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Abstract
The early diagnosis of canine leptospirosis is still a challenge for clinicians that in most cases only have basic routine tests 
as diagnostic tools. This study aimed to isolate and characterize leptospires from the blood of dogs with clinical signs sug-
gestive of leptospirosis and to evaluate the results of some laboratory tests in hamsters experimentally infected with these 
isolates. The blood of 22 animals was submitted to bacteriological culturing, and the isolates recovered were characterized 
by serogrouping, partial DNA sequencing (secY), and multiple locus variable-number tandem repeat analysis (MLVA). 
Golden Syrian hamsters were infected with isolated leptospires and submitted to serology using microscopic agglutination 
test (MAT), polymerase chain reaction (PCR), complete blood counts, and serum biochemistry. Three isolates (13.63%) 
were obtained, and all were assigned to the serogroup Icterohaemorrhagiae. The DNA sequencing results showed that all the 
isolates belonged to the species Leptospira interrogans, and the MLVA results evidenced that the profile of the strains was 
compatible with Copenhageni/Icterohaemorrhagiae serovars. Regarding laboratory tests performed on hamsters infected with 
these isolated strains, marked leukocytosis by neutrophilia and monocytosis was observed, associated with an accentuated 
increase in renal and hepatic indicators. In addition, a titer of 800 was detected by MAT for only the serogroup Icterohaem-
orrhagiae, and blood, liver, kidneys, and lung samples were PCR positive. The presence of these isolates suggests that the 
dogs were infected with strains carried by rodents, and significant changes were found in routine laboratory tests, which, 
when correlated, can help veterinarians with early diagnosis.
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Introduction

Leptospirosis in dogs is a globally reported disease and is 
characterized by important morbidity and mortality in these 
animals (Klassen and Adler 2015). Furthermore, as it is 
caused by zoonotic organism, it can be transmitted to humans, 

especially when humans come in contact with the contami-
nated urine of asymptomatic dogs (Miotto et al. 2018a).

Several clinical symptoms have been reported in dogs 
diagnosed with leptospirosis, such as anorexia, vomiting, 
diarrhea, jaundice, dehydration, red to brownish urine, and 
fever, which occur regardless of the infecting Leptospira 
serogroup (Geisen et al. 2007). However, as the clinical 
signs are not disease-specific, the diagnosis of leptospirosis 
is not simple and should be differentiated from other clinical 
syndromes involving kidney, liver, lung, and gastrointestinal 
injuries (Shuller et al. 2015).

One of the most robust and cheapest diagnostic meth-
ods for leptospirosis is the microscopic agglutination test 
(MAT), which is still a reality in many laboratories world-
wide (Guedes et al. 2021a). The great advantage of this test 
is that it can predict the most likely infecting serogroup of 
Leptospira, as well as the magnitude of the titers, especially 
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the expressive increase when paired samples are performed 
at an ideal interval of 10 to 14 days (Levett 2001). Other 
methods, such as enzyme-linked immunosorbent assay 
(ELISA) (Ambily et  al. 2019) and indirect fluorescent 
antibody tests (IFA), are also reported for the serological 
diagnosis of canine leptospirosis; nonetheless, they may not 
be as sensitive or specific as MAT (Silva and Riedemann  
2007).

Isolation of Leptospira from dogs has low sensitiv-
ity (Silva and Riedemann 2007). Associated with this, 
prolonged incubation time and culture contamination are 
limiting factors in bacteriological methods (Levett 2001; 
Faine et al. 1999). Despite that, obtaining leptospires is 
still essential for many studies, whether for epidemiologi-
cal investigation (Miotto et al. 2016; Guedes et al. 2021c) 
or to assess the pathophysiological behavior of the disease 
agent through experimental infection in laboratory animals 
(Gomes-Solecki 2017). Importantly, isolates are also neces-
sary for vaccine production (Zarantonelli et al. 2018).

In this way, the detection of bacterial DNA from clinical 
samples by polymerase chain reaction (PCR) has been used 
as an essential tool in the direct diagnosis of leptospirosis in 
dogs and can be particularly useful in diagnosing the disease 
in acute cases (Miotto et al. 2018b). Moreover, laboratory 
tests that are readily available in most veterinary clinics are 
blood count and serum biochemistry, which together provide 
information valuable to a diagnosis of leptospirosis, with 
emphasis on leukocytosis and liver and kidney alterations 
(Miotto et al. 2018b; Constantinescu et al. 2015).

Although canine leptospirosis has been well studied, dif-
ficulty still persists in clinicians making the diagnosis, due 
to financial factors limiting access to advanced laboratory 
methods, or due to the super acute course of the disease, 
which culminates in rapid death of affected animals. There-
fore, to advance the diagnosis of leptospirosis, this study 
aimed to isolate and characterize leptospires from the blood 
of dogs with clinical signs suggestive of leptospirosis and 
to evaluate the results of serology, PCR, complete blood 
count, and serum biochemistry from hamsters experimen-
tally infected with these bacteria.

Materials and methods

Animals and bacteriological culturing for Leptospira

During 2019 and 2020, blood from 22 dogs treated at a 
veterinary clinic in the metropolitan region of São Paulo, 
Brazil, was received for the isolation of leptospires. These 
animals were of both sexes and of different ages and breeds 
and had some of the clinical signs suggestive of leptospi-
rosis, such as fever, anorexia, vomiting, jaundice, diarrhea, 

and/or abdominal pain. No information was available on any 
prior vaccination of the animals against leptospirosis.

Blood samples were collected in tubes containing the 
anticoagulant EDTA (ethylenediaminetetraacetic acid) and 
sent as soon as possible for bacterial isolation. Two to three 
drops of blood were seeded into liquid and semisolid EMJH 
medium (Ellighausen, McCullough, Johnson, and Harris) 
enriched 10% with improved supplement for Leptospira 
(Guedes et al. 2021b) added with 100 mg/L fluorouracil. 
The samples were incubated in a bacteriological incubator 
at 30 °C for 6 weeks, and the presence of leptospires was 
determined by observation under dark field microscopy and 
later confirmed by 16S PCR (Mérien et al. 1992).

Serological and molecular characterization 
of the isolates

The obtained isolates were submitted to serogrouping via 
a microscopic agglutination test (MAT) according to Faine 
et al. [9] using a panel of 26 polyclonal antisera against 
Leptospira spp., which represented 18 distinct serogroups. 
The serogroup was determined by detection of the highest 
titer found for any of the 26 antisera used.

For molecular characterization, extraction and purifica-
tion of DNA from the isolates was performed using a Pure-
Link® Genomic DNA Mini Kit (Invitrogen) following the 
manufacturer protocol.

PCR was carried out using a primer pair that amplified 
a 549-bp region of the secY gene (Ahmed et al. 2006). The 
amplicons were sequenced by the Sanger method with Big-
Dye Terminator v.3.1 chemistry (Applied Biosystems) and 
an ABI-3500 automatic sequencer (Applied Biosystems) 
according to the manufacturer’s instructions. The sequences 
were assembled using BioEdit Sequence Alignment Editor 
(Hall 1999). A phylogenetic tree was built using homologous 
sequences retrieved from the GenBank database (accession 
numbers in Fig. 1) with the neighbor-joining method, the 
Tamura-3-parameter model, and 1000 bootstrap replicates 
in MEGA 7 (Kumar et al. 2016).

For typing of isolates by multiple locus variable number 
tandem repeat analysis (MLVA) were used the five discrimi-
natory markers for the VNTR loci 4, 7, 10, Lb4, and Lb5 for 
L. interrogans, L. kirschneri, and L. borgpetersenii accord-
ing to Salaün et al. (2006).

Experimental infection in hamsters 
and hematobiochemical analyses

The isolates were grown in liquid EMJH medium until 
they reached a concentration of ~ 2 × 108 leptospires/ml. 
Then, a 0.5-ml sample was inoculated intraperitoneally 
into a golden Syrian hamsters (Mesocricetus auratus) 
weighing between 60 and 100 g. The animals were divided 
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into groups considering the number of isolates, and each 
group consisted of two animals, one of which was used as 
a control (without infection).

The animals were kept under observation for a period 
of 7 days or until the manifestation of clinical signs of 
leptospirosis (bristly hair, prostration, photophobia, jaun-
dice, dyspnea), and the presence of these symptoms was 
the determining factor for conducting euthanasia, thus 
avoiding prolonged stress and natural death. The hamsters 
were anesthetized, and blood collection was conducted 
for MAT, PCR, hematological, and biochemical analyses. 
Immediately after blood collection, euthanasia and nec-
ropsy of the animals were performed, and macroscopic 
lesions in organs were recorded when seen. Fragments of 
the liver, lung, and kidney were obtained and macerated 
in sterile Sorensen buffered saline (1:10) and submitted to 
PCR for detection of leptospiral DNA (Mérien et al. 1992).

The following hematological parameters were evalu-
ated: hematocrit (HCT), hemoglobin (HGB), red blood 
cells (RBC), morphological evaluation of red blood cells, 
mean cellular volume (MCV), mean cellular hemoglobin 
(MCH), mean cellular hemoglobin concentration (MCHC), 
white blood cells (WBC), leukocyte differential, platelet 
count, and plasma protein (PP) (Hervey 2001; Trhall et al. 
2015). Serum biochemistry parameters evaluated included 
urea, creatinine, alanine aminotransferase (ALT), and alka-
line phosphatase (ALP) as indicators of renal and liver 
function.

The MAT was carried out applying a panel with 24 
serovars of Leptospira spp. used in the routine serological 
diagnosis of leptospirosis by the laboratory (Supplementary 
material 1) (Faine et al. 1999).

All analyses were performed on the animals before inocu-
lation (pre-infection) and after inoculation (post-infection).

Results

Of the 22 blood samples submitted for bacteriological 
culturing, three isolates were recovered (13.63%). Lepto-
spire growth was seen only in semisolid EMJH medium 
and confirmed by 16S PCR. In the serogrouping test, all 
isolates were reactive only for the serogroup Icterohaem-
orrhagiae, with an observed titer of 12,800. Regarding 
molecular characterization, the isolates were assigned to 
the species Leptospira interrogans by DNA sequencing 
(GenBank accession numbers: OL408066, OL408067, and 
OL408068) (Fig. 1). The MLVA results showed that the 
VNTR loci 4, 7, and 10 profile of all the isolates was 2–1-7 
compatible with serovars Copenhageni/ Icterohaemorrha-
giae, including the Fiocruz L1-130 strain, autochthonous 
in Brazil (Jaeger et al. 2018).

The isolates were cataloged in the laboratory bank 
of national Leptospira isolates and coded as M24/19, 
M60/19, and M12/20.

With respect to experimental infection of hamsters, 
because the serological and molecular profiles of the iso-
lates were identical, two strains were randomly selected for 
infection of the animals (M60/19 and M12/20). Infected 
animals began to show symptoms such as bristly hair, 
prostration, photophobia, jaundice, dyspnea, and conjunc-
tivitis between the fifth and sixth days post-infection and 
were immediately euthanized, whereas the control group 
did not develop any clinical signs and were euthanized on 
the seventh day.

The laboratory test results pre- and post-infection are 
shown in Table 1. At necropsy of the infected animals, the 
macroscopic lesions observed included jaundice, marked 
discoloration of the kidneys and liver, and hemorrhages in 
the form of petechial in the lungs.

Fig. 1   Phylogenetic analysis 
based on the partial secY gene 
of the isolates (black circle). 
The tree was constructed with 
neighbor-joining method and 
Tamura-3-parameter model with 
bootstrap test of 1000 replicates
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Discussion

In canine leptospirosis, the species L. interrogans and sero-
groups Canicola and Icterohaemorrhagiae are seen most 
often. This is likely because dogs are reported to be natural 
hosts of serogroup Canicola, whereas infection by Ictero-
haemorrhagiae occurs through contact with rodent urine, 
since these animals can harbor leptospires belonging to this 
serogroup (Levett 2001; Faine et al. 1999; Pinto et al. 2016; 
Santos et al. 2021). Nevertheless, dogs can be infected by 
other species such as L. borgpetersenii, L. kirschneri, and 
L. kmetyi (Rahman et al. 2021), involving a variety of sero-
groups that can cause high mortality (Koizumi et al. 2013) 
and even atypical serogroups for dogs such as Sejroe (Miotto 
et al. 2016).

Strains of Leptospira isolated from rodents and dogs 
in Brazil revealed identical characteristics themselves and 

to strain Fiocruz L1-130, characterized as L. interrogans 
serogroup Icterohaemorrhagiae. This sample may have 
exceptional zoonotic potential, considering that it is the 
major agent of human leptospirosis in the country and may 
be widely distributed in Brazil in different hosts (Jaeger 
et al. 2018). The three strains isolated from dogs (M24/19, 
M60/19, and M12/20) had the VNTR profile 2–1-7, the same 
described for Fiocruz L1-130 strain, suggesting that they 
may also belong to the clonal subpopulation of this strain.

Golden Syrian hamsters (Mesocricetus auratus) are the 
most used animal model in studies of leptospirosis as they 
develop the acute phase of the disease, which can be inter-
preted as the severe form of leptospirosis (Haake 2006). 
In this study, experimental animals infected with isolated 
leptospires showed classic clinical symptoms of canine lep-
tospirosis, highlighting prostration and jaundice. However, 
other clinical signs drew attention, such as dyspnea and 

Table 1   Results of laboratory 
tests before and after the 
experimental infection of 
hamsters with isolates M60/19 
and M12/20

Pre-inf., pre-infection; Post-inf., post-infection; Ict, Icterohaemorrhagiae; NR, not reactive; (-), negative; 
( +), positive
1 The values were obtained from the average of the two animals used by each group
* Heatley and Harris (2009)

Parameters Control group1 Strain M60/191 Strain M12/201 Reference*

1st day 7th day Pre-inf Post-inf Pre-inf Post-inf

Complete blood count
  RBC (× 106/μl) 8.04 7.92 7.71 8.57 7.81 8.60 2.7–12.3
  HGB (g/dl) 17.7 17.4 17.0 18.15 17.50 18.90 10.0–19.2
  HCT (%) 52 52 51 57 52 57 30–59
  MCV (μ3) 65.26 66.25 66.10 65.87 66.60 65.66 64–78
  MCH (pg/cell) 22.02 21.89 22.10 21.16 22.48 21.98 20–26
  MCHC (g/dl) 33.70 33.06 33.43 32.12 33.75 33.48 28–37
  WBC (cells/μl) 6276 5423 7822 38,483 7075 36,855 3000–15,000
  Neutrophils (%) 35 37 31 83 37 81 17–35
  Lymphocytes (%) 62 59 65 5 59 6 50–96
  Monocytes (%) 3 3 3 12 4 13 0–5
  Eosinophils (%) 0 1 1 0 0 0 0–5
  Basophils (%) 0 0 0 0 0 0 0–5
  Platelets (× 103/μl) 551 516 524 418 460 467 200–590
  PP (g/dl) 6.6 6.4 6.8 7.8 6.4 7.2 -

Serum biochemistry
  Urea (mg/dl) 55 63 53 495 48 405 12–26
  Creatinine (mg/dl) 0.9 0.7 0.7 3.6 0.9 3.3 0.4–1.0
  ALT (IU/l) 67 57 51 85 45 106 20–128
  ALP (IU/l) 264 277 265 837 268 780 50–186

MAT
  Serogroup/titer NR NR NR Icte/800 NR Icte/800 NR

PCR
  Blood (-) (-) (-) ( +) (-) ( +) (-)
  Liver (-) (-) (-) ( +) (-) ( +) (-)
  Lungs (-) (-) (-) ( +) (-) (-) (-)
  Kidneys (-) (-) (-) ( +) (-) ( +) (-)
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conjunctivitis, which are not common, but they should not 
be neglected. This is reinforced by the observation of lesions 
in the lungs of infected hamsters, likewise the detection of 
bacteria in this organ. Conjunctivitis is also a genuine symp-
tom in dogs with leptospirosis (Van de Maele et al. 2008).

The main change found in the blood analyses was intense 
leukocytosis due to neutrophilia and monocytosis, which is 
not unusual in infected dogs (Constantinescu et al. 2015; 
Miller et al. 2007; Aswathanarayanappa et al. 2019). Addi-
tionally, in the leukocyte differential, a moderate number 
of granulocytes with a ring-shaped nucleus were observed 
(data not shown), which represent newly released and not 
fully matured neutrophils in mice (Ostanin et al. 2012). 
This situation points to the presence of a left shift that can 
sometimes be present in the blood counts of animals with 
leptospirosis (Schuller et al. 2015).

In severe cases of leptospirosis in dogs, thrombocyto-
penia is one of the most common alterations seen in blood 
counts, which is also associated with signs of lung dam-
age (Kohn et al. 2010). This change was not remarked in 
hamsters infected with the strains isolated in this research, a 
parameter that seems to be influenced by the infecting sero-
group, since the serogroup Pomona may be more related to 
thrombocytopenia than other serogroups (Goldstein et al. 
2006). The pathological behavior of different serogroups 
of L. interrogans was reported in experimental infection in 
Wistar rats, which showed changes in different organs inde-
pendently (Tonin et al. 2012). The serogroup Icterohaem-
orrhagiae can also cause thrombocytopenia (Andrade et al. 
2020), which does not exclude the hypothesis of regional 
variability in strains influenced by climatic and environmen-
tal issues (Plank and Dean 2020).

Increased values of kidney and liver parameters in serum 
biochemistry analysis are a principal predictor of infection 
by Leptospira in dogs (Miotto et al. 2018a; Constantinescu 
et al. 2015; Hsu et al. 2018). In the present study, a signifi-
cant increase in the values of urea and creatinine was dis-
cerned, which, together with the macroscopic lesions seen 
in the kidneys of infected hamsters, indicates the capacity of 
these strains to cause kidney injury. The serogroup Ictero-
haemorrhagiae has been described as a cause of considerable 
azotemia in dogs with acute leptospirosis (Paz et al. 2021). 
A factor that must be emphasized was the elevation in the 
enzyme alkaline phosphatase (ALP), indicating liver damage 
due to bacterial endotoxins, including a possible cholestatic 
disease (Constantinescu et al. 2015; Miller et al. 2007).

Concerning MAT, a titer of 800 was detected only for the 
serogroup Icterohaemorrhagiae. This confirms the serogroup 
to which the sample belongs. A titer ≥ 800 observed in MAT 
in a single serum sample can be considered for the diagnosis 
of the disease in dogs, especially when clinical signs are 
manifested (Geisen et al. 2007; Santos et al. 2021). How-
ever, MAT-negative samples can occur in early cases of the 

disease, and the antibodies can be detected only after the first 
sample is analyzed (Geisen et al. 2007). This is a limitation 
of this technique, as it is recommended to analyze paired 
samples with an approximate interval of 10 to 14 days; none-
theless, some patients may die even before seroconversion 
occurs (Levett 2001). This was a worrying condition; after-
ward, the leptospires recovered in this research were from 
dogs that died about 3 days after entering the hospital (data 
not shown).

PCR results showed that infected hamsters were in the 
acute phase of the disease, when leptospires were detected 
in the liver and blood. Interestingly, the kidneys were also 
positive, which means that the elimination of bacteria in the 
urine occurred since the acute phase. Urine should also be 
analyzed as a material of choice for the molecular diagnosis 
of leptospirosis in dogs in the acute phase because it may 
reveal positive animals that were negative in blood and serol-
ogy by MAT (Santos et al. 2021).

Conclusion

Leptospires isolated from the blood of dogs suggest that 
these animals were infected with strains maintained by 
rodents. In addition, the possibility of these samples belong-
ing to a clonal subpopulation of an autochthonous strain in 
Brazil responsible for cases of human leptospirosis in the 
country is not ruled out. Consequently, dogs can be vic-
tims just like humans in the urban environment. The routine 
laboratory tests used indicated critical changes, which, when 
analyzed together, can help veterinarians diagnose leptospi-
rosis early.
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