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Abstract. Leptospirosis is a global zoonosis caused by pathogenic Leptospira spp. In this study, we characterized two
Leptospira kirschneri serogroup Pomona serovar Mozdok isolates, one obtained from a dog and the other from a patient
with severe leptospirosis, 4 years later. Histopathological analysis showed that both isolates caused severe tissue damage
when used to infect hamsters. While L. kirschneri serogroup Pomona serovar Mozdok is endemic in animals in Europe,
there is only one report of human leptospirosis in the literature. Although strains belonging to L. kirschneri serogroup
Pomona have been identified in cases of human leptospirosis in Europe, serovar Mozdok has not yet been implicated.
The 4-year interval between isolations and the fact that this is the first report of serovar Mozdok as the causative agent
of human leptospirosis in the southern hemisphere, demonstrates its epidemiological importance to public health. More-
over, the presence of serovar Mozdok in Brazil has the potential to affect vaccine and diagnostic test development.

Leptospirosis is a reemerging zoonotic disease, and the global
burden is showing an upward trend. The original estimates in
19991 predicted some 500,000 annual cases compared with the
latest prediction of 873,000 cases and 49,000 mortalities per
year, a 74.6% increase over 15 years.2 Accurate laboratory
diagnosis continues to be a limiting factor, meaning that the
true global burden of leptospirosis is likely to be much
higher.3 In Latin America, the prevalence of severe leptos-
pirosis is high (10,000 cases a year) due to the tropical climate
and lack of appropriate sanitation.3 Although the city of
Pelotas has a subtropical climate, > 50 cases of human
leptospirosis per 100,000 inhabitants are reported each year,
one of the highest rates in southern Brazil.4 The infection rate
in Pelotas is higher than the Brazilian average for the same
period (3.5/100,000) and other regions with similar climatic
conditions (> 10/100,000).5

At present, there are 10 pathogenic Leptospira spp. classified
into > 260 serovars6 and Leptospira interrogans, Leptospira
borgpetersenii, and Leptospira kirschneri are most commonly
associated with human leptospirosis.7 In Brazil, L. interrogans
serogroup Icterohaemorrhagiae serovars Icterohaemorrhagiae
and Copenhageni are the main cause of urban leptospirosis
and have been widely studied,3 whereas rural leptospirosis and
the associated serovars have been largely neglected. To the best
of our knowledge, L. kirschneri serogroup Pomona serovar
Mozdok has only been implicated in a case of human leptospi-
rosis in Cuba.8 Serovar Mozdok is endemic to Croatia where it
is prevalent in wild rodents. Human leptospirosis caused by
serogroup Pomona is common in that region and while serovar
Mozdok has not been implicated in any human cases,9 it is a
causative agent of canine leptospirosis in Europe.10

We report the isolation and characterization of two isolates
of serovar Mozdok recovered from cases of canine and human
leptospirosis in Pelotas, southern Brazil. The canine strain was
isolated in 2009 during a municipal dog neutering campaign.
Urine samples were aseptically collected from the bladder

during ovarian hysterectomy, via aspiration using an insulin
30-G needle and syringe (BD Biosciences, Franklin Lakes,
NJ). The urine was immediately inoculated into unsupple-
mented Ellinghausen-McCullough-Johnson-Harris (EMJH;
Difco, Sparks, MD) medium (100 μL urine/5 mL EMJH),
incubated for 1 hour and then subcultured into EMJH
containing 10% of a commercial supplement (Difco). The dog
from which the strain was isolated was asymptomatic and was
released after the surgical procedure. The second isolate was
obtained from the blood culture of a 56-year-old female
patient from a rural area of the city. The patient presented
with headache, myalgia, fever, vomiting, fatigue, sleepiness,
and arthralgia and reported contact with dogs, rats, pigs, cat-
tle, and flood water. The isolate was cultured in EMJH
medium as described for the canine isolate. Both isolates
were identified as L. kirschneri by means of secY gene
sequencing.11 Multilocus sequence typing (MLST)7 further
characterized the isolates as L. kirschneri serogroup Pomona
serovar Mozdok (ST 117). All sequencing procedures were
performed using the paired-end technology on an Illumina
Solexa platform (Illumina, San Diego, CA; GenBank acces-
sion numbers for sequences are shown in Table 1). The
canine isolate was named 3759, and the human isolate 61H.
To assess the taxonomic relationship of the 3759 and 61H

strains with previous isolates from Pelotas, concatenated
sequences based on the loci used for MLST were used to
generate a phylogenetic tree by means of the maximum com-
posite likelihood method using MEGA software.12 The 3759
and 61H strains grouped in a separate branch of the tree,
showing weak relatedness to the other isolates (Figure 1). Of
note, Mozdok isolates grouped more closely to serogroup
Icterohaemorrhagiae strains than to other strains.
Golden Syrian hamsters (Mesocricetus auratus) were infected

with 108 leptospires to determine the virulence of the isolates
via the intraperitoneal route. Three hamsters per isolate
were used and the experiment was performed once for the
canine isolate and twice for the human isolate. The Committee
on the Ethics of Animal Experimentation of the Federal
University of Pelotas approved the protocol used (permit
number 6843). Both isolates caused lethal leptospirosis, and
the infected hamsters met end-point criteria for euthanasia
within 4–7 days postinfection. The average lethal dose (LD50)
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of the human isolate was 170 leptospires using a standard pro-
tocol13; while the virulence of the canine isolate was confirmed,
the LD50 was not determined. Histopathological analysis
revealed the presence of hemorrhagic lesions in the kidneys
with infiltration by mononuclear cells and urinary casts. The
liver exhibited leukocyte infiltration, hemorrhage, congestion,
and atypical hepatocyte architecture; the lungs showed edema,
congestion, hemorrhage, and hemosiderin within 7 days of
infection. The imprint technique14 confirmed the presence of
leptospires in the kidneys, liver, and lungs of infected ani-
mals. The presence of putative virulence factors LigA and
LigB, as well as LipL3215 was confirmed by means of indi-
rect immunofluorescence using rabbit polyclonal sera against
each antigen conjugated with fluorescein isothiocyanate (excited
at 450 nm). Leptospiral DNA was stained with Hoechst 33258
(Sigma-Aldrich, St. Louis, MO; excited at 350 nm). Supplemen-
tal Figures 1 and 2 are representative of the histopathological
damage and indirect immunofluorescence results observed in
infected hamsters, respectively.
Although serovar Mozdok has been implicated in canine

leptospirosis, mainly in Europe,10 to our knowledge, this is the

first report of its isolation. Similarly, this is the first isolate
from a patient in the southern hemisphere and only the sec-
ond worldwide.8 The 4-year interval between isolations sug-
gests that the serovar has adapted to at least one reservoir
host and is circulating in the city, with the potential to cause
infection. Furthermore, asymptomatic dogs carrying a virulent
Leptospira strain are of particular public health concern, espe-
cially in a city with > 20,000 stray animals.16

The most effective way to ensure protection from leptospi-
rosis is vaccination. The current vaccines, however, are heat-
killed whole cells of Leptospira spp., which provide only
serovar-specific protection, and only a few countries permit
their use.15 This type of vaccine could be effective in urban
areas such as Salvador and São Paulo, where a single serovar
is responsible for the majority of human and animal cases3;
however, in mixed urban/rural areas such as Pelotas, where
leptospirosis is caused by several serovars,17–20 novel vaccines
capable of inducing a cross-protective response are a neces-
sity. Therefore, characterization of clinical isolates to the
serovar level is of crucial importance, not only to understand
the epizootiology of the disease but also for the development
of novel vaccines and diagnostic tests. Thus, there is a risk
that previously unreported serovars will appear in urban or
rural settings without apparent epidemiological cues, affect-
ing both diagnosis accuracy and vaccine efficacy.
In conclusion, we believe this to be the first report of human

and animal leptospirosis caused by L. kirschneri serogroup
Pomona serovar Mozdok in the southern hemisphere, making
it one of the prevalent serovars causing disease in humans
and animals in southern Brazil, and possibly in other parts of
the world with similar environmental conditions. Furthermore,
the epidemiological data presented here will be important
for the development of both animal and human leptospirosis

FIGURE 1. Dendrogram constructed from the concatenated sequences of 7 multilocus sequence typing (MLST) loci. Patient and animal
isolates from the city of Pelotas are presented as well as two reference strains (L1-130 and 5621). Branch length is displayed next to each branch.
The evolutionary distances were computed using the maximum composite likelihood method and are shown as the number of base substitutions
per site. The sequences used to construct this dendrogram were retrieved from http://leptospira.mlst.net/portable/portable.xls and concatenated
on http://leptospira.mlst.net/sql/concatenate/default.asp.

TABLE 1
GenBank accession numbers for nucleotide sequences generated in

this work to characterize the isolates
Gene Isolate 61H Isolate 3759

mreA KP114449 KP125524
glmU KP114450 KP125525
caiB KP114451 KP125526
pfkB KP114452 KP125527
pntA KP114453 KP125528
sucA KP114454 KP125529
tpiA KP114455 KP125530
secY KP114457 KP125532
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vaccines and/or rapid diagnostic tests. Moreover, we recom-
mend that serovar Mozdok be included in the microscopic
agglutination test batteries used by the State reference labo-
ratories (Laboratório Central do Estado [State’s central lab -
Portuguese]) for the diagnosis of leptospirosis.
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