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INTRODUCTION

Leptospirosis is a disease which attacks man and
many animals. It is caused by a minute spirochaete:
Leptospira. There are many types of pathogenic
leptospirae and they can be distinguished one from
another by serological examination although their
morphological, biological and cultural characteristics
are practically identical. Similarly, the epidemiology
and pathogenesis of the various forms of leptospiro-
sis are, practically speaking, the same. The average
seriousness of the disease varies, however, according
to the type of Leptospira responsible for the infec-
tion, and according to the environmental conditions.
Many wild and domestic animals are carriers and

eliminators of Leptospira. First there are the small
rodents, in particular the mouse and the rat. Then

* This is one of a series of studies on the laboratory
diagnosis of various diseases which appear from time to
time in the Bulletin of the World Health Organization. An
effort is made to ensure that the diagnostic methods recom-
mended in these studies are as internationally representative
and acceptable as possible by securing the co-operation of a
number of experts from different countries. A list of the
reviewers of the study presented here is given in Annex 2
(page 58). To all of these, and to the author himself, the
World HIealth Organization is greatly indebted.-ED.

1 Laboratory of Microbiology, Istituto Superiore di
Sanita, Rome, Italy.

come the pig, the dog, the bovines, the horse, other
mammals and some birds (the wading birds) (Babu-
dieri, 1958). Animal carriers show no sign of sick-
ness and expel Leptospira in their urine for periods
that may vary from a few weeks to several years.
Man is very seldom a carrier.
Man and animals become infected either by direct

contact with individuals suffering from or carrying
the disease or, more often, by contact with water or
mud which has been contaminated by the urine of
animal carriers and eliminators. Leptospirosis,
therefore, is a disease related to certain occupations,
such as agricultural work, livestock-raising, and
work in sewers, in drainage canals and on damp
ground in general. The disease is, however, alsofairly
frequent among fresh-water bathers and persons
falling accidentally into rivers or canals contaminated
with pathogenic leptospirae.

In addition to the pathogenic leptospirae, there
are also saprophytic leptospirae which live in water
or in mud; they may even be found with a certain
frequency in the drinking-water of large cities.
Morphologically, these leptospirae are indistinguish-
able from pathogenic leptospirae, but they are in
fact completely harmless.
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MORPHOLOGY OF LEPTOSPIRAE

Leptospirae arespirochaetes 7-40, longandless than
0.1,t thick, provided with numerous very slender spiral
coils. They move rapidly with a twisting movement,
their bodies being somewhat rigid. In most leptospirae
the two extremities are hooked, but in some strains
the individual leptospirae are perfectly straight.

Under the electron microscope leptospirae are
seen to consist of a protoplasmic cylinder surround-
ing a central filament-the " axial filament "; they
are covered with a very thin membrane and have no
cilia, flagella or undulant membrane.

DIRECT OBSERVATION AND STAINING OF LEPTOSPIRAE

DIRECT OBSERVATION

Leptospirae are not visible through the optical
microscope on a light field, but on a dark field they
show up quite brilliantly. They can be observed, as
negative images, on a glass slide. For this purpose
the most suitable procedure is the Congo red method
proposed by Hoyer (1956) (see photograph below):
Mix a drop of Leptospira culture on a glass slide

with a drop of a 2% aqueous solution of Congo red.
With another slide, spread the drop over a larger
surface and leave to dry. Then pour on to the slide
95% ethanol containing 1 % of concentrated hydro-

LEPTOSPIRAE DEMONSTRATED
BY CONGO RED NEGATIVE STAINING

chloric acid and leave to dry. The leptospirae
emerge unstained against a dark blue ground.

STAINING

Among the methods of staining leptospirae in
smears, the following are to be preferred:

Giemsa staining

The smear, after drying, is fixed for three minutes
with methanol and then stained with a mixture
prepared by diluting 0.5 ml of Giemsa stain with
10 ml of neutral distilled water. Staining takes
25 minutes. The leptospirae are coloured violet.

Impregnation with silver (method of Fontana &
Tribondeau; Fontana, 1920)
For this method of staining, the following solu-

tions must be prepared:

A. Ruge's fluid:
Formalin
Glacial acetic acid
Distilled water

B. Tannic acid solution:
Tannic acid
Phenol
Distilled water

2 ml
I ml

100 ml

5 g
1 g

100 ml
C. Fontana's silver solution: To a solution of 1 %

silver nitrate in distilled water add, drop by drop, a 10%
solution of ammonia until the precipitate which forms
in the first place disappears and the solution becomes
clear. Then add the silver solution, a drop at a time, until
there is again a slight opalescence.

Prepare on a slide a smear of the material to be
examined and leave to dry at room temperature.
Pour solution A over the slide and leave for 30
seconds. Repeat this operation two or three times.
Wash the slide with absolute ethanol, setting fire to
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the last drops remaining on the slide. Pour solution
B over the slide and warm until the first vapours
appear. Wash the preparation first in running water
and then in distilled water. Pour solution C over
the slide, cold for the first few seconds, then changing
the liquid and warming until the first vapours
appear; continue until the preparation takes on the
characteristic brownish colour with metallic lights.
Wash in running water and leave to dry. The
leptospirae will appear black on a brown ground.

Tissue staining
If a search for Leptospira is to be made in sections

of tissue, the following fixation and staining method
is recommended (Levaditi (1906) method, modified
by Pamas et al. (1959)):

Pieces of tissue 2-3 mm thick are fixed for 48-72
hours in 10% neutral formalin. They are then

passed successively through 96% ethanol and left
in it overnight. The specimens are then washed
repeatedly in distilled water and left to soak for
1 1/2-2 days in 3% silver nitrate solution, kept at
37°C. They are subsequently rinsed in distilled
water and left to soak in it for 3-5 hours. After this,
they are left for 1 l/2-2 days, at room temperature, in a
solution containing 4 g of pyrogallic acid, 5 ml of
40{% formalin and 100 ml of distilled water. They
are then washed for 6-24 hours in distilled water and
passed twice through 75 %, 85 %, 96% and absolute
ethanol successively (each passage 30 minutes).
Finally, after passage through xylol, the specimens
are embedded in paraffin at 48°C.

The leptospirae show up black against a brown
ground. It must be remembered, however, that
some of the tissue fibres may turn black so that they
may be mistaken for spirochaetes.

CULTURE REQUIREMENTS OF LEPTOSPIRAE

LIQUID MEDIA

Leptospira can develop in various types of liquid
medium. All the media in question have one com-
mon characteristic-namely, they contain a rather
high percentage (5-10%) of rabbit serum, which is
indispensable for the growth of pathogenic lepto-
spirae. Among the more commonly used liquid
media are those of Korthof (1932), Vervoort (1922,
1923) and Stuart (1946).

Korthof's medium

Dissolve the following substances in a litre of
water, twice distilled in a glass still:

Witte peptone
NaCl
NaHCO3
KCI
CaCl2
KH2PO4
Na2HPO4, 2H20

800 mg

1400 mg

20 mg

40 mg

40 mg

240 mg

880 mg

Sterilize the solution for 30 minutes at 100°C in
a Koch sterilizer. When cold, add 80 ml of rabbit
serum which has been left for some time in contact
with the red cells and taken on a red colour. Dis-
tribute the medium in test-tubes (5-6 ml) and adjust

the pH to 7.2. Tyndallize the tubes by placing them
twice successively in a 56°C water-bath for one hour.
The Witte peptone can be satisfactorily replaced

by Difco Neopeptone.
In the author's laboratory in Rome, Korthof's

medium was modified by the addition of vitamin B,2
(1 mg/litre) and nicotinic acid (1 mg/litre) which
activate the growth of Leptospira. The addition of
these substances makes it possible to reduce from
8 to 5 the percentage of rabbit serum contained in
the medium. Further, the calcium chloride can be
omitted from the Korthof formula as it has no
appreciable effect on the growth of Leptospira and
quite often causes precipitation (Babudieri & Zardi,
1959).
We suggest also that the salts solution of Korthof's

medium be sterilized twice: the first time for 30
minutes in an autoclave; the second time, after filtra-
tion through paper, at 100°C for 30 minutes in a
Koch sterilizer. By adopting this method it is pos-
sible to get a very clear medium, without any trace
of precipitates.

In addition, we recommend pouring a few drops
of liquid paraffin (sterilized separately) into each
test-tube containing the medium, so that the surface
of the medium is covered with a thin layer of oil.
It is thus possible to store the tubes for a long period
of time without any evaporation of the medium.
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Vervoort's medium (modified by Wolff, 1924)
Dissolve 1 g of Witte peptone or Difco proteose

peptone in 1 litre of distilled water and boil the
solution. Add 200 ml of Ringer's solution (NaCl,
8.5 g; KCI, 0.2 g; CaC12, 0.2 g; Na2CO3, 0.01 g;
1 litre of distilled water) and boil again. Add 100 ml
of Sorensen's pH 7.2 phosphate buffer solution
(KH2PO4, 9.078 g/litre: 28 ml; Na2HPO4, 12.28
g/litre: 72 ml) and boil. Add 2 ml of N phosphoric
acid and boil the mixture for five minutes. Allow to
cool, filter through paper and heat for half an hour
at 100°C. Distribute in test-tubes. Heat the tubes
for half an hour at 100°C, add to each tube 10%
rabbit serum and inactivate in a 56°C water-bath
for half an hour.

Stuart's medium
Prepare, except for the glycerol, standard M/10

solutions of the following ingredients and then mix
them in the proportions indicated:

Asparagine (dextro-rotatory) 2 ml
NH4CI 10 ml
MgCl2 4 ml
NaCl 66 ml
Glycerol 1 ml
Aqueous solution of phenol red 10 ml
Distilled water 91 ml

Boil for half an hour, then add 16 ml of Sorensen's
phosphate buffer solution (pH = 7.6), sterilized
separately, and maintain at 100°C for an hour. Cool
and add 5-10% of sterile rabbit serum. Distribute
in test-tubes and keep for one hour in a water-bath
at 600C.

In liquid media, the leptospirae develop in a
uniform manner but if the growth is very abundant
the medium becomes slightly turbid.

SEMI-SOLID MEDIA

Leptospirae can be cultivated on semi-solid media
as well as on liquid media. One of the best known

of the former is Noguchi's medium (Noguchi, 1918);
the method of preparation, as modified by Dinger
(1932), is as follows:

Ordinary tap water
3% agar

100 ml
6 ml

Sterilize in an autoclave. Leave to cool and add
10% inactivated rabbit serum. Distribute in test-
tubes and cover the surface of the medium with a
thin layer of paraffin.
Another semi-solid medium, which serves only

for the isolation and first culture of the non-patho-
genic water leptospirae, is the one proposed by
Zuelzer (1936):

Tap water 225 ml
Agar 1-2 g
S6rensen's phosphate buffer solution (pH=7.5) 75 ml
1/loo brillant green solution 3 ml

Sterilize at 120°C, cool to 40°C and add 1 ml of
sterile egg yolk. Distribute in Petri dishes and leave
to solidify.

GENERAL REQUIREMENTS

Leptospira cultures are incubated at 28-30'C.
Growth is rather slow and the leptospirae reach
maximum development after 7-15 days.

It is not possible to cultivate pathogenic lepto-
spirae in a durable manner unless the medium
contains rabbit serum. On the other hand, the non-
pathogenic leptospirae do not require the rabbit
serum provided that the medium contains vitamin
B12 (Babudieri & Zardi, 1959).

If necessary, the rabbit serum can be replaced
with bovine or, preferably, ovine serum, but in this
case it is necessary to ascertain that the serum to be
used does not contain-as it quite frequently does-
antibodies for some type of Leptospira. In any case,
growth is more abundant with the rabbit serum.
Rabbit serum may also contain antibodies, but this
is a very rare occurrence.

MAINTENANCE OF CULTURES OF LEPTOSPIRAE

Any laboratory carrying out leptospirosis diag-
nosis must maintain a collection of Leptospira,
including at least one strain of each serotype of
Leptospira present in the country in which the
laboratory is situated. These strains can be kept in
tubes of Korthof medium. Each tube should be
labelled with the name of the strain and the date of

the subculture. It is better to use labels than a glass-
pencil, as with the latter the indications may be
partially rubbed off and thus lead to uncertainties
and mistakes.
The collection of strains can be subcultured every

3-4 months by passing about 0.5 ml of the culture
on to a new medium by means of a Pasteur pipette.
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The subcultures should be kept for 7-10 days at
28-30'C; subsequently, if the leptospirae develop
regularly in them, they can be kept at room tem-
perature.

Strains for use in routine serodiagnosis should
preferably be kept separately in large tubes con-
taining 20-25 ml of medium. They should be sub-
cultured frequently because it is necessary to use
fresh cultures (i.e., 5-20 days old) for serodiagnosis.

It is also desirable for the laboratory to have a
collection of antileptospira diagnostic sera for the
identification of any isolated strains. These sera
should be prepared from the rabbit. For this pur-
pose (unless the sera are to be used for special
research, in which case they must be prepared with
special precautions) 2-3 ml of a well-developed cul-
ture is injected into a rabbit by the intravenous route.
A second injection is given after 10 days and a third
after another week. A week after the last injection
the titre of a sample of the rabbit's serum is deter-
mined and if it is of sufficient height (preferably
1 :10 000 or higher) the rabbit is bled and the serum

is preserved, by freeze-drying if possible, or by
refrigeration.

Batches of these diagnostic sera will be held in
stock by the WHO/FAO Leptospirosis Reference
Laboratories and distributed on request to national
laboratories for use as standard reference sera to
check the cultures of serotypes of leptospirae. The
reference laboratories in question are:

Laboratory of the Queensland Department of
Health and Home Affairs, Brisbane, Queensland,
Australia;

Istituto Superiore di Sanita, Rome, Italy;
Department of Viral and Rickettsial Diseases,

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

Pathology (Royal Tropical Institute), Amsterdam,
Netherlands;
The Wellcome Laboratories of Tropical Medicine,

London, England;
Division of Veterinary Medicine, Walter Reed

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

EXAMINATION OF SPECIMENS

DIRECT SEARCH FOR LEPTOSPIRAE

The direct search for leptospirae in the blood of
the patient is not a very important diagnostic pro-
cedure because, as a rule, leptospirae are not suffi-
ciently numerous in the blood to be seen through the
microscope. In some cases, however, the centrifuging
technique of Blanchard & Lefrou (1922), as modified
by Sieburgh (1926), Schuffner & Sieburg (1926),
Wolff (1954) & Ruys (1933), may be resorted to.

Prepare an anticoagulant buffer solution con-

taining 9.45 parts of a 1.228 % solution of Na2HPO4
and 0.55 parts of a 0.9078% solution of KH2PO4
in distilled water. Add 1.4% of sodium oxalate to
this solution. To 10 ml of blood add 1 ml of the
anticoagulant solution and centrifuge the suspen-
sion for 15 minutes at 1500 revolutions per minute
(r.p.m.). Collect the plasma and again centrifuge,
at 10000 r.p.m. for 20 minutes. The search for
Leptospira in the sediment is made by examination
on a dark field. This method gives inconstant results,
but may be used with some hope of success in the
first five days of the disease. Care must be taken
not to mistake for leptospirae the so-called " pseudo-
spirochaetes ", which are tenuous filaments left by

the degenerative processes of the red cells, often
moving with the Brownian movement so that they
look very much like leptospirae. Kohler & Moch-
mann (1957) have demonstrated that streptolysin-O
is able to destroy the " pseudo-spirochaetes"
immediately, without damaging the leptospirae.

It is easier to identify Leptospira in the blood and
ground organs of infected animals; the organsims
are especially abundant in the hamster. The search
for Leptospira in tissue specimens is carried out as
indicated on page 47. In animal carriers they are to
be found in the renal cortex.

Leptospirae may be found by direct examination
in human urine and in the urine of animal carriers.
In some cases they are very abundant and examina-
tion of a drop of urine on a dark field will suffice;
in others they are scarce, and should be looked for
in the urine sediment obtained after centrifuging
for 20 minutes at 10 000 r.p.m. It should be remem-
bered that if the urine is acid, the leptospirae will be
destroyed very quickly, so that if it is not possible
to examine an acid urine immediately after emission,
it must be neutralized.

If a search for Leptospira is to be made in the
urine of omnivorous animals (dogs, rodents, etc.)
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it is advisable to give the animals a vegetarian diet
the day before, in order to neutralize or alkalinize
their urine.

ISOLATION OF LEPTOSPIRAE BY CULTURE

Leptospirae can be isolated by culture from the
blood, spinal fluid, urine or organs of dead or
sacrificed animals. The organisms are present in the
blood in the first days of the disease; after 5-6 days
it may or may not be possible to isolate them from
the blood and after 7-8 days they are rarely found
in the blood. They may persist for a few days longer
in the spinal fluid, and they usually appear in the
urine at the beginning of the second week of the
disease and persist there for periods that vary from
a few days to a few years.

Leptospirae are particularly common and per-
sistent in the urine of rodents, dogs and pigs.
For blood culture, a few drops of blood are taken

from the patient, under sterile conditions, and placed
in tubes of Korthof's medium. If the seeding
cannot be effected immediately after the taking of
the sample, it is preferable to add to the blood an
anticoagulant buffer solution such as that described
on page 49.

In making a blood culture, care should be taken
not to seed an excessive quantity of blood in the
tubes, as this tends to inhibit rather than to favour
the development of any leptospirae that may be
present. The blood culture should be kept for four
days at 37°C and then at 28-30°C, and should be
examined constantly for at least 30 days.

Spinal fluid culture is carried out in the same way
as blood culture.
For urine culture it is essential that the urine be

taken under sterile conditions by means of a catheter.
If the urine is acid, the culture medium must be
checked to ensure that it contains sufficient buffer
to maintain its neutral or slightly alkaline reaction
when the urine is added. If the leptospirae are
scarce in the urine, the urine sediment obtained after
centrifuging at 10 000 r.p.m. should be used.
The production of neutral or slightly alkaline

urine may be encouraged by giving the patient two
doses of sodium bicarbonate per os, one teaspoonful
on the evening before and one on the morning of the
day on which the isolation attempt is to be made.
Even if made with care, cultures from urine very

often become contaminated. Direct inoculation of a
few millilitres of urine into the guinea-pig or the
hamster is therefore preferable.

Leptospira can be isolated from the liver of a dead
animal if the death occurs not much longer than one
week after the onset of the disease, otherwise the
kidneys should be used. For tissue culture the
surface of the organ is sterilized by means of a red-
hot metal spatula and a Pasteur pipette is inserted
into the parenchyma so that, by aspiration, a small
cylinder of tissue can be taken; the latter is sub-
sequently seeded in a tube of Korthof's medium.

If the medium is accidentally contaminated by
schizomycetes, leptospirae will not, as a rule, be
able to develop, although they sometimes succeed.
An attempt can be made to purify the culture by
filtration through a Seitz EK filter or, preferably,
by candle filtration (the leptospirae pass through the
filter) or by injecting a few millilitres of the con-
taminated culture into the peritoneal cavity of a
guinea-pig and 10 and 30 minutes later making
blood cultures from this animal, the blood being
taken by cardiac puncture.
The non-pathogenic leptospirae can be cultured

from water and mud; 1-2 ml of the material is
seeded in a dish of Zuelzer medium (see page 48)
and the culture is then purified either by candle
filtration or by passage through the guinea-pig as
indicated above.

ISOLATION OF LEPTOSPIRAE BY INOCULATION
IN ANIMALS

The guinea-pig and the hamster are generally used
for this purpose. The material to be examined
(blood, spinal fluid, urine, ground tissue) is inoculated
by the subcutaneous or peritoneal route.

It should be noted that the virulence of the
different serotypes and strains varies very consider-
ably from one to another of these animals: whereas
some strains can kill the animal in 4-10 days, others
merely cause a rise in temperature and slight lesions
which are insufficient to kill the animal. For this
reason it is advisable not to await the death of the
inoculated animal but, 6-7 days after the inoculation,
to take a blood sample (by cardiac puncture) and
prepare a culture from it. The animal is kept under
observation for another 20-30 days; if it survives it
is bled and a search is made for leptospiral anti-
bodies in its serum, and a culture is made from the
kidneys.

Recently isolated L. icterohaemorrhagiae nearly
always cause the death of the guinea-pig or hamster,
especially if the inoculated animal is young (e.g.,
a guinea-pig of 150-250 g). L. canicola, on the other
hand, which is seldom pathogenic for guinea-pigs,
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is particularly pathogenic for the young hamster:
autopsy nearly always reveals icterus and diffuse
haemorrhage, particularly in the subcutaneous tissue,
in the peritoneum and in the lungs. In the latter
organ, round, definitely circumscribed, haemorrhagic
foci are found, giving to the lung the characteristic
mottled butterfly wings " aspect. Characteristic

haemorrhage is also noted in the suprarenal glands.
If it is desired to isolate pathogenic leptospirae

from water or mud, the following method is to be
recommended:
Take two young guinea-pigs (250-300 g), shave

the fur from their abdomens with a razor and make
a few scarification marks on the skin. Place the
water or mud in a sufficiently large receptable and
heat to 20-25°C. Place the guinea-pigs in the recepta-
cle so that their abdomens are immersed in the
water or mud. Keep the animals there for half
an hour, and then place them in cages and leave them
to dry in a warm atmosphere. Blood culture should
be carried out after 6-7 days. The guinea-pigs are
kept under observation for at least a month, after
which serological examination and kidney culture
are carried out as indicated above.

If it is desired to make a search for pathogenic
leptospirae in relatively tepid water in a tank or
canal, the shaved and scarified guinea-pigs can be
placed directly in the water in question. To prevent
the animals from drowning, their heads should be
put through the round holes formed by the joining
of two boards with a semicircle cut out of the end
of each; the joined wooden boards will act as a raft
and keep the heads of the animals out of the water.
The diagnostic methods which demonstrate

directly the presence of leptospirae in the body
(direct microscope examination, culture or biological
tests) provide the most valuable data when the
result is positive. On the other hand, a negative
result does not necessarily remove all suspicion of
leptospirosis, even though the investigations have
been carried out with every care. In fact, leptospirae
are sometimes present in such small numbers in the
material under examination that it is impossible to
detect them. It should also be remembered that if
the subject has been, or is being, subjected to anti-
biotic treatment, it is impossible-except in very
rare cases-to detect leptospirae in the body.

SEROLOGICAL TESTS

General
The aim of serological testing is to reveal the

presence ofany leptospiral antibodies. The discovery

of such antibodies proves that the subject has been
infected with Leptospira.

In leptospirosis, as in other diseases, serological
tests have certain disadvantages and can be wrongly
interpreted, and it is as well to be aware of these
limitations. Moreover, it is inadvisable to attach
an absolute value to the results obtained: they must
be carefully considered case by case and evaluated
in relation to all the other data, clinical and other-
wise, which is available and relevant.
The first disadvantage is that antibodies do not

appear in the serum until some time after the onset
of the disease. Consequently, it is not possible by
serological examination to obtain an early diagnosis.

In so far as the agglutinins are concerned, in the
case of leptospirosis these usually appear 7-8 days
after the onset of the disease, reach their peak after
15-20 days, and persist for a very variable period,
which may be only a few months when the infection
is caused by a not very virulent strain but as long as
20 years in the case of serious infection by L. ictero-
haemorrhagiae.
The complement-fixing antibodies appear as a

rule a day or two before the agglutinating antibodies
and disappear from the blood after a few months,
and the haemolytic antibodies apparently behave in
the same way. Antibiotic treatment, if begun early,
can have a very marked effect on the antibody
response in leptospirosis. In some cases the anti-
bodies do not appear for three weeks; in others there
is a normally low initial titre, but it does not increase
as time goes on; and in others still the antibiotics
prevent even the very slightest immunity reaction
and the seroreactions remain completely negative.
It is important to bear these facts in mind when a
negative reaction to the serological test is obtained
in a suspicious case.
On the other hand, a positive reaction does not

prove that the patient from whom the serum has
been taken is actually suffering from leptospirosis
and this is particularly true in those countries and
among those categories of workers in whom Lepto-
spira infections are very frequent; many of the
subjects in such countries and categories retain
in their serum antibodies-and particularlyagglutina-
ting antibodies-which are due to old infections.
In such cases, if the disease to be diagnosed is still
active or has only just been overcome, it is preferable
to repeat the examination on a second serum
specimen, taken a few days after the first. Any
marked increase in the antibody titre of the second
specimen will probably mean that leptospirosis is
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still present in an active form or has only just been
overcome. If, on the other hand, the titre remains
practically the same, it is probable that the anti-
bodies are due to an old infection and that the
active disease is something other than leptospirosis.
Nevertheless, as mentioned above, it must not be
forgotten that in persons treated with antibiotics
there is sometimes no increase in the titre.
As mentioned earlier, leptospirosis can be caused

by many different serological types of Leptospira.
The specificity of the various serological reactions
to these serotypes also varies very considerably: it is
greatest in the agglutination reactions, intermediate
in the complement-fixation reactions, and lowest
in the haemolysis reactions.

Nevertheless, even in the agglutination reactions
(the most specific) with immune serum it is not only
the serological type of Leptospira responsible for the
infection that reacts but also other serological types,
belonging to the same or even to other serological
groups. In general, the titre for these heterologous
strains is lower than that for the homologous strains,
but this is not always so, especially when the infec-
tion is recent and the antibody level still low.
We shall discuss the value to be attributed to the

various titres as we deal with the separate serological
reactions.

Agglutination tests

Many call these " agglutination-lysis " tests, but
recent research has shown that the lysis is only
apparent (Lawrence, 1955).
As a rule, serum is used for the agglutination tests,

but cerebrospinal fluid, the aqueous humour of the
eye or the urine may be used. The serum and other
fluids used for this test should be taken and, if
possible, preserved under sterile conditions. The
specimens should preferably not contain preserva-
tives. Urine specimens must be neutralized, but it
is not necessary to inactivate the serum for this test.
Among the many techniques for these reactions the

two most commonly used are: microscopic agglutina-
tion in a test-tube with live antigen; and macroscopic
agglutination on a slide or in a capillary tube with
killed antigen.

If a diagnostic agglutination test is to be carried
out correctly the serum under examination must be
tested against all the serotypes of Leptospira present
in the country in which the infection was contracted.

Microscopic agglutination with live leptospirae
(Martin & Pettit (1918) reaction). It is necessary to
have a well-grown culture of leptospirae (5-15 days

old) in a liquid medium (Korthof's medium). In a
control examination the individual leptospirae must
appear completely isolated; any culture containing
-as sometimes happens-small masses of spirochae-
tes must be rejected (aspecific pseudo-agglutination).
When a number of serodiagnoses are to be made it

is advisable, in order to save time and material, to
carry out a preliminary test as a guide. For this
purpose the serum is used in a 1 :10 dilution with
physiological salt solution. Using a 0.1-mi capillary
pipette, put 0.1 ml of the diluted serum to be exa-
mined in each of a series of agglutination tubes; then
add to each tube 0.9 ml of culture of the separate
serotypes to be tested. At this point the serum
dilution is 1 :100.
As controls, prepare a series of tubes containing

0.1 ml of diluted serum known to be negative and
0.9 ml of leptospiral culture.

Shake the tubes briefly and then put them in a
thermostat at 37°C for two hours. With a platinum
loop, take from each tube one drop of the serum-
culture mixture and place on a slide; examine under
the microscope on a dark field enlarged to 200-300
diameters. If a number of observations have to be
made, the cover-slip can be dispensed with and,
with a glass-pencil, the slide carrying the specimens
can be divided into squares and a drop of the mixture
to be observed placed in each square.

If all the results are negative the test is finished. If,
on the other hand, there is agglutination in any tube,
the test must be repeated with the serotypes that
have reacted, using graded dilutions of the serum
under examination (1: 100, 1: 1000, 1: 1000,
1: 100 000) so as to obtain, with the addition of the
leptospiral culture, dilutions of 1: 1000, 1::O 000,
1: 100 000 and 1: 1 000 000. The titre is obtained
by taking the inverse value of the highest dilution of
that serum which is still capable of producing clear
signs of agglutination with the leptospirae.

In leptospiral infections the agglutination titre is
often very high and may sometimes exceed

1: I 000 000. As a rule the titre of the urine is
significantly lower than that of the blood serum.

In the first dilutions of a strongly positive serum
it will be noted that, after the incubation period, the
free leptospirae disappear almost entirely: under the
microscope all that can be seen are a few granular
and very ragged clumps which were once considered
to be remnants of leptospirae which had first agglu-
tinated and then lysed (" lysis-balls "). It is now
known that these clumps are, in fact, leptospirae
which have agglutinated very strongly.
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In the successive serum dilufions a few free
leptospirae are noted while others adhere only
partially to the " lysis-balls ". As the end-point is
approached, these " lysis-balls " become less numer-
ous and smaller, and free leptospirae and others
agglutinated in the form of small starlike masses can
be seen under the microscope. The end-point is
considered to be reached when there are in the tubes,
together with the free leptospirae, only a few others
that have agglutinated in small masses. In some
cases, particularly with high-titre serum, the pro-
zone phenomenon may appear in the first serum
dilutions, but this hardly ever goes beyond the
l: 100 dilution.
Microscopic agglutination can also be carried out

with a suspension of killed leptospirae. In this case,
instead of the " lysis-balls ", less compact masses of
agglutinated leptospirae form and the titre obtained
is slightly lower than it is with the live antigen.

In addition to the procedure described above,
there are several other ways of carrying out the
microscopic agglutination test; among these is
Wolff's very recommendable method in which drops
of serum dilutions beginning with the 1: 10 and 1: 30
dilutions are used, and small glass or china or
porcelain tablets instead of agglutination tubes.

In the microscopic agglutination test no value is,
as a rule, attached to any titre below 1 :100, and
some authors consider even this titre to be insigni-
ficant. In fact, it is not possible in this field to fix
absolute and constantly valid limits; positive results
must be evaluated case by case, taking into account
the time of removal of the serum in relation to the
date of onset of the disease, the possibility of anti-
biotic treatment, the occurrence of residual agglu-
tination titres of earlier leptospiral infections, etc.
It should be noted that bovines often give low agglu-
tinin titres even when they have never shown any
definite signs of the disease. The question whether
such low positivity is to be considered specific or
not is still being debated.

Macroscopic agglutination with killed leptospirae.
A concentrated and stable suspension of killed
leptospirae is needed for this type of agglutination.
Among the various available methods are those of
Stoenner (1953, 1957):

The leptospirae are cultivated in Vervoort's
medium (see page 48). When the culture is well
grown, kill the leptospirae by adding 1 % formalin
to the culture liquid. Centrifuge the suspension for
15 minutes at 1500 r.p.m. to eliminate any large

particles of debris. Decant the supernatant fluid and
centrifuge it for an hour at 3000 r.p.m. Remove the
sediment and suspend it in the following solution:

Sorensen's M/15 buffer solution
(pH = 7.5) 900 ml

Formalin 100 ml
Sodium chloride 4.25 g

The volume of liquid must be about one third to one
half that of the initial culture liquid. Shake to obtain
a good suspension of the leptospirae and leave for
72-96 hours at 4°C. Centrifuge the suspension again
at 1500 r.p.m. for 15 minutes and remove the sedi-
ment. Centrifuge the supernatant at 3000 r.p.m. for
45-55 minutes. Collect the sediment in the following
solution:

M/20 borax 237 ml (M/20 = 19.07 g/litre)
M/5 boric acid 748 ml (M/5= 12.37 g/litre)
Formalin 15 ml
Sodium chloride 150 g

The pH should be adjusted to 7.6. The volume of
the liquid should be proportionate to the amount of
leptospirae in the initial culture liquid. As a rule it
will correspond to one tenth of the initial volume.
Centrifuge the suspension at 1500 r.p.m. for 20 mi-
nutes; decant the supernatant, re-suspend the sedi-
ment in boric acid solution and centrifuge again for
20 minutes at 1500 r.p.m. Add the supematant fluid
to the previous supernatant and leave at 4°C over-
night. Centrifuge again for 15 minutes at 1500 r.p.m.
Collect the supernatant and dilute appropriately with
boric acid solution. Standardization is effected by
means of a Klett-Summerson photo-electric colori-
meter fitted with a No. 42 filter. The opacity of the
antigen must be such as to give 62% transmission of
light. The antigen is stored at 4°C and keeps for at
least 1-2 years.1

Slides or capillary tubes may be used for the
agglutination reaction. When a slide is used, one
drop of antigen suspension and one drop of suitably
diluted serum are mixed on a slide which has been
specially prepared for the purpose. After rotating to
obtain a better mixture, the slide is kept for 6 minutes
in a damp chamber at room temperature. In positive
cases, small flakes of agglutinated leptospirae will
be clearly visible.
For the capillary method, Stoenner (1953) advises

the use of glass capillary tubes 68 mm long with an
internal diameter of 0.8-1.1 mm. The antigen sus-
pension is placed in the bottom third of the tube and

1 Active leptospiral antigens ready for use can now be
purchased on the market.
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an equal volume of the test serum diluted with saline
solution is poured on top of it. The end of the capil-
lary is then inserted in a lump of Plasticine and in-
cubated overnight, at 37°C. On the next day it is
cooled to 4°C for an hour and examined on a dark
field. Any flakes of agglutinated leptospirae will be
clearly visible.
The macroscopic method is less sensitive than the

microscopic method, the agglutination titres as a
rule being 5-10 times lower. Nevertheless it has an
advantage over the microscopic method in that it can
be more easily and more rapidly carried out even in
laboratories without any special facilities.

Use of agglutination reaction for identification of
strains. The agglutination reaction can be used not
only for serodiagnosis but also for the identification
of isolated strains. In this case the best method is as
follows:

If the strain has been isolated in a locality where
there are only a few serotypes of Leptospira, it is
advisable to test the isolated strain with immune sera
prepared from the serotypes existing in the locality.
If the strain under examination is agglutinated up to
its titre by one of the immune sera, the test is
practically concluded. If, on the other hand, none
of the immune sera agglutinates the strain, or if
agglutination occurs at a titre much lower than that
of the serum, it is preferable to immunize one or,
better, two rabbits with the strain under examination
and to test the sera obtained from them against all
the serotypes in the collection. Those that are
agglutinated at a higher titre are used for more
careful investigations, consisting mainly in agglu-
tinin-absorption tests.

Agglutinin-absorption test
This test is applied mainly for the identification of

a newly-isolated strain of Leptospira by comparison
with the other known strains in the collection. The
technique is as follows:
At least 100 ml of a well-grown culture of the

strain to be identified (A) and of the strain with which
it is to be compared (B) are required, and also the
two respective immune sera (a, b). If necessary, the
two sera are diluted with saline solution until they
have a titre of 1: 3000-1: 10 000. The two cultures
are then killed with 0.5-10/oo formalin and centrifuged
at 10 000 r.p.m. for 30 minutes. The sediment is
collected in 0.9 ml of saline solution containing
10/oo formalin. Strain A is placed in one agglutina-
tion tube in contact with serum b and strain B in
another in contact with serum a, 0.1 ml of serum

being mixed withlhe 0.9 ml of leptospiral suspension.
In two other tubes the two immune sera are diluted
to 1 : 10 with 0.5-11/oo formalin solution. The four
tubes are kept overnight at 370 C and then cen-
trifuged for a short time; the supernatant fluid is used
to prepare a series of agglutination tests with the
two strains of Leptospira in question. If the test has
been correctly carried out, the absorbed serum
should not contain more than 1% of its initial anti-
bodies for the strain of Leptospira used for the
absorption, and the results will be as follows:

Serum Strain
A B A B A B

a - - +- + -

b _-_-_-+_

In the first case, the two absorbed sera no longer
agglutinate the two homologous strains; this means
that the two strains are serologically identical. In
the second case, each of the two absorbed sera
agglutinates its homologous strain; this means that
the two strains are entirely different. In the third
case, one of the sera no longer agglutinates the
homologous strain but the other continues to do so,
and it is therefore considered that the two strains
belong to the same serotype but to two different sub-
serotypes.

It has been agreed to attach importance to residual
homologous titres in sera after absorption only if
they reach at least 10% of the original titre; residual
titres below 10% indicate an antigen variation too
small to be taken into account for the purpose of
the differentiation of serotypes.

In addition to being used for the identification
of new strains, the agglutinin-absorption test can
be used to determine the type of Leptospira res-
ponsible for an infection when the patient's serum
agglutinates two different serological types of Lepto-
spira at the same titre. In this case, if the serum is
absorbed with leptospirae of the serotype responsible
for the infection, it loses its agglutinins altogether,
even with respect to the second strain, whereas if
it is absorbed with a strain not responsible for the
infection it retains the antibodies for the type of
Leptospira which has caused the infection.
The whole of the present systematic arrangement

of the serological groups of leptospirae is based on
the results of agglutination and agglutinin-absorp-
tion tests.

Complement-fixation test
In practice, this test is not very much used. It is

partially " genus-specific " in that whatever the sero-
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type of Leptospira used in the preparation of the
antigen, the latter reacts with the immune sera for
many different serotypes of Leptospira. This test is
therefore useless for the identification of the various
serotypes of Leptospira.
Many types of antigens have been proposed for

this reaction. One of the simplest is that of Terzin
(1956), which is prepared as follows:
A well-grown culture of leptospirae is centrifuged

at high velocity and the sediment is collected in
saline solution. The suspension is warmed for
5 minutes in a water-bath at 100°C and this suspen-
sion, appropriately diluted, constitutes the antigen.

In Terzin's complement-fixation method 0.1 ml
is used as the volume unit for the various reagents,
2 units of complement are used, and the haemolytic
mixture contains 2% of red cells and 2 units of
haemolysin.
The antigen-serum-complement mixture is kept

for 90 minutes at 37°C; after the addition of the
haemolytic mixture the tubes are placed in a
thermostat for another 30 minutes and are shaken
briefly every 10 minutes.

Other antigens have been prepared by more or
less complicated extraction procedures, among
which is the method of Rothstein & Hiatt (1956):
The leptospiral culture is centrifuged at 3000

r.p.m. for 45-60 minutes and the sediment is re-
suspended in 12 ml of distilled water. To this is
added, stirring slowly, 36 ml of 95% ethanol. The
mixture is shaken vigorously for 5 minutes and left
overnight at 4°C, being shaken from time to time.
The suspension is then centrifuged at 3000 r.p.m.
for 45-60 minutes at 2-4°C. The supernatant is
decanted and the sediment suspended in 12 ml of
distilled water: this process is repeated twice more.
The supernatant fluids from the various extractions
are collected, put into a Visking Cellophane bag and
dialysed against cold tap-water for 24-48 hours.
The volume of the solution increases 2-4 times and
the liquid become cloudy. The volume is reduced
to about 125 ml by evaporation through the dialysis
bag. The bag is then placed in a receptacle contain-
ing one litre of distilled water and dialysis is con-
tinued for 18-24 hours at 4°C. The contents of the
bag are then transferred to an electro-dialysis cell
and electro-dialysed for 24-48 hours with a 40-volt
difference of potential.
The contents of the cell are then mixed well and

centrifuged for an hour at 24 000 r.p.m. The super-
natant can be used as antigen for the precipitation
test; the sediment is suspended in 100 ml of distilled

water and made isotonic by the addition of sodium
chloride up to a final concentration of 0.15 M. This
suspension is used as antigen for the complement-
fixation test. Much lower titres are obtained with
this than with the agglutination test (ranging from
1:8 to 1:128). As a rule, the homologous serum
gives a higher titre than the heterologous sera.

Precipitation test
This test is also very little used. With respect to

specificity and sensitivity it is about the same as the
complement-fixation test. Rothstein & Hiatt's
antigen can be used, prepared as mentioned above.
The test is carried out in 4 mm x 40 mm tubes;

0.05 ml of antigen is put into each tube followed by
0.05 ml of the test serum diluted in a 0.15 M solu-
tion of sodium chloride. The tubes are kept for
6 hours at 25°C and then overnight at 4°C. In
positive cases the precipitate can be clearly seen.

Haemolysis test
Sheep's red blood cells placed in contact with a

leptospiral extract become sensitized so that they
agglutinate in the presence of an antileptospiral
immune serum. If complement is present, the red
cells become lysed. This reaction is genus-specific;
whatever the type of Leptospira used in the prepara-
tion of the antigen-even the non-pathogenic types
(L. biflexa)-it reacts with any of the anti-Lepto-
spira immune sera.
The technique of Cox (1957) for the preparation

and execution of the haemolysis test is described
below. Cox uses a special strain of L. biflexa, the
" CDC", cultured in Difco tryptose-phosphate
broth containing 10 % of rabbit serum.
The antigen is prepared as follows: 600 ml of

culture (10-12 days old) are centrifuged at 4000-
10 000 r.p.m. for 30-40 minutes; the sediment is
re-suspended in 1/60th of the initial volume in a
solution of 0.15 M sodium chloride. To this sus-
pension, cold 99.5% ethanol is added until a final
concentration of 50% is obtained. The mixture is
kept in the refrigerator overnight and then centri-
fuged at 4000-10 000 r.p.m. for 30 minutes; the
supernatant fluid is collected and to it is added
sufficient ethanol to bring the concentration up to
90%. The mixture is left in the refrigerator for
6 days, during which time a thin precipitate forms.
This is collected by centrifuging at 500-1000 r.p.m.
and dissolved in 1/30th of the initial volume in
distilled water or Veronal buffer solution.
The sheep's blood cells for sensitizing must be

fresh; they are washed three times in Veronal buffer
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solution and then suspended in that solution in a
concentration of 10%. One part of this red cell
suspension is mixed with 10 parts of the appropriate
antigen solution; the mixture is kept for an hour at
37°C, is shaken, and is then centrifuged at 1000 r.p.m.
for 10 minutes, after which the washed blood cells
are re-suspended in Veronal buffer solution in a
concentration of 1 %.
The titration of the antigen is carried out by the

"block " technique: several rows of tubes are
prepared into each of which is poured 0.4 ml of
inactivated immune serum of known potency
(diluted to 1: 10, 1:40, 1: 100, 1:400, 1: 1000,
1: 4000, 1: 10 000), 0.1 ml of the 1% suspension of
blood cells sensitized with graded doses of antigen
(1: 8, 1: 16, 1: 32, 1: 64, etc..), 0.4 ml of com-
plement diluted so as to contain 4 units, and
0.1 ml of the Veronal buffer solution. The tubes
are kept at 37°C in a water-bath for one hour and
shaken every 20 minutes.
One unit of antigen is considered to be contained

in the highest dilution of antigen capable of sensitiz-
ing the red blood cells to a point where they become
completely lysed in the presence of a 1: 40 dilution
of the human sera. Sixteen units of antigen are used
for the titration of the complement and for the final
reaction.
One unit of antiserum is considered to be con-

tained in the highest dilution of antiserum capable,
in the presence of 0.4 ml of complement, of lysing
the sensitized blood cells with 16 units of antigen.

The final test is carried out by the technique
described for the titration of the antigen, graded
dilutions of the serum under examination being
placed in the tubes in contact with blood cells
sensitized with 16 units of antigen and with 4 units
of complement.
The Cox antigen can be kept for many months

in a deep-freeze without deteriorating.
The haemolysis reaction is highly specific with

respect to leptospiral infections: the titre begins to
be positive after the third or fourth day of the disease
and reaches its peak (as high as 1: 100 000) between
the 11th and the 20th day; thereafter, it decreases
and after a year is negative or negligibly low. Any
titre of 1 :100 or below is to be regarded with re-
serve (Cox, Alexander & Murphy, 1957).

This test gives good results with human sera and
rabbit sera, and less good with bovine sera.

OTHER TESTS

Many other tests than those described here have
been proposed or used for the diagnosis of lepto-
spirosis and for the study of leptospirae (see Babu-
dieri, 1960)-for example, the flocculation test, the
thrombocytobarin test, the coagulation test, the
growth-inhibition test, the protection test, and the
allergy test. Their practical value is somewhat
relative, however, so they are only listed here;
anyone interested will be able to refer to the original
work.

SEROLOGICAL GROUPING OF LEPTOSPIRAE

Annex 1 gives a list of the serotypes of leptospirae
known at the time of writing. This list was prepared
by the Joint WHO/FAO Expert Committee on
Zoonoses (1959).

It should be mentioned in this connexion that the
serogroups comprise the serological types of Lepto-
spira showing evident serological affinity which is
probably due to the presence of common antigens,
but that the limits of the serogroups are somewhat
conventional.
Each serotype comprises all those strains of

Leptospira which in cross agglutinin-absorption
tests with the type strain have shown at least 90%
absorption in both sera-of the agglutinins present
at the outset.
When, on the other hand, in the cross absorption

tests one of the two strains has absorbed at least

90% of the antibodies while the other has absorbed
less than 90%, the two strains are considered as
belonging to two separate sub-serotypes (of the
same serotype). For each serotype, a standard strain
has been selected by the Leptospira Sub-Committee
of the International Committee on Bacteriological
Nomenclature. Wherever possible it is that strain
which, according to the literature, was isolated first
and described as representing a new serotype.

* *

In conclusion, it should be remembered that six
WHO/FAO Leptospirosis Reference Laboratories
have been established (see page 49) to which all
workers in the field of leptospirosis can apply for
advice and information.
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Annex 1

PATHOGENIC LEPTOSPIRA SEROTYPES AND SUB-SEROTYPES *

Serogroup J Serotype |Sub-serotype Type strain Serogroup T Serotype Sub-serotypeT Type strain

icterohaemor- icterohaemor- icterohaemor. M 20 diasiman djasiman Djasiman
rhagiae rhagiae rhagiae

icterohaemor-
rhagiae incompleta RGA
naam Naam austraiis austraiis Ballico
mankarso Mankarso muenchen Munchen C-90
sarmin Sarmin esposito Esposito
birkini birkini Birkin
birkini smithii Smith
ndambarl Ndambarl pomona pomona Pomona

javanica javanica

poi
coxus

Veldrat Batavia
46

Poi
Cox

canicola canicola Hond Utrecht l\/
schueffneri Vleermuis 90 C
benjamin Benjamin
jonsis Jones
sumneri Sumner
malaya H-6

ballum ballum ballumensis Mus 127
ballum castellonis Castell6n 3

pyrogenes

cynopteri

sentot

autumnalils

pyrogenes
zanoni
abramis
biggis
hamptoni

cynopteri
butembo

sentot

autumnalis
autumnalis
bangkinang
mooris

autumnalis
rachmati

Salinem
Zanoni
Abraham
Biggs
Hampton

3522 C
Butembo

Sentot

Akiyami A
Rachmat
Bangkinang I
Moores

grippotyphosa

hebdomadis

grippotyphosa

hebdomadis
medanensis
wolfiii
hardjo
mini
mini
kremastos
kabura
jules
haemolytica
haemolytica
worsfoldi
sejroe
saxkoebing
borincana

mini
szwajizak

haemolytica
ricardi

Moskva V

Hebdomadis
Hond HC
3705
Hardjoprajitno
Sari
Szwajizak
Kremastos
Kabura
Jules
Marsh
Richardson
Worsfold
M 84
Mus 24
HS-622

bataviae bataviae Swart
paidjan PaidJan

I.

semaranga

andamana

hyos

celledoni

semaranga

andamana

hyos
hyos

celledoni
celledoni

hyos
bakeri

celledoni
whitcombi

Veldrat S 173

CH 11

Mitis Johnson
LT 79

Celledoni
Whitcomb

* Reproduced, with slight modiflcations, from Joint WHO/FAO Expert Committee on Zoonoses (1959).

. .
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Annex 2

REVIEWERS

Dr C. Borg-Petersen, Statens Seruminstitut, Copen-
hagen, Denmark

Dr J. C. Broom, The Wellcome Laboratories of Tropical
Medicine, London, England

Dr J. van der Hoeden, Israel Institute for Biological Re-
search, Ness Zionah, Israel

Professor J. Kathe, Institut fur medizinische Mikro-
biologie und Epidemiologie der Universitait, Rostock,
Democratic Republic of Germany

Dr M. Kitaoka, National Institute of Health, Tokyo,
Japan

Dr E. Wiesmann, Bakteriologisches Institut, Kantons-
spital, St. Gallen, Switzerland

Professor J. W. Wolff, Instituut voor Tropische Genees-
kunde, Amsterdam, Netherlands
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