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Abstract 34 

Background: Previous studies have reported a seasonal increased risk for leptospirosis, but 35 

there is no consistent seasonality reported across regions in the United States.  36 

Objectives: The main objective of this study was to evaluate and compare seasonal patterns 37 

in seropositivity for canine leptospirosis for four US regions [north-east (NE), mid-west 38 

(MW), south-central (SC), and California-southern west coast (CS)]. 39 

Animals: 44,916 canine serum samples submitted for microscopic agglutination tests (MAT) 40 

from 2000 through 2010.  41 

Methods: Positive cases were defined as MAT titers ≥ 1: 1,600 for at least one of 7 tested 42 

serovars. Four geographical regions were defined, and MAT results were included in regional 43 

analyses based on hospital zipcode. A seasonal-trend decomposition method for time series 44 

was utilized for the analysis. Monthly variation in the seropositive rate was evaluated using a 45 

seasonal cycle subseries plot and logistic regression. 46 

Results: Of the total submissions in the 11-year period, 3,503 (7.80%) were considered 47 

seropositive. Significantly higher seropositive rates occurred in November and December in 48 

the MW and NE regions, and in December only in the SC region. High/higher monthly 49 

seropositive rates also indicative of seasonality were observed earlier in the calendar year for 50 

both CS and SC regions.  51 

Conclusions and clinical importance: Seasonal patterns for seropositivity to leptospirosis 52 

differed by geographical region. Although risk of infection in dogs may occur year-round, 53 

knowledge of seasonal trends may assist veterinarians in formulating differential diagnoses 54 

and evaluation of exposure risk.  55 
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Introduction 56 

Leptospirosis is a common zoonotic disease with worldwide distribution affecting many 57 

mammalian species.1-4 It has long been recognized as a disease in dogs, with Leptospira 58 

interrogans serovars Canicola and Icterohaemorrhagiae historically being the major serovars 59 

contributing to canine infection.5,6 Dogs usually become infected when in contact with urine 60 

or water containing Leptospira bacteria.6,7 Diagnosis is often made via serology, and the 61 

microscopic agglutination test (MAT) has been the most commonly used method for 62 

diagnosing infection.8 The highest MAT titers are often considered indicative of the infective 63 

serogroup/serovar, but such interpretations may be erroneous due to cross-reactions between 64 

serogroups.  65 

 66 

Increased incidence of leptospirosis in humans has been associated internationally with 67 

weather producing high rainfall and flooding because these conditions increase the chances of 68 

contact with leptospire-contaminated water.2,9,10 Although such outbreaks are not common in 69 

the continental United States (US), this association with rainfall has been investigated in 70 

domestic animal leptospirosis.11-13 In California, one study found the number of canine cases 71 

seen at a university referral hospital was correlated (71%) to the annual rainfall amount at a 72 

nearby metropolitan area.11 In another study it was suggested that rainfall in the previous 73 

three months had a 41% correlation with leptospirosis in dogs in Indiana between 1983 and 74 

1998.12  75 

 76 

More commonly, canine leptospirosis in the US has been associated with season of year, with 77 

increased diagnoses noted in fall.6,14,15 In New York City, more canine cases were reported 78 

between October and December.16 In Washington State, seropositive rates in dogs were 79 

higher in late summer and fall.17 This time of year however does not always correlate with 80 
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highest rainfall in many regions of the US, nor do all US regions note highest incidence in 81 

this season.a   82 

 83 

To our knowledge, no studies have been conducted to evaluate possible seasonal variations of 84 

canine leptospirosis at various locations across the United States in the same period. The 85 

main objective of this study was to evaluate the seasonal patterns of canine leptospirosis in 86 

four US regions [north-east (NE), mid-west (MW), south-central (SC) and California-87 

southern west coast (CS)] using MAT results from a single laboratory data source. 88 

 89 

Materials and Methods 90 

The results of leptospirosis MATs for canine serum samples submitted between January 1, 91 

2000 and December 31, 2010 were obtained from IDEXX Laboratories Inc. The MAT results 92 

for 7 serovars (Autumnalis, Bratislava, Canicola, Grippotyphosa, Hardjo, 93 

Icterohaemorrhagiae and Pomona) were reported as the highest dilution of serum that 94 

agglutinated >50% of live leptospires. All MATs were performed at a single laboratory. The 95 

MAT results were reported using 2-fold serial dilutions of serum samples, beginning from 96 

1:100. Test request date, veterinary hospital zip code, clinic ID, patient ID, and patient name 97 

were included in the dataset.  98 

 99 

In order to reduce the number of seropositive cases associated with post-vaccination titers, 100 

positive results were defined as MAT titers ≥ 1:1,600 for at least one of the tested serovars. 101 

Approximately, 9% of the tested dogs were brought in more than once to the clinics. Only 102 

one MAT result was used for each dog. If discernible (what does that mean…how can the 103 

visit be discerned), only the first hospital visit per dog was used in analysis unless a 104 

subsequent MAT showed seroconversion after the initial submission. The monthly 105 
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seropositive rate (%) with 95% confidence interval (CI) was calculated by dividing the 106 

number of positive results by the total number of submitted canine samples for that month. 107 

The total dataset was first analyzed to investigate the overall trend and seasonality of 108 

leptospirosis in the United States.  109 

 110 

Four regions (state abbreviations shown) were then defined [north-east (NE): ME, NH, VT, 111 

MA, RI, CT, NJ, NY, PA and DE; mid-west (MW): KY, OH, IN and MI; south-central (SC): 112 

LA, AR, OK and TX; California-southern west coast (CS): CA] using zip codes of the 113 

submitting hospital. The NE, MW and SC regions were determined using zip codes starting 114 

with 0, 4, and 7, respectively, while the CS region was defined using zip codes between 115 

90001 and 96100. Monthly seropositive rates were calculated by region during the study 116 

period. A seasonal-trend decomposition procedure based on loess (STL) was utilized for the 117 

time series analysis, which decomposes the time series into 3 components: trend, seasonality 118 

and remainder.18 The STL procedure consists of a sequence of applications of the loess 119 

smoothing operations to identify data patterns that are not required to conform to 120 

mathematical polynomial equations. Monthly variation in the seropositive rate was separately 121 

visualized using a seasonal cycle subseries plot which assumed yearly periodicity. The 122 

seasonal cycle subseries plot displays horizontal lines for the average seropositive rate of 123 

each month over the total period, and each vertical line above and below the horizontal line 124 

indicates the specific seropositive rate for that month in each year of the data. 125 

 126 

In order to statistically compare average monthly seropositive rates, univariate logistic 127 

regression models were constructed for each region with odds ratio and 95% CI calculated for 128 

each month. The lowest average monthly rate was used as the reference month, which was 129 

February for each region except the CS region (where January was the reference). All data 130 
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were presented in Excelb format and analyzed using Rc and STATAd statistical software. 131 

Statistical significance was set at p<0.05. 132 

 133 

Results 134 

A total of 3,503 (7.80%; 95% CI: 7.55-8.05) sera were positive at any titer ≥ 1:1,600 among 135 

44,916 submitted samples (one sample per dog) from 2000 to 2010. Marked fluctuations 136 

between months were noted with peaks occurring in a pattern suggestive of periodicity (Fig. 137 

1). Variation by year also occurred. The annual seropositive rate was the highest in 2009 138 

(10.15%; 95% CI: 9.42-10.92) while the lowest rate (4.31%; 95% CI: 3.44-5.32) was 139 

observed in 2001. The STL plot of trend, seasonality and remainder components indicated a 140 

strong seasonal component in the overall data during the study period (Fig. 2). The STL plot 141 

of the trend component showed mild fluctuations during the eleven years without an overall 142 

increasing or decreasing trend. The seasonal component indicated a single peak at the end of 143 

each year, consistent with increased positive cases in the fall. The remainder component 144 

appeared to have random variation although a large positive residual is noted in May 2007. 145 

The seasonal cycle subseries plot showed that on average monthly seropositive rates were 146 

greatest in November, followed by December and October (Fig. 3). Overall, rates were 147 

greatest in the fall (September-December) although a smaller peak in spring (May) is also 148 

noted. The cycle subseries plot exhibited inter-annual variation by month as noted by the 149 

vertical bars, e.g. a large increase above average occurred in May of one year (2007) 150 

compared to other years. 151 

 152 

STL decomposition by region 153 

In the Midwest (MW) region, 353 (8.87%; 95% CI: 8.00-9.80) sera were considered positive 154 

in 3,980 submitted samples. The MW samples were 8.9% of the total 44,916 submissions. 155 
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The STL trend component presented a fluctuating pattern without an apparent overall 156 

increase or decrease (Fig. 4A). The STL seasonal component was unimodal, but the peak was 157 

accompanied by a ‘shoulder’ of high rates also preceding this peak. The remainder 158 

component showed mild variation in residuals, except for one large residual which occurred 159 

in 2000. 160 

 161 

In the north-east (NE) region, 1,042 (7.11 %; 95% CI: 6.70-7.54) of 14,657 canine sera were 162 

positive for a diagnosis of leptospirosis. Contributions from this region represented 32.6% of 163 

the total dataset. The STL decomposition showed that the trend component had minimal 164 

fluctuation and a slight overall increase during the study period (Fig. 4B). The seasonal 165 

component was unimodal with a single monthly peak occurring near the end of each calendar 166 

year. The remainder component displayed relatively small residuals each month of the time 167 

series.  168 

 169 

For the California-southern west coast (CS) region, there were 410 (6.16%; 95% CI: 5.59-170 

6.77) positive submissions among 6,655 total sera. Sera from this region were 14.8% of the 171 

total MAT tests. The STL trend component was relatively flat with minimal fluctuations (Fig. 172 

4C). The seasonal component however had a primary peak early in the calendar year with a 173 

smaller secondary peak occurring approximately 9 months later. Large variations in residuals 174 

were principally noted in 2000. 175 

 176 

In the south-central (SC) region, 500 (11.81 %; 95% CI: 10.85-12.82) sera were positive of 177 

4,235 sera submitted for testing. This region accounted for 9.4% of all submissions. The STL 178 

trend component for this region displayed the largest fluctuations in the study period (Fig. 179 

4D). The seasonal component displayed more peaks per year compared to other regions. The 180 
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primary peak was at the end of the year, but secondary and tertiary peaks were noted earlier 181 

in the year. In the remainder component, large residuals were noted in early 2002 and 2003. 182 

 183 

Monthly evaluation by region 184 

In the Mid-west (MW) region, the seasonal cycle subseries plot showed that on average the 185 

seropositive rate in December was greatest, followed closely by November (Fig. 5A). 186 

Monthly rates in February were approximately half of December rates but gradual increases 187 

in seropositive rates were noted during the year. Variation did occur between years, and 188 

unusually high rates (compared to normal for the month) were noted in February, March, 189 

May, June, July and September in different years. In regression analysis of month for the 190 

MW region, odds of a positive MAT titer were significantly increased only in November 191 

(OR: 2.27; 95% CI: 1.27-4.06) and December (OR: 2.17; 95% CI: 1.20-3.91) compared to 192 

February. 193 

 194 

The seasonal cycle subseries plot for the north-east (NE) region showed that the average 195 

seropositive rate was greatest in November (Fig. 5B). Second and third highest rates were 196 

observed in December and October, respectively. Variation between months was greater in 197 

this region than in other regions analyzed. Mild variations were noted between years. In the 198 

NE region there were significantly increased odds of a positive test in August (OR: 1.55; 95% 199 

CI: 1.06-2.27), September (OR: 2.26; 95% CI: 1.57-3.26), October (OR: 2.32; 95% CI: 1.62-200 

3.31), November (OR: 3.54; 95% CI: 2.49-5.02) and December (OR: 2.31; 95% CI: 1.60-201 

3.32) compared to February. 202 

 203 

In California-southern west coast (CS) region, the highest rate on the seasonal cycle subseries 204 

plot was in February (Fig. 5C). The February rate was closely followed by rates observed in 205 



10 

 

March, April, and November. Greatest annual variations were noted in higher rates in May, 206 

August, October and November in 2000. In regression analysis only February (OR: 2.06; 207 

95% CI: 1.27-3.36) and March (OR: 2.17; 95% CI: 1.35-3.49) were significantly increased in 208 

odds of a positive test compared to January as the referent month. 209 

 210 

In the south-central (SC) region, the highest observed average seropositive rate on seasonal 211 

cycle subseries plot was in December (Fig. 5D). The secondary peak was in May with lesser 212 

rates seen in January, April, July, and November. Marked annual variation was noted, but 213 

large increases above average were noted in April 2003 and May 2002. For the SC region, the 214 

only month at significantly increased risk compared to February was December (OR: 1.74; 215 

95% CI: 1.04-2.87). 216 

 217 

Discussion 218 

This study used a single dataset of MAT results from practitioner-submitted dog sera to 219 

determine that seasonality of canine leptospirosis differed by region in the United States. 220 

Various risk factors for leptospirosis, such as amount of rainfall, contact with contaminated 221 

water/urine, type and frequency of outdoor activity by reservoir hosts and by dogs, have been 222 

suggested in previous studies;12,14,19,20 but times or ‘seasons’ of greatest risk may differ for 223 

these factors and their interactions. Summary measures of large datasets may be influenced 224 

by selected subsets of the data, and epidemiological studies may fail to identify differences 225 

within distinctive subsets of the data. Variations, i.e. heterogeneity, may exist also within 226 

regions analyzed or within other geographical subsets/areas not evaluated.   227 

 228 

Interpretation of these temporal findings should also consider that they are based on MAT 229 

results indicating serologic conversion. Following exposure to Leptospira, it generally takes 230 
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minimum of 7-10 days for a dog to produce detectable serum antibodies.2,8 The identification 231 

of a positive test in a particular month may therefore indicate exposure in the previous 232 

month(s). False-negatives occur early in infection. Therefore inclusion of seroconverting 233 

cases was accomplished by searching for dogs brought in for additional testing after a 234 

negative first test; 7.22% (253/3,503) of total positive cases were based on seroconversion. 235 

False-positives for exposure to the Leptospira organism are uncommon with the MAT, but 236 

false-positives can occur at serogroup/serovar level due to cross-reactions.2 This study did not 237 

attempt to distinguish between serogroups/serovars. Antibody production also occurs after 238 

exposure and subclinical disease, persisting at low titers, as well as after vaccination. The 239 

cutoff titer of ≥1:1,600 was selected to attempt to minimize misclassification without 240 

inappropriate elimination of true cases. A non-verifiable assumption was also made that the 241 

request for a MAT was predicated on clinical signs potentially associated with canine 242 

leptospirosis. The above considerations clearly limit the interpretability of raw percentages 243 

alone, but may be considered non-differential in assessing relative comparisons within a large 244 

dataset. 245 

 246 

Analysis of the total dataset, evaluating submissions from all geographic areas together, 247 

indicated a strong seasonal increase in the fall. This is consistent with previous studies using 248 

multi-regional contributions from veterinary hospitals in the United States and Canada. 14,16,20-249 

22 It was noted however that the numbers of laboratory submissions were not homogeneous 250 

across geographical regions in this dataset, and some similarities and differences in 251 

seasonality were noted in the four US regions investigated. The MW and NE regions are 252 

contiguous and of similar latitude, and the a priori assumption was that there would be 253 

minimal differences in these two regions. The SC and CS regions however are spatially 254 

distinct (from MW/NE and each other) and influenced by different weather patterns. 255 
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 256 

Contributing to the overall pattern, the highest seropositive rates in the MW and NE regions 257 

occurred in November and December. In both these regions of similar latitude, months in the 258 

spring, summer and winter had average positive rates less than those in fall. In the NE region, 259 

significantly higher rates were reported August through December, consistent with published 260 

case series from this region.23,24 Increased positive rates for fall, compared to summer 261 

months, were also noted in the CS and SC regions; but high/higher monthly rates also 262 

indicative of seasonality were observed earlier in the calendar year for both CS and SC 263 

regions (February and May, respectively). These late winter or early spring increases may be 264 

indicative of milder climates and increased precipitation without freezing. 265 

 266 

Previous studies have attempted to discern an association with precipitation or rainfall,11,12,25 267 

although yearly weather variability may influence patterns. Historical monthly precipitation 268 

(rain or snow) data by state indicates October and November are the wettest months in parts 269 

of the NE region, e.g. Massachusetts, but in the MW region, e.g. Ohio, wettest months are 270 

May and June.26 The time interval between these months and fall may explain the lag of 3 271 

months found between precipitation and cases in a previous study.12 May and June are also 272 

the wettest months in Texas (SC region),26 which is somewhat reflected in the seasonal cycle 273 

subseries plot. In California the months with the wettest weather are January and February.26 274 

The findings in this study could therefore support a relationship between rainfall and 275 

leptospirosis, showing a delay in positive tests due to disease incubation and seroconversion. 276 

Also, periods of extreme cold (winter in MW and NE) or extreme heat (summer in CS and 277 

SC) can be associated with reduced available surface water and reduced seropositivity rates, 278 

since leptospires can be killed by freezing or desiccation.2 Further study is needed to truly 279 

assess the potential relationship between rainfall and positive MAT result in each region. 280 
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 281 

Although the amount of rainfall or flooding has been positively associated with increased 282 

cases of leptospirosis in some studies, urine from infected (usually reservoir) hosts is also 283 

required. Dogs may have more opportunities to come into contact with organisms shed by 284 

wild animals in fall and early winter due to increased movement of urban wildlife (such as 285 

raccoons and skunks) in a dispersion period of wildlife family units seeking shelter for the 286 

winter period.27,28 Risk patterns associated with spring may also include increased movement 287 

of raccoons, primarily males, as a result of mating periods.29 Further investigation into the 288 

possible role of different wildlife species or environmental conditions contributing to the 289 

infection is needed in each region. 290 

 291 

STL techniques provide an effective tool to visualize and explore time-series events by 292 

dividing them into trend, seasonal, and remainders components that best fit the data.18 293 

Graphic presentation of the data as in seasonal cycle subseries plots also allows identification 294 

of time points, e.g. specific years, that deviate from the mean of the data. Other methods used 295 

to analyze epidemiological data collected over time include generalized linear models or time 296 

series methods focusing on evaluating change-point of parameters rather than decomposing 297 

and describing its elements. A recent paper that reviewed methods used to assess seasonality 298 

in epidemiological studies of human infectious disease did not include methods such as 299 

STL.30 STL methods have not been commonly employed in veterinary research, perhaps due 300 

to lack of time series data conducive to its use. 301 

 302 

Seasonal cycle subseries plots like other methods average individual seropositive rates for the 303 

same month in each year regardless of the number of submitted samples each month. 304 

Therefore, the average seropositive rate (horizontal line) can be influenced by large values 305 
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but these extremes can be identified in plotted vertical lines. These plots are visual 306 

representations of the data, not statistical comparisons. Assessment of statistically significant 307 

differences between monthly rates in this study was made by univariate logistic regression in 308 

this study. The calculation of odds ratios is influenced by selection of the referent 309 

group/month, and confidence intervals may be more realistic indicators of differences than 310 

the point estimates. It was desirable to use the month with the lowest rates as the referent 311 

group, but this was not the same month in all regions.  312 

 313 

Temporal and spatial parameters of laboratory data are also potentially affected by 314 

submission bias in those ordering the test, and it is not known to what degree biases differ by 315 

region. Investigating the epidemiology of any infectious disease is challenging if clinical 316 

signs of the disease are not distinctive or easily recognized by clinicians, if clinicians do not 317 

have a reasonable suspicion of the disease, or if accurate economical tests are not available 318 

for a rapid diagnosis. Thus many aspects of the epidemiology of canine leptospirosis are 319 

challenging, but detectable patterns can help direct future investigations.  320 

 321 

In this study using serological test results for canine leptospirosis, different geographical 322 

regions were found to have somewhat different seasonal patterns. Seropositive rates also 323 

showed differences in their variation by season for different US regions, and seropositivity 324 

could be found in sera submitted in any month of the year. Knowledge of seasonal trends 325 

may help veterinarians in formulating and ranking lists of differential diagnoses for their 326 

patients, and can help in the evaluation of the risk of Leptospira exposure.  327 
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Footnotes 328 

a Sykes JE, Bryan J, Armstrong PJ. Comparison of clinical findings associated with canine 329 

leptospirosis between two teaching hospitals. J Vet Intern Med 2007;21:624 (abstract). 330 

b Microsoft Office Excel 2007 331 

c R version 2.15.2; Development Core Team, 2011 332 

d STATA version 11.2, STATA Corp., College Station, TX, USA  333 



16 

 

References 334 

1. Farr RW. Leptospirosis. Clin Infect Dis 1995;21:1-20. 335 

2. Levett PN. Leptospirosis. Clin Microbiol Rev 2001;14:296-326. 336 

3. Pappas G, Papadimitriou P, Siozopoulou V. et al. The globalization of leptospirosis: 337 

worldwide incidence trends. Int J Infect Dis 2008;12:351-357. 338 

4. World Health Organization [Internet]. 2012. Leptospirosis [updated 2009 June 23; cited  339 

2013 March 15]. Available at: http://www.who.int/zoonoses/diseases/leptospirosis /en/  340 

5. André-Fontaine G. Canine leptospirosis - do we have a problem? Vet Microbiol  341 

2006;117:19-24. 342 

6. Bolin CA. Diagnosis of leptospirosis: a reemerging disease of companion animals. Semin  343 

Vet Med Surg (Small Anim) 1996;11:166–171. 344 

7. Hanson L. Leptospirosis in domestic animals: the public health. J Am Vet Med Assoc  345 

1982;181:1505-9.  346 

8. Greene CE, Sykes JE, Moore GE, et al. Leptospirosis. In: Greene CE, ed. Infectious  347 

Diseases of the Dog and Cat. 4th ed. St. Louis, MO: Elsevier Saunders; 2012:431–447. 348 

9. Gaynor K, Katz AR, Park SY, et al. Leptospirosis on Oahu: an outbreak associated with  349 

flooding of a university campus. Am J Trop Med Hyg 2007;76:882–886. 350 

10. Hermann SC, Postic D, Lamaury I, et al. Changes in epidemiology of leptospirosis in  351 

2003–2004, a two El Nino southern oscillation period, Guadeloupe archipelago, French West  352 

Indies. Epidemiol Infect 2008;136:1407–1415. 353 

11. Adin CA, Cowgill LD. Treatment and outcome of dogs with leptospirosis: 36 cases  354 

(1990–1998). J Am Vet Med Assoc 2002;216:371–375. 355 

12. Ward MP. Seasonality of canine leptospirosis in the United States and Canada and its  356 

association with rainfall. Prev Vet Med 2002;56:203–213. 357 

13. Miller DA, Wilson MA, Beran GW. Relationships between prevalence of Leptospira  358 



17 

 

interrogans in cattle, and regional, climatic, and seasonal factors. Am J Vet Res  359 

1991;52:1766–1768. 360 

14. Ward MP, Glickman LT, Guptill LE. Prevalence of and risk factors for leptospirosis  361 

among dogs in the United States and Canada: 677 cases (1970-1998). J Am Vet Med Assoc  362 

2002;220:53-58. 363 

15. Harkin KR, Gartrell CL. Canine leptospirosis in New Jersey and Michigan: 17 cases  364 

(1990-1995). J Am Anim Hosp Assoc 1996;32:495-501. 365 

16. Goldstein RE, Lin RC, Langston CE, et al. Influence of infecting serogroup on clinical  366 

features of leptospirosis in dogs. J Vet Intern Med 2006;20:489–494. 367 

17. Davis MA, Evermann JF, Petersen CR, et al. Serological survey for antibodies to  368 

Leptospira in dogs and raccoons in Washington State. Zoonoses Public Hlth 2007;55:436- 369 

442. 370 

18. Cleveland RB, Cleveland WS, McRae JE, et al. STL: a seasonal-trend decomposition  371 

procedure based on loess. J Off Stat 1990;6:3–73. 372 

19. Alton GD, Berke O, Reid-Smith R, et al. Increase in seroprevalence of canine  373 

leptospirosis and its risk factors, Ontario 1998–2006. Can J Vet Res 2009;73:167–175. 374 

20. Prescott JF, McEwen B, Taylor J, et al. Resurgence of leptospirosis in dogs in Ontario:  375 

recent findings. Can Vet J 2002;43:961–995. 376 

21. Brown CA, Roberts AW, Miller MA, et al. Leptospira interrogans serovar grippotyphosa  377 

infection in dogs. J Am Vet Med Assoc 1996;209:1265-1267. 378 

22. Gautam R, Wu CC, Guptill LF, et al. Detection of antibodies against Leptospira serovars  379 

via microscopic agglutination tests in dogs in the United States, 2000-2007. J Am Vet Med  380 

Assoc 2010;237:293-298. 381 

23. Birnbaum N, Barr SC, Center SA, et al. Naturally acquired leptospirosis in 36 dogs:  382 

serological and clinicopathological features. J Small Anim Pract 1998;39:231-236. 383 



18 

 

24. Rentko VT, Clark N, Ross LA, et al. Canine leptospirosis. A retrospective study of 17  384 

cases. J Vet Intern Med 1992;6:235-244. 385 

25. Ward MP, Guptill LF, Wu CC. Evaluation of environmental risk factors for leptospirosis  386 

in dogs: 36 cases (1997–2002). J Am Vet Med Assoc 2004;225:72–77. 387 

26. Current Results [Internet]. NOAA National Climatic Data Center. c1971-2000. Average  388 

annual precipitation by state [cited 2013 March 17]. Available, with breakdown by season by  389 

state, from: http://www.currentresults.com/Weather/US/average-annual-state-recipitation.php   390 

27. Gehrt SD, Raccoon. In: Feldhamer GA, Thompson BC, Chapman CA, eds. Wild  391 

mammals of North America: biology, management, and conservation. Baltimore: Johns  392 

Hopkins University Press, 2003:611–634.  393 

28. Bixler A, Gittleman JL. Variation in home range and use of habitat in the striped skunk  394 

(Mephitis mephitis). J Zool 2002;251:523-533. 395 

29. Sanderson GC, Nalbandov AV. The reproductive cycles of the raccoon in Illinois. III. Nat  396 

Hist Surv Bull 1973;131:25-85. 397 

30. Christiansen CF, Pedersen L, Sørensen HT, et al. Methods to assess seasonal effects in  398 

epidemiological studies of infectious diseases—exemplified by application to the occurrence  399 

of meningococcal disease. Clin Microbiol Infec 2012;18:963-969. 400 

 401 

  402 

http://www.currentresults.com/Weather/US/average-annual-state-recipitation.php


19 

 

Figure legends 403 

 404 

Figure 1. Seropositive rate (%) of microscopic agglutination tests for canine leptospirosis in 405 

the United States by month from January 2000 through December 2010. 406 

 407 

Figure 2. Seasonal-trend decomposition of the monthly seropositive rate (%) for canine 408 

leptospirosis in the United States, 2000-2010, displayed in its three components of trend, 409 

seasonal, and the remainder. 410 

 411 

Figure 3. Seasonal cycle subseries plot of the monthly seropositive rate (%) for canine 412 

leptospirosis in the United States, 2000-2010. Horizontal lines display the overall average 413 

seropositive rates for each month in the 11 year period, and each vertical line above or below 414 

the horizontal bar revealed the difference from the overall monthly average in each year of 415 

the data. 416 

 417 

Figure 4. Seasonal-trend decomposition plots of the seropositive rate (%) on a monthly basis 418 

for canine leptospirosis in four US regions. 419 

 420 

Figure 5. Seasonal cycle subseries plots of the seropositive rate (%) on a monthly basis for 421 

canine leptospirosis in four US regions. 422 
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Figure 1. Seropositive rate (%) of microscopic agglutination tests for canine leptospirosis in the 423 

United States by month from January 2000 through December 2010.   424 

 425 
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Figure 2. Seasonal-trend decomposition of the monthly seropositive rate (%) for canine leptospirosis 427 

in the United States, 2000-2010, displayed in its three components of trend, seasonal, and the 428 

remainder.429 
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Figure 3. Seasonal cycle subseries plot of the monthly seropositive rate (%) for canine leptospirosis 431 

in the United States, 2000-2010. Horizontal lines display the overall average seropositive rates for 432 

each month in the 11 year period, and each vertical line above or below the horizontal bar revealed 433 

the difference from the overall monthly average in each year of the data. 434 
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Figure 4. Seasonal-trend decomposition plots of the seropositive rate (%) on a monthly basis for canine leptospirosis in four US regions. 436 
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Figure 5. Seasonal cycle subseries plots of the seropositive rate (%) on a monthly basis for canine leptospirosis in four US regions. 438 
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