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n Research conducted at the Department of Comparative Medicine, School of Medicine, Wayne State University,

Detroit, Michigan.

THE NORWAY RAT AS A SELECTIVE CHRONIC CARRIER OF

Leptospira icterohaemorrhagiae#{176}

ALEJANDRO B. THIERMANN, National Animal Disease Center, Agricultural Research, Science and Education
Administration, U.S. Department of Agriculture, Ames, Iowa 50010, USA.

Abstract: Laboratory raised wild Norway rat males (Rattus norvegicus) were injected
with leptospires of two serovars: icterohaemorrhagiae and grippotyphosa. The
development of a carrier state was monitored serologically, culturally and
histologically. Rats infected with icterohaemorrhagiae developed rapidly into a
chronic carrier state and shed leptospires in the urine for the duration of the
experiment (220 days). At the time of necropsy, histopathologic studies showed
evidence of leptospiral infections in the lumen of proximal convoluted tubules of some
kidneys.

Rats infected with grippotyphosa shed organisms for 40 days after inoculation;
thereafter, they apparently cleared the infection. No organisms were detected

histologically nor by culture at the end of the experiment (220 days). There appears to
be a specific host-parasite relationship in the Norway rat towards becoming chronic
carriers when infected with serotype icterohaemorrhagiae but not with
grippotyphosa.

INTRODUCTION

A true leptospiral carrier is the host
which, after suffering from an infection
by leptospires with or without the
manifestation of clinical signs, has
developed renal infection and sheds
organisms in urine. This condition
remains for a long period of time,
possibly for the remainder of the
animal’s life. Our knowledge of these
chronic carriers is not yet complete, but it
seems to represent a high degree of host-
parasite adaptation. In their natural
habitat, certain species of animals in a
given locality are invariably found to

carry the same leptospiral serotype.7
This concept of host election was already
described by Uhlenhuth in 1943,” and
later by Alston and Broom’ and
Babudieri2 in 1958. Studies by Fame5
show that the age orimmunocompetence
of the host constitutes an important
factor in the development of a chronic

carrier state. He also found the size and
virulence of the inoculum to be determi-
nant factors. Tabel and Karstad’2 deter-
mined that the outcome of the carrier
state of leptospiral infection in animals
is determined by a qualitative suitability
of the infected animal and the suscep-
tibility and defense mechanism of the
host. Soon after the infection is estab-
lished, the epithelium of the renal con-
voluted tubules apparently becomes
resistant to reinvasion by the leptospires

present in the lumen.8

The Norway rat (Rattus norvegicus) is
known worldwide as a successful chronic
carrier of serovar icterohaemorrhagiae,
although it has been found occasionally
to carry other serovars such as ballum
and autumnalis. It was the intent of this
study to investigate and compare the role
of the Norway rat as a chronic carrier of
two leptospiral serovars: ictero-
haemorrhagiae and grippotyphosa.
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Serologic response. The results of
the specific agglutinating antibody

MATERIALS AND METHODS

Animal host. Fourth generation
laboratory raised wild Norway rats were
used for this study. Three groups, each

consisting of four healthy young adult
males, and each weighing approximate-
ly 300 g, were selected. Prior to the
initiation of this study, each animal was
tested and proven negative to leptospiral
infection using cultural and serological
methodology.

Inoculum. Three wild leptospiral
isolants were selected for experimental
inoculations. All isolants were propa-

gated in Ellinghausen-McCullough (E-
M) semisolid medium.5 Prior to inocula-
tion, the organisms were transferred and

adapted to E-M liquid medium. Proper
quantification was obtained using
nephelometry6 and Petroff-Hauser cell
counting chambers. Following ap-
propriate dilutions, each animal received
an intraperitoneal inoculation of one ml
of E-M liquid medium containing 2 X 10�
organisms.

Group A received icterohaemorrhagiae
strain 549K initially obtained from wild
rat kidney (Rattus norvegicus). Group B
received’ icterohaemorrhagiae strain
538Br initially obtained from wild rat
brain (Rattus norvegicus). Group C
received grippotyphosa strain SQ34 in-
itially obtained from fox squirrel kidney
(Sciurus niger).

Serologic methods. Blood samples
were routinely collected from each rat by
using heparinized microhematocrit
capillary tubes in the retroorbital plex-
us.” One ml of blood was placed into aS
ml vacutainer tube. After clotting, the
serum was separated by centrifugation.
The serum samples were stored at -80 C
until tested.

The microscopic agglutination test us-
ing live antigens was used as described
by Galton et al.9 and modified by Cole et
al.’ Serum samples were also mixed with
equal volumes of a 0.2 M 2-mercap-
toethanol solution and incubated at 37 C
for 24 h prior to the microscopic
agglutination test.4 The serologic

responses were then interpreted within
each group as to their content of 2-
mercaptoethanol resistant antibodies.

Processing of urine. Periodic urine

samples were collected from each rat by
placing them in a metabolic cage with
especially designed metal funnels at-
tached to the bottom of each cage. The
fecal material was separated by a wire
mesh, the urine fell through and was
then filtered through a Whatman #1 filter
paper prior to being stored in a glass-jar.
Immediately after collecting the urine
samples, urine was examined under
darkfleld microscopy for the presence of
motile leptospires. Samples were then
diluted into a 1% BSA-phosphate
buffered solution (10�’ through 10�). One
ml aliquots were then transferred to 10
ml tubes of E-M semisolid medium con-
taining 100 mg of 5-fluorouracil per ml
and incubated at 29 C forGO days.

Cultural isolation. At the termina-
tion of the experiment, 220 days after
inoculation, the rats were euthanized in a
CO2 chamber and tissues were collected
for culture isolation. Blood, urine,
kidney, liver and brain were collected
aseptically and suspended into 1% BSA
transport medium. From here 1 ml ali-
quots were transferred into E-M
semisolid medium and incubated at 29 C
for 60 days. Leptospiral growth was
monitored weekly using darkfield
microscopy.

Histologic methods. At the time of
necropsy, the left kidney of each rat was
removed and sectioned in half. The
kidneys were then fixed in 10% buffered
formalin. Sections of each kidney were
silver impregnated’#{176} and observed with
the aid of light microscopy for lep-
tospires.

RESULTS

During the entire course of the experi-
ment, no clinical signs of illness were
observed in any of the rats.
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FIGURE 1. Antibody responses of wild Norway rats challenged with 2 X 10�
pathogenic leptospires. Group A received icterohaemorrhagiae strain 549K, group B
received icterohaemorrhagiae strain 538 Br, and group C received grippotyphosa

strain Sq 34. solid line corresponds to standard M/A titres, dotted line indicates 2-
mercaptoethanol resistant titres.
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responses to the homologous leptospiral
serovar and the 2-mercaptoethanol re-

sistant titres for each group of rats are
indicated in Figure 1. All animals rapidly
developed a high titer antibody response
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which persisted for the duration of the
experiment in the rats infected with
icterohaemorrhagiae. However, the
animals in group C, infected with
grippotyphosa, had a rapid decrease in
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titre after 60 days. The titre disappeared
at 75 days and then reappeared at a low
level at 90 days. In all cases 2-
mercaptoethanol resistant antibodies
(IgG) were detected very early (14 days).
Before 30 days, all agglutinating an-
tibodies detected via the M/A test were 2-
mercaptoethanol resistant.

Cultural isolation. Urine samples
collected between the 10th and 40th day
were positive by darkfield examination
and culture isolation in all rats. After 40
days, the urine from rats infected with
grippotyphosa were negative by both
methods employed. The urine from rats
infected with icterohaemorrhagiae were
positive by culture and darkfleld ex-
amination throughout the entire course
of the experiment (220 days).

At the time of necropsy, the rats in
groups A and B, infected with
icterohaemorrhagiae, were culturally
positive from all kidney and urine
specimens. The animals in group C,
infected with grippotyphosa, were
culturally negative in all specimens
tested.

Histologic results. As observed from
culture isolation, kidney sections from all
rats infected with icterohaemorrhagiae
had leptospires. Histologically,
organisms were seen strictly in the
lumen of kidney tubules. No organisms
were observed invading epith#{232}lial cells.
In the rats infected with grippotyphosa,
all kidney sections were negative for the
presence of leptospires.

DiSCUSSiON

Significant differences were observed
in infections between rats inoculated
with icterohaemorrhagiae and those in-
oculated with grippotyphosa. The ictero-
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serological results indicate a rapid drop
in antibody titres shortly after the
urinary shedding ceased.

It appears there is a special host-
parasite relationship between the
Norway rat and icterohaemorrhagiae.
This relationship was not observed with
grippotyphosa in the rat. Although this
organism proved infective for Norway
rats, it did not develop a chronic carrier
state. In this experiment, the size and
virulence of the inoculum did not seem to
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when challenged with two thousand
cells. Serovar grippotyphosa is common-
ly isolated from wild mammal carriers
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coons, skunks, etc.; however, it has never
been isolated from a wild Norway rat.

As first indicated by Uhlenhuth” in
1943, it appears there are still some
unknown factors determining this “host
election” phenomenon. The Norway rat
is probably the most successful chronic
carrier of icterohaemorrhagiae, but may
not act as a true carrier of other lep-
tospiral serovars such as grippotyphosa.
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