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Animal Leptospirosis in Malaya*
3. Incidence in Rats by Sex, Weight and Age

C. E. GORDON SMITH,' L. H. TURNER,2 J. L. HARRISON 3 & J. C. BROOM t 4

In previous papers it has been demonstrated that ground-dwelling rats are the principal
reservoir ofleptospirosis in Malaya. The present paper considers the distribution of infection
by sex and weight in the ten principal rat species. There appears to be a general tendency
for females to be infected more frequently than males, but significant differences were
demonstrated only in R. sabanus (more than three times as manyfemales as males infected)
and R. whiteheadi. In Malaya, where seasonal changes are minimal, weights can be used
as a good index ofage in rats. In rat species with a low incidence of infection the incidence
appeared to rise steadily with age. In species with a medium incidence the infection rate
rose atfirst with age, fell in the 6-8-month age-group, and then rose again. In high-incidence
species the rate rose rapidly from the second month.

There appear to be three types of enzootic infection; (1) intensive transmission of a
single serogroup in a crowdedpopulation ofrats ofa single species (transmission probably
being through urinary contamination of damp soil) ; (2) low-intensity transmission of
several serogroups among ground-rats frequenting wet places (probably with urinary
transmission); and (3) low-intensity transmission of several serogroups among ground-
rats in dry places (the transmission may be venereal).

The two earlier papers of this series (Smith et al.,
1961a, 1961b) reviewed the work done on lepto-
spirosis in Malayan wild animals and concluded
that the principal reservoir was in the various ground-
dwelling rats. The present paper considers the dis-
tribution of infection by sex and weight in the ten
principal species of rat which, between them, had
evidence of infection with leptospires from thirteen
serogroups.5 The species considered are as follows:

Commensal species:
Rattus rattus diardi (Jentink), the Malaysian house-rat
R. argentiventer (Robinson & Kloss), the ricefield rat
R. jalorensis (Bonhote), the Malaysian wood-rat
R. norvegicus (Berkenhout), the Norway rat (ahouse-rat)
R. exulans (Peale), the little Burmese rat.

* From the Institute for Medical Research, Kuala Lum-
pur, Malaya.

1 Senior Lecturer in Bacteriology, London School of
Hygiene and Tropical Medicine, London, England.

' Bacteriologist, Wellcome Laboratories of Tropical
Medicine, London, England.

' Zoologist, Queensland Institute for Medical Research,
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' Late Bacteriologist, Wellcome Laboratories of Tropical
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' Throughout this paper we refer to the enlarged sero-
groups described in Smith et al. (1961a).

Forest species:
R. mulleri (Jentink), Muller's giant rat
R. bowersi (Anderson), Bower's giant rat
R. whiteheadi (Thomas), the lesser spiny rat
R. rajah (Thomas) (including R. surifer), the Rajah

spiny rat
R. sabanus (Thomas), the long-tailed giant rat.

These rats have been studied by Harrison in a
number of papers which review their distribution
(1957a, 1957b), their reproduction (1951, 1952, 1955),
habitat (1957a), survival rates (1956), and range of
movement (1958). Mountain species have been but
little investigated and are not included, nor are the
arboreal species, of Rattus and other genera, which
carried but one infection between them.

SEX AND INFECTION

The sex ratio of an extensive collection, made with
the same traps as those used for the present survey,
was studied by Harrison (1955). He concluded that,
with two exceptions, the numbers in each sex did
not differ significantly from equality. Both R.
exulans and R. bowersi, however, showed an excess
of males over females.
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C. E. G. SMITH AND OTHERS

TABLE I
PROPORTIONS OF MALE AND FEMALE RATS SHOWING INFECTION WITH LEPTOSPIROSIS (ALL METHODS) AND

PROBABILITY OF THE DIFFERENCE FOR THE VARIOUS SPECIES

Males Females Probability
8pecies Positive Positive Difference of differenceRatties Positive Positive (% males- by chance

s Examined Examined I

% females) (if less than

o. o. 0.1)

R. mulleri 62 10 16.1 71 9 12.7 + 3.4 -

R. bowersi 33 8 24.2 22 3 13.6 +10.6 -

R. argentiventer 64 20 31.3 56 27 48.2 -16.9 0.06
R. norvegicus 30 11 36.7 40 16 40.0 - 3.3 -

R. sabanus 67 8 11.9 60 23 38.3 -26.4 0.0005

R. r. diardi 93 3 3.3 118 2 1.7 + 1.6 -

R. jalorensis 85 5 5.9 115 4 3.5 + 2.4 -

R. exulans 64 7 10.9 44 1 2.3 + 8.6 0.09

R. rajah group 28 2 7.1 46 7 15.2 + 8.1 -

R. whiteheadi 19 0 0 21 3 14.3 -14.3 0.09

With R. exulans, this could be attributed to the
traps used, from which very small rats could escape.
For all species but R. exulans the very small rats
were less than 6 weeks old and were unlikely to be
caught at all; for R. exulans, however, rats of up
to about 10 weeks old could escape, and at this age
there is sufficient difference in the average size of
the two sexes to make it easier for females to escape
than males, thus leaving an excess of males in the
traps.
With R. bowersi, the excess of males was presumed

to reflect an actual imbalance in the wild population
sampled. This rat is of only sporadic occurrence in
the lowlands, where most of the present survey was
undertaken (Smith et al., 1961b), and it seems likely
that the excess males represent specimens wandering
far afield from their usual habitat.

Details of the infection rates (all serogroups, all
methods of investigation), by sex, in the present
survey are shown in Table 1.1
For all but one of the species the difference is

trifling and does not reach conventional levels of
statistical significance, while the number of species
showing excess males infected is exactly equal to
the number showing excess females. At first sight,

1 This table is extracted from a more detailed table-
showing the incidence by sex, species of rat, and serogroup
of leptospire-which has been deposited in the Library of
the World Health Organization, and of which copies may
be obtained on request.

therefore, it would seem justifiable to claim that
no sex difference was discernible. In R. sabanus,
however, females were infected over three times as
frequently as males, a highly significant difference.
In R. whiteheadi, also, infection was confined to
females, but the size of the sample was too small for
significance.
When incidence is considered by sex and sero-

groups (deposited table), eight of the eleven sero-
groups show a preponderance of female infections
of which no one reaches significance. Of the three
serogroups showing a preponderance of male
infections, those of Canicola (7/129 males: 6/126 fe-
males) and Pyrogenes (2/51 males: 2/54 females)
are trifling. With Hyos, however, only males were
infected (7/49: 0/63 females).

If the infection of each serogroup is considered
separately for each species of rat, although no one
sample is large enough to give a significant difference,
30 of the 46 separate ratios show excess female
infections, and only 15 excess males (one equal).
A difference of this degree could be expected by
chance less than once in ten thousand times. There
seems a general tendency, therefore, for infections
to be more frequent in females (with the single
exception of infections with Hyos, which is aberrant
in other ways), although only in R. sabanus and
possibly R. whiteheadi does this tendency achieve
significant proportions.
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ANIMAL LEPTOSPIROSIS IN MALAYA. 3

WEIGHT, AGE AND INFECTION

The comparative lack of seasonal variations in
Malaya (Harrison, 1956) makes it possible to use
weight as an index of age with an accuracy unobtain-
able in temperate or other seasonal climates. The
age-weight relationship tabulated in the paper by
Harrison is used here, except for R. norvegicus, which
was not studied, and for which the figures given by
King & Donaldson (1929; Table I) were used.
Generally, the weights of these rats increased rapidly
for the first five months of life, and then more slowly

for the next five, finally oscillating about a level value.
Weight-groups may thus be used as a substitute for
age-groups with fair accuracy up to the age of five or
six months. In the present study weights are grouped
to correspond to ages at two-month intervals up to
eight months, and thereafter all rats are grouped as
adult. The 6-8-month weight-group must be accepted
with caution, since anything tending to cause loss of
weight in the mature rat is likely to load this group.

In Fig. 1 the incidence of leptospirosis, of all sero-
types, is shown by species for weight-groups up to
eight months and for heavier rats. Infections

FIG. I

PATTERNS OF INCIDENCE OF LEPTOSPIRAL INFECTION IN MALAYAN RATS
BY SPECIES AND AGE (ESTIMATED BY WEIGHT)
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detected by culture and by serology are shown
separately. An infection detected by both methods
thus appears in both.

Clearly, the species can be arranged in three
groups: those with low, medium, and high incidence.
R. r. diardi, R. jalorensis, R. exulans, R. rajah, and
R. whiteheadi show low incidence, and a composite
diagram summarizing this for all five is shown.
R. sabanus, R. mulleri, and R. bowersi show medium
incidence, which is also summarized in a single
diagram. R. argentiventer and R. norvegicus show
high incidence.

In the low-incidence group, infection is necessarily
sporadic and the validity of any pattern of infection
is uncertain; but summarizing the total numbers
positive by culture and by serology, by four-month
age-groups, we find:
Age-group

(months):
Total rats:
Positive by

culture:
Positive by

serology:

INCIDENCE BY SEROGROUPS

When the leptospiral serogroups responsible for
these infections are considered, about half of the
total infections are found to be due to Javanica (44%
by culture and 30% by serology) or Icterohaemor-
rhagiae (23% culture and 15% serology) and the
remainder to be distributed among a further eleven
serogroups. The incidence by age-weight groups,
in two-month intervals, of all rats of the ten species
considered is shown in Fig. 2 for each serogroup

FIG. 2
PATTERNS OF INCIDENCE OF LEPTOSPIRAL INFECTION

BY SEROGROUP AND AGE OF RATS
(ESTIMATED BY WEIGHT)
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to be accepted as statistically significant, although
the fact that the same pattern is shown in three out
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There also appears to be a tendency for antibody to
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leptospires can be recovered from the kidneys.
The two high-incidence species are alike in that

serological and cultural methods give close agree-
ment in the infection rates measured, and that the
rate rises rapidly after the second month. They
differ in that, while R. norvegicus appears to show
a peak at five months followed by a drop and then
a rise to a higher level, R. argentiventer appears to
show a peak at seven months. Neither of the differ-
ences between peak and final level reach statistical
significance, however.
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ANIMAL LEPTOSPIROSIS IN MALAYA. 3

separately, except for Andaman, Ballum, and Djasi-
man, for which very few infections were recorded.
The only two serogroups for which sufficient

infections were recorded to give a clear pattern were

Icterohaemorrhagiae and Javanica. These two
agree in showing a close agreement between serology
and culture rates, and in showing a peak of infections
in the weight-group corresponding to 6-8 months,
with a level of infection in the heavier rats lower than
the peak but higher than that in the young rats.
The numbers of other serogroups are rather small,
but only Canicola appears to reflect this pattern of
infection. Canicola also stands out in having an

unusually large proportion of serological reactions
in the lowest age-group.

Among the remainder the dominant type seems
to be exemplified by Bataviae (cf. Grippotyphosa,
Hebdomadis, Autumnalis, and perhaps Pyrogenes).
This is emphasized in the composite diagram (all
serotypes other than Icterohaemorrhagiae, Javanica,
and Canicola), which shows a sharp rise in the
infection rate to a peak in the 4-6-month group,

followed by a sharp fall, almost to zero, in the 6-8-

month group, and a rise again in the older animals.
Hyos forms a class of its own, with no serological
reactions whatsoever, and a concentration of in-
fections detected among adults. The miscellaneous
results areconsistentwithaBataviae-type distribution.
The distribution described as Bataviae-type is

founded upon small numbers which just reach the
conventional levels of significance. Thus a X2 test
on the actual numbers of infections in the Bataviae,
Hebdomadis, Grippotyphosa, and Autumnalis sero-
groups combined give a probability of less than
0.02 that the zero in the 6-8-month group is due to
chance; while if we consider the probability of
getting a dip at this point, we find that Autumnalis,
Grippotyphosa, Hebdomadis, Bataviae, and Pyro-
genes give such a dip, while Canicola and Australis
A do not, an occurrence the probability of which is
0.04. We can conclude, therefore, that the two-
peaked " Bataviae-type " distribution is probably a
real phenomenon, and not merely an artefact due
to the very small numbers.
The relation between cultural and serological

evidence for infection is shown in Table 2. Clearly,

TABLE 2
RELATION BETWEEN CULTURE.AND SEROLOGY FOR LEPTOSPIRAL SEROGROUPS, BASED ON CONSOLIDATED

RESULTS FOR ALL RATS

Number detected by Percentage detected by
Serogroup ~~~~~~~~~~~~TotalnumberSerogroup Positive culture, Positive culture, Negative culture, of infections Culture Serology

Positive serology Negative serology Positive serology

Culture and serology rates high
Icterohaemorrhagiae 15 6 7 28 75 79

Javanica 23 18 13 54 74 67

Australis A 1 3 1 5 80 40

Pyrogenes 1 2 1 4 75 50

Culture rate high, serology rate low
Hyos 0 7 0 7 100 0

Diasiman 0 2 0 2 (100) (0)

Culture rate low, serology rate high
Canicola 1 2 11 14 22 86

Autumnalis 0 2 6 8 25 75

Grippotyphosa 0 1 7 8 13 88

Hebdomadis 0 1 19 20 5 95

Bataviae 2 2 14 18 22 89

Others
Andaman 0 0 1 1 (0) (100)

Ballum 0 0 1 1 (0) (100)
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TABLE 3
DISTRIBUTION BY RAT SPECIES OF THE THREE CLASSES OF SEROGROUP

Rattus No. No. Percentage positive by No. of infecting No. with
species examined infected serogroups in undeterminedCulture Serology each class serogroups

R. argentiventer 128 50 76 66 40a, 7c 3

R. norvegicus 72 24 71 83 1 9a, 3c 2

R. mulleri 142 19 58 84 5a, 4b, 6c 4

R. bowersi 56 10 80 20 7b, 2c 1

R. sabanus 148 31 6 93 4a, lb, 25c I

R. r. diardi 223 6 (33) (66) 4a, 1 c I

R. jalorensis 226 9 (55) (45) 2a, lb, 4c 2

R. exulans 110 8 (75) (25) 2a, 4c 2

R. rajah group 87 9 45 55 2a, 1b, 5c I

R. whiteheadi 38 3 0 (100) 2c I

a For definitions of classes, see text below.

serogroups can be divided into three classes (some
being indeterminate):

(a) Both culture and serology rates high: Ictero-
haemorrhagiae, Javanica, and possibly Pyrogenes,
Australis A.

(b) Culture rate high, but serology rate low: Hyos,
and possibly Djasiman.

(c) Culture rate low, serology rate high: Canicola,
Autumnalis, Grippotyphosa, Hebdomadis, and
Bataviae.

Presumably class (a) is of those in which the in-
fection normally persists for the rest of the life of the
animal (which may, of course, be unnaturally short-
ened); class (b) is of those strains which produce little
or no serological reaction, and class (c) is of strains
which cause a fleeting infection, but antibodies of
which persist for a long time. It is important to
consider the infections of the different rat species in
this light, and Table 3 shows the corresponding data
for rats, and the classes to which the infections
belong. Where an infection appears to be with more
than one serogroup it is shown as a single infection,
but each serogroup is counted separately for classifi-
cation.
The rats fall into four classes:
(i) Both culture rate and serology rate high (over

66%); great majority of serogroups in class (a):
R. argentiventer and R. norvegicus.

(ii) Culture rate very high and serology rate low;
great majority of serogroups in class (b): R. bowersi.

(iii) Culture rate very low (less than 10%) and
serology rate high; great majority of serogroups in
class (c): R. sabanus and R. whiteheadi.

(iv) Culture and serology rates intermediate; sero-
groups divided among all classes: R. mulleri and
R. rajah.
There is insufficient information to classify R. r.

diardi, R. jalorensis, and R. exulans, although the
distribution of serogroups suggests that R. r. diardi
should fit into class (i).

DISCUSSION

The fact that infection increases with age (or size)
has been remarked by a number of workers. Thus
Middleton (1929) charts a distribution of weights
of R. norvegicus with rate of infection with L. ictero-
haemorrhagiae which is not unlike the distribution
for Icterohaemorrhagiae in Fig. 2, and Elton et al.
(1931) record a similar relation between the ages of
wood-mice (Apodemus sylvaticus) and an unidentified
leptospire. Broom & Gibson (1953), among others,
have shown a differential infection rate between
immature and mature rats, which they attributed to a
venereal route of infection, a suggestion first put
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forward by Schuffner & Kuenen (1923) and followed
by Ostertag (1950).

Before discussing this possibility, the life histories
of these rats may be summarized, all of which are
sufficiently similar to include in a single account.
As noted above, pregnancies are distributed through-
out the year in Malaya. Litters vary from 1 to 11,

with 3-5 as the most frequent sizes (Harrison, 1951,
1955). The young are born naked and helpless, and
remain in the nest for the first three weeks. There-
after they appear to accompany the mother, or at
least to remain within her territory, to an age of some
six weeks. Although the word " territory " has been
used, territorial behaviour is not marked, in the
exclusive sense as used for, say, birds, in which the
adult will defend a sharply defined area. Rather
each adult has its own home range to which it keeps,
but these ranges seem to overlap. At an age between
1 Y2 and 2 months the young appear to leave their
mother's range and each establishes one of its own,
perhaps at some distance away. The size of these
ranges is such that each rat spends about half its
time within a radius of some 35 m to 45 m, and 95%
of its time within a radius of about 100 m (Harrison,
1958). Unless some disaster, such as a flood, over-
takes the rat it will spend the rest of its life within
this range, although there is some evidence that males
may extend their usual range in search of females.
The length of life may be up to three years or

more, but the average expectation is only about
3-6 months (Harrison, 1956). Survival rates vary
with species and locality, but average between 0.75
and 0.85 per month; that is, the death rate is between
15% and 25% per month.
There is no marked breeding season, and pregnan-

cies seem to occur at about two-month intervals (Har-
rison, 1952). Mean weights at first pregnancy and
at 50 % male fertility have been calculated and are

equated to ages in Table 4. These ages must be
accepted with reserve, since they are the result of
three successive approximations; but, if obvious
aberrations are ignored, they make it clear that males
reach sexual maturity during their third month,
soon after they leave the maternal range, and
females become pregnant a month or two later.

Clearly from Fig. 1 and 2 there is a sharp onset or

increase in infection during the 2-4 month period,
a period during which the rat becomes sexually

mature, and also during which it undertakes its
emigration from the maternal range. Either event
could be the cause of the increased infection: sexual
maturity if the infection is venereal, and increased

TABLE 4
ESTIMATES OF AGE AT SEXUAL MATURITY DERIVED
FROM MEAN WEIGHTS AT 50% FERTILITY OF MALES
AND FIRST PREGNANCY OF FEMALES a APPLIED TO

ESTIMATES OF WEIGHTS AT AGES b

Rattus Sex Weight (g) Estimated
species Wage (months)

R. argentiventer M 76 31/2
F 85 4

R. mulleri M 172 3
F 290 9

R. bowersi M 167 2%
F 290 5

R. sabanus M - -

F 220 5

R. r. diardi M 61 2
F 107 4%

R. jalorensis C M 68 (57) 2%, (2%2)
F - (62) -(3)

R. exulans M 22 2
F 23 2

R. rajah group M 68 3
F 150 10

R. whiteheadi M 36 2
F 39 3

a Harrison (1951, 1955). b Harrison (1956). c Figures in
parentheses relate to R. jalorensis from oil-palm estates.

contact with the ranges of other rats if it is not. But
if, as appears to be the case, the only evidence of a
venereal origin is this increase at sexual maturity,
the non-venereal explanation would appear the
simplest hypothesis. However, the question may not
be so simple, since sexual activity in an apparently
promiscuous mammal of this sort is likely to be
the cause of contacts which, although not strictly
venereal, are strictly correlated with it.
An important point against the theory of venereal

transmission is the fact that the dense populations
of R. r. diardi in towns and of R. jalorensis in oil-
palm estates do not seem to have been exploited by
leptospires. This is fairly easily explicable if trans-
mission is by contact with wet ground, as discussed
in the second paper of this series (Smith et al.,
1961b).

Nestling infections
Of 96 rats estimated to be younger than two

months, three had antibody, but no leptospires were
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isolated or seen on dark-ground examination. Al-
though none of these rats were nestlings, and most
were 'probably about six weeks old, the antibody
found may have been of maternal origin, or, alter-
natively, some nestling rats may become infected
from their mother and develop antibodies.

Adult infections
Assuming that infection is spread by contact (not

necessarily venereal) between individual rats or
through the soil and water of the territory they
occupy, the three patterns of infection in the rats
and the four patterns shown by the strains of
leptospires may be tentatively explained.
The rats of the high-incidence group are those

which occur in high population density in man-made
conditions which provide an artificially high food
supply-houses for R. norvegicus and ricefields for
R. argentiventer. In such conditions contact between
rat and rat is likely to be unusually frequent, and con-
ditions for spread of a leptospiral infection may be
unusually good. These are the rats which bear sero-
groups with a predominantly high culture rate
(Icterohaemorrhagiae and Javanica) for which, pre-
sumably, these conditions offer an advantage. The
R. norvegicus population is infected largely by Ictero-
haemorrhagiae, in which leptospires appear to be
excreted for the rest of the life of the rat (Walch-
Sorgdrager, 1939). The infection may shorten the
survival of the rats, although it may not be directly
responsible for their death. An infection rate of
about 10 % per month, with a reduction in the
survival rate of the infected rats, would produce a
distribution of infection similar to that seen in
Fig. 1 or Fig. 2, rising and appearing to level off
in the later age-groups.
The distribution of infection shown in R. argenti-

venter, and with Icterohaemorrhagiae, Javanica and
perhaps Canicola, appears slightly more complicated,
however, in that infection appears to reach a peak
in the 6-8-month weight-group and thereafter to drop
slightly. Two explanations appear to be possible:
(a) that the infections are self-limiting, lasting per-
haps six months in the animal, which then recovers
and thereafter shows neither a kidney infection
nor antibody at the level used (1: 200); or (b) that
the infections last for the whole life of the animal
(probably reducing the survival rate), their most
noticeable effect being for the infected animal to
lose weight, so that infected adults are more likely
to be classed on the criterion of weight as " 6-8
months " than are uninfected ones. This effect

would cause an overestimate of infected animals in
the 6-8-month group, and an underestimate in the
over-8-month group. Karaseva (1956) found that
Microtus oeconomus infected with L. grippotyphosa
appeared to lose weight after 2½2 months, but
Harrison & Emanuel (1960) found that R. assimilis
infected with L. australis A and L. pomona showed
no average loss of weight over periods of from one
to nine months. If Javanica and Canicola produce
milder infections than Icterohaemorrhagiae in rats,
both effects may operate.
The medium-incidence group show the pattern of

distribution of infection characterized above as
" Bataviae-type " in which there is an initial rise in
infection rate, followed by a fall in the 6-8-month
age-group, followed by another rise. Significantly,
this pattern occurs in rats which, in forest, can be
regarded as maintaining hosts of the infection, but
which do not occur in dense populations. Two
explanations of a peak appear possible: either the
infection is usually fatal, resulting in a rapid elimina-
tion of infected animals; or it is self-limiting and
within two or three months becomes undetectable
by the methods used.

In the present instance a uniformly fatal infection
would hardly explain the two-peaked distribution,
but a limited mortality would. The infections are,
individually, uncommon, and owing to the distribu-
tion of the rats in the forest, they must be transmitted
from individual rat to individual rat; there is no
chance of mass infection. An infection with any one
serogroup, therefore, may be expected to travel
as a wave through the forest population, leaving
behind it an immune population which is unable to
maintain infection until a fresh susceptible popula-
tion of young rats has been built up. Individuals will
therefore be particularly liable to infection at two
periods, first at 2-4 months, immediately after they
emigrate and come into contact with new infections,
and again later in life when they meet the relatively
infrequent wave of infection. This process would be
emphasized by the regular appearance of young rats.
As has been noted, there is no breeding season, but
there is a decided tendency for pregnancies to appear
at two-month intervals (Harrison, 1952). These
peaks of breeding, however, are not equal, so that
in addition to a tendency for young rats to appear
at two-monthly intervals, there will be a further
tendency for an unusual number to appear at irre-
gular intervals of four or six months.

It will be noted that the serogroups concerned are
those in which the culture rate is not specially high,
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with the exception of Hyos, which rarely causes
antibody formation, in R. bowersi. A low culture
rate is presumably indicative of an infection which
does not persist, and the kidney infection disappears
before the antibody level of the animal falls.
The low-incidence group is perhaps a composite

one, of rats with a very low rate of infection in which
the small sample gives an appearance of sporadic
infections which tend to build up as the rats get
older. It includes both rats, such as R. jalorensis,
which are rarely infected, possibly because of their
more arboreal habit, and rats, such as R. whiteheadi,
of which the sample is too small to detect a low in-
fection rate. The composite picture (Fig. 1) is of an

infection rate slowly increasing with time, but there
is some sign of the drop in rate in the 6-8-month
group characteristic of the medium-incidence species.
With the present figures it is impossible to say whether
these rats are acquiring incidental infections from
other maintaining-host species, or whether some are

maintaining infections within their own communities,
perhaps in centres which were not sampled in this
survey. The fact that they show a wide range of
serogroups, no one group of which is dominant,
suggests the former.

Rattus sabanus occupies a special intermediate
position. It has been classed with the medium-
incidence group, but it differs from the others, and
indeed from most of the rats, in the very low inci-
dence of infections detected by culture (two only in
148 rats examined). This would place it among
the low-incidence group, but the serology rate is
high (29/148 rats). It was infected largely with the
serogroups of low culture rate (i.e., Bataviae, Hebdo-
madis, Grippotyphosa, Autumnalis, and Canicola
together forming 84% of the infection) and is also
peculiar in having a significantly higher proportion
of infected females than of infected males.
As shown by Harrison (1957a), this species differs

from other Malayan forest rats in being largely
confined to the drier hill slopes as distinct from the
valley bottoms, and it also shows a tendency to
climb trees, in that it is freely caught in tree-traps
set for squirrels (Institute for Medical Research,
Kuala Lumpur, 1959). It may thus be expected to
have less contact with damp ground than do R.
miulleri and R. bowersi, both of which are rats of
valley bottoms and show a high proportion of sero-

groups with high culture rate (52% and 70% res-

pectively).
If leptospiral infection is in fact contracted by

contact with urine-infected ground, then R. sabanus

should have a very low rate of infection. It may well
be that the rate of infection with serogroups having
that method of spread is in fact low, and that the
serogroups with which it is infected (Bataviae,
Hebdomadis, Grippotyphosa) have some other
mechanism of transmission. The obvious alternative
method of transmission is a venereal one, not in the
sense in which venereal diseases are usually trans-
mitted, by contact of mucous membranes, but by
the contamination of the mucous membrane of the
one with the urine of the other. It may well be that
such contamination is more frequent from male
to female than from female to male, and this would
explain the differential sex incidence resulting in the
higher infection rate among R. sabanus females than
males.

If this is true then similar considerations should
apply to R. whiteheadi, which is also infected only
by Hebdomadis and Canicola serogroups in this
sample. This rat is not confined to the drier parts
of the forest and is not a climber; it is, however,
a very small rat compared with the other forest
species, and, as is shown by its pattern of infestation
with chiggers (Smith et al., 1961b), it does not share
the habits of R. mulleri. Presumably its small size
allows it to scramble on vegetation and so avoid
contact with the damp ground surface. It also
shows a predominance of female infections (Table 1),
although the sample is too small for this difference
to reach statistical significance.
We may conclude that maintenance of leptospiral

infection may take three forms:
1. Intensive transmission of a single serogroup

in a crowded population of rats of a single species.
The serogroup will be one causing kidney infection
and excretion of the organism for the rest of the
life of the rat. Examples: R. norvegicus in town
houses bearing Icterohaemorrhagiae, R. argentiven-
ter in ricefields bearing Javanica.

2. Low-intensity transmission of several sero-
groups in a normal population of ground rats fre-
quenting wet places. Transmission is by urine
contamination of the ground and probably in the
form of repeated mild epizootics of serogroups
which produce limited self-terminating infections.
Example: R. miilleri in forest (e.g., Ulu Gombak
Forest Reserve), infected with six serogroups.

3. Similar low-intensity transmission of several
serogroups in a normal population of ground rats in
dry places. Transmission is possibly venereal, in
the form of recurrent epizootics of serogroups which
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produce fleeting infections. Example: R. sabanus
in forest (e.g., Bukit Lagong Forest Reserve) infected
with four or five serogroups. Since types (1) and

(2) involve contact with infected soil, both may be
sources of human infections. Type 3, however, is
unlikely to be able to give rise to infections in man.

RtSUMt

I1 a ete demontre pr&cedemment que les rats vivant pres
du sol sont les principaux reservoirs de la leptospirose en
Malaisie. Les auteurs analysent dans cet article la fre-
quence de l'infection selon le sexe et le poids (indice de
I'age) chez dix esp6ces de rats. D'une faron generale, les
femelles ont tendance a etre infectees en plus forte propor-
tion que les males (si l'on excepte l'infection a L. hyos qui
n'a ete rencontr&e que chez les males). Les differences
entre les sexes n'etaient cependant significatives que pour
R. sabanus, esp6e dans laquelle iR y avait trois fois plus
de femelles infectees que de males, et peut-etre pour
R. whiteheadi.
Le poids est un bon indice de l'age pour les rats, en

Malaisie, ou les variations saisonni&res sont minimes.
On a pu classer les rats en trois groupes, selon la frequence
de l'infection: faible, moyenne, forte. Dans le premier,
comprenant R. r. diardi, R. jalorensis, R. exulans, R. rajah,
R. whiteheadi, le taux d'infection augmente avec l'age.
Dans le deuxieme groupe, forme de R. sabanus, R. mulleri,
R. bowersi, la frequence des anticorps augmente a partir
du deuxieme mois, pour atteindre son maximum a 5 mois
environ, puis s'abaisser brusquement jusqu'a un niveau
assez bas. Dans le troisieme groupe, auquel appartiennent
R. norvegicus et R. argentiventer, le taux d'infection
augmente rapidement a partir du deuxieme mois.

Si l'on examine chaque serogroupe separement en
fonction de l'age des rats, on obtient une image assez
nette pour icterohaemorrhagiae et javanica seulement,
pour lesquelles les resultats de la serologie et ceux de la

culture coincident. La frequence augmente rapidement
jusqu'au 6e-8e mois, pour s'abaisser chez les rats plus
pesants. Le serogroupe canicola donna des resultats ana-
logues, mais un taux s6rologique anormalement eleve
chez les jeunes rats. Quant aux serogroupes bataviae,
grippotyphosa, hebdomadis, autumnalis et peut-etre pyro-
genes, ils se comportent diff6remment: le taux d'infection
s'6leve rapidement jusqu'au 4e-6e mois, puis tombe a pres
de zero, pour s'elever a nouveau chez les animaux plus
ages. L. hyos est un cas particulier, ne donnant aucune
seroreaction et infectant surtout les adultes.

Discutant ces faits A la lumiere de la biologie et des
moeurs des diverses especes de rats, les auteurs concluent
que le maintien de l'infection a leptospires peut revetir
trois formes: a) transmission intense et continue d'un
seul serogroupe, par l'urine probablement, au sein d'une
population de rats tres dense; b) transmission faible de
divers serogroupes, sous forme de legeres epizooties
recurrentes probablement, dans des populations normales
de rats, en terrain humide, et par l'intermediaire de l'urine;
c) transmission egalement faible de divers serogroupes
dans une population de rats normale, mais en terrain sec,
ou la transmission est probablement venerienne, sous
forme d'epizooties r6currentes. Les deux premieres for-
mes, impliquant le contact avec un sol infect6 et un milieu
aquatique peuvent etre a l'origine de l'infection humaine.
I1 est fort improbable que ce soit le cas pour la troisieme
forme.
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