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Abstract: A killed, whole-cell vaccine was produced to induce immunity in dogs against 

leptospirosis. The vaccine, containing serovar Copenhageni, was produced and administered to 12 

beagle dogs at both 8 and 12 weeks of age. Ten unvaccinated dogs of the same age group served as 

the control group. A live, virulent inoculum of Leptospira (1.52 x 109 - 4.40 x 109 leptospires per dog) 

was used to challenge the dogs at 2 weeks (Study 1) and 14 months (Study 2) post-booster 

vaccination. At regular intervals, pre- and post-challenge (PC), the Microscopic Agglutination Test 

(MAT) was performed to measure antibody titres. Leptospiremia and leptospiruria were 

determined via culture, and the cytokine, biochemical, and pathological profiles of vaccinates and 

controls were also assessed. A high antibody response was measurable after booster administration. 

In Study 1 (onset of immunity), acute leptospirosis was observed in 5 (100%) of 5 unvaccinated dogs. 

In contrast, no acute clinical leptospirosis developed in vaccinated dogs, except in 1 (20%) dog with 

mild clinical signs. In Study 2 (duration of immunity), mild clinical signs were observed in 2 (40%) 

of the control dogs, while all vaccinated dogs remained clinically normal. The incidence of 

leptospiruria and leptospiraemia PC was lower in the vaccinated dogs compared to the 

unvaccinated group. Severe thrombocytopenia occurred in 100% (5/5) of the unvaccinated dogs in 

Study 1 that exhibited acute severe leptospirosis, whereas 80% (4/5) of the unvaccinated dogs in 

Study 2 showed mild to moderate thrombocytopenia 3 days after challenge. Four out of five 

unvaccinated dogs (80%) in Study 1 exhibited icteric tissues and haemorrhages in the lungs and 

mucosal surfaces of the stomach and intestines. A high IL-10 to TNF-α ratio and severe 

thrombocytopenia, indicative of acute leptospiral disease, were detected. The vaccine prevented 

acute clinical leptospirosis and reduced the renal carrier state in beagle dogs, and further 

investigation is required using a larger sample size. 

Keywords: bacterin vaccine; effectiveness; clinical signs; cytokines; haematology; pathology 

 

1. Introduction 

Leptospirosis is a bacterial zoonosis of worldwide importance caused by several species of the 

pathogenic spirochaete, Leptospira, comprising more than 200 serovars. The disease has an 

occupational association, particularly in an agricultural setting. Globally, infection occurs through 
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carrier species. Hence, it remains a significant public health issue in tropical countries, with outbreaks 

primarily occurring during the rainy season and following floods [1–3]. 

Leptospirosis affects humans and most domestic animals, including dogs, cattle, and pigs. It 

results in systemic disease manifested by fever, hepatic and renal impairment, and pulmonary and 

reproductive failure. There is a wide range of clinical signs, although some animals may remain 

undetected due to infection with serovars that are host-adapted [4]. 

Leptospirosis has been identified as one of the important bacterial zoonoses that aligns well with 

the One Health umbrella. The disease in dogs has been suspected of being transmitted to humans in 

contact with infected dogs [5–9]. Therefore, controlling leptospirosis in dogs is important. 

The serovars that cause leptospiral disease in dogs in North America include Canicola, Pomona, 

Grippotyphosa, Bratislava, Hardjo, Autumnalis, and Icterohemorrhagiae [10,11]. Similarly, 

Icterohaemorrhagiae, Grippotyphosa, Australis, Sejroe, Bratislava, Hardjo, Autumnalis, Pomona, 

and Canicola are the main serogroups in Europe to which dogs are exposed [11,12]. In New South 

Wales, Australia, serovar Copenhageni has been reported as the most common cause of canine 

leptospirosis [13]. The emergence of new serovars as causes of canine leptospirosis necessitates 

ongoing epidemiological surveillance and the development of vaccines tailored to cover these 

emerging serovars [14]. Therefore, for vaccines to be effective in preventing canine leptospirosis, it is 

essential to monitor the serogroups and serovars prevalent in the region or area to detect any changes 

that may negatively impact the vaccine’s efficacy against canine leptospirosis [14–17]. 

Several commercial vaccines are currently in use globally. The technology used in producing 

commercial vaccines from the Leptospira organism has evolved, including the serovar fraction of a 

trivalent vaccine, an epitope-based vaccine, and the lipopolysaccharide (LPS) moiety [18–20]. 

Although several commercially available vaccines have been demonstrated to offer protection against 

clinical leptospirosis and urine shedding of the pathogen in challenged dogs [21], clinical trials on 

some vaccines have limitations. Clinical trials on some commercial vaccines have been documented 

to have limitations. For example, 84% against clinical leptospirosis and 88% against renal carriage are 

protected overall [22,23]. It has been reported that total leptospiral extracts induced complete 

protection against homologous challenges and partial protection against heterologous challenges. 

However, LPS fractions protected against homologous but not heterologous challenges, whereas 

protein extract induced significant protection against both challenge types. Furthermore, protection 

against clinical disease and carrier status by serovars Canicola, Australis, and Grippotyphosa is 

inconsistent for some vaccine brands, and such a hurdle is attributed chiefly to methodological 

difficulties in inducing experimental infection using these serovars [14,21]. Therefore, although cross-

protection has been reported to occur against serovars not included in the panels in vaccines, and 

against different species of Listeria [24], studies by others have suggested otherwise [23,25]. 

Several cytokines have been demonstrated following bacterial infections, including 

leptospirosis, some of which perform proinflammatory and anti-inflammatory functions [26,27]. For 

example, in canine leptospirosis, interleukin-4 is part of the complex immune response, potentially 

playing a role in the development of the disease and its severity. However, its exact function is still 

being researched [28]. Also, it has been reported that interleukin-10 has been suggested to play a 

complex role in canine leptospirosis, potentially contributing to the disease’s severity and outcome. 

While it’s an anti-inflammatory cytokine, high levels of IL-10 may inhibit the host’s ability to clear 

Leptospira bacteria, leading to chronic carriage effectively. Furthermore, IL-10 deficiency may protect 

against the disease, suggesting its involvement in its progression [26,29]. TNF-α has been 

documented to be involved in recruiting neutrophils to the site of infection, contributing to tissue 

destruction. It directly affects the apoptosis mechanism, activating caspases and the c-Jun NH2-

terminal kinase (JNK) and BAX pathways. In severe leptospirosis, TNF-α and IL-10 levels increase, 

with IL-10 significantly higher in fatal cases [30,31]. IFN-γ plays a crucial role in dogs’ immune 

response to leptospirosis, particularly in controlling the infection and enhancing the adaptive 

immune response. It is a key cytokine involved in cellular immunity and is important for fighting 

intracellular bacteria like Leptospira [32]. 
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In leptospirosis, vasculitis commonly occurs through the development of endothelial damage, 

and inflammatory infiltrates composed of monocytic cells, plasma cells, histiocytes, and neutrophils. 

The gross pathological changes associated with canine leptospirosis, including petechial and/or 

ecchymotic haemorrhages, can be widespread, and organs are frequently discolored due to icterus 

[3,33]. Also, histopathological lesions in canine leptospirosis, which are primarily found in the liver, 

kidney, heart, and lungs, depend on the disease [3]. Generally, the liver’s structure is not disrupted; 

however, intrahepatic cholestasis may occur. Hypertrophy and hyperplasia of Kupffer cells are 

common, and erythrophagocytosis has been reported [34]. Interstitial nephritis is the primary finding 

in the kidneys, accompanied by intense cellular infiltration composed of neutrophils and monocytes. 

Leptospires can also be observed within the renal tubules [35–37]. 

In the first documentation of the serovars of Leptospira interrogans present in different categories 

of dogs, including home dogs (vaccinated and non-vaccinated), suspected cases of clinical 

leptospirosis, stray, and farms, serovar Mankarso was detected to be the most frequently detected 

serologically [38]. Over the years, in Trinidad and Tobago, complaints from numerous veterinarians 

in small animal practices have led to an increase in the incidence of canine leptospirosis in adequately 

vaccinated dogs, which has led to the theory that the currently used commercial vaccines that contain 

serovars Canicola, Icterohaemorrhagiae, Grippotyphosa, and Pomona may be ineffective in Trinidad 

and Tobago [38]. Although there are common serogroups, it is pertinent to note that the serovars in 

the commercial vaccines are not the predominant serovars responsible for most clinical leptospirosis 

cases in Trinidad and Tobago [38]. Therefore, commercially available vaccines may be ineffective in 

preventing leptospiriosis in dogs in Trinidad and Tobago. 

Suepaul et al. [39] reported that local serovars of Copenhageni and Mankarso, both belonging to 

the serogroup Icterohaemorrhagiae, were the most prevalent serovars in leptospiral infections in 

dogs and rats. In contrast, serovar Copenhageni was the most commonly isolated serovar from 

suspected canine cases. This provides further evidence that the vaccines currently used in the country 

to prevent leptospirosis offer little to no protection to vaccinated dogs due to the serovars they 

contain. In a follow-up study, Suepaul et al. [40] developed an in-house, killed, whole-cell leptospiral 

vaccine from locally isolated serovars Copenhageni and Mankarso. They demonstrated that it 

effectively prevents clinical leptospirosis and renal shedding post-challenge (PC) in a hamster model. 

Most recently, Arjoonsingh et al. [41] similarly utilized the hamster model and demonstrated that 

vaccinated and non-vaccinated hamsters challenged with a live virulent strain of Leptospira 

icterohaemorrhagiae Copenhageni exhibited different outcomes. However, in the canine model using 

beagle dogs, the authors failed to induce clinical leptospirosis in the vaccinated and non-vaccinated 

dogs, making it difficult to conclude on the efficacy of the whole-cell vaccine. 

The current study, therefore, determined the efficacy of a killed whole-cell Leptospira vaccine in 

beagle dogs regarding the prevention of clinical leptospirosis, renal carriage, and shedding in dogs 

challenged with a higher dosage of the virulent serovar of Leptospira interrogans, serovar 

Copenhageni. The study also compared the manifestation of clinical leptospirosis in terms of onset 

and duration, and the profiles of cytokines, haematology, serum biochemistry, and pathology 

between vaccinated and non-vaccinated dogs. 

2. Materials and Methods 

2.1. Experimental Design 

Two separate vaccination-challenge experiments using beagle dogs were performed to assess 

the onset of immunity (Study 1) and the duration of immunity (Study 2) by administering an in-house 

vaccine containing leptospiral serovar Copenhageni. The study design is shown in Table 1. 
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Table 1. Experimental design of the study. 

Study Type Group No. of Dogs 
Challenge 

(Time After V2*) 

1 

 

Onset of 

immunity 

Control 5 
 

2 weeks 

   Vaccinated 5  

2 

 

Duration of 

immunity 

Control 5 
 

14 months 

    Vaccinated 7  

*V2 = Second vaccination/booster. 

2.2. Dogs Used in the Study 

Four beagle dogs, comprising three females and one male, were purchased from a specific 

pathogen-free (SPF) colony in the USA (Ridglan Farms Inc., Wisconsin, USA). All dogs used in the 

study were maintained as an SPF colony, free from exposure to Leptospira spp. The dogs were bred, 

and 23 offspring (male and female puppies) from the breeding stock were used in the study. The dogs 

were housed in a rodent-free kennel facility with strict biosecurity measures, including placing foot 

dips at all entry points and using fully covered laboratory wear, gloves, and covered footwear. To 

ensure that none of the dogs were accidentally exposed to Leptospira spp., whether from exposure to 

reservoir rodent hosts, from the vaccine or challenge inoculum used in the experiments, or from any 

other source, serological tests were performed to detect any potential exposure before vaccination 

and challenge administration. 

Twenty-two puppies were assigned to two groups using simple random sampling, resulting in 

a vaccinated and non-vaccinated group (controls). The controls and vaccinates were housed in 

separate cages at 6 weeks of age, allowing them to acclimate to their new grouping and housing 

arrangements before baseline sampling began. The control group was handled, treated, and sampled 

throughout both studies before the vaccinated dogs. Equipment and gear were changed or sterilized 

between groups to prevent indirect transmission of infection. Proper care and animal welfare were 

always upheld during the study. 

2.3. Ethical Approval 

Before the commencement of the study, the Research Ethics Committee of the Faculty of Medical 

Sciences at the University of the West Indies, St. Augustine campus, approved the study protocol, 

which included the use of animals for experimentation (reference number: CEC-04/05/2011-01). The 

care and welfare of all animals used in the study were upheld. Additionally, veterinarians at the 

Veterinary Teaching Hospital of the School of Veterinary Medicine were assigned to provide medical 

care for the dogs when required, including biannual physical examinations, preventive parasitic 

control, and pregnancy diagnosis via ultrasonography. 

2.4. Strain of Leptospira Interrogans Used 

Leptospira interrogans serovar Copenhagen Strain 1S7, which was isolated from a canine clinical 

leptospirosis case [40,42] and previously used in vaccination-challenge studies involving hamsters 

and beagle dogs [40,41], was employed in the current study. This strain was used to produce the 

killed whole-cell vaccine in Studies 1 and 2. For the challenge, a virulent strain of serovar 

Copenhageni (P 2652, passage 2) was purchased from the Royal Tropical Institute, KIT Biomedical 

Research, Amsterdam, The Netherlands, since a virulent form of the IS7 could not be attained for this 

purpose. The virulence of the cultures for the challenge was maintained through passage in 3- to 4-
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week-old hamsters, as was done by Suepaul et al. [40]. Three passages were conducted to achieve 

sufficient virulence for the challenge study. 

2.5. Preparation of Vaccine 

Strain 1S7 was grown in liquid Ellinghausen–McCullough–Johnson–Harris (EMJH) media for 

10 to 14 days to attain many leptospires for vaccine production. The protocol used by Srikram et al. 

[43] was followed to produce a formalin-killed whole-cell vaccine. Approximately 200–250 mL of live 

culture was centrifuged at 14,500 × g for 10 minutes at 4 °C. The pellet was retrieved and washed in 

phosphate-buffered saline (PBS) four times. The pellet was then resuspended in 40 mL of 10% neutral 

buffered formalin for 60 minutes, followed by four washes with PBS. Aluminium hydroxide and 

phenol were finally added as adjuvants. The concentration of cells obtained in the vaccine and booster 

of Study 1 contained 5.3 -11.4 x 109 leptospires per mL, while that of Study 2 was 1.4 – 6.0 x 109 

leptospires per mL. The subcutaneous route was used to administer 1 mL of PBS with equivalent 

additions of vaccine adjuvants to the control dogs. 

For both studies, all dogs received two vaccine doses by subcutaneous injection, with the first 

dose administered at 8 weeks and the second dose administered 4 weeks later, at 12 weeks of age. 

Vaccine administration and other treatments began in the morning, shortly after the dogs were fed. 

2.6. Challenge of Dogs with Virulent Leptospires 

2.6.1. Study 1 

Each dog in Study 1 received 8 mL of a challenge suspension containing 5.5 × 108 leptospires/mL, 

or 4.4 × 109 leptospires of serovar Copenhageni. The administration included 0.5 mL of the suspension 

injected subconjunctivally into each eye, and the remaining 7 mL was injected via the intraperitoneal 

route using a sterile catheter inserted close to the umbilicus. 

2.6.2. Study 2 

Dogs in Study 2 were similarly challenged, receiving a dose of 1.9 x 108 leptospires/mL or 1.52 x 

109 leptospires, administered via the same routes described for Study 1. A 6-week-old beagle dog was 

added to this study at the time of challenge to demonstrate the virulence of the challenge strain and 

the dose of Leptospira used to produce clinical signs, as it is challenging to induce clinical leptospirosis 

in adult dogs [44]. This 6-week-old pup was not added as an additional subject to Study 2. Therefore, 

any data collected from this pup were not pooled with the data collected from the dogs in Study 2 

but were analyzed independently. This pup was challenged simultaneously with the dogs in Study 

2. 

2.7. Clinical Assessment of Dogs and Collection of Samples 

2.7.1. Clinical Scoring 

Dogs in both Studies 1 and 2 were observed daily for 14 days post-challenge (PC) and then once 

weekly for 5 weeks post-challenge (PC) for signs consistent with clinical leptospirosis, which 

included depression, anorexia, conjunctivitis, vomiting, diarrhoea, jaundice, petechiae, and 

haematuria. These clinical signs were scored using a standardized protocol recommended by Minke 

et al. The dogs were given a score of “0” if the sign was absent and “1” if the clinical sign was present. 

A sickness score was then calculated using the daily scores for each clinical sign, based on an 

algorithm that gave triple weighting to the scores for jaundice and haematuria. The sickness score = 

1 x (daily score for conjunctivitis/iritis + 1 x (daily score for anorexia) + 1 x (daily score for 

diarrhoea/vomiting) + 1 x (daily score for general appearance) + 3 x (daily score for jaundice) + 3 x 

(daily score for haematuria). A sickness score of 0 corresponds to no disease, 1-2 to mild disease, 3-4 

to moderate disease, and greater than 4 to severe disease. During the clinical assessment, PC, all 
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animals that exhibited severe and irreversible clinical signs with evidence of suffering were 

humanely euthanized. Personnel who cleaned the canine enclosures and fed the dogs daily were also 

mandated to report any clinical manifestation observed in the dogs throughout the study. 

2.7.2. Serology 

Four mL of whole blood was collected pre- and post-vaccination, including days -7, 0, 7, and 14 

of the first vaccine and days 0 and 7 of the booster vaccine for both Studies 1 and 2. For Study 2, blood 

was collected every 2 months after the booster vaccine for 6 months post-vaccination, and then once 

a month until the challenge. After the challenge, blood was collected once a week for 5 weeks, PC for 

both studies. The blood was left at 4 ℃ overnight to clot, and then centrifuged the next day to obtain 

sufficient serum, which was immediately stored at -70 ℃ until required. 

The sera were used to detect the presence and concentration of anti-leptospiral antibodies by 

performing the microscopic agglutination test (MAT) in the biohazard safety laboratory, as described 

by the WHO The MAT titers were measured for serovar Copenhageni only, since there was no need 

to include additional serovars for screening purposes. The strain of Copenhageni used in the MAT 

belonged to a strain of Copenhageni that was also obtained from the Leptospirosis Reference 

Laboratory in The Netherlands, which is a member of a diagnostic panel of serovars used routinely 

for quantitative and qualitative MAT for the diagnosis of leptospirosis at the University of the West 

Indies. MAT titres were expressed as the reciprocal of the highest serum dilution that induced at least 

50% agglutination. The Copenhageni serovar used as an antigen for the MAT, designated 8A, was 

sourced from a panel of Leptospira serovars purchased from the Royal Tropical Institute (KIT 

Biomedical Research), Amsterdam, The Netherlands. 

2.7.3. Detection of Leptospires in Blood and Urine 

Blood and urine samples were collected once weekly before and after the challenge to detect 

leptospires in vaccinated and unvaccinated control dogs. To culture leptospires from the unclotted 

blood, 2 to 3 drops were inoculated into semisolid EMJH medium and incubated at 28-30 °C. The 

growth of leptospires was assessed visually with the naked eye and microscopically using a dark-

field microscope (Olympus Corporation, USA) weekly for 8 weeks. 

The dogs were administered a diuretic, Furosemide, to collect urine samples at 1 mg/kg via 

intramuscular injection. Approximately 15 minutes after administering furosemide, aseptically 

collected free-catch urine samples were obtained from the dogs and placed into sterile sample cups. 

Immediately after urine collection, 2 to 3 drops were inoculated onto semisolid EMJH media and 

incubated at 28-30 °C, where they were observed for growth, similar to the blood samples. 

2.7.4. Cytokine Assay 

Four cytokines (Interleukin-4 and Interleukin-10, TNF-α, and IFN-γ) were assessed in serum 

samples before and after vaccination and challenge. The cytokines were quantified using 

commercially available ELISA kits on selected stored sera. A canine TNF-α ELISA development kit 

and an IFN-γ Do-It-Yourself ELISA were purchased from Kingfisher Biotech, Inc. (Minnesota, USA). 

Dog IL-10 ELISA kits and IL-4 ELISA kits were purchased from EIAab (Wuhan, China). 

2.7.5. Haematology 

A complete blood count of each blood sample was analyzed using an IDEXX blood analyzer 

(IDEXX Laboratories, Maine, USA). 

2.7.6. Blood Biochemistry 

Urea, creatinine, total bilirubin, Gamma-Glutamyl Transferase (GGT), Alanine 

Aminotransferase (ALT), Creatine Kinase, and total protein were measured using the VITROS 4600 
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Chemistry system machines (Ortho Clinical Diagnostics, United States). These parameters were 

monitored weekly, both before the challenge and then once a week after the challenge. 

2.8. Euthanasia 

Humane euthanasia was performed by a veterinarian when there was a severe and irreversible 

disease in the dog, and at the end of the study. The procedure was performed in the laboratory by 

administering Xylazine (Bomac Laboratories, New Zealand) at a dose of 1.1 mg/kg via the 

intramuscular route for sedation. After 15 minutes, pentobarbital natrium (KELA Laboratory, 

Belgium) was administered intravenously at 120 mg/kg. 

2.9. Post-Mortem Examination 

Immediately after euthanasia, the animals were subjected to a gross pathological examination. 

Samples of kidneys, livers, and lungs were fixed with 10% buffered formalin and processed for 

histopathological examination following standard procedures. Histological sections were stained 

with haematoxylin-eosin (HE). 

2.10. Detection of Leptospires in Organs 

Portions of the kidney and liver were aseptically removed from the abdominal cavity after 

euthanasia. Approximately 1 cm³ of each organ was macerated with liquid EMJH medium, which 

was used to make serial 10-fold dilutions into liquid EMJH medium. The inoculated media were 

incubated at 30 °C and examined twice weekly for the growth of leptospires [20]. 

2.11. Statistical Analyses 

The results of the MAT titre values were expressed as the mean and the standard error of the 

mean. Analyses for the severity of infection between the controls and vaccinated dogs were done 

using Fisher’s Exact test. The incidence of the type of clinical signs was calculated. The differences in 

the frequency and duration of being leptospiraemic and being a renal shedder were calculated for 

each group of dogs. Analyses were performed using the Statistical Package for the Social Sciences 

(SPSS) version 22 using Analysis of Variance (ANOVA) 

3. Results 

3.1. Antibody Titres After Vaccination and Challenge 

3.1.1. Study 1 

There were no detectable antibodies to Leptospira interrogans serovar Copenhageni in the dogs of 

each Study before vaccination began. After the primary vaccination in Study 1, there was an initial 

increase in MAT mean titres (MT) from 0 to 53, followed by a gradual decrease to 12. Another peak 

in the mean titre (MT) of 198 was detected 7 days post-booster vaccination, which gradually 

decreased after 2 weeks but remained considerably high (MT of 176) compared to the post-primary 

vaccination mean titre (MT of 12), as shown in Figure 1. These differences were statistically significant 

(P <0.001, Fisher’s Exact test). 
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Figure 1. Mean microscopic agglutination titres (±SE) for vaccinated dogs of Study 1 against serovar 

Copenhageni. The microscopic agglutination test (MAT) measured titres at specific time points, and the mean 

was calculated for each group. The mean titre values for the controls remained at 0 throughout vaccination. 

MAT titres increased (MT = 320) 7 days PC then slightly decreased (MT = 216) as shown in Figure 

2. The titre levels increased from 21 to 28 days PC and decreased (MT = 176) by Day 35 PC. MAT titres 

were not displayed for the control puppies since they did not survive past 7 days PC, the time when 

MAT titres would be measurable. 

 

Figure 2. Mean microscopic agglutination titres (±SE) for serovar Copenhageni in vaccinated dogs PC in Study 

1. 

3.1.2. Study 2 

Figure 3 displays the MAT titres for dogs in Study 2. The MAT titre remained at 0 for the control 

dogs throughout the pre-challenge sampling period. Following the administration of the first vaccine, 

there was a slight increase in antibody levels for the vaccinated dogs (MT = 24). Two months after the 

booster vaccine, until the challenge, the mean titres increased to values ranging from 117 to 138. This 

titer increase between the first and booster vaccines was statistically significant (p = 0.004, Fisher’s 

Exact test). 
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Figure 3. Mean microscopic agglutination titres (±SE) for serovar Copenhageni in vaccinated dogs of Study 

2. The antibody titre was measured by the microscopic agglutination test (MAT) at specific time points, and the 

mean value was calculated for each group. The mean titre values for the controls remained at 0 throughout 

vaccination. 

The mean titres for the controls were higher than those of the vaccinated dogs at 7, 14, 21, and 

35 days PC (Figure 4). On Day 28, the mean titre was higher in the vaccinated dogs (mean titre = 

10,240) than in the controls (mean titre = 7,680). 

 

Figure 4. Mean microscopic agglutination titres (±SE) to serovar Copenhageni in dogs PC in Study 2. The 

MAT measured the antibody titres at specific time points, and the mean found for each group is shown side by 

side. 

3.2. Clinical Leptospirosis 

3.2.1. Study 1 

In Study 1, all five control puppies exhibited clinical signs of leptospirosis, which included 

depression, inappetence, conjunctivitis, vomiting, bloody diarrhoea, dehydration, and jaundice 

within 4 to 5 days PC. In keeping with ethical guidelines, all puppies were humanely euthanized 

after exhibiting severe clinical signs. However, none of the five vaccinated puppies exhibited severe 

clinical signs, with only 1 showing a mild clinical sign of conjunctivitis. The conjunctivitis 

disappeared without any therapeutic intervention within 24 hours. The differences in the frequency 

of exhibited clinical signs between the control and vaccinated puppies were statistically significant 

(p < 0.001, Fisher’s Exact test). The clinical scores of the dogs in Studies 1 and 2 are displayed in Figure 
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5. When severe disease was attained (red arrow), humane euthanasia was performed. Severe disease 

occurred when there was a clinical score of 4 or more. 

 

Figure 5. Mean clinical scores recorded in dogs PC. 

3.2.2. Study 2 

In Study 2, only two out of the five control dogs displayed mild clinical manifestations, 

specifically depression, anorexia, and conjunctivitis, which were quickly resolved within 4 days. 

Among the seven vaccinated, no evidence of clinical leptospirosis was observed during the study 

period. The 6-week-old, unvaccinated puppy, which was challenged with serovar Copenhageni, 

developed severe clinical leptospirosis within 4 days of PC. This finding demonstrated that the strain 

of serovar Copenhageni used for the challenge was virulent since it induced clinical leptospirosis in 

the puppy. The vaccine prevented clinical leptospirosis in all (100%) seven vaccinated dogs, 

compared with 3 (60%) of the five unvaccinated controls, which did not exhibit clinical signs of 

leptospirosis PC. Table 2 shows the incidence of clinical leptospirosis in control and vaccinated dogs 

of both studies. 

Table 2. Incidence of clinical disease in vaccinated and control dogs PC in Studies 1 and 2. 

Study Group No. of Dogs No. (%) With Clinical Disease, PC 

   None Mild Moderate Severea 

1 

Controls 5 0 (0.0) 0 (0.0) 0 (0.0) 5 (100.0) 

Vaccinates 5 4 (80.0) 1 (20.0) 0 (0.0) 0 (0.0) 

      

2 

Controls 5 0 (0.0) 5 (100.0) 0 (0.0) 0 (0.0) 

6-week-old 

dogb 

 

Vaccinates 

1 

 

7 

0 (0.0) 

 

7 (100.0) 

0 (0.0) 

 

0 (0.0) 

0 (0.0) 

 

0 (0.0) 

1 (100.0) 

 

0 (0.0) 

aThe number of dogs exhibiting severe clinical disease is also the number of dogs that were euthanized after the 

challenge. bOne 6-week-old beagle pup was added to Study 2 to demonstrate the virulence of the challenge 

organisms by inducing clinical signs of leptospirosis. 
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3.3. Leptospiraemia 

3.3.1. Study 1 

All vaccinated dogs developed leptospiremia for one to two days, with the first positive blood 

sample detected on day 2. Leptospiremia was detected in all the controls for at least four days, and it 

persisted for up to five days in some dogs (Figure 6). 

 

Figure 6. Detection of leptospiraemia in dogs from Studies 1 and 2. 

3.3.2. Study 2 

All control dogs exhibited leptospiremia for 3 to 5 days, while 6 out of 7 vaccinated dogs 

developed leptospiremia for 1 to 2 days (Figure 6). Leptospiraemia was detected in the 6-week-old 

puppy for two consecutive days, beginning from day 2 PC. 

Overall, 42.1% (40/95) of the samples collected from control dogs of both studies were positive 

for leptospiraemia, while 9.5% (15/158) of vaccinated dogs were positive for leptospiraemia. The 

difference was statistically significant (P<0.0001). 

3.4. Leptospiruria 

3.4.1. Study 1 

Among the 5 vaccinated dogs, shedding was detected at least once to three times on day 3. Four 

out of 5 dogs experienced leptospiruria as late as 63 days PC. Among the five control dogs, 

leptospirosis was detected as early as day 3 and as late as day 5 in 2 dogs. 

Since more samples were collected from the vaccinated group (as all dogs survived the 

colonization challenge), a longer timeline allowed for renal migration and colonization, and 

leptospirosis was detected at a higher (22.2%) rate compared to the unvaccinated dogs (16.7%). 

Figure 7 illustrates the individual leptospiruria results for the dogs in Studies 1 and 2. The figure 

represents the detection of leptospiruria, indicating the presence of leptospirosis (urine shedding) in 

dogs from both studies. 
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Figure 7. Detection of leptospiruria in dogs from Studies 1 and 2. The presence of leptospires in urine PC was 

measured by culturing the urine in EMJH medium for leptospiral growth. Positive samples (blue squares) and 

negative samples (green squares) were recorded for each dog in the two groups (vaccinated and unvaccinated) 

for both studies. When severe clinical disease was recorded (speckled squares), humane euthanasia was 

performed. Grey squares indicate that no samples were to be collected. 

3.4.2. Study 2 

The seven vaccinated dogs shed leptospires in the urine on day 3 PC. They were positive for 

leptospirosis for 1 – 2 sampling days. Among the five control dogs, leptospirosis was detected first 

on day 7. All dogs were positive until day 35, for 3 – 4 sampling days. 

The overall frequency of shedding is higher in the controls, at 33.9% (21/62), compared to the 

vaccinated, at 15.9% (18/113). The difference was statistically significant (P = 0.0064). 

3.5. Cytokines 

3.5.1. Tumour Necrosis Factor-Alpha (TNF-α) 

In Study 1, baseline concentrations of TNF-α were at high levels, a mean of 126.35 pg/mL (range: 

114.00 – 146.00 pg/mL) in control dogs, and a mean of 222.40 pg/mL (range: 114.00 – 359.00 pg/mL) 

in vaccinated dogs before administration of the first vaccine Figure 8). There was a gradual decrease 

in the levels in both groups of dogs until Day 14. On Day 3 after the administration of the booster 

vaccine, there was a sharp decline by 50% in the previously measured level of TNF-α in both groups, 

which remained relatively constant until one week PC. Generally, the vaccinated group of dogs had 

a higher mean concent- ration of TNF-α than the control group throughout Study 1 (P = 0.000). 

Friedman’s 2-way analysis of variance). 

In Study 2, there was an increase in circulating TNF-α concentration in both control and 

vaccinated dogs 3 days after the first vaccine (Figure 9). This increase was more pro- nounced in the 

vaccinated dogs than in the control group. Levels were steadily low and constant from 3 days after 

both groups of dogs were challenged. No significant changes were observed as a result of the 

challenge. 
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Figure 8. Mean TNF-α (±SE) concentrations for control and vaccinated dogs in Study 1. 

 

Figure 9. Mean TNF-α (±SE) concentrations for control and vaccinated dogs in Study 2. 

3.5.2. Interleukin-4 (IL-4) 

No significant changes were observed in IL-4 levels from the second vaccine admini-stration to 

the post-challenge period. 

3.5.3. Interleukin-10 (IL-10) 

Mean IL-10 concentrations remained relatively constant and similar for the control and 

vaccinated dogs. The baseline mean concentrations were 136.80 pg/mL for the control dogs and 114.50 

pg/mL for the vaccinated dogs. The mean concentration of IL-10 remained steady until 4 days after 

challenge, where there was a significant increase (p = 0.000) in the control dogs, which reached the 

highest mean concentration of 311.67 pg/mL on Day 6 PC. However, this dramatic increase in mean 

IL-10 concentration between Days 4 and 6 PC was not detected in vaccinated dogs, where a slight 

decrease in concentration was detected instead (Supplementary data, Table S1). 

In Study 2, IL-10 levels showed a similar pattern of production when both groups of dogs were 

compared. However, there was an increase in IL-10 concentration in the control dogs 3 days PC. The 

increase in the mean concentration of IL-10 continued to reach 253.75 pg/mL on Day 7 PC when the 
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last sample collected was tested. In the vaccinated dogs, however, a mild, gradual decrease in mean 

IL-10 concentration was observed (Supplementary data, Figure S2). 

3.5.4. Interferon-Gamma (IFN-γ) 

There were no significant differences in IFN-γ concentrations between the control and 

vaccinated groups of dogs in Study 1. Mean concentrations remained at approximately 25 pg/mL 

throughout the vaccination and challenge stages of the study. In Study 2, the mean baseline levels of 

IFN-γ for the controls (51.75 pg/mL) was approximately twice the level quantified for the vaccinated 

dogs (27.38 pg/mL). From sub- sequent measurements, no significant differences were detected 

within the controls (mean range of 26.75 pg/mL to 29.15 pg/mL) and the vaccinated dogs (mean range 

of 28.25 pg/mL to 33.83 pg/mL). 

3.6. Haematology 

3.6.1. Platelets 

The mean platelet counts remained fairly constant and within normal levels (range 12-19 x 109/L) 

throughout the post-administration period for both groups of dogs in Studies 1 and 2, following the 

first and second vaccine administrations (Figure 10). However, PC, moderate to severe 

thrombocytopenia (mean value of 100 x 109/L) was observed in the control group of dogs as early as 

Day 3 PC in all five dogs of Study 1, which continued to decrease daily until the animals were 

euthanized due to the onset of severe clinical disease. The last mean value recorded, on Day 6 PC, 

was 22 x 109/L. 

Similarly, in Study 2, the mean platelet count fell below baseline levels from Day 3 PC in 4 out 

of the five control dogs. This mild to moderate thrombocytopenia (130.60 x 109/L), remained within 

this range for three consecutive days (130.6 x 109/L on Day 3, 122.60 x 109/L on Day 4, 169.80 x 109/L 

on Day 5), after which the platelet count increased to reach the normal limits. The platelet levels for 

the vaccinated dogs remained within the normal limits. 

 

Figure 10. Mean platelet levels in the dogs of Studies 1 and 2. 

Changes in platelet levels are shown from 3 days before the Challenge to 1 week post-Challenge. 

3.6.2. White Blood Cell Counts 

In Study 1, control dogs’ mean white blood cell (WBC) counts increased as early as Day 1 PC 

(Supplementary data, Figure S3). On Day 3, it was noted that the mean WBC counts dropped below 
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baseline levels when measured on that day. A leucocytosis was observed between Days 4 and 6 PC 

(21.54-28.21 x 109/L). The mean WBC counts in the vaccinated dogs remained relatively constant; 

however, a mild increase from baseline values was observed on Day 1 PC, similar to the control dogs 

(20.33 x 109/L). 

In Study 2, a leucocytosis was observed on Day 1 for both groups of dogs, similar to the findings 

in Study 1. However, the vaccinated group had a higher mean WBC count per mL than the control 

dogs (controls = 19.58 x 109/L, vaccinates = 27.63 x 109/L). From Day 2, mean WBC counts fell to normal 

limits and remained unchanged. In both studies, a mild neutrophilia was observed on Day 1 post-

vaccination (PC) for both controls and vaccinates, which returned to normal limits thereafter. The 

vaccinated group was noted to have a higher level of neutrophilia than the controls on Day 1 PC: 

Vaccinates: 18.52 x 109/L (Study and 23.50 x 109/L (Study 2) compared with control dogs: 18.01 x 109/L 

(Study 1), and 17.52 x 109/L (Study 2). 

3.6.3. Biochemistry 

Alanine Transaminase (ALT) 

There was a sharp increase (mean value of 120.60 U/L) from baseline levels (69.40 – 81.40 U/L) 

in alanine transaminase (ALT) on Day 5 PC for all control dogs. In the vaccinatedgroup, only one dog 

had a high ALT level (243.00 U/L) on Day 5 PC, which subsequently decreased to normal (72.00 U/L) 

on Day 7 PC (Supplemental data, Figure S4). 

Bilirubin 

Mean bilirubin values were above the upper limit of the reference range (reference range of 

values less than 5.13 µmol/L) On Days 3 and 5, PC levels in the control dogs, the bilirubin values 

were 9.23 µmol/L and 7.52 µmol/L, respectively, while bilirubin values in the vaccinated dogs 

remained within normal limits. 

Urea and Creatinine 

Mean values for urea and creatinine were above the upper limit of the reference range (urea: 1.8 

– 3.9 mmol/L, creatinine: 35 – 44 µmol/L) for the control dogs on Days 1 (urea = 5.67 mmol/L, 

creatinine = 54.62 µmol/L), 3 (urea = 5.04 mmol/L, creatinine = 45.81 µmol/L) and 5 (urea = 4.07 

mmol/L, creatinine = 51.10 µmol/L). All changes in the mean urea and creatinine levels. The values 

for vaccinated were within the normal mean ranges for both parameters. 

Serum Protein 

Mean serum protein levels just exceeded the upper limit of the reference range. A 43 -49 g/L 

range was observed for the control dogs on Days 3 and 5, while PC levels were 53.20 g/L and 55.80 

g/L, respectively, in the vaccinated group. Mean serum globulin levels were high for the control dogs 

on Days 3 and 5 PC, 25.40 g/L and 24.60 g/L, respectively, for a reference range of 18 to 23 g/L, while 

mean levels in the vaccinated group of dogs were high from Days 3 to 35 PC (range 23.40 – 28.20 g/L). 

Only on Day 7 PC were the globulin levels within normal limits. Gamma-glutamyl transferase (GGT) 

levels were within normal limits for all dogs in Studies 1 and 2. 

3.7. Pathology 

3.7.1. Gross Pathological Findings 

In all five control dogs in Study 1, significant post-mortem lesions consistent with leptospiral 

infection were observed. These dogs showed severe, irreversible clinical disease before being 

humanely euthanized and thereafter subjected to gross pathological examination (Figure 11). Four 

out of five dogs (80%) showed icteric tissues, pulmonary hemorrhage, and hemorrhages on the 

mucosal surfaces of the stomach and intestines. Haemorrhages on the serosal surfaces of the stomach 

and/or intestines were detected in three dogs (60%). Oedematous kidneys were also found in three 
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out of the five control dogs (60%). Hepatic changes, indicated by an enlarged liver with rounded 

edges, were detected in one (20%) control dog in Study 1. 

Post-mortem examinations were conducted on all dogs in Study 2. However, no gross 

pathological lesions were detected in vaccinated or non-vaccinated (control) dogs. Organ sections 

were subsequently collected for histopathological examination. 

 

Figure 11. Post-mortem examination of unvaccinated dogs (n = 5) of Study 1. A) Icteric oral and mucous 

membranes. B) Petechiae and ecchymoses on the serosal surface of the stomach. C) Patchy congestion and/or 

haemorrhage throughout the lungs. D) Slightly enlarged liver with rounded edges. E) Oedematous kidney that 

oozed clear fluid on cutting. 

3.7.2. Histopathological Findings in Dogs in Study 2 

In Study 2, where no gross pathological lesions were detected in all vaccinated or unvaccinated 

controls, organ samples of seven dogs were subjected to histological examination (Figure 12). These 

dogs comprised three of the five control and four vaccinated dogs In the control dogs, there was a 

mild diffuse interstitial expansion of pulmonary tiss- ue, with lymphocytes and macrophages present 

in the lungs of two dogs (A) compared to the normal architecture of a vaccinated dog (B). The sections 

of the lung tissues from three dogs showed no abnormalities, except for one, which exhibited mild to 

moderate interstitial expansion with lymphocytes and macrophages upon examination. 

Changes in the liver included cytoplasmic vacuolation of hepatocytes throughout the 

parenchyma (C) as compared to a vaccinated dog with similar histological changes, but to a lesser 

degree (D). 
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Vesicular cytoplasm within the epithelium of cortical tubules was observed in approximately 

30% of the kidneys. There were multiple small interstitial infiltrates of plasma cells, lymphocytes, and 

some macrophages in the cortex (predominantly at the cortico-medullary junction) in one of the 

kidneys examined (E), whereas the renal cortex of the vaccinated dog (F) showed minimal to no 

cellular infiltration. Three out of four dog kidneys sections revealed mild vesicular cytoplasm of the 

cortical tubular epithelium, while one dog showed no histological abnormalities, the other did. 

The small intestines’ sections revealed mild surface and crypt epithelial hyperplasia in the three 

control dogs, showing mild to moderate lymphoid area expansion. The changes detected in the small 

intestine of the four vaccinated dogs were similar to those observed in the control dogs. 

 

Figure 12. Light micrographs (Haematoxylin and Eosin) of dogs’ lung, liver, and kidney sections (controls and 

vaccinates) of Study 2. A) The lung of an unvaccinated dog showing mild interstitial expansion of pulmonary 

tissue. B) The lung of a vaccinated dog is showing normal lung architecture. C) The liver of an unvaccinated dog 

is showing some cytoplasmic vacuolation of hepatocytes. D) The liver of a vaccinated dog is showing normal 

hepatic tissue. E) The kidney of an unvaccinated dog is showing interstitial cellular infiltration. F) The kidney of 

the vaccinated dog is showing normal kidney architecture. 
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3.8. Isolation of Leptospires from Organs 

The inoculated media of liver and kidney homogenates from dogs in Studies 1 and 2 were all 

negative for leptospiral growth. 

4. Discussion 

The MAT titre response generated from Studies 1 and 2 after primary and secondary 

vaccinations is significant, showing increases 7 days after each vaccination, with a more substantial 

response observed after the second vaccine was administered compared with the first. This 

represents the humoral response by the immune system upon exposure to the antigens in the vaccine 

[46]. Immunity produced by bacterins can produce an IgM antibody response with little memory 

response [15,47]. However, a long-term memory response was observed in Study 2, indicating the 

presence of high titres up to 14 months after the booster. The post-booster MAT titres remained high, 

as the vaccine and booster concentrations were high. This would stimulate a large production of IgG 

antibodies, resulting in a high titre concentration for a prolonged duration, as illustrated in Study 2. 

However, this contrasts with other vaccination studies [41,48,49]. 

It is essential to note that all dogs were seronegative before vaccination, and the control group 

remained seronegative during the post-booster period. This provides evidence that other sources of 

leptospiral infection did not occur in the dogs at this time, resulting in the high PC antibody titre 

response. PC and MAT titres were higher in the unvaccinated dogs than in the vaccinated group, a 

finding similar to that reported in other similar studies [41,44,48]. 

All the unvaccinated controls in Study 1 developed acute leptospirosis within 7 days PC before 

they were humanely euthanized. The severe nature of the disease can be attributed to the high dose, 

a common finding in young dogs, and the use of a virulent challenge strain. In agreement with our 

study, Minke et al. [44] reported that 7 of 8 unvaccinated puppies challenged with serovar Canicola 

developed severe disease. In their second study, using serovar Icterohaemorrhagiae, the authors 

reported severe leptospirosis in 6 of 10 unvaccinated dogs after challenge. These findings can 

demonstrate the differences in the severity of clinical disease induced by different serovars of 

Leptospira spp. reflecting their relative virulence. The fact that the strain of serovar Copenhageni used 

in the current study induced severe leptospirosis in all unvaccinated puppies is evidence that it is 

highly virulent. On the contrary, Arjoorsingh et al. [41], using the same locally isolated serovar, 

Copenhageni 1S7 employed in the current study, failed to induce clinical leptospirosis with two doses 

(1-2.5 x 108 and 1-2.5 x 108 per mL) in beagle dogs in two trials. The authors attributed the failure of 

both doses to elicit clinical leptospirosis to the loss in virulence following several laboratory 

subculturing to maintain the organism; the virulence of the bacteria would have been reduced or lost, 

as suggested by others [50–52]. Therefore, in the current study, although the same local isolate of 

serovar Copenhageni 1S7 was used for vaccine production in both studies, a virulent strain of 

Copenhageni obtained from a reference laboratory (the Royal Tropical Institute, KIT Biomedical 

Research, Amsterdam) used at a higher dose (5.5 x 108 per mL) induced clinical leptospirosis in the 

puppies. Another factor that facilitated the manifestation of clinical signs in the puppies’ challenge 

was using a high-challenge dose of leptospires, which was in a similar range to that used by Minke 

et al. [44]. 

The detection of leptospires in the blood of all dogs (vaccinated and controls) PC demonstrates 

the migration of leptospires to the circulatory system, which occurred from 2 days PC in most dogs 

of both studies, as expected [15,41]. Leptospires were isolated at a significantly lower frequency from 

vaccinated dogs (9.5%) compared to control dogs (42.1%) within the first 7 days PC, and the duration 

of leptospiremia was considerably shorter in vaccinated dogs than in control dogs. These findings 

suggest that the vaccine may decrease the duration of leptospires circulating in the blood after 

infection. Vaccination with a leptospiral vaccine in dogs helps reduce the frequency and duration of 

leptospiremia by stimulating the immune system to recognize and neutralize Leptospira spp. before 

systemic infection can be established. The vaccine induces antibody production that targets 
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pathogenic Leptospira serovars, preventing bacterial replication and dissemination in the bloodstream 

[53,54]. According to Minke et al. [44leptospiremia was reported in control dogs after challenge with 

serovars Canicola and Icterohaemorrhagiae, which lasted 10 and 6 days, respectively. However, the 

authors reported that the vaccinated puppies were negative for leptospiremia PC. In the same study, 

leptospiremia was detected in the vaccinated dogs of the long-term study (challenged 14 months after 

booster vaccination), at a lower frequency and shorter duration than in control dogs. Klaasen et al. 

[48] also detected leptospiremia in vaccinated dogs at a lower frequency and shorter duration than 

in non-vaccinated dogs. The findings reported in both studies align with the data obtained in our 

Study 2 regarding duration. 

All dogs in both studies shed leptospires in their urine in the current study. However, similar to 

the pattern observed for leptospiremia, the duration and frequency of shedding were significantly 

lower in vaccinated dogs than in unvaccinated control dogs. Others reported similar findings, where 

leptospiruria occurred in vaccinated dogs challenged with serovar Canicola [41,44,48]. However, our 

findings showed that shedding happened at a lower frequency and duration than in unvaccinated 

dogs. Vaccination against leptospirosis in dogs is crucial in reducing the frequency and duration of 

leptospiruria. It produces a robust humoral response that reduces renal colonization of Leptospira 

serovars and urinary shedding [55,56]. Our study, however, is at variance with published reports by 

others, which have detected no renal shedding in PC with serovar Icterohaemorrhagiae [44,48], 

Copenhageni [41], Grippotyphosa, Australis, and Canicola [57] in vaccinated dogs. The differences 

in research findings may again be attributed to the immunogenicity of different serovars of Leptospira 

spp. Additionally, the discrepancies between the reported studies and the current research may be 

attributed to the immunogenicity of different serovars of Leptospira spp. and the varying doses of 

vaccination and challenge inoculum used in these studies. 

Notably, in our Studies 1 and 2, shedding occurred as early as 3 days PC, contrary to published 

reports where shedding was first detected after 16 days [44], and 6 days PC [48] The early detection 

of renal shedding in the vaccinated dogs in the current study may be attributed to mild injury of the 

cortical tubular epithelium of the kidneys that may have occurred in the dogs. Similar vaccination-

challenge studies used high-challenge doses, ranging from 5 to 56 x 108 leptospires [44] and 5 to 20 x 

108 leptospires [48], where they also detected renal shedding in some of their vaccinated dogs. A high 

challenge dose may also be attributed to the early leptospiremia due to the high leptospiral load, 

resulting in some leptospires surpassing the host immune defences. However, Klaasen et al. [57] were 

able to prevent renal shedding in their vaccinated dogs, even at a high challenge dose (5–100 × 108 

leptospires), using serovars Canicola, Icterohaemorrhagiae, Grippotyphosa, Australis, and 

Copenhageni for the challenge. Similarly, Arjoonsingh et al. [41] did not record leptospiruria in the 

vaccinated dogs of their study, which used a challenge inoculum of 2.5–62.5 × 108 leptospires/mL of 

the Copenhageni strain IS7, the same strain used for vaccination in this study. The lack of renal 

shedding in vaccinated dogs in this study may be due to the vaccine’s protective effects that prevent 

renal colonization. However, it can also be due to the lack of a virulent mechanism present in the 

Copenhageni serovar used in the study. Non-virulent strains will lack virulent factors that allow 

colonization and persistence in the renal tubules [4]. 

It is worth noting that the vaccine produced in the current study using serovar Copenhageni 

prevented clinical leptospirosis and reduced the shedding of the pathogen in challenged dogs. This 

is because the serovar has been documented to be, along with serovar Mankarso, predominantly 

circulating in dogs and rats in the country [38,39,42]. Additionally, there are reports of cross-

protection within the serogroup for serovars Pomona, Autumnalis, and Icterohemorrhagie [23,58] 

and Copenhageni [49]. However, there is also evidence of no cross-protection or reactivity only 

within specific serogroups and serovars [59] and very little with heterologous groups of Leptospira 

spp., including Copenhageni and Canicola [60]. Suepaul et al. [40] also demonstrated little to no cross-

protection of the commercially used canine vaccine in the hamster vaccine-challenge model using 

locally isolated serovars, specifically the Copenhageni and Mankarso strains. It was also 

demonstrated that the killed whole cell vaccine produced from a locally isolated serovar 
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Copenhageni prevented clinical leptospirosis and renal shedding in a hamster model in the country, 

while the most commonly available vaccine did not [42]. 

Since leptospiral LPS is recognized primarily by Toll-like receptor 2 (TLR 2), it was expected to 

see a rise in the concentration of TNF-α after challenge of the dogs of both studies, since an 

administration of live virulent leptospires will produce an acute, inflammatory response by the body, 

which was recorded in the current study. Compared to data generated by Vernel-Pauillac et al. [61], 

who measured the gene expression levels of specific cytokines in hamsters challenged with 

leptospires, they reported a high expression level from 2 hours after challenge. However, the authors 

reported that TNF-α expression levels quickly declined from 4 hours after challenge, remaining 

relatively low for the few days measured. Considering that the dogs in both Studies 1 and 2 were 

sampled 24 hours post-challenge (PC), the peak levels of TNF-α would have already passed and 

therefore not been detectedThis pattern of early disappearance of the cytokine was also reported by 

Oliver et al. [62], where they reported peak concentrations of TNF-α levels two hours after endotoxin 

administration in an in vitro whole blood model, which then rapidly declined, and the half-life 

measured was 18.2 minutes. High TNF-α levels were also detected in the study by Arjoorsingh et.al 

[41] 7 days PC. Similarly, high TNF-α expression levels in the hamster were observed from 1 to 22 

hours post-infection, returning to baseline levels from 24 hours post-infection [63]. 

The post-challenge response of high IL-10 concentrations in both studies’ control dogs is not 

uncommon during acute, severe leptospiral infection. Vernel-Pauillac et al. [61] reported steady, 

gradual increases in IL-10 gene expression from 14 hours after challenge to very high expression 

levels in hamsters 3 days after infection. Increased concentrations of IL-10 were also associated with 

fatal outcomes among hospitalized human patients with leptospiral infections [64] , as seen in Study 

1. The control dogs of Study 2 were asymptomatic, yet showed high levels of IL-10 PC, which may 

suggest that IL-10 has a protective effect in acute leptospirosis. This finding was also observed in 

human patients by Volz et al. [65]. It has been noted that there was a high IL10: TNF-α ratio in the 

control dogs experiencing acute leptospirosis, as was also reportedly found in human patients with 

fatal outcomes of acute leptospirosis [64]. The results obtained in the current investigation represent 

the first demonstration in dogs of a similar pattern of IL-10 and TNF-α, as previously in humans. 

Therefore, IL-10 might be protective against a severe course of infection or even the manifestation of 

symptoms. 

There were no changes in IFN-γ and IL-4 concentrations measured, which were similar to the 

data obtained from a study that evaluated different markers found in severe leptospirosis using the 

hamster model [66], where no significant difference was observed in the gene expression levels of 

these two cytokines before and after leptospiral infection in the hamsters. Vernel-Pauillac et al. [61] 

hypothesized that high IL-10 levels measured in hamsters challenged with virulent leptospires 

regulated and limited the expression of IFN-γ. Similarly, in the dogs of both current studies, high IL-

10 concentrations were also detected, which may have caused the regulated production of IFN-γ. 

Measuring gene expression by the hour would have enabled the detection of rapidly changing 

cytokine levels in whole blood samples using PCR amplification and analysis. 

Our study observed no abnormalities in platelet levels following primary or secondary 

vaccinations, as all dogs remained clinically normal. Thrombocytopenia was the significant 

hematological abnormality observed in 9 (90%) of the 10 control dogs. This is considered a 

manifestation of a severe state of infection that resulted in septicaemia, and it is a common finding in 

human and animal leptospirosis, particularly when bleeding occurs [67]. All control dogs of Study 1 

exhibited severe thrombocytopenia, which was consistent with the clinical signs of acute severe 

clinical leptospirosis. Most (80%) of the control dogs in Study 2 exhibited mild to moderate 

thrombocytopenia shortly PC, which persisted for a few days, and the dogs eventually recovered. It 

cannot be over-emphasized that none of the vaccinated dogs in Studies 1 and 2 exhibited 

thrombocytopenia. This was similarly found in other vaccination-challenge studies [44,53]. Hence, 

thrombocytopenia is a nonspecific indicator of acute leptospirosis, in both symptomatic and 

asymptom- matic infections. 
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Serum biochemistry analyses indicated that unvaccinated dogs had altered and imp- aired 

hepatic function, reflected by the concentrations of the enzyme ALT in the dogs that showed severe 

clinical disease (Study 1). 

Bilirubin, another indicator of liver function, was also above the normal reference range in all 

controls (concentration range) that showed acute severe leptospirosis, compared to the concentration 

range found in vaccinated dogs. This is unsurprising because elevated bilirubin and icterus are 

manifestations of acute and severe canine leptospirosis. Similar findings have been documented in 

clinical canine leptospirosis [44,53,68]. 

Urea and creatinine levels were above the normal reference range, which indicate impaired 

kidney function. These findings were similarly reported for unvaccinated control dogs in a vaccine 

trial on leptospirosis by others [44,53]. Mechanism of their increase in canine leptospirosis and part 

of the indicators used in the panel for leptospirosis diagnosis [69]. 

Post-mortem findings in unvaccinated dogs challenged with virulent leptospires showed 

pathological changes consistent with leptospirosis, naturally or experimentally induced. These gross 

lesions (icterus, hemorrhages on the lungs, stomach, and intestines, hepatomegaly, and renal edema) 

were also consistent with the clinical signs of the dogs with leptospirosis, while alive. Similar post-

mortem findings were reported in dogs that succumbed to the challenge by a virulent strain of 

leptospires [44,48,53,57]. The authors also documented no post-mortem lesions in dogs that survived 

the challenge, as found in the current investigation of vaccinated dogs in Studies 1 and 2 and 

unvaccinated control dogs in Study. It is difficult to induce clinical leptospirosis in adult dogs due to 

their more developed immune system, which will mount a rapid and effective response as seen in 

other vaccination-challenge studies [18,41,44]. 

Macroscopic findings at necropsy in the affected dogs were consistent with clinical signs and 

typical lesions of leptospirosis observed in dogs that succumbed to experimental challenge with 

virulent leptospires. Microscopic analysis of the vaccinated and unvaccinated dogs of Study 2 

showed that vaccination protected against cellular changes to the examined viscera, since minor 

histological abnormalities were detected in vaccinated dogs. Changes observed in the unvaccinated 

group, the signs were consistent with mild to moderate leptospirosis, as reported in an earlier 

vaccine-challenge study [44,53], which included interstitial glomerulonephritis and tubular 

degeneration, as well as hepatic cellular dissociation. The cellular changes observed in pulmonary 

and intestinal tissue include lymphocytic and macrophagocytic infiltration of the lungs and 

expansion of interstitial tissue. However, others did not report lymphoid intestinal tissue 

[44,48,53,55,57]. 

Some limitations of our study include the following: (i) the small sample size of the dogs used 

in the study groups, and (ii) failure to assay for some cytokines such as IL-10, early, within hours 

post-challenge, since the serum levels decrease rapidly. 

5. Conclusions 

It is concluded that the killed whole-cell vaccine using serovar Copenhageni successfully 

protected vaccinated dogs from clinical disease and partially protected against chronic infection by 

reducing the frequency and duration of leptospiral urine shedding. Future work should include 

similar studies on serovar Mankarso, which is prevalent in dogs and rats in Trinidad and Tobago, 

and a higher number of beagle dogs in the study. It cannot be overemphasized that the vaccine 

produced from killed whole cells of a local strain of serovar Copenhageni has been demonstrated to 

be efficacious in hamsters, as reported by Suepaul et al. [40], and now in beagle dogs in the current 

study. Based on our findings, it can be inferred that IL-10 may be protective against a severe course 

of infection or the manifestation of symptoms. Additionally, a high IL-10 to TNF-α ratio, combined 

with thrombocytopenia, constitutes a non-specific marker of acute leptospirosis in symptomatic and 

asymptomatic infections. 

It is recommended that based on the data obtained in the current which demonstrated the 

efficacy of the killed whole-cell serovar Copenhageni isolated locally in conjunction with the 
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prevention of clinical leptospirosis and reduction in the frequency and durarion of renal shedding of 

leptospires in beagle dogs, the vaccine has the potential to be explored for production on a large scale 

for use in Trinidad and Tobago and possibly the Caribbean region at large. However, although a 

promising vaccine, it is prudent to conduct a larger study with a higher number of beagle dogs in 

each study group, and to concurrently compare its efficacy with that of the commercial leptospirosis 

vaccine currently available to prevent canine leptospirosis, as was done in the hamster model earlier. 
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Author Contributions: Conceptualization: A.A.A.; methodology: T.N., A.A.A., R.S.; formal analysis: TN; 

investigation: T.N., A.A.A.; resources: A.A.A., R.S.; data curation: A.A.A., T.N.; writing—original draft 

preparation: T.N., A.A.A.; writing—review and editing: T.N., A.A.A.; supervision: A.A.A., R.S.; project 

administration: A.A.A., T.N.; funding acquisition: A.A.A. All authors have read and agreed to the published 

version of the manuscript. 

Funding: This research was funded by The University of the West Indies, St Augustine Campus Research and 

Publication Fund, grant number CRP.5.OCT14.9. 

Institutional Review Board Statement: The study was approved and conducted under terms approved by the 

University of the West Indies, St. Augustine Campus Research Committee. The Faculty of Medical Sciences 

Ethics Committee granted the project ethical approval after assessing the research proposal in May 2011 

(reference number: CEC- 04/05/2011-01). 

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the study’s design, 

data collection, analysis, interpretation, manuscript writing, or decision to publish the results. 

Acknowledgments: We would like to thank the assistance of many staff members of the School of Veterinary 

Medicine, The University of the West Indies, including Mrs. Alva Marie Stewart-Johnson, Mr. Sannandan 

Samlal, Dr. Kirk Munoz, and Dr. Ansarah Hosein, who willingly assisted with sample collection when requested. 

We would also like to thank Mr. Anthony Bastaldo for providing technical assistance. 

References 

1. Gonçalves-de-Albuquerque CF, Burth P, Silva AR, Younes-Ibrahim M, Castro-Faria-Neto HC, Castro-Faria 

MV. Leptospira and Inflammation. Mediators Inflamm. 2012, 2012, 1–11. 

https://doi.org/10.1155/2012/317950. 

2. Allyn J, Miailhe AF, Delmas B, Marti L, Allou N, Jabot J, Reignier J. Severe leptospirosis in tropical and 

non-tropical areas: A comparison of two french, multicentre, retrospective cohorts. PLoS Neglected 

Tropical Diseases. 2024 Apr 10;18(4):e0012084. https://doi.org/10.1371/journal.pntd.0012084. 

3. Paz LN, Dias CS, Almeida DS, Balassiano IT, Medeiros MA, Costa F, Silva DN, Reis JN, Estrela-Lima A, 

Hamond C, Pinna MH. Multidisciplinary approach in the diagnosis of acute leptospirosis in dogs naturally 

infected by Leptospira interrogans serogroup Icterohaemorrhagiae: A prospective study. Comparative 

Immunology, Microbiology and Infectious Diseases. 2021 Aug 1;77:101664. 

https://doi.org/10.1016/j.cimid.2021.101664. 

4. Adler B, de la Peña Moctezuma A. Leptospira and leptospirosis. Vet Microbiol. 2010, 140 (3–4), 287–96. 

5. Dehkordi AG, Al-Tamary SR, Al-Tamary AR, Al-Tamary HR, Albarari SS, Assad AM, Hamdan GM, 

Mikadze I. Atypical Cases of Leptospirosis: Insights From Georgia. Case Reports in Infectious Diseases. 

2024;2024(1):1414417. https://doi.org/10.1155/2024/1414417. 

6. Nakashiro H, Umakoshi K, Tanaka K, Tachibana N. Leptospirosis transmitted from a pet dog. BMJ Case 

Reports CP. 2024 Aug 1;17(8):e261369. https://doi.org/10.1136/bcr-2024-261369. 

7. Orlando SA, Mora-Jaramillo N, Paredes-Núñez D, Rodriguez-Pazmiño AS, Carvajal E, Sosa AL, Rivera A, 

Calderon J, Herrera DG, Arcos F, Loor LE. Leptospirosis outbreak in Ecuador in 2023: A pilot study for 

surveillance from a One Health perspective. One Health. 2024 Dec 1;19:100948. 

https://doi.org/10.1016/j.onehlt.2024.100948. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 April 2025 doi:10.20944/preprints202504.2595.v1

https://doi.org/10.20944/preprints202504.2595.v1


 23 of 26 

 

8. Vyn CM, Libera KC, Jardine CM, Grant LE. Canine leptospirosis: A One Health approach for improved 

surveillance, prevention, and interdisciplinary collaboration. The Canadian Veterinary Journal. 2024 

Jun;65(6):609. 

9. Waranius B. Human Case of Leptospirosis During a Canine Disease Outbreak—Wyoming, 2023. MMWR. 

Morbidity and Mortality Weekly Report. 2024;73. 

10. Baer R, Turnberg W, Yu D, Wohrle R. Leptospirosis in a Small Animal Veterinarian: Reminder to Follow 

Standardized Infection Control Procedures. Zoonoses Public Health. 2010, 57(4), 281–4. 

https://doi.org/10.1111/j.1863-2378.2009.01240.x. 

11. Smith AM, Stull JW, Moore GE. Potential Drivers for the Re-Emergence of Canine Leptospirosis in the 

United States and Canada. Trop Med Infect Dis. 2022, 7(11), 377. 

https://doi.org/10.3390/tropicalmed7110377. 

12. Ellis WA. Control of canine leptospirosis in Europe: time for a change? Vet Rec. 2010, 167(16), 602–5. 

https://doi.org/10.1136/vr.c4965. 

13. Griebsch C, Kirkwood N, Norris JM, Ward MP. A comparison of risk factors for canine leptospirosis and 

seropositivity in New South Wales, Australia. Australian Veterinary Journal. 2025. 

https://doi.org/10.1111/avj.13411. 

14. Klaasen HL, Adler B. Recent advances in canine leptospirosis: focus on vaccine development. Veterinary 

Medicine: Research and Reports. 2015 Jun 19:245-60. 

15. Adler B, editor. Leptospira and Leptospirosis, 1st edition. Springer: Germany, 2015 [cited 2023 Apr 8]. 

(Current Topics in Microbiology and Immunology; vol. 387). Available from: 

https://link.springer.com/10.1007/978-3-662-45059-8 

16. Furlanello T, Mazzotta E, Bertasio C, D’Incau M, Bellinati L, Lucchese L, Natale A. The Challenge of 

Bacterial Strain Identification: Leptospira interrogans Serovars Australis in a Dog and Long-Term Clinical 

Follow-Up. Tropical Medicine and Infectious Disease. 2024 Nov 22;9(12):285. 

17. Sarangi S, Vijaya Bharathi M, Madhanmohan M, Meenambigai TV, Soundararajan C, Manimaran K, 

Senthilkumar TM. Occurrence of leptospirosis in dogs with renal and/or hepatic disease in Chennai, India. 

Indian J Anim Health. 2024;63(2):256-62. https://doi: 10.3390/tropicalmed9120285. 

18. Grosenbaugh DA, Pardo MC. Fifteen-month duration of immunity for the serovar Grippotyphosa fraction 

of a tetravalent canine leptospirosis vaccine. Veterinary Record. 2018 Jun;182(23):665-665. 

19. Surendran Y, Nandikha M, Amin-Nordin S, Dhanda SK, Ali MR, Joseph NM. Vaccine development for 

leptospirosis: A systematic review. Asian Pacific Journal of Tropical Medicine. 2023 Dec 1;16(12):533-45. 

https://doi: 10.4103/1995-7645.391775. 

20. Teixeira AF, Cavenague MF, Kochi LT, Fernandes LG, Souza GO, de Souza Filho AF, Vasconcellos SA, 

Heinemann MB, Nascimento AL. Immunoprotective activity induced by leptospiral outer membrane 

proteins in hamster model of acute leptospirosis. Frontiers in immunology. 2020 Oct 30;11:568694. 

https://doi.org/10.3389/fimmu.2020.568694. 

21. Di Azevedo, M. I., Luiza, A., Aymée, L., Martins, G., & Lilenbaum, W. (2022). Effect of Vaccination against 

Leptospira on Shelter Asymptomatic Dogs Following a Long-Term Study. Animals, 12(14), 1788. 

https://doi.org/10.3390/ani12141788. 

22. Bergmann Esteves, S., Moreira Santos, C., Ferreira Salgado, F., Paldês Gonçales, A., Gil Alves Guilloux, A., 

Marinelli Martins, C., Kuribaiashi Hagiwara, M., & Alonso Miotto, B. (2022). Efficacy of commercially 

available vaccines against canine leptospirosis: A systematic review and meta-analysis. Vaccine, 40(12), 

1722-1740. https://doi.org/10.1016/j.vaccine.2022.02.021. 

23. Sonrier, C., Branger, C., Michel, V., Ruvoën-Clouet, N., Ganière, J., & André-Fontaine, G. (2000). Evidence 

of cross-protection within Leptospira interrogans in an experimental model. Vaccine, 19(1), 86-94. 

https://doi.org/10.1016/S0264-410X(00)00129-8. 

24. Srikram A, Zhang K, Bartpho T, Lo M, Hoke DE, Sermswan RW, Adler B, Murray GL. Cross-protective 

immunity against leptospirosis elicited by a live, attenuated lipopolysaccharide mutant. J Infect Dis. 2011 

Mar 15;203(6):870-9. https://doi: 10.1093/infdis/jiq127. Epub 2011 Jan 10. PMID: 21220775. 

25. Maia MAC, Bettin EB, Barbosa LN, de Oliveira NR, Bunde TT, Pedra ACK, Rosa GA, da Rosa EEB, Seixas 

Neto ACP, Grassmann AA, McFadden J, Dellagostin OA, McBride AJA. Challenges for the development 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 April 2025 doi:10.20944/preprints202504.2595.v1

https://link.springer.com/10.1007/978-3-662-45059-8
https://doi.org/10.3390/tropicalmed9120285
https://doi.org/10.3390/ani12141788
https://doi.org/10.1016/j.vaccine.2022.02.021
https://doi.org/10.1016/S0264-410X(00)00129-8
https://doi.org/10.20944/preprints202504.2595.v1


 24 of 26 

 

of a universal vaccine against leptospirosis revealed by the evaluation of 22 vaccine candidates. Front Cell 

Infect Microbiol. 2022 Oct 7;12:940966. https://doi: 10.3389/fcimb.2022.940966. PMID: 36275031. 

26. Cagliero J, Villanueva SYAM, Matsui M. Leptospirosis Pathophysiology: Into the Storm of Cytokines. Front 

Cell Infect Microbiol. 2018 Jun 20;8:204. https://doi: 10.3389/fcimb.2018.00204. 

27. Limothai, U., Lumlertgul, N., Sirivongrangson, P., Kulvichit, W., Tachaboon, S., Dinhuzen, J., 

Chaisuriyong, W., Peerapornratana, S., Chirathaworn, C., Praditpornsilpa, K., Tungsanga, K., & Srisawat, 

N. (2021). The role of leptospiremia and specific immune response in severe leptospirosis. Scientific 

Reports, 11(1), 1-9. https://doi.org/10.1038/s41598-021-94073-z. 

28. Heeb, L. E., Egholm, C., & Boyman, O. (2020). Evolution and function of interleukin-4 receptor signaling in 

adaptive immunity and neutrophils. Genes & Immunity, 21(3), 143-149. https://doi.org/10.1038/s41435-020-

0095-7. 

29. Xie, X., Lv, T., Wu, D., Shi, H., Zhang, S., Xian, X., Liu, G., Zhang, W., & Cao, Y. (2022). IL-10 Deficiency 

Protects Hamsters from Leptospira Infection. Infection and Immunity, 90(2), e00584-21. 

https://doi.org/10.1128/IAI.00584-21. 

30. Bandara K, Gunasekara C, Weerasekera M, Marasinghe C, Ranasinghe N, Fernando N. Do the Th17 cells 

play a role in the pathogenesis of leptospirosis?. Canadian Journal of Infectious Diseases and Medical 

Microbiology. 2018;2018(1):9704532. https://doi.org/10.1155/2018/9704532. 

31. Maissen-Villiger CA, Schweighauser A, van Dorland HA, Morel C, Bruckmaier RM, Zurbriggen A, Francey 

T. Expression Profile of Cytokines and Enzymes mRNA in Blood Leukocytes of Dogs with Leptospirosis 

and Its Associated Pulmonary Hemorrhage Syndrome. PLoS One. 2016 Jan 29;11(1):e0148029. https://doi: 

10.1371/journal.pone.0148029. 

32. Novak, A., Hindriks, E., Hoek, A., Veraart, C., Broens, E. M., Ludwig, I., Rutten, V., Sloots, A., & Broere, F. 

(2023). Cellular and humoral immune responsiveness to inactivated Leptospira interrogans in dogs 

vaccinated with a tetravalent Leptospira vaccine. Vaccine, 41(1), 119-129. 

https://doi.org/10.1016/j.vaccine.2022.11.017. 

33. Sykes JE, Francey T, Schuller S, Stoddard RA, Cowgill LD, Moore GE. Updated ACVIM consensus 

statement on leptospirosis in dogs. J Vet Intern Med. 2023 Nov-Dec;37(6):1966-1982. https://doi: 

10.1111/jvim.16903. 

34. Hilbe, M., Posthaus, H., Paternoster, G., Schuller, S., Imlau, M., & Jahns, H. (2023). Exudative 

glomerulonephritis associated with acute leptospirosis in dogs. Veterinary Pathology, 61(3), 453. 

https://doi.org/10.1177/03009858231207020. 

35. André-Fontaine G, Triger L. MAT cross-reactions or vaccine cross-protection: retrospective study of 863 

leptospirosis canine cases. Heliyon. 2018 Nov 1;4(11). https://doi.org/10.1016/j.heliyon.2018.e00869. 

36. Chou LF, Yang HY, Hung CC, Tian YC, Hsu SH, Yang CW. Leptospirosis kidney disease: Evolution from 

acute to chronic kidney disease. Biomed J. 2023 Aug;46(4):100595. https://doi: 10.1016/j.bj.2023.100595. Epub 

2023 May 2. 

37. Levett, P. N. (2001). Leptospirosis. Clinical Microbiology Reviews, 14(2), 296-326. https://doi: 

10.1128/cmr.14.2.296-326.2001. 

38. Adesiyun AA, Hull-Jackson C, Mootoo N, Halsall S, Bennett R, Clarke NR, et al. Sero-epidemiology of 

Canine Leptospirosis in Trinidad: Serovars, Implications for Vaccination and Public Health. J Vet Med Ser 

B. 2006, 53(2), 91–9. https://doi.org/10.1111/j.1439-0450.2006.00922.x. 

39. Suepaul SM, Carrington CV, Campbell M, Borde G, Adesiyun AA. Seroepidemiology of leptospirosis in 

dogs and rats in Trinidad. Trop Biomed. 2014, 853-861. 

40. Suepaul SM, Carrington CV, Campbell M, Borde G, Adesiyun AA. Study the efficacy of Leptospira vaccines 

developed from serovars isolated from Trinidad and comparison with commercial vaccines using a 

hamster model. Vaccine. 2010, 28(33), 5421–6. https://doi.org/10.1016/j.vaccine.2010.06.019. 

41. Arjoonsingh V, Suepaul R, Adesiyun AA. Immune response at a vaccine-challenge study using beagle dogs 

and locally isolated Leptospira spp. Vet Immunol Immunopathol. 2023, 255, 110522. 

https://doi.org/10.1016/j.vetimm.2022.110522. 

42. Suepaul SM, Carrington CVF, Campbell M, Borde G, Adesiyun AA. Serovars of Leptospira isolated from 

dogs and rodents. Epidemiol Infect. 2010, 138(7), 1059–70. doi: : https://doi.org/10.1017/S0950268809990902. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 April 2025 doi:10.20944/preprints202504.2595.v1

https://doi.org/10.1038/s41435-020-0095-7
https://doi.org/10.1038/s41435-020-0095-7
https://doi.org/10.1128/IAI.00584-21
https://doi.org/10.1016/j.vaccine.2022.11.017
https://doi.org/10.1177/03009858231207020
https://doi.org/10.20944/preprints202504.2595.v1


 25 of 26 

 

43. Srikram A, Wongratanacheewin S, Puapairoj A, Wuthiekanun V, Sermswan RW. Analyses of vaccination 

protocols for Leptospira interrogans serovar autumnalis in hamsters. The American journal of tropical 

medicine and hygiene. 2008 Nov 1;79(5):779-86. 

44. Minke JM, Bey R, Tronel JP, Latour S, Colombet G, Yvorel J, et al. Onset and duration of protective 

immunity against clinical disease and renal carriage in dogs provided by a bi-valent inactivated 

leptospirosis vaccine. Vet Microbiol. 2009, 137(1), 137–45. https://doi.org/10.1016/j.vetmic.2008.12.021. 

45. Terpstra, W. J., World Health Organization. Human leptospirosis: guidance for diagnosis, surveillance and 

control. 1st Edition, Rev World Health Organization, Switzerland. 2003, p 63. 

46. Plotkin SA, Orenstein WA, Offit PA. Vaccines, 6th Edition. Elsevier Saunders, Amsterdam; 2008. 1748 p 

47. Vernel-Pauillac F, Murray GL, Adler B, Boneca IG, Werts C. Anti-Leptospira immunoglobulin profiling in 

mice reveals strain specific IgG and persistent IgM responses associated with virulence and renal 

colonization. PLoS Neglected Tropical Diseases. 2021, 15(3), e0008970. 

https://doi.org/10.1371/journal.pntd.0008970. 

48. Klaasen HLBM, Molkenboer MJCH, Vrijenhoek MP, Kaashoek MJ. Duration of immunity in dogs 

vaccinated against leptospirosis with a bivalent inactivated vaccine. Vet Microbiol. 2003, 95(1), 121–32. 

49. Bouvet J, Cariou C, Valfort W, Villard S, Hilaire F, Oberli F, et al. Efficacy of a multivalent DAPPi-Lmulti 

canine vaccine against mortality, clinical signs, infection, bacterial excretion, renal carriage and renal 

lesions caused by Leptospira experimental challenges. Vaccine Rep. 2016, 6,23–8. 

https://doi.org/10.1016/S0378-1135(03)00152-4. 

50. Moreno-Torres, A., Malvido-Jiménez, I. R., De la Peña-Moctezuma, A., Castillo Sánchez, L. O., Fraga, T. R., 

Barbosa, A. S., Isaac, L., & Sahagún-Ruiz, A. (2019). Culture-attenuated pathogenic Leptospira lose the 

ability to survive to complement-mediated-killing due to lower expression of factor H binding proteins. 

Microbes and Infection, 21(8-9), 377-385. https://doi.org/10.1016/j.micinf.2019.03.001. 

51. Philip, N., Garba, B. & Neela, V.K. Long-term preservation of Leptospira spp.: challenges and prospects. 

Appl Microbiol Biotechnol 102, 5427–5435 (2018). https://doi.org/10.1007/s00253-018-9047-9. 

52. Philip N, Jani J, Azhari NN, Sekawi Z, Neela VK. In vivo and in silico virulence analysis of Leptospira 

species isolated from environments and rodents in leptospirosis outbreak areas in Malaysia. Frontiers in 

Microbiology. 2021 Nov 5;12:753328. https://doi.org/10.3389/fmicb.2021.753328. 

53. Bouvet J, Segouffin Cariou C, Oberli F, Guiot AL, Cupillard L. A New Licensed Quadrivalent 

Antileptospiral Canine Vaccine Prevents Mortality, Clinical Signs, Infection, Bacterial Excretion, Renal 

Carriage and Renal Lesions Caused by Leptospira Australis Experimental Challenge. Vaccines. 2024 Sep 

26;12(10):1104. https://doi.org/10.3390/vaccines12101104. 

54. Klaasen HL, Van der Veen M, Sutton D, Molkenboer MJ. A new tetravalent canine leptospirosis vaccine 

provides at least 12 months immunity against infection. Veterinary immunology and immunopathology. 

2014 Mar 15;158(1-2):26-9. https://doi.org/10.1016/j.vetimm.2013.08.002. 

55. Wilson S, Stirling C, Thomas A, King V, Plevová E, Chromá L, Siedek E, Illambas J, Salt J, Sture G. A new 

multivalent (DHPPi/L4R) canine combination vaccine prevents infection, shedding and clinical signs 

following experimental challenge with four Leptospira serovars. Vaccine. 2013 Jun 28;31(31):3131-4. 

https://doi.org/10.1016/j.vaccine.2013.05.041. 

56. Sant’Anna da Costa R, Di Azevedo MI, dos Santos Baptista Borges AL, Aymée L, Martins G, Lilenbaum W. 

Effect of vaccination against Leptospira on shelter asymptomatic dogs following a long-term study. 

Animals. 2022 Jul 12;12(14):1788. https://doi.org/10.3390/ani12141788. 

57. Klaasen HLBM, van der Veen M, Molkenboer MJCH, Sutton D. A novel tetravalent Leptospira bacterin 

protects against infection and shedding following challenge in dogs. Vet Rec. 2013, 172(7), 181–181. 

https://doi.org/10.1136/vr.101100. 

58. Dib CC, Gonçales AP, Morais ZM de, Souza GO de, Miraglia F, Abreu PAE, et al. Cross-protection between 

experimental anti-leptospirosis bacterins. Braz J Microbiol. 2014, 45(3), 1083–8. 

https://doi.org/10.1590/S1517-83822014000300042. 

59. Adler B, Ballard SA, Miller SJ, Faine S. Monoclonal antibodies reacting with serogroup and serovar. specific 

epitopes on different lipopolysaccharide subunits of Leptospira interrogans serovar pomona. FEMS 

Microbiology Immunology. 1989, 1(4), 213-8. https://doi.org/10.1111/j.1574-6968.1989.tb02385.x. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 April 2025 doi:10.20944/preprints202504.2595.v1

https://doi.org/10.1016/j.micinf.2019.03.001
https://doi.org/10.20944/preprints202504.2595.v1


 26 of 26 

 

60. Rodrigues de Oliveira N, Jorge S, Andrade Colares Maia M, Thurow Bunde T, Kurz Pedra AC, Pinto Seixas 

Neto AC, et al. Protective efficacy of whole-cell inactivated Leptospira vaccines made using virulent or 

avirulent strains in a hamster model. Vaccine. 2021, 39(39), 5626–34. 

https://doi.org/10.1016/j.vaccine.2021.08.014. 

61. Vernel-Pauillac F, Goarant C. Differential cytokine gene expression according to outcome in a hamster 

model of leptospirosis. PLoS neglected tropical diseases. 2010 Jan 12;4(1):e582. 

https://doi.org/10.1371/journal.pntd.0000582. 

62. Oliver, J. C., Bland, L. A., Oettinger, C. W., Arduino, M. J., McAllister, S. K., Aguero, S. M., & Favero, M. S. 

(1993). Cytokine kinetics in an in vitro whole blood model following an endotoxin challenge. Lymphokine 

Cytokine Res, 12(2), 115-120. 

63. Vernel-Pauillac F, Merien F. Proinflammatory and Immunomodulatory Cytokine mRNA Time Course 

Profiles in Hamsters Infected with a Virulent Variant of Leptospira interrogans. Infection and immunity. 2006 

Jul;74(7):4172-9. https://doi.org/10.1128/iai.00447-06. 

64. Reis EA, Hagan JE, Ribeiro GS, Teixeira-Carvalho A, Martins-Filho OA, Montgomery RR, Shaw AC, Ko AI, 

Reis MG. Cytokine response signatures in disease progression and development of severe clinical outcomes 

for leptospirosis. PLoS neglected tropical diseases. 2013 Sep 19;7(9):e2457. 

https://doi.org/10.1371/journal.pntd.0002457. 

65. Volz MS, Moos V, Allers K, Luge E, Mayer-Scholl A, Nöckler K, Loddenkemper C, Jansen A, Schneider T. 

Specific CD4+ T-cell reactivity and cytokine release in different clinical presentations of leptospirosis. 

Clinical and Vaccine Immunology. 2015 Dec;22(12):1276-84. Available from: 

https://journals.asm.org/doi/full/10.1128/cvi.00397-15. 

66. Mikulski, M., Boisier, P., Lacassin, F., Soupe-Gilbert, M. E., Mauron, C., Bruyere-Ostells, L., . . . Goarant, C. 

(2015). Severity markers in severe leptospirosis: a cohort study. Eur J Clin Microbiol Infect Dis, 34(4), 687-

695. https://doi: 10.1007/s10096-014-2275-8. 

67. Wagenaar JF, Goris MG, Partiningrum DL, Isbandrio B, Hartskeerl RA, Brandjes DP, Meijers JC, Gasem 

MH, Van Gorp EC. Coagulation disorders in patients with severe leptospirosis are associated with severe 

bleeding and mortality. Tropical Medicine & International Health. 2010 Feb;15(2):152-9. 

https://doi.org/10.1111/j.1365-3156.2009.02434.x. 

68. Spiri AM, Rodriguez-Campos S, Matos JM, Glaus TM, Riond B, Reusch CE, Hofmann-Lehmann R, Willi B. 

Clinical, serological and echocardiographic examination of healthy field dogs before and after vaccination 

with a commercial tetravalent leptospirosis vaccine. BMC Veterinary Research. 2017 Dec; 13:1-10. 

https://doi 10.1186/s12917-017-1056-x. 

69. Vázquez-Manzanilla CA, Cárdenas-Marrufo MF, Gutiérrez-Blanco E, Jiménez-Coello M, Pech-Sosa NR, 

Ortega-Pacheco A. Clinical features of chronic kidney disease in dogs with the serological presence of 

Leptospira spp., Ehrlichia canis, and Anaplasma phagocytophilum. Animal Diseases. 2023 Nov 6;3(1):37. 

https://doi.org/10.1186/s44149-023-00103-w. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 April 2025 doi:10.20944/preprints202504.2595.v1

https://doi.org/10.20944/preprints202504.2595.v1

