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Leptospira interrogans serovar Copenhageni strain RJ16441, a blood isolate from humans with the severe
pulmonary form of leptospirosis, has previously been shown to cause fatal pulmonary hemorrhage in guinea
pigs and asymptomatic chronic renal tubular colonization with urinary shedding in rats. In this study, RJ16441
caused lethal infection of both C3H/HeJ and C3H/SCID mice, but no hemorrhagic phenomena were observed.

Leptospirosis is the most geographically widespread zoo-
notic disease in the world. Chronically infected mammalian
hosts harbor pathogenic Leptospira species in renal tubules of
the kidney, from which they are shed via urine into the envi-
ronment and survive in suitable moist conditions (2, 6, 7).
Humans are infected via broken skin and mucosal surfaces
during contact with contaminated environs. Clinical manifes-
tations of acute leptospirosis reflect the systemic dissemination
of the spirochete, ranging from a mild febrile illness to the
more severe icteric Weil’s disease, characterized by renal and
liver failure. Additionally, a severe pulmonary form of lepto-
spirosis (SPFL) is being recognized with increased frequency,
with cases from Brazil, Argentina, Nicaragua, India, Thailand,
Korea, and Australia being reported (3, 13, 14, 16–21).

Leptospira interrogans serovar Copenhageni strain RJ16441,
originally isolated from blood of a patient with SPFL, has been
used to develop models of acute and chronic disease in guinea
pigs and rats, respectively (11, 12). Guinea pigs infected with
strain RJ16441 develop fatal pulmonary hemorrhages like hu-
man SPFL patients (11), while experimental infection of rats is
clinically asymptomatic and results in chronic renal tubular
carriage with excretion of infectious leptospires into urine (4).
In this study, we addressed the outcomes of infection of C3H/
HeJ and C3H/SCID mice with RJ16441.

Like the rat, the common house mouse is a significant res-
ervoir of leptospirosis (9). Most studies exploring the patho-
genicity of Leptospira have employed hamsters or guinea pigs.
The ability of mice to harbor experimental chronic carriage has
long been established (5). Lethal infection of mice, noted in
few reports, depends on strain, age, and Leptospira serovar (5).
Mice resistant to infection by L. interrogans serovar Pomona
can be rendered susceptible by immunosuppression (1). C3H/
HeJ mice, up to 3 weeks of age, were highly susceptible to
lethal infection with L. interrogans serovar Icterohaemorrha-
giae (15). A more recent report noted the susceptibility of
C3H/HeJ mice to lethal infection with serovars Manilae and
Icterohaemorrhagiae (6).

Three- or 6-week-old C3H/HeJ mice (stock number 659;
The Jackson Laboratory, Bar Harbor, ME) and 3- or 6-week-
old C3H/SCID mice (four mice per group, except where indi-
cated) (C3Smn.CB17-prkdcscid/J, stock number 1131) were ex-
perimentally infected by intraperitoneal injection with 107

organisms of a virulent, low-passage (�2) isolate of L. interro-
gans serovar Copenhageni RJ16441. In addition, a high-pas-
sage (�5) isolate of RJ16441, which was avirulent for guinea
pigs, as determined by no weight loss or loss of mobility after
infection, was used to experimentally infect four additional
mice from each group. Control mice included 6-week-old C3H/
HeJ and C3H/SCID mice injected with medium alone. Ani-
mals were monitored daily for clinical signs of illness, including
weight loss, loss of mobility, and general unkemptness, and in
the case of mice infected with low-passage virulent RJ16441,
were euthanized when they appeared moribund (Table 1).
Tissues were collected at the time of euthanasia and processed
for routine light microscopy and immunohistochemistry as pre-
viously described (11, 12). Spirochetemia was determined by
enumeration of leptospires in plasma using dark-field micros-
copy as previously described (8, 10). All animal research was
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TABLE 1. Levels of spirochetemia in infected C3H/HeJ
and C3H/SCID mice

Mouse age (wks),
strain, and infecting

isolate (n � 4)a

No. of days
postinfection

before euthanasiab

Spirochetemia
(Leptospira isolates/

ml of plasma)c

3, C3H/HeJ, Vir 5 0–6 � 105 (2)
6, C3H/HeJ, Vir 7 3 � 105–5 � 105 (3)
3, C3H/SCID, Vir 4 3.5 � 106 (1)
6, C3H/SCID, Vir (n � 8) 5 (2), 6 (4) 1.3 � 106–5 � 106 (6)
3, C3H/HeJ, Avir 10 (2), 15 (2) 0
6, C3H/HeJ, Avir 10 (2), 15 (2) 0
3, C3H/SCID, Avir (n � 3) 10 (1), 17 (2) 1 � 105–1 � 107 (2)
6, C3H/SCID, Avir 10 (2), 17 (2) 1 � 105–2 � 105 (4)
6, C3H/HeJ, negative control 15 (2), 17 (2) 0
6, C3H/SCID, negative control 15 (2), 17 (2) 0

a Groups of mice (n � 4, except where indicated) were infected with either
virulent low-passage (Vir) or avirulent high-passage (Avir) L. interrogans serovar
Copenhageni RJ16441.

b Numbers of days postinfection at time of euthanasia are indicated, with the
numbers of mice euthanized on each day indicated in parentheses.

c The ranges of spirochetemia as numbers of leptospires/ml of plasma are
provided, with the numbers of mice in each group that were sampled for spiro-
chetemia indicated in parentheses.
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approved by the Animal Research Committee of the Univer-
sity of California—Los Angeles.

All mice were susceptible to acute lethal infection with low-
passage virulent SPFL isolate L. interrogans serovar Copenhag-

eni RJ16441. Additionally, all mice sampled for spirochetemia
tested positive, with numbers of organisms ranging from �105

leptospires/ml of plasma in C3H/HeJ mice to �106 lepto-
spires/ml in C3H/SCID mice; thus, infected C3H/SCID mice

FIG. 1. Mouse livers infected with Leptospira. A hematoxylin and eosin stain of a normal C3H/HeJ liver (A), compared to an infected C3H/HeJ
(B) and infected C3H/SCID (C) liver, is shown (original magnification, �200). (B) Discohesion is evident in infected livers of C3H/HeJ mice.
(C) An area of necrosis (indicated by arrow) in an infected C3H/SCID liver is shown. The immunohistochemistry of a negative-control liver (D),
compared to an infected C3H/HeJ liver (E) and infected C3H/SCID liver (F), is shown (original magnification, �200). Intact leptospires in livers
of infected C3H/SCID mice are indicated by arrows. By comparison, infected C3H/HeJ liver (E) shows only reactive granular debris in Kupffer
cells.
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produced spirochetemia an order of magnitude greater than
that observed in C3H/HeJ mice. Livers of C3H/HeJ mice in-
fected with low-passage virulent RJ16441 showed discohesion,
some necrosis, and increased numbers of Kuppfer cells and

macrophages (Fig. 1B), as did livers of infected C3H/SCID
mice (Fig. 1C). In C3H/HeJ mice, granular deposits of lepto-
spiral antigen in Kupffer cells and macrophages but not intact
leptospires were detected by immunohistochemistry (11, 12)

FIG. 2. Mouse kidney tissue infected with Leptospira. A hematoxylin and eosin stain of a normal C3H/HeJ kidney (A), compared to an infected
C3H/HeJ kidney (B) and an infected C3H/SCID kidney (C), is shown (original magnification, �200). Infected kidneys show evidence of tubular
injury. Frankly necrotic renal tubules are indicated by arrows compared to a renal tubule with early necrotic changes (asterisk). The immuno-
histochemistry of a negative-control kidney (D), compared to an infected C3H/HeJ kidney with granular debris (E) and infected C3H/SCID kidney
with intact leptospires (arrows) (F), is shown (original magnification, �200).
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(Fig. 1B). In the case of the C3H/SCID mice, intact leptospires
were visualized along hepatocyte membranes by immunohis-
tochemistry (Fig. 1C). There were minimal signs of inflamma-
tion in the livers of all infected mice, despite the presence of
large numbers of leptospires and/or leptospiral antigen.

Examination of kidneys by immunohistochemistry revealed
large numbers of intact leptospires in the interstitium, as well
as reactive granular debris, in C3H/SCID mice (Fig. 2C). Only
reactive granular leptospiral debris was noted in kidneys of
C3H/HeJ mice (Fig. 2B). All infected kidneys of C3H/SCID
and C3H/HeJ mice showed evidence of tubular injury (Fig. 2B
and C). The absence of inflammatory cells despite the presence
of numerous leptospires or leptospiral antigen was striking.

Examination of the lungs of infected mice was of particular
interest, since RJ16441 had caused fatal pulmonary hemor-
rhages in guinea pigs in the setting of deposition of antibodies
and complement component C3 along alveolar septa (12). At
necropsy, there was no gross pulmonary hemorrhage. Micro-
scopic examination of the lungs also revealed no pulmonary
hemorrhage. Rare leptospiral antigen in the form of granular
debris in phagocytic cells in the lungs of both C3H/SCID and
C3H/HeJ mice was noted (data not shown).

The renal functions of six C3H/HeJ mice infected with
RJ16441 showed elevations of blood urea nitrogen (range, 13
to 197 mg/dl; mean, 106.5 mg/dl) and creatinine (range, 0.5 to
1.4 mg/dl; mean, 1.08 mg/dl) compared to five uninfected con-
trols (for blood urea nitrogen, the range was 21 to 24 mg/dl and
the mean was 23 mg/dl; for creatinine, the range was 0.2 to 0.3
mg/dl and the mean was 0.28 mg/dl) consistent with the mi-
croscopic evidence indicative of acute tubular necrosis in the
infected mice. Liver function tests of these infected and unin-
fected C3H mice showed no elevations of total bilirubin, gam-
maglutamyl transferase, aspartate transaminase, or alanine
aminotransferase (data not shown). Taken together, our find-
ings suggest that the cause of death in RJ16441-infected mice
was acute renal failure.

All mice infected with high-passage avirulent RJ16441 ap-
peared clinically normal at the time of euthanasia on day 10 or
day 17. However, spirochetemia was found to be as high as 3 �
106 leptospires/ml in C3H/SCID mice but was not detectable
by dark-field microscopy with C3H/HeJ mice (Table 1). Both
liver and kidney tissues from C3H/SCID mice infected with
high-passage avirulent RJ16441 were normal histologically;
small amounts of antigenic debris were detected by immuno-
histochemistry in these tissues (data not shown).

Low-passage RJ16441 causes acute lethal infection in guinea
pigs due to pulmonary hemorrhage (12). The outcomes of
infection of other rodents with this serovar Copenhageni strain
have been distinct. Rats developed chronic renal tubular col-
onization and urinary shedding of leptospires (4–12). In this
study, infection of C3H and C3H/SCID mice was lethal, but
pulmonary hemorrhage was not found.
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