunized with treponemal vaccines inacti-
vated by v-irradiation (Miller, 1973) or by aging at 4°c (Tletzger
and Smogor, 1969). A comparison of the levels of the serum
factor and its identification as immumoglobulin(s) in ismunized
and infected-immune rabbits may contribute to the understanding

of the mechanism of induction of immunity by treponemal vaccines.
These studies have been planned.
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Inasmuch as future experiments relating to immune

mechanisms will necessitate the use of graded challenge doses

of T. pallidum, it becomes important to determine whether the
use of such graded doses in the same rabhit affects lesion
development by the smaller challenge inocula as compared to
the use of single doses in one animal. Thus, 1 groups of 5
rabbits cach were injected intradermally at each of 8 sites
on the back with inocula containing 103. 104, IOS. and 10°
T. pallidum, respectively (graded). Four additional groups
of 5 rabbits cach were injected at duplicate sites with 103,
IOJ. lﬂs. and lOb treponemes, respectively (single). Among

the four groups which received the graded doses, the positions
of the challenge doscs were varied such that 5 rabbits were
injected at duplicate sites with each challenge dose at each

of the 4 possible relative positions (anterior, posterior, etc.).
The results of the experiment as determined through day 35 are
shown in Table X. The development of lesions and their mean
incubation periods were essentially the same in rabbits injected
with graded doses and with single doses of T. pallidum. The

time from inoculation to ulceration of the lesions was also
similar for the two groups. However, the proportion of
ulcerative lesions which developed from 10; and I(Yi treponemes
was reduced in animals inoculated with graded doses. In
addition, the proportion of these lesions exhibiting motile
treponemes in aspirates obscrved by darkfield microscopy were

somewhat reduced.

The effect of the position of the inoculation sites upon
the mean incubation period for the resulting lesions is shown
in Table XI. When a single dose was used for all sites, the
results were highly uniform and the position of the inoculation
site on the back did not influence the incubation period. With
graded dose inocula the results were more variable; however, no

significant effect due to the position of the inoculation site

was observed.




Mg o g ol »

LS/€S $'Se $E-237 0% /61 roon 079 0y 701
or /0% $°0¢ A | U AR | °% 611 ot /on
o% /0w A A 4 oW /4% e 994 o1 /i
- e — _— e R e - =
o8 /0t 4 - e 9 (e /8 $ $ 104 M /o
Y /0 e T o 5% t e ¢ M /04
¢/ 3 & $o3 M e ) 2 4 i
YE/0% : 4 e M " b- 4 M /e
.
- — —— ’ > - - . p— U — -
pisoey, EEL AT T LARE o T ey PR ALTE
S LU L SRR T L S W42 g0y
PRP T p—
R LR e 2 it PRpTIR—
> .(.A— LR L IAA | » ek - At e 4o A g et vty R S e AACRL T
pe P Y T . priapiiile s amly
: > & & s 4
ot
4
. o B T awetny M aiis Bhr ey almagaie) tay . B e T o g
e —————————e

i R

n..}::
PePLas

o n

R LT

;:.3. 4 .u ¥

R e




n
~l

*9SOP UOAT3 B YITM POIBINOOUT SIITS JTE® JO UBAY

IOTI91SOd = § fI0TIDIUY

0°6

¢9

45

ey 0"y

¢ c

¢

93TS 3O UOTITSO4 931S JO UOT3TSOg

S9s0( papeay W 9s0(Q 9138uIs

Y

SAVG ‘SNOIS3T 40 AOI¥3d NOILVENONI NVIKM

SUOTS97T JO POTIdg uotrieqndu] aya uodp

jyoeg 31qqeY SYl UO 93TS UOTIBLTNOOU] JO UOTITSO4 JO dduanjijuj “IxX a1qel

Annual Report No. 5




Annual Report No. § Page 37

The results of the experiment suggested that the
incubation period rcquired for lesion development at each
inoculation site is independent of influence from other
inoculation sites as long as the inoculum contains at least
103 treponemes. The later course of lesion development may,

however, be influenced by other lesions.

To determine whether lesion development from inocula

g 3 e :
containing fewer than 10~ treponemes is influenced by lesions
resulting from large inocula, an experiment similar to the

i one described was initiated, except that doses of 106, 103,

-t

102, and 10 were employed. The results are shown in Table XII.
All sites injected with 10° T. pallidum first showed evidence
of lesion development on day 3. Mecan incubation periods of
the lesions developing from single dose inoculation and from
graded dose inoculation with 10, 102, or 103 treponemes were
compared by the t-test. In each case, the incubation period

was significantly shorter for lesions on rabbits injected

with graded doses than those with single doses (P<.05). In
the graded dase series, 103 treponemes produced lesions at
all of the 40 sites in 8.4 days whereas the single dose mean
incubation period was 12.4 days. Similarly, the incubation
periods were 12.1 and 15.0 days for 1()2 treponemes and 16.2
and 20.5 days for 10 treponemes. Additional evidence for

the influence of the 106-inoculum lesion upon the development
of the small-inoculum lesions was found in the decreased
proportions of ulcerative and darkfield-positive lesions at
sites injected with 103 or fewer treponemes in the graded
dose series. (Statistical analyses of mean time to ulceration

and numbers of sites devecloping lesions have not yet been

performed.)

These results provide an interesting comparison to the
data obtained in the previous experiment in which no signifi-
3 : 6 5 4
1 cant effect was observed utilizing inocula of 10", 107, 107,

3 ; T : :
i and 10” treponemes in a similar protocol. A third experiment

in this series to include graded doses ranging from 10 to 100

treponemes has been planned.

e —————————————
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2.  Human Syphilis

a. Passive Protection

S Passive protection experiments with human syphilitic
sera necessitate the use of recipient rabbits made tolerant
at birth to human globulin. These studies are not as yct

underway .

i b. Combined "In Vitro" - "In Vivo" Neutralization

The results of the neutralization experiments described
for the experimental disease have opened up new avenues of
approach to the study of possible humoral immune mechanisms
in human syphilis, and provide the rationale for determining
whether (1) similar heat-labile and/or heat-stable factor(s)
are operative in the human disease, (2) differences in the
immune status of patients with early, latent, and late

syphilis can be distinguished on the basis of qualitative

! or quantitative neutralization titers, and (3) demonstrable
heat-stable factor(s) are immunoglobulin in nature. These
exciting studies have been planned in cooperation with
Dr. Joshua Siegel, V.D. Control Officer at the Hollywood-
Wilshire V.D. Clinic, Los Angeles County Health Department,
where blood specimens from paticents with syphilis are being
obtained. Serum is removed at the UCLA treponemal laboratory
and frozen at -76°C for future use in the planned neutraliza-
tion experiments analogous to those alrcady described for the

experimental system.

; ! Preliminary experiments have been initiated to determine
the parameters nccessary for survival of T. pallidum (as
measured by both motility and virulence) in the presence of
unheated normal human serum as a necessary prerequisite to

the definitive neutralization studies described above. The

use of unheatcd normal human serum as an extraction medium
for T. pallidum resulted in motilities of less than 70"

established as a criterion for acceptability following

y ; ; i e
incubation periods of less than 10 hours at 34 C under




s
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- 5% CO Poor motility was also obtained at less i

95% N, Al

5 than 12 hours of incubation when extraction was carried out

in Nelson's medium and an amount of unheated normal human

Ty TR

serum added to give a final concentration of 90% (as utilized

in the experimental rabbit system). However, when unheated

normal human serum was added to T. pallidum extracted in
Nelson's medium to give a final concentration of 30%, the
motility was 70% or greater after 12 hours of incubation at
34°C under 95% N2 - 5% CO2 equilibration. It was interesting
to note that satisfactory treponemal survival seemed to be
dependent upon a 30-minute aerobic incubation every 2 hours
followed by re-equilibration and re-incubation from the
initiation of incubation until the final reading at 12 hours.
Completed preliminary experiments have suggested that despite
satisfactory motility of T. pallidum in the presence of 30%
unheated human serum after 12 hours of incubation, lesions
failed to develop consistently following intradermal inocula-
tion of such serum-treponeme mixtures, suggesting a treponemi-
cidal effect not correlative with the finding of satisfactory
motility. In an effort to explain the discrepancy between
motility and the results of the infectivity tests, it was
postulated (Phil Hanff - graduate student) that the amount

of normal serum per treponeme was greater in the IOJ/ml than
in the 107/ml suspension. If cross-reacting antibody is the
mediator of non-specific treponemicidal activity, one could
conclude that the neutralization would be greater in the 104

T. pallidum/ml suspension due to the larger amounts of antibody

per treponeme. Thus, an experiment was designed in which

unheated normal human serum, as well as heated normal human

serum and unhecated and heated normal rabbit sera as controls,
were added to a treponemal suspension to give a final concen-
tration of 30% and a final T. pallidum concentration of 107/m1.
Following 0, 4, 12, and 14 hour incubation periods, motilities

ranged from 85% to 100% dilution of the serum-treponeme mixtures

were then made with Nelson's medium, just prior to animal
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inoculation, to achicve final treponemal concentrations of

5 s 4 .
106, 10’, S X 10, and 10 /ml. For each serum-trcponeme
mixture at each of their respective incubation times 5 sero-
logically non-reactive rabbits were inoculated intradermally
6

4, 5EX IOJ, and 103 organisms in the prescnce of the

¥
107, 10

serum; each animal was inoculated intradermally with the

corresponding T. pallidum extract incubated for 12 hours as
a further control. Typical lesions developed at every site

in the expected incubation time, with no significant differences
occurring between the test and control sites; the average
incubation periods for all 106. 105, 101, 5 X IO3 and 103

T. pallidum sites ranged from 4.4 to 6.4 days, 7.0 to 8.2 days,
11.0 to 12.2 days, 11.6 to 13.0 days, and 13.6 to 14.5 days
respectively. Thus, (1) a satisfactory correlation between
motility and virulence appeared to exist, and (2) treponemicidal
activity on the part of normal human serum was not demonstrable,
strongly suggesting the correctness of the original premise

leading to the experiment. The thcory was further strengthened

by the finding that incubation of unheated normal serum in the
presence of 106 and 10S T. pallidum/ml under the same conditions,
resulted in the irregular appearance of lesions, despite motilities
of >85%.

In a preliminary experiment with unhecated late latent
syphilitic serum, untreated, utilizing the successful parameters
described above, a significant effect upon the virulence of
T. pallidum was consistently observed at the 105, 104, and 103
sites inoculated with preparations incubated for 14 hours. Of
the 5 sites inoculated with cach mixture, 1, 1, and 2 developed

lesions, respectively; the incubation periods of the lesions

were significantly delayed (20, 24 and 28.5 days, respectively,
compared to the control sites in which lesions ranging from 7.8
to 10.4, 10.8 to 15.2, and 15.0 to 18.4, respectively, developed
at all sites. While these exciting results have cstablished a

technique for exploring the relationship of neutralizing antibody
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to immunity in human syphilis, studies arc still continuing

in an effort to eliminate the treponemicidal activity of
normal human serum so as to allow the use of a 90% final

serum concentration in the methodology. It has been shown
that a treponemal motility of 84%-98% can be maintained under
anaerobic conditions for at least 16 hours when T. pallidum

is extracted in heated normal human serum and heated normal
human serum is added in final concentrations of 10% to 50%
(the highest concentration used in the experiment). It was
also demonstrated that the addition of unheated normal human
sera to the heated normal human serum extract of T. pallidum
in final concentrations ranging from 10% to 50% resulted in
motilities of less than 70% under the same conditions of
incubation; further, the decrease in motility was roughly
proportionate to the increase in unheated serum concentration.
Further, as expected, complement activity as measured by an
assay system utilizing amboceptor-sensitized sheep erythrocytes,
was proportionately greater as the concentrations of unheated
serum increased and motility decreased. Thus, the evidence is
highly suggestive that heat-stable treponemicidal factor(s)
(immunoglobulins?) in concert with heat-labile factor(s)

(complement?) present in normal human serum, inactivate
T. pallidum.
Preliminary studies have already shown that treponemal

motility in the presence of unheated normal human serum absorbed

with Treponema phagedenis var reiteri, and in 90% final concen-

tration was 86% after anaerobic incubation for 13.5 hours; this
was in contrast to the 90% unabsorbed serum-treponeme mixture

in which the motility was 24% after 4 hours incubation. These
data strongly suggest that the hcat-stable treponemicidal
factor(s) is a cross-reactive treponemal group antibody clicited
by host-indigenous non-pathogenic treponemes. Inasmuch as
absorption in this manner might allow the use of maximum con-

centrations of unheated human sera in the necutralization assay,

these studies arc continuing. The results will determine which
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neutralization methodology will be employed to determine
whether (1) heat-labile and/or heat-stable factor(s) are
demonstrable and thus operative in latency, (2) differences
in the immune status of patients with early, latent, and

late syphilis can be distinguished on the basis of qualita-

o L N B S AT

tive or quantitative tests, and (3) demonstrable heat-stable |

factor(s) are immunoglobulin in nature.

Cell-Mediated Mechanisms

As indicated in Renewal Application No. 4 (6-25-75) the demonstration
that cell-mediated phenomena may participate in the development and
persistence of acquired resistance in both experimental and human syphilis
has been hampered for the most part by the lack of satisfactory and
specific methodology which would allow the performance of cxperiments
from which definitive and unequivocal conclusions could be drawn. A
number of confusing reports have appcared in the literature attempting
to postulate cither a role for or the suppression of cellular immune
mechanisms in the human disease based upon blast transformation, or
leukocyte migration utilizing cither non-specific antigens of T. pallidum
contaminated with rabbit testicular tissue as mitogens (Mezzadra, Sapuppo,
Lazzaro, and Buzzone, 1969; Janot, Grandidier, Pupil, Thomas, Beurey, and
La Vergne, 1971; Fulford and Brostoff, 1972; 'fusher, Schell, and Knox,
1974).

Since 1973, this laboratory has been concerned with the development
and application of reliable techniques for clucidating cell-mediated
immune mechanism(s) in the experimental and human discase. Specifically,
efforts have been directed toward (a) a measurement of direct cyvtotoxicity
of immune lymphocytes upon T. pallidum and (b) attempted alteration of
the immune responsc and/or cnhancement of susceptibility in rabbits with

goat anti-rabbit thymocyte globulin.

I Human Syphilis

a. Direct Cytotoxicity of "Immunc Lymphocytes" upon "T. pallidum”

Nichols Strain

Determination of the cytotoxic cffect of immune lyvmphocytes

upon T. pallidum is predicated upon the preparation of pure
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lymphocytes which will remain viable during their interaction
with suspensions of virulent and motile T. pallidum without
exerting a non-specific, harmful effect upon the treponemes.
Conversely, the treponeme suspension must allow the survival

of lymphocytes during the interaction period.

Previous experiments were based upon the hypothesis that
an atmosphere of 95% N, - 5% CO, is essential for these experi-

ments, inasmuch as the environment is necessary for T. pallidum
survival for 40 or more hours. lowever, findings by Rathlev

at the State Serum Institute in Copenhagen and in this laboratory
suggested that the use of McCoy's 5a medium allows both lympho-
cytes (as measured by trypan blue exclusion) and treponemes to
survive under aerobic conditions of incubation at 34-35°C for
at least the time neccessary for specific interaction to occur.
As a result of continual and exhaustive preliminary human
experiments, modified parameters for the measurement of cyto-
toxicity more reliable and reproducible than those previously
described have been developed. Relatively pure lymphocytes
(90%) were prepared from 29 patients with latent syphilis and

from normal control donors as follows:

(1) Heparinized blood diluted 1:2 or 1:3 with saline was
layered onto a 9% Ficoll-hypaque gradient and centr: faved

at 400 X g for 40 minutes.

(2) The lymphocytes separated at the interface were washed
several times with Hank's balanced salt solution; each
washing was followed by centrifugation at 400 X g for 10

minutes and resuspension of the pellet in Hank's solution.

(3) After the final washing, the lymphocytes were suspended
in 'kCoy's 5a medium to give a concentration of 5§ X 10°
lymphocytes per ml. Treponemal suspensions were prepared
per ml, and combined with the "test" and normal lymphocyte

preparations to give a 100 to | ratio of lymphocytes to

treponemes.
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Incubation was carried out aecrobically for 5-6 hours at
34°C at which time 90%-95% of the lymphocytes were still viable
as measured by trypan blue exclusion. At the end of the
incubation period, the suspensions were examined for the
percentage of motile treponemes based upon the observation
of 25-50 organisms., The motility observed in the presence
of normal lymphocytes ranged from 75% to 92%. In contrast,
3 latent syphilitic lymphocyte-treponeme preparations showed
only 11 to 15% motility, 5 showed from 22 to 35%, 9 showed
from 39 to 55%, and 12 showed from 57 to 70%, These results
suggest that cell-mediated phenomena may play a role in the
hunan syphilis immune process; plans for their continuation
are being formulated. (A graduate student, Robert Doe, will

be involved in these studies.)

2. Experimental Syphilis

a.

Nichols Strain

In an effort to determine whether lymphocyte toxicity is
operative during the development and persistence of immunity
in the experimental rabbit disease, experiments were initiated
to determine the pararcters neccssary for the acrobic survival
of treponemes and rabbit lymphocytes under conditions similar
to those described for human model. Relatively pure 1ymphocytes

(295%) were prepared from normal rabbits as follows:

(1) Heparinized blood (20 units/ml) was centrifuged at 1800 RPN
four minutes, the buffy coat removed and placed in a Fisher
tube, and centrifugation carried out at 2000 X g for 2

minutes.

(2) The concentrated buffy coat was removed and placed into a
Fisher tube containing approximately 0.4 w1 anti-B sorum

and 1 drops of ADP solution.

(3) The red blood cells and platelets were agglutinated by
slowly inverting the tube several times and were then

pellieted by centrifugation at 1000 X ¢ for 3 seconde.
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(4) The supernatant was removed and layered gently onto 0.5 m)
. of a Ficoll-Hypaque mixture in Fisher tubes and centrifuged

at 1000 X g for 2 minutes.
{5) The white interface was removed, suspended in McCoy's 5a

medium containing 10% heat-inactivated normal rabbit serum
(NRS), and centrifuged at 4000 X g for ! minute to pellet I

the lymphocytes.
(6) The lymphocytes were washed 3 times, ecach washing followed

by centrifugation at 3500 X g for | minute and re-suspension.

(7) After the final washing., the lymphocytes were suspended in
the McCoy's-NRS medium to give the proper final concentra-

tion.

T. pallidum suspensions were propared in Nelson's modium
containing 10% heat-inactivated NRS and added in equal volumes
to the lymphocyte suspensions to give a 5:1 ratio of treponemes

to Iymphocytes. Acrobic incubation at 34°C resulted in the

maintenance of greater than 70% motility of T. pallidum for at
leart 10 hours. Further, the viability of the lymphocytes
remained at 95% as measured by trypan blue exclusion. In an
attempt to determine whether lymphocyte toxicity is operative
during the immune process in the cxperimental disease, the above
parameters were nodified to give a 100:1 Iymphocyte-t reponeme
ratio and both immme rabbit lymphocyte-treponceme and hon-immumne
rabbit Iymphocyte-troponone mixtures were inoculated intradermally
into the shaved backs of 4 serologically, non-reactive rabbits
after aerobic incubation at 34°C for § and 10 hours; each animal
app ared at the same time at all sites in 12<13 days, thus
indicating the absence of a cytotoxic effect wpon 1. pallidum by
Iymphocytes from immwme animals wnder the conditions of the
eéxperiment. In an effort to deternine whethetr a treponenicidal
effect of immume Iynphocytes is nediated by specific treponems)
antibody, experiments were designed in shich inmune and normal

Iysphocytes were conbined with imtume <cram and 1. pallidun,
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incubated for 12 or 15 hours, then injected intradermally

into serologically non-reactive rabbits, together with
appropriate controls. In the experiment ‘n uh b the
lymphocyte/T. pallidun ratio was increased ¢ " oto l,

the number of treponemes inoculated was reduced to 500, the
immune serum concentration was 50%, and the incubation time

was 15 hours, a partial killing effect was observed by both
normal and immune Iymphocytes in the presence of heated imnune
serum; the ability of normal )ymphocytes to kill T. pallidum

in such a systom is not surprising in light of a similar effect
noted upon tumors. A similar experiment utilizing serial
dilutions of immune serum ranging from 1:4 to 1:1024 in combina-
tion with both normal and immunce lymphocytes (lymphocyte/T.
pallidum ratio = 100 to 1, 1 pallidum concentration = 40,000/ml,
incubation time = 10 hours), showed no evidence of antibody-
dependent cellular killing of T. pallidum; lesions developed at

all sites 13 days following intradermal imoculation.

Based upon the premise that immune lymphocytes must be
preliminarily stimulated or “prined™ before a demonstrablc
Cytotoxic response can be cvoked, a preliminary experinent was
carried out in which both normal and immune [ymphocytes were
preliminarily incubated aerobically at 34 with 1. pallidum
y=irradiated with 650,000 rads for 21 hours, followed by the
addition of virulent | plill'-t-«ljm and cont inued incubation for
0, 5, and 10 hours. Following cach incubation time, serologically
non-reactive rabbits were inoculated ntradermally at each of
d sites with each preparation. The lymphocyte/ 1 pallidum ratio
was 100 to | and the number of 1. pallidun inoculated per site
was 1000. The results were highly encouraging lesions failed
to develop at either of the 2 sites inoculated with "primed”
imnune Iynphocytes and 1. pallidun incubated for 10 hours, in
contrast to the development of typical lesions at both the sites
inoculated with similar preparations incubated for 0 and § hours

and at the sites inoculated with "primed” normal lymphocytes and

I. rlLlid’Ym incubated for 0, S, and 10 hours. Experiments are
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underway and continuing in an effort to confirm and extend

these findings utilizing varying ratios of stimulator
(y-irradiated T. pallidum) to killer (lymphocytes) and killer
to target (virulent T. pallidum) and extended "priming" and
incubation times.

Alteration of Immunity and/or Enhancement of Susceptibility
Utilizing Goat Anti-Rabbit Thymocyte Globulin (ATG)

The use of ATG as an immunosuppressive agent causing

lymphocyte depletion has been used in numerous experiments in
an effort to demonstrate a cellular mechanism(s) of resistance

operative in infectious diseases. The preparation, characteri-

zation, availability and plans for its definitive use have been
described in Annual Report No. 2. As a necessary prelude to
determine whether the intravenous administration of 0.6 ml
and/or 1.2 ml of ATG/kg body weight would result in rabbit
lymphocyte depletion as measured by the results of rabbit skin
allografts. Rabbits injected with either unheated or heat-
inactivated ATG utilizing either dose died after the first or
third injection. Death was attributed to the fact that (1) the

ATG may not be specific for lymphocytes alone and is attacking
other tissues as well, or (2) the dose was overwhelming, thereby

causing "cytotoxic anaphylaxis."

Rabbits were given a total of 8 injections over a 26-day

period at 3 or 4 day intervals with two different lesser doses

of heat-inactivated ATG (0.6 ml and 1.2 ml total per injection
without regard to body weight) in order to determine a non-lethal
dosage capable of effecting lymphocyte depletion. Inasmuch as
the animals survived, an additional experiment was initiated with
0.2 ml and 0.3 ml doses of heat-inactivated ATG per Kg body
weight utilizing the same injection schedule. Skin allografts

were carried out after the third injection; no significant

difference in the time of rejection of the "test" and "control"

grafts by the animals was noted, suggesting the possibility that

CMI impairment did not occur. (Autografts used as technical
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Purification experiments utilizing discontinuous Ficoll density

Center in cooperation with Dr. John Sykes, who successfully employed this

technique for the separation of tumor cells from fibroblasts (Sykes,

Whitecarver, Briggs, and Anson, 1970). Preliminary investigations have
indicated that the rabbit-adapted Nichols strain of T. pallidum appears
to be separable from host tissue by this technique. Intratesticularly-
infected rabbits were sacrificed at the height of orchitis development

and the testes aseptically removed and segmented. Extraction was carried

out in 50% heat-inactivated rabbit serum-saline medium under 95% N, -

<

€O, 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 minimal essential medium

without calcium (MEM) and containing 50% heat-inactivated fetal calf serum.
The diluted extract was then strained through 4 layers of gauze to remove

further small-particle debris. The supernatant was centrifuged at 19,
for 20 minutes, the resultant pellet re-suspended in 10 ml of the MEM-fetal

calf serum solution, and additional clarification carried out by centrifuga-

tion at 900 X g for 10 minutes. The suspension was again centrifuged

19,000 X g for 20 minutes, the supernatant discarded, and the pellet re-

suspended in MEM containing Ficoll (density = 1.030). The !MEM-Ficoll

Suspension was layered onto various discontinuous gradients of Ficoll

dissolved in MEM and centrifugation carried out at 8,923 X g for 10 minutes

at 28°C in a Spinco L-2 HV preparative ultracentrifuge using an SW-50

swinging bucket rotor. Following centrifugation, the various interdensity

tones were collected by bottom puncture under direct visual obscrvation

and examined by darkfield and electron microscopy; additionally the

treponenes from each interface were examined in the FTA-ABS test for

3
techniques using potassium tartrate are used, separation of axial filaments
. has been noted suggesting that both morphologic and antigenic alterations
have occurred (Sykes, unpublished data).
'

gradients for separation were initiated at the California Hospital !edical !

antigenic integrity and purity. The cleanest preparations were obtained
at the 1.050-1.065 g/l interface. Both darkfield and ecicctron microscopy
failed to reveal evidence of tisswe contamination; FTA-ABS tests employing

the gradient trepomenes as antigen not only revealed reactivity at the same

a
o

(73]

000 X g

at
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level as standard, non-purified antigen preparations, but also appeared
free of any tissue debris. Of important significance was the finding

that gradient treponemes retained their motility, thus lending hope to

the possibility that immunogenicity and virulence have also been retained.

Experiments designed to confirm these preliminary findings resulted

in the demonstration of ''clean" suspensions of treponemes by darkfield

microscopy. However, electron microscopy revealed the occasional presence

of small amounts of cellular debris.

It seemed apparent that consistently effective separation of
treponemes from host rabbit testicular tissue utilizing the density
gradient technique necessitated a determination of the true buoyant
density of the organism. Studies have been made using linear sucrose
gradients with densities ranging from 1.080 gm/ml to 1.280 gm/ml
differential centrifugation of the crude testicular extracts. The
gradients were centrifuged at various g- forces and for periods of 1 hour
and/or 18-20 hours. The experiments so far carried out at 100,000, 50,000
and 20,000 X g have given highly reproducible results. Depending upon
loading, three discrete bands were seen and appeared to be due to aggre-
gated organisms in the upper and lower bands with mainly single organisms
in the center band. A plot of approximate numbers of single treponemes

on a plot of the density of the collected fractions appears to indicate

an equilibrium buoyant density in sucrose for T. pallidum, Nichols strain,
of 1.190 to 1.193 gm/ml. A detailed electron microscope study of the
organisms from the three bands is planned to determine, if possible, the
reason for the clumping of the organisms in the upper and lower bands.
Preliminary observations have failed to show any gross morphological
changes (such as unwinding of axial filaments). Studies are also planned
to develop a consistently reproducible Ficoll density gradient technique
for separation based upon the recently-determined buoyant density of the

organism and to elucidate the ultrastructural nature of the organisms

separated in this manner.

B. "In Vitro' Cultivation in Tissue Culture Monolayers

The inability to either culture Treponema pallidum "in vitro'" or to

separate the organism from the rabbit host testicular tissue in which it
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is presently propagated, has seriously hampered and made complex those
. studies relating to (1) metabolism (Wilcox and Guthe, 1966); (2) vaccine

development (Metzger and Smogor, 1969; Miller, 1973); (3) serologic

specificity in relation to diagnosis (Miller, 1975); (4) mechanism(s)

of resistance (Miller, 1973); (5) antigenic structure (Miller, DeBruijn,
Bekker and Onvlee, 1966; Miller, Bekker, DeBruijn and Onvlee, 1969);

and (6) physico-chemical make-up (Miller, DeBruijn, Bekker, and Onvlee,
1969). While some limited knowledge has and will become available
through studies utilizing tissue-contaminated treponemal suspensions
prepared from rabbit testes (see above references), detailed, definitive,
and more complete investigations can only be carried out with treponemes
obtained as a result of either "in vitro'" cultivation or large-scale
separation techniques. Thus, it is felt that intense efforts should be

applied in both these directions.

Since the discovery in 1905, of T. pallidum as the etiologic agent

of syphilis, numerous investigators have attempted to culture the organism
"in vitro'" without success; these investigations have been well summarized
in two World Health Organization reports (Wilcox and Guthe, 1966; WHO
Scientific Group, 1970). The great majority of investigations relating

to growth of the organisms in tissue culture were made on the assumption
that treponemal multiplication would be reflected by an increase in the
number of actively motile (presumably virulent) organisms in the extra-
cellular tissue culture fluid. As a result, this assumption led to the
discard of culture exhibiting non-motile treponemes, usually within one

to two days after inoculation.

During collaborative studies, with Dr. John A. Sykes, relating to
the ultrastructure of T. pallidum and the pathogenesis of disease in the
experimental rabbit and in man, it was demonstrated that (1) T. pallidum
takes up an intracellular residence within the parenchymal cells of the

infected rabbit testes (Sykes and Miller, 1971); the infected labium

(Sykes, Kalan and Miller, 1974); and the human cervix (Sykes and Kalan,
1975); and (2) ultrastructural differences exist between the pathogenic
and non-pathogenic treponemes (Sykes and Miller, 1973). The finding of
T. pallidum within tissue cells "in vitro" led to the suggestion that an

"in vitro" intracellular relationship between mammalian cells and
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T. pallidum might be vital to its multiplication in a manner analogous
to viral and bacterial replication. Further, the characteristic
differences in ultrastructural morphology between T. pallidum (rabbit
adapted or human strains) and non-pathogenic treponemes provide a
useful marker for preliminary identification of replicating organisms
in "in vitro" cultivation systems in which host-indigenous, avirulent
treponemes may also become established. Thus, studies were initiated
with Dr. John Sykes and Dr. Thomas Fitzgerald (a postdoctoral research
fellow) in an effort to explore the possible entry of the rabbit-
adapted Nichols strain of T. pallidum into the cells of tissue culture
monolayers. Secondary cultures derived from non-infected rabbit
testes were established utilizing Eagle's minimum essential medium
(MEM) without antibiotics, 20 mH Hepes as a buffering agent, and
supplemented with 20% heat-inactivated fetal calf serum. In the
initial experiments, 3 ml of a T. pallidum suspension prepared in the
tissue culture basal medium supplemented with either 20% heat-inactivated
calf serum or with 10-50% heat-inactivated normal rabbit serum and
containing 10 to 40 actively motile organisms per high dry darkfield,
was added to the monolayer cultures. Incubation was carried out
aerobically at 35°C. Examination of the tissue culture fluid showed a
decrease in the number of treponemes with time, suggesting that the
organisms may have attached to or taken up an intracellular location
(Fitzgerald, Miller, and Sykes, 1975). Electron micrographs confirmed
the hypothesis and demonstrated that some organisms had either gained
entry into or attached to the cells of the monolayer within 30 minutes
post-inoculation (Fitzgerald, Miller, and Sykes, 1975). The development
of characteristic lesions following the intradermal inoculation of
rabbits with cells from washed monolayer cultures at various periods
of time after treponeme introduction, provided clear evidence for the
presence and persistence of T. pallidum in its virulent forﬁ within or
attached to cells for at least 96 hours (Fitzgerald, Miller and Sykes,
1975).

Experiments utilizing the Sykes-Moore chamber (Sykes and Moore,

1959) have allowed the actual phase contrast visualization of approxi-

mately 95% of inoculated motile T. pallidum attaching to rabbit testis,




