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One of the factors on which the incidence of leptospirosis is dependent is the survival
time of shed leptospires in surface water or soil water, and this time is in turn affected
by the acidity or alkalinity of the water. The authors have therefore studied the survival
offour leptospiral serotypes in buffered distilled water at pH's ranging from 5.3 to 8.0.
All survived longer in alkaline than in acid water, and significant differences between the
serotypes were found in response to pH. Survival at pH's under 7.0 ranged from 10 to
117 days and at pH's over 7.0 from 21 to 152 days. Survival was also studied in aqueous
extracts ofsoil samples from different areas in Malaya; no correlation was found between
pH and survival time.

It was also noted that in a group of Malayan ricefields a low incidence of leptospirosis
in man was accompanied by a high infection rate among rodents, and when it was found
that this phenomenon could not be explained by pH or salinity, attention was turned to
the soil. Bentonite clay, similar to the montmorrillonite clay of the ricefields, was found
to adsorb about half the leptospires in suspension. The authors recommend that field study
of this laboratory observation be undertaken.

The transmission of leptospires to man and other
incidental animal hosts from the urine of reservoir
species is usually through the ingestion of, or the
contamination of skin lesions with, infected surface
water or soil water. The incidence of such infections
in an area therefore depends on four main factors:
(1) the population density of the reservoir species;
(2) the proportion of the reservoir species which is
excreting leptospires; (3) the survival time of the
shed leptospires in the surface or soil water; and
(4) the dilution factor, i.e., rainfall. The duration
of survival of leptospires in natural waters is probably
affected by many factors including pH, salinity,
extremes of temperature, associated soil bacteria
and the chemical constitution of the soil. As each
of these factors requires study in isolation, the effects
of a range of pH's from 5.3 to 8.0 has been studied
on four of the commoner serotypes infecting rats in
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Malaya.3 Survival has also been studied in a series
of water extracts of soils to determine whether a
correlation could be demonstrated between pH and
survival time.
A ricefield area where the rat population had been

found to have a high infection rate was studied in
more detail, and when it was found that neither pH
nor salinity could satisfactorily account for the low
incidence of leptospirosis in the workers, a few pilot
experiments were made on the possibility that
adsorption of the leptospires to certain clay soils
might play a part.

METHODS

Strains of leptospires
1. L. icterohaemorrhagiae, a strain isolated from

Rattus norvegicus (R 39047) captured at Klang,
Malaya.3

2. L. hyos, a strain isolated from Rattus rajah
(R 39090) captured in the Ulu Langat Forest Reserve
near Kuala Lumpur.3

3See the article by Smith, Turner, Harrison & Broom
on page 5 of this issue.
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TABLE I
SURVIVAL TIMES (IN DAYS) OF LEPTOSPIRA STRAINS IN BUFFERED DISTILLED WATER AT VARYING pH

1trainReplicate Initial pH

5.30 5.70 5.90 6.20 - 6.50 - 6.80 T 7.20 7.45 - 7.60 8.00

L. icterohae- 1 13 12 11 10 11 13 21 81 104 41
morrhagiae

2 12 11 14 14 13 14 23 102 93 91

3 12 11 10 10 13 10 22 94 66 107

4 12 1 1 11 11 13 11 21 46 98 36

L.hyos 1 14 13 19 27 28 54 39 35 31 54

2 11 11 10 12 27 33 29 36 53 66

3 27 19 16 19 32 49 34 36 81 61

4 20 21 20 29 32 42 35 39 53 52

L. australisA 1 96 104 40 49 98 110 113 113 123 113

2 101 108 95 91 101 101 60 92 108 133

3 18 20 102 104 107 108 123 117 134 124

4 64 96 97 106 69 42 115 64 59 122

L. javanka 1 13 17 16 68 102 102 70 123 143 52

2 12 14 13 19 99 117 59 92 152 134

3 11 15 20 34 98 103 119 123 109 142

4 12 17 17 35 75 39 116 124 116 117

3. L. australia A, Ballico strain, isolated from man
in Australia in 1937.1

4. L. javanica, Batavia 46 strain, isolated from
Rattus argentiventer (syn. R. r. brevicaudatus) in
Indonesia in 1938.1

Survival in distilled water
A series of M/250 phosphate buffers of pH's

ranging from 5.3 to 8.0 (Table 1) were dispensed in
10-ml amounts in 6 x 5/8 inch (15 x 1.5 cm) test-tubes,
which were plugged with cotton wool and auto-
claved. The pH's after sterilization were checked on
a Beck pH meter. 0.5 ml of a well-grown culture of
each strain in Korthof's medium was introduced
into four replicate tubes at each pH. The inoculated
tubes were kept in the dark at room temperature
(approximately 27°-31°C) and checked for motile
leptospires by dark-ground microscopy at intervals.
When contaminant bacteria or fungi were seen their
presence was recorded. The end-point of survival
was defined by two consecutive daily examinations

1 Obtained from the late Dr J. C. Broom of the Well-
:ome Laboratories of Tropical Medicine, London, England.

of ten minutes' duration without observation of a
motile leptospire. At the end-point the pH of each
tube was checked on the meter.

Survival in water extracts ofsoil samples
With the kind co-operation of the soil chemists of

the Malayan Department of Agriculture, water
extracts of soil samples from their collection were
prepared by them and sent to the Institute for
Medical Research, Kuala Lumpur, for study. 50 g
of air-dried soil were shaken for one hour with
500 ml of distilled water, which was then filtered.
The pH was determined before and after filtration.
The samples received were sterilized by placing 10 ml
in a large Petri dish so that a very thin layer was
formed; this was then exposed overnight to an
ultraviolet lamp about 20 cm above. The water
samples were then transferred with sterile precautions
to tubes and inoculated and checked as above.

RESULTS

Survival in buffered distilled water
The survival times observed are recorded in

Table 1 and plotted in the figure. Regression analysis
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TABLE 2
SIGNIFICANCE OF DIFFERENCES BETWEEN REGRESSIONS OF SURVIVAL TIME ON pHa

Serotype

L. hyos L. australis A L. javanica

L. kterohaemorrhagiae Slope P >0.05 Slope P <0.01 Slope P >0.05
(pH 5.3-6.8)

Position P <0.001 Position P <0.001 Position P <0.001

L. icterohaemorrhagiae Slope P >0.05 Slope P >0.05 Slope P >0.05
e (pH 6.8-8.0) Position P >0.05 Position P <0.01 Position P <0.01

L. hyos Slope P >0.05 Slope P <0.001
Position P <0.001 Position P <0.01

Slope P <0.01
L. australls A

Position P <0.05

a Values of P significant at the 5 % level are italicized.

was used and the calculated regression lines are
shown in the figure. To obtain approximate linearity,
two lines were calculated (above and below pH 6.8)
for L. icterohaemorrhagiae and these were compared
with similar segments of the other regressions.
Although several of the regressions showed signifi-
cant departures from linearity these were not con-
sidered to be of a degree to require the fitting of
curvilinear regressions.' Table 2 shows the com-
parison of the regressions, and it can be seen that all
differed at the 1% level of significance in slope,
position or both, except L. icterohaemorrhagiae and
L. hyos between pH's 5.3 and 6.8.
Two factors which might have affected the results

had to be considered: (1) changes in the pH of tubes
during the experiment; and (2) the influence of
contaminant bacteria and fungi.

Changes in pH. Regression analysis of the final
pH's showed that the conditions did not differ
significantly at the 5% level between the serotypes.
The ranges and means of the pooled final pH's are
shown in Table 3, and it can be seen that the buffers
were not strong enough to maintain pH's below 6.5,
all of which tended to about pH 6.5. This is reflected
in the similarity of results obtained from pH 5.3
to 6.5.

1 In such cases, " the variance attributable to the differ-
ences between the means and the regression " was used as
the " residual variance " instead of the variance " within
arrays

I A table showing the pH's of replicates two days after
no surviving leptospires were seen has been deposited in
the WHO Library. Copies may be obtained on request.
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TABLE 3
CHANGES IN pH DURING THE EXPERIMENT

Initial pH
Final pH 5.30 5.70 5.90 6.20 6.50 6.80 7.20 7.45 7.60 8.00

Range 6.10- 6.10- 6.20- 6.20- 6.25- 6.75- 7.10- 7.50- 7.50- 7.65-
6.40 6.55 7.05 6.70 7.00 7.20 7.35 8.00 8.00 8.15

Mean 6.20 6.28 6.36 6.50 6.66 6.87 7.18 7.66 7.69 7.94

Effect of contaminants. As many of the tubes had
to be opened 50 or 60 times for sampling, a certain
proportion of them became contaminated. Conta-
minants were recorded in a total of 29/160 tubes
(18%) but the incidence varied only from 6/40 to
8/40 between different serotypes. The contaminants
do not, however, seem to have affected survival in
a significant number of tubes: (a) considering tubes
with an exceptionally short survival time compared
with the other replicates in the group, 9 were con-
taminated tubes and 12 uncontaminated; and
(b) considering the average survival time of con-
taminated tubes compared with uncontaminated
tubes in the same group, this was shorter in 12 in-
stances and longer in 7.

In summary, the survival patterns found were as
follows. L. icterohaemorrhagiae survived for only
about 10 days below pH 7.0, but above this level
the survival times increased sharply to as long as

three months. L. hyos survived for periods of between
10 and 30 days from pH 5.3 to pH 6.8, and for 30
to 80 days at higher pH levels. L. australis A had a
particularly wide scatter of survival times over the
whole range. The figure shows that in general, the
scatter of the observations tended to increase with
average survival time so that this is a manifestation
of the same trend. The mean survival time of about
70 days at pH 5.3 rose steadily to over 110 days at
pH 8.0. L. australis A survived longer than the other
serotypes at pH's up to 7.0, but at more alkaline
pH's L. javanica survived as long or longer. L. java-
nica showed a steep increase in survival-time from
between 10 and 30 days from pH 5.3 to pH 6.2, to as
much as five months at pH's over 7.0.

Survival in soil extracts and waters

Table 4 shows a summary of the results obtained.
The pH's quoted are those after filtration as they

TABLE 4
SURVIVAL TIMES OF L. ICTEROHAEMORRHAGIAE AND L. HYOS IN SOME SOIL EXTRACTS AND NATURAL WATERS

Place

Kedah

Traus Perak

Briah Swamp

Kelantan (deficiency area)

Kuala Langat Forest Reserve

Ulu Langat Forest Reserve

No. of
samples

48

6

6

6

6

6
(soils)

3
(waters)

pH

Range Mean

3.7-7.0n A

5.5-5.9

4.6-5.9

4.4-6.0

5.5-5.9

6.4-7.3

6.5-7.0

5.7

5.4

5.4

5.7

6.8

6.8

Survival of leptospires in days

L. icterohaemorrhagiae L. hyos

Range

3-10

4- 6

4- 6

4- 6

4- 7

3,6
(2 samples)

5, 6
(2 samples)

Mean

4.1

4.8

5.0

4.7

4.5

(4.5)

(5.5)

Range

3-20

2- 7

2- 4

2- 4

3- 5

4- 7

3- 5

Mean

6.1

4.2

3.0

3.0

4.5

5.0

3.7
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were nearest to the pH's to which the leptospires
were exposed. The pH's before filtration were 0.6
to 1.1 pH units more acid. In the only area where
soil extracts and surface waters were both examined
the average pH of the extracts after filtration was
identical with that of the surface waters, while before
filtration the pH was 1.1 units more acid. 34 of the
tests were repeated and it was found that 62% of
the repeats differed only by ± 1 day compared with
the first estimate, 79% differed by not more than
± 2 days, 86% by not more than ± 3 days and 97%
by not more than ± 4 days.1 On this basis the dif-
ferences recorded between the different places in
Table 4 are obviously not significant. This is not
surprising as, apart from the few samples from the
Ulu Langat Forest Reserve, nearly all the pH's fall
between 5.3 and 6.8 where no significant difference
was found in survival in distilled water. There were
seven samples where the survival of L. hyos was
significantly longer than that of L. icterohaemorrha-
giae, all of them from Kedah.2 The chemical analysis
of these samples has been carefully scrutinized by
Mr G. W. Arnott 3 and no difference between these
and the other samples tested could be found to
account for the difference. No significant correlation
between pH and survival could be found for the soil
extracts tested.

Adsorption of leptospires by bentonite

The soil in the ricefields studied in detail was a
montmorillonite clay. Bentonite is a similar clay
and was therefore used in these experiments. The
other type of clay soil is exemplified by kaolin and
a single sample of kaolin tried was not found to
adsorb leptospires significantly.
An 0.25% suspension of bentonite was made in

glass-distilled water which had been boiled to drive
off carbon dioxide. This was centrifuged at 2000
r.p.m. for 10 minutes and the supernatant discarded
to eliminate small particles which were found to
make counting difficult with the dark-ground micro-
scope. The sediment was resuspended in a similar
volume of distilled water. A culture of leptospires

I The results of repeated tests of survival in soil extracts
have been recorded in a table deposited in the WHO Library.
Copies may be obtained on request.

' Differences in survival times of L. icterohaemorrhagiae
and L. hyos in soil extracts have been recorded in a table
deposited in the WHO Library. Copies may be obtained
on request.

'Soil Chemist, Department of Agriculture, Federation
of Malaya.

in Korthof's medium was centrifuged at 3000 r.p.m.
for 10 minutes and the sedimented organisms re-
suspended in normal saline. Three twofold dilutions
were prepared in saline and an equal volume of
glass-distilled water or 0.25% bentonite was added
to replicates of each. The mixtures were shaken,
then allowed to stand for 90 minutes at room tempe-
rature. Equal volumes were then pipetted off the
surfaces of the control and bentonite-adsorbed tubes
and a drop of 10% formalin added to each. The
organisms were then counted in a Helber chamber
in a darkfield microscope. The results of a repre-
sentative experiment with L. canicola are shown in
Table 5. The distributions of counts were found to
be Poissonian. The differences between the ben-
tonite-adsorbed and control tubes at each dilution
were highly significant (P < 0.001), the concentra-
tion of leptospires being reduced by about half.
Experiments were also made with L. biflexa and
L. icterohaemorrhagiae and similar results obtained.
It was found necessary to suspend the organisms
in saline as the protein in the culture medium pre-
vented adsorption, presumably by taking up most
of the adsorptive capacity of the bentonite.

DISCUSSION

Previous studies of the survival of leptospires in
water at different pH's (Table 6) have been confined
to single serotypes at one or a few pH levels, and
there appears to have been an assumption that all
serotypes would behave similarly. Although there
appears to be a general rule that increasing alkalinity
at least up to a pH of about 8.0 permits of longer
survival, the comparison here of four serotypes
under identical conditions has shown that the sur-
vival patterns vary quite widely. The fairly uniform
survival rates found between pH's 5.3 and about

TABLE 5
ADSORPTION OF L. CANICOLA WITH BENTONITE

(COUNTS IN HELBER CHAMBER)

Control tubes Bentonite tubes

Count Organisms per ml Count Organisms per ml

558 17.4x 10' 292 9.1 x 107

304 9.5x 107 168 5.2x 107

127 89)
4.4x 107 2.6x 107

155) 8so
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TABLE 6
SUMMARY OF PREVIOUS STUDIES ON THE SURVIVAL OF LEPTOSPIRES IN SOIL AND WATER

Serotype Suspending medium I pH Survival time Workers
~~( )_

Autoclaved river water 7.6 19,55 Sawyer & Bauer (1928)

Sterile tap-water 5.0-5.2 1

L. icterohaemorrhagiae 7.0-7.1 30-32 Chang, Buckingham & Taylor
(1948)

8.3-8.5 3-4

with I % serum added 7.0-7.3 98-120

Soil 6.1-6.2 43
L. australls A Smith & Self (1955)

Surface water 6.6-7.6 24

River water: non-sterile 7.8-8.0 8

filtered 7.8 99

autoclaved 7.8 47

L. pomona Sterile distilled water 7.2 18 Okazaki & Ringen (1957)

Rain water: sterile 6.9-7.1 21-42

contaminated 6.9-7.1 12-18 Kirschner & Maguire (1957)

Soil (1/10 in rain water) 7-14

6.5 probably reflect merely the weakness of the
buffers, which permitted these waters to assume a
pH around 6.5 at an early stage of the experiment.
This pH drift was not, of course, unexpected, but
it was felt that the buffers should be kept as weak
as possible and of uniform strength and chemical
formula throughout the experiment.
The previous work is summarized in Table 6.

No published account of work with L. hyos or L.
javanica has been found. Only the data of Chang
et al. (1948) are really comparable with the work
reported here. The survival times they give for
L. icterohaemorrhagiae in sterile tap-water are
probably not significantly different from our find-
ings. Their very short survival periods for pH's
8.3 to 8.5 and the similar finding of Okazaki &
Ringen (1957) for L. pomona over pH 8.4 suggest
that pH's over 8.0 may shorten survival. Chang et
al. found that the addition of 1% serum markedly
prolonged survival; the inoculum of 0.5 ml of
Korthof's medium into 10 ml of distilled water used
in our experiments would give a final concentration
of rabbit serum of about 0.4%. Naturally occurring
waters probably have a low protein content owing

to decaying vegetable and bacterial matter and the
longer survival of L. pomona in variously treated
river water as compared with distilled water (Okazaki
& Ringen) may have been due to this factor. The
shorter survival periods found by Smith & Self
(1955) for L. australis A in surface water probably
reflect the presence of soil bacteria and other
factors.
When our study was extended to soil extracts,

no significant correlation could be demonstrated
between pH and survival. Most of the samples
examined were, however, acid and if there had been
a similar proportion of alkaline soil extracts, some
evidence of correlation might have been obtained.
There are two important points about the inter-
pretation of the results with soil extracts. First,
the pH value of the soil was in general as acid or
more so than the extract before filtration which (as
noted above) was more acid than the ifitered extract
to which the leptospires were exposed. What
relation the filtered extract has to surface waters
associated with the relevant soil appears to be
unknown, although we did get good agreement
between them in our samples from the Ulu Langat
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Forest Reserve (Table 4). Secondly, the strains of
L. icterohaemorrhagiae and L. hyos used were
recently isolated from reservoir animals and had
been passaged only a few times in Korthof's medium,
but the strains of L. australis A and L. javanica used
had been maintained formany years in bacteriological
media. The selection which takes place in the
adaptation of leptospires to artificial culture may
possibly produce a strain with a different pH sur-
vival pattern. Serotypes may, moreover, comprise
strains differing as widely among themselves as the
serotypes tested. That is a matter for experiment and
there is no doubt that the ideal material for experi-
ments of epidemiological significance are very
recently isolated strains from the actual area where
the soil samples were obtained.

In some of the soil extracts L. hyos survived much
longer than L. icterohaemorrhagiae, but the cause
of the difference is unknown.
The epidemiological significance of differences

between serotypes and strains in their response to
pH may well be questioned, but all leptospires seem
to survive longer in alkaline or neutral waters than
in acid waters and this does probably have signifi-
cance. Good epidemiological comparisons are,
however, hard to come by as the differences between
two places are much more complex than merely that
of the pH of their surface waters. With these reser-
vations, a comparison may be drawn between the
Malayan ricefields and those of the Po valley.

In the Po valley, where the water in the ricefields
is mainly neutral or alkaline (pH 6.9 and 7.2-
Babudieri & Bianchi, 1940; Babud:eri, 1953), the
incidence of leptospirosis among the workers is
high. The incidence of antibodies increases rapidly
with age to a level of 80% of those who have worked
in the ricefields for twenty years (Babudieri, 1953).
Nearly 70% of cases are due to L. bataviae, of which
the main reservoir is a small mouse (Micromys
minutus sorcinus) which makes its nest on the rice-
stalks. A further 20% of cases are caused by L.
icterohaemorrhagiae, of which rats are the main
reservoir.

In Malaya, where the pH of the soil in the rice-
fields is generally acid (G. W. Arnott-personal
communication), recognizable leptospirosis is not
more common than in the general population.
Leptospirosis is, of course, generally in a mild
clinical form in Malaya and often presents as a
pyrexia of unknown origin (McCrumb et al., 1957).

In association with the late Dr J. C. Broom a
study was made of a group of ricefields in South

Kedah and of the corresponding human population.'
Fifty-two rats of one species (R. argentiventer) were
trapped in -the fields and half of them were found
to be infected with leptospires: 22 of the 25 strains
identified were of the Javanica serogroup. Sera
were obtained from 51 villagers: the over-all anti-
body rate was 29% but there was no increase in
incidence with age. Of 12 persons under 20 years
of age, 42% had antibody compared with 29% of
14 aged 20-39 years and 24% of 25 aged over 39
years. Soil and water samples from these ricefields
taken at intervals throughout the year were tested
by Arnott. The same places in the fields were
sampled each time.2 The mean soil pH ranged from
5.5 to 6.9, but individual samples ranged from 4.4
to 7.5. Water samples from the same sites had pH's
averaging 1.3 pH units higher (in 36 samples),
with a range of 0.5 to 3.0 units higher. The fields
in this area would be flooded from June to December
approximately (Dobby, 1957).

Babudieri (1953) mentions several cases where
antibodies have not been detectable one or two years
after infection, so that while his cumulatively in-
creasing figures for Italian workers probably indicate
frequent and multiple infections, the failure of the
Malayan workers to show cumulative increase
probably means that repeated (booster) infections
are uncommon and that the infection rate is relatively
much lower. Another notable point is thatL. bataviae
infections in Italy are confined to the ricefields be-
cause of the distribution of the reservoir species. In
the Malayan fields, on the other hand, the Javanica
serogroup strongly predominates in the rats, but in
the humans only six of the 15 positive sera had
Javanica group antibody and three of these also had
antibody to another serogroup. 48 sera from an
inland ricefield village were also tested and antibody
was found in 15 %; groups of 44, 53 and 54 sera from
two villages of forest-dwelling aborigines and a vil-
lage in a coastal swamp had antibody incidences of
14%, 8% and 5% respectively (Smith, Turner &
Broom-data to be published). The United States
Army Medical Research Unit in Kuala Lumpur
found that over 15% of the pyrexias of unknown
origin in 204 adult Malayan civilians (mainly town
dwellers), admitted to hospital in Kuala Lumpur,
are due to leptospirosis (Institute for Medical

1 See the article by Smith, Turner, Harrison & Broom
on page 5 of this issue.

2 The results of this study have been recorded in a table
deposited in the WHO Library. Copies may be obtained
on request.
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Research, Kuala Lumpur, 1959). The incidence of
antibody in the ricefield workers may therefore be
not much greater than that of the Malayan popula-
tion as a whole.
On epidemiological grounds Sardjito & Zuelzer

(1929) pointed out that leptospirosis was common
on the west coast of Sumatra, where the pH of the
surface water was 7.4 to 7.6, while in western Java,
where the pH was 5.7 to 6.2, leptospiral infections
were common in rats but uncommon in man. There
are, of course, other differences than pH between
the Malayan and Italian ricefields: the Micromys
nests actually above the water while the R. argenti-
venter lives in the banks around the fields. Mino
(1942) pointed out that the rice plant is able to sup-
port the weight of the mice at the end of June and
that outbreaks of the disease in man are usually in
July. Alston & Broom (1958), however, point out
that cases also occur at the time of planting when the
mice are living in the banks and in earth mounds.
Altava et al. (1953), moreover, point out that in
Spain the incidence in man is highest at harvest time
when the fields are dry. The infection in this case
is from rats visiting the fields at night and in the
early morning from neighbouring canals; the pre-
dominating serotype in this case appears to be
L. icterohaemorrhagiae.

Although the difference in incidence of human
leptospirosis in the Italian and Malayan fields may
be due at least in part to the pH difference, this does
not explain the failure of transmission from the
heavily infected rat population in the fields studied.
There are evidently other factors affecting the sur-
vival time of leptospires in water and our results
with soil extracts suggest that some of these may be
chemical, although we have not been able to define
them. Other important factors are:

(a) Salinity. Schuffner (1934-35), discussing work
in association with Ruys, found that the survival of
L. icterohaemorrhagiae varied from over 10 days at
30-40 mg chlorine per litre to less than one day in
North Sea water (13000 to 17000 mg Cl/l). Ruys
(1946) and Wolff & Ruys (1953) discussed how the
flooding of the Amsterdam canals with sea water

raised the salinity from 639-1045 mg Cl/l to 1572 mg
Cl/l and greatly reduced the incidence of leptospirosis
due to bathing and accidental immersion. On this
basis the levels of salinity found by Arnott in the
ricefields studied here do not seem likely to be a
significant factor.

(b) Other bacteria. Schuffner (1934-35) stated that
certain bacteria were apparently inimical to lepto-
spires while others had little or no effect, but he did
not give experimental evidence to support this.
Abdoelrachman (1947) demonstrated these differ-
ences. For instance, while Mycobacterium rubra and
Escherichia coli permitted prolonged survival,
Pseudomonas spp. and Aerobacter cloacae prevented
more than a day or two's survival.

(c) Drying of the soil. Okazaki & Ringen (1957)
showed experimentally that while L. pomona could
be detected in water-saturated soil after 183-193 days,
it could only be detected after 3-5 days in damp soil
and it could not be detected for more than two and
a half hours in dry soil. Baermann & Smits (1928)
noted that in Sumatra the sick rate due to leptospi-
rosis fell after a long drought, and Derrick et al.
(1954) found that rainfall had a highly significant
correlation with the incidence of cases of leptospi-
rosis twelve days later in the Queensland canefielas.
When it seemed unlikely that pH or salinity could

account for the low infection rate in the ricefield
workers attention was turned to the soil, which is a
montmorrillonite clay.
As a representative clay of this group (bentonite)

is known to adsorb proteins, it seemed possible that
leptospires might be adsorbed to soil particles. The
water in the flooded ricefields is always muddy-a
fine suspension of soil particles. A few pilot experi-
ments were therefore made with a suspension of
bentonite, which was found to remove about half the
leptospires from suspension. This requires investiga-
tion under field conditions, but that is no longer pos-
sible for the authors as neither of them now works
in Malaya. The evidence is, however, presented as a
possible explanation and to stimulate further work
elsewhere.
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RtSUMt

La survie des leptospires est l'un des facteurs dont
d6pend l'infection de l'homme. Elle est liMe aux condi-
tions qu'offre a ces organismes 1'eau dans laquelle ils
sejoument; le pH est l'une d'elles.

Les auteurs ont determine le temps de survie de quatre
serotypes de leptospires dans de 1'eau distillee tamponnee,
a des pH allant de 5,3 a 8,0. Les quatre serotypes ont
mieux supporte 1'eau alcaline que 1'eau acide. A des pH
inferieurs a 7,0, la survie etait de 10 a 117 jours. A un pH
superieur, elle s'echelonnait entre 21 et 152 jours. Mais
il n'existait aucun rapport entre pH et survie, si l'on
remplasait 1'eau distillee par des extraits aqueux de sols
de diverses regions de Malaisie.

Dans certaines rizieres de Malaisie, oil les rongeurs
etaient fortement infectes, l'infection relativement faible
des travailleurs pouvait surprendre. Elle ne s'expliquait
ni par le pH, ni par la salinite. On a donc etudi6 la com-
position du terrain, forme d'argile (montmorrillonite)
aux grains tres fins. Des essais ont et6 faits en laboratoire,
mettant en presence une argile de meme type que celle
des rizieres, la bentonite, et des suspensions de lep-
tospires. En peu de temps, le nombre des leptospires a
diminue de moitie, I'argile absorbant ces organismes. T1
se peut que ce phenomene se produise dans les rizieres.
Cette hypothese reste a demontrer sur le terrain.
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