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Animal Leptospirosis in Malaya*

2. Localities Sampled

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

In a previous paper the authors reported on the methods and zoogeographical back-
ground of a survey of animal leptospirosis in Malaya, giving a broad analysis of results.
In the present paper the localities studied in towns and villages, in ricefields, in secondary
forest and scrub and in primaryforest are compared in detail. In towns and villages infection
rates in rats were low, except in a seaport town where the invading R. norvegicus was
heavily infected. In ricefields infection is maintained in R. argentiventer, alone or in asso-
ciation with R. exulans. In secondary forest and scrub there is overlap with forest species
and the main hosts of leptospires appear to be R. exulans and R. jalorensis. In primary
forest giant rats and, to a lesser degree, spiny rats are the main hosts.

Ground-living rats appear to be better maintenance hosts than those scrambling on
vegetation or arboreal rats. With some exceptions the incidence of infection ofa rat species
in an area was found to be in direct relation to the proportion that species formed of the
total rat population. The critical number of rats for maintenance of leptospirosis in an
area is estimated to be about two rats of the maintenance species per hectare.

The first paper in this series 5 reviewed the work
done on animal leptospirosis in Malaya and listed
the principal localities from which samples were
taken. The present paper examines the individual
localities and discusses the differences between them.
The results presented in the first paper make it

clear that, of the animals examined, ground-dwelling
rats constituted by far the most important reservoir
of infection. In Table 1 the infection rates of these
rats are classified by locality. Because the vagaries
of collecting resulted in samples of different sizes,
the variable significance of the percentages in Table 1
are indicated typographically.

Clearly each habitat had a characteristic rat fauna,
and in each of the areas sampled there was one species
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or group of species which appeared to be of over-
riding importance as a leptospiral host. In the forest
and ricefield areas and in the town of Klang one
or more species had infection rates exceeding 20%
and usually a number of species had much lower
rates. In the other localities maintenance of the
infection appears to be sustained by species with
lower infection rates. The various localities were
shown in the maps in the first paper.

TOWNS

The fauna of towns comprises the wholly house-
dwelling species Rattus r. diardi, R. norvegicus,
Mus musculus and Suncus murinus, together with
R. exulans, which lives in houses but also in grass-
land, and R. jalorensis, which lives, not in houses,
but in their gardens. Intermittent predators on
this population are domestic dogs and cats and the
house musang or palm civet (Paradoxurus hermaphro-
ditus), which freely enters and lives in houses. Some
species of squirrel (and, in some areas, macaque
monkeys) frequent gardens but do not seem to be
important in the maintenance of leptospirosis.
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TABLE I
PERCENTAGEa OF RAT SAMPLES FROM DIFFERENT HABITATS AND LOCALITIES

SHOWING EVIDENCE OF LEPTOSPIRAL INFECTION

Towns and villages Ricefields Secondary forest Forestand scrub
e e

E ~~~~~~~ ~~~~~ 0 0~~~~~~~Rat species 0 0 e oER.r.dbrdi D~I | e 2 L.

R.~~~~~~~~~~~~~ a;vgiu32' O: E

C 0 -O0 R. ea,tvt 0q E5E 0 C 0 o ... E

R..~ bowe0si0 2 0UILCI)~-x11 U) ~-.. U) U.22 u

R. r.diardi 4 2 0 2 4

R. norvegicus 32

R. exulans 7 - 17 12 0 0 0

R. argenfiventer 29 50 53

R.Jalorensis - 0 0 + 11 1 4 1

R. bowersi 24 0

R. malleri + 7 12 24 8

R. sabanus + 19 23 18 +

R. rajah 13 12 9

R. whiteheadi 8 5 -

a No flgures are given for fewer than 3 samples.
For 3-10 samples: - = no positive animals; + = up to 50% positive.
For 11-32 samples the percentages positive are shown In roman type.
For 33 samples or more the percentages positive are shown In bold type.

TABLE 2
NUMBERS AND LEPTOSPIRAL INFECTIONS OF TOWN ANIMALS a

Species Kuala Klang Pourt [ Jeram Sungel OtherLumpur Swetten ham Buloh towns

Rodents:

Rattus r. diardi 1/48 1/59 3/74 0/41 1/26 0

R. norvegicus 0 24/74 0 0 0 0

R. exulans 2/27 0/1 0 0/1 0/10 0

Mus musculus 0/51 0 0 0 0 0

Insectivores:

Suncus murinus 0/34 0 0 0 0/1 0

Carnivores:

Paradoxurus
hermaphroditus 2/18 0 0 6/19 0/1 0

Domestic dog 2/4 0 0 0 0 7145
Domestic cat 6/40 0 0 0 0 0/28

a Numbers of animals infected over numbers trapped.
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TABLE 3
SEROGROUPS INFECTING RATS FROM TOWNS AND VILLAGES a

Species Klang Kuala Port T Jeram SungelLumpur Swettenham Buloh

R. norvegicus 22| h 1.5j( , - - |
h - (74)

R. r. diardi I p (59) 1j (48) Ij, 1an, 1? (74) -(41) Ij (26)

R. exulans (1) 1j, 1 h (27) - (1) - (10)

a Total number of animals examined is shown in parentheses.
KEY: g = Grippotyphosa
a = Autumnalis h = Hebdomadis
an = Andaman A hy = Hyos
au = Australis A = lcterohaemorrhagiae
b = Ballum = Javanica
ba = Bataviae p = Pyrogenes
c = Canicola ? = Serotype not determined
d = Djasiman * = Positive to morethan1 serogroup,

counted as Y2 animal

The rat fauna of the towns and villages studied
differs markedly (see Table 2). In Kuala Lumpur,
routine municipal rat trapping showed that the
houses are infested with R. r. diardi and that R.
exulans (2%), the house-mouse Mus musculus
(15 %), and the house-shrew Suncus murinus (10%)
also occur; but R. norvegicus is not found. At
Klang, in contrast, the incidence of R. norvegicus
(municipal trapping) was 18%; but this rat was
virtually restricted to the market area where it lives
in burrows under the stalls, in broken drains, and in
adjacent old shop-houses. During trapping for this
leptospirosis study, R. r. diardi was trapped only
in houses where R. norvegicus also occurred (the
two species appearing to occur together freely), so
that the relative numbers-74 R. norvegicus and
59 R. r. diardi-probably give a truer measure of
their contact than does the 18% R. norvegicus
obtained during municipal collecting. At Port
Swettenham, however, no R. norvegicus was obtained
although R. r. diardi was abundant. (Trapping was
done only around modern concrete warehouses
which offer little shelter for R. norvegicus.)
A high rate of leptospiral infection was found

only in the R. norvegicus, of which about a third
showed signs of infection, mostly with L. ictero-
haemorrhagiae (Table 3).
Although trapped in the same houses as those

highly infected rats, the R. r. diardi from Klang
showed an infection rate no higher than those from
Port Swettenham or Kuala Lumpur, while the only
strain of leptospire identified from R. r. diardi at
Klang was of the Pyrogenes serogroup. Clearly

there is no direct connexion between the two rat
species as reservoirs of infection.
Apart from Klang the infection rates in house-

rats were low (Table 3) and the predominant sero-
group, as far as can be judged from such a small
sample, was Javanica.1
The infection rates of the carnivores are difficult

to explain in terms of those in urban rodents. In
Kuala Lumpur the rates in cats, dogs, and musangs
exceeded that of the rats (Table 2), and the fact
that these animals sometimes eat rats may be largely
irrelevant. In dogs and cats the predominant infect-
ing serogroups were Canicola, Hebdomadis and
Icterohaemorrhagiae in that order (see Table 3 of
our first paper, on page 12 of this issue). No evi-
dence of Canicola serogroup infections was found
in town rodents (although it was fairly common
in R. argentiventer from ricefields; see Table 4) so
that this may well be maintained by dogs and cats
themselves as it is in other parts of the world (Rosen-
berg, 1951). Other serogroups may be likewise
maintained; but all those found infecting dogs and
cats, except one, also occurred in town rats. L.
pomona, the exception, occurred only in P. her-
maphroditus: it accounted for four of the seven
infecting serogroups identified, the others being
two Autumnalis and one Icterohaemorrhagiae. The
true reservoir of these infections of carnivores
requires further study.

1 The enlarged serogroups defined in our first paper (see
page 8 of this issue) are used throughout the present
article.
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In domestic ungulates the dominant serogroups
were Hebdomadis, Icterohaemorrhagiae, Javanica
and Canicola (Table 3 of our first paper), all of
which were fairly common in the associated rodents.

Grazing grounds (waste grass or scrub lands) are
inhabited by such rats as R. exulans, R. jalorensis
and R. argentiventer; and sties and byres would
certainly be infested with R. exulans and R. r.

diardi. However, no specific investigations have been
carried out, and the mechanism of infection of
domestic ungulates in Malaya remains to be studied.

RICEFIELDS

The ricefields sampled were of two kinds: (a)
those where large areas of flat land are devoted
entirely to the growing of rice, e.g., Kedah (near
Sungei Patani) and Malacca; and (b) those where a
narrow strip of ricefields lies in a valley bottom
surrounded by other cultivation or by scrub, e.g.,
Ulu Langat.

In both localities the dominant rat is R. argenti-
venter (a member of the Rattus rattus complex),
which is confined to grassland such as the areas of
thatch-grass, Imperata cylindrica (lalang in Malay),
and ricefields, which may be regarded as specialized
grassland. In Malaya grassland is always man-
made and the fauna is correspondingly poor in
species. R. argentiventer may occur alone or be
associated with R. exulans in Imperata grassland,
with R. jalorensis in the thatch-palms (Nipa) which
commonly fringe the ricefields, or with bandicoots
in the Kedah ricefields (Harrison, 1956). These are
true bandicoots, Bandicota indica and B. bengalensis
(Rodentia Muridae), and not marsupial bandicoots,
which are confined to Australasia; but none was
examined in this survey.

In the extensive ricefields of Kedah and Malacca
the R. argentiventer, which was the only rat actually
collected, had a very high infection rate, while in
the small ricefields of Ulu Langat, where the rat
was associated with R. exulans in scrub and grass-
land, a much lower infection rate was found.

Javanica was the predominant infecting serogroup
in R. argentiventer especially in the Kedah (Sungei
Patani) and Malacca ricefields (Table 4). In the
Ulu Langat ricefields, where there was much more
contact with other rat species, there was also a
much wider range of infecting leptospires, which
overlapped clearly with those found in the associated
R. exulans.

SECONDARY FOREST AND SCRUB

When primary forest is cut down and then
neglected, it will regenerate through scrub to second-
ary forest, which resembles primary forest in general
appearance but differs in species composition both
of animals and of plants.
Such scrub and secondary forest may cover large

areas, but more usually fringes primary forest
areas. The dominant rat in at least the earlier stages
of the succession appears to be R. jalorensis, which
is markedly more arboreal than the other Malayan
members of the R. rattus complex. R. exulans also
occurs, usually in the open scrub rather than the
forest.

Collections made at 7th mile Pahang road and at
Bukit Jugra appeared to be mainly from secondary
forest and scrub and the most numerous rat was
R. jalorensis, which, as Table 1 shows, was but
lightly infected. At Jugra Hill the trapping evidently
extended into the relict forest, which crowns the
hill, and 16 forest rats were obtained, equal numbers

BLE 4

SEROGROUPS INFECTING RATS OF SCRUB AND CULTIVATION

Riceflelds Secondary forest and scrub

Species 16th mile, 7th mile, Ulu Langat BukitSungei Patani Ulu Langat Malacca Bentong Pahang road Jugra Forest Lagong
Reserve

R.jalorensis - (12) - la, Ip (8) |11, a, 2? (38) Ia (82) I au (77) la (72)
R. argenfivenfer 21.5j 2c, 10ji, 2i, 3c, I1h,

1.5a *, 1 ? (52) 1 ba (59) 9j (17)
R. exulans ] _ |i, lh, Ic, 3? (35) - 5c, 1i, 7? (110) (16) (5) (10) (36)

For key to abbreviations, see Table 3.
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TABLE 5
SEROGROUPS INFECTING RATS FROM FOREST LOCALITIES

Species Ulu Langat Forest Reserve Bukit Lagong Ulu Gombak Forest Reserve 30th mile, Jugra
_P

R. mdlleri I i, Iba, Ihy (42) 1.5h j, *, b *, ba *, 1 ? (33) 3au, 2i, 1.5j , 1i.5p *, lh, Ig, Ic (3) Iba (8)
(42)

R. bowersi 6hy, 2d, Ig, 1 ? (45) (19) - -

R. sabanus 3h, Ic, Ig, Iba, (32) 7ba, 3h, 2g, 1i, Ia (62) 2.5j *, 2a, Iba, 1au, h *, (40) lj (12) Iba, Ia (8)

R. rajah 2j, 1hy, Ig, (31) 2h, Ic, 1 ? (34) lba, i *, h * (23) -

R. whiteheadi lc + h * (13) 2h (39) (6) (3)

For key to abbreviations, see Table 3.

of R. mulleri and R. sabanus (Table 5). One speci-
men of each species was infected with Bataviae (cf.
Bukit Lagong, below) and one other R. sabanus
showed, Autumnalis (also carried by the R. jalorensis
in this area; see Table 4).
Both R. jalorensis and R. exulans were obtained

from forest collecting areas but these included a wide
range of minor habitats, such as forest-edge and
areas of shifting cultivation in which our aboriginal
collectors lived. Infected R. jalorensis were found
wherever an adequate sample was obtained and 4
out of 7 identified strains were Autumnalis (Table 4).

Bentong
A collection was made at Bentong to investigate

an outbreak of leptospirosis among a battalion of
infantry stationed there. Their camps were scattered
in scrubby country on the east side of the range of
mountains which flanks Kuala Lumpur. Most of
the rats caught were R. exulans and 8% of them
showed infection, but as the traps were set by troops
rather than by trained trappers, this sample cannot
legitimately be compared with the others. In 5 of
the 6 infected rats where the serogroup was identified,
it was Canicola.

PRIMARY FOREST

Extensive collections were made in primary forest
at three localities in the forest reserves of Ulu Langat,
Bukit Lagong and Ulu Gombak, near Kuala Lum-
pur. A small collection was also made beyond the
Gombak valley at the other side of the pass into
Pahang (30th mile Pahang road). As is characteristic
of primary forest, these localities each had many
species, no one of which was specially abundant.
The rats of forest in this part of Malaya comprise the

three giant rats, R. bowersi, R. mulleri and R. saba-
nus, and the smaller spiny rats, R. rajah and R. white-
headi, all of which are ground species, and the tree
rats R. canus and R. cremoriventer. In addition to
these are the semi-burrowing bamboo rat, Rhyzomys,
and the wholly arboreal rats such as Chiropodomys,
Hapalomys and Pithecheir. The latter two were not
seen, and only a few Rhyzomys were examined, none
having evidence of infection.
With the exception of one tree rat (R. canus with

antibody to L. schuffneri) only the ground rats
showed evidence of leptospiral infection, but the
pattern of infection differs significantly from that
exhibited in other habitats. R. whiteheadi, a small
species similar in size to R. exulans, showed a low
infection rate comparable with the secondary host
species in other areas. High infection rates were
shown, however, by all of the larger rats (the rajah
spiny rat and the giant rats). The distribution of
this infection is shown in Table 5.
The sample from each of the three principal forest

localities shows a different pattern of infection and
each shows a different species of giant rat as the one
most highly infected. In each locality, the rat
showing the highest infection rate was also the one
which was locally the most abundant. The samples
on which this survey was based were collected over a
two-and-a-half-year period in a fairly limited area
within each forest reserve and leptospiral examina-
tions were discontinued for any one species when a
sufficient sample had been obtained.' In Table 6 is
shown the actual number of specimens of each of
the principal species collected (but not all examined;

1 But, of course, specimens continued to be brought in
as trapping continued.
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TABLE 6
TOTAL NUMBERS OF THE FIVE PRINCIPAL RATS OF THE FOREST FLOOR TRAPPED

OVER THE 2Y2-YEAR SURVEY PERIOD a

Species Ulu Langat Bukit Lagong Ulu Gombak All Selangor
forests (1948-57)

R. bowersi 160 b 25% 28 4% 0 0 9%

R. mulleri 158 24% 70 10% 58 b 40% 18%

R. sabanus 157 24% 273 b 40% 53 37% 34%
R. rajah group 151 23% 139 20% 26 18% 21%

R. whiteheadi 28 4% 175 26% 8 5% 18%

Total speci-
mens collected
(=100%) 654 685 145 5 056

a For ease of comparison the percentages of the total collection in each trapping area are shown,
as well as the percentages of these species in the whole collection in forest areas of Selangor for
the ten-year period 1948-57.

b Species with maximum infection.

see Table 5) and, to facilitate comparison, the
percentage this formed of the whole collection in
that locality. For further comparison the last
column shows the corresponding percentage in the
collection from all forest areas in the general
Selangor region for the ten-year period 1948-57.

In the Ulu Gombak sample R. mulleri was the
most abundant, forming 40% of all the forest ground
rats (Table 6) and showing an infection rate of
25% (Table 5). The trapping area was along the
valley bottom of the Gombak River, and on the
sides of adjacent hills. R. mulleri tends to be the
most abundant rat in valley bottoms and is largely
replaced by R. sabanus on the drier hill-slopes, while
R. rajah is widely distributed in both areas (Harrison,
1956). The trapping, therefore, presumably sampled
a centre of infection based upon R. mulleri as the
maintaining host, perhaps together with R. rajah.
In R. mulleri the commonest infecting serogroups
were L. australis A and Icterohaemorrhagiae
(Table 5). R. sabanus also showed a high rate of
infection (18%), the commonest serogroups being
Javanica and Autumnalis. With the apparent
exceptions of Autumnalis and Bataviae, infections
of R. sabanus could have been derived from the
probable maintenance host, R. mulleri.

In the Ulu Langat sample, on the other hand,
the four principal rat species were nearly equal in
abundance. R. bowersi, which showed the highest
infection rate (22%), was not only slightly more
abundant than the others but was much more
abundant than usual for that species at the altitude

of the area trapped, which lay between 1000 and
1500 feet (300-450 m) above sea level, and was
higher than the other areas sampled. R. bowersi
prefers altitudes of over about 3000 feet (1000 m);
at lower altitudes it occurs with R. milleri; in the
lowlands it becomes rare. Trapping in the Ulu
Langat Forest Reserve as a whole showed about
25% of R. bowersi, as compared with 9% for all
forest areas. Evidently the species forms local
communities, one of which was being sampled by the
leptospiral survey trapping. The dominant serotype
was L. hyos, occurring mostly in the R. bowersi
but also in R. mulleri and R. rajah. No evidence of
L. hyos was found elsewhere in the survey. Another
serotype characteristic of this area was L. djasiman,
found only in R. bowersi. The two other main
infecting serogroups in the area were Grippotyphosa
and Hebdomadis.
The Bukit Lagong trapping area was the forest

immediately adjacent to the ladang, or area of
shifting cultivation, of a tribe of aborigines perched
upon the side of a 1600-foot (480-m) hill. This area
was, unlike the others, not valley bottom but the
forest on the side and top of the hill. In these condi-
tions R. sabanus is the dominant rat and it formed
40% of the sample. A large sample was taken to try
to obtain a sufficient number of R. bowersi for com-
parison with Ulu Langat. At first sight R. sabanus
would appear to be the maintaining host of lepto-
spires, with an infection rate of 23 %, but in fact this
rate does not differ significantly from the 18% and
19% in the other two samples and the fact that this
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species does not appear to be an efficient carrier
(see our first paper on page 5 of this issue) makes
its role as a maintaining host unlikely. The main
infecting serogroups were Bataviae and Hebdo-
madis, and it is perhaps significant that, in the whole
survey, 10 of the 14 sera and one of the 4 cultures
positive to Bataviae were from R. sabanus. No
infections were found in the R. bowersi and only 4
of 33 specimens of R. mulleri showed evidence of
infection, so that these rats of wet stream-beds did
not appear to be maintaining an infection. R. rajah
similarly showed a low infection rate with only 4 out
of 32 infected.

DISCUSSION

The results show that in Malaya the reservoir of
leptospirosis is not maintained by a clear-cut infec-
tion of a particular species of host by a particular
serotype of leptospire. Many hosts and many sero-
groups are concerned. A similar state of affairs may
exist in other tropical countries.
The results suggest rather that any concentration

of ground-frequenting mammals may provide a
reservoir in which one leptospire or another may
thrive. This is made clear in Table 7, which shows,
for the various localities studied, the most important

species of rat and the most abundant serogroup of
leptospire. The " most important " rat is the one
which is both most abundant and most heavily
infected; the " most abundant " leptospire is the
serogroup which was observed most often in all
species of rat.
While R. argentiventer and the Javanica serogroup

in ricefields appear to be definitely associated, other
rat-leptospire associations may be only random.
Earlier studies of rats in Malaya help to explain the
parts played by their population densities and habits
in the incidence and maintenance of leptospiral
infections.
Rat population densities
Estimates of rat populations are not available for

the survey areas themselves, but they can be made
from the results of mark-recapture experiments
carried out in areas near by (Harrison, unpublished
data). Table 8 summarizes the findings in such
experiments.

There are, however, probably more animals in an
area than are actually trapped and marked; and the
traps undoubtedly also sample rats from outside
the study area. Table 8 shows the calculated density
of rats per " equivalent hectare ", that is, the figures

TABLE 7
RATS AND LEPTOSPIRES IN AREAS SAMPLED a

Locality

Kuala Lumpur, town

Kiang, town

Sungei Patani, ricefields

Malacca, ricefields

Ulu Langat, ricefields

Bentong, grassy scrub

7th mile, Pahang road, secondary forest
and scrub

Jugra Hill, secondary forest

Ulu Langat, forest

Bukit Lagong, forest

Ulu Gombak, forest

30th mile, Pahang road, forest

Most important
rat

R. r. diardi

R. norvegicus

R. argentiventer

R. argentiventer

R. argentiventer

R. exulans

R. jalorensis

R. jalorensis

R. bowersi

R. sabanus

R. mOlleri

R. sabanus

Percentage
infected

2

32

50

53

29

12

11

1

22

23

24

8

Most abundant serogroup

Javanica

Icterohaemorrhagiae
Javanica

Javanica

Javanica

Canicola

(Icterohaemorrhagiae,
Autumnalis)

Autumnalis, also Bataviae in forest
rats

Hyos

Hebdomadis

Australis A
Javanica

(Javanica, Canicola)

a For each locality is shown (a) the most important rat, with the percentage showing leptospiral infection, and (b) the most
abundant serogroup of leptospire, with the percentage that it forms of all serogroups identified from the area.

Percentage
of all

serogroups

67

88

86

100

50

63

33

37

21
21

29
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AREA AND NUMBER OF SPECIMENS
TABLE 8

KNOWN TO BE PRESENT IN MARK-RECAPTURE EXPERIMENTS

Name of experiment Ampang ] Sungei Buloh Forest Sungel Buloh Stream Sungei Buloh Pylon

Vegetation Forest hillside Forest, valley Scrub and grass Grass and scrub margin

Period March-May 1958 Jan.-March 1951 March-May 1952 Jan.-April 1953

Area trapped 10 hectares 14.6 hectares 7.6 hectares 4.8 hectares

Equivalent area 12.8 hectares 17.5 hectares 10.0 hectares 6.7 hectares

R. exulans

R. argentiventer

R. jalorensis

R. bowersi

R. mulleri

R. sabanus

R. rajah group

R. whiteheadi

0

0

0

0

25

6

9

0

12

2

44

9

6

2

17

0

0

0

0

5

23

12

0

0

0

0
1

Total rats 41 70 30 37

Rats/hectare 4.1 4.8 4.0 7.7

Rats/equiv. hectare 3.2 3.5 3.0 5.5

Estimated population
per hectare 3-7 3-7 3-6 5-11

obtained by calculating on the basis of an " equiva-
lent area " equal to the area trapped extended in all
directions by the mean radius of movement of a rat-
for the present purpose taken as 40 metres (Harrison,
1958). We may guess the real population to be
something up to twice these figures.
The Ampang experiment resembles the Bukit

Lagong trapping area, so we may estimate a density
of 2-4 R. sabanus per hectare. Likewise, the Sungei
Buloh Forest experiment resembled the Ulu Gombak
area and trapping showed that R. mulleri was
confined to the bottom of the valley, within a
contour 10 metres above the stream bed; and within
this restricted area the estimated density was 2-4
R. mulleri per hectare. The Sungei Buloh Stream
experiment resembled such areas as 7th mile Pahang
road but contained more grassland. The abundance
of R. jalorensis, at 1.7 per equivalent hectare is,
therefore, probably rather lower than would be
expected in an area wholly covered with secondary
woodland, and we may estimate a density of perhaps
3-6 per equivalent hectare.

No useful estimates are available of either R.
argentiventer in ricefields or R. norvegicus or R. r.
diardi in towns. It is unlikely that ricefield popula-
tion densities would differ markedly from those
above. Comparable studies in North Queensland
(Harrison, unpublished data) suggest a population
in sugar-cane fields of perhaps 8 rats per equivalent
hectare, of which 2 per equivalent hectare would be
R. conatus, filling a similar niche to that of R. argen-
tiventer in Malaya. Town populations, however,
are likely to be much higher, at least in local con-
centrations.

This evidence suggests that a population of about
5-10 ground rats per hectare is sufficient to main-
tain a leptospiral infection. This population,
however, is of all species. In fact the different
species of ground rats within the same area exhibit
different rates of infection and perhaps different
assemblages of leptospiral serotypes. Each species
must therefore be considered separately. In the
accompanying figure the gross rates of infection
(by all serogroups, detected by all methods) of
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PERCENTAGE INCIDENCE OF LEPTOSPIROSIS FOUND IN RAT SPECIES IN CERTAIN AREAS,
PLOTTED AGAINST THE PERCENTAGE THAT SPECIES FORMS OF THE TOTAL RAT POPULATION IN THE AREA
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each species in each locality have been plotted
against the proportion of the total collection of
ground rats comprised by that species in that
locality. Only samples ofmore than 15 rats examined
have been plotted. It is clear from Table 8 that the
total populations of all species of ground rats do
not vary very much from place to place, and so

we are justified in using the percentage of the
species in the sample as an index of the actual
density of its population on the ground. In the
figure most of the points lie close to a line repre-
senting zero infection at nearly zero population
up to 50% infection at 100% population, i.e., where
that species of rat is the only one present. The
measure is a rough one only; but it appears to hold
for all rats except R. r. diardi and R. jalorensis
and also R. exulans where that species forms the
bulk of the population. The point for R. bowersi
from Ulu Langat also shows a deviation bordering
on significance (probability of 0.05) and would bear
investigation.

R. r. diardi and R. jalorensis seem to form the
bulk of certain populations in which the infection
rate is very low (see below). R. exulans appears to
behave normally except at Bentong, where the
method of sampling may not have been compa-

rable.
The R. bowersi sample from Ulu Langat may

represent a local concentration; and a local density
of 44% would put the point exactly on the line.
The figure suggests, therefore, that the degree of

infection is directly related to the density of popula-
tion of the particular species of rat, perhaps irrespect-
ive of the infections of other associated species.
Where rates are in excess of about 10% they must
clearly be maintained in the population, because
they can come from nowhere else. An infection rate
of 10% corresponds to a density of about 20%, i.e.,
between one and two rats per hectare. A population
of two rats per hectare in these conditions thus
appears to be sufficient to maintain a leptospiral
infection.
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The range of movement of rats

The frequency with which a rat of the species with
which we are concerned is found in any part of its
range is distributed normally with respect to the
distance from the centre of the range; and the
standard deviation of the normal distribution varies
between about 47 and 70 metres, according to species
and habitat (Harrison, 1958). Taking the data for
R. mulleri (Harrison, 1958; Table 2), the areas within
which a rat of this species will spend various pro-
portions of its active life would be: 40% within
0.3 hectare, 50% within 0.5 hectare, 75% within
0.9 hectare, 90% within 3.0 hectares and 99%
within 7.1 hectares.

Clearly, even with a population of only two rats
per hectare, each rat would on the average spend
half its active life within the range of some other
rat; and, with a population of only one rat per
hectare, it would spend only a quarter of its time in
another's range. We should perhaps envisage the
range as a network of pathways, with relatively
unexplored areas between. Thus two ranges may
overlap without any effective contact between the
two occupants. Many different animals may,
however, use the same paths, so that in fact contact
may be closer than the mere overlap of area would
imply.
The observed size of range in the conditions

considered thus agrees very well with the observation
that a population of the order of two rats per hectare
is in some way critical for the maintenance of
leptospiral infection in a species.

Habits of rats

The two questions which remain to be considered
are: why infection in one species does not spread
equally to all other ground species; and why some

of the species shown in the figure as probably of
high population density nevertheless do not appear
to maintain high rates of infection.
A useful pointer to the similarities and differences

of habit and habitat is given by the study of their
infestation by chiggers (i.e., the larvae of trombi-
culid mites). Adult trombiculids spend all of their
life in the soil or other substratum, while the larvae
spend a matter of days only attached to the host.
The occurrence and abundance of different species
of chigger, therefore, gives an indication of the
contact that the host species may have with the soil
or other sites where the adult mites live. Similarity
in pattern of infestation suggests similarity of habitat,
and detailed similarity of habits within that habitat.

In Table 9 is shown the abundance of certain
subgenera of chiggers on the different species of
mammals with which we are concerned. Infestation
by chiggers gives a rough index of the host's habitat:
Leptotrombidium indicates contact with the ground;
Waichiella, the use, probably, of tree-holes rather
than burrows for nesting; Laurentella, nesting in
trees (or the corresponding part of houses). Rats
showing heavy chigger infestation with the subgenus
Leptotrombidium, and therefore in close contact
with the soil, are also those showing heavy lepto-
spiral infection, with the exceptions of R. jalo-
rensis, R. sabanus and R. rajah (see below). Lepto-
trombidium chiggers do not occur on the house-rats,
which normally have contact only with soil in and
under houses, nor on the tree squirrels (Callosciurus)
or the tree rat (R. canus).

TABLE 9
ABUNDANCE OF CHIGGERS (TROMBICULID LARVAE)

BY GENERA ON DIFFERENT HOST SPECIES a

Chiggers

Host species Trombicula Ascoschongas-(Lepto- Euschongastia tia
trombi- (Wakchiella) (Laurentella)
lu

R. argentiventer +++

R. jalorensis +++ .(+++)
R. mulleri +++ +++

R. bowersl +++ +++

R. rajah +

R. whiteheadi + . +

R. sabanus + +

R. exulans +

R. canus ++ +

R. cremoriventer +

Tupaia spp. + + +

Calloscilurus spp. . + +++

Ground squirrels ++ ++

Rattus r. diardi . ++

R. norvegicus ++

Suncus murinus

a Modified from Audy & Harrison (1954).
KEY: . = none or negligible infestation.

+ = present fairly regularly.
++ = an important host.

+++ = present in large numbers.
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The ground rats fall into two groups: R. argenti-
venter, jalorensis, mulleri and bowersi with high
Leptotrombidium infestations; and R. rajah, white-
headi, sabanus and exulans with less Leptotrombi-
dium, and therefore less intimate contact with the
soil. R. mulleri and bowersi share Euschongastia
(Walchiella) with tree rats, tree shrews and squirrels,
which may indicate some such difference as the use of
tree holes rather than burrows for nesting. These
two groups nearly correspond to the ones showing
heavier leptospiral infection (R. argentiventer,
mulleri and bowersi) and lighter infection (R. rajah,
whiteheadi and exulans); but R. jalorensis and
R. sabanus appear to be wrongly placed and deserve
further consideration.
From Table 9 R. jalorensis would appear to have

Leptotrombidium infestation as great as those of
R. mulleri and R. bowersi. This, however, is a false
impression gained by comparing forest with grass-
land. The R. jalorensis studied share the habitat,
not of R. mulleri, but of R. argentiventer, which
may have three or more times as many T. (L)
akamushi per rat. Although, therefore, R. jalorensis
shows evidence of contact with the soil, such contact
is less than that of the other ground rats with which
it is associated and is evidently not sufficient to
maintain a leptospiral infection. Similarly, R. exu-
lans bears light Leptotrombidium infestations in
contrast to the very heavy infestations of the R. ar-
gentiventer with which it is associated in grassland.
R. exulans probably spends most of its time scramb-
ling among the grass tussocks, whereas R. argenti-
venter walks on the soil beneath them. This will
explain why R. jalorensis and R. exulans which

appear to form populous colonies (see the figure)
may yet remain comparatively lightly infected; but
dryness of the surface soil in grassland may also
play a part.

R. sabanus has a low infestation of Leptotrombi-
dium, is known to be partly arboreal, and yet has a
high leptospiral infection rate. Few cultures were
positive and the true rate of infection may be smaller
than the apparent relative rate, perhaps because the
serological reaction to infection is either unusually
vigorous or unusually persistent.
We may conclude, therefore, that different species,

although living side by side, may have very little
real contact of the sort necessary to pass on lepto-
spires. Precisely what contact is necessary we do not
know. The usual assumption is that leptospires are
discharged with the urine on to the soil and remain
viable on the surface until they come into contact
with a mucous membrane or a cut on the foot of
some other animal using the same patch of soil.
There is a tendency for small mammals to frequent
certain patches of ground for defaecation, and
probably urination, and more than one individual
animal may well use the same spot. On the other
hand, the effective route may be through some such
mechanism as leech bites. Land leeches (Haema-
dipsa) are abundant in these forest areas, parti-
cularly in the wetter parts, such as those in which
R. mulleri and R. bowersi live. Leeches will attack
these species in the laboratory (Harrison, 1954);
and evidence of their involvement as a possible
vector, mechanical or otherwise, would help to
solve some of the epidemiological puzzles.

RJtSUMIt

Poursuivant leurs recherches zoog6ographiques et
epidemiologiques sur la leptospirose en Malaisie (voir
p. 20), les auteurs comparent les resultats d6tailles qu'ils
ont reunis dans les regions examinees - villes, villages,
rizieres, savanes et forets. Dans les villes et villages, l'in-
fection des rats (R. R. diardi) etait faible, mais cette
espece semble entrer presque seule en ligne de compte
dans les maisons de l'int6rieur, avec toutefois R. exulans
etParadoxurus hermaphrodituscomme especes secondaires.
Dans la ville cotiere de Klang, R. norvegicus, espece
importee, 6tait fortement infecte, sans que pour autant le
degre d'infection des R. diardi vivant apparemment en
etroite association avec elle ait 6te modifi6. Les rats des
rizieres (R. argentiventer et R. exulans) 6taient fortement
infect6s, dans les deux zones ou ils ont ete 6tudi6s. Dans
la foret primitive, les rats g6ants (R. miulleri, R. bowersi,

et R. sabanus) paraissent etre les h6tes principaux des
leptospires. Sauf quelques exceptions, le taux d'infection
d'une espece de rat dans une region donnee correspond
a l'importance numerique de cette espece dans l'ensemble
de la population des rats. On a trouve un taux d'infection
pratiquement nul parmi les especes rares ou peu nom-
breuses dans une r6gion. Le taux d'infection croft avec la
densite de population des especes, pour atteindre 50%
chez R. argentiventer qui est a peu pres la seule espece de
rat dans une zone de rizieres.

Les rats vivant pres du sol sont plus fortement infectes
que ceux qui grimpent ou sont arboricoles.

Les observations faites permettent de penser qu'une
densit6 de population de deux rats par hectare peut assu-
rer le maintien de l'infection dans une region.
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