
Memoranda

CLASSIFICATION OF LEPTOSPIRES AND RECENT ADVANCES
IN LEPTOSPIROSIS *

INTRODUCTION

Leptospirosis is one of the most widely distributed
of infections. In its causation, at least 100 serotypes
and sub-serotypes of leptospires are involved. As
many of the common bacteriological methods are
not applicable to the study of leptospires, which
have to be differentiated by rather delicate serological
procedures, it is not surprising that confusion has
arisen in the past in their classification, with con-
sequent difficulties in a proper understanding of the
infection in man and in animals. It is gratifying to
note that during the last few years WHO and FAO,
in collaboration with the Subcommittee on Lepto-
spira of the International Committee on Bacterio-
logical Nomenclature, have been actively promoting
international collaboration in research on lepto-
spirosis, in the exchange of material and information,
and in the provision of reference preparations. They
have also convened a series of meetings of workers
in this field to examine and advise on various aspects
of the problem. A WHO Study Group met in
Amsterdam in 1955 and reviewed a the classification
of leptospires and the diagnosis of leptospirosis.
Some members of this Group met again informally
in Geneva in December 1957 and examined in detail
the basis and principles of the classification of
leptospires. The Joint WHO/FAO Expert Com-
mittee on Zoonoses b in 1958 reviewed these aspects
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a WHO Study Group on Leptospirosis (1956) Wld Hlth
Org. techn. Rep. Ser., 113.

b Joint WHO/FAO Expert Committee on Zoonoses
(1959) Wld Hith Org. techn. Rep. Ser., 169.

in the light of recent decisions taken by the Sub-
committee on Leptospira of the International
Committee on Bacteriological Nomenclature. The
Committee also drew up a list of recognized sero-
types and sub-serotypes grouped according to anti-
genic affinities. The signatories of this memorandum
have brought this list up to date and have re-
examined the bases and definitions in use in the
taxonomy of leptospires. Recent progress in diagnos-
tic methods, ecological studies, vaccination and
therapy has also been reviewed.
For the future, we believe that WHO and FAO

have an important role to play in the standardi-
zation of the nomenclature and classification as well
as of the methods of typing and diagnosis. Some very
important aspects of this work are periodical reviews
of the known and new serotypes, standardization
of technical procedures employed in their study, and
provision of reference sera as well as type cultures
through the Reference Laboratories. As in the past,
this work will be done in collaboration with the
Subcommittee on Leptospira referred to previously.
Other fields in which further international co-ordina-
tion would be most useful include comparative
ecological studies on animal reservoirs in different
parts of the world (representing various types of
environment) and the fostering of comparable
diagnostic procedures. Studies on vaccination and
therapy are being carried out in various countries,
and these studies will no doubt be extended as further
recognition of the public health and economic
importance of the disease is brought out by surveys
in new areas.

TAXONOMY

The currently-used classification system for
leptospires does not recognize any species within
the genus Leptospira. The basic taxon in current
use-the serotype-is in fact infrasubspecific.
However, in order to make the classification of
leptospires conform with the Bacteriological Code
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of the International Code of Nomenclature of Bacte-
ria and Viruses c, we recommend that:

(1) The genus Leptospira be divided into two spe-
cies-Leptospira biflexa, representing saprophytic
strains, and L. interrogans, representing parasitic
strains. (The specific epithet " interrogans " is pro-
posed in preference to " icterohaemorrhagiae ",
to avoid the risk of confusing the serotype ictero-
haemorrhagiae with a species bearing the same
epithet. In addition, the epithet " interrogans " is
of earlier date and may therefore have priority.)

(2) The name Leptospira interrogans be provision-
ally offered, subject to the views of the Sub-
committee on Leptospira and the ruling of the
Judicial Commission on Bacteriological Nomen-
clature,d with " icterohaemorrhagiae " as an altern-
ative epithet. Until a definite ruling is obtained, it
is recommended that the specific epithet " ictero-
haemorrhagiae " be retained to cover all parasitic
leptospires. Great care should be taken to avoid
confusing the serotype icterohaemorrhagiae with
the species similarly designated.

The best criteria at present available for the separa-
tion of the two species are (a) the ability of the para-
sitic leptospires to infect mammals and the apparent
inability of the saprophytic group to do so, (b)
serological differences, and (c) the relative resistance
of the saprophytic group to the bacteriostatic action
of divalent copper ions. Other probably useful
methods of differentiating saprophytic and parasitic
leptospires include the following, which require
further confirmation. Saprophytic leptospires grow
readily in simple media without serum; parasitic
leptospires usually require serum e or other growth
factors at present not clearly defined. Strains of the
species L. biflexa show a stronger oxidase reaction
and a stronger egg-yolk hydrolysing activity than
do strains of the species L. icterohaemorrhagiae.
Saprophytic strains are resistant to the bacterio-
static action of 8-azaguanine whereas parasitic
strains are inhibited.f

C International Committee on Bacteriological Nomen-
clature (1958) International Code of Nomenclature of Bacteria
and Viruses, Ames, Iowa State College Press.

d These recommendations were endorsed by the Subcom-
mittee on Leptospira of the International Committee on
Bacteriological Nomenclature, which met on 16-17 August
1962 in Montreal.

e More reports of the successful cultivation of parasitic
leptospires in serum-free media have appeared in the litera-
ture since the signatories met in 1962.

f Johnson, R. C. & Rogers, P. (1964) J. Bact., 88, 1618-
1623.

Both species comprise serologically heterologous
strains; these serological differences form the bases
upon which rest the presently accepted groupings.
We recognize the limitations of using serological
differences for grouping of leptospires, but there is
no other choice at present. The previously proposed
taxa, serotype and sub-serotype, should be retained.
We wish to stress the importance of further research
on antigenic composition using the refined tech-
niques that are constantly being developed. Future
modifications of these groupings will no doubt
follow when additional knowledge comes to light.
The following recommendations are made with some
reservation, in recognition of our ignorance of many
fundamental aspects of the antigenic composition
and stability of the leptospires. These recommen-
dations agree with those made by previous groups
which have considered this problem (see the second
report of the Joint WHO/FAO Expert Committee
on Zoonoses b).
Serotype and sub-serotype
The serotype is the basic taxon and is represented

by a recommended type strain (see Annex 1). " Two
strains are considered to belong to different sero-
types if, after cross-absorption with adequate
amounts of heterologous antigen, 10% or more of
the homologous titre regularly remains in each of
the two antisera in repeated tests ".b This definition
is based on the use of antisera prepared in rabbits.
The term " adequate " used above needs more
precise definition than that given in published
descriptions, and we recommend that research on
this problem be pursued.
A sub-serotype has been defined as " a strain

within a serotype where in repeated tests less than
10% of the homologous titre remains in one anti-
serum but 10% or more in the other antiserum after
cross-absorption with adequate amounts of hetero-
logous antigen (within the serotype) ".b There is a
considerable difference of opinion on the advisability
of retaining this taxonomic category. The category
was proposed for strains showing minor antigenic
differences that may be of importance in epidemio-
logical investigations, and also for the ready recog-
nition of strains that share major antigenic charac-
teristics. For these reasons, we support the retention
of this category. The latter argument (sharing of
major antigenic components by strains) could well
apply to the formation of " sub-serogroups ", but we
consider it inadvisable to introduce a new term into
the commonly accepted classification scheme for
leptospires. The grouping of serotypes on a basis
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of major antigenic relationships as disclosed by
cross-agglutination is retained (see Annex 1) because
of the useful guidance this gives in epidemiological
and diagnostic investigations (e.g., the selection of
strains from various serogroups to be used in pooled
antigens for screening purposes). Another reason
for the grouping given above is the possible leads it
may give in ecological and epidemiological studies.
It should be noted that these groups do not represent
taxonomic divisions: they should therefore be called
" groups ", and not " serogroups " (e.g., " the
autumnalis group " and not "serogroup autum-
nalis ").
We further recommend that the use of binominal

and trinominal nomenclature heretofore commonly
applied to serotypes or sub-serotypes (infrasub-
specific taxa) be discontinued. For example, the
serotype canicola should not be called Leptospira
canicola but L. icterohaemorrhagiae serotype canicola.
Furthermore, in designating new serotypes, the use
of latinized names is recommended, but names
already given should be maintained unchanged
except for typographical or orthographical cor-
rections.
List of serotypes of Leptospira icterohaemorrhagiae

Wolff& Broom in 1953, at the Sixth International
Congress of Microbiology in Rome, presented a
classification scheme for parasitic leptospires. This
scheme was accepted by the Subcommittee on
Leptospira of the International Committee on
Bacteriological Nomenclature. In this scheme, 32
serotypes arranged into 20 serogroups were pro-
posed. In subsequent years the recognition of new
serotypes has accelerated. A revised list of serotypes
drawn up in 1958 by the Joint WHO/FAO Expert
Committee on Zoonoses b contained 60 serotypes
and sub-serotypes arranged in 18 serogroups. A
newly revised list shown in Annex 1 contains 100
serotypes and sub-serotypes arranged in 14 groups.
The reduction in the number of groups mainly
reflects our broader recognition of antigenic simi-
larities between previously recognized " serogroups ",
on the basis of recent information. Two serotypes,
andamana and semaranga, are reclassified as members
of the species Leptospira biflexa and are therefore
omitted from the list.

DIAGNOSTIC PROCEDURES

Microscopic examination
Heretofore the diagnosis of leptospiral infections

in man and domestic animals by the direct micro-

scopic examination of tissue preparations and body
fluids has had limited application. The introduction
of fluorescent-antibody techniques for the demon-
stration of leptospires in fluids and tissues offers a
promising tool for the diagnosis of leptospirosis in
the early phase of disease and may be especially
important in detecting urinary shedders. The appli-
cation of fluorescent-antibody techniques for general
use requires further refinement and evaluation.

Isolation by direct culture

The demonstration of the presence, in animal
tissues and fluids, of substances that inhibit the
growth of leptospires serves to re-emphasize the
importance of using small inocula for isolations in
culture. Many workers have obtained better results
in isolating leptospires from 1 in 10 or even greater
dilutions of tissue suspensions or body fluids than
from undiluted material. The use of 5-fluorouracil,
a pyrimidine analogue, in the culture medium will
inhibit contaminating bacteria and allow leptospires
to grow.9 It has been found to be of value in
isolating leptospires by direct culture from con-
taminated materials. It may also be used to purify
leptospiral cultures that become contaminated after
initial isolation. Further observations on the use of
this and other pyrimidine analogues would be
desirable.
The disclosure of leptospires that cannot be readily

cultivated in conventional media indicates limita-
tions of presently employed isolation techniques.
Previously, many workers believed that animal
inoculation procedures offered no advantage over
direct cultural methods for materials that could be
obtained aseptically. It is now evident that the use
of laboratory animals in isolation procedures cannot
be completely supplanted by direct cultural tech-
niques even for aseptically obtained specimens. The
need to develop a medium that readily supports the
growth of all leptospires is apparent.

Microscopic agglutination test
The microscopic agglutination test is still the

standard reference procedure for the serological
diagnosis of leptospirosis and for the serological
classification of leptospires.h Two important var-

g Johnson, R. C. & Rogers, P. (1964) J. Bact., 87, 422-
426.

h The recent use of sera dried on filter-paper has been
found satisfactory and extremely convenient for the transport
of unknown serum samples from the field to a distant labora-

[continued overleaf]
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iables in the test procedure that may have a con-
siderable effect on the reproducibility of results, not
only in different laboratories but also in the same
laboratory, are antigen density and definition of the
end-point. We recommend that the test with live
antigens should be conducted with fluid cultures
4-14 days old and having an antigen density of
approximately 50 million organisms per millilitre
in the final serum-antigen mixture. The antigen
density may be established by nephelometric me-
thods or by the use of specially adapted microscope
counting chambers.

In view of the variable interpretation of a pre-
viously suggested definition a of the end-point
reaction, we propose that the end-point reaction be
now defined as the highest dilution of serum in
the serum-antigen mixture in which 50% or more i

of the cells are agglutinated. It is further recom-
mended that this definition be clarified by the picto-
rial illustration of typical gradations of reactions.
The determination of the 50% end-point can, where
accuracy is needed, be made by reference to density
controls made up with the antigen to represent 25 %,
50% and 75% of cells.
Other variables in the serological procedure,

such as the time and temperature of incubation and
the use of live or formol-treated antigens, could be
minimized by following the procedures suggested
in the monograph by Wolff (two to four hours'
incubation at 320C).1 The control of variations
attributable to sensitivity differences in cultures
of the same strain or serologically homologous
strains employed as antigens requires additional
study. Many laboratories prefer to use a straight-
forward geometric-dilution scheme (e.g., fourfold)
rather than the split-dilution scheme (dilution by
factors of 10 and 2-2.5), described by Schuffner &
Mochtar.k In either case, caution must be exercised
to avoid pipetting errors due to the carry-over of
undetermined amounts of residual serum in the
pipette.

tory. It has also proved useful in screening unknown cul-
tures with a battery of known positive sera, which can be
stored and easily transported after being dried on filter-
paper. In tropical climates the dried sera on filter-paper
should be stored in a cool place to avoid a possible decrease
in titre.

i For the serological classification of strains, however, an
exact determination of the 50% end-point is desirable.

J Wolff, J. W. (1954) The laboratory diagnosis of lepto-
spirosis, Springfield, Ill., Thomas.

k Schuiffner, W. & Mochtar, A. (1927) Zbl. Bakt., L Abt.
Orig., 101, 405.

The microscopic agglutination procedure is a
relatively specific serotype test; agglutinins provoked
by a particular serotype agglutinate some, but not
all, heterologous antigenic types. In view of the
increasing recognition of the broad distribution of
both recognized and new serotypes of diverse parts
of the world, it is important to conduct this test
with a battery of antigens encompassing the broad
spectrum of cross-reactions with parasitic serotypes.
A suggested list of serotypes for this purpose is
shown in the accompanying table. In some countries
it may be expedient to delete, substitute or add strains
depending on local conditions and on the scope
and purpose of tests.

Serological procedures for screening
Microscopic agglutination tests employing mul-

tiple antigens are laborious and involve the possi-
bility of infection and the necessity of maintaining
a large number of stock cultures to provide antigens.
These factors limit the usefulness of the tests
for routine application in diagnostic laboratories.
To circumvent these limitations, modified agglu-
tination tests have been developed employing
fixed antigens in a macroscopic agglutination
technique.
Two procedures that have been extensively applied

are the plate and capillary-tube agglutination tests

SUGGESTED LIST OF SEROTYPES FOR THE
MICROSCOPIC AGGLUTINATION TEST

Serotype Strain

kterohaemorrhagiae M 20

javanica Veldrat Batavia 46

canicola Hond Utrecht IV

ballum Castell6n 3

pyrogenes Salinem

butembo Butembo

autumnalis Akiyami A

bratislava JeS Bratislava

pomona Pomona

grippotyphosa Moskva V

wolf/ii 3705

borincana HS 622

bataviae Van Tienen

hyos Mitonis Johns
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described by Stoenner I and the slide agglutination
test of Galton et al.m In these tests, formolized cell
antigens are employed, the antigens being suspended
in a diluent containing a high concentration of salt
and/or glycerol.
The antigens described by Stoenner are stable,

specific, and less sensitive than the live antigen used
in the microscopic agglutination test. Stoenner's
antigens are prepared from only a few strains, and,
although they cross-react more broadly than the
conventional antigens, they are not genus-specific
and (as presently applied) may not detect agglutinins
elicited against numerous other heterologous sero-
types.
The second test, developed at the Communicable

Disease Center at Atlanta, Georgia, USA, employs
four pooled antigens, each comprising three different
serotypes. The antigens are relatively easy to pre-
pare and the conduct of the test is simple. The pooled
antigens are sensitive and have broad genus coverage.
To date they have been used to excellent advantage
for the diagnosis of leptospiral infections in man and
animals. The test may have potential usefulness as
an epidemiological tool-namely, to detect anti-
bodies resulting from previous infection. However,
this requires additional study. The antigens are re-
ported to be stable for approximately one year. Some
commercial lots have shown clumping, reflecting
perhaps the age and mode of preparation and ship-
ment of the antigen. Some of these limitations can
be avoided by closer control and standardization
of antigens. Additional observations on the stability
and standardization of antigens are required before
a definite recommendation can be made.

In recent years, the presence of genus-specific
antigens in leptospires has been demonstrated by
Chang et al.,n Cox 0 and Rothstein & Hiatt.p
The haemolytic test according to both Chang and
Cox is a " sensitized-erythrocyte lysis test employing
complement ". It can easily be performed in labora-
tories familiar with complement-fixation procedures.
It has been extensively used in areas where many
serotypes exist, such as Malaysia and Australia, and

I Stoenner, H. G. (1954) Amer. J. vet. Res., 15, 434-439.
m Galton, M. M., Powers, D. K., Hale, A. D. & Cornell,

R. (1958) Amer. J. vet. Res., 19, 505-512.
n Chang, R. S. & McComb, D. E. (1954) Amer. J. trop.

Med. Hyg., 3, 481. Chang, R. S. et al. (1957) Amer. J.
trop. Med. Hyg., 6, 90, 101.

o Cox, C. D. (1955) Proc. Soc. exp. Biol. (N. Y.), 90, 610.
Cox, C. D. (1957) J. infect. Dis., 101, 203.

P Rothstein, N. & Hiatt, C. W. (1956) J. Immunol., 77,
257.

has been used to advantage to diagnose human cases
of leptospirosis. It lacks sensitivity and specificity
when employed with bovine and swine serum and
requires modification for this purpose. Its usefulness
as an epidemiological tool is equivocal, and more
studies are required. The possible usefulness for
diagnostic purposes of the genus-specific antigenic
components extracted from leptospires by Rothstein
& Hiatt P requires further study.

Several other tests have been described recently
(e.g., the latex-agglutination test), but most of them
have limited specificity and have not been adequately
evaluated.
Some strains of L. biflexa (e.g., Patoc I and Sdo

Paulo) show broad cross-reactivity in agglutination
and complement-fixation tests.q Further work with
such strains should be encouraged.

ECOLOGY OF LEPTOSPIROSIS IN WILD AND
DOMESTICATED ANIMALS

The important role of wild and domestic animals
in the epidemiology of leptospirosis is well known.
With rare exceptions, man is a dead-end host. In
most foci of infection, one or more species of wild or
domesticated animal act as maintenance hosts.
Hitherto, rodents have been found to be the most
important reservoirs, but recent studies indicate that
other groups of wild mammals, such as the insecti-
vores, carnivores and ruminants, may shed lepto-
spires for two years r or longer and may play an
important role in other situations. This has to be
kept in mind while investigating foci of infection.
Different animal species may serve as maintenance
hosts for a given serotype in different situations.
Isolation of parasitic serotypes has been reported
from non-mammalian hosts such as reptiles and
birds, but the exact epidemiological role of non-
mammalian hosts has still to be investigated.

In investigating possible reservoirs among wild
animals, little reliance can be placed on such findings
as the presence or absence of antibodies in serum.
Efforts should be made to isolate leptospires from
kidneys and other suitable tissues and fluids. In
doing so, one must keep in mind the possibility of
multiple infections as well as of encountering

q Sturdza, N., Elian, M. & Tulpan G. (1960) Arch. roum.
Path. exp., 19, 572. Sturdza, N. & Elian M. (1961)
Arch. roum. Path. exp., 20, 31-41. Elian, M. & Nicoara, I.
(1964) Bull. Wld Hlth Org., 31, 359-363.

r Roth, E. E., Adams, W. V., Sanford, G. E., Moore, M.,
Newman, K. & Gear, B. (1963) Publ. Hlth Rep. (Wash.), 78,
994-1000.
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fastidious strains that may not grow on the culture
media commonly employed for such work.

Careful ecological studies are also needed on
reservoir hosts to elucidate the more important
factors bearing on their role in the epidemiology of
leptospirosis. Such studies would cover population
dynamics, breeding cycles, diurnal movements and
migrations, and the environment of the animals, with
special reference to hydrology, climate and soil
conditions. These studies are particularly needed
where ecological conditions are rendered unstable
by extension of human activity such as habitation,
agriculture, and new works like canals and roads.

Ticks and other blood-sucking arthropods do not
seem to be important vectors, but heavy concen-
trations of leptospires have been found in their
tissues. Also, they seem to maintain for a long time
viable leptospires taken in with the blood-meal,
although experimental studies 8 have suggested the
presence of a leptospiricidal substance in at least one
species (Ixodes ricinus). This aspect needs further
investigation, especially as it has been shown that
ticks are freely carried from one region to another
by migratory birds and mammals.

VACCINES IN MAN AND ANIMALS

Few advances have been recorded in the devel-
opment of vaccines against leptospirosis since the
second report of the Joint WHO/FAO Expert Com-
mittee on Zoonoses.b Vaccines for man have a
useful part to play in areas of the world where
leptospirosis constitutes a hazard to certain occu-
pational groups (rice-field workers, miners, etc.).
The vaccine, if properly prepared and potent, is safe
and gives good protection against clinical illness.
Efforts should be made to develop vaccines con-
taining the fewest possible serotypes and with a
broad antigenic spectrum. This would apply equally
to the problem of vaccines for animals.

Vaccines for domesticated animals would be a
great advantage in countries where leptospirosis is
a problem of appreciable magnitude. The results to
date indicate that leptospirosis vaccines in goats,
cattle and dogs are of some value. However, data
on vaccine trials in these animals have been deficient
for one reason or another (inadequate controls,
too short an interval between vaccination and
challenge, etc.). Carefully designed trials are recom-

8 Dymowska, Z. & Szymanski, S. (1962) In: Polish
Academy of Sciences, Symposium on leptospires and lepto-
spirosis in man anid animals, Lublin.

mended to remedy this deficiency in knowledge.
Of particular importance is the distinction between
protection against symptomatic infection and pre-
vention of carrier states. Both properties are
desirable in a vaccine. At present, animal vaccines
seem to protect against clinical infection, but there
is a lack of knowledge concerning the protection they
afford against subclinical infection and the sub-
sequent development of a shedder state. Another
topic for study is the persistence of titres conferred
by vaccines-namely, the possible interference with
serological diagnostic tests that may be subsequently
required for differential diagnosis or for control
programmes.

THERAPY

Little advance has been made during recent years
in the treatment of human beings or animals for
leptospirosis. In animals, cure of a shedding state
is very important to prevent transmission to man
and other animals. The promising reports some
years ago of the effectiveness of streptomycin in
curing the carrier state in dogs have not been
substantiated. In cattle and dogs, treatment with
antibiotics may result in a considerable diminution
in, or even a temporary stopping of, the shedding
of leptospires in the urine, but relapses often occur
after administration of the antibiotic has been dis-
continued. Further research is therefore recom-
mended on an effective means of preventing or curing
shedder states.

SUMMARY OF RECOMMENDATIONS FOR
FUTURE RESEARCH

The following is a summary of the recommenda-
tions made in this memorandum.

(1) Further studies should be made of the anti-
genic composition of leptospires using refined tech-
niques with a view to placing their classification on
the firmest possible basis.

(2) Further refinement and evaluation are required
of the fluorescent-antibody technique for the diag-
nosis of leptospirosis.

(3) There is a great need to develop a culture
medium that will readily support the growth of all
parasitic leptospires.

(4) The plate agglutination test shows promise of
application in epidemiological investigation to
detect antibodies resulting from previous infection,
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but further studies are needed on this aspect as well
as on the stability and standardization of killed
antigens.

(5) More studies are required on genus-specific
antigens for use in simple diagnostic tests, and on
the strains of L. biflexa that show broad cross-
reactivity with parasitic leptospires.

(6) Further ecological studies are needed o f
animal host factors that have a bearing on th e
epidemiology of the disease. The role of non -
mammalian reservoirs and blood-sucking arthropod s
in the ecology of leptospirosis also needs clarifica-
tion.

(7) Further work on vaccines for man should aim
at the development of vaccines containing few sero-
types with a broad antigenic spectrum. There is a
need for careful trials of vaccines in animals to
indicate their antigenicity, their effect on carrier
and shedder states, and the persistence of appre-
ciable serum titres of antibody.

(8) Further research on chemotherapeutic means
of preventing or curing shedder states in animals is
needed.

In addition, work should be encouraged on the
following subjects in leptospirosis:

(1) the metabolism of leptospires mainly with a

RItS

Le present memorandum resume les discussions d'un
groupe scientifique OMS des recherches sur la lepto-
spirose qui s'est reuni a Geneve en 1962.
Du point de vue taxonomique, il paratt actuellement

opportun de distinguer, au sein du genre Leptospira, deux
especes: L. biflexa, repr6sentant les souches saprophy-
tiques, et L. interrogans, groupant les souches parasitaires,
differenciation base' sur l'aptitude des souches parasi-
taires a infecter les mammiferes, les methodes serolo-
giques et la resistance relative des leptospires du groupa.
saprophytique a l'action bacteriostatique de l'ion Cu++.

Les criteres actuels de definition des s6rotypes et sous-
s6rotypes, tels qu'ils ont ete etablis par le Sous-Comite
des leptospires de la Commission internationale de
Nomenclature bacteriologique, restent valables. Une liste
de 100 s6rotypes et sous-s6rotypes, re'unis en 14 groupes,
est donnee en annexe, ainsi qu'une liste des laboratoires
de reference pour la leptospirose.
Le diagnostic des infections 'a leptospires par examen

microscopique direct, reste d'application limitee, ben6fi-
ciera peut-etre, apres amelioration des techniques, des
nouvelles m6thodes d'immuno-fluorescence. Pour la cul-

view to improving cultural methods and know-
ledge of the antigenic structure;

(2) the differential cultural characteristics of
leptospires;

(3) the cultivation of leptospires on solid media
to facilitate preparation of single-cell cultures;

(4) characteristics within the L. biflexa and
L. icterohaemorrhagiae species and their differentia-
tion from each other;

(5) investigation of possible intracellular phases
of leptospires in living cells;

(6) further investigations of the milk agglutina-
tion test;

(7) the pathogenesis of leptopirosis in man and
animals.

The important and valuable contributions made
by the FAO/WHO Leptospirosis Reference Labo-
ratories (see Annex 2) are evident. Also, the periodic
meetings of research workers in leptospirosis made
possible by WHO and FAO have been of the utmost
value in advancing knowledge in this field. Such
meetings could usefully be held from time to time
in leptospirosis research laboratories so that a
sharing of knowledge of techniques and the adoption
of uniform methodology would be facilitated.

UMt

ture directe des leptospires, il convient d'employer un
inoculum dilue, et d'ajouter au milieu de culture un
agent inhibant la croissance des bact6ries de contamina-
tion. Les methodes de culture ne peuvent cependant
remplacer l'inoculation a l'animal, et il convient de
d6couvrir un milieu qui permette la croissance rapide de
tous les leptospires. Le test d'agglutination au moyen
de cultures vivantes requiert le controle de la densite de
l'antigene et la d6finition du point terminal de la reaction.
Quant aux tests macroscopiques avec antigenes tu6s (tests
sur lame, tests en tube capillaire, etc.), s'ils offrent l'avan-
tage d'une plus grande simplicit6 d'emploi, ils doivent
etre amelior6s sous le rapport de la stabilite et de la
standardisation des antigenes. I1 en est de m8me des
diverses methodes de d6viation du compl6ment et de
l'epreuve d'hemolyse.
Dans la plupart des foyers de leptospirose, le r6servoir

d'infection est represent6 par une ou plusieurs especes
d'animaux sauvages (rongeurs, principalement) ou
domestiques. A de rares exceptions pres, l'homme consti-
tue le chainon terminal de l'infection. Les animaux por-
teurs seront depistes de pr6ference par la recherche des
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leptospires dans certains organes (reins) ou liquides
organiques, plutot que par la mise en evidence d'anti-
corps seriques. Le r6le 6ventuel des tiques et d'autres
arthropodes dans la transmission de la maladie doit
encore etre precise.
La vaccination assure une protection efficace chez

l'homme. Chez les animaux domestiques (chevres, chiens,
bovins), certains vaccins donnent de bons resultats. Des
etudes complementaires sont cependant necessaires: elles
devraient permettre de pr6ciser si la vaccination des ani-
maux les immunise 6galement contre les affections sub-
cliniques qui font d'eux des porteurs de germes.
Au cours de ces dernieres annees, les progres therapeu-

tiques, tant chez l'homme que chez I'animal, ont ete peu

importants. La streptomycine n'a pas tenu ses promesses.
Le traitement par antibiotiques, chez le betail et le chien,
peut entrainer une reduction consid6rable ou I'arret de
l'e1imination urinaire des leptospires, mais on observe
souvent une recidive apres l'interruption du traitement.

La recherche, dans le domaine de la leptospirose,
devrait s'orienter surtout vers I'amelioration des tech-
niques de diagnostic et de differenciation des leptospires,
I'etude des h6tes animaux et des arthropodes vecteurs
eventuels, la mise au point de vaccins plus efficaces des-
tines 'a 'homme et 'a I'animal, et la decouverte de compo-
ses chimiques pour la prevention et le traitement des
infections subcliniques des animaux excreteurs.



CLASSIFICATION OF LEPTOSPRES AND RECENT ADVANCES IN LEPTOSPIROSIS

Annex 1

LIST OF SEROTYPES AND SUB-SEROTYPES OF LEPTOSPIRA ICTEROHAEMORRHAGIAE

Group Serotype Sub-serotype Type strain a Group Serotype Sub-serotype Type strain a

ballum ballum ballum Mus 127
ictero- /ctero- incompleta b RGA
haemor- haemor- ballum * casfellonis Castell6n 3
rhagiae rhagiae *

ballum arboreae c Arborea
/cterohaemor- icterohaemor- M 20
rhagiae * rhaglae _

icterohaemor- ndahambukuje Ndahambukuje pyrogenes pyrogenes * Salinem
rhagiae c

zanoni* zanonl Zanoni
mankarso * Mankarso

zanoni myocastoris c LSU 1551
naam * naam Naam

abramis Abraham
naam c mwogolo Mwogolo

naam dakota Grand River biggis Biggs

hampton/ Hampton
sarmin Sarmin

alexi HS 616
budapest6c PV-1

robinson/ Robinson
b/rkini birkinl Birkin

manilae c LT 398
birkini smirthl Smith

weaveric CZ 390 U

ndarnbar/ Ndambari cynopterl cynopteri 3522 C

butembo Butembo

javanica | javanica * | Veldrat | autumnalis autumnalis * autumnal/s Akiyami A
Batavia 46 autumnalis * rachmati Rachmat

poi * Pol autumnalis c fort-bragg Fort Bragg

coxus Cox autumnal/s c bulgar/ca Nikolaevo

sofia 874 bangk/nang * Bangkinang I

celledoni celledoni Celledoni erinacei-aurift Erinacei auriti

celledoni whitcombi Whitcomb mooris Moores

louisiana c LSU 1945

sentot Sentot
can/cola can/cola * Hond Utrecht IV

or/eans c LSU 2580
schueffner/* Vleermuis 90 C

djasiman djasiman Djasiman
benjarnin * Benjamin

djasiman gurungi Gurungi
jonsis Jones

surnneri Sumner
australis australis * Ballico

ma/aya H 6 lora c Lora

kamituga c Kamituga bangkok Bangkok-D92

bafanic Bafani muenchen * Munchen C90
kahendo c Kahendo

ja/na c Jalna
broorn/ Patane

bratislava Jel Bratislava
bindjei Bindjel fug/s Fudge

For footnotes see end of table.
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Annex 1

LIST OF SEROTYPES AND SUB-SEROTYPES OF LEPTOSPIRA ICTEROHAEMORRHAGIAE

(concluded)

Group Serotype Sub-serotype Type strain a } Group Serotype Sub-serotype Type strain a

pomona *

pomona

pomona c

pomona

cornelli

tropica

Pomona

C B

CZ 299 U

grippo | grippotyphosa * Moskva V
typhosa

hebdomadis *

hebdomadis

kambale c

kremasfos *

worsfoldi

jules c

borincana

kabura c

mini *

mini

mini

hardJo I

wolffi *

medanensis *

sejroe *

sejroe

maru c

hebdomadis

nona

mini

szwaJlzak

georgia

sejroe

balcanica

Hebdomadis

Nona

Kambale

Kremastos

Worsfold

Jules

HS-622

Kabura

Sari

Szwajizak

LT 117

Hardjoprajitno

3705

Hond HC

M 84

1627 Burgas

CZ 285B

hebdomadis
(continued)

saxkoeblng I

saxkoeblng

haemolyticus

haemolyticus

perameles c

polonica

saxkoeblng

nero

haemolytkcus

ricardi

Mus 24

Nero

Marsh

Richardson

Bandicoot 343

493 Poland

bataviae bataviae * Swart

paidjan * Paidian

djatzi HS 26

kobbe c CZ 320 K

balboa c LT 761

hyos hyos hyos Mitis Johnson

hyos bakeri LT 79

hyos guldae RP 29

atlantae LT 81

kisuba Kisuba

bravo c Bravo

atchafalaya c LSU 1013

panama c panama c CZ 214 K

* International Reference Preparation of Anti-Leptospira Serum and homologous culture (type strain) available to national
laboratories on request from one of the Leptospirosis Reference Laboratories listed in Annex 2.

a The first type strain listed in each serotype is regarded as the type strain of that serotype.
b The sub-serotype incompleta is listed before icterohaemorrhaglae because of the prior discovery of its type strain (RGA).

The nomenclature of sub-serotypes in the icterohaemorrhaglae group is being re-examined by the Subcommittee on Leptospira of
the International Committee on Bacteriological Nomenclature.

c Provisional classification pending further work.

pomona

hebdomadis

890



CLASSIFICATION OF LEPTOSPIRES AND RECENT ADVANCES IN LEPTOSPIROSIS 891

Annex 2

LIST OF LEPTOSPIROSIS REFERENCE LABORATORIES

FAQ/WHO Leptospirosis Reference Laboratories
Laboratory of the Queensland Department of Health and

Home Affairs, Brisbane, Australia
London School of Hygiene and Tropical Medicine,

London, England
Israeli Institute for Biological Research, Ness-Ziona,

Israel
Istituto Superiore di Sanita, Rome, Italy

National Institute of Health, Tokyo, Japan
Institute for Tropical Hygiene and Geographical Patho-

logy (Royal Tropical Institute), Amsterdam, Nether-
lands

Division of Veterinary Medicine, Walter Reed Army
Institute of Research, Walter Reed Army Medical
Center, Washington, D.C., USA

WHO Leptospirosis Reference Laboratory
Gamaleja Institute of Epidemiology and Microbiology,
Moscow, USSR

* *
*

M. ABDUSSALAM, Veterinary Public Health Officer, WHO,
Geneva, Switzerland

A. D. ALEXANDER, FAO/WHO Leptospirosis Reference
Laboratory, Division of Veterinary Medicine, Walter
Reed Army Institute of Research, Walter Reed Army
Medical Center, Washington, D.C., USA

B. BABUDIERI, FAO/WHO Leptospirosis Reference
Laboratory, Istituto Superiore di Sanita, Viale Regina
Elena 299, Rome, Italy

C. BORG-PETERSEN, Statens Seruminstitut, Copenhagen,
Denmark

ERVIN A. EICHHORN, Chief, Animal Health Branch,
Animal Production and Health Division, FAO, Rome,
Italy

MILDRED M. GALTON, Chief, Veterinary Public Health
Laboratory, Epidemiology Branch, Communicable
Disease Center, Atlanta, Georgia, USA

MARTIN M. KAPLAN, Chief, Veterinary Public Health,
WHO, Geneva, Switzerland

A. W. STABLEFORTH, formerly Director of Veterinary
Laboratory and Veterinary Investigation Services,
Central Veterinary Laboratory, Weybridge, Surrey,
England (present address: Project Manager, UN
Special Fund, Sheep Diseases Research Labora-
tories, Veteriner Bakteriyoloji Enstitusu, Pendik,
Istanbul, Turkey)

L. H. TURNER, FAO/WHO Leptospirosis Reference
Laboratory, London School of Hygiene and Tropical
Medicine, London, England

J. VAN DER HOEDEN, FAO/WHO Leptospirosis Reference
Laboratory, Chief, Department of Epidemiology,
Israeli Institute for Biological Research, Ness-Ziona,
Israel

J. W. WOLFF, Director, Institute for Tropical Hygiene
and Geographical Pathology, and Adviser, FAO/WHO
Leptospirosis Reference Laboratory, Royal Tropical
Institute, Amsterdam, Netherlands.

R. H. YAGER, FAO/WHO Leptospirosis Reference
Laboratory, and Director, Division of Veterinary
Medicine, Walter Reed Army Institute of Research,
Walter Reed Army Medical Center, Washington,
D.C., USA


