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ABSTRACT

Seven strains of treponemes (Treponema sêolÍodontum, !._.p'haeede¡is

biotype English Reiter, I. phagedenis biotype Kazan 5, !. phagedenis

biorype Kazan 4, L. ++, L. refrinsens bÍotype Nichols, and T .

refringens biotype refringens), members ín Ëhe order of spirochaeËales,

were used for the studies on celløredíated inrnune response Ëo treponemaL

anËigens

Cytopl-asmic antigens of trePonemes r¡7ere capable of eliciting cel1uLar

irmune reactions in the sensitized guinea pigs in terms of delayed hyper- 
'

sensitivity (skín ËesË) and inhibition of migration of macrophage (macro-

phage migraÈion ínhibition Ëest).

The results of macrophage migratíon ínhibiLÍon tests díd noË show

sËrongly correlatíon wÍth those of skin tests in both homologous and hetero-

,,

logous anËigenic groups

using the program of mixed facËorial design, it was found that by

skin tesË and macrophage mígration inhibiËion, the degree of sensiËLzati.on

among strains was different. The same variation was aLso observed ín the

degree of reaction in the presence of dífferent treponemal antigens '

Thè mutual relationships among treponemes \¡7ere esLimaËed by the

Duncants New Multiple-Range tesË and a simple Percentage calculatíon. Two

groups were found by skin tests while one group was found by macrophage

migration ínhibition Ëest. The conclusion of the anËigenic muËual re-

Lationships depends on the period of sensitLzatíon'

The partially purified Treponema pal-lidum failed to induce skin

reactions on rabbits infecËed with live Treponema palLidum which has been
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1.

Evidence was shown Ëhat ínfection with Treponêma pallidum stimu-

laËes a cel-1-nediated írmnune response in the host ín certain stages

of infection buË not in others. The presence of specifíc (1. palLi-

dum iurnobiLízing antibody and fluorescent anËibody after treponemal

absorption) was nonspecific VDRL (Veneral Disease Research LaboraËory)

anÉíbodies pLay no role or a very limited role in resistance to rein-

fectionl. In l-950, Csonka discovered that cutaneous delayed hyper-

sensÍtivity to Ëreponemal antigens r¡ras associated with laËent syphi-

LLs2. A local reaction, analogous to the tuberculin test, occurred

at this latenË stage when l. paLlídum antigen was injected inËra-

dermally ínto Ëhe subject. Fulford (1972) reported on an in vítro

reactíon, the leukocyte mígration inhhbíËion reaction to treponemal-

antigens. IIe was able to demonsËrate Ëhat migration of leukocytes from

patienËs wíth primary syphilis was stimulated by Reiter Treponemal pro-

tein anËigens while the migraËion of l-eukocytes obÈained from late active

syphilis was inhíbíted. It r¡ras also shown Ëhat no stimulation or inhibítion

of migration occurs in secondary syphilis3. Activation of macrophages

is a central feature of cell-nediated immunity. Af,ter infection,

macrophage possesses enhanced phagocytic and bacËericidal properties,

not only agaínst the infecËing organísm but also against antigenically
t!

unrelated ones The latter phenomenon r^ras demonstrated by Schell- and

Musher (Lg74) by infecËing rabbíts with !. pallidum and the animal.'s

ability to resist'subsequent challenge of Listeria monocvËogenes vTas

enhanced between three and fíve weeks after ínfecËíon, coincident the

onset and regression of the geaeraLízed syphilitic eruption5. Musker



2.

eË al. (Lg7Ð6 investÍgated in viËro reaction of syphílitic patíenËs'

lymphocyËes to Treponema fefringens by using lymphocyte transformaLion

assay. Those investígators found that !. qefringens stimulated lympho-

cytes from normaL subjects to undergo blastic transformatíon in vitro,

in contrast to the signifícanËly Lesser extent of transformation of

lymphocytes from patients wÍth primary and secondary syphílis. However,

lymphocytes from pírmary or secondary syphílitic patients who had been

treated by antíbiotícs for six to ten weeks T¡7as increased to normal

1eve1 when exposed to T. refringens. It r¿as therefore suggesËed that

l-¡rmphocvte response to T. refríngens in vítro ís an ÍndicaËion of the

exisËence of celL-rnediated innnunity (CIfi). Primary and secondary

sy-phí1íËic patients are regarded as having defective ce11-rnediated

immunity because of the J-ow LymphocyLe transformatíon r.esPonse to

T. refringens

A1-L these observaËions suggest that cell--mediated immunity is

ínvol-ved in the clínical evolution of syphilis. Cell-rnediated ímmunity

ís suppressed ín the earl-y stages of infection and becomes active aË

the time that latency ís induced. Progression of acËíve syphilis might

resuLt from the fail-ure to sËÍmulaËe cell-rnedíated irmnunity resPonse

or from suppression of ce11-mediated immunity response.

This ínvestígation has been set to ans\der tÌro ques¡ions: 1) do

the cytoplasmic antigens of treponemes 
.elicít 

cell-nedíaËed immuniËy,

arrd 2) what is the range of inrnunological specificity of the anËigens

evoking such response. In Ëhese studies, Ëhe nature of treponemal antí-

gens and their mutual relationships, and particularly those relevent to

Treponema pallidum and syphilis would thus be further elucidaËed.



Background of imnunological fiêld. the cell-rnedÍated in¡nunitv

ImmuniËy can be divided into Ëwo classesr namely, cel-l-medíated

ímnuníËy (CMI) and humoral- irmrunity.

Humoral- iurmunity can be Passivel-y transferred from an irrnune

organism Ëo noniÍrriune one by serum. AS to cel-l medíaËed inrrunity 
,,,.

which cannot be passively Ëransferred by serum, the lymphoid cells

are the mediators of the immune reactions4.

An ín vítro test'(delayed hypersensiËivity skin test) and an 4, 
.,,,, ,

vitro test (macrophage migration inhibítion test) were used in the '''

: -.'r' .-' ':studies of treponemal celLqredíated iuununity ..:...

The histopathology of del"ayed hypersensitivity and inflamr¡atory

reactions have shown ËhaË símilar ce1-1 types are involved (Cruickshank,

'

R. (1965). In "Medical Microbiology", Loc. cit.). Sell and Asofsky 
I

1-
(1963)/ characËeri-zed delayed hypersensiËivíty by the followíng criteria:

a) de1-ayed hypersensítívity can only be transferred by speêifically

aensítized cells. LymphoÍd cells from lymph node, spleen and perípheral 
I

bLood leukocytes have been demonstrated to be able to transfer cel-1-

medíated inrnunityt b) the skin reaction time is longer than irmedíate 
, l

hypersensiËivity. The cel-lular ínfiltrate usually reaches a maximum at 't',,i',

.. 
t,

24 hours follor^ring antigen injection, giving rise Ëo a palpable indura- 
.,:,,,,:.
:-

tion, and begins to subside after 48 hours; c) the histological picture

of the reaction site is different from Arthus reacËion by the Ínfíltra-

tion of mononucl-ear leukocytes, mostly 1-yrnphocytes and macrophages, this 
:..

conËrasts with the essentially polymorph character of the arthus reaction. '.'''''

The technique of migration inhibition usíng capillary Ëubes was



'..:."-.1:.;...: t.i t1::.a':. .:;:..- .::.1';-. ,. -r'.:... .,.,. ..¡ I i;.1ì . f:i i'¡,1

introduced by George and Vaughan (Lg62)B "rd extended by Davíd et aL.

o-
(L964)" , anld it is considered Ëo be correLated with cellular inmunity.

David et al (1964) found that the nacrophages obtaíned from Èhe tuber-

cuLin sensitized anÍurals were ínhibited from migration in Ëhe presence

of specific antigen. Later, David9, Bloom and Bennett 10, 11 reported

Ëhat the capilLary tubenigration ínhibitíon assay required: 1) a

macrophage celL popul-aËion, usually obtaíned from perit.oneal- exudate by

the injectd-on of míneral- oil Ínto the perítoneal cavity; 2) a few

specifically sensitized Lymphocyt.es; and 3) the specific antígen.

Benacerraf and çeLLZ descríbed that Ëhe carrier proteín of.the heptan-

proËein conjugaËe ï^Ias resPonsible for the specíficíty of delayed re-

actíon

A soluble factor9 whích is non-dialysable, sensitive to proteo-

lytic enz)¡me such as trypsín, heat sËable by incubation at 56oC for

thirty mínutes and having a molecular weíght of 67r0OO was recovered

from the supernatants of sensítized l-ymphocytes cuLture a.fter the con-

tacË of specific antígen. This factor T¡ras reported by Thor et aL (L968)ts

that it could inhibit the mÍgraËion of norural guÍnea pig perítoneal

exudate cells (PEC). The factor responsible for the actÍvity in the

supernatant r^ras cryostable and named migratíòn inhibition factor (MIF)9.

Although the inhíbitíon of.migration cannot be directly correlated

wíËh the diameter of skin reaction, it has been demonstrated to correlate

wíth ce1lu1ar immuníty in vivo. David "t al.9 (1964) reported that a

positive migration inhibition of PEC from an animal sensitized r^rith

tuberculin could be demonstrated when the animal had delayed skin reac-

tion to Ëhe same antigen. Thís inhibition Tías specific for the immuniz-

h.
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ing antigen and occurred whether or not circul¿rtíng antibody was 
:::i:"::

present. However, a few derÍvatíons from the preceding correlation-

ship between macrophage mÍgration ínhibition and delayed skin reac-

tion have been reported such as in the case of BCG vaccinated guinea

pigs, a negative skin test rltas accompanied by a positive mígraËíon , . ',,1 , 
l- ''-..;

.L4inhibition tesË-

In concl_usion, the productíon of MIF by l-yrnphoíd cel-ls from a

sensitízed anÍmal by incubating Ëhe sensítízed lymphoid cel-ls wiËh .,,.',,'ì'

the specífic antígen Ís wídeI-y accepted as an Ín vitro indícation of "' ¡l';"'
': :: _ 

'

cel-Lqrediated hypersensiËivity. Therefore, it is a useful tool ín ' j,',,',,

the studies of celL-rnediated immunity, i.e., aL1-ograft immuníty,

autoimmuniËy, tumor immunity, and delayed hypersensitivity in man' 
i

l
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. MORPHOLOGICAL AND CULTURAL CHARACTERISTICS OF

TREPONEMES

Treponema is a member of the order spLrochaetales, and has been

eíther ísolaËed or observed microscoplcally ín many animals. It can be

seen ín Table IL5-L7 that positíve fsolaËion of Èreponemes rrere obtalned

from all carnivors, omnÍvores and most 6f the herbivors.L5-L7 Treponernes

have been isolated from the oral cavity, genital-anal areas, rumen and

intestinal material from tñe flora of man and animal ( see f"Ut.,it.18

The oral and genltal-ana1 .treponemes were isolaËed from Èhe flora of men

and animals. '1. denticolais L*re-mos.Ë frequentl-y isolaËed-treponemes from

the oral cavíty of man. Treqonema hvodvsenteriae hàs been isolated from

the intestines of swine, and Rumen fluid requiring treponemes lrere isolated

from the intestines and rumen conÈents of catLle.L5-L7 Spirochaetales is

helically coiled, slender, flexuous, unicellular, 5 to 20 t^ long and 0.09

tq 0.5 ¡:m wide; gram-negative but is best observed by dark fíeld microscopy

or phase contrast microscopy. The organisms are mobile and move in a cork-

screvr or serpentine fashion. Generally, the ce11 consist.s of an outer cel1

envelope and an inner pro Loplasmic cylinder. Between the cell envelope

and the prot.oplasmic cylinder.there is one of more axial fibrils inserted

at each end of the ceIl. Some of the trêponemes ferment glucose and others,

amíno acids. They arê anaerobes and are catalase and oxidase negative. The

cultivable species contain 36 to 40 mole percent guanine and cytosine in

deoxyribonuc Ieíc acid ( Olla ¡ .

Treponemes can be divided into two groups: those non-pathogenic

but cultívable, and those pachogenic but noncultivable in vitro which

include Treponema pallidurn, the cause of syphilis; t. pg@, the cause
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of rabbit syphílis . The non-pathogenÍc ones are !. phagedenis, which

comprises Ëhe Reiter treponema, English ReÍter and aLl- Èhe Kazan sËrains;

T. refringens, whích compríses Ëhe NoguchÍ and avirulent cultivated Nichols

sËrain; and !. dentícola'.

Attempts to gror^r vírulent T. palLíduur Ín Ëissue cul-ture, organ cuLture,

or in embryonat,ing chicken eggs have not been successful- L9' 20"*"ept in

only one experiment. Kast (L929) infected rabbits wíËh Ëhe Nichol-s straín

and he was able to cultÍvaËe the Ëreponema from ËesËicular chancrous lesíons

Ín hormone-ascític fl-uid r"di,r*.21 However, there was morphol-ogicaL change

and Ëhe culËure was consistently non-pathogenic in rabbits. Furthermore,

Ëhe experiment cannot be repeated.

The cuLtivable treponemes can be grown in media and their character-

istics can be studied f-ike any other bactería. Some characterísËics and

end products of fermentatíon of those culËÍvable treponemes are listed ín

TabLe rrr 15, L6, 22' 23 and Tabl-e IV15, L6' 22' 23. As shown in Table rrr,

there is no significanË difference ín síze among Ëreponemes. Treponema

phagedenís and !. macrodentium utilize glucose but not lactate. However,

!. phagedenis produce indol, acetaËe while T. macrodentium produces

formate, acetate, lactate and succinaËe as end products. T. denËicola

and T. Cçqlide4Ëff¡q do noË uËilize gl-ucose or Lactate. The former pro-

duces indole, amonia, acetate and lactate as end products, on t.he other

hand the Latter gives acetate, propionaËe and isobutyrate as end pro-

ducts. L. oralis is the only treponema that uËilízes Lactate but noË

glucose, yÍelding indol, acetate and propionate but anrnonia as end pro-

ducts. T. vincentii does not, uÈilize any sugars and gives rise to indol
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and aceËat,e as end produ"a".ts'L6' 22' 23

The most imporËant factor for cul-tivatíon of treponemes Ís fatty

acid. EÍther short chain volatil-e faËËy acíds or long chain fatty acids

are requíred for cul-tivable Lreponemes. Short chaín acids can be pro-

vided by rumen fLuÍd from cattle or other rr.rruinants or by arËifícial-

mixtures . Long chain fatty acids can be suppl-íed from animaL sera '

RabbÍt, horse, sheep, and cattl-e sera have been used ín culËure media aË

a concent,raËion of LtrL to 2t/". There is no single medium for Ëhe isol-ation

of all ¡he knoqrn species of Ëreponemes, nor ís there a general medíum for

the optíura1- growth of various specíes of Ëreponemes. Media used for the

culLivation of treponemes are listed in Table v'15' 22-25

Prior to l-959, treponemes $7ere grol^7n on1-y in f-iquid' or semísolid

media. In |g5g, Socransky et aL . ' I¡7ere able to gror^7 some oral treponemes

on both streaked and poured p1-ates.26 Cultures T¡7ere groÌ7n in anaerobÍc

conditions, and the ntrnber of coLonies . Agar media used for isolaËion and

colonial groï^Ith of Lreponemes are shown in TabLe vr'15' 22'25'27

In general, Ëhe colonies produced by dífferent trePonemes can be

divided inËo Ëwo dístinct types: the f1at, diffuse colonies; and raised,

discret.e colonies. The díffuse colonies occurred entirely wiËhin Ëhe

agar and appeared flat. The discrete coLonies which can be further divided

into rhizoid and round subtypes are raised above the agar surface and

have a well-defined margin. The díscrete col-oníes are usuaLly much

smal-ler tha:r Ëhe diffuse col-onies and are found only when Ëreponemes

produce more Ëhan one type of "olo1¡y.24 
Hardy et al., (1963) reported thaË

the Reiter Ëreponema formed three disËinct colony tyPes after 6 to 7 days

of anaerobic incubaËion. TVo types of the colonies' namely rhizoid and
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subsurface diffuse types, ríere prominanË. The thírd tyPe Ì,^las small, round'

convex, gl-ísËening and mucoÍd. The smal-L oral treponemes readíly grow afËer

6 to 7 days of incubation, and the colonies are simil-ar in appearance with

Reíter treponema, Kazan strains yieLd diffuse, homogenous coloníes after

6 to 8 days of ÍncubaËion. Noguchi and Níchols strains require the l-ongesË ..,

period for the appearance of coLonies, they both requíre L4 days of incu-
24

bation to produce diffuse and round surface coloníes.
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TASLE I

ANIMAL TREPONEIIES. ISOLATED FROM OR SEEN BY MICRO$çOHr
(surnrnr, Lg7!., HARrs, L972., AND BRYANT, L952)"-tt

Animal

Chimpanzcc
Squirrcl monkcy
Qwl monkcy
Rhesus monkcy
Red fox

Gicy fox
Þog
Cat
ì#hitc rat
B¡own ¡al

Laborator¡' rabbit
Wild rabbit
Ge¡bil
Vhite mousc
Opossum

* = Trcponemes Prcsent; :
found.

Prescnt

+
+
+
+
+

+
+
+
1

+

Animal

Raccoon
Guinea pig
Striped skunk
Spottcd skunk
Syrian hamstcr

Cattle
Goats
Pigs
Wild micc
Horsc

Prcscnl

t

+
+
t

+
+
+
+
+

- ShecP
+ Beboon
! Olhcr monkcYr
t Chickcns
+ Goats

+
+
+
+

+

= treponemes sometimes found; - = treponemes not
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TABLE II

TREPONEMÁL FLORA OF MAN AND ANTMALS

(s¡nnrnt, 1973)18

TrcPonemes

T. denticola biotYPe denticola

T. den¡íiola biotYPc commondonii

T- oralis
T. m¿crodentium
T- víncentii

T. scolíodontum
T. trimerodonrum
Rumen fìuid requiring sl¡ains'

T. phadedenÌs biotYPe Reiter

T. phagedenis biotYPe Kazan

T- refríngens biotYPe refringens

T. refringens biotYPe celligYrum

T- hyodysenteríae

Orel

+

+
+
+
+

+ = Species found; - = sPecies not isolaled; blank

occasionally found in simian species'

lUnnamcd ttePonemes requiring rumen fluid from

Genital,anal tnteslinal Rumcn

+

= no data avaílablc; v =

man and animals-

+
+

+
+

+
+
+

v
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TABLE IIT

BIOCHEMICAL ACTIVITIES AND DIAMETERS OF TREPONEMES

(sMrsrnr, 1971. , HARI9 , .1977. å^HoLDEMAN , L972. ,
AND socRANSI<v , ígag)Is;ro '22,23

5Ì
o

o = c i q Ë € E å T'
c c 3 e : e''x Ë s e å g 'e- Ë5

åT Ë å ¡ Ë Ë Ë ¡ Ë E ? Ë ¡ E å;
w
w
+

+
+

+
+

+

' SPecics

T phogedenis biorYPc Reitcr

T. plugcdenís biotYPc Kazan

T. refríngens bi'otype rcfringcns
T. refrìngens biotYPe calligYrum

T. denticoh biotYPe denticol¿

T- denrícoln biolYPe commondonii
T. oralis
T. scoliodontum
T. ruc¡odcn!íum
T. víncenlîi
T. h)ìodYse,úerile

+
+

+
+

+
+

+
+ +

+
+
+

+ + + v +

+

+

+
+

+
+

+

+ = Posilivc reaction o¡ weak acid fo¡mation, no 8as; - = neEativc lest ol no acid; v = va¡iabte results, somc strai¡s +' otÌ¡cfs

-;w=weak¡eaction.
Note fhere a¡e no dala available lor T. hyod¡,senlcrioe, associaled with swine dysentcry'

0.25 -0.35
0.25 -0.35
0.25-0.35
0.25 -0_35
0.¡ 5 -0.25

0.r 5 -0.25
o.l5 -0.25
0.10-0.1s
0.t 5-0.25
0.25 -0.35
o_35-0.45
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END PRODUCTS OF FERMENTATION OF TREPONEMES

Íä': ääi* 3 l-l ; i' ä åi i? :iziï':2' 
o LD E MAN' Le 7 2 "

Fatty acids

Acctic
Propionic
I sobutyiic
a-Bulyric
Erhanol
z-Butanol
n-Propanol
l-¿ctic
Succinic

+

+

+

!
t
t
I
T

+ = Majo¡ cnd.product; r = mi¡or cnd producl that is usuaJly bul

found; T = llaceãmounts sometimes found; blank = no data availablc'

E

ìto
þ
E
E

Ë

+

+

t

SEoÈ
rg .:? .9
EÈOs\þ
!obr-:ËË
+++
+*+

-+
t-

+-T
1T

!Þ
òo
E
a.
F:

I

Ë

+

+
)
4

,
T
T

not alwaYs
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TABLE V

MEDrA usED FoR THE cuLTrvATroN oF TREroNEMES (nnl.,
SMTBERT,L97L., HOLDEMAN, 1972., lgCIåNSrCY, 1969.,
HARDY ,L963. ,ND HANSON ,L964)L), ¿¿- ¿)

>.€
É

x
c6
0
oØ

E

=o
E
t{

Ftt)o
A.

IO
2

20

E
o
Ð
o
s
o
.=Èttt

t5
5

c
o
c
d

lngreðienls glL

Trypticasc (BBL)
Ycasl cxtract
Bccf cxtract
Peplone M (Pfizcr)
Br¿in-hca¡l infusìon broth

PPLO broth withoul c/v
Spirolalc broth
Tryplonc
Glucosc
Asparagine

Starch
NaCl
(Nll.): so.
Gelalin
Ager

TEM4T
Sodium th i<.rglycollatc
Cystcine-HCl
Nicol inamidc
Spermine tef rahydrochloridc

Sodjum isobutyratc
Cocarboxylase
NaHCO,
Salt solution
Res¿zu¡in solution

R umcn fluid
Rabbit serum
Walc¡
Final pH

;
to%

I000 ml
1.O

t;

ãt
IO

1.2

0.16

0_9

5mB
5

500 ml
4ml

7O"rc

500 ml
7-2

0-5

0-5

l_o

0-5

0_5

i.

ãt

;
500 ml

4ml

280 ml

220 ml
'1.2

21

I

¡
400 mg
150 mg

20 mg
5mg

1000 ml
7.O

I part

3 parts

t

lo",ç

7.2

45%

45dm

0.o25%

o.o25%

-

0-0s%

t0%

'1.2

5

2.5

o.t
1.0

Salt solution: K:HPO. ,2.25 Z;KH¡PO., 1.0 g; ììaCl.2 g; l'tgSO.,0.2 g;CaClr,0.2 g; distilled u'aler, 1,000 ml
Resazurin solution: rcsazurin, 25 mg: distilJed welcr, 100 ml.

TENI-4T = diacclyl lzrlaric acid esle¡ of t¿llow monogl-vcerides-
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AGAR MEDIA USED FOR ISOI,ATION. A}I COLONIAL GROWTH

ôi ìnrpoNEMEs (scne¡¡srcr ,L969. 'HAT99N: 
r^910^' z.

HOLDEMAN,lgT2.' AND SIMBERT TL9TL)L)' ¿¿' ¿)' ¿ t

TABLE VI

H:r.dy I HzudY 2 HardY 3

USP thioglYcollalc broth

Trypticasc
Y¿asl cxltact
Glucos¿
NaCl

TìíoglYcoUalc broth
Brain-hcart infusíon broth

Spirotate broth
Sodium thioglYcollatc
Aspzrag:ne

Peptonc M (Pf¡zcr)

TryPtonc
Soluble sla¡ch
(NH. )2 so.
NaHCOt

Cysteine-HCl
Calf sc¡um
Rabbil se¡um
Bacto-agaf
Ionagar No- 2

Salt solution
Rumcn fluid
D¡srilled walcr
pH

2:s E

-

ro%

i.rn

- 3 Parts
3%

o.s%
o.s%
o.z5%

O.2Vo

to%

o.7%

to%

0-?

4sv:
45%

o.os%
O-O257o

I
0.o25%

0-5
_ 0.5

5

- 0-8

ro%
2.s%

o'7

H and C(4)

7.2

Eagat(S)

500 ml
280 ml
280 ml

7.2

PYC(6)

l0

'1

_

0-5
5

0.8

to%

nt

500 rnl

500 ml
7.2

I
2

1000 ml 1000 ml 1000 ml

1-2 7-2 7'2

Salt solulion: K, HPo. '2'25 e;KHt Po" l g; Nacl' 2 g; li'f gSo" 0'2 g; cacl" o'2 g:disrilled water' l'000 mI'

I = Àf edíum fo¡ Reiter, Kazan A, and 5 oral tieponemes'

2 = Ì'ledium for Noguchi' Nichols, and olher Kaz:n s-l¡ains'

3 = lrl.dium for FM oral treponeme and N-9 sttain of T' vincenltt"

4 H and C = Hanson and Cannefax'

5 and 6 -- E Agatand PYG agar used in thc autho¡'slaboratory' In g/L



ULTRASTRUCTTJRAL STTJDIES OF TREPONEMES

The treponemes have a basic morphology consísEing of an outer

*
envelope ( Of )] axial filamenÈs, and a cell wall-membrane complex enclosing

the protoplasmic cYlinder.

It is very dÍfficult to dífferentiate the virulent TrePonema pallldum

( l¡íchoIs strain ) from Èhose non-virulent treponemes by morphological

studies. A degree of uncertainty exists as to wheLher virulent Trepo¡eme

pallídum is morphologícally similar to Èhe non-pathogenic trePonemes and

oËher spirochetes. The uncertainty is associated with Èhe presence or

absence of an outer envelope in Èhe virulent strain

Ovcinnikov and Delektorskij ( tglt )28 "*ployed 
the technique

of electron microscopy for the morphologícal study of T. paltidr¡n and found

Ëhat the ouÈer wall of the organisrn consisted of three layers. The axial
:

fi1aments1iebetweentheouterenve1opeandthecytop1asmicmembrane

which also has three layers. In contrast to these findíngs, Drusin et a1., 
l

( rgog )2g, Ãzar eÈ ar., ( .g7O )30, and Hasegawa ( tgOg )31 found that '

the axial filaments of i. pallidum were exLernal to the body of the or- ''.,

ganism and failed to reveal any outer trilaminar sEructure using electron 
:,,1

.?)
mÍcroscropy. More recently, lliegand.: tf., ( 1972 )-'also failed to :

find trilaminar membrane external to the axial f ilaments in L. pall-idurn

from a human penile chancre and pathogenic !. palLidum( nichols strain )

from rabbit testes. Sykes and Miller ( Ig72 )33 ,utpported this finding i-,i,,

by comparing the ultrasÈructural morphology of virulent T. pallidum ( nichots )

.^ VarÍous authors use envelope ( EHt'), outer envelope ( OE ), outer
structure or out.er wall to describe the structure outside of peptidoglycan
of treponemes. Therefore envelope ( ¡HV ), outer structure and ouËer wall

'_:.
are synonlTnous and interchangeable in this dissertation. i. .
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r,rith trto rePresentative non-pathogenÍc treponemes , namely, T ' ref ter

and !. denticola, PrePared by ul-tracenÈrlfugatfon for eLectron micro-
ta

scopic studíes. Table VII" showed the dffferent dimensíons of !'

pallídr¡n (Nichols), I. dentÍcola and T. reiter. The outside dia¡reter of

T. dentfcola r¡as estÍ-mated to be 224.\2.89 rm, and that of T' reiter

was 331!4.15 rur, contrasting with !. pallldt¡m (Nichol-s strain) whích has

a marked small-er dianeter of 163.0t1.9 rm for Lack of trilauúnar membrane

external to Ëhe axial fÍla¡rents.

A1-1 these findings suggesË ËhaË virulenË T. Pall-idr:m might be mor-

phologÍcally dífferdnt from some of the non-paËhogenic treponemes Ín

havíng the axÍal filaments as the ouÈer most structure devoid of a sur-

roundíng irÍlamínar membrane, as'demonstrated in the- strucÈures of T. reíter
2,IL

and T. denticola. However, Johnson et aL., (L973)' was able to demonsËrate

tril-amirrar outer structure of l. pal-l-idr¡n by using direct rabbit testÍcul-ar

tissue for ultrathin electron microscopic studíes in contrast to Sþes

and l"li1Lers t technique of coll-ecting the organisms by ultracentrifugation

fol-l-owÍng extractíon of mínced tissue.

Johnsonr s direct observation seems Èo be less destructive to the

treponenal- organisms and more rel-íable '

The following evidence indicates trila.:ninar outer structure of

treponemes to be lipopol-ysaccharide f,PS) in nature:

1) Thin section mícroscopic studie"35 "h*, ËhaË the treponemes and gram-

35
negatÍve bacteria are very similar in ul-trastrucËure (figure 1)

BoËh types of cel1s are surrounded by an'inner unit cytoplasmic membrane

3)
(PM)" . The intermediate layer of treponemal- surface, situated just

external to the cyËoplasmic membrane, has been shown to contain the
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TASLE VTI

COMPARISON OF SOME DIMENSIONS OF TREPONEMA
pALLTDUM (¡lrcuoLs), T.DENTTcoLA AND T.
nnrrnn (syx¡s aNo lrtlt¡n, Lg7Ð33

Di¡mctcrs
f Dl ¡nd

width lWl'

Dimension¡ of lr?Pon?m"s (nml'

T. denticoh T- ¡eiicri T. pallidum

wt
w2
w3
w1
w5
w6

D1
D2
D3
D1
D5

221.9 * 2.83
2}il.l * 2.9
179.5 * 3.0
162.6 * 3.1
19.2 * O-2

5.5 ¿ O.16
5.4 * O.3t
5.0 t 0.16
8-3 * 0.38
{.6 * 0.28
6.? * O'26

331.0 * ,1.15

309.0 + 4.i
263.1 + 8.5
26t.0 i ¡1.¡13

lE.O * 0.35

7.17 + O-39
3.9 + 0'55
3.,t + O'5O

ll.8 * 0.53
6-5 * O-23
8.5 + O-23

t63.0 * 1.9
137.O + 3-2
31.0 * 0.?3

_
6.5 + 0.15'6.7 * 0. l8

-nm) 

Àre followed by the
'Measurements tn nanol

.rr.ätra deviation- Measu¡ements we¡c t¡ken.from tt::T:l
,ii.;;"ht ;i-üt o,e"'it-t photosmphicallv enlarged to

iìli:iËñ:'-o;ìv r¡et'i; "o"" ""ctio^ó 
wcre measured' and

íh.'i;;;;tJ à;"iatiãn vas Ëatêulatcd f¡om a minimum of 50

and s maximum of l0O measurcments-

'See diaçram l.
. Dash (l) indicates thst these structures were not seen

ir .;;;; rli.-gr"ph" of right cræs sections oÍ T' pollidum

(Nichols stmin)-

Diagram: Right cross section through a treponeme'

D,-D; indic¿te diamete¡s and W'-W¡ indicate the

*idth-of ih..t^.tr-tt". indicated by the arrows' Ar'

rows terminating in an "0" refe¡ to electronlucenl

spaces.



Figure I

Díagranrnatlc representation of a cross-section of both

a gram-negaÈive organism and a Èreponemal cell.Abbrevia-

tions: PG, peptidoglycan;. PM, plasma membrane; OM, outer

membrane; ENV, envelope. (Osborn, lgTL)35

GRAM-NEGATIVE TREPONE}IE

L----------r----J
ENV



pepËídog[ycan (PG) which are similar to gram-negatíve bact "tír.36 The

outer uníË membrane (OM) external Ëo peptidogl-ycan of gram-negatíve

bacteria is weLl esËablished to be the LPS-conËaíníng Layer. llhíLe the

outer enveLope of treponemes Ttere shown to have the characËeristics of

ouËer membrane of gram-negative bactería ín their uLtrastructures.

2) Pillot (L965)36 isoLaËed Lípid, protein, and carbohydrate from the

envelope of the ReiËer strain of treponema. An envelope consists of

these components Ís compaËible wÍËh an LPS-conËainíng strucËure.

Shands (Lg7Ð37 extracted LPS from NÍchols, non-pathogenÍc !. pal-lidum,

by phenolr¡taËer procedure and demonsËrated a varíeËy of shapes of LPS

under eLecËron microscope. Such a polydispersity of shapes are char-

acteristic of bacterial- f.ipopolysaccarides. Jackso n and Zey (Lg7Ð38

reported that the chemícal similarity beËween the LPS from Nichols,

non-pathogenic straín of 1. pallidum, and from the gram-negative bacËería

is indícated by Lhe positíve reacËion of treponemal- LPS in the colori-

meËric assay for f-ipopolysaccharides.

The ímportance of the LPS has been demonstrated by PilloË (L965)36

by isò1-ating poLysaccharides from Ëhe enveLope of Reíter strain and showed

that it T¡ras responsible for both inununogenÍcity and antigenÍc specíficity

of.that strain. Moreover, he suggested ËhaË Ëhis specificity of the

enveLope is analogous Ëo the specificity by which specíes of SaLmoneLla

are seroËyped.

20.
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CTIEMICAL COMPOSITIONS OF TRNPONEMES

Johnson et al. (1970) reported thaË in Kazan'S, 18 to 2O% of

Ëhe dry weight was lipids, whÍch is hígher than those in most oËher

bacterial- ."1-L".39 IË was also found ËhaË lípid and fatty acÍd are

the mosË important composítions Ín Ëreponemes.39' 40 MonogalacËosyl-dí-

glyceride was found Ín alL treponemes and C-l-6:0, C-L8:1, C-L8:2 and

c-18:0 were the main fatty acÍd16, (Table vrrr.39' 4L' 42 Meyers (1970)

demonstrated that Reiter strain can neíËher synthes i-ze nor desaturate

f.atty acíds and depends on outside sources for íts faËty ad.ids. In

contrast, the free-living Treponema zueLzerae can syËhesÍze al-L of iËs

faËËy acids, primarí1-y iso-acids and straíght-chain saËurated fatty acids

pl-us smal-l-er amounts of monoenoÍc acids and free fatty al-dehydes. Reiter

sËrain and T. zU_eLzerae can synthesLze all of Ëheir complex 1-ípids

Glycolipids accounË for one-fourËh to one-third of the total- lípids ín

both organisms, príncipa1Ly monogalacLosyl diglyceride and monogLucosyl

digLyceride. The major phospholÍpids of T. zueirzerae are phosphatÍdyl gLycerol

(3L%) and cardiolipín (2L%) while ReiËer strain conËains phosphatidyl

chol-ine (33%), chol-ine plasmalogen (87"), phosphatidyL glycerol (7"L) and

cardioLipin (6%).4L Johnson et al-., (1970)39 studied the lipids of

Treponema pallídum Razan 5 and shovred ËhaË in Kazan 5, glycolipid and phos-

pholipÍds accounted for 90 to 95% of the total- lÍpids and free fatty acids

made up the remaining 5 to 1ül". The major poLar1-ipÍds were Ëhe glyco-

lipid, 1-(O-(-D-ga1-actopyranosyl) - 2,3-digLyceride (45'55%), and phos-

phatidylcholine (30 to 4V/"), phosphatidylethanolamin (5 to LU/.), an uni-
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dentífied cornpound (1- to 2%), and occassional- Ërace amounËs of

díphosphatidyL gl-ycerol- (cardiolipin) were also found.

Using gas-lÍquid chronatography (GLC), Moss (L97L) studied the

amino compositíon of whoLe ce11 hydrolyates of fourteen dífferent culti-

vable treponemes to show ËhaË general-ly the main amino acíds in the

treponemes are alanÍne, leucíne and aspartíc acid.43 However, Ëhe

reLaËíve molar ratio of amino acids revealed no qualiËative or suffÍcienË

quantitatíve difference among the strains.

Nell and Hardy (L966) ísolated polysaccharides from the ReÍter sËraín

by fractionaËion of an alkal-ine digest of treponemes ghost. The chemical

analysís showed that Ëhe polysaccharide úras composed of símple sugarst

arnino sugars.and a smaLl amounË of amino acid residues. Amino sugar,

expressed as glucosarnine amounted to 27% of the anËigen. Exclusive of

amino sugars, total carbohydrate calculated as glucose, accounted for

42% of the total weight by Ëhe indoLe reactíon anð. 64% by the orcinol-

H2SO4 reacËion. Moreover, ketose (ca1-cu1-ated as frucLose) was found

to be 18.5 per cent. The individual sugars identified chromatographi-

ca1ly were glucose (16.5 per cent), gaLactose (25 per cent) and

rh"*rro".44. Heptqses, 2-deoxypent.oses, uronic acids or sial-íc acid

were not presenË.45

Very littl-e is known about Ëhe fermentation of amino acids and re-

lated enzJrme systems of various specíes of treponemes as compared to the

underst.anding of fermentation of sugars.

Hespell (1971-) found Ëhat !. denticola fermented glucose by the

Embden-Meyerhof pathway to produce a smal1 amount of fermentaËion end

products containing acetate, lactate, succinate, formater pyruvatet
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eËhanol, COZ, HZO, and NH3. Amino acids were fermented and served

as the major energy sources for the otg"rri"*.46 Some enzyme systems

of treponemes are l-ísted in TabLe IX.18 Barban (Lg54)47 reported Ëhe

foll-owing findings ín his transaminaËíon sËudy of Reíter straín: a) the

presence of a díphospho-pyridine nucLeotíde dependent gluËmatic de-

hydrogenase; b) L-gluËamaËe, L-hístídine¡ L-cysËeine, L-argínine, and

L-threonine r¡rere shown Ëo be deaminated in Reíter strain; c) carbon

dioxide was produced onLy from L-gLuËamate and L-hístÍdíne; d) glutamate

was metaboLLzed anaerobical-1-y gÍvíng rise Ëo atrmonia, carbon díoxíde, and

succinate as the chief end products. ReiËer and Kazan r47ere reported by

Tauber (Lg6Ð48. to contain much cysteine desulfhydrase in addition Ëo

moderate quanLiËies of the other enzymes, including a DPN-dependent iso-

cítric-dehydrogenase but noË TPN-dependent ísocítric dehydrogenase. Hort-

ever, the Treponemq Ballidum.did not have aceËokinase, aceto-CO-A-kinase,

phosphotransacetylase, or þ-eaLa"tosídase activiËy.

The Reiter treponema is Ëhe most studied strain and it requires

glucose as an energy source. Glucose ís utiLized Eo consist 28 to

43% of cellular matêrial in this particular strain. Arginíne, hístídine,

serine, threonine, and glutamaËe are degraded and supply 41 to 54% of

ceLluLar material . Moreover, fatty acids in medía \¡7ere responsible for

L}'L of. cellular material . Reíter Lreponema consísË oÍ L.8% DNA and IO.2%

of ribonucleic acid (RNA); the percentage of guanine and cytosÍne in DNA

is 38%. Adenine, guanine, cytosine, and uracil are Íncorporated into

cells and are not. fermented. Thymine in the medium is not utilized by

ReiËer t."porr.*".49
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TABLE VIII

LIPIDS FOUND IN TREPONEMES AND SPIROCHAEÎA

(col¡l¡l¡-uoRnlÆc , 1969. , MEYER' L97o ', AND

joHso¡1, rg7 0¡26-, 41, 42

Upids Found in Treponcmes and Spirochaete

Reiter Reitcr Reiter Kazan-S Noguchi Nichols' S. zuelzer¿e

I

-

PhosphatidYlcholine 
4 *

Lyso:phosPharidYlcholine 1 -

lí"'pi"t¡åvletYcerol t +

CardioliPin + +

Lyso<ardioliPin t

Unidcntified PhosPholiPid I '
;;;;-;;;;;.'vtargtv""ìiae a * +

Lyso'galaclosYldiglYceride r -

M ono-glucosYI d iglYceridc

Lyso-$u cosYld iglYceride

Unidenlif red glYcoliPid r i

PhosPhal idYletha nolamine

+ = Lipid present; r- = 
-small 

ernount'found; - = nol found; blank

Data on Reiter strain from 3 diffe¡ent rcPorts'

Nole: neut¡al lipids are "l'""pìttt"t "' 
*tI "' heefaüy acids and

lì"íri"", cul tivated Nichols strains

+
+
!

t

+
+

+

t

+

!
+

= not rePorted.

aldehYder
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TABLE IX

ENZyMES FoTJND rN TREpoNEMEs (s¡lrsent, 1973)18

:; i':; r:: t':.:.'i;.:: .-:J1:.ì ?tlt-i:t.-:tl

I

I

i

Hexokinasc
Glu cosePh osPha tc

isomerasc
Phosph ofru ctokinase

Fru ct osediPh osPhatc

al dolasc

GlyccratdehYdroPhosPhate
dchydrogcnasc

TriosePhosPhatc
isomerasc

NADHr oxidasc
Catalas¿
Oxidase
Súccinic dehYdiogenasc
PhosphotransacetYlasc
Acetokinase
p{ala closidase

Ace to-Co A-kinase
Th¡eonine aldolasc
Lactic dehYdrogenasc
Elhanol dehYdrogenase

Isocitric dehYd rogenase

Glu tamate dehYdrogenase

PhospholransecetYlase
Cysteine disulfohYdrase

T¡zns¡minalion of
a-kct oglu tara tc

by aìanine
arginine
aspartatc
hist id inc
I hreon inc

T¡ansamination of
by glutamatc

+ = Activity found;

+
+ +

+

+
+
+

+

+

+

+

+

+

gly ox y la le
+

, = vcry weak activity reported; - = no activity'

T. denlícoh Reiter Kazan'2

+

+
+

+

+

+

Kzztn4 Kazan-S T- ¡nllídum

+

-
+

+



ANTIGENIC COMPONENTS OF TREPONEMES

In treponemes, the antigenic actlvity is associaËed wfth ltpld,

proteins and polysaccharláes, In order t,o study the anElgenic relatlonshlps

among the treponemes, antiserul of elicited by every strain was tested

immunologically with all strains to study the degree of cross reactl.on.

The antigeníc componenËs of treponemes are discussed as follows:

1) The cardÍolipíd. hapten

In 1906, }Iassermann utíïized the aqueous extract of the liver of

the congenËia11y syphilitic newborn Ëo fix complement with the syphílitic

sera whíle the same liver extract falled to fix the complement of Èhe normal

serum.50 Haríne and Levadití reported Ëhe same fixation resulËs usíng normal

liver extract.49 fn. nature of thís immunological reaction was esËablished

during the perí-od of 1940 to 1950. The aqueous extract of liver, normal

or syphilitic, is a lipidÍc fraction which contains a hapten that reacts

with the antíbody called reagin in syphilitic sera

Cardiolipid' hapten is widespread. It can be extracted from all

tissues of mammals including heart and liver. It has also been fourdin the

vegetable kingdom ( cabbage, carrots, peas, and wheat sprouts ), in bacteria,

as well as in Treponema reiter.5l the immunogenicity of t^Iassermann hapEen

was weak unless iE is coupled wíth protein, while reagin antibody can be

induced by alI treponematosis

Pangborn ( 1964 ) found the purified hapten Lo be a phosphatide.

The hapten is called cardiolipin to indicate the qn¿in source of isolation.

The exact location of cardiolipin in the treponema is still unknor¿n. The

cardio1ipÍnf'o*@.pa11idumwasdemonstraEedintheagg1utinaLion
\2

reaction."- However, it is difficult to free the cardiolipin of T. pallidum

26



from Ëhe contamination of rabblt tÍssuses'

2) The proteln antlgens

Plllot and Faure ( fgsg ) suggesÈed thaÈ ultrasonlcation was the

best way to obtaln the soluble proËeln antigen by breaktng the cell wall

of treponemes. It, was superior to those of'cryolysls or grinding wtth glass
.at .

beads. Although cont¿niínatÍon of the cytoplasmic soluble protein from cell

r¡all subst,ance is inevitable, the soluble ProÈeín antigen is valid for iur-

munological analysis such as gel diffusion'53

The yield of this sol.uble ant-igenic prot.ein varied in different

'strains. For example, large amount of this anÈigen was isolated from 1¡-

phaeedenís. aná smaller amount \ùas found it L. refringens, T' callÍFr¡rum,
.

and T j rnir,utrr*.54

To demonstrate that the soluble protein antigen is a cofllmon anÈígen

among treponemes, Trqpónema ¡1g.iLg. was'used' Ëo- absorb- the antisera whích

induced by cultivated.oral and .genital treponemes ( Treponema denÈicola,

!. vincentii, Reiter, etc.), and the reactivity to T. pall-idwn was removed

indicating the removal of the corunon antigen by Reiter sttaín.55 At Èhe

present time the antigen appears to be.shared by all the strains of the

Treponema genus.

3) The polYsaccharide antigens

The envelope of T. reiter is rich'in polysaccharide which nay or

may noÈ be linked to lipids. By means of diffusíon precipitation test'

it has been indication Ehat the envelope of L- reiter contains approximately

two third of the antigens. In complement fixation test' it has also been

shown that aII the inrnunological specíficities of the envelope is linked

to the polysaccharides. It was furÈher observed that only after the alteraÈion

or dispersal of the envelope, Èhe cross-reacÈions between 
"r,tir.tt 

prepared



. ;.'
28.

56:
by dífferent specíes of treponemes appeared.

Using diffusion precípítation test, PilLot and Dupouey (1964)

anaLyzed the different pol-ysaccharÍde extracts from trePonemes. The

resuLts have shown that 5 to 6 fracËíons, at mLninum, can be demonstrated

in T. reiËer. However, Ëhe contemínatíon of protein Ís ín large *to,rrrt.57 ,', ,,':t '

Christiansen (L964) observed thaË the Reiter and Ka"zan treponemes

were iurnunochemically very simílar but not identical. The Razan 2 strain 
:

has been shown to have two phenolr,¡ater extractabLe po1-ysaccharide antigen i.,,i,,

which is not possessed by Ëhe ReiËer "trairr.58 MíLler et aL., (1966, Lg6g) """"

purified an ultracenËrifugal1-y homogeneous heat-stable polysaccharide from ''.":'''.

the virul-ent NichoLs sËrain. Free of rabbit ËÍssue and cardiolípin, this

heat-stable poLysaccharíde was found to react wíth Nichols strain antísera

buË not with human syphÍ1-itic antisera. The polysaccharide was straín

specific and was not shared by Reiter treponema.59' 60 Nell- and Hardy

(1966) extracted a purifíed polysaccharíde from Reíter Ëreponema. The

purÍfied polysaccharide antigen reacËed with anËisera Ëo the Kazan strains.

Two oral treponemes and one straÍn of Borrelia were in an identicaL fashion

as compared to the reactíon wiËh the homologous antisera, whiLe anËisera 
:..:

to the Noguchi, non-pathogenic Nichols strain r¡Iere non-reacËive with Ëhe ', .', '

Reíter polysaccharide.6l :, ' ': ::'
Once pure Ëreponemal polysaccharide are ísolated, a detailed study

for the .classificaËion and differentiation of the varíous strains can be

:.'- :. .:carried ouË ' 
;,,.,,,,.,,;

By means of agglutination and complemenL fixation test, the following

results are listed in Tabl " *16''63
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1-) The Treponema phagedenis, the Reiter and aLl Y-azan stral-ns are

. closely relaÈed, but not idenËical.

2) The Nichols and Noguchi strains are serologlcally tndlstinguishable.

:) The L. refringens, I. calligyranr Nichols.and Noguch sËraÍns are

cïoss -reacted

4) L. denticola sÈrains are cross-reacted among. themselves.

S) The Kroo strain ís serologíca1ly distínct from other treponemes.

6) L. minutum only weakl-y cross-reacted v¡íÈh some treponemal strains

In the immunofluorescence studies for the antigenic grouping of

cultivable Èreponemes, anÈisera were prepared against each Ëreponemal strains,

and the immunoglobulins vrere conjugaÈed rriÈh fluorescein isothíocyanate.

The results are summarized in TabLe XI:61

I ) All reactivities were removed in the Reíter and English Reiter system

after the absorption of the immunoglobulins-fluorescein isothiocyanate

conjugated with Reiter straín. The absorbed conjugate prepared for t.he

five Kazan continued to react with Kazan antigens with a greatly decreased

of reactivity.

2) Absorptíon of the anti-Reiter conjugate with Kazan strain reduced, but

did not eliminate reactivity with ReiEer and English Reiter. All reactivities

were removed from the five Kazan strains conjugates after cross absorption

with Kazan strain. A1i these findings indicated that Reiter and Kazan straíns

are cross react.ed but not identical.

3) Absorption off. denticola N-39 conjugated with T. denticola FM remained

the reactivitíes for N-39.

4) absorption of T_. denticola MLB conjugaËed with N-39 rendered the

reactivities for fU and MRB.
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It is suggested thaL treponemes possess their own specific antigens

but the Location of these anËigens are not weLl defÍned. Further ínvesti-

gations are needed Ëo determine different parts of Ëreponemes and its

chemical and antígenic compositíon.



TABLE X

IMMUNOLOGICAL RE L'AT IONSHIPS
(tupoHnY, L963., AND EAGLE,

31

OF TREPONEMES

¡g4g¡62,63

SerogrouP

Organism

T. phdgedenís
Rciter
Engtish Reiter
Ktzan
Kazan2
Kazan 4

Kazan 5

Kazan 8

T. refringens
Nichols
Noguchi
T. cdlligYrum"

T. phdgedenís

Rcitc¡
Kaz¿n

Kazan-2 to 8

+
+
+
+
+
+

f. refringens
Nichols
Noguchi

T. callígYrum

T. dcntícola
MRB
FM
N-9

T. vincentií
N-9

+
+

+
+

+
+

:

Krod
T. mínulum

T

+

T

T. mínurum
K¡oó--**-
T. dentícola MRB +-
T. dentícold FM +
T. denticoln N-39 +

T- vîncentíí N-9

+ = Cross reacts;.T = weakly cross re¿cts; - = no_ cross reaction; blank = no date available'

Notc: lrfost st¡ains will agglutinate eäch other's;;'il it io"t";on of a common antigen on cells' Ilosl dala in teble

de¡ived sera absorbed with Reiter trePoneme to 
"-o"t 

common antigen'
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TABLE XI

sERoryprNc oF TREpoNEMEs (nrll, Lg6Ð61

Organlsm

Rciter
English Reiter'
Kezan
Kzzzn-2
Kazan-4

Kazan-5
Kazan-8
T. denticol¿ N-39
T. dentîcola MRB
T. denticola bM

+ = Positive serologic reaction; - = no serolotic reaction'

E. Reiter Kazan Reite¡ Kazzn

+

+
+

+
+

+
+

Sera adso¡bed with
Reiter antigen

Sera adsorbcd
wíth Kazan

Sera adso¡bed
with FM

N-39

:
+

-

Ser¡
adsorbcd
with N-39

MRB

.

;
'+



MATERIALS AND METHODS
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MICROORGANISMS

The cultivable Treponemd phagedenls biotype English Reiter;

Treoonema phagedenis; btotype Kazan 4; and Treponema phagedenis biotype
=
Kazan 5 were obtained from Natlonal Center for Disease Control of ùtata

whíle Treponema refringens biotype refringens; Treponema refringens biotype

Nichols; Treponema denÈícola; tttd .@. scoliodonÈum were obtained from

Dr. R. C. Johnson, UniversíEy of Minnesota. The non-culÈivable pathogeníc

Treponema 
*was 

obtained from Dr. J. N. Miller, universíty of Los

Angeles

. CULTURE MEDIUM FOR CULTIVASLE.TREPONEMES

The modified Hanson and Cannefax 1íquid medium25 was used for the

cultivation of treponemes. The composítion of Èhe liquid medium is given

below:

45% NfH Thioglycolate broth v/v (nnl¡
457" Brain Heart Infusion v/v (SSL)

0.057" Sodíum thioglycolate w/v (lifco)
10% inactivated ( SOoC for 30 min. ) normal rabbit

serum vlv

The medium vras dispensed into 500 m1 bottle and autoclaved aË l21oC

for l5 min., cool t.o room temperature and add the steríle inactivated normal

rabbit serum. The final pH was adjusted to 7.2. The medium was stored in

tightly closed containers at room temperature and was used within five

days after preparation. Sterility tests of the culture medium were made

on blood agar plates and in a beef broth medíurn'

CULTURING OF TREPONEMES

The treponemes erere maintained by subculturing in the liquid medium.
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A heavy growth culture was used as the Ínoculum. The purity of the cul.tures

v¡as checked by examining smears st,rains by Gramts method and Fontanats

method aË 1000x magntflcation microscope and by cultural tests. iultural

tests were Perfo:rned on blood agar plates and in the beef broth mediurn.

The treponemes rtere gror¡rn in Hanson and Cannefaxls modlfled lfquf(l

medír:m at 379C until visíb1e hea'rry grôwth were observed, usually seven days.

Each bottle, contaíning .40O mI of the medium, was inoculated with 20 rnt

of suspensíon of cells from the heawy growth culture. The purlty of the

cultures was checked as aËo.r"

PREPARATTON OF CYTOPI-A,SMIC ANTIGENS OF CULTIVABLE TREPONEMES

Pure culËures of treponemes were treated with few drops of. L% sodium

azið,e- They were left at room temperature for ovìrnight, and then centrífuged

at 231500 g for 15 min. in an International RefrigeraÈêd'Centrlfirge Model

B-20 ( International Equipment Co., Mass.,U.S.A ). The sediments were washed

few times \^'iÈh 0.857" phosphate buffered saline ( p¡S ) r¡ntil no trace of

protein vtas revealed in the v¡ashings as measured at 280 nm rsavelength in

the Unicam Sp IB00 Ultraviolet Spectrophotometer. To Èhe final washing,

five times volume of lO-5V ¡lte ( ethylene diamidetetraacetic acid )

containing 100 units penicillin per ml, 50 Fg streptoruycin per r¡+rpH 7.4

was added and the suspension úras sonicated by a Brornvill Biosonik III

ultrasonícaÈor (Brorrwill scientific, Rochester, N.y., u.s.A.) fot 20

mínutes at 40 kc/s until most of the cel1s were disrupEed, as shown by

dark field microscopy. After the disintegration, the cel1 debris and

cytopl-asñíc membranes lrere removed by centrifugation at 23r500 g for

20 min. The supernatant was collected and recentrifugated at the same
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speed for 10 minutes one or more times until no particul-ar materíal

was found microscopically in smears prepared from the suPernatant ' This

material represênted the cytoplasm preparation and was lyophilízeð'

before used for the i¡rurunization, intradermal chaLlenge, and macro-

phage mígratíon inhibition assay.

PREPARATION OF CYTOPLAS},6 OF TREPONEI,,IA PALLIDIIM

Rabbíts were injecËed intratesticularly wÍth 0'5 ml

(phosphate buffered saline) suspension of l-OB Líve cells

of

of

a PBS

Treponema

pallÍdum in each testicle.

i,Ihen orchiËís developed (between LB.22 days) the rabbits T¡7ere

bled and the testicles were removed. The testicles ProPer I¡Iere Lhen

excised from the overlaying tissues, placed in a tríple volume of PBS

(pII 7.4) with 1.3M sucrose medium, homogenízed in a S.'rvall Omní-nixer

at the lowest speed for 30 seconds, and centrifuged at 9OO g in order

tö remove cell debris. AË each step,aliquot of the material was

examíned aË 600 x rnagnification by the dark field mícroscope. The

supernatant I¡Ias cenËrifuged for one hour'at 171000 g, in order to

separate treponemes from fine cel1 debrís . The supernatant, contain-

ing treponemes rras Ëhen col1ecËed and dialysed overnight against PBS

(pH 7.4). The dialysate \4ras concentrated to 1/10 of the original

volume of the tiss're suspensíon. The partly purified treponemes rÂIere

then disrupted by ultrasonicating thern aË 2O kc/s for 3 min. in a cold

ice bath. The material thus obtained was centrifuged at 760 g for 10

min., and the supernatant was gently withdrawn and recentrifuged as

above. The final fluid representing the partly purified cytoplasm of

Treponema pal.lidum was used for intradermal challenge on sensitLzíng



rabbits . The cytoplasm r,ras filtered through a 0.45 u membrane filter

before Ít was used.

PREPARATION OF EXTRACTS FROM NORMAL RABBTT

A normal non-infected rabbíË r,ras bled out; the ËesËícles ülere re-

moved and the fatty tissue $ras removed from above Lhe testícles proper.

The defaËted testicles were then cut into 2-3 mm thíck slices and sus-

pended in a tripl-e volume of sterile dístilled waËer. After homogenized

in a Sorvall Omin-nÍxer at Ëhe lor¡esË speed for 3 min. it was centri-

fuged at 151000 g for 20 min. The supernatant fluid which represented

the normal rabbit tesËicle extract, rå7as filtered through a O.45 rr mem-

brane and was used for the skin Ëests.

DERMAL IIYPERSENS ITIVITY ASSAY

...i......:...:..r'.

Jb.

The dermal hypersensiËívíty assays \¡rere carried ouË in guinea pígs

and rabbits. For Ëhese studies, an Albíno strain of randomly bred

guinea pigs, weighing from.600 to 800 grams, r^rere used for both the

Macrophage Mlgration Inhibítion (MMI) test and for skin tesË. By

means of a VDRL test (Venereal Disease Research Laboratory), they were

foundtobenon-reacfivewithcardio1ipín.RabbitsusedwereNewZea

land Albino males, weighing from 1.5 to 3.0 kg. The rabbits were firs! ;"" ,,

screened for the presence of reagins by means of a vDRL test and in- "'¡.':" 
't':'"'

spected carefully for any skin lesions. They were caged individually in

a seperate room, at the temperature of lBoC.
::.::..:::::

Guinea pigs were sensitized with the Ëreponemal cytoplasms in the .':,,:'-,:.:,:.,,:,

following procedure: one ml of aliquot contaíning 300 Fg of lyophiLízed

cytoplasm of cultivable treponemes, 100 units penicillin and 50 pg sËrepËo
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mycin with a pH 7 .4 was injected into each guinea píg. Twelve guinea

pígs were sensiËízed wíth a single batch of cytopl-asm and a total- of

84 guinea pígs were. used for seven different cyEoplasms, í .e., T:

scolíodontum, l. phagedenis biotype English Reiter, !. phagedeniq bioËype 
.,,.1

Kazan 5, I. phagedenis bíotype Kazan 4, T-. dentícola, !. refringens biotype :

NichoLs, and T . refringens bíotype refringens . For the sensitizatíon of

guinea pigs, 0.1 ml- of aLíquot containíng 30 FB of LyophiLi-zed cyËoplasm ïÀras 
_ :

injected into each of the hínd footpads and 0.8 ml- of aliquot containing ,:,.

24O Vg of cytopl-asm rvere injected subcuËaneously into the back of the . :

., t._ ,

guinea pigs.

Rabbits were injected intratesticularly with 0.5 ml- of a PBS-sus-

pension containÍng 108 live cell-s of Treponema pallidum. in each testi-

cle. When orchitis developed (between IB-22 days), the rabbits were used

for dermal hypersensitiviËy Ëests.

SKIN TEST ON GUINEA PIGS

The suspensíons of 100 p1lmL of lyophilized cytoplasm of cultivable

treponemes ín 10-5 M EDTA containing pencillÍn and streptomycin aË pH 7.4, 
:

were used for the intradermal challenge. Prior to the dermal hypersensi- 
,,,:,,,,,,,.,:

tivity assays, possíble toxicity of the challenging antigens T¡ras examined in 
.1,,,, ,., ,,

the skin of normal guinea pigs and r¡rere found not to be injurÍous to the .:': ':'-:"

skin.

For the ËesË proper, four guinea pigs were used for each cyËoplasm,

on the lztln,20th, and 30th day after the sensitízaxíon, the skin of guinea

pigs was prepared by shaving their back and applying the haír remover "Neettl

(I^Ihitehall Laboratories Limited, Toronto, Canada) to remove fíne hair.
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As a' chal-lenge , O.2 mL of Ëhe chaLlenging antigens r^rere injecËed in two

different sites (0.1 ml/site) or each guinea pig. As a control, 0.1 ml

of sterile saline was injected into one site. The skÍn test sites were

examíned at 24, 48, and 72 hours. The sites were ínspected for the presence

of erythema and induraËion; and dimensions of the indurated areas were

measured in two directions. Average areas of induration were computed

for the test sites correspondíng to each anËigen. Since índuration rras

irregular Ín shape the measurements were standardized by multipLying the

longest axis by Ëhe shortest axis, The producÈ r^7as referred to as the area
)of índuratíon.. Areas of induratíon smaller :than 40 u¡¡r- rtere considered

insignificant. Skin plugs ürere removed aE various tímes afËer the

challenge, and Fíxed in Bouin's fixer. The tissues were then processed by

rouËine histoLogical methods .

SKIN TEST IN RABBITS

Two ínfected rabbíts started Ëo show orchitis were used for skín

testing. The skin Ëest antigens were the cytoplasms of cul-tival-be trepo-

nemes (L. scoliodontum. T. phagedenís biotype EnglÍsh Reíter, T. phage-

denís biotype Kazan 5, T. phagedenis biotype Kazan 4, L. denticola, I.
refringens biotype Nichols¡ and I, refríngens biotype refríngens).. The

cyËoplasm of the. partly purified Treponema pallídum, and the normaL rabbit

testicle extracËion. The skin tests of rabbits sTere carried ouË as the

same as in the guinea pigs.

I'{ACROPHAGE MIGRATION INHTBITION (MMI) TEST

The suspensions of 100 Fg/ml of lyophiLized cytoplasm from culti-

vabl-e Ëreponemes in 10-5M EDTA (with penícÍ1lin and streptoûrycih) aË

pH 7 .4, $rere used for the macrophage mígration inhibition tests. All
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the antigens had reacted with nacroPhages from normaL guinea pígs and

úrere non-toxic t.o the normal- macrophag es .

Guinea pigs r^7ere injected Íntraperitoneal-ly r^riËh 30 mL sterile

2.5% of soLuble starch gel (Difco, Michigan, U.S.A.) three days before

the periÈoneal cells were harv."t"d.64 The animaLs were skin-Ëested ,,,.:

before their macrophages ü7ere used in the MMI t,esËs. The guínea pigs

r,.rere sacrificed by bleeding out by cardiac puncture. Chloroform r'ras not

used as íË tends t,o have a detrimental- affecË on the metabolism of the ,',.'
.:.': . !)

65 t""
macrophages. The peritoneaL cavity of guínea pÍgs was washed with ':

.-,, .t . .

1-00-150 ml of st,erile Hankrs balanced saLt solution. The abdonen was .:.: '.:

massaged and then opened. A sËeri1-e pasteur pipette was ínserted inËo

Ëhe peritoneaL cavity, and gentl-e sucËíon was used to colLecË the exudate

into a 1-00 ml síl-icone treaËed gl-ass centrifuge tube. The exudaLe was :

then cenËrifuged at 4oC for l-0 minutes in a IEC InternatÍonaL Centrifuge
:

(UnÍversal ModeL W) at 1200 rpm. The cel-Ls were washed tvøice with

sËeríLe Hank's BSS and centrífuged for 5 min. aË L00 rpm at 4oC. To 0.1 ml-

packed cells, 0.5 m1 199 tissue cuLËure medium containíng L5% normal guinea

píg serum was added. The cell suspension was kept in an ice-bath to miní 
,,,:,,i,,

mize Ëhe cellular metaboLism. Capillary tubes (50 ¡r1) were fill-ed with .,,"
: : ì l.t

the cell suspension and seal-ed aË one end by non-drying modelíng clay ,.,:,;,,,

(Peter-Austin MFG. Co., Toronto, Canada). The tubes r¡Iere spun at 900 rpm

at room ËemperaËure for 5 minutes ín an IEC centrifuge. The capillary

tubes were then cut sLightly below Ëhe packed ceLl-liquid interface and ,,,.-,,

.: 
. .: .'a

fastened inside an incubaËing chamber (1.5 cm in diameter and 0.2 cm deep)

wiËh sil-icone grease. One capillary was placed in each cha:nber. The



chambers were then fill-ed wiËh approximaËely 0.6 ml- of. L99 tissue

cuLture medíum conËaining L5% inactivated normal guínea pig serum and

0.1- ml of cytopLasm antigen. The chamber IrTas then covered with a

sterile cover glass and seaLed wíËh grease. The chambers rrlere incu-

bated aE 37oC for 24 hours. The area of mÍgraËion r¡vas maPPed by pro-

jecËion microscopy (Nikon Profíle Projector, Model 6Cr Nippon Kogaku

K.K., Japan) and measured by planimetry (K+E, Model 62002, Keuffel and

Esser Co., Germany). The macrophage inhibítion (M¡AI) indices'and the

area of migration was exPressed as below 9, 2:
area of migration wíth antigen

¡fl,Ir = ( 1- ) x 1-00

was calculaËed bY the

40.

area of migration withouË antigen

For each índividual test, Ëhe final MMI index

average of four caPillaries.

STATISTICAL ANALYSIS

The program of mixed factoral d""igrr66 was applied for the study

of skin test and macrophage migratÍon inhíbition test. Two independent

factors were involved in both tests r¿hile two correLated factors were

concerned in skin tesË but only one correlated factor for macrophage migra-

tion inhibition test. The two independent facËors consísted of seven sen-

sitizing strains (!. scoliodontum, !. phagedenis biotype English

Reíter, T. phagedenis biotype Y'azan 5, !. phagedenis biotype Kazan 4,

T. denticola, l. refringens biotype Nichols, and T. refringens) and three

dífferent days for skin challenge (L2,20, and 30 days). The correlated

factors T¡7ere tT¡7o related times for the measurements of skin reacËions

(24 and 48 hours after intradermal challenge) and one related time for



the examinatíons of macrophage migration inhíbiËion (24 hours after

incubation) and eight related antigens for skin test and macrophage

migraËion inhibitíon test. These antigens vTere T. scoliodontum, !.
phagedenís bíotype Englísh Reiter, I. phagedenis biotype Kapan 5, q.

phagedenis bíoËype Kazan 4, L. denEicola, L. refingens bíotype Níchols,

I . refríngens biotype refingens, and saline as the control .

A1 1. tests were repeated four times. The analysis of varíance \¡Ias

-66used."" As unequal numbers of subjecËs r{ere presented in each group, Ëhe

means were weighted. The level of significance was = 0.05.

The mutual rel-ationships among treponemal antígens in skin test

and macrophage migraËÍon inhibítíon test were determined by the Duncanrs

New Nultiple-Range t."t67 (X = 0.05) and by a simple comparative per-

cenËage calculaËion using anËigens as one hundred percent by turns

4L.



RESULTS
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I. Derma1 hvpersensitivitv assav

The compuËer analysis of variance on the daÈa obtained from the

dermal hypersensítivity testing are surtrnatLzed in Table XII, from which

the fol-lowing observations are made: 
:

Dermal- reactions of guinea pigs after immunizatíon with different strains. ij:

ExËenÈ of skin sensiËization showed sËatistically signifícant

<o( 0.05) dífferences. Different strains gave rÍse to different degrees 
::::.-

of sensítizatLon (P=7.595) . ..,,.

The sensitized animals showed difference in Ëhe extent of skin reaction :.::

- . t 
,',.'.,..,

which varied significantLy (d= 0.05) depending on Èhe period of sensitíz-

aLion (namely, L2,20, and 30 days) and on the sËrain used. Relations

betweenindívidua1strainsandtheperiodofsensitLzatíonaredifferent

(F = 7.814)

Heterologous antígens used for the ínLradermal- challenge on t,he sensi -

tized animals produced signifÍcantly {Of 0.05) different skin reacËíons

(r =. 88.884) .,

Anímals inurunized with different strains gave rise to sígnifÍcantly

(4 = 0.05) differenË response to different skin test anËigens. The

relations between each strain and skin ËesË antÍgens r^7ere different (F = 11 .779>.

Comparison of the degree of sensitization among strains.

The data Ín tabLes are expressed in 
"*2 

br'ra t.hey have been

changed into nrn2 in the t,est, for an easier discussion.

Table XII presenËed the results of means and standard errors of

skin reactions. The means of skin reaction cf each strain was computed

f.rom 192 readings (four replicatÍons from two related times , 24lrr and 148h,
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TABLE XII

ANALYSIS OF VARIANCE OF THE N1JMERICAL DATA

OBTATNED FROM DERMAL HYPERSENSITIVITY ASSAYS

SOURCE OF VARIATION DF SS MS F

srR 6' 4.a[ú 0.8036 7 -59s

srR DAY 12 g.g2r1 o -8268 7 -814

cHA 7 r4.lï95 2.0271 88.884

srR cHA 42 rL.2823 0-2686 lL-779

STR: sÈrains for. sensitization

CHA: challenging antigens

DF: degree of freedom

SS: sum of square

MS: mean of square

F: F ratio



TABI.E XTTT

MEANS AND STANDARD ERRORS OF THE DATA FROM

HYPERSENSITIVITIES TO ALL CYTOPI,ASMS TN

GUINEA PIGS SENSITLZED I.¡ITH THE CYTOPI.ASM

OF INDIVIDUAL STRAINS

N MEAN S.E.SQRD S.E.

STR
L L92 0.257 0.001 0.023

2 lg2 0.340 0.001 0.023

3 r92 0.271 0.001 0-023

4 192 0.279 0.001 0.023

5 L92 0.336 0.001 0.023

6 L92 0.440 .0.001 0- 023

7 rg2 0.271 0.001 0.023

STR: cytoplasm of all sensitizing strains
1. f .S-coIi"do"t*-
2. -T.ohasedenis biotype English Reiter ::
3 . T .ph-geede"i s- biotype Kazan 5 :' 

,

4. T.phagedenis biotype Kazan 4 '.''
. i,:_ ::_ :S. f .aenticoia- ::':i::

O. t.-fC-fr-i¡ee"s- biotype Nichols ": '

7 "' T ^ rS.!-ritgeit$ : b ioEype'-refringens

N: number of readings

S.E. SQRD: standard error of square r.i. :.':
..,. :..

S.E: standard error



in three different days, L2, 20, and 30 respectiveLy (4 x 2 x 3)' seven

strains p1-us controL (S). It could be seen that I. refringens biotype

Nichols Índuced the strongest skin reactíons in animal-s by having an

2
average 44 rwr.' area of erythema and induration. I{íth the other sLrain'

Ëhe average índuratíon areas líere as follot¡s: !. phagedenis biotype

Engl-ish ReiËer (24 wr2), !. denricola (33.6 *n2¡, !. phasedenis biotype
,)

Razan 4 (27.g *rr2), !. refríngens biotype refríngens (27 '1 ,tnz¡, T'

Þhagedenis biotype Kazan 5 (27.1 o*2), and L. scol-iodontum (25.7 o*,2) .

Thus, T. refringens biotype Nichols exhíbíËs the highest degree of sensí-

tLzation whiLe T. scoLíodontum demonsËrates the lowest degree of sensí-

tÍzatíon

Comparison of the degree of skin reacËi-on to different challenging antígens.

Table XIV summarLzed the means and standard errors of skin reaction

of sensiËized animals afËer the inËradermaL chaLl-enge r.rith differenË skin

test antigens. The mean of skín reactions of each challenging anËigen

was calcuLated from 168 readings (four replications from two related

tÍmesr 24tr and 48h, in Ëhree dífferent days, 12r 20, and 30, respectively,

(4 x 2 x 3), seven challenging antigens (7) - It was found that !. fe-

fringens biotype Nichols induced the st.rongesË skin ieactions in sensi-

tized animals by producing an average area of 40.7 mrr2 in erythema and

induration. T . refringens biotype Nichols was the most potent skin test

anËigen. The findings of the other skin tesË antigens are as follows:

T. denticola (37.5 r*2¡, !. phagedenis biotype Kazan 5 (32.1 ,r 2), 
and

T. scolíodontum (23.1 ,*,2). The saline r^Ias used for conËrol and showed

an average area of 7 .7 ,*2 in eryËhema temporarily and subsÍded later.
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TABTE XIV

MEANS AND STANDARD ERRORS OF THE DATA OBTAINED FROM

HYPERSENSITIVIES TO A SINGLE CYTOPI-ASM IN GUTNEA

PIGS SENSTTÍZED I^ITTH CYTOPI,ASMS OF DIFFERENT
' TREPONEME$.

N MEAN S.E.SQRD s.E.

CHA
,; L 168 0.23L 0.000 0.012

2 L68 0.346 0.000 0-012

3 168 0.321 0.000 0- 012

-4 168 0.3s4 0.000 0.012

5 168 0 .37 5 0.000 0 -or2

6 168 0.407 0.000 0- 012

7 168 0.391 0:000 0.012

8 168 O .077 0.000 0. 01 2

CHA: challenging antigens
1. T.scoliodontum .:::-.r
Z. f.p¡ag-ed-e¡,i.i biotype English Reiter :',:::i,ì':,

3. f.phagedení s bíotype Kazan , : :.: : :

: ., :._, 
,4. L.lhagedeni s biotype Kazan4 :,-::'.::=

5. T.dentícoIa
6.. T.refringens biotype Nichols
7. T.refrinqens biotype refringens
8. saline as the control

N: number of readings .:.,:,',,' '
,.t. ,-,..,-'

S.E.SQRD: sLandard error of square

S. E. : sEandard error
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Dermal hvpersensítÍvitv to chalLengíng antigens.

The anÍmals r¡ere ínmunízed and skÍn tests hrere carried out afËer

L2, 20, and 30 days of irr¡runizatíon. After 2.4, 48 and 72 hours of intra-

dermal chal-Lenge, Ëhe skin reactíons were measured. The degree of dermal

reactivíty tüas measured by two axís, longest and shortest of the area of

erythema and induration to obËaín an approximate of the area of the re-

actíon by product of the tvTo axes. The findings on the test of the indi-

vidual strain are as follows:

(1) T. scol-íodontum

The skÍn reactÍon of animals sensiËized wíth T ¡ scoliodontum

and challenged on L2, 2O and 30 days, are shown in fígure 2a, 2b, and

2c. The resul-ts rntere sunrnarízed as follows:

1) The skin tests performed on day 12 showed mild induration at 24h and

,
al-L vaLues rrrere lesser than 40 rmn-. After 24h, aLL the reactions sub-

síded. The homologous !. scoliodontum chal-l-enging antígen sËarted with

a reaction of 18 .6 rwrr2 at 24n and l-0 .6 m 2 at 72h.

2) Skin chaLlenged on day 20 showed greater erythema and induration.

The skin reaction observed at 24ln Trere greater than 48tr and 72h. At 72h'

mosË of Ëhe erythema and induratíon dísappeared. IË can be seen Ëhat T.

scoliodontum chall-engÍng antigen induced the greatest eryËhema and indura-

Ëion in sensitizíng animals by showing a reaction of. 52.I *rr2 at 24h arld

,
27 .9 rrrrÍ at 4Bh whil-e L. phagedenis biotype Kazan 4 which starËed with a

reaction of. 46.3 **2 at 24n and 23.3 **2 at 4$hr !üâs the second potent

challenging antigen. The findíngs of the other skin test antigens are of

no significances
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1. I. scoliodontum

2. L. .pb¡gedeis- b iotYPe

3. !. phaeedenis biotYPe

4. !. phagedenÍs biotYPe

5. T.denticola

6. T. refrínsens biotYPe

7. I. refrineens biotYPe
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Fig. 2c Skin reaction in rn*2 of guinea pigs sensitized with T.scoliodontum
and skin-tested on 30 days with challenging antigensT E."h "".ti."1bar represents average values for four sensitized guinea pigs.
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3) The skín ËesË on day 30 showed marked eryËhema and induratíon for

only a few skin Èest antigens which gave a skin reaction area Sreatet
2

than 40 rrrrnL at 24h. And again the reactíon díminished at 48h and 72h.

T. scoLiodonËum, L. phagedenÍs bíotype English Reiter, L. phagedenis

biotype l(azan 5, T. phagedenis bíoËype Kazarr 4, T-. dentícola, 1. refrín-

g , and T. refrinFens biotype Nichols had skin indurations over 40 ,wrr2

at Z4h. Stil-l the homoLogous T. scoliodonËum is Ëhe strongest chal-1-engÍng

antigen among all.

4) The comparison of antigens used for inËradermal challenge on aní-

mal-s sens Ltized with !. scoliodontum was shown on Tabl-e XV. The mean

of skín reacËions of each chaLlenging antígen was calculate d ftom 24

readings (four repl-ications from Èwo related times, 24t' and 48h, of skin

reactions in three different days, L2,20, and 30, for skin chal-lenge).

The intensity of eryËhema and induration induced by different antigens

are lisËed in decreasíng order as follows: T. scolíodontum (38.9 fn*2),

2o
Reiter (29.4 urn-), T. denticola (29.L mm¿), !. phagedenís bíotype Kazan

,5 (25.1 nrn-), L. refringens bioËype NichoLs (24.g *rr27, T. re-fríngens

biotype refringens (23 .Z *rr2), and salíne as the control (5.0 nun2).

(II) !. phagedenis bÍoËype English ReíËer

Figure 3a, 3b, and 3c show the skin reacËions of animals sensi-

tized with T. phagedenis biotype English Reiter and subsequentl-y chaLlenged

on L2, 20 and 30 days. The results are suîtrnatized as follows:

1) On the L2th day, Lhe challenging antigen of L. phagedenis biotype

English Reiter induced an area of 5 mrn2 erythema and induration at 24h
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TABLE XV

THE COMPARISON OF ANTIGENS USED FOR INTRADERMAL
CHALLENGE ON ANIMALS SENSITIZED WITH
T. SCOLIODONTIIM

N MEAN S.E.SQRD S.E.

STR CHA

1 1 24 0.389 0.001 0.031

L 2 24 0.294 0.001 0.031

1. 3 24 0.25I O. OOl 0.031

I 4 24 0.302 0.001 0.031

I 5 24 0.29 t 0.001 0.031

i 6 24 0.249 0.001 0.031

I 7 24 0.232 0.001 0.031

1 I 24 0.050 0.001 0.031

STR: straÍns for sensitization

CHA: challenging antigens

N: number of readings

S.E.SQUD: slandard error of square

S.E.: standard error

1. T.scoliodontum
^^---2. T.phagecienis biotype English Reiter
3 . T.ãE'age,Ae"iã_ bio rype Kaãan 5
4. T.phagedenis biorype Kazan 4
5. T,denticola
6. T.refringens biotype Nichols
7. T.refringens biotype refringens
8. saline as the conErol
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and 18 .6 *rr2 at 72l; 1. refríneens biotype Nichol-s gave 46.1- *r,2 at 24in

?,
and 10 mm- aË 72h; L. refringens biotype refringens gave 46.0 nrn- at 24h,

and 8 .6 *rr2 aE 72h. The other antigens showed insigníficant indurations

(less than 40 o-2¡ "t 24in and. subsíded at 48h ,and 72h

2) All aninals showed stronger erythena and induration r,rhen intre-

der:ura1-ly challenged on day 20. T. phasedenis bíotype English ReiËer, the

challenging anËigen showed marked erythema and índuration of 99.5 mm2 at

24h and 64.6 rrwt2 at 48h; !. denÈícola was the second strongest chalLenging

anËigen ín having a reactÍon of 63.3 n¡n2 at 24in anð,49 nm2 at 48h. t.
phagqdenís bíoËype Kazan 5, L. phagedenís biotype Razan 4, L. refrÍngens

biotype Nichols and T. refrÍngens biotype refringens had the skin indur-

ations of over 40 Ír# at 24h, and the induratÍon abated at 48h. l. scolío-
2

dontun and saline as Ëhe control showed miLd induraËions (less than 40 unn )

on the 20 day intraderrnal chaL1-enge.

3) On the 30th day íntradermal chal-lenge, !. phaÊedenis biotype Engl-ish

Reíter showed a peaked delayed reacËion at 72n (g3.2 **2¡ 
"orpared 

with
?1

24h (39.6 rmn'; and 4Bh (56.3 t*n'¡ . !. phaeedenis bÍotype Kazan 5 had a

peaked delayed reaction at 48h (4g.5 o*2¡ 
"o*pared 

with 24h (4L.0 **2)

and 72in (38.5 **2) . The other antigens did not show sÍgnificant indura-

tion (less than 4O mrrz¡ at 24h, 4Bh and. 72h.

4) The results of all skin Ëests from each challenging anËigen r^rere sum-

marízed in Table XVI. It has been shown that 1. phagedenis biotype English

Reiter, the strongest challenging antigen elicited an average of 58.7 mrr?

induraËion. !. phagedenis biotype Kazan 5, and second challenging anti-

gên: evoked an average of 36.3 rn*2 induration. The effects of the other

L: ¡'



TASI-E XVI .

THE COMPARISON OF ANTIGENS USED FORì INTRADERMAL
CHALLENGE ON A}TIMALS SENSlTIZED I{ITH
T. PHAGEDENIS BIOTYPE ENGLISH REITER

MEAN s.E.SQRD S.E.

STR CHA

2L

22

23

24

25

26

27
28

24

24

24

24

24

24

24

24

0. 280

0.s87

0.363

0.353

0. 340

0.322

0.316

0. 161

0-001

0.001

0. 001

0. 001

0. 001

0. 001

0. 001

0.001

0. 031

0. 031

0.03L

0.031

0. 031

0.031

0. 031

0. 031

STR: strains for sensitization

CHA: challenging antigens

N: number of readings

S.E.SQUD: standard error of square

S.E.: standard error

1 . T. scolíodontum
2. E.@otype English Reiter
3. T.phagedenis biotype Kazan 5

4. T.phagedenis biotype Kazan 4
5. T.denticola ''
6. T.refringens biotype liichols
7. T.refringens biotype refringens
8. saline as the control
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skín test antigens are as follows: !. scoliodontum (28.0 **'), !.

phagedenis biotype Kazan 4 (35.g **2), !. denticola (34.0 **2), !.
refrínsens biotype NichoLs (32.2 *n2¡ arrd T. refringens biotype re-

fringens (3L.6 **2). The saline r^7as used as the control and showed

temporal eryËhema of 16 nun2 r¿ithout induration.

(III) !. phasedenis bíotype Kazan 5

Figure 4a, 4b, and 4c describe the skín reacÈions of aní-

mals sensiËized with T. phagedenis biotype Kazan 5 and chaLlenged on

L2, 20, and 30 days after sensitizaxíon.

1) The intradermal challenge on day 12 showed stronger reactions than

day 20 and day 30. The skin induraËion at 24h are the following: !.
phasedenis biotype English Reíter (55.0 r*2), !. phagedenis biotype

Kazan 5 (65.O rr*2), T. phagedenis biotype Y'azan 4 (7I.O r*n2), T. denti-
)tcola (96.0 unn'), l. refringens bíotype Nichols (50.0 nrn'¡, T. refringens

biotype refríngens (50.0 r*2), and I . scol-iodontum (35.0 r*2) . The in-

duration of saline r,ras negative at 24h. At 48h, only T. phagedenis

bíotype English ReíËer, l. phagedenis biotype Kazan 5, !. phagedenis

biotype Kazan 4, and T. dentícola sti11 effected an induration of over
t

40 mm-. The difference of indurations between 24tr ar.d, 48h of l. phage-

denis biotype English Reiter is 5 mm2 which is Èhe s:rr,'rl.lest difference

among the challenging antigens. Although !. denticola gave rise to the

strongest induratio n at 24h (96.0 ,*n2¡ , it subsided very fast and had an

induration of 54 mm2 at 4Bh. The differences of induration between 24h

and 4Bh of other challenging antigens are as follows: I. phagedenís.

biotype Kazan 4 (2g.0 o*2) , l. refringens biotype Nichols (28.0 o*2¡ ,

T. refringens biotype refringens (21 .O **2), and T. scoliodontum (17.0 on,2)



62

TABLE XVII

THE COMPARISON OF ANTIGENS USED FOR INTRADERMAL

CHALLENGE ON ANIMAL SENSITIZED WTTH

T.PHAGEDENIS BIOTYPE KAZAN 5

N MEAN S.E.SQRD s.E.

STR CHA

3 l- 24 0.148 0.001 0.031

3 2 24 0.30s 0.001 0.031

3 3 24 0.377. 0.001 0.031

4 24 0.327 0.001 0.031

3 5 24 0.37 5 0. OO1 0.031

3 6 24 0.322 0.001 0.031

3 7 24 0.290 0.001 0.031

3 8 24 0.025 0.001 0.031

STR: strain for sensitization

CHA: challenging antigens

N: number of readings

S.E.SQUD: standard error of square

S.E.: st.andard er.ror

1. T. scolíodontum
2. !.pb,asedenis biotype English ReiÉer
3. T.phagedenis biotype Kazan 5

4. T.phasedenis biotype Kazan 4
5. T.denticola
6. T.refringens biotype Nichols
7. T.refringens biotype refringens
8. saline as the control
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2) InËradermal challenge of day 20 showed míld induratíon for all the

anËigens. 0n1y l. refringens biotype refrÍngens produced an induration

of. 43.5 o*2 at 24n and subsided to 1-8 i8 urn2 at 48h. The induration of

other antigens were less than 40 sm2 and even lesser aË 48h.

3) Intradermal challenge on day 30 was ínsignificant and all measurements t'

of induratíon were less than 40 rrn2 at 24h and 48h.

4) The averages of Índuration induced by each chalLenging antigen r¡7ere

lÍsted in Table XVII and the resuLts are as follows: T. scolíodirntum :

tô(14.S mnz) L. phagedenis biotype English Reirer (30.5 *r,2¡, I. phaee-

denís biotype Razan 5 (37 .l ,t^2), L. phasedenis bÍotype Kazan 4 (32.7 *rr2), '

T. denticola (37 -5 *n2¡, L. refringens biotype Níchols (32.2 *n2¡, I. re-

fríngens biotype refringens (29.0 *t2) and saLine (2.5 rr-2). The homo 
l

1ogouscha11engingantigenofT.phagedenísisbiotypeKazan5sti1].

índuced the strongesË reaction among the challengíng antigens.
l

:(W) !. phagedenis biotype Kazan 4

Theskinreactíonsofanima1ssensítizedwithL.phagedenis

biotype Kazan 4 and challenged on 12, 20, and 30 days, are shornrn in

figures 5a, 5b, and 5c. The results \^7ere as follows: 
:,,

1) The skin tests performed on day 12 were insígnifÍcant. only the 
,

homologous challenging antigen, T. phagedenis biotype Kazan 4, elicíted :..

an induration of 46.4 mn2 aE 24h. The índuration of the other challenging

antigens were less than 40 nrn2 at 24]n and, subsided at 48h and 72n

2) Skin challenged on day 20 showed the strongest erythema and induratíon. 
1.,

Most of the antigens used for intradermal challenge indueed skin indurations

over 40 rg¡n2 at 24in. These antigens were T . phagedenis biotype Englísh.

Reiter (43.6 *r2¡, !. phasedenis biotype Kazan 5 (51 .6 ^^2), I. phasedenis
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bíotype Kazan 4 (72.0 *r,2), I. denticola (57.0 **2¡, t. refringens bio-

type Nichols (47 .5 ,*n2), and !. refrinsens (46.6 mm2) . Ar 4Bh, all rhe

induraËions subsided t.o an area less than 40 r¡rn2 as listed below: T-.

phagedenis biotype English ReÍter (20.0 *n2), T. phasedenis biorype Kazan 5

, - ,'.,
(1,g.2 r*rt¡, the homologous !. phagedenis bioËype Kazan 4 (35.5 o*2¡, T. l

denticola (36.7 nrn2), T. refringens biotype Nichøls (26.2 **2¡, and T.

-i"* 
biotype refringens (29.2 o 2). 

1. scoliod.ontum and saline

induced low índuratÍons of.26.0 nrn2 and, L2.0 mm2, respeètÍvely, at 24h. :.'

'':

The homologous chaLLenging antigen, T. phagedenís biotype Kazan 4, Ln- :

duced the strongest índuration aE 24h (72.0or,2¡ and remained a míld 
:

induration at 48h (35.5 *n2).

3) On1-y a fer¿ challenging antigens induced a skin ÍnduraËion area greater

Ehan 40 ,*n2 on the 30th day intradermal challenge. L. phagedenis bio-

type Kazan 4' provoked an induration of 41 .o rrn2 at 24in and. 32.9 wrr2 at

4Bh. At 72h, the induration r^7as 37.5 mrr2. t. refringens biotype re-

fringens, the next strongesË challenging antígen, induced an índuraËion
2)of 46.0 mm- (greater than 40 nrn-) at 24]n, 32.5 nnn2 at 48h, and 23.8 rmn2

at 72h. The skín indurations of other antigens were of no sÍgnificance 
,..,t,

at 241n and 48h. ,

j"''
4) The skin reactions induced by different challengíng antígens were ,"

suurnarized in Table XVIII. rt was found that T. phagedenis biotype

Kazan 4 induced t.he greatest índrratíon of. 42.4 *rr2 in average. l. 
,:,.refringens biotype refringens, Ehe second poËenL anËígen, provoked an ,,;,,

induration of 36.5 ,*,2 in average. The regults of the oËher anti-gens
2 "'were 19 .7 twrr¿ (T. scolíodontum), 28.1 nn',2 (!. phaeedenis biotype English
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TABLE XVITl

THE COMPARISON OF ANTIGENS USED FOR INTRADERMAL
CHALI,ENGE. ON ANTI'IAL SENSITIZED I,IITH
T.PHAGEDENTS BTOTYPE KAZAN 4

N MEAN S.E.SQRD S.E.
::: 

, .:

.. STR CHA ,:,'

4 L 24 0.197 0.001 0.03r-:.
t 

',;'_.1" 4 2 24 0.281 0. 001 0.031 i

4 3 24 0.298 0.001 .0.031

I 4 4 24 0.424 0.001 0.031
.

' 4 5 24 0.301 0.001 0.031

4 6 24 0.317 0.001 0.031

4 7 24 0.36s 0.001 0.031

t o 24 0. 048 0. 001 0. 031+o

STR: strains for sensitization

CllA: challenging antigens

N: number of readings

S.E.SQUD: standard error of square

S.E. : standard error

I . T. scoliodontun
2. T.phagedenis biotype English Reiter
3. T.pEF_n-_ biotype Kazan 5
4. T.phagedenis_ biotype Kazan4
5. T. denticola
6. l.tffi-r biotype Nichols
7. T.refrinqens biotype refringens
8. saline as the cont.rol
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ReÍter),

coLa), 3

saline.

(V) T.

29.8 mrn2 (!. phaeedenís bíotype Kazan 5), 30.1

7 .L wrr2 (!. refringens biotype refringens), and

*rr2 (1. denti-

4.8 mm2 for

denticola

Fígures 6a, 6b, and 6c showed the skin react.íons of animals

sensitízed with !. denËicola and challenged on L2, 20 and 30 days afËer

sensitízation. ;. t.""r* tere as foLLows:

1) Most of the chaLl-enging antigens started with a marked erythema and

Índurations aË 24lr, on day 12 Íntradermal challenge. These anËigens were

!. phagedenis biotype English Reiter (45.0 *r,2¡ , T. phasedenis bÍotype

Kazan 5 (52.0 **2), r. phasedenis biotype Kaza¡ 4 (5L.0 *r,2), 1. dentí-

col-a, the homologous antigen, 63.0 nrn2, l. refríngens bíotype Níchols

(44.0 r*2¡, and T. refrÍnsens biotype refringens (47.0 **2) . I. scolio-

do¡4¡r¡q and saline gave rise to very 1-ow indurations at 24h. At 4Bh,

all the Índuratíons subsided and the readíngs r^7ere I. phaeedenis bio-

type Kazan 5 (25.0 r*r2¡, !. phasedenis bioËyPe Kazan 4 (26.0 rrrr2), L.

' rols (20.0 nm2), l.denticola (30.0 mm-), L. reffi+Senq- biotype Nict

refringens bÍotype refringens (18.0 *n2) . Although the homologous T.

dentícola anËigen induced the strongest índuration subsided to less

than 40 nnn2 at 48h.

2) All challenging antigens induced indurations over +O *rr2 at 24n on

day 20 intradermal challenge. The results at 24h r¿ere T. scolíodontum

(47 .O rog,2), !. phaeedenis biotype English Reiter (54.0 *n2), L. phase-

denis biotype X^"ro 5 (55.o nrn2), !. phagedenis biotype Kazan 4 (71.0 **2¡,

T. denticola (93.0 o*2) , T. refringens biotype Nichols (50.0 r*n2), and



T. refrineens biotype refringens (50.0 **2). Saline used as Ëhe con-

trol was negative. At 48h, all the induration excePË the one índuced

by L. denticola (47.0 n*2¡, subsÍded to non-signifícance. T. denti-

col-a, the homoLogous antígen was the most potent chalLenging antigen

in Ëhe 20th day skin tesË.

3) On the 30th day skin ËesË, the skin reactions r¿ere marked erythema

and induration at 24h, subsided at 48h and interestingLy íncreased at

72h. The results of the índuratíons r¡rere as follows: !. scoliodonËum

started wiÈh an índuratíon of. 2I.0 rm2 at 24h, 6 rrrr2 at 4Bh, and 1l- nm2

at 72n. T. phagedenis biotype English Reíter began with an induratíon

of. 47.0 mm2 at 24h, L7.O rwr,.2 at 48h, and 22.0 wr,.2 at 72h. L. phagedenis

biotype Kazan 5 had an induratíon of 50.0 mm2 at 24h, 23 .O nrn2 at 48h,

and. 23.0 ,r*2 at 72h. T. phagedenis biotype Kazan 4 gave rise to an

induration of 50.0 **2 at 24n, 23.0 mm2 at 4Bh, and 23rO ,n*2 at 72h.

The homologous antigen, T. dentícol-a sLarted wÍth an induration of
t

83.0 mmz at 24h, 33.0 nrn2 at 48h, and 34.0 nm2 at 72h. L. refringens

biotype Nichols began vriËh 60.0 rrn2 at 24h, 24.0 uun2 at 48h, and 32.0

mm2 at 72in. Finally T. refrlngens bíotype refringens índuced an in-

duration of.42.O rr*2 at 24h, 2O.O nun2 aË 48h, and 30.0 nrn2 at 72h.

SaLine produced an índuration of 20 ,wrr2 at 24in and was zero at 48in

and 72h.

4) The results of

induration índuced

It can be seen Ëhat

an average of. 57 .9

73.

all

by

T.

Ëhe reactions were pooled, êd the averages of

each antigen (see Table XIX) were calculaËed.

denticola, the most potent anËigen, elícited

**2. The average induced by the oËher challenging
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TABLE XIX

THE COMPARISON OF ANIIGENS USED FOR IMRAÐERMAL
CHALLENGE ON ANI},IALS SENSITIZED I^IITH T. DENIICOLA

N MEAN S.E.SQRD S .8.

STR CHA

5 1 24 0.195 0.001 0.031

5 2 24 0.370 0.001 0.031_

s 3 24 0 .373 0.001- 0.031-

5 4 24 0.579 0.001 0.031-

s 5 24 0.403 O.OOI 0.03L

5 6 24 0.378 0.001 0.031

5 7 24 0.337 0.001 0.031

5 I 24 0.052 0.001 0.031

STR: sËraíns for sensitizaËíon

GHA: challegnÍng antigens

N: number of readings

S.E.SUID: standard error of square

S.E.: sËandard error

1. T. scoliodontum
/. !. phagedenis biotype English Reíter
3. T. phagedenis biotype Kazan 5
4. !. phasedenis biotype Kazan 4
5. T. denticola
6. T. refringens biotype Nichols
7 . T. refringens biptype refringens
B. saline as the control
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antigens r^7ere T. scoLiodontum (19 .5 *rr2¡ , T . phaqedenis biotype English

Reiter (37.0 *2), T. phaeedenis biotype Kazan 5 (37.¡ **2) , T. phasedenís

biotype Kazan 4 (40.S *r,2) , T. refrinqens bíotype Nichols (37 .B ,*,2¡,

T. refrinqens biotype refringens (33 .l ,*r2), and saline as the control

(5.2 rr,r,nz¡ .

(VI) T. refrínsens biotype Nichols

The aaimal-s sensitized with T. refrÍnsens biotype Hichols

were skin challenged on day L2, 20, and 30 after the sensitizatíon.

1) It can be seen ín figures 7a, the day 12 skin challenge, the homo-

logous T. refrínsens bÍotype Nichols and T. refriqeens bioËype refringens

índuced marked erythema and induration at 24h and the indruations remained

moderately ínËensÍve aË 48h. The índurations of other challenging anti-
gens were insígnÍficanË (less than 40 *r,2). At 24]n, T. refringens bio-

type Nichols provoked an induraËion of 86.0 urn2. The índuraËion subsided
tto 47,6 rrw( aË 4Bh anð. 29 r3 o*2 at 72h. I. refrinqens biotype refringens

had an induraËion of 52.7 mrr2 at 24h, whích subsíded to 40.7 nn? 48h and

1-9.8 mm2 at 72h. The induraËion of salíne was negative.

2) Figure 7b showed the skín reactions of the z}tln day skin challenge. All
antigens induced índuraËions over 40 mm2 at 24h, whíle only !. refrinqens

biotype Nichols and T. refrinqens bíotype refringens stil1 evoked an in-
duraËion over 40 nrn2 at 48h. The results aË 24h were T . scoliodontum
.t(4g.7 mm'¡, L. phagedenis biotype English Reirer (43.O;'z), !. phaqedenis

biotype Kazan 5 (78.1 rnn2), l. phasedenis biorype Kazan 4 (74.0 *n2), !.
denticola (80.1 ,r*2¡, T. refringens biotype Nichols (I28.7 mm?), and T.

refringens biotype refringens (105.0 r*n2). The homologous antigen,
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TABLE XX

THE COI'IPARTSON OF ANTIGENS USED FOR INTRADERI'IAL
CHALLENGE ON ANIMAL SENSITIZED WTTH
T.REFRINGENS BIOTYPE NTCHOLS

:

N MEAN S.E.SQUD S.E

STR CHA
6 1 24 0 .228 0.001 0.031

6 2 24 0.318 0.001 0.031

6 3 24 0.368 0.001 0.031

.-6 4 24 0.413 0.001 0.031

6 5 24 0.480 0.00r 0.031

6 6 24 0 .876 0.001 0. 03 1

6 7 24 0.699 0. OOl 0.031

6 B 24' 0.135 0.00i 0.031

STR: strains for sensitization

CHA: challenging antigens

N: number of readings

S.E.SQUD: standard error of square

S.E. : standard error

l-. T.scoliodoniur,,
z. EpTãÃffiffilotïpe English Relter
3. T.phageCenis bÍot.,*oe Kazan ¡
4. T.phagedenis biotl,pe Kazan 4
5. T. denticola
6. T.refrineens biotype Nichols
7. 1.r"ffiFî] uiotype refringens
8. saline as the control



I.refrineens bioËype Nichols showed the strongest lnduratlon at 24h. At

48h' T.refrinqens blotype Nichols had an induration of 61.5 nnn2 while

T.refríneens biotype refringens had an índuratíon of 61.3 mm2. At 72h,

the índuratíon of-L.refríneens biotype Nichols subsíded to 29.0 mm2 and ' 
"

f.refríngens biotype refringens had 37.7 nm2. The saline as control was

of negative response. 
; .:.3) fne observations of skin challenge on day 30 ínLradermal challenge 

.',:,,i

were described ín figure 7c. The responses of animals on day 30 were 
.r,,-, 

,

stronger than Ëhat of day 20 and day 12. At 24h, all challenging antigens

induced marked erythema and Índurations. The readíngs are as follow:

T.scoliodontum ( t*l .0 mm2 ), T.ÞhagedenÍs biotype Englísh Reíter ( O+.7 ,r 2 )'
:

!.phasedenis biotype Kazan 5 ( 63.0 rm2 ), T.¿bue.d*!r biorype Kazan 4 
:

( OS.B mm2 ), T.d-enricola ( lg.5 r*2 ), T.¿g€¡jngenåbiorype Nichols

( iat.0 mm2 ), T.refrinsens bíotype refringens ( 103.6 rnm2 ), and salíne
l

( SS.O mm2 ). At 48h, only T.ref{ineens biorype Nichols ( OO.6 **2 ) and

-I.¡gfrÍ¡Se¡$_bíotype refringens ( S4.7 mm2 ) still provoked an induraÈion

over 40 mmz, and all the other indurations r¡rere of no signifícance and ,,,
the indurations were less than 40 mm2. T.{gl_r]ngens biotype Níchols, the t.,,:,:,,

f,êñ cf.'11 ;- ¡L^ ñ^^Ê - ^L-i1- . 
it" ''

homologous antigen, still is the most potent challenging anligen on day

30 skin challenge. T.refringe¡ls biotype refringens is the second potenÈ

challenging antigen.

4) The results of all the skin reactions were pooled and summarized in

Tab1e XX. The average intensity of erythema and ín indurations induced by

different, antigens are 1ísted in Ëhe decreasing order: T. refrj4gns biotype



Níchols (87 .6 ,r*2¡ , T. refrinsens bíotype refringens (69 .9 ,*rr2¡ , t .

denticol-a (48.0 o*2¡, I. phaeedenis biotype Kazan 4 (4L.3 nrn2), f .

phaeedenis biotype Kazan 5 (16.8 *n2¡, !. phaeedenÍs bÍotype Englísh

Reíter (31.S *n2¡, T. scolÍ.odontr¡n (32.8 rmn2) , and saLine (13.5 o,*2) .

(VII) T. refrinsens

Animals r¡Iere sensíxízed with !. refringens biotype refríngens

and inËradermally chall-enged on day 12,20, and 30 after sensítizatíon.

1) The skin reaction on day 12 skín chaL1-enge were shown ín fÍgure 8a.

1. refrineens biotype Nichols and 1. refrinsens biotype refringens gave

rise to marked erythema and induration after 24!ir of. skin challenge. The

other anËígens dÍd not induce sÍgnificant indurations at 24h (greater
t

than 40 nun-). At 4Bh, onl-y T. refringens bioËype Níchols and T. re-

fringens biotype ref,ringens sËi11 evoked significanÈ induratíons . At 72h,

aLl- the índurat,ions vrere negaËive. The induration of I. refringens biotype
tNichols was 55.0 nrn- at 24in;and 39.0 *n2 at 48h, while the induration of

T. refringens biotype refringens induced art area of 83.0 nrn2 at 24n anð,

51.0 mm2 aË 48h. Saline as the control induced an induration of 10.O nnn2

at 24h,and subsided to zero at 48h.

2) Figure 8b showed the skin indurations on ð.ay 20 intradermal challenge.

The indurations were mild and of no significance at. 24h. Only E. r.-

fringens biotype Nichols and L. refringens biotype refringens induced

índuraËíons of 40 mrr2 at 24h. All the indurations subsided at 4Bh anð,72h.

Saline as the control índuced an induration of 8 o*2 at 24h and faded

away at 48h.

3) On1-y the homologous anËigen T. refríngens bÍotype refringens showed a
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phagedenfs btotype English Reiter

phagedenis biotype Kazan 5
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narked erythem and induration on day 30 skin challenge. The results

of skin reacËions on day 30 have been described in figure gc. rË ís

clearly shown that only the homologous anËigen, T. refringens bío-

type refrÍngens showed a marked er¡zthema and induratíon. T. refringens

bíotype Nichols showed on1-y slight decrease ín erythema and induration

from 24]n (43 .0 ,r*2¡ ao 4Bh (4r.0 *,,2) and 72h (41 .0 ,*,2) . T. refrineens

biotype refringens induced an induration of 30.0 mm2 at 24|n and 32.0 nrn2

aË 4Bh and T. phagedenís bíotype Kazan 4 produced an induratíon of 27 .O

rmn2 at 24h and 27 .o r¡w? at 4Bh. Borh strains exhibired onl-y s1-ight

change ín the índuration in the time interval observed. The other

antigens did not demonstrate significant induraËion (less than 40 nnn2)

nor gradual deminíshing of skin responses 
.

4) The resul-ts of all skin reactions were pooled and expressed as

the average of induration induced by each antigen. The averages are

lísted ín Tabl-e xxr as folLows: !: scoliodonrum (L7.5 *rr27, T. phase-

denis biotype Englísh Reirer (26.5 n*2), !. phasedenis biotype Kazan 5

(26.3 ,r*2¡, I. phasedenis bíorype Kazan 4 (25.5 rn*2¡, T. denricola

(26.2 r¡rn2), T. refrinÊens biotype Nichols (38.4 ,nn2), T. refrinsens

bíotype refringens (4g .g *n2¡, and saline (6.6 ,rrn2) .

HisËologv of dermal hypersensíËivitv assav.

An early acute inflarmnatory response with edema and polymorph in-

filtration r^7as shown 24n after skin tests r^7ere performed on sensitízed

animals. Figure 9a and 9b showed these findings in reactions between

the control guinea píg skin and the sensitized animals. Fourty-eight

hours after the intradermal challenge, Ëhe test sites of heterologous
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TABIE XXI

THE COMPARISON OF ANTIGENS USED FOR INTRADERMAL

CHALLENGE ON ANI},ÍALS SENSITIZED WITH
T.REFRTNGENS BIOTYPE REFRINGENS

N }{EAN S.E.SQUD s.E.

STR CHA

7 1' 24 0.175 0.001 0.031

7 2 24 0.265' 0.001 0.031

7 3 24 0.263 0.001 0.031

7 4 24 0.255 0.001 0.031

7 s 24 0.262 0.001 0.031

7 6 24 0 .384 0.001 0. 03r

7 7 24 0 .499 0.001 0.031

7 B 24 0.066 0.001 0.031

ST.R: strains for sensitization

CHA: challenging antigens

N: number of readings

S.E.SQUD: standard error of square

S.E.: st.andard error

l. T.scoliodontum
2. I.p¡a'eæ- ãfs-Eiotype English Reiter
3. !.phag.edenis biot;-pe Kazan 5

4. !.phagedenis biotype Kazan 4
5. T. denticola
6. T.refringens biotype Nichols
7. T.refringens biotype refringens
B. saline as the control



anËigens showed a dense inflítratíon consiËing predominantly of

macrophages and a few lymphocytes (fígure 9c). rn the test sites

of homologous antígen, reactíons of necrosis and infiltraËion macro-

phages were found 4Bh after the intradermal challenge (figure 9d and

fígure 9e). The predominant reactíon in Ëhe derrnal hypersensitivíËy

skin test proved therefore to be mononuclear cells.

Dermal hvpersensítivitv skin test of Treponema pallidum.

Two rabbíts vrere infected with T.pallidum by the ínjectíon of ',,'

live T.pal1ídum into the testícles. Twentyoae days later, the testícles 
,,, ,.::: : 

:: 
:-: 

'

sta¡ted to show orchitís and intradermal challenge were performed on the

back of the infected rabbíts. The results are as follows:

1) Antigens of cytoplasmi-ro4¡ partíally purified T.pa1lidum, normal rabbít

testic1eextractionandsa1inedidnotshowanyerythemaandinduration

24h after intradermal challenge. On the contrary, the- non-pathogenic treponema

antigens provoked erythema and induration. The averages of indurations in-

duced by each challenging antigen \.vere calculated. from four skin rnu"rtt"*.nt,

and the results are the following: T.scoliodontum ( lq.0 **2 ), T.pha8edenis

biotype English Reiter ( f+¡.0 nl*2 ), T.&æ.dSni, biotype Kazan 5 ( 123.0 mm2.'.,".

Þg .s i¿biotype Kazan 4 ( r29.0 mn2 ), T.denricola ( gs.O r*2 ),

T.refringens biotype Nichols ( fSg.0 **2 ), and T.refringens biotype

refringens ( 180.0 mm2 ).

2)Fourty-eighthoursafertheintraderma1cha11enge,thechaL1engÍng

antigens of cytoplasm from partially purified T.pallidum, normal rabbit "''"

' testicle extraction and saline. still evoked no skin response while the ,

other treponemal antigens had the indurations as follorvs: T.scoliodontum

( S¡.0 *rn2 ), T.ple.C-edenis biotype English Reirer ( OS.0 *r2 ), J.phasg-g-eniå
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Figure 9a

Section of dermis of control guinea pigs

24 hours afLer .s'kin ,testing wíth cytoplasm

of T.refrinse¡!Ê bíotype Nichols' X 640'

Fígure 9b

Section of dermis of guinea pigs sensîtízed

wíth T.refringens biotype Nichols 24 hours

after skin testing on post'sensitization day 30'

skín tested rvith cytoplasm of J. re f ríneens 
, . . ,,

biotype Nichols. Tissue shorvs ac.ute i'f lammatory ",' ,.,',,,.',"

response with edema and polynorph inf iltration' ..t 

':",',"':

x 640.
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Figure 9c

Section of dermís from guinea pig sensitized with

T.refríngens biotype Níchols 48 hours after skin

testing on post-sensitization day 30. Skin tested

with T.refringens biotype refringens. Tissue

shows dense Ínfiltration with *".tophuge. X 1300.

Figure 9d

Section of dermis from guinea pig sensitízed with

T.phage<ìenis biotype English Reiter 48 hours after

skin testing o: Oosb€ensíLization day 30. Skin

tested r.¡ith the homologous antigen T-phagedenis

biotype English Reiter. Tissue shoL's - edena o.f 'epider-n'is

and infiltration of macrophage. X640.





Figure 9e

Section of dermis from guinea pig sensitized

with T.ohagedenis biotype English Reit'er

48 hours after skin testÍng on post'sensitization

day 30. Skin tested with the homologous

antigen f.phaggdenis biotype English Reiter'

Tissue shor+s the reaction of necrosis' X640'
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biotype Kazan 5 ( 49.0 rnrn

T.denticola ( :f .0 nq.rl2 ),

i:]::.ì'.fì:',.j:'';''lj'..;.-..1:|...:':

2 
), T.phrg"d"r,is biorype Razan 4 ( Lh6.O

T.refríngens biotype Nichols ( I00.0 nun2

2\
tt

),
and T._refrfnæns- biotype refringens ( 100.0 nrn2 ).
3)Seventy-two hours afËer the íntradermal challenge, aII the induraEions

subs ided to níI.

Th qtgal ¡elatio4sl{ps qqrong treponemal antígens in skln Ëest.

The skín reactíons on the 12th day

usually mild. Therefore the results obtained

ínEradermal challenges were used fn the calcu

relationships among treponemal antígens.
' The Duncants New Multiple-Range test \,¡as used for finding the

significant relationships among treponemal antigens. A signíficant studentrs

-tesÊ range of 5% was selected. Each antigen v¡as in turn assumed to be one

hundred percent and a .simple percentage calculation was used for computing

the comparative percentage of each treponemal antigen. Seventy percent

was selected as the minimal percentage to show the positive relationship.

The results are separatly summarized according to the date of challenge

after sensitization, and are shown as below:

(1) The 20th day inrradermal .challenge

The 'averages of indurations índuced by different treponemal

antigens on the 20th day skin test were: T.scoliodonEum ( ta.5 nm2 ),
T.phasedenis biotype English Reiter ( +t.g *n2 ), T.phaeedenis biotype

Kazan 5 ( 20.5 nLrn2 ), J..ph"e"de,-lis_ biorype Kazan 4 ( 33 .2 
^m2 )r 3.

dentigola ( ¡A.l *n2 ), g.refringens biotype Níchols ( +g.9 mm2 ), and

-T-..=rti$-""t biotype refringens ( 19.9 m¡n2 ). These averages of induration

r+ere used for the Duncants l{ew multiple-F,ange test and comparative per-

lntradermal challenge were

form the 20th and 30rh day

lation regarding the mutual
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centage calcuiation. The results showed that there was no signíficanÈ :

clifferenceJ(d: 0.05 ) between T.phagedenis biotype Kazan 5 and T.scoliodontu

( co*parative percentage 9o and 90, see TabIe XXrr ); T.!.h-g.g.denis-bíotype 
.

Kazan 4 and T.ohaqedenis bíotype English Reiter ( comparative percentage

75 and 79 ); T.dentlcola and T.phagedenis biorype Englísh Refter ( co*pararlri,,,',,,,

percentàge 91 and 91 ); T.dentícola ani T.phagedenls bforype Kazan 4

( comparative percentage 86 and 87 ); !.refrineens btotype NÍchols and

T.phagedenis biotyp.e English Reiter ( comparative percentage 81 and 83 );
..'..'-':

T.refringens biotype Nichols and T.denticola ( comparative 70 and 76 ); ': ,:,':

T.refringens biotype refringens and T.scolíodontum ( comparative percentage ,,-'
,t_;ì::

92 and 93 ); and T.refr'¿-!qens and T.phaeedenis biotype Kazan 5 ( comparative

percentage 97 and,97 ). ffre other treponemal antígens did not strow any

mutua1re1ationshipsaccordingtotheDuncantsNewMu1tip1e-RangetesË
:

and thèir corresponding comparative percentage were less than 707.. ì'

(Z) The 30rh day inLraderm¿l challenge

The average of induration induced by different treponemal antigens

ín the 3Oth day skin test were!.eçqliodontum ( :4.2 * 2 ), T.phasedenis l

l

biotype English Reirer (::.9 **2 ), !.phaeedeniç biorype Kazan 5 ( 16.I mm2 .

!.phasedenís bíotype Kazan 4 ( 26.8 **2 ), I.denticola ( ZZ.7 nm2 ), ;,,:,,.,,,,

r ,..'lT.refringens biotype Nichols ( SZ.3 **2 ), and r.Éi-,,eens. biotype refringeni;,; ,,

( ZO.8 rn*2 ). From the Duncants Nerv I'lultiple-Range test and comparatÍve

percentage calculation, it shorved that there was no signíficant. difference
(d: O.OS ) between T.phaÊedenis biotype English Reiter and f.scoligdontym 

,,,,,.,.,.

( comparative percentage 88 and 99, see Table XXIII ); T.phaeedenís biorype 
':r'::::'

Kazan 4 and S.scoliodontum ( comparative percentage 70 and 58 ); I.phagedenis

biotype Kazan 4 and f .phagedenis biotype English.R.eiter ( comparative

percenEage 79 amd 74 )t T.phagedenis biotype Kazan 4 and T.phaeedenis bioty-pe
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Kazan5(comparativepercentage34and60);r.4çntis.ora.'"d3.@'',

( comparative percentage 85 and 34 ), T.denticola and T.phagedenis biotype

English Reiter ( comparatíve percenÈage 96 and gl 
.); T.denticola and f-

phagedenis blotype Kazan 4 ( comparative percentage 78 and 81 )r t.r"trrr*"r",,_:,;,,:
bíotype refringens and r.scollodontum ( comparative percentage 70 and 5g );
J.refrineens biotype refringens andr.phagedenis biotype Englfsh Rerter
( 

"o*ptt"tive percentage 79 and 14 ); !-.refríneens bfotype refringen" 
,,,,

and-!.phaeedenís bíotype Kazan 5 ( comparative percentage 34 and 60 ); '.i,.:'

T'refringens bíotype refríngens and I.phagedenis biotype Kazan 4 ( comparative,,,,,,

percentage 100 and 100 ); and r.refringens biotype refríngens and r.dentícola
( comparatíve percentage Bl and 78 ). There \Áras no mutual relatiónships
among the other treponemal antígens and their corresponding comparative

percentage were less than 707..



TABI,E XXTI

THE DIJNCAN'S NEW MULTIPLE-RANGE TEST AND COMPARATIVE
PERCENTAGE OF THE SKIN REACTTONS OF THE 2OTH DAY
INTRADERMAL CHALLENGE

lo¡ oo 90 55 48 37 92

25 ò0. 3 7s 91 83 10

90 49 ùq 61 53 4r 97

2l 79 39 10'o 87 66 34

5 9l 15 8ó rÒQ 76 9

31 8r 43 50 70 t\ 50

93 47 97 c7 52 39 à*
7

a. The Duncanls New þlultipie-
Range test.
\t¡i: There is no significant

differencefrom each other
( "<: O.os ).

b. The comparative percentage
of treponemal antigens,
percentage higher than 70 ¡vere
posit íve f or mutual relati'onship.

1 . !. scol iodontum
2. !.phage.denis biotype English Reiter
3. T.phasedenis bÍotype Kazan 5
a. f ._ùg-edeni s- biotype Kazan 4
5. T.dentícola
6. L.refrinsens biotl.-pe Nichols
7. f.refrineens biotype refringens



TABI.,E XXIII

THE DIJNCANTS ÑEW MULTIPLE-RANGE TEST AND COMPARATIVE

PERCENTAGE OF THE SKIN REACTIONS OF THE 30 DAYS

INTRADERMAL CHALLENGE

95.

4

7

6

a. The Duncanls New Multiple-
Range test.

fl: There is no significantv differencefrom each other
' (ú: O.O5 ).

b. The comparative percentage
of treponemal antigensi
peïcentage hígher than 70 were
postive for mutual relatíonship.

English Reiter
Kazan 5

Kazan 4

Nichols
re fr ing en s

l.I.sco1iodon!-g¡n
2. T.ohaeedenis biotvoe
3. T.phaeedenis biotype
4. .!. phasedeni s bi otype
5. T.denticola
6 . T.,ref rinqens biotype
7. f .g.@g-e"s_biotype

t0\ 88 37 5B 84 66 58

88 ùq 10 74 97 :59 74

42 47 X 60 49 2B 60

70 79 34 ìo 8l 46 to0

85 96 3 78 l\* 57 78

50 31 55 I3 25 ò* 13

70 79 34 to0 8t 46 òq



II. Macrophage migratígn ínhibítion test

The computer anal-ysis of variance on Ëhe data obtaíned from

the macrophage migratÍon inhibítion testing are stlrrrrrarized in Table XXIV.

The folLowing observatíon are made:

Macrophagé mígration inhÍbítion tests carríed cut on the anÍmaLs

imnunized wíth the cytoplasm of differenË Ëreponemes shovred statisËícal-l-y

signíficanË difference in the extent of macrophage mígration írihibÍtíon

(l'flfi). Different strains gave rise to differenË degrees of sensíti-zation

indicated by MMI tests (F = 30.263)

The sensitized animal showed different extent of MMI which varÍed

sígnificantly (p{=0.05) depending on the period of sensitization

(namely L2, 20, and 30 days) and on the sËrains used for immunízation.

Relations between individual strains and the períod of sensítization for

MMI test are differenË (F = 45 .g42).

The antígens used for the MMI tesË produced sígnificant (O.OSl

different macrophage migration inhibition (F = 2L.967) .

Animals sensit,ized wíËh straíns gave rise to significant ({=O.OS¡

different response to different ántigens used for MMI Ëest. The re-

lations beËween each straín used for sensitizaËion and antigens used

for MMI test vTere differenË (F = 8.409)

Comparison of the degree of sensiËization among straiFs, for macrophaÊe
misration ínhibití-on tesÈ

Tabl-e XXV shows mean and. standard errors for the macrophage mi-

gration inhibition tests. The mean of Ëhe area of macrophage migratíon

of each strain r{as computed from 96 reading (four replications form one
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TABIE iC(IV

ANALYSTS OF VARIANCE OF THE NUMERICAL DATA
OBTA]NED FROM MACROPHAGE MIGRATION INHIBTTTON
ASSAYS

SOURCE OF VARIATION DF SS MS

srR 6 736 .93.77 t22.8230 30.263

srR DAy 12 2237 .4365 186.4530 45.g42

cHA 7 tt2.7306 L6.L044 2I.967

sTR CHA 42 258.9226 6.L648 8.407

STR: strain for sensitizatíon

CHA: challenging antigens

DF: degree of freedom.

SS: sum of square

MS: mean of square

F: F ratío



TABLE XXV

MEANS AND STANDARD ERRORS OF THE DATA FROM MACROPHAGE
MIGRATION'INHIBITION TO ALL TREPONEMAL CYTOPLASMS TN
GUINEA PIGS SENSTTTZED I,IITH THE CYTOPI.A'SM OF TNDIVIDUAL
STRAINS

N MEAN S.E.SQRD S;E.

STR

L 96 2.s04

2 96 3.866

3 96 3.243
'4 96 s.g4}

s 96 3.076

6 96 4.rs7

7 96 3. 10s

0.042 0.206

0.042 0.206

o .042 0.206

0.042 0.206

0.042 0.206

o .042 0 ..206

0.o42 0.206

STR: cytoplasm of all sensitizing strains
1. !. scoliódonrum
2. I.pbasedenis biotype English Reirer
.3. I.J_haqedenis_biorype Kazan 5 .

4. I.phaeedenis biotype Kazan 4
5. J.dentÍcoIa
6. J.refrineens biotype Nichols
7. T.refrineens biotype refringens

N: number of readings

S.E.SQRD: standard error of square

S.E. : standard error
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related tine, 24h, inthree dÍfferent days, L2,20, and 30 U"y", ,"-
spectively (4 x 3), seven. antígens p1-us control (8)). rt was found that

T. scoLíodonËum indtlced the snallest area of macrophage migration (2.504 inz)

which is equivalent to the greatest inhibition of m¡crophage migratíon ín

this series of experimenË. The average of macrophage migretions of

other straíns are arranged Ín increasing order (Í.e., decreasíng order

ín migration inhíbÍrion) as fol-lows: !. dgnricoLa (3.076 ir,2), T. re-
fringens biotype refringens (3.105 in2), !. phaeedehis biotype Kazan 5

,
(3 1243 Ín'), !. phasedenis bíotype Engl-ish Reírer (3 .g66 irr2) , r.. ri-
frÍngens bioÈype Nichols (4.Lsl irr2), and l. phagedenÍs ciotype y,azan 4

t(s.948 ín-) .

rison of the de e mísration ibition
antigens used for the tést

Table XXVI summarized the means and standard errors of the areas

of migration of maerophage of Ëhe sensíËized anínals when different antÍ-
gens r¡7er:e used for the tesË. The mean of the area of macrophage migratíon

of each antígen was calculated from 84 readíngs (four replícations from

one related tíme,24h, in three different days, Lz,20, and 30, respec-

tively (4 x 3), seven antigens (7) ) . rt can be seen thaÈ T. phagedenís

bÍotype Kazan 4 gave the smaLlest area of macrophage migration by pro-

ducing an average area of 3.134 in2 and it is the highest degree of

macrophage migrat.íon ínhibiti.on. The macrophage migration area in the

presence of other anËigens are as foLlows: l. scolíodontum (3.5g4 irr2) ,

T. phasedenís bíotype Engllsh Reíter (3.593 irr,2), T. phagedenis biotype

Kazan 5 (3.916 irr2), T. dentigola (3 .573 Ln2) , T. re{ringens biotype

Nichols (3.688 j¡-2), and T. refringens biotype refringens (3.464 in2).
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TABLE XXVI

MEAN AND STANDARD ERRORS OF THE DATA OBTAINED FROM

MACROPHAGE MTGRATION TNHIBITION TESTS TO A SINGLE
CYTOPLASM IN GUINEA PIGS SENSITTZED T,TITH CYTOPIASMS

OF DIFFER.ENT TREPONEMES

MEAN s.E. SQRD S.E.N

CHA

t

2

4

5

6

7

I

84

B4

B4

B4

84

B4

B4

B4

3.s94

3. s93

3.916

3.134

3.s73

3-.688

3 .464

4.637

0. 009

0.009

0¡009

0.009

0 .009

0.009

0.009

0. 009

0.093

0.093

0.093

0.093

0.093

0-o93

0.093

0.093

CHA: challenging antigens
1 . J. gçp-!-i-odontum
2 . !.gh¿S€-dc.ûi.s-biotype Engl ish Reiter
3.-!.phageclenis biotype Kazan 5

a. -I,p-h¿C-e-de-Li.S- biotype Kazan '4

5. f . denticola
6 . T. æl¡!¡eeng- biotype NichoL s
7. L.refrinqens biotype refringens
8. saltt ne as the control

N: number of readings

S.E.SQRD: stanCard error of square

S.E.: stanciard error



The saline r^ras used for controL and gave an area -of. 4.637 L¡2 of.

mígratíon.

t
Animals were immunized and macrophage migration inhibitÍon tests 

,,,.,, ,.,.,were carried out after the l2thr 20th, and 30th days of intradermal challenge

The areas of mígratlon of macrophage v¡ere measured and the macrophage migra¡ic

fnhfbition Índíces were calculated. Fígures 10 and 11 showed Ëhe positive
..;: :'..:t:

and negatíve migratlon of r¡acrophages. The find.Íngs of the tests of the ln- ,, ,,,.,'.

divídual straín are the following . : . :.:..:
- : .: ::.:

i -- ,ì._.:._.i.-( f )-T.scoliodonrum

Animals vrere sensitl-zed wiÈh'T.scoliodontum and m¿[crophage

migration inhibitíon tests vrere carried ouL after the 12th , 2|th, and 30Ëh

day of intradermal challenge. IL can be seen from fígure 12 that the macro-

phagemigrat'ionínhibtíoníndicesofg.sco1io.dontr]mstartedfromL9%(after

the 12th day skin test ) to S6% (. after rhe 20rh day skin resÈ ) and 33%

(afterthe3Othdayskíntest).T.phagedenisbÍotypeEngIishReitershowed

a significnat inhíbition of migration of macrophage ( macrophage rnígration

inhibitíon índex 30% ) after the 3Oth day skin test. I.phagectenis biotype .;.:,:..::., :'':.: : :

Kazan 4 with an index of. 5% after the 12th day skin test and increased to ', j,i,. ,ì ,,,,

22"/" ( after the 2oth day skin test ) and 39% ( after the 30th day skín test ,.'-:"'"""i':".'

T.denticola only shorved a signÍficant inhÍbition after the 20th day skin

test by having an index of 24'/.. T.refringens biotype refringens had the high-

est index after the 12th day and 30th day skin test, 44% and 417., respectiv"1.,,"" ""'':'
The index of T.refringens biotype refringens after the 20th day skin test

was L9%. The indices of the antigens were of no significance ( less than

20% )
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FÍg. 10Uninhibited macrophage migraLion showed in

Lhe macrophage migration inhibition test

performed i.rith the treponemaL cytoplasms.
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Fig . ll Inhib ited rnacrophage rni.graLion showed in

the macrophage migrai:ion inhibition test

performed with the treponemal cytoplasms.
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The comparisons of the area of. migration of macrophage from

animals sensitized with T.scoliodontum in the presence of different antigens

were lísted in Table XXVII in an increasing order ( i.e., decreasíng order

in migration inhibition ) as follows: 1.865 in2 ( J.Fcoliodonrutn ), 2.2L2 ín2-
--- :

( Tlohaqedenis bioLype Kazan 4 ),2.438 in2 ( S.phagedeni.s biotype English

Reirer ), 2.7L8 ín2 ( f.@i.o1a. ), 2.8L7 in? ( T.phagedenis blotype Kazan

5 ), and 3.162 ín2 ( without antigen ).
t,

( ff ) T.phaeedenis biotype English Reiter

Animals sensitized with T.phaeedenis blotype Englísh Reiter 
:

and macrophage migration inhibítion ( WI ) tests *utu 
"tttied 

out after

rhe 12rh, 2Oth, and 30th day skín tests. The ì&lI índices of different antígens

wereshowninfigure1¡.!.¡ef'i!8s"S.biotypeNicho1sandT.sco1iodontum

shor^¡ed sígnificant inhibition of migration of macrophage ( MlfI index greater

than20%)afterthe3Othdayskintest.TheirI'ßlIindiceswere2o"L(T.lsg-

liodontum ) and 36% (I.refringens biotype Nichols ). However, the homologous

antigen T.ohaeedenis biotype.English Reiter had the index of 187. after the 
:

12rh day skin test, 20% after the 20th day skin tesL, and 50% after the

3Othdayskintest.!.phagedenisbiotypeKazan5gaverisetoaníndexof

24% afLer the 12th day skin test and failed to inhibít the migration of '.j

macrophage after the 20th and 30th clay skín tests..I.pt.ee-d-etis-biotype

Kazan 4 vras the rnost potent antigen to inhibit the macr-ophage migratíon by

havíng an }î,fI index of 24% after the l2th day skin tests, 29% after xhe 
:

20rh day skin rest, and 38% after the 30th day skin test. L.d"tticolu..td

å.t"fti",g."r_biotype refringens had the indices of 20%and 35t., respectively,

after the 12th day skin test but failed to inhibÍt the migration of macrophage

after the 20th day skin test. Horvever, both antigens shorved sígnificant in-
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TASIj XXVII

THE COMPARISONS OF THE AREA OF MIGRATION OF MACROPHAGE

FROM ANIMALS SENSITTZED I,ITTH T.SCOLIODONTUM

N MEAN S.E. SQRD S. E.

STR CHA

1 1 t2 2 .092 0.061 0 .247

I 2 12 2.438 0.061 0.247

1 3 12 2.8L7 0.061 0.247

L 4 L2 2.212 0.061 0.247

.1 5 12 2.722' 0.061 0.247

L 6 L2 2.7L8 0.061 0.247

t 7 L2 1.865 0.061 0.247

1 8 12 3.162 0.061 0.247

STR: strains for sensitizatíon

CHA: challenging antigens

N: number of readings

S.E.SQRD: standard error of square

S.E: standard error

1. T. scoliodontum
2. I.phaeedenis biotype Englísh Reiter
3.'T.ohasedenÍs biotvoe Kazan 5
4. T.phagedenis biotvpe Kazan 4
5. T. denticola
6. T.refrinqens biotype refringens
7 . T. refringens biotype refringens
8. salíne as the control
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hibítion of mígraËion of macrophage after the 30th day skin test (28/. of

MMI Índex for T. dentícoLa and. 25% for T. refringens biotype refríngens) '

The average areas of macrophage migratíon'in Ëhe Presence of different

anËigens were listed ín Table XXVIII as follows: 3-gg4 itt2 (L. scolio-

dontum. 3.057 ín2 Q. phaeedenis biotype English Reiter), 4.0L1 in2 ',,1,',

(!. phagedenis biotype Kazan 5), 3,200 in2 Q. phagedenis bíotype Kazan 4),
,')

4.501 in' (f. -dentícolal ,3.727 1nZ (!. refringens bíotype Nichols),
t2i

3.799 ín' (T. refrÍnsens bíotype refringens), 5.089 in' (wÍthout antígen). i -1.,' ':;..:.,::'

(III) T. Iþagedenis biotype 
.Kazan 

5 : . .

Anímals sensitized with lrphagedenís biotype Ravan 5 and IßlI 'i':::'''.'""

tests were carríed out after the 12th, 20th, and 30th day intradermal

chal lenge

Themacrophagemigratíoninhibitionindícesofdífferenta4tigens

rvereslrowedínfigure14.A11an'tigensfailedtoinhibitmigrationof

macrophage after the l2th day intradermal challenge and their l'll'lf indices

rvere of no. signif icance. Except T.Ihagedenís, bíotype Englísh Reiter, al1

the other antigens showed significant inhibition of uracrophage migration

after the 20th day skin test. The }ßfr indíces of these antigens r'rere: 
,:; ,,.,,,.,,,

2L% ( T.scoliodonrum. ), 3L% ( J.,phaeedeilís biotype Kazan 5 ), 34% ( J'pha- ': .: : :-

seclcnis biotype Kazan 4 ), 22% ( T.denticola ), 43% ( r.:Sl¡.i."e*. biotype '';..:' ,' ,'.',,',

¡*iclrols ); and 27% ( T.refringens biotype refringens ). Aft-er the 3Oth day

skin test, onlyj phagedenís bíotype English Reiter, J..phagqdenis biotype

Kazan 4, and J.refringens showed significant inhibitj-on of the migration ,: :':; ;''
..:::..t.;.:: .-. :_

of macrophage and their l'ftll indices rvere 2L% ( T.pha,eedenj s biotlpe

English Reirer ), 2l% (å.pfr"g"a""it biotype Kazan 4 ), and 23"L ( T'refrinqens

biotype refringens ).



TASLE XXVIII

THE COMPARISONS OF THE AREA OF MIGRATTON OF MACROPHAGE

FRoM ANn'rALS sENSrrrzqD I{rrH T.ÞHacnnr¡lrs Brorypn
ENGLISH REITER

N MEAN S .8. SQRD S.E.

STR CHA

2 L 12 3.994 0.061

2 2 12 3.057 0.061

2 3 12 4.0rL 0.061

2 4 . t2 3.200 0.061

2 5 L2 4.051 0.06 I

2,6 L2 3.727 0.061

2 7 12 3.799 0.061

2 B 12 s.089 0.06r

o.247

0.247

0.247

0.247

0.247

o.247

0.247

0.247

STR: strains for sensitization

CHA: challenging antigens

N: number of reacìings

S.E.SQRD: standard error of square

S.E. : standard error

l. I. scllje_d_antgn
2. T.phasedenis biotl'pe English Reiter
3 . f .*hEæd-enLS- b iotype Kazan 5

4. l.phaeedenis biot;-pe Kazan 4
5. T. dentícoia
6. T.refrinqens biotl'oe Níchols
7. T.refrinqens biotype refringens
B. saline as the control
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The comparísons of averages area of migration of macrophage ín

the presence of different ant,igens v,'ere shovm in Table XXIX. The average

areas were: 3.772 in2 ( J.scoliodontum ), 3.IL2 ín.2 ( .T.phaeedenis bíotype

Kazan 4 ), 3.294 in2 ( S.dentico1a ), 3.090 in2 ( T.refringens biorype Nichol:
'.

3.032 ín'( r.f.gl¡¿¡gens biotype refringens ), and 3..1óO in2 ( wirhour anriger

å.ptaee¿".,is-b-*" -*r.r + fn¿rr.ed the smallest area of mlgratfon, that

is equivalenË Ëo the híghest degree of lnhibitlon of macrophage migration,
' '.:'

therefore, it is thé most potent ant.igen to índuce cellular reacÈivíty. ::

( fV ¡ !.phagedenís biotype Kazan 4

'''
Animals immunized with J.¿fr"ggdg"is-biotype Kazan 4 and MMI tests

vTere carríed ouL after the l2th, 20th, and 30th day íntradermal challenge.

The MMI índíces of different antígens used for macrophage rnigratior

inhibitiontestswereshowninfigure15.A11antigensfai1edtoinhibit

the mígration of macrophage form sensitized animals after the 12th day skin

test. However, a few signi'ficant MMI indíces ( greater than 2O% ) were show-n

after the 20th day intradermal challenge. These significant indices vrere :

32% (j.phagedenis biotype English Reirer ), 47% (.I.phaeectenis biorype

Kazan 5), 57%tne homologous antigen, I.p!-ggedeni - biotype Kazan 4 ), and '.,' :'

40% ( T.refrinÊens bioLype refringens ). the indices ofothier antigens were 
,.,,

ínsignificant. After the 30th day intradermal challenge, Ínost of the.indices

shorved a greaÈ increase and they rvere: T.SS-oiio-dontUU( SZZ ), g.phaeedenis
,.t

biotype English Reírer (46"/"), T. phasecieniq biorype Kazan 5 (47%) , T .

phaeedenis biotype Kazan 4 (43%),.I. @9.1a. (45%), !. refrinsens biorype

Nichols (L%), and !. refrinsens biotype refringens (27%) .



TL2..

TABLE XXIX

THE COMPARISONS OF THE AREA OF MIGRATION OF MACROPHAGE

FROM ANTMAL SENSITIZED I^¡ITH T.PHAGEDENIS BIOTYPE
KAZAN 5

N MEAN S.E.SQRD S.E.

STR CHA

3 1 t2 3.772 0.061 0.247

3 2 12 3.409 0.061 0.247

3 3 12 3.II2 0.061 0.247

3 4 t2 3 .022 0.061 0 .247

3 5 72 3.297 0. 06 I 0.247

3 6 t2 3 .090 0. 06 1 0.247

3 7 12 3.082 0.061 0.247

3 B t2 3. 160 0.061 0.247

STR: straín for sensiEization ::
i:.'::::

. .1:,t:' '.:CllA: chal lenging antigens
.:.: :.: : :N: number of readings

S.E.SQRD: standard error of square

S.E. : standard error
, t.,.t.t.,.

å: Ë:ffiorype Engrish Reirer ''''i''"

3. !.f,haeedenis biotl'pe Kazan 5
a. J.¡l-A.Cede-Li.5-bio type Kazan 4
5. T. denticola,
6. T.refrineêns bÍotype Nichols
7. !.refringens biotype refringens
8. saline as the control
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The average areas of migration of macrophage from sensitized
animals in the presence of different antigens were summ arized in Table XÐ(.

rt can be seen.that the average area of migration of macrophage in the presenr

of T'scolíodontum was 5.797 rn2. The other averases wê-.ê: T-nhaoo;a-i.

biotype English Reiter ( s.oa in2 ), !.phaeedenis biorype Kazan 5 ( 5.456 in2
T.phaqedenis biotype Kazan 4 ( 4.867 in2-), f.denticola ( S.¡:Z in2 ),__

J'. refringen,s biotype Nichols ( 6.gqS in2 ), I. refrinsens biorype refrÍngens
',t-:.t, ,(6 '354 í,rrz) ' and, 7 -748 irn2 without ant,igen. The homologous antigen,.T. ',,tt,

phagedenis bíoËype Y,azan 5 gave the smallest area of nrigration, therefore , .,,,,,,,,,': a-"
r.iitsis the most pot,ent antigen to Índuce cellular reactÍvíty.

(V) T. dentícol_a

The MMI tests rüere carried out on animals sensitízed with T.

denticola and after the 12th, 20th, and 30th day skÍn tests. Figure 16

showed the MMI indices-Ín-the -presence of dí-fferent-ant-igi:ns; It-can-be
lseen that onLy the homologous antigen, T. dentÍcola showed signifícant

inhibition.of macrophage from sens :tLzeð. animals (index greater than 
i

2o%) after Ëhe 12th and 30th day skín tesËs, rhat is 3fl. anð,22% re-

spectively. The other antigens failed to show signifícant inhibition 
.,,.,i..

of macrophage migration and their indices were leds Ehan 2u/.. :,-'.:.t:

.t--,t-t.l'

The average areas of mígration of macrophage in the presence

of different antígens were compared and listed in Table.K{XVT. The homologous

antigen, T.denticola provoked the smallest area of migration in having ::

an everage area of 2.536 in2, therefore, it is the result of the h:'.ghest "'"'"'

clegree of inhibtion of macrophage migration. The average areas evoked by

other antigens were: 3.252 in2 ( T.scol i.oclont¡:ir ), 2.9[,9 in? ( !.phaEedenis



THE COMPARISONS OF THE
FROM ANIMAL SENSITTZED
KAZAN 4

TABLE XXX

AREA OF MACROPHAGE MIGRATÏON
I^IITH T. PHAGEDENIS BIOTYPE

115 .

MEAN s.E. SQRD S.E.

STR CHA

41

42

43

44

45

46

47

4B

5.797

5.080

s .456

4.867

5.337

6.94s

6.3s4

7.748

0. 061

0.061

0.061

0. 061

0. 061

0.061

0. 061

0. 061

0.247

0.247

0.247

0.247

0.247

0.247

0.247

0.247

L2

T2

T2

t2

L2

72

T2

t2

STR: strains for sensitization

CllA: chal lengíng arrt.igens

N: number of readings

S.E.SQRD: standard error of square

S.E. : standard error

1 . T. scoliodontum
2. J. nhagecien'i s biotype
3. T.phaeedenis biotype
4. T.phasedenís biorype
5. T.-den!icola
6. f.refringens biotype
7. !.refrineens biotype
8. saline as the control

English Reiter
Kazan 5

L{azan 4

Nichols
re fringens



ò-e

H

X
t¡¡ozH
zo
!1 60
F
H
Êq
H
'¿1

H

z
O
H
[r
ú t,^
l-{
t-
Êl
O

Ê{oú
C)

220

1. T. scollodontum

2. L. phasedenls blorype

3. T. ohaeedenfs bíotype

4. T. phqqedenís biotype

5. T. E-"nttcota

6. Ä. refríngens biotype

7. T. refrínqens bioLype

Engllsh Reiter

Kazan 5

Kazan 4

Nícho 1 s

re fr lng en s

t.4

I ié,¿li:a
1,7
| -:'/t:/

-. :. ::'.'-:a:::..--... -'. ..

L2

t:t,
1J

riti

tj
lj Vl
iiil i1

il lt,#
L-J ..J¿11J/
î-1 | .:"7-''!

.: :.... ì ... -...--;. .-^ ::::-_.--,^, 1.. - : _'

L5

Fig.i6 Macrophage migration inhibition indices of anímals
sensitized rvith T. denticola.

tlÉrafte¡ the l2th da1* intreciermal challenge

L--= af ter the 20th daf intraciermal chal lenge
Í1y''Áafter the 30th dav intradermal challenge



\ ..: --
r.. _:.ì :.:

117.

biotype English Reiter ), 3,272 ín2 ( !.ohaeedenis biotype Kazan 5 )r 3,I22 í

( T.refringens biotype Kazan 4 ), 3.209 ín2 ( without antigen).

( vr ) !.refringens bÍotype Nichols

Animals sensiÈízed with T.refrinsens biotype Nichols and
:: .i

macrophage migration ínhibítion tests were carríed out after the 12th, 20thr ""'

and 30th day intradermal challenge. It was shown in figure 17 that {--

scoliodontum started with a MMI index of B"/" after the 12th day skin testr. 
:

19% after the 20th day skin Eest, and 8L% afxer the 30th day skín test. .,",

f.phaged,enis biotype English Reíter failed to inhibit the mi'gratíon of '.,,,
--.::.-

macrophage after the 12th day skin test but came up with an I'MI index of

L!% af.ter the 20th day skin tesE and 35% after the 30th day skin test.

Again, f.úg.æ-¿eniS-bíotype Kazan 5 began wíth an index of. 17% after the

Llth day skín test:¡ and Ëhe index became insignificant after Ëhe
:

20thdayskíntest,butLheíndexbecame23%a1terthe30thdayskintest;

T.phaeedenís biotype Kazan 4 had an index of. 25% after the 12th day skin

test, 23% after the 20th day skin test, and 8I% after the 30th day skin l

:

test. T.denticola gave rise to 107" ,43%, and 56% after the 12th, 20th, and

30th day intradermal challenge, respectively. I.refrinsens biotype Nichols ,,,i.,,,

and !.refrineens biotype refringens both started rvith an index of. 28% after ..'.,'

the l2th day skin tesL, and the fo::rireL shorved an index of 4-l% after the 20th

day skin test and 587. after the 30th day skin test r+hile the latter had an

irrdex oÍ. 32% and 74% after the 20th and 30th day skin test, respectively 
:,,,,

The results r.¡ere expressed as the avcrege area6 of rnigratíon of

macrophage in the pl:esence of different antigens and Lj.sted in TabIe XXXII.

The areas in an increasing order ( i.e., decreasing order in degree of

inlribition of migration ) are the follor+ing 2.545 ín2 ( T.ohaeedenis biot-vpe



TABLE XXXT

THE COMPARISONS OF THE AREA OF MIGRATTON OF MACROPT{AGE

FROM ANT}IALS SENSITTZED I,IITH T.DENTICOIA

N MEAN S.E.SQRD S.E.

STR CHA

s 1 t2 3 .2s2 0.06 1

s 2 12 2 .g4g 0.061

5 3 12 3.272 0.061

5 4 12 3.L22 0.061

.s 5 12 2.536 0.061

5 6 L2 3.209 0;061

5 7 L2 3. r4l 0.06 1

5 B 12 3.t29 0.061

0.247

o.247

0.247

0.247

0.247

0.247

0.247

o.247

STR: strains for sensitization

CHA: challenging antigens

l{: number of readings

S.E.SQRD: standard error of square

S.E: standard error

I . !. sco l iodontum
2. !.phaeedenis biot-vpe English Reiter
3. I.-ù.ged-enl5_bioLype Kazan 5

+. I.p]raeesbþ biotype Kazan 4
5. T. denticola
6. T.refrinqens biot,vpe Nichols
7. L.-efringens biot-vpe refringens
8. saline as the control
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TASLE XXXIÏ

THE COMPARTSONS OF THE AREA OF MIGRATION OF MACROPHAGE

FROM ANIMALS SENSITIZED WITH T.REFRINGENS BIOTYPE

NICHOLS

N MEAN S.E.SQRD S.E.

STR CHA
6 1 L2 2.762 0.061 0'247

6 2 12 5'L7g 0'061 0'247

6 3 12 5-743 '061 0'247

6 4 L2 2-545 0'06r 0'247

6 5 12 3'75r 0'061 0'247

6 6 t2 3 '4s3 o' oór o '247

6 7 L2 2.807 0'061 0'247

6 8 L2 7.0L6 0.061 0'247

STR: strains for sensitization

CHA: challenging antþ ens

N: number of readings

S.E.SQRD: standard error of square

S.E. : standard error

1 . I. scol iodontum
2. L. oh aqede-nis biotype English Reiter
3. T.phaeedenis biotYPe Kazan 5

4. T,gkgç¡letit biotYPe Kazan 4

5. !.denticola
6. !.refringens biotvPe Nichols
7 . I.refrinqens biot.v-pe refringens
8. saline as the control
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Kazan4),?.762in2(t.@),2.B07ín2(!.refringensbiotype

refringens ), 3.453 ín2 (J.refrinsens biorype Nichols ),3.75I in2
( T'denticola ), 5-r79 in2 ( !.phaeedenís biotype Engrish Reírer ), 5.743 in2
( T.phagedenis bíotype Kazan 5 ), a.,d 7.01g ín2 fo, the control without
antigen

( vff ) T.refringens biorype refringens

Aninals sensi Eizeð' with T.refringens biotype refríngens and llMï

tesÈ were carried out after the r2th, 20th, and 30th day skin test.
The macrophage migration inhibÍtion índices of different antigens

were shown in figure 18' rt can be seen that only !. phagedenis biotype
English Reirer (MMI Índex 24%), !. pþaeedenis biorype Kazan 5 (MMr index
22%), and T. refrínsens biotype Nichols (MMI index 2g%) showed signifi-
cant Ínhibition of migration of macrophage after the 12th day skín test.
The indices of other antÍgens were insignificanË and rEss than 2o%.

FÍnally, all anËigens fail-ed to show significant inhibition of the
migration of macrophage after the 20th and 3Oth day skin tests.

The average areas of migration of macrophage ín the presence of
different antigens were listed in Table XXXrrr and the results were as
follor'¡s: T' scoliodontum ( s'+gz ín2 ), T.phasedenis biotype English Reiter
( :.0:7 in2 ), T.piraÊedenis biorype Kazan S ( :.OOt jn2 ), T.ohaeedenis bioLypc
Kazan 4 ( 2.969 ir.,2 ), T.denr:tcola ( s.stO in2 ), T.-æ,Á.r.i¡ec¡.r biorype
Nichols ( :.202 in2 ), T.refrj.nsens biorypq refringens ( 3 .202 ín2 ), and
the control r.¡ithour antÍgen ( :.tSt in2 ).

o¡Atiii#-*¡î¡¡*_Ëa r r:ePe!-ei-e I :¡¡¿es-sl'.,"" i nJ r., e *a c rop

The resurts obtained from the maerophage mÍgration inhibtion
tcsts;';Ìiich r'¡ere carried or-it after the 2oth and 30th day intrader:äal challenge
"rere used for the calculation of the mutual rerationsìrips ar.iong creponemal
ant igens
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TABLE XXXTII

TI{E COMPARISONS OF THE AREA OF MIGRATION OF MACROPHAGE

FROMANTMALSSENSITIZEDWITHT.R.EFRINGENSBIOTYPE
REFRINGENS

MEAN s.E. SQRD S.E.

STR CHA

.7 I

72

73

74

75

76

77

78

3.492

3.037

3.00r

2.969

3.316

2.67 2

3.202

3. 151

0.061

0. 061

0.061

0. 061

0. 061

0.06I

0.061

0. 061

0.247

0.247

0.247

0.247

0.247

0.247

o.247

0.247

T2

L2

t2

T2

L2

L2

T2

t2

STR: strains for sensitization

Cl{A: cliallengiug anLigens

N: number of reacìirrgs

S. E. SQRD: stanciard error

S.E. : standard error

'I - T.scolíodontum

of square

Z . !.¡bage-ds¡i.r biotYPe
3. T.p@Sden:þ- biotYPe
4. T.Ahaeedenis biotYPe
5- T.dentícoia
6. T.refrinqens biotvPe
7 . T.refrinsens biotYPe
8. saline as the control

English Reiter
Kazan 5

Kazan 4

Níchols
re fringens
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The Duncan's New Multípl-e-Range test r'las used for observing the

sígnificant relatíonshÍps among the antigens . A signifícant student I s

t-Èest range of 5% was chosen. Each antigen ¡ùas in turn assumed Ëo

be one hundred percenË and a simple percent,age calculation r4ras used to

obËain the comparatíve Percentage of each antigen' Seventy percenË r^7as

selected as the mini¡iral percentage to show the posiËive relaLionship.

The results r¡7ere suumarized as the following:

1 ) The mutual relationshíps among treponemal anti

:, inígratlon tests after the 20th dav skin test

Theaveragesofareaofmígrationofmacrophageinthepresence

of different treponemal antigens after the 20th day skin test were: T'

scoliodonrum ( Z.qZt ín2 ), T.plgg-@-blotype Englísh Reiter ( +'ZAg in2 ),

r.p!.ceede'iS.biotypeKazan5(3.7L2in2),T.p@.bíotypeKazan4

( t.Z+S in2 ), J..delticola ( l.Zg inz ), T.æ-EliÆ-biotype Nichols

.a
( Z.ZIA in2 ), and J.JgfÄi!.qens bíotype refringens ( 6.088 in2 ). These

averages of area of migration were used for the Duncanrs New Mutiple-Range

test and f.or the comparative Percentage calculation' The results sl-rowed that

there \^ras no sígnificant dif ferencu ( C: O.OS ) betiveen -T.pttag-'r.re"is. biotype

Kazari 5 and T.phagedenis bíotype English Reiter ( comparative percentage

86 and 85, see Table XXXIV ), Å.dent+cola and f.scoligdontum ( comparative

per:ce,ii:age 65 ancl 73 ), !.rlenticola and T"phaqeclenis biotype English Reiter

( comparative per.-cenl:âge 76 and 70 ), !.,.leirtjcola and T.phasedenis biotype

Kazan 5 ( cornparative percentage 88 and BB (, t.l'efringens biotype Níchols

and r'scoliodontu¡n ( cotparative percentage 98 and 99 )' and L'ref¡i¡ggns.

biot,vpe Nichols and !-.denticola ( comparative percentage 72 and 62 ) ' The



L25.

other treponemal antígens did not show any mutual

to the Duncan's New Multipl_e-Range test and theír

tibe percentag€swere Less than 70%.

relationships according

corresponding compara-

2) The mutual relationshi
tíon'inhíbitíon tesËs after'the 3Oth

The average of area of migration of macrophage in the presence

of dífferent trePonemal antígens afËer the 30th day skin test were: !.
scoliodontum (2,532 Ln2), I. phagedenis biotype English Reírer (5.757 in2),

-!. phasedenis biotype Kazan 5 (3.705 ín2), f. phaeedenÍs biotype y,azan 4
),t(LL.046 in-), T. denËícol-a (2.943 Ln¿), T. refrinsens biotype Nichols

(7.L88 Ln2), and T. refringens bioËype refringens (1.230 irr2) . Frorn

the Duncanrs New Multíple,-Range test and the comparative percentage

caLculatíon, it showed thaË Ëhere rras no significanË dífferent (¡( =0.05)

between lL. dentigoLa and g. scoliodontum (comparative percentage g4

and 86, see Tãbl-e xxxv), and T. dentÍcola and r. phasedènis b-iirËype

Kazan 5 (comparative percenËag e 79 and 75) .

rt is very interesting that T. refríngens bíotype Nichols and T.
phagedenis biotype EnglÍsh Reiter did not show any mutual_ relationship
according to the Duncanrs New Multíple-Rpnge test but theír correspond.-

ing comparative percentage T^7ere 76 and 80. The other treponemal anti-
gens did not show any mutual relationships and their correspond.ing

comparative percentages rrrere less than 70%.



TA3LE XXXIV

THE DUNCANIS NEI,I MULTIPLE-RANGE TEST AND COMPARATIVE
PERCENTAGE OF THE MACROPHAGE MIGRATION TNHIBTTION
AFTER THE 2OTH DAY INTRADERMAL CHALLENGE

L26..

The comparat-ive Percentage
of Lreponemal antigens,
percentage higer than 70 r¡ere
positive for mutual relationship'

2

3

5

rf

3

4

5

t)

6543?_()542-

a. The Duncant s Nerv l'lultip1e- b.
Range test.

(=)t There is no significant
di f f erer:ce f orm each other
( d: o'os )'

1. T.scoliodontum
Z. r.phegede¡iq biotype
: . J..pleg-e¿e"l s. b iotYpe
4. T.pbaeedenis biotype
5. T.denticola
6. T.refringens biotype

-¡9

7 . T.refringens biotype

English Reiter
Kazan 5

Kazan 4

Nichols
re fringens

ü

1 s6 65 7 73 99 39

23 ùq B5 44 70 20 70

47 B6 tq 2 88 44 60

51 29 33 loq 37 52 20

65 76 88 36 ìog 62 54

98 55 64 B 72 ùq 39

51 59 36 T2 I5 44



TA3I,E XXXV

THE D1INCANIS NEI,I MULTIPI,E-RANGE TEST AND COMPARATIVE
PERCENTAGE OF THE MACROPHAGE MIGRATION INI{TBTT]ON
AFTER TliE 3OTH DAY INTRADERMAL CHALLENGE

2

3

4.

2

3

4

6fJ

7

5

65A?-6432

a. The Duncan I s New I'lultipIe-
Range test.

fi: There is no significant
difference from each other
( ø: o.os ).

b. The ccn;paratíve percerrtage
of treponemal antigens,
percentage higer than 70 r^¡ere

postÍve for mutual relationship.

EnglÍsh Reiter
Kazan 5

Kazan 4

Nichols
re fringens

1. T. scoliodontum
2. T.ohasedenis bíotvoe
3. T.phagedenis biotype
4. T.phagedenis biotype
5. T. denLicola

-

6. T.refringens biotype
7. T.refringens biotype

ùd 43 6B 22 B6 36 5

27 ùq 45 52 5 8o 32

54 64 ùo 33 75 5l 1

36 9 2 ùq 25 47 2

B4 51 79 lo ì*o 40 39

L7 74 6 65 44 'Ã oq L6

1+8 27 33 tl 4L L7 Too



delayed skín test
III. Mac::ophage mi8ration inhibition as an in vitro correlaEe of

Figure l9 presented data of macrophage mlgration fnhíbtíon

performed with treponemal antigens ( t.scoliodontum. T.phaeedenis bíotype

English Reíter, J.phr.g-@-biotype Kazan 5, T.phagedenís biotype Kazan

4, !denticola. T.Tefringens biotype Nícho1s, and T.refÃi¡geng-bíotype

refríngens) ín relatíon to the measurement ( the longest axísI the shortest

axis of erythema and induration of skín ) of the corresponding trepronemal

antigens skin reaction ( 24 hours after intradermal challenge ) in guinea

pigs sensitized with homo.logous treponemal antigens. The data were obtaíned

from 84 guinea pigs divided into sev;en groups. Twelve guinea pigs were used

for each treponenal antigen. The macrophage migral-ion inhibition were re-

garded as positive rvhen Lhe macrophage migration inhíbition indices'.v¡ere

rnore than 20%, and negative, rvhen it ¡vas less than 2O%. Tlrre skin reactions

\,¡ere considered positive when the measurements of the erythema and induration

ç'ere 1+0,",n2 or more; negative when measurements were less than 40 mm2. It
46

r,,as found rliar 54.767" ( p+ Xf 007. ) of the data were under the posiLive
25

lracroþhage migration inhibiLioir ( ffif ) and skin reaction, 29.77% ( A+ À 100%
6

gave positíve skin reaction but negative Iî'íI, 7.I47" ( 84 X 100% ) showed
7

positive l'ô11 but negatÍve skin reaction, and finaLly, 8.33% ( 84 X iOOZ )

of the results were negative l'î,fI and skín reaction.The positive skin reactions

\.rere accompanied in mosL of the cases by postive IßfI . tr{hereas positive skin

reactions frequentlv associated with negative IÎ'íI.
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The data showed posítíve MMr and posÍtive skin reaction were

as foLLows: 6/L2 f.or r. ""ori"ao"t* 4/12 S..phagedenÍs bíotype

English Reiter); 9/L2 Q. phagedenis bíorype T(azan 5); BlL2 (T.

phagedenis bÍotype Y'azan 4); 3/L2 (T. refrineens biotype refringens);

4/I2 S. denticola); and L2/L2 Q. refrinsens bíorype Nichols) l,,l

Fígure 20 showed the macrophage migration ínhibition tests in
the presence of heteroLogous aatigens and the skin reactions induced by

the game antigens. Seventy-tT,r7o readíngs (six heterol-ogous antigens for ,, ', ,,,.' _:::_

.7 ç^- ^-^L --^..^ -*.¡ ''.Ëwel-ve guÍnea pigs) were obtained for each group and seven groups 
.:.:,: :

amounted to 504 readings. ;:: :

It was found that 2L.43% (# x 10f/.) of rhe dara obrained from

heteroLogous antigens showed positív" '*, and skin reacËions ; 30.75%155 r54
(504 x 100) were negarive MMr and skin reacËÍons; 30.55% <lõã x 1002.)

ì87
were posiËive skín reactíon but negative MMr; and 17 .27% (504 x 1002.)

were positive MMI but, negaitve skin reaction. It can be concluded Èhat

the positive skín reactíons r^rere accompanied ín most cases by negative

MMr and posÍËive MMr were frequently associated r,,riËh negative skin

reactÍons .

:,.: _: .

The data of positive skin reacËion and MMI against heterologous ':,:':.

..., .,'anËigens were the followingt 16/72 (sensitized with T. scoliodonqum); ,'1,.,,,.

2L/72 (sensitízed with T. phasedenis biorype English Reiter) ; 5/72

(T. phagedenis bíotype Y'azan 5); L7/22 (T. phae,edenis biotype Kazan 4);

4/72 (sensitized wiËh !. denricola) ; 42/72 (sensitized v¡iËh T. refringens ,, ,,
biotypeNicho1s);and'3/72(sensitizedwithT.refringensbiotyperefringens).
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In Ig53, Dlaltvssanclro .et a1.!Brur," tl're first. to demonstrate a

protein antigen 1n Treponcma reiter in stucl,ving Llie complement flxation

reac-tíon whích. occurs when this spirochete or its extracts are placed in

presence of syphilitíc serum. This antí.gen has been identified by diffusion ,

precipítation test ( ei11ot, f96O )69 r,',,1 was also demonstrated ín Treoonema

-

palliduni ( Dardononi and Censuales, t9577;O Cannefax and Garson, Lg5g 7L ),

in J. 
'zueLzérae 

and ín saprophytic treponemes isolated from genítal sources 
:,

( Duponey, 196354 ). 4rthough this antígen has rrot yet been obtained ín 't,:

., .'a purifíed atate, it j-s possible to consider that the antigen is present ,,,

in all the representatives of the Trepencma genus. Later, Ì{ac Leod, Garson

( Lg62 72) and Miller ( Lg6673 ) *ere able ro demonsrrate rhe existence of

specÍfic protein airtigens from a serÍes of experÍrients. The investigators

::eported that anti-T. pallidum antiserum, or syphilitic sera having under-

gone an exhaustion series permitting elimínation of reagín and the group

antíprotein fix cornplernent i.rith a thermoLabÍl-e fracLion of T. paIlídum. All

these suggested that the protein anti.gens of treporrcìnes may play an Ímportant

role in the antígenic and immunogenic ¿rcL.ivi{:rics. TÌiere f ore, the cytoplasmic
,.i.,

soluble antigens of treponemes ( Å. scoliodonturil; T.phaeeden j.s biotype ,',',

,.t-

E,rgl ish Reiter; T.Égs-d-g-iS-biorvpe Kazan 5; I.phagedenis biotype Kazan ,'

a; !.dentícola: T.refrinqens biorype I'lichols; and T.4þ!gSS biotype

refringens ) were used for this studies of cell-mediated inrnune response

to treponemal antigens. Ar Þ vivo l:est( delayerì hypersensitivity skin 
,,

test ) and an -i-g vitro tesc ( macrcphage migratíon inhibition tesc ) were

applied for the studies.

Several of tire classical criteria for deä'onstr4ting delayed hyper-

sensitivity \^iere fulfilled in this experiment. First, the skin reaction was
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delayed in onset and rentainedfor scveral days, í-n some caseg/ a reaction vras.

still visíble after 72 hours. Second, hÍ_stol.ogica1 reactíon r'Tas compatible.

. 
with that described for delayed hyper:sensitivity by having an early acute

inflammatory response with edema and polyniorph infiltration was soon 
,.,,,

followed by accumul-ation of macr:ophage and lyrnphocytes ( ri.g. 9a to 9d ). 
::':::':

The predominant reaction Ís therefore mononucfear in contrast to the exuclative

response of anaphylaxís and the polymorph accumulatÍon of the Arthus reactíor.,,..,,..

fn severe reaction, when challenged with hornologous antigens, n:ecrosis of ., ,. -,'

the skin rr" forr,d ( nig. 9e ). 
,.,..,

The macrophage rnigration inhibition test, as first descrÍbed by
Q,

George and Vaughano, and further used by DavÍdC! a1.9, Bloom and

Bennetlo' 1l-r ând others, is considered Ëo be an in vitro correlate of

deLayed þpersensitivity as measured by skin test. In the present work,

themacrophagemigrationÍnhibítionsI^7ereregardedaspositivewhenÈhe

macrophagemigrationínhíbitionindiceSI¡7eremoreËhan20%whi1eËhe

skin reactions r^Iere considered positive when Lhe measurements of in-

duratíon were more than 40 mm2. hrhen sensitized animals challenged with

homologous treponemal- antigens, 54.76L of the results showed positÍve 1.,,, 
,,.:'. ?- .

skin reactíons and positive macrophage migration ínhbition whil-e only ,,i,,'

a percenLage of 2L.43 was shown r¿hen heterologous treponemal anti- ".''

gens T^7ere used. The results of the macrophage migratÍon inhibition tests

did not show sËrong correlatíon with those of skin Èest; but Ëhe
:..,..,.:,

treponemal antigens ríere capable of eliciting cellular immune reactíon in the l;:1:;;

animals ín terms of delayed hypersensitívity and inhibítions of migraËion

of maerophages. The hígher percentage of correlaËion in homologous
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Èreponemar antigens indicated Ëhe specificiËies of the antigens and

the correlation of the neterorogous treponemal_ antigens showed the

cross-reactíon among the antigens.

The variation of macrophage mÍgration inhibition as an ín vitro

correlate of delayed skin react.ion \^ras dependent on the test-animals and .'11'.,

the macrophage rnigration ínhtbition test perfromed. The varied immune mechan-

isms of each anímal , the condition ín carrying out the macrophage migratíon

inhibition test ( í.e., pH, tcmperature, and the rncLabolic actíviEies of il,.:_.

ruracrcphages ) can ef fect the results of the Lests. Eurtherrno::e, there ís

only a single mediator, the mígration inhibiting factor ( ¡lff ) of knovm

chemical propertíes may be considered y'esponsible for the macrophage

migration inhibití.on rvhíle in the delayed type skÍn reactions, a great nur¡ber

of mediators may play a role74175 The quantítative or qualitative change

of these substances may alter the manifestation of skin reactíon even in the

casc o f devcloi>.:cl cellular írnmunity. Fína1ly, the positivity of macrophage

rií3ratj.on'i,niiibition test seems to depencl on Lhe availability of a very

ftlrv s;i:trs j.tizcd lyri',phocyt "t76, r^¡hereas skin test positivity necds the preserrce

of other rnorlonuclear cells.

Ïlìe ri:nge of irnmunological specificíl-y of the treponemal antigens.

,evoking ceI I ire-riiatecl i:'rrilirrn j.Ly can be demonstr:ated from the degree of sen- :

sitÍzation e:::oiìg r;.:rains arrd f:he clegrce of reaction in the presence of dif fer.

ent treponemal aniigens.

Accord j.ng to the results of sl-;i.n tt:sts, í:l-:e i.lcglce of serrsitízatí",,

e:äong treDoner:rel strains in decreasing orcicr \..ìcÌr-e as fol lor.¡s ( Table XIII ) ,

I ) -!.reiringens biotl.pe ir*ichoIs, Z ) f .phaeede"is biotype English Reiter,

3)-T-.cert-jcoli, 1+) T.oha-gerlenis biotype Kazan 4, 5) T.phaeed,:njs biotype
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Kazan 5,6) T.¡efringens biotype refringens, and'7) !scoliodontum. The

degrees of skin reaction to different. challenging antigens ín an decreasing

order r.¡ere ( lable xTV )t i) T.refrineens biotype NichoIs, 2) !.refringens
biotype refringens, 3) T.denticola. +)Å.pfr.eed*i€, bíorype Kaz'an 4, 5.)

T. refríngens biotype Engl-ish Reiter, 6) T. refringens biotype Y'a.zan 5,

7) T. scol-iodonËum, 8) control . It can be seen thaË Ëhe T. refringens

biotype Nichols ís the strongesË anËigen Ëo induce skin reactions on

sensiLized animals. T. scoLíodonËum is the weakest antigen for sensi-

tization and for intradermal challenge. Some antigens are only good for

sensiÈízaËíon whil-e oËhers are onLy good for intradermal challenge.

Sínce deLayed hypersensitivity skín test,s and macrophage migration

ínhibition test are thro iridependent assays, the ranges of inmunologícal

specificity of the treponemal antigens obtained from both Ëests are

different

The degrees of sensÍtization among sËraíns for macrophage migration

ËesËs ín decreasing order were (Table XXV): 1) T. scoLiodontum. 2) 1.

dentícoLa. 3) T-: refringens biotype refringens, 4) T. phagedenis bio-

type Kazan 5, 5) T. phagedenis.bíotype English Reiter, 6) -L. refrineens

biotype Nichols, and 7) T. phagedenis bíoËype Kazan 4. T. scoliodontum

is the mosË potenË antigen to inhibit the migration of macrophages from

sensitized animals. There is of no sígníficanË dífference for the in-

hibiÈion of migraËion of macrophage in the presence of different trepo-

nemal anËigens (Table XVI).
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Previous studies of the treponemes by use of aggl-uËinatÍon,

compLement fixation, and geL-diffusion methods, have reveal-ed Ímmuno-

logical daËa of taxonorric ímportance. Meyer and Hunter (L966)45 d"torr-

strated the antigeníc relationshíps of. L4 treponemes by íurnunofluorescence.

The investigators dÍvíded the 14 treponemes into five categoríes based on

shared group-specific antígens. Serogroup I: Reíter, Englísh ReÍter,

Kazan, Kazan 2, 4, 5, and 8; Serogroup II: Nichols and Noguchi; Sero-

group III: t.hree oral treponemes, MRBt FM, and N-39 Serogroup IV: I.

vincentíi; Serogroup V: Treponema zueLzerae. The fíve serogrouPs

apparentl-y ate relaËed by an imnunofluorescent common antigen.

In these sËudies, Ëhe mutual relationships among Ëreponemes

were obtained from the Du.ncanrs New Multíple-Range test and from.a símpIe

percentage calculation.

The mutual ::elationshíps among treponemes obtained from skin tests

can be tlivided into two groups. Group I: T.plegffi_bíotype Engltsh Re-iLer,

T.phap.cclcrris bíotype Kazan 4, and f-. clenticola. Group T-T; l. scolioclontr.rm,

T.l,,hageclenis biotype Kazan 5, a"d f .ESEilge*- biotype refringens. These

tv¡o groups vrere able to demonstrate their relationships on the 20th and

30th day intradermal challenge rvhile othcr treponemes only showed their ':':::¡

relaLionships on the 2OLh or 30r:h <Jay ri.nir';.ìd(tr.iìral r:hallenge ( fable XXII ',' .i',
:: ,,1

and Table XXIII ).

. It ¡.¡as found Lhat only !. scol.ioc]ontun, !.phagedenís biotype

I(azan 5, and T.dgliqiç-S.la shorved their re-lal-ionships :.'hen irracr:ophage rnigt.-atiott,..',,

jnÌribitj.on test r{as perfomed. These l'elationships rr'er-e al.so found after

the 20th ¿nd 30th day intracìermal challenge. Ilo;.vever:, other trepon.em.es

sho:..'ed their rcl,atíonships afl-er the 20t:ir Cay irrtr-ader'inal challenge buL

the relationsliios suirsitìccl aiter Lhe 3Ci-Ìr <lay int:r-a rltr:.'i:nâl r:ii¡;1. l.erige ( table

XXXIV and Table XXXV ).
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rn concrusionr.the period of sensÍtízatíon for dever.oprng the
immune response and the decrease of immune response wlth time can effect..
the finding of the mutual relationships among treponemes. 

,,

Although skín testing with Treponema palrldum as an antigen has ''

been used in human beings ,77 partíally purified r.¡g!!!¡þ failed ro
induce skin reaction on rabbits sensitized ¡.rith 1íve T.paLlidum in thÍs
experiment' This finding has confírmed the observations of schell et al ,,,ì,,

( tgls )78 a''¿ others ( Turner, Thomas 8., personar communication ) that .

,pallidum anÈígen gêve. a meager ïesponse 
"'i'

whlch is dffficult to fnterpret; this may be related to the form of Ëhe tre-
ponemal antigen or to the nature of skin t,estfng for delayed hypersensitivlty
ln the rabbit. on the contrary, the non-pathogenÍc Èreponemal antfgens pro-

voked erythema and induratíon skin reactions on the ínfected rabblts. This
'may be related to the common antigen sha.red by-treponemes.

It has become increasingly appa-renË that cell-mediaÈed immunlty

plays an important role in the host response to the infection with T.pallídum.

FurÈher investigatíons areneededto deËermine parts of treponemes and its
,,.,

chemical and antigenic composition in term of cell-mediated irmnunity, and 
,..,

parËicularly those relevent to Treponema pallidum and syphilis. ,','.
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