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TREPONEMATOSES RESEARCH

Report of a WHO Scientific Group

A WHO Scientific Group on Treponematoses Research met in Geneva
from 18 to 25 November 1969. The meeting was opened by Dr A. M.-M.
Payne, Assistant Director-General, who welcomed the participants on
behalf of the Director-General.

1. TREPONEMES

The Group recognized that knowledge of many aspects of the biology
of treponemes is limited and that it is not possible at present to make
pathogenic organisms grow in vitro. This constitutes a major obstacle in
most treponemal research. Consequently, recent information on the
characteristics, structure, metabolism, survival factors, etc. of pathogenic
and other treponemes is dealt with in some detail in this report.

WHO has published extensive bibliographical reviews of the morphology,
culture and survival of Treponema pallidum and associated organisms
(Willcox & Guthe, 1966) and of the Reiter treponeme (Wallace & Harris,
1967). These reviews provided useful reference material for research workers
in treponematoses.

1.1 Characteristics

The anatomy of treponemes was shrewdly interpreted by Noguchi
(1928), but confirmation of his description has only recently been provided
by electron microscopic studies. Today many aspects of treponemal struc-
ture are quite clear, but others remain obscure. Deficiencies in knowledge
are largely due to the fragility of treponemes, especially their susceptibility
to osmotic changes, and to the resulting problem of distinguishing facts from
artefacts. , .

Pathogenic treponemes, which are among the thinnest members of the
genus Treponema, have a transverse diameter seldom exceeding 0.15 p and
a length of 5-15 p. For this reason the mass of a single treponeme is much
less than that of bacterial cells, and possibly the immunogenic stimulus it

-can provoke is also less.

Pathogenic treponemes possess remarkable plasticity, as revealed by
their movement in the cellular portion of lesions. In such a situation, and
especially when the extracellular fluid is viscous, treponemes become more

5 __
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serpentine than spiral as they migrate through the confined and tortuous
intercellular spaces.

The basic structure of the treponeme is a procaryotic ! cellular mass
surrounded by 2 trilaminar membranous structures, each ranging from
7.5 to 15 nm in thickness, with the organs of motility situated between the
two membranes. Ultra-thin sections of treponemes have revealed several
subcellular structures within the cytoplasm; these include ribosomes,
mesosomes, and filamentous nuclear areas, as seen in other bacterial cells
(Jepsen et al., 1968 ; Ovéinnikov & Delektorskij, 1966, 1969 ; Pillot et al.,
1964). The limiting membranes that surround the treponemal cell have
been called by a variety of terms, but they are being referred to with increas-
ing frequency as the cell wall and cell membrane, thereby bringing the
terminology into line with that employed for the eubacteria. Undoubtedly
they function in these capacities, but perhaps not in the same sequence as
in most bacterial cells. The outer membrane of treponemes, unlike the
cell wall of true bacteria, is very responsive to changes in environmental
" osmotic pressure. Cultivable treponemes will expand like a balloon when
subjected to osmotic shock (Hardy & Nell, 1961). It is the outer membrane
only that expands while the remainder of the cell coils inside. If such
spherical organisms are additionally subjected to physical or chemical
trauma sufficient to rupture the outer membrane, they will immediately
snap back to their original spiral shape, proving that the basic thread-
like shape of treponemes is not due to the integrity of the outer membrane.
Visible evidence in support of this has been provided by many of the early
electron microscopy studies of treponemes, where the organisms retained
their basic morphology despite intentional (Mdlbert, 1956 ; Swain, 1955)
or inadvertent (Morton et al., 1951) destruction of the outer membrane.

The outer membrane of pathogenic treponemes appears to be less sensitive
to osmotic changes than that of non-pathogenic, cultivable treponemes. -
Nevertheless, these organisms also balloon and form spherical bodies in
the presence of an adverse environment.

Although the outer membrane does not give the treponeme rigidity,
it possesses the selective permeability properties associated with the cell
membrane of eubacteria and thus serves as the osmotic barrier of the tre-
ponemal cell (Hardy & Nell, 1961). Its chemical composition has not been
fully established, but its integrity can be destroyed by lipolytic agents,
glucosidases (Pillot, 1965), and by at least one proteolytic enzyme, pepsin
(Swain, 1955).

If the outer coating of the treponeme behaves as a “ cell membrane ”,
the inner membranous structure functions like a cell wall. In addition to
providing such rigidity as the treponemal cell possesses, it also contains
the mucopeptide layer characteristic of bacterial cell walls. Visual con-

1 A procaryotic cell is one that has no nuclear membrane.
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firmation of this has been provided in electron micrographs of the Reiter
treponeme grown in the presence of sublethal concentrations of penicillin
(Pillot, 1965).

For a number of years, various investigators have suggested that some
spirochaetes possess a *“ protective ”’ slime layer or capsule on their surface
(Christiansen, 1963 ; Jones et al., 1968). The evidence for this is entirely
circumstantial, e.g., the mucoid substance in syphilitic lesions (D’Ales-
sandro & Zaffiro, 1961 ; Listgarten et al., 1963). Direct visualization of a
capsule in electron micrographs has been claimed by some investigators
(e.g., Ov¢innikov & Delektorskij, 1969), but others disagree with this
interpretation of the structures observed.

Motility apparatus

The motility apparatus of treponemes is in many ways analogous to
that of bacterial flagella, but its location is unique. It consists of one or
more fibrils, approximately 17 nm in diameter, which wind around the cell
body between the inner and outer cell membranes. This location, first
revealed in partially digested cells (Swain, 1955), has since been thoroughly
established by many other studies utilizing ultra-thin sections (Jepsen et al.,
1968 ; Ov&innikov & Delektorskij, 1966, 1969 ; Pillot et al., 1964). The
fibrils arise from basal granules located subterminally in the cytoplasm at
both ends of the cell. From this point they penetrate the inner membrane
to the intra-membranous space, from where they may extend to, and even
beyond, the distal end of the cell. Fibrils arising from opposite ends of the
organism overlap for part or all of the cell length. In most instances the
distal ends of fibrils are unattached, but remain inside the outer membranous
coat even when they extend beyond the limits of the cell body. However,
some investigators are of the opinion that fibrils may sometimes re-enter
the cytoplasm and become re-attached in the mid-portion of the cell
(Ov¢innikov & Delektorskij, 1969).

In T. pallidum it is usually possible to observe 3 fibrils arising at each
end of the organism, so that as many as 6 fibrils can be observed at various
points along the cell length. Some investigators who have studied oral
spirochaetes (Listgarten et al., 1963) are of the opinion that fibril numbers
have taxonomic significance and may be valuable in establishing treponemal
species. Up to now, too few pathogenic treponeme strains have been studied
to permit the constancy of such features to be established. However, limited
studies indicate that 7. cuniculi and T. pertenue have the same number of
spirals as T. pallidum, so this feature appears to be of no value in differen-
tiating these species (Ovéinnikov & Delektorskij, 19701). This finding sup-
ports earlier observations that there are no differences in this respect
between T. pallidum and T. pertenue (Molbert, 1956).

1 Pre-publication data made available to the Scientific Group.
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Fission

Cell division in treponemes occurs most often, if not always, by trans-
verse fission. Incompletely divided cells can be seen frequently by darkfield
microscopy of early lesions or young cultures. Electron micrographs reveal
that such cells are held together by a common, or incompletely divided,
outer membrane. There may also be overlapping of fibrils originating from
the 2 daughter cells, but the cell bodies are totally separate (Jepsen et al.,
1968). _

Separation of dividing cells may result from the gradual pulling apart
of the daughter cells, with concomitant stretching of the terminal portion
of the outer membrane. Such a mechanism would readily explain the dif-
ferences in appearance of the 2 ends of -T. pallidum (Ov&innikov & Delek-
torskij, 1969). Moreover, the subterminal ““ sausage-shaped > structures
found in one end of treponemes could be the mesosomes that are usually
present at the fission site of bacteria (Ryter, 1968).

In preparations of vigorously motile treponemes, 2 intertwined spiro-
chaetes can occasionally be found. This could be the result of longitudinal
division, but there is no evidence to support this view.

Structure under altered environmental conditions

It has long been known that spherical or granular forms of treponemes
can be found both in old lesions of syphilis (Wartin & Olsen, 1930) and
in aging cultures of non-pathogenic treponemes (DeLamater et al., 1951b).
These structures, which are usually free-standing but may be attached to
spiral forms, have been called cysts, spherical bodies, or granules. Recently
it has also been suggested that they may be protoplasts or L-forms of
treponemes. Regardless of their nomenclature, many investigators have
looked upon them as altered, but viable, treponemal forms (Bladen &
Hampp, 1964 ; Listgarten et al., 1963 ; Ov¢innikov & Delektorskij, 1969 ;
Ryter, 1968).

Whether the smaller bodies, granules are another stage of the cysts or
spherical bodies, or whether they arise under totally different conditions,

is still to be determined. Moreover, there is no evidence that either type of

body is viable. It has been clearly proved, indeed, that spherical bodies
identical to those arising spontaneously can be produced by osmotic shock,
and spheres so formed are non-viable. It can be reasoned from this that all
atypical forms of treponemes probably arise from poor environmental
conditions, but it has not yet been established whether any are viable and,
if some are, how long they may remain so.

Sublethal concentrations of penicillin lead to the production of atyplcal
forms of the Reiter treponeme. These probably arise from herniations in
the inner limiting membrane (the cell wall) and are probably analogous
to partial protoplast formation. In the early stages these cells are viable,
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but it is not yet known how long they remain so, and whether they can
progress to completely spherical forms. It is likely, but as yet unproved,
that other environmental conditions yielding unbalanced growth of the
cell wall produce similar atypical but viable treponemes.

1.2 Physiology

Metabolism

What little is known about the metabolism of treponemes has been
gleaned from two sources: (a) attempts to achieve in vitro survival of
pathogenic treponemes, and (b) the conditions required for cultivation of
the indigenous and similar spirochaetes. A few findings that seem most
relevant to the pathogenic species are commented on below.

In thorough studies of the in vitro survival of T. pallidum (Nelson, 1948),
a medium was devised that sustained viable treponemes for more than 15
days. The necessity of a lower-end environmental eH for treponemal
survival was demonstrated. A recent study has suggested a lower as well
as an upper limit of eH for T. pallidum survival (Metzger & Smogor,
1966) ; similar conditions have been reported as necessary for the growth
of an oral treponeme (Socransky & Hubersak, 1967). It can be assumed
from these studies that the various metabolic pathways in T. pallidum
function only at a suitably lowered oxidation-reduction potential. A
requirement by 7. pallidum for pyruvate has also been demonstrated (Nelson,
1948), but this simply implies that treponemes utilize one of various pos-
sible fermentation pathways as an energy source. The demonstration that
glucose enhances T'. pallidum survival (Kimm et al., 1960) further supports
this assumption. However, it is pointed out that the Reiter treponeme
has recently been found to possess cytochromes, suggesting that it may be
able to use molecular O, under certain conditions (Kawata, 1967).

Some investigators maintain that pathogenic treponemes are anaerobic
in vitro only, and are acrobic in the tissues. The presence of many trepo-
nemes near the surface of open lesions is offered as evidence to support this
belief. At the same time, it must be remembered that open lesions contain
a mixture of bacteria, some of which could maintain the eH at a level
sufficiently low for T. pallidum survival. In this context it may be noted
that T'. carateum, the causal agent of pinta, exists nearly exclusively in the
lower Malpighian layers of the epidermis.

Many of the cultivable treponemes have a requirement for some factor
present in serum. The serum factor required by the Reiter treponeme was
identified as albumin by Little & Subbarow (1945). Subsequent studies
demonstrated that this protein served a dual role as a “ detoxifying > agent
and as the source for an essential long-chain fatty acid carried in bound
form by albumin (Oyama et al., 1953). Not all investigators have obtained
growth of Reiter treponemes in media supplemented with albumin, with



10 ' TREPONEMATOSES RESEARCH

serum fraction V, or even with the serum albumin fraction obtained by
“ salting out ”” the globulins. Growth approaching that of whole serum
was achieved when the globulin fraction of serum was used.

All the nutritional requirements of the Reiter treponeme have been
identified (Steinman et al., 1952) but their relevance to the pathogenic
treponemes is still unknown.

Whether or not treponemes have a complex life cycle has been debated
for many years. Among proponents of the complex life-cycle theory have
been Levaditi and his associates (Levaditi & Li Yuan Po, 1930 ; Levaditi
et al., 1927) and DeLamater et al. (1950, 1951a). Other studies, notably
those of Pillot (1965), have not confirmed this view.

1.3 Survival and culture

Artificial media

During the past 50 years the in vitro cultivation of T pallidum has been
claimed a number of times, but only twice since 1930. In one instance,
a medium for the isolation of T. pallidum was patented (Ichelson, 1950).
but its effectiveness has never been proved. In addition, partial success
was once reported (Boak et al, 1949) but again this work could not be
reproduced.! /

Of the numerous strains reputedly isolated prior to 1930 only a few are
available today, and each has a dubious pedigree. All are morphologically
larger than T. pallidum recovered from tissues, and none can be propagated
in vivo. The two remaining American isolates (the non-pathogenic Nichols
strain and one Noguchi strain), supposedly recovered from rabbit lesions,
are antigenically, morphologically, and culturally very similar, but differ
in all these respects from the European isolates. The latter also form a
closely related group and were probably recovered by direct cultivation

- from human beings. What these micro-organisms were originally will

probably never be known, but they are now almost indistinguishable from
some indigenous treponemes.

In view of the foregoing, any discussion of in vitro cultivation must be
limited to treponemes in the normal microbial flora of man (or mammals)
and to the few free-living forms, such as 7. zuelzeri, that have recently
been recognized (Veldkamp, 1960). As regards indigenous treponemes,
it should be emphasized that only a fraction of the observed varieties have
so far been cultured and the methods employed for their 1solat10n have
been very diverse.

The cultivable treponemes represent a very heterogeneous group both
morphologically and antigenically, and their growth requirements vary

! A news report that éppeared in Med. Wid News (14 October, 1966) was not followed
by the publication of scientific evidence.
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widely. With the exception of one or two free-living forms, all are obligate
anaerobes requiring an unusually low environmental eH. This can be most
satisfactorily achieved by adding a salt of either cysteine or thioglycolic
acid to the growth medium. For some treponemes the concentration of
such reducing agents is critical, and growth inhibition may result if the
level is too high or too low.

Depression of eH is not the only function of sulfydryl compounds ;
some are essential for maintaining viability. The Nelson survival medium
used in the TPI test contains 3 such compounds balanced so as to reduce
eH adequately while retaining a non-toxic environment.

For most if not all treponemes, sugar fermentation represents the pri-
mary source of energy ; there is no evidence that amino acids can be used
for this purpose. Some treponemes ferment a variety of sugars, but no
systematic study of these has been made. The end-products of fermentation
that have been identified are of the mixed acid type (Moureau, 1955), but
this may not be true for all species. In some of the cultivable spirochaetes,
growth is so slight that fermentation studies are impracticable.

All cultivable treponemes grow best in rich media such as meat infusions
or enzymatic digests of proteins. However, the nitrogen needs of some tre-
ponemes can be satisfied by acid hydrolysates ; mixtures of individual amino
acids are also effective, but virtually all naturally-occurring amino acids
are required and the respective concentrations can be quite critical.

Most cultivable treponemes also require some form of *“ native * protein
for in vitro growth. This need can usually be met by supplementing the
growth medium with serum or ascitic fluid (bile-free). Most treponemes can
utilize such supplements from a variety of mammalian species, but a few
will tolerate only a quite small number of sera. For the Reiter treponeme,
albumin was found to be the serum fraction required for growth (Little
& Subbarow, 1945), and later studies demonstrated a long-chain fatty acid
to be the actual growth factor in the albumin preparation (Oyama et al.,
1953). More recently, studies on an oral treponeme demonstrated that
the serum supplement could be replaced by a euglobulin, but whether or
not this protein also acted as a lipid carrier was not determined.

A number of cultivable spirochaetes have specific requirements for
short-chain rather than long-chain fatty acids. This is the case with some
of the very small oral treponemes and many rumen organisms. The com-
pounds involved are principally those with branched chains of 5-7 carbon
atoms. Most of these spirochaetes live in association with other micro-
organisms, upon which they depend for a supply of these acids in nature.
Since 7. pallidum does not normally exist in a mixed microbial flora, require-
ments such as these are probably irrelevant to growth studies of pathogenic
treponemes.

Unsuccessful attempts have been made to cultivate T. pallidum in the
presence of killed Kazan and Reiter treponemes, a source of preformed
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growth factors. The reason for this approach was the growth of Myco-
bacterium lepraemurium in a medium containing saprophytic mycobacteria.

The attempt to explain why T. pallidum cannot be cultivated in vitro
has received discouragingly little help from studies of the cultivable in-
digenous spirochaetes. The only definite results of these studies have been
to reaffirm the anaerobic nature of most, if not all, treponemes and to reveal
the generalized requirement for a preformed fatty acid of one type or another.
On the other hand, the studies provide an indication that a proper balance
of various nutrients may be a key to the in vitro cultivation of the pathogenic
treponemes. Although a great number of elements have been tried and it
is unlikely that an essential growth factor has been overlooked, they may
not have been presented to the organisms in proper balance with other
nutrients. :

Tissue culture

A number of investigators have attempted to grow treponemes in tissue
culture, but successful results have been achieved only with non-pathogenic
organisms, and even in these the contribution made by the tissue was not
convincing. Failures may be explained by the fact that tissue cultures can-
not be maintained under anaerobic conditions long enough for marked
growth of an organism with a division time of approximately 30 hours.
Success in the future may depend on (a) techniques that will permit tissue
cultures to be kept anaerobic for longer periods of time, (b) newer knowledge
of growth factors, or (c) organ culture. ‘

Growth in vivo

In considering the growth of treponemes within the vertebrate host,
it should be borne in mind that this genus of micro-organism is ubiquitous
in nature and can-be found as part of the mixed microbial flora in various
anatomical sites of birds and many mammals. The indigenous treponemes
live primarily in-body cavities in close proximity to tissues, but some at
least are opportunist pathogens, and can invade tissues if they receive the
proper stimulus. Is it not known what the necessary stimuli are, but they
seem to be dependent on the presence of a mixture of other bacteria.

Spirochaetes resembling treponemes have been found in several genera
of ipsects, as well as in vertebrate hosts. Those associated with several
species of Drosophila are of particular interest because of their apparent
sex-linked influence upon their host, i.e., infected female fruitflies fail to
produce viable male offspring (Poulson & Sakaguchi, 1961).

The so-called pathogenic treponemes naturally inhabit primates only,
with the exception of T'. cuniculi which is a pathogen of low virulence for
rabbits. Further information concerning the range of experimental hosts in
which disease has been produced by these organisms is given in section 2.
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Specific knowledge of the requirements for in vivo growth is quite limited.
Studies in rabbits have revealed that T. pallidum prefers a temperature
slightly below 37°C for optimum growth, and this may also be true for
T. pertenue. Syphilitic lesions show a predilection for appearing at sites
of injured tissue, but the reasons are unknown. The role of immune phe-
nomena in inhibiting in vive growth is obvious, but it should be emphasized
that this effect is limited to immunity produced by identical or closely
related pathogens. The fact that T pallidum and similar organisms produce
demonstrable lesions in only a limited number of tissues in the rabbit
indicates that local environmental conditions play a major role in growth
in vivo. Such conditions may be physical, nutritional, or immunological,
and may be primarily responsible for * natural > host resistance to trepo-
nemal infection.

In judging claims of propagation of pathogenic treponemes, the most
convincing criterion is the retention of pathogenicity as evidenced by pro-
duction of a characteristic lesion and demonstration of the presence of
treponemes. Another, but less convincing, criterion is a rising titre of some
antitreponemal antibody.

1.4 Classification .

A wide variety of non-pathogenic treponemes exist in nature as part
of the mixed microbial flora indigenous to many vertebrates, including man.
In addition, several insect species have been shown to harbour treponeme-
like micro-organisms (Poulson & Sakaguchi, 1961) and several free-living
forms have also been described. At present there is no adequate means
of identifying and classifying these micro-organisms except by size, shape,
and normal habitat.

Current knowledge of the biological and immunological properties of
this group of micro-organisms is insufficient for a detailed taxonomic
ordering of the genus Treponema. There is evidence suggesting that host
range susceptibility may be of value in differentiating between species of
pathogenic treponemes, but too few strains have been studied for this
method to be recommended at present.

Until further information becomes available, it seems advisable to
continue identifying species of treponemes pathogenic for vertebrates
according to the disease condition with which they are normally associated.
In two species, sub-species should probably be recognized as shown below :

Species Sub-species
T. pallidum T. pallidum, variant : endemic non-venereal
T. pertenue T. pertenue, variant : cynocephalus

T. carateum
T. cuniculi
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1.5 Conclusions

(1) Knowledge concerning most aspects of the biology of treponemes
is very meagre and further studies in many areas are to be encouraged.
The inability to cultivate pathogenic treponemes constitutes the major
obstacle to most treponemal research, and studies directed towards an
increase in in vitro survival and eventual in vitro growth should therefore
receive first priority.

‘ (2) At present pathogenic treponemes are differentiated almost entirely

according to the clinical syndromes they produce. The non-pathogenic
indigenous treponemes, on the other hand, are differentiated on the basis
of normal habitat, gross morphology, and ability to grow in vitro. More
refined means of taxonomic identification should be sought through ultra-
structural, biochemical, and other biological studies.

. (3) To enable adequate cultivation and taxonomic studies to be con-'
ducted, the development and maintenance of international collections of
treponemal strains should be further promoted, and repositories should
be established in several parts of the world.

2. HOST-TREPONEME RELATIONSHIPS

These relationships concern the interaction of the host with treponemes
and the effect of the internal and external environments of both host and
treponeme. The subject has recently been reviewed in some detail by Turner
(1970 4.

2.1 Pathogenicity

The treponemes of human syphilis, yaws, pinta, and rabbit spirochaet-
osis are pathogenic for their natural host species. The manifestations of
pathogenicity vary from one treponematosis to the other, but there are
generally certain group similarities, e.g., histological changes and serologic
response. It is possible to construct an arbitrary scale of pathogenicity
based on the degree and type of organ damage ordinarily produced in man
by.these species of treponemes.

On the whole the T pallidum of venereal syphilis is the most invasive
and pathogenic for man and the T. carateum of pinta the least. One strain
of the T. cuniculi of rabbit spirochaetosis has been inoculated 5-6 times in
man without' producing lesions,? but lesions can be induced in monkeys

! Pre-publication material made available to the Scientific Group.

2 Levaditi and Nicolau inoculated themselves but did not become infected ; they
remained seronegative.
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(Turner & Hollander, 1957). T. carateum appears to attack only the skin,
and does not cause destructive lesions like the nodular ulcerative lesions
and gummata in late syphilis and yaws (Grau Triana, 1949). T. carateum
may persist for as long as 40 years in the epidermis of pigmented pinta
lesions without apparently impairing the general health of the patient. In
studying the possibility of using living pinta treponemes for experimental
immunization, the long-term effects of the natural infection in man should
be investigated further, in particular the possibility of eventual lesions of the
central nervous and cardiovascular systems, an aspect on which little infor-
mation is available (Mazzotti, 1962 ; Saenz et al., 1940 ; Varela, 1945).
There are certain histopathological differences between syphilis and yaws
on the one hand and pinta on the other. These differences are of immuno-
logical importance and are dealt with in section 4.

It is generally accepted that there are real differences in virulence?!
between strains of T. pallidum. This is indicated by variation of the disease
in experimental animals, but there are many pitfalls to be avoided in attempt-
ing to interpret the significance of these differences in terms of the disease in
man. In selecting treponemal strains for possible use in experimental vac-
cine studies in animals, it should be borne in mind that the most virulent
strain is not necessarily the most immunogenic. Strains used in virus vac-
cines (e.g., yellow fever, poliomyelitis (Horsfall & Tamm, 1965), and measles)
are of low animal virulence with demonstrably modified pathogenicity for
man. Judged by the crude measures available, there are few strains of tre-
ponemes whose virulence has been clearly lowered. It has been reported
that the Truffi pathogenic strain, after being maintained for 25 years in
rabbits, lost its virulence for chimpanzees but maintained its chancrogenic
power for man (Levaditi & Vaisman, 1932); at that time, however, tre-
ponemal antibody tests were not available.

2.2 Susceptibility of different host species to infection

The only known natural hosts of pathogenic treponemes are man, the
rabbit, and, as shown recently, certain species of higher apes. This seeming
limitation is remarkable, but there may be other species in which treponemal
diseases actually occur in nature. It should be borne in mind that the manifes-
tations observed in the higher apes 2 as a consequence of naturally acquired
infection have been only minimal: TPI reactivity and ‘ quiescent ” tre-
ponemes in the lymph glands may be the only indication of the infection

! The term “ virulence " is used here to denote quantitative differences in the patho-
genicity of a particular species or strain of treponeme.

2 Kuhn, U. S. G. III, Brown, W. J. & Falcone, V. H. (1968) Unpublished WHO
document ; Thivolet, J., Sepetjian, M. & Tissot-Guerraz, F. (1968) Unpublished WHO
document.
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(Fribourg-Blanc et al., 1963). In several experimental passages in hamsters,
the treponemes isolated from the higher apes have apparently regained
virulence and have caused lesions both in the hamsters and in susceptible
human subjects.

Despite the seemingly limited occurrence of treponemal disease in
nature, many animal species can be infected experimentally. In general,
virtually all warm-blooded animals so far tested can be successfully infected
with T. pallidum, the species that has been most widely studied. There is
some variation in the reaction of various animal species to experimental
infection, but disease phenomena indicated by gross tissue changes are
generally minimal or absent. Transient lesions have been induced in dogs,
cats, sheep, pigs and calves, although only limited studies have been under-
_taken on these species (Gastinel et al., 1955; Lesinski et al., 1960).! In
addition, 7. pallidum usually has an asymptomatic course in rats and mice,
although the infection may persist for long periods of time. As demonstrated
by Levaditi et al. (1935), the syphilitic infection of the mouse is clinically
inapparent. Treponemes can be demonstrated by histopathological tech-
niques and by infectivity tests. The process involved may not be immuno-
tolerance because TPI antibodies are apparently found in the serum late in
the infection, but cardiolipin-type antibodies are not formed. It is thus
evident that although the mouse reacts to the treponemal infection with
* antibody formation against the invading organism, other parts of the host
defence—the formation of lesions and anticardiolipin-type antibodies—
do not occur.? Further studies of the immunology of mouse syphilis might
thus shed light on factors participating in the host response (see sec-
tion 4).

On the other hand, lesions can be induced, although not regularly, in
guinea-pigs and hamsters. The rabbit produces lesions regularly. T. perte-
nue and T. cuniculi appear to have a somewhat different range of host spe-
cificity, but the differences have not been well documented except in the
case of the hamster. (Paris-Hamelin et al., 1968 ; Turner & Hollander,
1957). T. carateum has not so far been firmly established in any animal
species except, quite recently, the chimpanzee (Kuhn et al., 1968). Only
limited information is available on the infectivity range of T. cuniculi.

The Group considers that a further understanding of the factors that
confer natural resistance on certain species could provide valuable informa-
tion concerning acquired resistance in more susceptible species.

1 See also Turner & Hollander (1957), literature cited on pp. 66-69.

% Vaisman (1951) infected mice with virulent 7. pallidum from rabbit lesions, and
treated them with penicillin. When the mice were reinfected, the proliferation of trepo-
nemes occurred much later than in a control group of mice infected for the first time.
These limited data suggest that reinfected mice may have acquired some resistance to
infection with T. pallidum.
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2.3 Host factors modifying treponemal disease

One of the host factors known to have a modifying role in treponemal
disease is body temperature, and this in turn is influenced by environmental
temperature, an aspect that has been illustrated by Turner & Hollander
(1957) in epilated and furred rabbits’ skins. The Group discussed the pathol-
ogy observed in rabbits a few hours old inoculated with 7. pallidum.* Fulmi-
nant lesions appeared in peripheral locations of the body with the lowest skin
temperatures, e.g., ears, snouts, dorsal side of feet. In addition, the defence
mechanism of these animals was defective, leading to stunted growth,
debility, and premature death (see section 4). Recently, late-type syphilis
lesions have also been reported in rabbits raised at low ambient temperature
(Longhin & Popescu, 1969).

Oestrogens and androgens are other host factors that may affect trepone-
mal disease, but this has not been well documented. It appears unlikely,
however, that these factors are important in determining the insusceptibility
of many animal species to infection. Genetic factors can be invoked to
explain the phenomenon of natural immunity, but knowledge is limited
concerning the mechanisms whereby genetic differences might render a
host susceptible or resistant to infection. This subject has been summarized
in the reports of the WHO Scientific Group on the Genetics of the Immune
Response (1968) and the WHO Scientific Groups on General and Applied
Immunological Research (1964). It seems clear, however, that the ability
of an animal such as the mouse to limit 7. pallidum infection to a symptom- .
less and presumably innocuous “ disease > is not due to any enhanced
immunity but is dependent on a relative tissue *“ indifference  to the multi-
plication of the treponeme. Further knowledge on these aspects is desirable.

2.4 Host-treponeme interaction

It has not been possible to demonstrate clearly whether T. pallidum is
able to exert a direct toxic or cytopathogenic effect on host cells or tissue.
There is no definite evidence that treponemes produce any substance that
is toxic to the host. On the other hand, intrauterine death and expulsion of
the fetus could be interpreted as implying a direct or indirect toxic action ;
lesions in the placenta may also be involved. It has been suggested that
the pathology encountered in active treponemal disease is due more to the
response of the host to the invading organism than to the direct action of
the organism itself ; this phenomenon is not uncommon in chronic infectious
diseases. It might be fruitful to investigate to what degree the pathological
changes are due to the immunological (and even immunopathological)
response of the host to the invading micro-organism, and to what degree
they can be accounted for by non-specific mechanisms.

1 Nielsen, H. A. & Jorgensen, B. B. (1969) Unpublished WHO document.
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In this connexion, it has long been believed that in congenital syphilis
the passage of treponemes across the placenta occurs after about the fifth
month of gestation (Hoffmann, 1928, 1930). This could be due to failure
to observe typical lesions at an earlier stage of gestation. It is now being
contended that treponemes may be able to cross the placenta before the
fifth month of gestation, that infection may occur prior to the full develop-
ment of the deciduate haemochorial placenta, and that pathogenic changes
in the tissues may not take place until after the fifth month, when the fetus
becomes immunocompetent and inflammatory processes associated with
plasma cells can be found (Silverstein & Krener, 1965). Inability to respond
—immuno-incompetence—might even be advantageous, for if the fetus
survives the early invasion treponemes might be prevented from inducing
death and expulsion (Silverstein, 1962, 1964). In intra-uterine rubella
infection, however, malformations result without eliciting an immune res-
ponse. A significant proportion of the histopathological and cytological
picture of the syphilitic disease processes may at least be compatible with . -
immunopathological functions of the host (see section 4).

On the few occasions when treponemes have been found in fetuses

~ before the fifth month of pregnancy there has been no clinical or histopatho-

logical sign of active syphilitic disease. However, because of the relatively
short duration of the disease and maceration of the tissues after intra-uterine
death, diagnosis must rest on the demonstration of the presence of trepo-
nemes (Stowens, 1959). .

To test the theory of early immuno-incompetence in congenital syphilis,
pathogenic T pallidum has been inoculated intramuscularly in fetal rhesus
monkeys (A. M. Silverstein—unpublished data, 1969). When the inocu-
lation was performed prior to the formation of the deciduate haemochorial
placenta, no pathological changes ensued. Inoculation later in gestation
did not yield decisive results because of the long incubation period of the
disease, its milder form.in the rhesus monkey, and the short gestation
period of this animal (23-24 weeks). In these studies it was observed that
monkeys that had been inoculated in utero with T. pallidum had an appre-
ciable number of viable treponemes in the aqueous humour of clinically
normal eyes one year after birth. Moreover, if the unborn monkeys had
viable treponemes but no active disease process in-a particular organ
(e.g., a lobe of a lung), the tissues in another locality also containing
treponemes did show active disease.

In human subjects, the host reaction is much more marked than in the
monkey. Moreover, if congenital syphilis is defined as transplacental
treponaemia and invasion of the fetus, the intrafetal spread in the studies
discussed by the Group was not primarily haematogenous since the fetal
monkeys - were inoculated by the intramuscular route. Infection with
T. pallidum across the deciduate haemochorial placenta in the rhesus monkey
was thus not attempted. It has been shown experimentally that transpla-
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cental infection does not occur in lower mammals (rabbits, mice). In the
mouse, for example, treponemes have been found in the ovaries and uterine
wall but not in the fetus, as determined histologically, by infectivity tests,
and by susceptibility of the offspring to infection with T pallidum.

Nevertheless, the question that arises from the experiments with rhesus
monkeys is why, in the demonstrable presence of virulent treponemes in
the same immunocompetent host, the disease is capable of establishing
itself in one locality but not in another. Research into this area should
prove fruitful, since it is concerned with fundamental aspects of treponeme-
host relationships, pathogenesis, and immunopathology.

The Group also considered the effects produced by the administration
of steroids during the syphilitic infection. Steroids suppress inflammation,
increase the ability of treponemes to multiply within the host tissues, and
may also affect immunological factors (Ehrmann, 1969). Cessation of
steroid treatment results in a reactivation and possibly an intensification of
the disease (Turner & Hollander, 1957). This observation has led to the
reflection that it might be useful to ascertain the effect of suppression of the
host response on the course of the disease in general. It would be particularly
interesting to investigate whether appropriate irradiation or immunosuppres-
sive agents such as antilymphocyte serum or the variety of immunosuppres-
sive chemicals now employed in other fields can modify or even abolish
the disease process per se. The use of these agents to improve present infec-
tivity tests is discussed in sections 3 and 4. '

2.5 Conclusions

Investigations to assess the respective contributions of the treponeme and
host in the development of treponemal disease should be encouraged. These
investigations might include : ’

(1) further studies of fetal infection in experimental animals ;

(2) the use of antilymphocyte serum, immunosuppressive chemicals
and other agents, irradiation, alterations in ambient temperature, etc., to
modify the host response ;

(3) a search for T. pallidum in human fetuses aborted, spontaneously
or for therapeutic purposes, by mothers with syphilis. Such investigations
would also shed more light on the important question of the period of
gestation when T. pallidum can cross the human placenta.

3. PERSISTENCE OF TREPONEMAL FORMS OR STRUCTURES

In certain instances the persistence of treponemes in body tissues fol-
lowing treatment of syphilis with arsenicals and/or bismuth has been recog-
nized. In recent years microbial persistence in the face of effective drugs—
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a phenomenon distinct from antibiotic resistance—has been described,
inter alia, in the case of corynebacteria and mycobacteria (McDermott,
1958). Attention has also been focused on persistent treponemal forms or
structures in tissues and body fluids of syphilitic patients and in experimentally

. infected animals after treatment with penicillin in amounts held to be ade-

quate to destroy the infecting micro-organism. These forms were observed
first in lymph nodes, and subsequently in the aqueous humour, cerebro-
spinal fluid, and elsewhere. In the initial studies, most patients had evidence
of past syphilis and there was serological evidence of the disease at the time
when the treponemal forms were discovered. Later, these forms were also
found in some subjects displaying only questionable evidence of past syphilis
or other treponematosis and in an occasional individual with no recognized
treponemal disease. Treponemal forms in the aqueous humour were found
in persons with some kind of eye disease. Most cerebrospinal fluid examina-
tions were carried out in patients with evidence of past syphilitic infection.
The search for persistent treponemal forms in the experimental animal was
limited to the study of lymph nodes at various intervals after penicillin
therapy. ‘

Reports of persistent treponemal forms are identified and summarized
in Annex 1. The observations can be divided into 2 categories :

(1) Inaveryfew instances, treponemal forms were recovered and shown
to be pathogenic treponemes by the production of disease in the experi-
mental animal through infectivity tests. It has been shown beyond reasonable
doubt that T. pallidum can survive in the lymph nodes, in the eye, and prob-
ably in the cerebrospinal fluid following doses of penicillin presumed
adequate to destroy it. . ,

(2) In the great majority of instances, infectivity tests were not made
or yielded negative results. Identification of the treponemal forms rested
on morphology, immunofluorescent antibody staining, or both. Since the
morphological characteristics of T. pallidum were not always observed,
great reliance was placed on immunofluorescent procedures.

Except in the very few instances in which the treponemal forms were
demonstrated to be pathogenic 7. pallidum, the identity of the forms was
uncertain. They were most likely to be (a) pathogenic T. pallidum of
lowered virulence, (b) pathogenic T. pallidum that had been rendered
avirulent, (c) treponemes -of a non-pathogenic strain from an indigenous
source, or (d) artefacts resembling treponemes.

No satisfactory explanation for the presence of treponemal forms has
so far been found, but the following points deserve consideration :

(1) It is unlikely that treponemal resistance to penicillin is involved,
since this phenomenon has not been demonstrated either in vivo or in vitro.
(2) Penicillin and many other antibiotics penetrate poorly into the
aqueous humour and the cerebrospinal fluid. It is possible that these organs,
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or parts of them, provide absolute or relative sanctuaries from the effects
of therapeutic agents.

(3) In lesions, treponemes are commonly found in the intercellular
spaces. It has recently been suggested—but not proved—that pathogenic
treponemes may occupy an intracellular habitat within the host. If this is
so, the cell wall and cytoplasmic components of the host cell may provide
additional defences against treatment, as has been found in such diseases
as tuberculosis and brucellosis.

(4) It cannot be assumed that all treponemal forms observed in tissues
and body fluids belong to the species T'. pallidum, although they may resemble
this organism.

(5) It is possible that in aqueous humour the organisms duplicate at an
abnormally slow rate. Since penicillin acts only on dividing micro-organisms,
this could account for the fact that the drug has little or no effect on these
organisms.

Non-pathogenic treponemes are widely distributed in man and animals.
Identification of such organisms is frequently not possible, and there are
immunological cross-reactions between cultivable and pathogenic varieties
of treponemes. Although some cross-reactivity can be eliminated by absorp-
tion in immunofluorescent staining, there is no proof that the resulting
absorbed reagents are species-specific. These aspects are also dealt with in
section 5.

3.1 Treponemal forms in lymph glands

Most reports on lymph-node transfers from subjects with treated late
syphilis are based on the results of silver or immunofluorescent staining
techniques, or both. There have been a few unequivocally successful
animal infectivity tests. Less success can be expected with transfers from
animals with late-treated syphilis than with the passage of human chancre
material into the rabbit host. Moreover, rabbit-to-rabbit lymph-node
transfers have been made both from animals with late-treated syphilis and
from animals with untreated syphilis ; in infectivity tests, the rabbits that
received material from late-treated animals yielded fewer positive results
and underwent a longer incubation period (Collart & Durel, 1964 ; Collart
et al., 1962a,b,c). From the viewpoint of basic immunology the persistence
of pathogenic treponemes in lymph glands is of considerable interest, since
the lymph nodes are areas where immunocompetent cells are located.
Because lymph-node transfer has been a normal recovery technique in
experimental treponematological investigations, it is not surprising that
persistent treponemes should also be found in human lymph nodes.

A new aspect of the treponemal persistence problem is the discovery of
treponemes in the lymph nodes of TPI-reactive, reagin-nonreactive wild
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African cynomolgus monkeys with no apparent clinical signs of treponemal
disease (F rlbourg-Blanc etal., 1963). This may be similar to the phenomenon
observed in latent syphlhs or it may represent a wholly new situation that
calls for different explanations (see sections 2 and 5). Moreover, no study
has been made of the extent to which the situation in the cynomolgus
monkey is analogous to the * silent > infection that occurs in mice experi-
mentally infected with T. pallidum (see also section 2). These aspects point
to the need for cytological and histological investigations of lymph nodes
and for immunological research in general in the field of treponematoses.

3.2 Treponemal forms in aqueous humour

Most intra-ocular treponemal forms reported have been found in in-
flamed eyes (uveitis, iritis, cyclitis, etc.) and this suggests that their presence
may be an etiological factor. Sometimes these forms have been found in
eyes' with clinical changes usually associated with syphilis (interstitial
keratitis, uveitis, choroiditis, retinitis, optic atrophy, etc.). In most cases
they have been found by immunofluorescent techniques using dried, fixed
specimens. These techniques may be relatively specific for known pathogens,
but in the present state of knowledge they should not be used as the sole
basis of positive identification. Supporting evidence is necessary; this
becomes. clear from reports of the co-existence of fluorescing and non-
fluorescing treponemes in the same aqueous humour of a patient with late
syphilis.

The problem, therefore, is not merely whether T. pallidum may persist
in the aqueous humour following penicillin therapy, but also whether other
treponemes or treponemal forms, until now thought to be non-pathogenic,
may be a primary or secondary cause of ocular inflammation. The latter
point will not be clarified until more is known about the cross-reactivity of
indigenous treponemes with T. pallidum and until this new knowledge has .
been applied in immunofluorescent techniques.

Penicillin penetrates poorly into the aqueous humour, and this makes
it difficult to treat intra-ocular treponemal infections. In order to achieve
a penicillin level in the aqueous humour that is adequate for therapy,
unusually large doses of penicillin must be administered. Even then this
level is only maintained for a short time, and usually no activity is detectable
by the end of two hours.

It has been claimed that treatment of this nature is eﬁ‘ectnve in reducing
inflammation of the eye : disappearance of fluorescent treponemal forms
from the aqueous humour has accompanied clinical remission. Even so,
combined penicillin-probenecid therapy administered at 6-hour intervals
may be followed by a large number of inflammatory recurrences with the
return of treponemal forms.
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Because penicillin acts on the cell wall of growing organisms, it is sug-
gested that the ocular penetration and clinical effectiveness of new anti-
treponemal agents, active in the resting phase of these micro-organisms,
should be examined.

3.3 Treponemal forms in other sites

Treponemal forms have reportedly been recovered from the cerebrospinal
fluid, the liver, inflamed temporal arteries, and other locations. They have
very rarely been found in the spinal fluid in late disease, whether treated or
untreated. The penetrability of the blood-brain barrier by penicillin is
limited, and the situation is similar but not analogous to that in the eye.
Very careful investigations are needed to identify treponemal forms found
in the spinal fluid. Desiderata for the identification of persistent organisms
are discussed elsewhere in this report (sections 2 and 5). The possibility
of improving the penetrability of penicillin in the subarachnoid space by
the use of probenecid or other procedures should be further studied.

The problem of whether persistent TPI seroreactivity in syphilis and
other treponemal diseases is due to “ immunological * memory or to persist-
ing living treponemes acting as antigenic stimulus in the body is an impor-
tant matter on which further evidence is required. The reports of treponemal
forms persisting after penicillin treatment, although not numerous, seem
to favour the view that a persisting agent is present (see section 5), but in
several instances saprophytic treponemal flora could also be involved. In
this context it is recalled that 20~-30% of patients given adequate penicillin
treatment for secondary syphilis were TPI-reactive after 10 years’ observa-
tion, whereas most were reagin-nonreactive after 2-3 years (Perdrup, 1960).
It is not known whether these patients harboured treponemes in their lymph
nodes or elsewhere.

It is likely that present ideas about the effectiveness of penicillin, the
nature of immunity in syphilis, the significance of serological tests, and
possibly the role of indigenous treponemes will be challenged. It is therefore
of great importance that research into the nature, frequency, pathogenicity,
and antigenicity of these treponemal forms should be intensified.

3.4 Conclusions

(1) Efforts should be made to identify the nature of the treponemal
forms that have been found in body fluids and tissues following penicillin
treatment of treponematoses. The viability, virulence and antigenicity of
these organisms should be ascertained through inoculation into experimental
animals (e.g., rabbits, mice, hamsters) and through simultaneous attempts
at in vitro cultivation.
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(2) The relationship between continued seroreactivity in TPI and
FTA tests and the persistence of treponemes in lymph nodes, etc., following
penicillin treatment of secondary syphilis in patients who have become non-
reactive in cardiolipin tests, should be further investigated.

(3) The possibility of the evolution of penicillin-resistant treponemes
should be kept in mind. Accordingly, any pathogenic strains of treponemes
isolated from patients who have undergone penicillin therapy should be
tested for penicillin sensitivity and stored for future study.

(4) It has been suggested that treponemes may be capable of living
mtracellularly ; further studies of this possibility, especmlly by electron
microscopy, are essential.

(5) A systematic study should be undertaken of the pharmacological
principles of antibiotic penetration into the various parts of the eye, the
central nervous system, and the lymph nodes.

4. IMMUNOLOGY
4.1 Developments
It has been firmly established that the two facets of the immune response, '

the production of circulating antibody and the specific cell-mediated immu-
nity, are effected by two different lymphocyte cell lines. Both cell lines originate

from stem cells in the bone marrow. The differentiation takes place in the

thymus for cell-mediated immune responses and in an unknown organ or
area of the body for humoral immune responses (WHO Scientific Group on
Factors Regulating the Immune Response, 1970), known for convenience
as the bursa equivalent because in birds it has been identified as the bursa
of Fabricius. As a result it has become possible to produce animal models
in- which one of the types of immune responsiveness can be eliminated or
depressed and to appraise the participation of these two types of immunity
(Szenberg, 1962).

Immune response

On contact with a foreign substance, the host can respond in 3 different
ways : (@) circulating antibody to an antigenic substance is formed, and
may be detected in the serum ; (b) a delayed-type cell-mediated hypersensitiv-
ity reaction may result on second contact with the antigen ; and (c) tolerance
to this particular antigen is induced ; this means that on second contact
with the same antigen no response will be provoked.

The cell-mediated immune response can occur together with antibody
production or separately.. Tolerance can be partial and accompanied by
some degree of immune response. Which of the responses prevails in a
particular case depends largely on the antigen itself, the dosage, the route
of application, the form of the antigenic substance, and possibly on other
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Iesser-known factors. Experimental data indicate that the specific cell-
mediated immune reaction will be produced readily by particulate antigens
or by antigens applied together with some adjuvants (Turk, 1967). The
soluble antigens will in most cases produce a circulating antibody response.
Sometimes, if the dosage is appropriate, they will instead make the individ-
ual tolerant (Dresser & Mitchison, 1968). The genetic background of the
individual also plays an important role in the outcome and quality of the
immune response. Another phenomenon connected with the immune re-
sponse is the “ immune deviation > (Asherson, 1967), a situation that arises
when antibody response to a certain antigen has already been evoked and
subsequent attempts fail to produce specific cell-mediated immunity to the
same antigen determinant. The mechanisms of tolerance and immune
deviation are not fully understood.

Immunoglobulins

In the last 10 years a great deal of experimental work has been devoted
to the characterization of proteins carrying the antibody activity. Immuno-
globulin classes IgG, IgM, IgA, IgD, and IgE have been identified.! The
paramount problem is the determination of the significance of the antibodies

“belonging to these classes (and some sub-classes) in specific resistance and
in immunopathology. For example, antibodies of the IgA class have been
found in secretions and shown to play a decisive role in ““ local immunity ”
(Tomasi & Bienenstock, 1968). Moreover, IgE antibodies have been
shown to mediate anaphylactic phenomenon in immediate hypersensitivity
reactions (Ishizuka, 1969). A general review of immunoglobulins and anti-
bodies was undertaken recently at the Third Nobel Symposium on Gam-
maglobulins (Killander, 1967). Information concerning humoral antibody
response in treponematoses is discussed in section 5.

Antigen-stimulated changes in the secondary lymphoid organs

If the individual has not been made tolerant by contact with the antigen,
the response in the secondary lymphoid tissues (lymph nodes, spleen,
Payer’s patches) basically consists of 2 phenomena : (1) blast transforma-
tion of the small lymphocytes, and (2) increased mitotic activity of these
cells. These changes take place in different compartments of the lymph
node or spleen. In the development of cell-mediated immunity they con-
centrate in the “ thymus-dependent > areas, i.e., the paracortical areas in
the lymph nodes and the area surrounding the central arterioles of the white
pulp of the spleen. If on the other hand the antigenic stimulus is to elicit
antibody production, the changes occur first in the medulla in the form of

1 A memorandum on the nomenclature for human immunoglobulins was published
in Bull. Wid HIth Org., 1964, 30, 447. Reprints are available from the World Health
Organization, Distribution and Sales, Geneva, Switzertand.
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limited proliferation of lymphoid cells, and after a few days plasma cells
appear in this area. In the spleen, analogous changes take place in the
outer parts of the periarteriolar lymphocyte sheaths and in the perifollicular
areas. If the antigenic stimulation is potent enough, numerous plasma cells
appear, scattered throughout the red pulp. Only after about 6 days do the
primary follicles in the cortex of the lymph node start to develop into germinal
centres where active mitotic activity and the phagocytosis of lymphocytes
take place. It is not quite clear whether the actual antibody-producing
cells arise from the germinal centres. It is generally accepted that these
areas of the lymph nodes and spleen play a role in the development of immun-
ological memory (Thorbecke, 1969).

New methods

. The determination and measurement of circulating antibodies in infec-
tious diseases have been practised for a long time. With the exception of
skin tests for delayed-type hypersensitivity, however, the methods of
measuring cell-mediated immunity are relatively new. An extensive appraisal
of the phenomena of cell-mediated immunity has recently been published
(WHO Scientific Group on Cell-Mediated Immune Responses, 1969). Some
of these phenomena are discussed below.

(1) The macrophage inhibition test (MIT). Lymphocytes from animals
or persons sensitized to an antigen will produce soluble substances on contact
with this antigen. One of these substances inhibits the migratory activity
of normal macrophages, and is known as the macrophage-inhibiting factor
(MIF). The macrophage inhibition test may be adapted for clinical use,
and is simple to perform when lymphocytes isolated from the circulating
blood of a sensitized person or animal are used. Guinea-pig macrophages
(Thor et al., 1968) are usually applied as target cells ! for measuring the
inhibitor activity. So far all experience indicates that this in vitro test cor-
relates very well with a state of specific cell-mediated immunity in the lym-
phocyte donor (Federation of Amerlcan Societies for Experimental Biology,
1968).

(2) Blast transformation. When peripheral lymphocytes from animals
or persons sensitized to an antigen are cultured in the presence of this anti-
gen, they are transformed into active lymphoblasts. The degree of trans-
formation and the number of transforming cells can be measured either
visually under the microscope or by addition to the medium of tritiated
thymidine, the DNA precursor, using either autoradiography or scintillation
counting of the cultured cells after an appropriate interval. There is strong
evidence that practically all the transformed cells belong to the thymus-
dependent cell line (Oppenheim, 1968). This means that they are involved

1 Cells upon which sensitized lymphocytes or related lymphocyte factors act.
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in the delayed-type hypersensitivity reaction. In most situations, a positive
result of a blast transformation study indicates the existence of specific
cell-mediated immunity in the donor animal.

(3) Cytotoxic activity of lymphocytes in vitro. Lymphocytes from
sensitized animals destroy, in vitro, target cells to which the donor has been
sensitized. This test has been used mostly for the detection of sensitization
to histocompatibility antigens, but some preliminary experiments indicate
that it may be applicable when such organisms as protozoa are used as
target. The test is not complement-dependent. It is well correlated with the
existence of a state of cell-mediated immunity in the lymphocyte donor.

(4) Immunosuppression. Measuring the immune responses is not the
only way of studying the pathogenesis of a disease. It is often helpful to
study the effects of suppressing these responses, and may be even more
useful to suppress only one of the types of immune response. One method
of immunosuppression is to induce a state of tolerance to a specific antigen.
With some antigens this may be difficult or impossible. Generally it is better
to use antigens in soluble form and to increase the tolerogenic action by
parallel application of a chemical immunosuppressant, e.g., cyclophos-
phamide. Such experiments could provide valuable information on the part
played by the immune response in the pathogenesis of the disease. If it is
too difficult to achieve specific suppression of the immune response to an
antigen, general suppression can be effected by total body irradiation, or by
the use of such chemical immunosuppressants as cyclophosphamide and
- azathioprine. By these methods both the cellular and humoral immunity
are usually suppressed. In some experimental animals, such as mice, it is
relatively simple to eliminate the cell-mediated immune responses by neonatal
thymectomy. In others, like rabbits and guinea-pigs, the newborn animals
are already so relatively mature that thymectomy does not have the full
effect. Thymectomy followed by irradiation may nevertheless produce a
state of deficiency comparable to that in mice.

Antilymphocyte serum is also widely used, mainly for the suppression
of the cell-mediated immune responses, e.g., the responses mediated by
thymus-dependent lymphocytes (James, 1967). The advantages of this
method are that the degree and duration of the suppression can be readily
controlled.

. 4.2 Specific resistance in treponematoses

Available evidence

It is generally agreed that man has no significant natural resistance to
infection with pathogenic treponemes. When he becomes infected it is difficult
to assess the duration and extent of contact, the numbers of organisms present,
their relative virulence, and the roles of physical and systemic factors
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(Cannefax, 1965). However, clinical observations and experimental animal
findings offer considerable evidence of the development of specific resist-
ance or immunity after infection with pathogenic treponemes. This could
be summarized as follows :

(1) The extensive early clinical manifestations subside and disappear
characteristically in the natural course of syphilis and yaws, giving way
to periods of asymptomatic or latent disease. Only one-third of those
infected develop late symptomatic manifestations after latency in syph-
ilis. -

(2) There is a decrease in the number of demonstrable treponemes in
late syphilis manifestations. Moreover, the treponaemia: characteristic of

early syphilis can rarely be demonstrated in late syphilis.

(3) There is evidence that spontaneous recovery does occur in syphilis
and in yaws (“ burnt-out disease ).
(4) There is evidence that superinfection as manifested by the occurrence

of lesions at the site of inoculation occurs rarely in treponematoses. Clinical
observations indicate that a degree of immunity develops in the course of

“syphilis in man. A lesion may be induced by superinfection in the very

early phase of the disease, notably during the course of the initial lesion
(primary chancre). Lesions rarely occur from superinfection during the
interval between the primary and secondary eruptions (*‘ chancre immu-
nity ). After the appearance of secondary eruptions it is usually no longer
possible to produce a lesion from superinfection in the untreated patient

" (Chesney & Kemp, 1926 ; Turner, 1939). Inoculations of treponemes into

the skin of patients with secondary and tertiary syphilis have, however,
been reported to result in lesions resembling those already present in the
patient (Finger & Landsteiner, 1906 ; Kolle & Prigge, 1934). In endemic
non-venereal syphilis, in yaws, and in pinta, production of lesions from
superinfection with homologous treponemes appears to be possible even
after the appearance of secondary lesions.

(5) Animals infected with T pallidum exhibit a high degree of immunity
to challenge inoculation, beginning about the third month after the original
infection. This immunity is not abolished by penicillin or other antisyphi-
litic treatment.

(6) Inanimals infected with T'. pallidum there is cross-immunity towards
infection with strains of T. pertenue, T. cuniculi, and strains of T. pallidum
causing endemic non-venereal syphilis. On the other hand, animals infected
with these last three types are as a group only partially resistant to T. pal-
lidum infection. Some degree of cross-immunity has also been demonstrated
between the endemic syphilis strains'and T pertenue. T. cuniculi apparently
gave least protection against the other pathogenic strains (Turner & Hol-
lander, 1957). Experiments in man have shown that cross-immunity of
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varying degree exists in persons infected with 7. pallidum, T. pertenue,
and T. carateum (Medina, 1962, 1967).

Experimental approach

The data summarized above indicate that, as in other infectious diseases,
the course of syphilis is modified by immune responses directed against the
causative micro-organism. Present knowledge about the effector mechanisms
is meagre, and the Group emphasized that further experiments are urgent.
First and foremost, the respective roles of humoral and cellular immunity
should be ascertained.

Humoral immunity. Humoral antibodies accompanying syphilis have
been very extensively studied, but those found in the other treponematoses
have received much less attention. Recent events in this area are summarized
in section 5. All evidence collected so far runs counter to the view that
antibody directed against the ubiquitous cardiolipin-type antigen has some
protective role. On the other hand, antibodies against specific treponemal
antigens detectable by serological techniques developed after 1959 may
have a protective role, but the experimental evidence is equivocal.

In order to demonstrate definitely the possible protective role of anti-
bodies in syphilis and the other treponematoses, passive transfer experi-
ments should be performed, primarily in rabbits and possibly in non-
human primates. The injection of serum samples from infected animals
into non-infected recipients, followed by study of the effect on prevention
or modification of the experimental infection in the recipient, is one useful
approach. Should such passive transfer studies give positive results, many
additional experiments could be designed. Specifically, various immuno-
globulin classes derived from the immune serum could be tested for their
respective protective activities. Finally, a most important aspect would
be the identification of the antigen or antigens against which the protective
antibodies are directed. '

Another approach in the study of the role of humoral antibodies in
treponemal disease might be to conduct experiments with complement-
deficient rabbits. Since any antitreponemal activity of humoral antibodies
is likely to require complement, complement-deficient rabbits would be
deprived of the benefits resulting from humoral immunity. A malignant
course of syphilis in such rabbits would support the view that humoral anti-
bodies have a protective role under normal conditions.

Cell-mediated immunity. Cell-mediated immunity in syphilis and other
treponematoses has so far not been satisfactorily investigated. Skin tests
using extracts of syphilitic organs (Neisser, 1911), cultured treponemes
(Noguchi, 1911), or crude antigen from treponemal lesions in rabbits
(Csonka, 1950 ; Huriez et al., 1961 ; Laird & Thorburn, 1966 ; Rottmann,
1946) have given contradictory results. The few studies using killed and
purified treponeme suspensions suggest skin reactivity in late syphilis but
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rarely in the early disease (Marshak & Rothman, 1951 ; Thivolet et al.,
1953). Similar results have been obtained with T pertenue suspensions in
yaws. These tests have features suggestive of delayed hypersensitivity reac-
tions. Non-reactive skin tests do not exclude the possibility that cell-
mediated immunity operates in early syphilis, especially in view of the short-
comings of the antigens, the limited number of experiments, and the need
for adequate controls. .

On the whole, therefore, it seems advisable to perform tests for cell-
mediated immune responses in various stages of syphilis. The macrophage
inhibition test could be employed, using lymphocytes from treponematoses-
infected human or animal subjects and T pallidum and other treponemes
as antigens. The experiments should be undertaken under conditions prevent-
ing any effect of species-specific or histocompatibility antigens that might
be present in treponemal preparations. Reports on lymphoblast transfor-
mation have recently been published by Chieregato & Faldarini (1966,
1967, 1968), Heitmann (1969), Lazzaro & Lanza (1965), Levene et al.
(1969), Mezzadra et al. (1969), Sapuppo & Lazzaro (1969), and Simon et al.
(1969). Blast transformation should be further investigated in cultures of
peripheral blood lymphocytes derived from man, as well as from rabbits
and possibly some other experimental animals. It is important to avoid the
action of hetero-antigens or iso-antigens. In addition to these two
approaches, studies could be carried out to measure the killing effect of

‘lymphocytes from syphilitic subjects on T. pallidum, and homologous

experiments could be conducted in the other treponemal diseases.

If these in vitro tests for cell-mediated immunity are conclusive, they
will be of great general interest. They might conceivably be developed into
valuable diagnostic procedures. However, the demonstration of delayed-
type hypersensitivity reactions is not the same thing as demonstrating that
these reactions play a protective role in syphilis and other treponemal
diseases. In order to show the protective role of cell-mediated immunity,
passive transfer experiments are needed. Such studies should follow the
same lines as adoptive immunity experiments, i.e., lymphoid cells should be
transferred under conditions guaranteeing their survival in the recipient.
This can be achieved by using animals belonging to the same inbred strain,
by eliciting immunological tolerance, or by employing immunosuppression.

In transferring lymphoid cells from the infected animals, proper timing
of penicillin treatment of the donor will be essential to ensure that the ani-
mals are non-infective. A milder course of experimental disease in the
recipient would indicate a protective role of cell-mediated immunity.
Besides adoptive immunity experiments, investigations should be carried out
on syphilis infection in rabbits with experimentally reduced or abolished
cellular immunity. If these procedures result in an aggravated course of
the disease, this could be interpreted as evidence of the protective role of
cell-mediated immunity.
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4.3 Immunopathology

In its discussion of host-treponeme relationships (section 2) the Group
referred to the possibility that in syphilis and other treponematoses the
disease processes depend primarily on the immune response of the infected
host. The evidence so far available supports this outlook and, in view of
the importance such a fundamental concept would have, warrants further
experimental approaches using immunological techniques.

Immunopathological mechanisms

Immunological injury can be mediated by humoral antibody and by
cellular (delayed hypersensitivity) mechanisms. Anaphylactic reactions are
mediated by special classes of immunoglobulins with homocytotropic activ-
ity. In man they are mediated by IgE antibodies that are bound to tissues.
Following the interaction of these antibodies with antigen, there is a release
of pharmacologically active substances that are directly responsible for the
various manifestations of anaphylaxis (Becker & Austen, 1968). Humoral
antibodies may also induce tissue damage as a consequence of the forma-
tion of antigen-antibody complexes within tissues of the host (Cochrane &
Dixon, 1968). This mechanism involves the fixation of complement by the
immune complex and the release both of factors chemotactic for polymor-
phonuclear leucocytes and of other pharmacologically active agents ; the
types of tissue damage that result depend in part on the site of formation or
the location of the antigen-antibody complexes. Several organs, including
the arteries, heart, joints, and kidneys, are vulnerable to the deposition of
immune complexes from the circulation. A clear example of an immune
complex disease is glomerulonephritis (Dixon et al., 1961).

The involvement of cell-mediated mechanisms in the development of
pathological lesions was first recognized by Koch. The interaction of
antigen with the specifically sensitized lymphocyte results in the release of
pharmacologically active agents that affect other lymphocytes, macrophages,
and perhaps other cell types or structures. In its mildest and possibly purest
form, the delayed hypersensitivity lesion is little more than a bland chronic
inflammatory infiltrate consisting of lymphocytes, histiocytes, and perhaps
plasma cells, often appearing as perivascular cuffs. In its more severe form,
which may also involve non-immunological events, the delayed hypersensitiv-
ity lesion may lead to the formation of giant cells, and in some instances
to ischaemia and local necrosis.

Histopathological picture

Plasma cells and lymphocytes are present in early lesions in the treponemal
infections. In late lesions, as far as these have been investigated, the same
two cell types participate, although it is noted that the necessary specific
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staining techniques have not always been used and this may be responsible
for negative reports. These findings indicate local formation of antibody
and some degree of local cellular and perhaps humoral immunological
involvement. It is emphasized that no information is available as to which
antibodies are formed locally. The findings are consistent with the view
that the immunological mechanism takes part in the pathogenesis of the
disease at all phases of development. A more. detailed description of the
- histopathology of the treponematoses in man is given in Annex 2.

Immunopathological contributions in treponematoses

Little definitive information is available concerning immunopathological
mechanisms in the development of lesions in treponemal disease. To what
extent humoral and cellular immunopathological mechanisms participate

-in the pathogenesis of these conditions has not been assessed. Multiple
antibodies circulate in treponemal disease, and there is local plasmocytosis
in the inflammatory lesions. In view of these two factors and the presence
of the antigen, the possibility of an antibody-mediated pathological process
cannot be ruled out.

Renal disease, which may accompany secondary syphilis, sometimes
takes the form of membranous glomerulonephritis, that is consistent with
the possibility of an immune complex nephritis. This possibility could be
explored by immunofluorescent studies of biopsy material in order to
localize immunoglobulins and complement and by electron microscopic
studies to detect possible deposits of electron-dense material. The Jarisch-
Herxheimer reaction, which appears during initial treatment of syphilis in
man and in experimental animals, may be due to the release of treponemal
antigens and their reaction with antibodies. Here again, immunohisto-
pathological analysis of treponematoses lesions may shed some light on the
immunological mechanisms that may be involved. '

It would also be interesting to ascertain whether any of the experimental
models that permit interference with the development of antibody-mediated
lesions might be profitably employed in studying the progress of the infec-
tion. For example, an attempt could be made to induce an initial syphilitic
lesion in animals with complement deficiency—either genetic or artificially
induced by use of a factor derived from cobra venom.

The methods by which the role of cell-mediated immunity to pathogens
could be explored have been discussed above. In this connexion the use-
fulness of antilymphocytic serum and immunosuppressive drugs, some of
which suppress DNA formation and some RNA-dependent protein for-
mation (Miescher & Grabar, 1967), is emphasized.
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4.4 Autoimmune phenomena

An autoimmune phenomenon may be broadly defined as an immunolo-
gical response involving the formation of antibodies or sensitized cells that
react with autologous antigens, regardless of whether or not this results
in any pathological events (Milgrom & Witebsky, 1962). According to this
definition, syphilis and other treponematoses are accompanied by autoim-
munity. The anticardiolipin-type antibody (*“ Wassermann antibody ’) can
justifiably be called an auto-antibody, since it combines with a ubiquitous
cellular antigen that is also present in the tissues of the antibody-forming
individual. It has been suggested that the ‘“ Wassermann antibody ” in
syphilis develops mainly as.a result of a host reaction to tissue destruction
caused by treponemes (Fredriksson et al., 1968). However, the mechanism
whereby this anticardiolipin-type antibody is formed remains obscure. Some
investigators believe that its formation is engendered by lipid components
(cardiolipin) of the treponemes ; this view stems from the successful produc-
tion of anticardiolipin-type antibody by ‘‘immunization” with non-
pathogenic treponemes. Other investigators take the view that formation
of the anticardiolipin-type antibody is stimulated by tissue lipids released
from lesions. Evidence for this hypothesis lies in experiments in which
anticardiolipin-type antibody has been engendered by immunization with
the ethanol-soluble fraction of tissues and foreign protein. In this type of
experiment the tissue may be derived from an animal of a different species,
another animal of the same species, or even from the immunized animal
itself. The second hypothesis for anticardiolipin-type antibody formation
is more * general ”, since it may explain the appearance of this antibody
not only in syphilis and other treponematoses but also in other infectious
diseases or diseases of unknown etiology.

The cardiolipin-type antigen is an intracellular, sequestered component.
It is believed that many sequestered antigens do not come into contact with
the immunological apparatus in unaltered form. If contact is made, therefore,
they elicit non-self-recognition and are treated by the immunological appar-
atus very much like foreign antigens.

The possibility that the anticardiolipin-type antibody has a pathogenic
role has been under discussion since the discovery of the Wassermann
reaction, but no evidence for this has been furnished. On the other hand,
cell-mediated immunity to the cardiolipin-type antigen may well have some
pathogenic role. Such an assumption is consistent with present knowledge
in other fields. Allergic encephalomyelitis and allergic thyroiditis, for
instance, are experimental diseases mediated by responses to sequestered
antigens. In neither of these diseases has the pathogenic role of humoral
antibodies been proved, whereas the role of cell-mediated immunity has
been indicated by successful passive transfer by lymphoid cells. These
findings can be interpreted to mean that an antibody to an intracellular
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antigen does not induce any damage because it cannot reach the antigen
sequestered within the cell. On the other hand, minute traces of the seques-
tered antigen “ leaking  into the intercellular spaces may attract stimulated
lymphocytes, and this may set in motion an * exaggerated ” destructive
process. This interpretation is consistent with the fact that the hallmark of
cell-mediated immunity is the extensive local reaction to minute amounts
of the antlgen

There is no definite knowledge concerning cell-mediated 1mmumty to
the cardiolipin-type antigen. However, it has been stated that blast trans-
formation of lymphocytes derived from syphilitic subjects can take place -
in the presence of cardiolipin antigen. Possibly some lesions of late
syphilis are mediated by a delayed hypersensitivity reaction to the cardio- -
lipin-type antigen, but it is very difficult to design experiments that could
prove or disprove this hypothesis because until recently there has been no
practical animal model available for the study of late syphilis.

Another aspect of autoimmunity in syphilis is paroxysmal cold haemo-
globinuria. This disease associated with late and especially with congenital
syphilis is clearly mediated by an autoantibody to erythrocytes (Levine et
al., 1963). This antibody, biphasic haemolysin, combines with erythrocytes
at low temperatures and participates in complement-mediated lysis at
37°C. The biphasic haemolysin is specifically directed against Tj2 blood
group antigen, which is present in practically all human beings. The mode
of formation of this antibody.has never been explored. One possibility is
that the attachment of treponemes to erythrocytes renders a weak autologous
Tj2 antigen immunogenic. This theory invites experiments on erythrocyte-
treponeme interactions, including the possible existence of a specific receptor
for this interaction in the form of the Tj antigen.

Other autoimmune phenomena have been reported in patlents with old-
treated syphilis who are non-reactive in the TPI test, notably in relation to
cryoglobulins and rheumatoid factors (Lassus et al., 1967).

4.5 Vaccination

Vaccination against syphilis and other treponematoses could offer a
means of reducing the extensive morbidity caused in many countries by
these diseases. Numerous unsuccessful attempts have been made in the
past to induce artificial immunity against syphilis by the use of non-viable
T. pallidum, or cultivable treponemes believed to be T. pallidum.

Recent WHO-assisted studies in several laboratories have at long last
produced encouraging results. A heat-labile component identified in
T. pallidum may be the immunogenic factor responsible for protection from
infection (Metzger & Smogor, 1969 ; Metzger et al., 1969). Resistance to
challenge has been induced in rabbits immunized with T pallidum inactivated
by methods that did not impair this heat-labile component ; intravenous
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and intramuscular administration of the vaccine have proved equally effec-
tive. In other studies (Miller, 1967 ; Miller et al., 1969), rabbits have been
subjected to prolonged immunization with suspensions of T. pallidum
rendered non-infectious by gamma irradiation. A measurable degree of
resistance to challenge with pathogenic T'. pallidum was produced in the vac-
cinated rabbits. ’

These studies deserve considerable attention. The vaccines employed
were unstable. Multiple preparations had to be used, and these no doubt
contained varying amounts of host tissue. In order to make sure that
immunity to treponemes operates, it is necessary to establish that histocom-
patibility and isoantigens derived from the testicular tissue of the donor
rabbit do not play a part. Resistance to treponemes might be mediated by
immune response to tissue antigens that are absorbed on the surface of the
treponemes. It is therefore imperative to determine in further studies the
extent to which host tissue rejection phenomena may have influenced the
results.

A further aspect of vaccination is that residual testicular tissue in a
vaccine might elicit an immune response to testis-specific antigens, resulting
in testicular damage to vaccinated subjects of a different species ; this reaction
is similar to cases of encephalitis provoked in patients vaccinated with rabies
virus grown on the spinal cord of rabbits.

The Group emphasized that intensive research in this area, together with
the growing of pathogenic treponemes in vitro and the definition of new
cultivable treponemes with immunogenic properties (see section 1), merits
high priority in the research programme. Research is also needed into the
immunogenic properties of T. carateum recently isolated in the chimpanzee
(Kuhn et al., 1968), keeping in mind the possibility of cross-immunity
between late pinta and syphilis in man. Moreover, the latent simian trepone-
matoses discovered in the cynomolgus monkey have furnished a natural
animal model for the study of protective immunity in treponematoses.

4.6 Conclusions

Clinical investigations

The availability of new methods of in vitro testing for the presence or
absence of cell-mediated immunity provides an opportunity to study this
phenomenon in all stages of syphilis and other treponematoses. The new
methods, such as the macrophage inhibition test and blast transformation,
may indicate the existence of cell-mediated immunity in the patient more
reliably than the skin test for delayed-type hypersensitivity.

The histopathology of the lesions and of regional lymph nodes should
be re-explored, taking into account new knowledge of specificity, of the
localization of the changes, and of the cell types involved. In many cases
such analysis can give a good indication of the participation of humoral or
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cellular immunity in the development of the lesions. Similar studies of
kidney biopsies in syphilitic nephritis and of treponematoses lesions during
the Herxheimer reaction may clarify whether or not antigen/antibody
reaction constitutes the immunopathological basis for these conditions.

Development of animal models

The new immunological methods for the passive transfer of cellular and
humoral immunity require animal models that : (1) provide a clinical picture
more closely resembling human disease, (2) are deficient in one or the other
type of immune response, and (3) are genetically identical (inbred strains).
The delayed-type responses of guinea-pigs correspond much more closely
to those in man than do those of rabbits. It would be useful if the guinea-
pig could be further studied, to see if it can be used as a model in syphilis.
Inbred guinea-pig strains are available, and extensive knowledge of cell-
mediated immunity in guinea-pigs has already been accumulated. It is
possible that other animal species may also prove suitable for immunological
studies of syphilis. '

Animal experiments

An immunological investigation of the infection in animals unable to
respond with antibody production or with cell-mediated immunity would
be of great interest. It is possible to induce specific tolerance, immunosup-
pression, or both. Thymectomy followed by irradiation and later by bone-
marrow transplantation could provide animal recipients lacking cell-
mediated immunity. The passive transfer of antibodies in recipients before
or during the infection with treponemes could give some indication of the
role of antibodies at each stage of the disease. Similarly, the adoptive
transfer of lymphoid cells from syngeneic ! donors at the peak of the im-
mune response into a recipient, before or after challenging inoculation,
could give an indication of the participation of cell-mediated immunity in
the pathogenesis of the disease.

Vaccination

(1) Encouraging preliminary results have emerged from recent studies
of experimental animal vaccination against syphilis. The Group encourages
further investigations to develop methods for inactivating 7. pallidum in
such a manner that it retains its ““ protective > antigen in a stable form.

(2) Immunochemical studies are needed for the identification, isolation,
and purification of the components of treponemes mostly responsible for
the induction of protective immunity, with the ultimate goal of obtaining
a soluble immunizing agent. The use of different types of adjuvants as a

1 i.e., isogeneic : of the same genetic constitution.
, :
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means of increasing both cell-mediated and humoral immunity should be
considered.

(3) Non-pathogenic cultivable treponemes not so far studied should
be investigated for antigen relationships to pathogenic treponemes, in order
to isolate, if possible, the * protective ” antigen component of pathogenic
treponemes. Pending the isolation in this manner of cultivable treponemes
suitable for vaccines or for the production of a soluble immunizing agent,
studies directed towards ensuring the absence of host tissue antigens in
animal-derived preparations are essential.

(4) In the further approach to vaccination, the known experimental
and natural simian immunity models should be used to study cross-immunity
in relation to T. pallidum and other pathogenic treponemes.

5. ADVANCES IN DIAGNOSTIC METHODS

Diagnostic laboratory methods have undergone a number of develop-
ments in the last decade. Methods using animal experimentation have
been used to distinguish grossly between the 5 species or sub-species of
pathogenic treponemes : T. pallidum of venereal syphilis, T. pallidum of
endemic non-venereal syphilis, T. pertenue of yaws, T. cuniculi of rabbit
spirochaetosis, and possibly 7. carateum of pinta (Paris-Hamelin et al.,-
1968 ; Turner & Hollander, 1957). This distinction cannot be made either
on morphological grounds or by simple serodiagnostic procedures.

In the light of the general orientation of treponematoses research, the
Group considered recent diagnostic advances in some detail under the
following headings : (1) methods for the detection and identification of
treponemes, (2) methods for the demonstration of antibodies, and (3) meth-
ods for demonstrating immunocellular responses.

5.1 Detection and identification of treponemes

Until less than a decade ago the methods in general use were largely
based on the morphology of the treponeme present in dried and fixed pre-
parations or in the tissues (modified Giemsa stain, silver impregnations,
etc.). Wet preparations examined by darkfield microscopy showed the
characteristic movements of pathogenic treponemes in addition to their
morphological appearance. This added a more specific element to the
diagnosis. Even so, pathogenic treponemes cannot be clearly differentiated
from some saprophytic oral treponemes (e.g., 7. microdentium). Artefacts
have been observed and may also occur in darkfield examination (see sec-
tion 3).
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Immunofluorescent staining

The immunofluorescent staining of treponemes has introduced an ele-
ment of greater specificity into the identification process, because the stain
used is a fluorescein-labelled antibody that is bound on,the surface of an
antigen that contains the homologous antigenic component. There are
sources of error in immunofluorescent staining techniques, however, notably
the possible presence of antibody against antigen or antigens common to
both pathogenic and saprophytic treponemes (*“ group antigens ) (Hunter
et al., 1964). Another shortcoming is the loss of treponemes that occurs
in the course of laboratory manipulations, but it may be possible to offset
this by concentration procedures (Chandler & Cannefax, 1969). Antisera
are usually produced in rabbits infected with T'. pallidum, but may also be
raised in other species. The antiserum-fluorescein conjugate is usually
absorbed before use with Reiter treponemes. In addition, absorption with
other cultivable treponemes may enhance the specificity of the staining.
Either whole organisms or derivatives of whole organisms can be used for
absorption. If intact treponemes are used, they must be carefully removed
from ths labelled antiserum by centrifugation. Centrifugation may not
always accomplish removal, and subsequent membrane filtration may be
necessary. As a guide to the specificity of the antiserum, either absorbed
or unabsorbed, the antiserum should be check-tested to establish at least
whether it reacts with a variety of cultivated treponemes and with Borrelia
and Leptospira. Because cultivated strains of saprophytic treponemes may
have a different antigenic structure from those in the human host, fresh
material containing saprophytic treponemes should also be examined (e.g.,
gingival scrapings). ‘

There is as yet no general agreement on the optimum technical procedure
for the immunofluorescent staining of pathogenic treponemes. When
fluid likely to contain only a small number of organisms is examined, con-
centration procedures have been used by some investigators. Moderate
centrifugal forces appear to be preferable, but organisms may be lost through
adherence to container walls or incomplete sedimentation (Chandler &
Cannefax, 1969). A recently described technique that merits further study
is the entrapment of T. pallidum on the surface of non-fluorescent micro-
porous membrane filters with a pore diameter of 0.22 p followed by fluo-
rescent antibody staining of these organisms in situ. Incident illumination
is then used to examine the filter surface (Chandler, 1969).

Infectivity tests

The infectivity test is a biological assay for the presence of pathogenic
treponemes by transfer of test material from human or animal lesions into
recipient animals. Rabbits have been widely used as recipients, and in
these animals a positive test is indicated by the development of darkfield-
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positive lesions at the site of inoculation, usually the testis (Turner et al.,
1969). If the first animal does not develop a lesion, it is sometimes still
possible to obtain a positive infectivity test by transferring tissue, usually
the regional lymph node, into a second recipient. This second animal is
then examined at frequent intervals for the development of a darkfield-
positive lesion. If such lesions do not develop, but serological reactivity
appears and one or more specific treponemal antibody tests conducted on
several different occasions show it to be progressive, some investigators
accept this as strong presumptive evidence of a positive infectivity test.
Such evidence is indirect, however, and less convincing than the develop-
ment of darkfield-positive lesions.

Mice have been less extensively used than rabbits as recipient animals
in infectivity studies, and their suitability needs further investigation. The
infected mice do not develop obvious lesions ; nevertheless, the treponemes
proliferate. The TPI test becomes reactive, but only after a considerable
time. After a suitable incubation period, tissue from the recipient mouse
may be transferred to rabbits, and will produce darkfield-positive lesions
if treponemes were growing in the mouse.

All pathogenic treponemes are infective for some animal species, but
T. pallidum has been the most extensively studied by infectivity tests.
With human material, the most satisfactory and consistently positive
infectivity tests have been carried out with serous exudate from lesions of
primary and secondary disease. The percentage of positive infectivity tests
varies in different reports. This may be due to variations in the ambient
temperature of the animals or in techniques of inoculation, e.g., inoculum

. containing tissue of the original host. Little information is available on the
percentage of positive infectivity tests obtained with material from sizable
groups of patients with latent or late syphilis (see sections 3 and 7).

Further research is needed to improve recipient susceptibility to trans-
ferred pathogenic treponemes. The usefulness of immunosuppressive meth-
ods should be investigated. The use of newborn animals, which are immuno-
logically immature, might also be considered.

Finally, it is necessary to ascertain whether the treponemes under
investigation are capable of growing in the media at present available.

5.2 Methods for demonstrating the pi'esence of antibodies

General

- In syphilis serology, a non-specific antigen was for many years used to
determine the presence or absence of one or more ill-defined antibodies *’
that served as indicators for the presence or absence of syphilitic infection.
The active antigenic substance that reacts with certain antibodies in syphilis
and in several non-syphilitic conditions was subsequently defined as cardio-
lipin.
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Nelson & Mayer (1949) discovered the first specific test for treponemal
disease in which pathogenic treponemes are used as antigen : this was the
TPI test. Other serologic tests using pathogenic treponemes as antigen have
since been developed, notably the fluorescent treponemal antibody (FTA)
test (Deacon et al., 1957), the FTA-200 test (Deacon et al., 1960), and the
FTA-ABS test (Hunter et al., 1964). However, the biological effect of
antibody on live treponemes can be directly observed only in the TPI test.

~ The nature of the antibodies reactive in serological tests was initially
difficult to define. Ultracentrifugation, electrophoresis, preparatory paper-
electrophoresis, continuous flow electrophoresis, and fractionation by gel
filtration (Sephadex) subsequently made it possible to identify immuno-
globulin fractions of serum. ‘

The Group did not consider in detail the available methods of identifying
immunoglobulins, but noted the important work promoted under WHO’s
basic immunology programme, particularly concerning nomenclature,
classes, and sub-groups of immunoglobulins (see footnote, p. 25).

Immunoglobulin patterns and serological tests

The immunoglobulins involved—and evolved—during the course of
treponemal disease have been subjected to several studies in recent years,
and certain patterns are beginning to emerge. Apart from the TPI test, an
important development has been the advent of immunofluorescent tech-
niques, and in particular the fluorescent antibody absorption technique (FTA-
ABS). Used in combination with specific conjugates of antisera against the
immunoglobulin classes, this technique is promising.

The fractions of gammaglobulins that are reactive in the different
serological tests for treponematoses vary according to the test systems
applied and the phase of the disease. Natural antitreponemal antibody has
been demonstrated by the FTA-5 test ! in serum from non-syphilitic persons.

Most of this reactivity was found in the IgG fraction, but some was also

present in the IgA and IgM globulins. This is interpreted to mean that the
normal human being reacts by synthesizing antibody towards his normal
flora of saprophytic treponemes.2 -

In primary syphilis, most observers have found reactivity associated
with the IgG fraction when using cither the cardiolipin or the FTA-ABS test.
Some reactivity is also present in the IgM fraction. Some investigators
using the FTA-200 technique have found a preponderant reactivity in the
IgM fraction ; one found that in very early primary syphilis the cardiolipin-
type antigen reacted only with IgM antibody (Aho, 1967).

‘1 The FTA-5 test is the original immunofluorescent treponemal antibody technique,
in which unabsorbed serum is used in a 1: 5 dilution. Subsequently this technique was
replaced by a 1:200 dilution procedure (FTA-200).

% Laurell, A. B. (1969) Unpublished WHO document.



