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weakly ‘in the first dilution (1:100) of the absorbed serum. ''Excessive" absorption may
remove cross-reacting antibody factors, leading to "non-specific" reductions in titre. The
absorbed sera should be labelled and stored at -20°C or -70°C.

(9) Alternative method of serotyping (Factor analysis, Kmety). (see section B 3.3.2.1, p. 75).
A system of "major" antigens has been recognized by cross-absorption procedures. The
specific arrangement of major antigens allows determination of the serovar status using
"factor sera", prepared by absorbing the antisera so that they react only with specified
major antigens, and sometimes with specified minor antigens. The final determination is
however based on cross-absorption, but factor sera can reduce much of the tedium and
expense of cross-absorption. The technique requires specified strains to be available for the
preparation of factor sera. The tests are performed by MAT methods, but are confined in
practice to only a few experienced reference laboratories.

3.1.4.2 Immunofluorescence (IF) (28).
(1) For diagnosis of infection, using fixed antigen and patients' sera.

(a) Antigens. Cultures of either L. biflexa serovar patoc strain Patoc I, and L. interro-
gans serovar copenhageni strain Wijnberg (for human sera) or any other strains known by
MAT to have caused local infections may be used as antigens. The strain chosen should be
grown in TA medium for 2-4 days at 28-30°9C. It should be checked for serological specifi-
city and cross-reactivity by MAT, for purity (i.e., culturally free of contaminant bacteria
and yeasts), and for density and sensitivity. A suitable density is such that when a drop of
approximately 10 pl is allowed to dry on a microscope slide, the leptospires are seen by
dark-field examination to lie separate from one another. Too dense a culture may be
diluted with medium. A suitable level of sensitivity is such that homologous rabbit antisera
and the patient's convalescent or immune sera which have a MAT t1tre of 1:10 000 should
give an IF titre of approximately 1:2560.

A drop of approximately 10 pl of a suitable culture is placed onto each of the 10 circular
areas on the specially prepared microscope slides (see below), using either a dropping or
calibrated pipette, and allowed to dry at room temperature (20-30°C). The antigen:is fixed
by immersing the slide in acetone for 10 min and dried by evaporation at room temperature.
(WARNING: work in a flame-proof fume cupboard or with fire safety precautions, away
from flames and naked lights). The prepared slides may be used immediately or after
storage for at least 3 months. For storage, they are wrapped in soft tissue paper, placed
in a polythene or other plastic bag, sealed and stored at or below 4°C; the unopened bag
should be thawed slowly in a jar or desiccator containing silica gel to prevent condensation.

(b) Conjugates. Any suitable source of antiglobulin may be used, e.g., anti-human whole
globulin, prepared in sheep and conjugated with fluorescein isothiocyanate. It may be
purchased from a reliable quality-assured source, or may be prepared in the laboratory,
using standard ‘immunochemical methods, 'and quality tested before use. The. optimal-dilution
of every new batch of antiserum-conjugate must be ascertained before routine use, by re-
action with a standard reactive antileptospiral serum, using the batch of antigen to be
employed in the tests. The optimum working dilution is taken as one doubling dilution lower
than (i.e., one half the concentration of) the highest dilution. giving maximum fluorescence.
The optimum dilution must be. refestablished for each batch of antigen.

_(c) Preparation of slides. Specially prepared glass-teflon slides that are suitable for IF

- can be purchased, or can be made as follows. Clean the glass slides thoroughly in hot water
and detergent, or in chromic-sulfuric acid glass-cleaning mixture overnight. Rinse 4-5 times
in hot tap water, and twice with distilled water, and dry with filter paper. Place 10 drops
of approximately 15 pl of glycerol on the slide in 2 rows, each containing 5 drops, spaced
apart. equally. Spray the slides with teflon, from a spray-pack can, which is available from
laboratory suppliers. After drying, rinse the slides with warm tap water and then distilied
water to dissolve and wash away the glycerol, leaving circular areas of clear glass surrounded
by . tefion, which w111 contam the reagent mixtures durmg the tests
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(d) Serum dilutions. 1. Make serial, doUbling dilutions in PBS at pH 7.2, starting with
1:10, up to 1:5120. A positive control serum is similarly diluted, and a negative control,
serum likewise diluted from 1:10 to 1:80.

2. With a standard loop or other pipettihg device, place approximately 10 pl of eéchu‘v
dilution over the dry fixed antigen within one of the marked circles on the slide, starting
with the highest dilution.

3. Incubate the slides at room temperature (20-30°C) in a moist chamber, or closed
petri dish containing wet filter paper, for 30 min.

4. Wash the slide gently with PBS, pH 7.2, with frequent changes. If washed in a jar,
immerse briefly (but gently) before changmg the PBS, repeat once more and leave immersed
for 10 min.

5. Discard the PBS, and dry around the circle with soft tissue or blotting paper. Place

" the shdes in a humid chamber or moist petn dish.

6. Drop approximately 10 pl of conjugate, d1luted to optimum potency, onto each of the
antiserum-antigen spots. The dilution used is frequently 1:80 or 1:100, depending on the
titre of conjugated antiserum.

7. Incubate in the dark for 30 min at room temperature.

8. Repeat the washing, step (4), keeping the jar in the dark.

9. Repeat step (5), placing the slide in a slide holder.

10. Place enough (one or more drops) of glycerol-PBS mountant over each circle, cover

with a coverslip and read under the microscope. Glycerol-PBS mountant may be made by

mixing 9 parts of water-free glycerol with 1 part of PBS, pH 7.2.

For tissue smears and sections. Smears of tissues (see sections C 1.2.6,p. 104; C 3.2.3.1.
(2), p. 127;and C 3.3.3.3, p. 131) should be fixed in cold acetone or absolute ethanol Tissue

sections fixed in neutral formalin may be taken through an ammonium hydroxide rinse to

neutralize the formalin before application of the antisera and fluorescent conjugat’es.

Microscopic methods. Various methods of illumination are suitable (28). Incident light
fluorescence is excellent, if available. Otherwise transmitted light, from a quartz-halogen

~or a mercury vapour lamp may be used with a dark-field (DF) condenser. An excitor filter

(4)

{495 nm interference filter, BG12 or other) is required, passing the exciting wavelength of
495 nm for fluorescein isothiocyanate. An effective yellow eyepiece barrier filter arrange-

'ment, transmlttmg above about 510 nm, is required. Various oil-immersion (non-fluorescent

immersion oil), water-immersion and dry objectives are available. A good combination is
x40-x60 objectwe with x10 ocular. Complete descriptions of the techniques of immuno-
fluorescence microscopy may be found in suitable textbooks and manuals of 1mmunology,
immunochemistry or diagnostic microbiology.

Reading the results. The intensity of fluorescence is estimated subjectively by comparison
with known positive sera. A suitable dilution to give "+" fluorescence (see below) is chosen
as a reference end-point. Comparative microscopy systems are available for lessening the

subjectivity of the readings, but they are very expensive. The scale of intensity is recorded

as follows:
Level of fluorescence Reading
brilliant (maximum intensity) ++
bright, clear ++
visible with ease +
weak, barely detectable £
none -

The titre is recorded as the highest dilution giving a + reading.
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3.1.4.3 ELISA Test For Leptospiral Antibodies (19, 30).

Enzyme-linked immunosorbent assay (ELISA) has been used successfully to detect human, bovine
and sheep antibodies to leptospires. The specific IgM and IgG contributions can be assessed separ-
ately (29). The serospecificity of the test depends on the type of animal sera, and the antigen.
An ‘antigen prepared from L. interrogans serovar copenhageni Wijnberg reacted with human sera
resulting from infection with leptospires belonging to 11 serogroups (30). '

The reagents required are -

1.

2.

Conjugates. These are antiglobulins to. the species whose serum is to-be tested (e.g., goat
or rabbit anti-human IgM or 1gG), conjugated with an enzyme (e.g., peroxidase). The methods
of preparation of peroxidase conjugates have been described (29). Commercially available
conjugates may be used (an anti-human Ig peroxidase-conjugated immunoglobulin was used by

~ Terpstra et al, (30)).

Antigen. The antigen used by Adler et al. (29) was made by centrifuging leptospires at

10 000g for 10 min and resuspending them in 0.06 mol/l carbonate buffer, pH 9.6, at a con-
centration of 5 x 107/ml. They were disrupted by sonication at 20 Hz for 2 periods, each
of 15 sec. The antigen used by Terpstra et al. (30) was prepared from a cuiture of lepto-
spires in EMJH medium, containing 11 x 108 leptospires/ml.  The culture was killed with a
final concentration of 0.5% wt/vol of formalin and heated in-a boiling-water bath for 30 min,
then cooled and centrifuged at room temperature at 10 000g for 30 min. The supernatant
was used as the antigen. ’ -

The apparatus required is new plastic microtitration plates (synonymous with "trays") or other
plastic containers, to which the antigen will adhere. Polystyrene plates, specially prepared
for enzyme immunoassays (e.g., Cooke-Dynatech Immulon 129A), are useful for either method.
Polyvinyl chloride microtitration plates were used by Adler et al. (29). s

The methods described for performance of the test are as follows:

(i) Using sonicated antigen (29). The paper by Adier et al. (29) should be consulted
for details about standardization of the conjugate dilutions. The wells of microtitration
plates are coated overnight at 4°C with 200 ul of sonicated leptospiral suspension. After
washing 3 times with PBS (pH 7.2) containing 0.05% vol/vol of Tween 20 (PBST), the wells
are secondarily coated with 1% wt/vol of bovine serum albumin (BSA, Sigma Chemical Co.)
and left at 4°C overnight. After 3 more washes with PBST, 100 pl of an appropriate dilution

- of test serum is added and the plates are incubated at 37°C for 1 h. After a further 9
~ washes with PBST, 50 pl of appropriately diluted conjugate is added and incubated for 1 h

at 37°C. Finally, after washing the plates 6 times with PBST, 50 pl of substrate is added
and incubated at room temperature in the dark for 20 min. The substrate solution is made
by adding 2 ml of freshly prepared 1% wt/vol of orthophenylendiamine HCI in methanol and
200 pi of 3% vol/vol of HpOp to 98 ml distilled water. The enzyme-substrate reaction is
then stopped by adding 25 pl of 4 mol/l HSOy and the colour produced in each well is
recorded. : ‘ ‘ '

(ii) Using boiled antigen (30). Volumes of 100 pl‘ of antigen are pipetted into the wells
of polystyrene microtitration plates, which are then left at room temperature until dry (1-3
days), and stored at room temperature. The antigen remains stable for at least 6 months

. (30). After washing the plates 4 times.with PBST, (leaving the fluid in the wells for 1 min

dﬁ'ing the last 2 washings), serial 2-fold dilutions of the sera are made in PBST 0.5% wt/vol
of bovine albumin (fraction V) (PBSTA) in 100 pl volumes. The plates are incubated at 300C
for 1 h and then washed as described above. A volume of 100 pl antihuman Ig peroxidase-
conjugated immunoglobulin, diluted 1:500 in PBSTA, is added to each well, incubated for | h
and washed, as described above. The substrate solution is then added in volumes of 100 i
to each well. (The substrate solution is made by dissolving 80 mg of 5-aminosalicylic acid in
100 ml distilled water, final pH 6, to which a final concentration of 0.005% vol/vol of HyO;
is added, just before use). A brown colour indicates a positive reaction.

The colour may be recorded visually on a subjective 0 to 3+ scale, or the optical density (OD)
of the solution may be measured by diluting the sample to a suitable volume with water and
reading the OD at 480 nm or another suitable wavelength (depending on the substrate) in a
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spectrophotometer. Ideally, the plates may be read quickly and evaluated in an ELISA reader,
which automatically measures and records the OD at the appropriate wavelength. The more
sophisticated instruments are computer-assisted to’ carry out automatic calculations from the
OD to antibody concentration.

In evaluation of the results, a "cut-off" point is determined at the transition between readings
for "positive" and "negative" sera, by testing a number of specimens in each category, as
judged by the clinical history and corroborated by MAT.

3.1.50 PREPARATION OF ANTISERA .

3.1.5.1 Preliminary Procedures. (1) Selection of Animals. For the preparation of antisera
young healthy rabbits weighing approximately 3-5 kg should be used. The rabbits should be
pre-tested for leptospiral anti-bodies prior to inoculation. '

(2) Selection and preparation of antigens. Isolates should first be cloned by culturmg on
solid media containing 1% agar (section C 3.2.1, p. 124). - Serial 10-fold dilutions of the
material for culture should be prepared before inoculation on to the medium. A single
loopful of each dilution is spread over the surface of a plate with a glass spreader. The
plates are incubated overmght at 30°C to allow excess moisture to evaporate. The plates
are then sealed with masking tape and reincubated at 30°C. Plates are examined regularly
for colonies which usually appear below the surface. The antigen is prepared by inoculating
a single colony into rabbit serum peptone medium.

3.1.5.2 Injection Schedules. Two schedules, A and B, are given below. Schedule A is the method
recommended by the TSCL for identifying the isolates and for serotyping. Schedule B is recom-

mended by Kmety for production of antisera to the heat-labile (TLA) antigens, as well as the
heat-stable (TSA) antLgens ‘

Schedule A

Rabbits should be inoculated intravenously into marginal ear veins with successive doses of 5 to
7 day-old live culture containing approximately 2 x 108 leptospires/ml.  Five injections of 1 ml, 2
ml, 4 ml, 6 ml, and a further 6 ml should be given at 7-day intervals.

Fourteen days after the last injection, a small sample of blood should be taken from the ear vein
for testing. If the homologous titre of the serum is between 1:10 000 and 1:50 000, the rabbit
should be bled by heart puncture and exsanguinated. If the titre of the serum is below 1:10 000,
a further injection of 6 ml of live culture is given. If the sixth injection fails to produce a suit-
able antibody titre, the rabbit shouid be discarded and a new rabbit selected. At least 2 rabbits
should be used for the preparation of each antiserum. The antiserum is harvested and pooled,
provided that the homologous titre is between 1:10 000 and 1:50 000.

Schedule B

1. Each rabbit is injected intravenously 1n the ear vein with doses (each of 4 ml) of a well grown
culture containing approximately 2-4 X 108 leptosp1res/m1 either living or heat inactivated (56°C
for 30 min), according to one of the schemes in Table 10.

2. For virulent or freshly isolated strains, living cultures are injected intravenously accordlng to
the followmg schedule:

Day 1, 1 ml; Day 6, 2 ml; Day 11, 4 ml; Days 16 and 21, 6 ml each.

One week after the last injection a small blood sample is taken from the ear vein and tested
against the homologous strain. If the titre is at least 1:12 800, the animal is bled by heart punc-
ture. Rabbits with lower titres are inoculated with an additional injection or replaced by another
rabbit.
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Table 10 IMMUNIZATION SCHEDULE B FOR THE PREPARATION OF ANTISERA
TO THERMOLABILE (TLA) AS WELL AS THERMOSTABLE (TSA) ANTIGENS.
RABBITS ARE ‘TO BE INJECTED IVN. ON DAYS INDICATED "+'

Scheme No: I(TSA only®) ~ 2(TSA + TLAT)

day ** 15 10 1 5 10
Culture heated 56°C, 30 min o s . |
Living unheated culture DU - : 48 o+

* Antiserum, free of agglutinins to TLA

t Antiserum has agglutinins to TSA and TLA

** Alternatively, inject on day 6. instead of 5; or 11 1nstead of 10 '

§ This last injection of live culture boosts the titre considerably but does not influence
TLA agglutinins, which cann‘ot appear before the rabbits are bled.

3.1.5.3 Quality Control: Minimum homologous tltre Minimum MAT titres of at least 1:12 800
are required. If further immunization does not boost the titre, a fresh rabbit must be immunized.
Every effort should be made to avoid haemolysis and microbial contamination durmg processing.

Sera should be checked for specificity and cross-reactivity with closely related serovars. Titre
should be checked periodically during storage. The need for accurate permanent labelling cannot
be stressed too strongly.

3.1.5.4 Storage and Maintenance of Stocks of Sera. Three methods are used generally. AH are
sat1sfactory . o

1. Dispense the serum in small amounts, into sterﬂe ampoules Lyop‘hiliz‘e and store at 4°C.

2. Dispense into small volumes (e.g., 2 ml) in su1table stenle ampoules and store at -70°C or
-200C. .

3. Treat with preservative and store at 4°C. Suitable preservative treatments are thiomersal
(0.02% wt/vol) or phenol (0.3% wt/vol) or an equal volume of glycerol may be added to the serum.

The titre of the stored antisera should be checked by MAT against the hom'ologous strain during
storage at intervals of no more than 6 months.. Sera which have dropped the titre below a useful
level (approximately 1:5000) should be dlscarded and fresh samples prepared

3.1.6. REFERENCE ANTISERA

3.1.6.1 Definition. A reference antiserum is a sample of a rabbit antiserum to a. defined serovar
of Leptospira. It is prepared from a cloned culture, grown, prepared and used for immunization
according to the methods recommended by the TSCL (see section C 3.1.5, p. 121) and . tested in
a reference laboratory (see section D). This antiserum has a specified titre against the homologous
strain. It is used for serotyping, for checking the authenticity of isolates, and as a reference
against which other antisera and reference antisera may be compared. Reference antisera are
“prepared only in the reference centres (see Annex l), which may make them avallable to approved
laboratories on application. ‘
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Reference antisera may be prepared against both thermostable and thermolabile antigenic varieties
of leptospires (see sections B 3.3.2.2,p. 75 and C 3.1.5, p. 121). They may also be absorbed to
produce antigenic factor antisera, specific for a given antigen or group of antigens. :

3.1.6.2. Preparation. Please see C 3.1.5, p. 121.

3,2 BACTERIOLOGICAL METHODS

3.2.1 PREPARATION OF CULTURE MEDIA

The quality of the water used in the preparation of media for Leptospira is of critical import-
ance. It should be high purity glass-distilled water, if possible.  Deionized water, which may
contain saprophytic leptospires that can pass through sterilizing filters, should be autoclaved or
boiled before it is used. Containers for the storage of distilled water should be cleansed and
sterilized frequently to prevent significant microbial growth. Glassware and plastic ware, used for
the formulation of the medium and the cultivation of leptospires, should be thoroughly washed and
rinsed, including a final rinse in distilled water.

The same liquid culture media that are necessary for cultivating leptospires for serological tests
are commonly used, together with semisolid media, for the isolation of strains and maintenance of
stock cultures. C

3.2.1.1 Rabbit Serum Media. The three types of media containing rabbit serum in common use
are Korthof's and Stuart's liquid media and Fletcher's semisolid medium. Because of variation
from one animal to another, the use of pooled rabbit serum (obtained from rabbits on an antibiotic-
free diet) is recommended. B

(1) Korthof's medium (modified) (69). Dissolve the following components in 1 litre of distilled
‘water: peptone 0.8 g, NaCl 1.4 g, NaHCO3 0.02 g, KCI 0.04 g, CaCly 0.04 g, KHpPOy 0.24 g
~and NapHPOy 0.88 g. This solution is steamed (100°C) for 20 min, cooled overnight at 4°C,
passed through filter paper (Whatman No.l, or equivalent), dispensed in tubes, and” autoclaved
(1219C for 20 min). Sterile, heat-inactivated (56°C, 30-60 min) rabbit serum is added to a
final concentration of 8-10% vol/vol. The final pH of the medium should be 7.2-7.4.
Alternatively, the rabbit serum and the base may be mixed and finally sterilized by filtration
prior to dispensing.

(2) Stuart's medium (modified) (70). Dissolve the following components in 1 litre of distilled
- water: NaCl 1.93 g, NHy4Cl 0.34 g, MgCl2.6H20 0.19 g, L-asparagine 0.13 g, NapHPOy j
0.67 g, KHPOy 0.087 g and adjust pH to 7.5, if necessary. Autoclave the solution (121°C N
for 20 min) and add heat-inactivated sterile rabbit serum (56°C, 30-60 min) to a final i
concentration of 10% vol/vol. ' '

(3) Fletcher's semisolid medium (71). Add the following components to 920 ml distilled
. water: peptone 0.3 g, beef extract 0.2 g, NaCl 0.5 g and agar 1.5 g and heat to boiling to
" dissolve. Autoclave (121°C, 20 min) and add heat-inactivated (56°C, 30-60 min) sterile
rabbit serum (which has been warmed to 50°Cj to a final concentration of 10% vol/vol.
The pH of the medium should be in the range of 7.2-7.6.

3.2.1.2 Tween-albumin (TA) Bovine Serum (Tween 80) Medium (72, 73). (Available commercially
. as EMIJH, Difco Laboratories, Detroit, Michigan, USA). The following stock solutions
(each.in_ 100 ml distilled water) are prepared: NHyCl, 25.0 g; ZnSO4.7H20, 0.4 g; MgCl,.6H0
“and CaCl2.2H0, 1.5 g each; FeSOy4.7H0, 0.5 g; sodium pyruvate, 10.0 g; glycerol, 10.0 g; Tween
80, 10.0 g; thiamine HCl, 0.5 g; and cyanocobalamin, 0.02 g. It is not necessary to adjust the pH
of the stock solutions, and the FeSOy stock solution should be freshly prepared and clear.

" The albumin supplement is prepared by dissolving 10 g bovine serum albumin powder in 50 ml -
distilled water and, while the albumin solution is stirred, the following stock solutions are added:



124

CaCl2-MgCly, 1.0 ml; ZnSOy, 1.0 mi; FeSOy, 10.0 ml, cyanocobalamin, 1.0 ml; and Tween 80,
12.5 ml. The pH is adjusted to 7.4 and distilled water added to bring the final volume to 100 ml
The albumin supplement is sterilized by filtration. — :

The basal medium is prepared by dissolving in 996 ml distilied water: 1.0 g NapHPOy (anhydrous),
0.3 g KHpPO, (anhydrous) and 1.0 g NaCl. The following stock solutions are now added: NH,Cl,
1.0 ml; thiamine 1.0 ml; sodium pyruvate, 1.0 ml; and glycerol, 1.0 mlL The pH of the basal
medium is adjusted to 7.4 and it is sterilized by autoclaving at 121°C for 20 minutes.

(1) Liquid TA medium. Add | volume of the albumin supplement to 9 volumes of basal medium,
under aseptic conditions.

(2) Semisolid TA medium. Add 2.0 g agar to 900 ml basal medium and heat to dissolve the
agar. After dispensing the agar basal medium in appropriate volumes, autoclave at 121°C
for 20 min. When the agar basal medium has been cooled to 50°C, mix | volume of pre-
warmed (45-50°C) albumin supplement aseptically with 9 volumes of the agar basal medium.

(3) Solid TA medium. The solid medium is formulated by preparing the basal medium as before
except that 496 ml of distilled water must be used. Add 11 g of agar to 500 ml distilled
water. Autoclave the basal medium and the agar separately at 121°C for 20 min. Mix the
2 solutions and cool to 50°C. Add 100 ml of prewarmed (50°C) albumin supplement aseptically
to 900 ml of the agar basal medium and dispense into sterile petri dishes (e.g., volumes of
30 ml in 100 x 20 mm petri dishes). - ‘ ‘

Not all batches of BSA are suitable for the cultivation of leptospires. They should therefore
be tested beforehand. (BSA preparations that have been found to be satisfactory for TA
media include those from Miles Laboratories Inc., Kankakee, Illinois, USA; Reheis Chemical
Company, Kankakee, Illinois, USA; Scientific Protein Laboratories Inc., ‘Waunakee, ‘'Wisconsin,
USA; Sigma Chemical Company, St. Louis, Missouri, USA: and Armour Pharmaceutical Prep.
Co. Ltd., Eastbourne, England). The gquality of BSA can be improved by delipidating it

with a mixture of 2 volumes of chloroform and 1 volume of methanol. ,

3.2.1.3 Protein-free (PF) Medium (6). = Stock solutions of the charcoal-treated (CT) Tweens are
prepared by dissolving 20.0 g Tween in 200 ml distilled water. While the solution of Tween is
stirred, 40.0 g Norit A charcoal is added slowly to ensure a homogeneous suspension of charcoal
particles. ‘The finely powdered form of charcoal is of critical importance for the preparation of
this medium. This mixture is stirred for 18 h at room temperature (22-25°C), after which it is
allowed to settle for 18 h at 4°C. The Tween is then carefully decanted from the charcoal sedi-
ment, centrifuged (10 000g for | h), and subjected to thin-channel ultrafiltration using a XM 100
membrane (Amicon Corp., Lexington, MA, USA) to remove any remaining charcoal from the Tween.
The stock solutions of the CT-Tweens are stored at -20°C. B

The following stock solutions of TA medium are used in-the preparation of the protein-free (PF)
medium: glycerol, CaCly-MgCly, ZnSOy, FeSOy, thiamine (heated at 121°C for 20 min), cyanoco-
balamin and NH4zCl. In addition, stock solutions (each in g per 100 ml distilled water) of KHoPOy
(anhydrous) (1.0), MnSOy.H2O (0.1) and the CT-Tweens are necessary. The 10x PF medium is
prepared by dissolving in 50 m! of distilled water 1.2 g TES (N-tris [hydroxymethyl] methyl-2-
aminoethane sulfonic acid), 0.9 g NaCl and 0.2 g sodium pyruvate. To this solution are added the
following stock solutions (ml) with constant mixing: glycerol (1.0), CT-Tween 60 (12.0), CT-Tween 40
(3.0), CaCly and MgCly (1.0), ZnSOy (0.1), FeSOy (1.0), NH4C! (0.9), cyanocobalamin (1.0), thiamine
(1.0), MnSOy (1.0), KHoPOy (1.0). After the pH of the medium has been adjusted to 7.6  with:l
mol/l NaOH, and distilled water has been added to bring the volume to 100 ml, it is filter sterilized.
The 1x PF medium is prepared by adding 1 volume of 10x PF medium to 9 volumes of sterile
distilled water. o ' ‘

With the protein-free medium, growth can be initiated from small inocula and cell densities of '
102 leptospires/ml of a large variety of leptospires can be achieved. The antigenicity and immuno-
genicity of cells grown in this medium are similar to those of cells cultivated in serum- or albumin-
enriched media. The addition of 0.19% wt/vol of BSA converts this medium to a low-protein medium
which is useful for the cultivation of certain fastidious strains and for the isolation of leptospires.
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Tweens may also be "c‘leal‘ne‘d". of free lipid on an ion-exchangé column for use in protein-free
media. "Amberlite IRA-400 CI" (analytical grade), (made by Rohm and Haas Co., Philadelphia,
USA), has been used successfully. It is converted to the hydroxide form before use.

3.2.1.4 Special Media. (1) Selective media. The addition of 100 pg per ml of fluorouracil
converts the TA medium and the rabbit serum medium (liquid, semisolid or solid) into selective
media (74).

A stock solution of -fluorouracil is prepared by adding 1.0 g fluorouracil and 1.0-2.0 ml
2 mol/l NaOH to 50 ml distilled water. . Heat is applied to aid the solution of the fluoro-

uracil and the pH is adjusted to 7.6. The volume is made up to 100 ml with distilled water

- and the solution sterilized by filtration. The addition of 0.1 ml fluorouracil stock solution to
10 ml of culture medium results in a final concentration of 100 pg fluorouracil per mi of
medium. Heavily contaminated materials should be diluted (3 to 7 serial 10-fold dilutions) in
the fluorouracil media. :

Neomycin (5-25 pg/ml in rabbit serum media, and 300 pg/ml in TA media) has also been
recommended for controlling contaminating microorganisms (75). However, leptospires are
themselves quite sensitive to neomycin and the neomycin activity is influenced by the iron
content of the medium. The appropriate concentration of neomycin to be incorporated into
the isolation medium should be determined prior to use.

(2) Differential media. The saprophytic leptospires can be differentiated from parasitic lepto-
spires by their growth response in media containing 225 pg/ml 8-azaguanine (76). An
inoculum of 0.1-1% vol/vol is used. The growth of the saprophytes is not significantly
inhibited by the 8-azaguanine, whereas after 1-2 generations the parasitic leptospires cease
to grow. The test may be conducted in media containing serum or albumin. The 8-azaguanine
medium is prepared as follows: dissolve 0.1 g 8-azaguanine in 50 ml basal medium (culture
medium without albumin or rabbit serum) by adding about 2 ml of 2 mol/I NaOH. Gentle
heating will hasten the solution of 8-azaguanine. Adjust the pH to 7.4 with I mol/l HCIl and
make up the final volume to 500 ml with basal medium. Dispense in appropriate volumes
and sterilize by autoclaving (121°C, 20 min). One volume of sterile rabbit serum or TA
supplement is added to 9 volumes of the 8-azaguanine-basal medium.

3.2.1.5 Sterilization and Maintenance. See above under the descriptions of the media (section
C 3.2.1). ‘ ‘ ‘ ‘

Maintenance of the media requires storage away from light. Refrigeration is desirable but the
media appear to support satisfactory growth even after storage for months at room temperature in
‘temperate climates. The main causes of deterioration are slow-growing contaminants and dehy-
dration through evaporation.

3.2.1.6 Quality Control. Culture media can be stored for months at room temperature if they
have been tightly sealed to prevent evaporation. Since variation in growth-supporting properties
occurs between pools of rabbit serum and batches of albumin, it is advisable to evaluate the suit-
ability of new preparations of media. New preparations of media should be incubated at 37°C
overnight and at room temperature for 3 days before use in order to detect possible contamination.

Several Leptospira media are commercially available. Stuart's, Fletcher's and EMJH (TA, Tween
80-BSA) media can be obtained from Difco (Detroit, Michigan, USA). PLM-5 (Reheis Chemical,
Kankakee, 1llinois, USA) and Leptospira medium 5X (Scientific Protein Laboratories, Inc., Waunakee,
Wisconsin, USA) are sterile five-fold concentrates of the complete Tween 80-BSA medium. These
5x media have been pre-tested to ensure their suitability for the cultivation of leptospires.

3.2.2 BLOOD CULTURES

3.2.2.1 Inoculation. In order to isolate leptospires successfully from blood, cultures must be taken
during the acute pyrexial stage of illness, as soon as possible after the onset of symptoms. In
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general, leptospires cannot be isolated from blood taken later than about 5 days after the onset of
symptoms. The most suitable medium is either the TA type or the semi-solid rabbit serum type

(see above). TA is clearly superior to the liquid rabbit-serum- “containing media. The addition of
the following antibiotics reduces contamination without affectingthe growth of the leptospires:: '

Sulfathiazole, sodium salt 50 pg/ml
‘neomycin sulfate (see section C 3.2.1.4) 5 pg/ml
actidione (cycloheximide) © 0.5 pg/ml

Four tubes, each containing 5 to 10 ml of -medium, should be inoculated respectively with 1, 2,
5 and 10 drops of freshly taken blood. Larger quantities of blood may be inhibitory.  Culture
media should be inoculated with unclotted fresh blood, preferably at the bedside or in the clinic.
If the blood cannot be inoculated immediately, it may be placed in a sterile tube containing 15-20
international "units of heparin as an anticoagulant, and sent to a leptospira laboratory (see section
D 1.2.3, p. 143 and Table 13, p. l44).. The usual stringent aseptic precautions, which are standard
for all blood cultures, must be taken. .

3.2.2.2 Examination and Subculture. = Cultures should be incubated at 28-30°C and exammed
weekly by dark-field microscopy for the presence of leptospires. Any tubes contammg leptospires
should be immediately subcultured mto 2 tubes of fresh medium, because posmve primary cultures
may subsequently become non-viable. Ideally if time and/or space permit, all primary cultures
should be subcultured 1-2 weeks after inoculation, and the subcultures also examined weekly. All
cultures must be incubated and examined for at least 2 months before being discarded as negative.

3.2.3 IDENTIFICATION OF LEPTOSPIRES

3.2.3.1 Dark-field Microscopy. Leptospires in cultures, body fluids, or tissue suspensions are
identified on the basis of their typical" morphology and motility. Examinations are conducted on a
minute drop, approx1mately 10 ul, which is dispersed in a thin layer between a glass slide and a
coverslip. It is important to diffuse particulate matter because excessive amounts of particles
may reflect too much light to permit the detection of leptospires (see below). Slides are usually
first scanned under low magnification (i.e., 100-150x) and then at high dry magnification (approx.
400x) for closer observation. In fluid media, the leptospires appear to rotate alternately along
their long axis, moving backwards and forwards with no apparent polar differentiation. The spinning
hooked ends are characteristic of leptospires. In semi-solid media, flexing, boring, and serpentine
movements are seen. -

Bright-field condensers can be converted to dark field by inserting a patch-stop below the iris
diaphragm in the carrier provided for glass filters. The following formula may be used to determine
the size of the patch-stop:

Diameter of patch (mm) = foca! length of condenser (mm x 2 x numerical aperture (na)
of the objective. :
An intensely bright,. pomt light source is essennal for dark-field microscopy.

Dry dark-field condensers (na 0.6-0. 9) are suitable and are recommended for observation with dry
objectives, up to x40. Oil-immersion condensers are required for oil-immersion ob]ectwes of na
greater than 0.9. The objective must be stopped down with an insertion stop, or by using an
objective fitted with an iris diaphragm to reduce the na. :

(1) Recognition of leptospires in tissues or blood. Microscopy of a mash of tissue.is
difficult because the tissue cell fragments obscure the leptospires.. In the examination of .
tissues, etc., it is important to disperse the red blood cells, tissue cells or other particles,
since refracted light from such matter may interfere with the detection of leptospires which
may be present. A thin preparation is advisable. Tissues for examination may be triturated
by the use of sand and mortar and pestle, or Ten Broeck grinders, and suspended in approx-
imately 9 parts of fluid media or PBS (pH 7.4). Alternatively, tissues such as liver or
kidney (from small animals, not dogs) may be expressed through the barrel of a 2 or 5 ml



