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Leptospirosis vaccine for dogs in the United States is considered a lifestyle or non-core vaccine, making individual veterinary practitioners responsible for determining if vaccination is necessary for their patients. Veterinary professionals often base their vaccination decisions on local rates of clinical cases. However, even subclinical leptospirosis infections have zoonotic potential. The microscopic agglutination test (MAT) is effective for screening unvaccinated animals, but previous vaccination can lead to inconsistent results and variable MAT titers over time. This prospective research survey evaluated if local experience was sufficient to justify selective vaccination for leptospirosis. MAT analyses were performed on sera collected from well-cared-for, unvaccinated dogs residing in five different geographies across the United States: South-Central (East Texas), New England, the Mid-Atlantic (North Carolina and Virginia), Midwest (Wisconsin/northern Illinois), and Southwest (southern California). Thirty-eight clinics participated, submitting a total of 1345 qualified samples from unvaccinated dogs over 1 year of age. 11.6% of these unvaccinated dogs had MAT titers for one or more serogroups of Leptospira. While seropositivity does not necessarily indicate that disease will result or that a specific serovar is involved, these MAT-positive cases do indicate that the potential for exposure exists and clinical signs or a carrier-state could result from infection. These survey results would indicate that a more aggressive vaccination protocol for leptospirosis should be considered.
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Introduction

Leptospirosis is a worldwide bacterial spirochetal disease that affects humans (Weil’s Disease, Rat Catcher’s Fever, etc.), animals and is regarded as re-emerging in dogs in North America (1). Infection is spread to dogs either directly or indirectly via contact with the urine of wildlife, farm animals, or other dogs. Leptospirosis can be subclinical or cause a wide range of clinical signs including fever, myalgia, shivering, weakness, lack of appetite, increased thirst and urination, anuria/oliguria, dehydration, vomiting, cough, difficulty breathing, arrhythmias, and/or lymphadenopathy. In some cases, leptospirosis can be associated with multi-organ failure and death (2).

The microscopic agglutination test (MAT) is considered an economically viable reference test for serologic screening, diagnosis of leptospirosis. Sera are screened at 1:100 dilution and, typically, those showing agglutination are serially diluted to determine a titer endpoint. The highest MAT titers were historically considered indicative of the infective serovar, but this can be erroneous because of cross-reactions between serogroups (3). To further complicate the issue, MAT results can be negative in acute infections and do not differentiate vaccinated from infected dogs, making interpretation of results challenging (2).

Previous studies have utilized laboratory animals that are specific pathogen free (4–7) to minimize exposure complications observed with MAT titers. MAT titers were examined in a controlled prospective study using client owned dogs following vaccination (on day 0) and booster (at week 3, ±3 days) with variable MAT titers collected over the span of a year (8), which would be expected to complicate clinical diagnosis of leptospirosis using MAT titers.

The purpose of the current study was to determine Leptospira exposure rates in apparently healthy dogs 1 year of age and older, with no history of Leptospira vaccination, nor travel history outside their respective geographical regions: South-Central, New England, the Mid-Atlantic, the Midwest, and Southwest. To alleviate complications commonly associated with MAT testing; this prospective research survey assessed the level of exposure to Leptospira in well-cared-for, unvaccinated dogs, considered by practitioners to not be at risk of exposure.



Materials and methods

Forty veterinary clinics agreed to participate in this survey and enroll qualifying patients from dogs brought into the clinic for a wellness examination, targeting 50 dogs for participation per clinic. Eligible dogs were at least 1 year of age, had no current health concerns, had never been vaccinated against leptospirosis, and had not traveled outside of the area of residence.

Prior to inclusion, each pet owner signed a Pet Owner Consent Form (Appendix 1) which gave permission for the clinic staff to draw blood from the dog and send it to the laboratory for testing and acknowledging that the pet owner would not expect to receive results from the survey.

In addition, each clinic filled out the Patient Information Form, providing information including owner name, dog name, breed, age, weight, sex, and sample date on all the enrolled dogs. A sufficient volume of whole blood to secure a 2–3 mL serum sample was collected from each of the qualifying dogs. The serum vials were frozen and retained as they were received and, once all sampling was completed, all samples were submitted to the veterinary diagnostic laboratory at Texas A&M University for serologic testing using the microscopic agglutination test. A total of eight Leptospira serovars belonging to the P1 sub-clade of the pathogenic clade were reacted with sera at a 1:100 dilution; no further titrations were performed, as ascertaining potential exposure was the only intent. The seven serogroups used for testing were Pomona, Icterohaemorrhagiae, Canicola, Grippotyphosa, Bratislava, Sejroe (sejroe, hardjo), and Autumnalis, with the respective MAT diagnostic serovar strains used by the laboratory noted in Table 1.



TABLE 1 Serogroups, Serovars, and Serovar strains used for MAT diagnostics.
[image: Table1]


Statistical methods

Data were analyzed using Fisher’s Exact Test on (nx2) frequency tables. When the overall sample, or one of the regional subsamples, indicated significant (p < 0.05) differences between levels of the classification variable, all pairwise combinations of levels were compared using Fisher’s Exact Test.




Results

A total of 1,363 samples were collected from 38 clinics. Eighteen of those samples were excluded for one of three reasons: poor specimen quality, lack of adequate owner consent, or dog age < 1 year. Of the 1,345 qualifying samples, 156 (11.6%) dogs were seropositive for one or more Leptospira serovars.

The Wisconsin/N. Illinois-area (Midwest US) had 55 (14.9%) of 370 dogs testing positive. The New England geography (Northeast US) had 38 (14.6%) of 261 dogs testing positive. The Mid-Atlantic US had 17 (10.8%) of 158 dogs testing positive. The east Texas geography (South-Central US) had 35 (9.1%) of 384 dogs testing positive. The southern California (Southwest US) had 11 (6.4%) of 172 dogs testing seropositive (Table 2).



TABLE 2 Overall results: MAT results, %, total and stat comparisons (1,345 samples from 38 clinics in five geographic regions).
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In the overall sample of 1,345 dogs, there were significant differences seen among regions. Pairwise comparisons among the regions showed that the South-Central US had a significantly lower rate of positive samples than the Midwest US (p = 0.0180) and the Northeast US (p = 0.0422); and the Southwest US had a significantly lower rate of positive samples than the Midwest US (p = 0.0046) and the Northeast US (p = 0.0084) (Table 2).

There was no significant (p > 0.10) difference in the rate of positive samples between males and females, either overall or within any of the regions (Table 3).



TABLE 3 Overall results by sex, and results by region, w/stats (females, intact or not vs. males, intact or not).
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There was no significant (p > 0.10) difference in the rate of positive samples among young (1–5 years), middle (>5 to 10 years), or older (>10 years) age groups, either overall or within any of the regions (Table 4).



TABLE 4 Overall results by age group, and results by region (1–5 years, >5 to 10 years, and >10 years).
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The average weight of the seropositive dogs was 50.5 pounds (range, 7–148 pounds). There were 51 seropositive dogs under 35 pounds, 45 dogs between 35.1 and 60 pounds, and 60 dogs from 60 to 108.6 pounds (Table 5).



TABLE 5 Overall results by weight group, and results by region (<35 lbs., 35.1–60 lbs., and >60 lbs.).
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In the overall sample, there were significant differences seen among weight groups. Pairwise comparisons of weight groups showed that the lightest dogs (<35 lbs.) had a significantly lower rate of positive samples than either the medium weight (35.1–60 lbs.; p = 0.0245) or the heaviest (>60 lbs.; p = 0.0148) dogs. There were no significant differences among weight groups for the Mid-Atlantic, Midwest, Northeast, and South-Central. For the Southwest, large dogs (>60 lbs.) had a significantly (p = 0.0059) lower rate of positive samples than the medium weight group (35.1–60 lbs.) (Table 5).

The demographic summary is in Table 6.



TABLE 6 Demographic summary.
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Of the 156 seropositive dogs, 92 were MAT positive for one serogroup, 28 were positive for two serogroups, 15 were positive for three serogroups, 15 were positive for four serogroups and six dogs were MAT positive for five serogroups (283 total serovars identified). MAT positive samples were observed for all seven serogroups. 70 dogs positive for Australis serogroup (represented by serovar bratislava), 58 for Grippotyphosa (serovar Grippotyphosa), 56 for Autumnalis (serovar autumnalis), 43 for Pomona (serovar pomona), 40 for Icterohaemorrhagiae (serovar Icterohaemorrhagiae), 14 for Canicola (serovar Canicola), and two for Sejroe (two serovar sejroe, and none for serovar hardjo). Individual sample information for Leptospira-positive samples including locations, sample numbers, dog age, weight, sex, and serovars identified are included in Appendix 2.



Discussion

These data provide an interesting insight into exposure of dogs to Leptospira in five separate geographic areas across the United States. In this survey, the dogs were all over 1 year of age and the gender and age incidence was essentially equal. The average age of the dogs included in the study was 6.18 years (range, 1–18 years). The average age of seropositive dogs was 6.54 years of age (range, 1–15 years). Of the 156 positive dogs, 78 females and 78 male dogs seroreacted to one or more of the serovars tested. Weight ranged from 7 lbs. (3.2 kg) to 148 lbs. (67.3 kg). Overall, seropositive dogs were slightly heavier than the average seronegative dog, with a 5.24 lbs. (2.4 kg) weight difference observed in this study.

These data indicated an overall 11.6% rate of exposure of qualifying dogs (healthy dogs with no history of leptospirosis vaccination, over 1 year of age and no history of traveling out of their home area) enrolled in this study from five different regions spanning the United States. The intriguing factor is that veterinarians and/or pet owners chose to not vaccinate the dogs included in this study against leptospirosis. Possible reasons for not vaccinating could be that they felt it was not necessary to vaccinate for leptospirosis, likely expecting little to no opportunity for the dogs to become infected based on their geography or the dog’s lifestyles, or that vaccination posed an unnecessary risk to the dog.

In the South-Central United States, 9.1% of 384 dogs tested positive, in New England 14.6% of 261 dogs tested positive, in the Mid-Atlantic 10.8% of 158 dogs tested positive, in the Midwest 14.9% of 370 dogs tested positive, and in the Southwest 6.4% of 172 dogs tested positive for exposure. Since they were unvaccinated, many would be at risk of developing clinical signs due to pathology consistent with leptospirosis.

In the 156 antibody seropositive dogs, there were 283 hits in all seven of the selected serogroups screened by the diagnostic laboratory. It is important to note that in the United States, available four-way leptospirosis vaccines include Canicola, Grippotyphosa, Icterohaemorrhagiae, and Pomona. Current vaccines can prevent disease resulting from experimental challenge and can decrease shedding of vaccinal serovars (2). These same four vaccine serogroups accounted for 155 of the antibody positive serogroup hits, with three of the four non-canine vaccine serogroups (Australis, Autumnalis, and Sejroe) accounting for 128 antibody positives hits. None of the dogs tested were positive for hardjo antibodies. Leptospira hardjo is well-known as a sexually transmitted infection of cattle, often causing abortions, especially in heifers. The L. Hardjo MAT was performed simply because it was part of the standard screening panel provided by the diagnostic laboratory, and the authors chose not to add any complications to the normal laboratory procedures.

One must consider that cross-reactivity between serovars within the same serogroup and to serovars in other serogroups has been reported (9, 10). However, for the purposes of this survey, the primary goal was not to identify specific serovars, but to examine the potential Lepto-exposure rate of dogs previously not considered to be at risk.

Seventy dogs harbored antibodies to Australis serogroup. Bratislava is known to cause disease in swine, but there is only limited evidence that bratislava may be a pathogen of dogs in the United States (11). Fifty-six of the antibody hits were for Autumnalis, and two were for Sejroe, both of which have been identified as causing clinical signs of leptospirosis in dogs in the United States, with Sejroe also causing issues in ruminants, and Autumnalis affecting humans and raccoons in the southern US (12). The observations in this serologic survey illustrate dogs are becoming infected, potentially becoming carriers and/or suffering clinical signs, and being involved in the spread of multiple serogroups of Leptospira infection. In this survey, it was demonstrated that dogs that were considered no-or low-risk, were seropositive at a rate approximately 10 times higher than nationwide seropositivity for heartworm disease in the United States (13).

These data support the conclusion that perceptions of Leptospira exposure risk are likely underestimating the actual risk for dogs across the United States. Further these data support the most recent ACVIM Consensus Statement, where it was stated that “All dogs are at risk of leptospirosis, regardless of signalment, geographic location, lifestyle and the time of year” (2). Thus, an annual vaccination protocol including leptospirosis should be considered for all dogs.
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