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Seasonality and risk factors for grass seed foreign bodies in dogs  

 

Thank you considering our publication entitled ‘Seasonality and risk factors for grass seed 

foreign bodies in dogs’ for publication in your journal. Whilst not common, grass seeds can 

pose a significant risk to individual animals. We have taken a big data health informatic 

approach to quantify animal and environmental/climatic factors associated with risk and 

suitable for targeted health interventions.  We have chosen PVM from a range of possibilities 

because of your strong focus on methodological and applied research in veterinary 

epidemiology. 

Thank you for considering our work. 

Best regards, 

Bethaney Brant (corresponding author) 

bethh@liverpool.ac.uk 

Cover Letter
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Abstract 10 

Grass seed foreign bodies (GSFBs) are a familiar presentation, especially in dogs, associated 11 

with a variety of clinical signs depending on site of penetration and extent of migration. 12 

Seasonality and risk factors for GSFB occurrence were investigated using electronic health 13 

records from a sentinel voluntary network of 245 veterinary practices in the United Kingdom 14 

between 17th March 2014 and 18th September 2020.  Clinical narrative text mining of 15 

4,580,503 canine consultations produced a final case dataset of 1,037 consultations where 16 

GSFBs had been recorded in individual dogs. Cases of GSFBs were recorded in all months, 17 

the majority between June and September.  In particular, the odds of GSFBs in July was 18 

almost 176 times more than that of January (Odds ratio, OR, 175.6, 95% Confidence interval, 19 

CI, 43.5-707.7, P<0.001).  Compared to the retriever breed type, spaniel breed types were 7.7 20 

times more likely to present with a GSFB (CI 5.39 – 11.03, P<0.001). 21 

Other significant risk factors associated with recorded GSFBs for this population included 22 

being male (OR = 1.36, CI 1.15-1.61, P<0.001), and geographical location. When compared 23 

to the South East of England, risk was lowest in Wales (OR=0.09, CI 0.04-0.25, P=<0.001), 24 
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and highest in the East of England (OR = 1.86, 1.24 – 2.85, P=0.003), and overall risk in 25 

urban areas was reduced (OR=0.80, CI 0.66-0.97, P=0.024). These observations provide a 26 

number of areas for temporally targeted health campaigns at specific types of dogs, to reduce 27 

the impact of GSFBs on canine welfare.  28 

 29 

Introduction 30 

Grass seed foreign bodies (GSFBs) are a familiar presentation in veterinary practice 31 

(Marchegiani et al, 2017). The clinical signs and their speed of onset are dependent on where 32 

the GSFB penetrates and whether migration within the body occurs; some may be acutely 33 

presented whereas others may be more insidious. Previous work suggests that GSFBs 34 

typically lodge in interdigital spaces, ears, eyes and the nasal cavity (Caivano et al, 2016, 35 

Dennis et al, 2015), causing clinical signs such as acute lameness, infection, inflammation, 36 

ocular irritation and respiratory distress.  In these cases, it is often possible to visualise and 37 

remove the GSFB at first presentation.  Migration of GSFBs causes tracts into deeper 38 

anatomical structures, with case reports documenting a range of complications including 39 

spinal empyema (Whitty et al, 2013), intra-thoracic pyogranulomatous disease (Doyle et al, 40 

2009) and brain abscessation (Dawson et al, 2014).   41 

In simple cases, diagnosis of a GSFB is achieved through identification on physical 42 

examination which allows for subsequent removal.  However, in some patients, especially 43 

those where migration has occurred, more intense investigations may be required (including 44 

advanced imaging) to identify either the GSFB itself or its location (Vansteenkiste et al 2014, 45 

Whitty et al, 2013); in such cases, surgery would ideally be performed to remove the GSFB. 46 
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Seasonality is likely to be an important consideration when considering a GSFB diagnoses.  47 

The summer months are largely thought of as highest risk, but GSFBs can lodge and cause 48 

delayed problems at other times of the year too (Shultz and Zwingenberger, 2008).  There is 49 

no published research of GSFB seasonality in the United Kingdom (UK), but research based 50 

on Australian cases showed GSFB reports increasing during the Australian summer months 51 

of October, November, and December, and decreasing from June to September, with peak 52 

incidence occurring two months after grass seed heads had matured (Hicks et al, 2016).  53 

Risk factors for GSFBs include densely haired ears and paws, which trap grass seeds and 54 

facilitate their penetration into the body at those sites.  Owners are commonly advised to keep 55 

their dog’s paws and ears trimmed short especially in breeds such as spaniels (Johnston et al, 56 

1971). Breed predispositions to GSFBs have been described using Australian, Italian and UK 57 

data (Caivano et al, 2016, Hicks et al, 2016, and Vansteenkiste et al, 2014) where working 58 

breeds, especially spaniel types, appear more frequently documented.   59 

Despite the common occurrence and importance of GSFBs, they have been considered to be 60 

relatively poorly documented (Hicks et al, 2016). To date and to the best of our knowledge, 61 

no large-scale research has investigated UK data for risk factors for GSFBs, nor has 62 

seasonality been described in the UK. Here, we leverage the power of a large database of 63 

electronic health records (EHRs) from a sentinel network of UK veterinary practices to 64 

identify patients presenting with GSFBs, with particular focus on risk factors and seasonality. 65 

 66 

Materials and methods 67 

Data extraction and inclusion criteria 68 
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In this retrospective case control study, EHRs collected from 245 sentinel veterinary practices 69 

participating in the Small Animal Veterinary Surveillance Network (SAVSNET) between 70 

17th March 2014 and 20th September 2020 were analysed.  All veterinary practices involved 71 

in this study are based in the United Kingdom (UK), use the RoboVet practice management 72 

system (Covetrus) and were recruited using convenience sampling. 73 

SAVSNET collects EHRs from participating practices on a consultation-by-consultation 74 

basis from each booked consultation with a veterinary surgeon or nurse.  Owners are able to 75 

exclude their animal’s data from SAVSNET through an opt-out option.  For all consultations 76 

where the owner does not opt out, data is submitted to SAVSNET including animal 77 

signalment information such as breed and age, the owner’s postcode, the date of consultation, 78 

and the clinical narrative and any products dispensed. The clinical narrative is a free text 79 

description that can variably include information relating to clinical history, clinical 80 

examination, proposed and completed management plans, and other pertinent information, 81 

written at time of consultation by the attending veterinary professional. Ethical approval for 82 

SAVSNET was granted by the University of Liverpool Ethics Committee (RETH000964).  83 

SAVSNET data collection methodology has been described in more detail previously 84 

(Sánchez-Vizcaíno et al, 2015). 85 

The case definition for inclusion in this study was ‘GSFB identified in a dog and recorded in 86 

the clinical narrative of a consultation by a veterinary surgeon or nurse’ and excludes 87 

possible GSFBs that were reported only by the owner. Potential cases where GSFBs were 88 

mentioned in the clinical narratives were identified using a text mining approach based on 89 

regular expressions (regex) informed by word2vec modelling of clinical narratives using the 90 

Gensim library (Rehurek and Sojka, 2010) which allowed identification of semantically 91 

similar terms as well as misspellings and acronyms. The final regex was developed in an 92 
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iterative manner based on reading identified clinical narratives to understand the language 93 

used by veterinary practitioners, to further identify misspellings and abbreviations, and to 94 

exclude common negations.  The final regex used to identify potential cases was: 95 

(?<!no\s)grass\s?seeds?\s(remove|seen|found|is|extracted)|(removed?|seen|found|is|ext96 

racted)\sgrass\s?seed  97 

Consultations found by this regex were read by the lead author (a registered veterinary nurse) 98 

to exclude those not meeting the case definition, any repeat consultations for GSFBs and 99 

those missing data fields such as postcode and breed. To determine risk factors for recorded 100 

GSFBs, a retrospective case-control study was completed.  Species-matched control 101 

consultations that did not meet the case definition were randomly selected from the entire 102 

canine SAVSNET database at a ratio of 1 case: 5 controls. 103 

 104 

Data management 105 

Consultation date (expressed in month of consultation), owner postcode and the dog’s sex, 106 

date of birth and neuter status were retrieved for all dogs included in this study; health 107 

records with incomplete or otherwise incorrect fields (for example postcodes in an invalid 108 

format) were removed.   For the purposes of statistical modelling, where a dog had more than 109 

one visit associated with GSFBs, a single consultation was randomly chosen to be included.  110 

Breeds were summarised to standardised breed terms (vonHoldt et al, 2010) before 111 

categorisation into either genotypically similar breed groups, crossbreeds, breeds not yet 112 

genetically classified (‘unclassified’), or breed not recorded/recognisable (‘unknown’), 113 

providing a total of twelve breed groups in this study. Named cross breeds such as the 114 

Cockerpoo and Labradoodle were recorded as ‘crossbreed’.  115 
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Consultations were organised by month to allow for the seasonality of GSFBs to be 116 

investigated.  117 

Collection of the full owner postcode allowed the Nomenclature of Territorial Units for 118 

Statistics (NUTS) 1 codes (European Commission, 2016) and the latitude and longitude to be 119 

calculated and summarised for each case and control (Anon, 2019).  Each postcode was 120 

classified as rural or urban using the 30s spatial resolution raster of the dominant aggregate 121 

class version of the Land Cover Map 2015 available from the Centre for Ecology and 122 

Hydrology at: https://www.ceh.ac.uk/services/land-cover-map-2015.  123 

 124 

Statistical analysis 125 

The statistical programme ‘R’ (version 4.0.3) was used for all analyses. Descriptive 126 

proportions and confidence intervals were adjusted for clustering within sites (bootstrap 127 

method, n=5,000 samples) (AOD R Packages, 2016). Multivariable mixed effects logistic 128 

regression models were fitted using the R package ‘lme4’ (Bates et al, 2015) to assess the 129 

association between explanatory variables and the likelihood of an animal presenting as a 130 

case as opposed to being a control animal (presented as the binary outcome variable ‘case’). 131 

Likelihood ratio tests (LRT), Akaike Information Criterion (AIC), Bayesian Information 132 

Criterion (BIC), were used to examine presence of clustering within veterinary practice or 133 

site; practice alone was found to provide best fit, and hence was included in the resulting 134 

model.  135 

Initial univariable screening included nine categorical explanatory variables (sex, neutered 136 

status, genetic breed group, month of consultation, year of consultation, rural/urban status, 137 

NUTS1 category of origin, region within country, and country of overall) and one continuous 138 
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variable (age at consultation). For continuous explanatory variables, up to quartic polynomial 139 

terms were included if an LRT, AIC and BIC indicated significantly improved fit, compared 140 

to linear and lesser polynomial terms. Explanatory variables were retained for multivariable 141 

analysis if an LRT indicated P≤0.20 against a null model. 142 

Multivariable models underwent manual stepwise backward elimination to minimise AIC and 143 

BIC. Confounding was accounted for via assessment of effect variation upon removal of 144 

variables. Two-way interaction terms between other explanatory variables were assessed via 145 

AIC, BIC and an LRT. The Variance Inflation Factor (VIF) was used to assess 146 

multicollinearity (Fox and Weisberg, 2019). For continuous variables, projected prescription 147 

probabilities and associated 95% confidence intervals were calculated from log odds using 148 

‘sjPlot’ (Lüdecke, 2018). Statistical significance was defined as P<0.05. 149 

 150 

Results 151 

Between 17th March 2014 and 18th September 2020, a total of 4,580,503 EHRs were 152 

collected from 245 UK veterinary practices participating in SAVSNET.  Figure 1 shows the 153 

distribution of these practices.   154 

The final regex identified 1,864 consultations where a GSFB was mentioned, of which, 155 

following manual classification, 1,256 consultations were identified as meeting the case 156 

definition of a grass seed being identified by the attending veterinary surgeon or nurse at the 157 

time of consultation.  Putative GSFB cases were excluded where a GSFB was only listed as a 158 

differential diagnosis, and references to previously removed GSFBs, or the species not being 159 

canine.  Within these 1,256 EHRs, 95 involved species other than dogs including cats (n=69), 160 

guinea pigs (n=23) and rabbits (n=4). Most of the dogs were only represented by a single 161 
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consultation (n=1,236, 98.4%), but some had multiple visits (n=20, 1.6%); for the purposes 162 

of statistical modelling, where a dog had more than one visit associated with GSFB, only one 163 

consultation was randomly chosen for inclusion. Finally, 219 EHRs were removed due to 164 

incomplete or incorrect fields such as postcode, breed, or age of dog.  This resulted in a final 165 

case population of 1,037 consultations (Figure 2). The same process was undertaken for the 166 

original control data resulting in a final control population of 6,756 consultations.   167 

Descriptive statistics for both cases and controls are summarised in Supplementary Table 1. 168 

The majority of dogs presenting with GSFB were male (n = 614, 59.2%) and affected dogs 169 

were largely neutered (n=729, 70.0%). Spaniel breeds or spaniel-type crossbreeds dominated 170 

the top ten breeds or crossbreeds recorded as presenting with GSFB in this case population 171 

including the English Cocker Spaniel (n = 235, 22.6%), English Springer Spaniel (n = 106, 172 

10.2%), Cockerpoo (n = 89, 8.6%) and Cavalier King Charles Spaniel (n = 35, 3.4%) (Figure 173 

3). The mean age of dogs presenting with GSFB was 5.5 years (95% confidence interval, CI, 174 

5.23-5.68), with a median age of 4.7 (range 0.00-16.94).   175 

Records of GSFBs were noted in all months of the year.  Quarter 3 (July-September) had the 176 

most recorded GSFBs (n = 771, 74.3%), highest in July (n = 443, 42.7%). The month where 177 

peak numbers of GSFBs were recorded was always in July apart from in 2015, where August 178 

had the highest number recorded (Figure 4). Similarly, all geographical regions showed a 179 

peak of GSFBs in July, apart from Wales where most GSFBs were recorded in August. 180 

Results of univariable analyses are shown in Supplementary Table 1. 181 

Multivariable analysis shown in Table 1 confirmed that male dogs were significantly more 182 

likely to have a recorded GSFB than females (OR = 1.36, CI 1.15-1.61, P<0.001), though 183 

neutering was not found to be significant in the final model, either alone or as an interacting 184 

term between neuter status and sex.  185 
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When compared to the retriever type, spaniel types were associated with greater risk being 186 

7.71 times more likely to present with a GSFB (OR = 7.71, CI 5.39 – 11.03, P<0.001). Other 187 

breed types associated with increased risk were working dog types (which included the 188 

Doberman and German Shepherd Dog) (OR = 3.00, CI 1.85 – 4.88, P<0.001) and small 189 

terriers (including the Jack Russell Terrier and Yorkshire Terrier; OR = 2.73, 1.8-4.14 190 

P=0.001). 191 

There was, not surprisingly, a very clear effect of season, with July being associated with 192 

175.6 times increased odds of GSFBs when compared to January (CI 43.5-707.7, P<0.001). 193 

Dogs recorded as living in the East of England were shown to be at increased risk of GSFB 194 

(OR = 1.86, 1.24 – 2.85, P=0.003) when compared to the South East, whereas odds were 195 

found to be lowest in Wales (OR=0.09, CI 0.04-0.25, P=<0.001).  In contrast, dogs who were 196 

registered as being kept in a predominantly urban postcode area were associated with a 197 

reduced risk of GSFBs compared to those in predominantly rural areas (OR=0.80, CI 0.66-198 

0.97, P=0.024). 199 

A quartic polynomial fit was found to provide best fit for animal age here. Case probability 200 

peaked at approximately four years of age, before decreasing as dogs aged (Fig 5). Compared 201 

to raw case:control proportions (grouping dogs into two-year age groups), whereas the model 202 

broadly corresponded to raw trend, model fitted values were considerably lower than raw 203 

values once multiple additional factors had been taken into account. 204 

 205 

Discussion 206 

Grass seed foreign bodies (GSFBs) are a familiar presentation in veterinary practice, and 207 

whilst many are relatively minor, chronicity and migration can lead to severe complications 208 
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requiring surgical intervention (Whitty et al, 2013). The risk of occurrence and subsequent 209 

consequences could be mitigated by owner awareness, management, husbandry and seeking 210 

veterinary attention in a timely fashion.  Here, we took a population epidemiological 211 

approach to identify significant animal and environmental risk factors associated with 212 

suffering GSFBs.   213 

Our data suggested that case probability peaked at approximately four years of age, broadly 214 

in line with Australian data where affected dogs had a median age of four years (Hicks et al, 215 

2016).  It seems likely that this peaked risk would be associated with high levels of exercise, 216 

itself often a complex interplay between an animal’s behaviour, and since most dog’s 217 

exercise in this population is likely to be with an owner, the behaviour of the owner, both of 218 

which could be affected by a dogs age. Reduced energy levels have been linked with owners 219 

exercising dogs less, and is likely to become a bigger factor as a dog reaches old age (Lim 220 

and Rhodes, 2016). Since younger dogs (less than four years of age) are likely to have high 221 

energy levels, other factors may be involved in their reduced risk such as a greater reliance on 222 

lead-based walking whilst an owner gets used to a new dog’s behaviour. 223 

Our observations suggested males were 1.36 times more likely to have a recorded GSFB than 224 

females. Male dogs have been associated with increased risk for other diseases such as canine 225 

enteric coronavirus (Radford et al, 2021), ticks (authors unpublished observations) and 226 

respiratory disease (Proschowsky et al, 2003).  These greater risks may in part be due to their 227 

increased exploratory behaviour; scent-marking and scent analysis are recognised as being 228 

important to male dogs (Řezáč et al, 2011). How this might impact on grass seed exposure, 229 

however, is unknown.  230 

Spaniel breed types were over-represented in the cases affected by GSFBs in this study 231 

population, with 7.71 times greater odds compared to retriever types.  The spaniel breed type 232 
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is known to have a busy nature, which is likely to be a heritable trait (Svatberg et al, 2005), 233 

and this may support why studies from other countries also reported spaniels showing an 234 

increased prevalence for GSFB (Brennan and Ihrke, 1983; Hicks et al, 2016).  Hunting and 235 

working breeds have also been documented as being more commonly affected by GSFBs 236 

(Combes et al, 2017), of which spaniels are one working breed.  In this study we were unable 237 

to determine whether affected dogs were kept as pets or working dogs as SAVSNET does not 238 

routinely collect this information.  In addition, we are also unable to specify the type of 239 

Cocker Spaniel (show or working); knowing the type of affected Cocker Spaniels would have 240 

been useful when considering coat types as the show type has denser hair than the working 241 

type and is thought to lend itself to trapping GSFBs.  The risk of GSFB has been shown to be 242 

increased in dogs with medium length coats compared to short, and in those dogs that are not 243 

groomed regularly (Hicks et al 2016). 244 

Dogs living in rural areas were associated with greater risk of GSFB than those living in 245 

urban locations. Previous research found that neighbourhood greenspace positively affected 246 

the odds of owners walking their dogs (White et al, 2018), and also that most owners walk 247 

their dogs within two miles of their home address (Elliott et al, 2015), which collectively 248 

could explain the increased risk of GSFB for rural residing dogs noted here. Those that have 249 

more access to areas where grass seeds are present (i.e. rural residing dogs) are at an 250 

increased risk (Hicks et al, 2016). That said, almost 63% of owners with dogs affected by 251 

GSFB in our study population were recorded as living in urban areas. Although urban 252 

locations still have greenspace such as gardens, verges and parks, previous research has 253 

identified accessibility of places to walk dogs as a problem (Cutt et al, 2008). It is likely 254 

some owners will travel to exercise their dogs such as those living in an urban area who seek 255 

the open space of the countryside, and those with dogs requiring more intense exercise (Lim 256 

and Rhodes, 2016). The likelihood of a grass developing seeds varies spatially and 257 
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temporally (Kwharaham et al, 2017) and will be heavily influenced my management 258 

practices. Urban verges and lawns are generally mown regularly (O’Sullivan et al, 2017), 259 

reducing seeding potential and therefore GSFB risk. It would be reasonable to assume that 260 

grass in rural areas is largely more extensively managed, especially when considering the 261 

movement to promote global biodiversity which has gained increasing traction of late 262 

(Vasiliev and Greenwood, 2020). Further research into exercise routines of dog owners 263 

affected by GSFB would allow the relationship to be explored in more detail. 264 

As well as a general rural risk, we also showed that a dog’s risk varied by geographical 265 

region, with those whose owner’s postcode was in the East of England associated with an 266 

increased risk of GSFB. There are numerous possible explanations for this association, such 267 

as climate, grass species, land use, characteristics of the canine population and also behaviour 268 

of the human population. As we accrue more cases, these spatial variations in risk may 269 

warrant further granular investigation including climatic and environmental modelling. 270 

Our dataset perhaps inevitably highlighted a striking seasonality, with GSFB generally 271 

peaking in July, and is presumably associated with the grass life cycle. Although grass seed 272 

data is not routinely recorded, grass pollen count in the UK has been shown to be higher from 273 

April to November, peaking in June (Kwharaham et al, 2017), the gap between pollen and 274 

GSFB peaks likely associated with the time required for grasses to pollinate, germinate, 275 

penetrate and cause clinical signs. Although the observed seasonal peak was generally very 276 

narrow and consistent, there was some evidence for annual variation, with the GSFB peak of 277 

2015 being in August as opposed to July. Meteorological data shows that July typically has 278 

the highest average temperature in the UK (Met Office, 2021), whilst in 2015, July and 279 

August had the same average temperature at 15.9°C. However, a simple link between 280 

temperature and risk of GSFB is unlikely as climate data for 2016 showed August had the 281 
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highest average monthly temperature, whilst the observed GSFB peak remained in July. 282 

More research into grass species, including identifying those GSFB removed from veterinary 283 

patients would be beneficial to understanding the risk and how it is affected by climate. 284 

In addition to impacts on vegetation growth, seasonality can also affect owner behaviour.  285 

Adults have been shown to be more active in the summer months compared to winter 286 

(Hamilton et al, 2009), in part driven by a worry of walking in the dark (Kummeneje and 287 

Rundmo (2019), and this may contribute to the increased risk of GSFB.   288 

Whilst this study focuses on GSFBs in dogs, the data revealed GSFBs in other species 289 

including cats, guinea pigs and rabbits. GSFBs have also been documented in humans as 290 

tracheobronchial and oral foreign bodies (Anon, 1981; Sinopidis et al, 2011), with examples 291 

of migration also albeit rarely documented (Dindar et al, 1994). As more data is accrued, it 292 

will be interesting to explore risks in these species, and to see whether dogs can act as a 293 

sentinel for wider temporal risk. 294 

This work uses EHRs collected from participating veterinary practices to explore cases of 295 

GSFB in dogs. Whilst much information can be gained from these EHRs, especially when 296 

linked to other data sources, there are some limitations to their use. Currently approximately 297 

15% of first opinion veterinary practices in the UK participate in SAVSNET and are 298 

recruited through convenience sampling. As such, our observations may not necessarily be 299 

representative of the wider UK vet-visiting population. The cases we identified here are 300 

likely to be an under-representation of the true burden of disease; some cases of GSFB may 301 

resolve without requiring veterinary attention, and for those that are presented, the GSFBs 302 

may have not been recorded in the clinical narrative, or not recorded in a way that was 303 

identified by the methods used.   304 
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In conclusion, this is the first study using large scale UK EHR data to explore risk factors 305 

associated with GSFB in dogs. We have found there is an association between GSFB risk and 306 

dog characteristics (age, sex, breed), geographical location and seasonality, providing a 307 

number of areas for targeted health messages to raise awareness amongst dog owners. 308 
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Tables and figures 421 

 422 
Fig 1: Map showing veterinary practices participating in SAVSNET (burgundy) and recorded 423 

cases of GFSB (green) within each UK NUTS1 region of the UK.  424 

 425 

 426 

 427 
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 428 
Fig 2: Criteria used to extract the consultations where a GSFB was identified from the 429 

SAVSNET database for use in the final analyses. 430 
 431 
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 432 
Fig 3:  Top ten breeds presenting with GSFBs 433 

 434 
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 436 

 437 
Figure 4: Percent of consultations where a GSFB was recorded in each month of the year 438 

between 2014 and 2019 439 

 440 

 441 

 442 
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Table 1 444 

Finalised multivariable logistic regression model identifying significant (P values≤0.05) 445 

predictors of GSFB cases in dogs from 245 veterinary practices throughout the UK. 446 

Significant variables are indicated in bold a Standard Error, b Odds Ratio c95 % Confidence 447 

interval. Random effects variance: 0.445 Standard Deviation: 0.667 448 

 449 
 450 

Variable  Level beta SEa ORb (95% CIc) P 

 Intercept -6.27 0.74 - <0.001 

Sex Female  - - 1.00 - 

 Male 0.31 0.09 1.36 (1.15-1.61) <0.001 

Genetic breed type Retriever  - - 1.00 - 

 Ancient spitz 0.28 0.48 1.33 (0.52-3.39) 0.556 

 Crossbreed 1.06 0.18 2.90 (2.03-4.13) <0.001 

 Herding -0.22 0.38 0.81 (0.38-1.71) 0.576 

 Mastiff like -0.54 0.30 0.58 (0.32-1.05) 0.07 

 Scent hound -0.54 0.51 0.58 (0.22-1.56) 0.281 

 Sight hound -1.39 0.78 0.25 (0.05-1.15) 0.074 

 Small terriers 1.00 0.21 2.73 (1.80-4.14) <0.001 

 Spaniel 2.04 0.18 7.71 (5.39-11.03) <0.001 

 Toy 0.09 0.28 1.09 (0.63-1.90) 0.752 

 Unclassified 0.92 0.21 2.51 (1.65-3.83) <0.001 

 Working dog 1.10 0.25 3.00 (1.85-4.88) <0.001 

Month of consult January  - - 1.00 - 

 February 1.14 0.82 3.13 (0.63-15.61) 0.163 

 March 0.70 0.87 2.01 (0.37-11.02) 0.421 

 April 0.47 0.92 1.61 (0.27-9.65) 0.605 

 May 1.71 0.79 5.51 (1.18-25.69) 0.03 

 June 4.46 0.72 86.03 (21.20-349.13) <0.001 

 July 5.17 0.71 175.61 (43.57-707.75) <0.001 

 August 4.55 0.71 94.44 (23.35-381.95) <0.001 

 September 3.76 0.72 42.93 (10.53-175.03) <0.001 

 October 2.89 0.73 18.06 (4.32-75.49) <0.001 

 November 2.29 0.74 9.90 (2.32-42.49) 0.002 

 December 1.97 0.76 7.17 (1.63-31.62) 0.009 

Urban status Rural - - 1.00 - 

 Urban -0.23 0.10 0.80 (0.66-0.97) 0.024 

Region (NUTS level) South East (UKJ)  - - 1.00 - 

 North East (UKC) -1.11 0.30 0.33 (0.18-0.59) <0.001 

 North West (UKD) -1.84 0.33 0.16 (0.08-0.30) <0.001 

 Yorkshire and The Humber (UKE) -0.78 0.26 0.46 (0.28-0.77) 0.003 

 East Midlands (UKF) -0.39 0.28 0.68 (0.40-1.16) 0.158 

 West Midlands (UKG) -0.70 0.29 0.50 (0.28-0.88) 0.017 

 East of England (UKH) 0.63 0.21 1.88 (1.24-2.85) 0.003 

 London (UKI) 0.72 0.41 2.06 (0.93-4.56) 0.076 

 South West (UKK) -0.44 0.22 0.64 (0.42-0.99) 0.047 

 Wales (UKL) -2.36 0.49 0.09 (0.04-0.25) <0.001 

 Scotland (UKM) -1.28 0.34 0.28 (0.14-0.54) <0.001 

Age at consult Linear fit -0.86 0.12 0.42 (0.33-0.54) <0.001 

 Quadratic fit  0.14 0.13 1.15 (0.90-1.48) 0.265 

 Cubic fit 0.60 0.09 1.82 (1.53-2.16) <0.001 

 Quartic fit -0.27 0.05 0.76 (0.69-0.85) <0.001 

 451 

 452 

 453 

 454 
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 455 
Fig 5: Multivariable logistic regression model estimates expressing probability of a case of 456 

GSFB in a dog against a random selection of control animals against age modelled as a 457 

quartic polynomial fit. The blue line refers to model estimates, whereas light blue shading 458 

shows 95% confidence intervals. Light red points display raw proportional case:control 459 

values, grouping dogs by two-year age intervals. 460 

 461 
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Supplementary material 463 
 464 

Supplementary Table 1 465 

Univariable logistic regression investigating X variables as potential predictors of GSFB 466 

cases in dogs from 245 veterinary practices throughout the UK.  Significant variables are 467 

shown in bold. Total cases = 1037. Total controls = 6756 controls. a Standard Error, b Odds 468 

Ratio, c95 % Confidence Interval. 469 

 470 
Variable Level Case (%) Control (%) beta  SEa ORb(95% CIc) P 

Sex Female (intercept) 423 (40.8) 3225 (47.8) -2.44 0.10 0.09 (0.07-0.11) <0.001 

  Male 614 (59.2) 3521 (52.2) 0.28 0.07 1.32 (1.15-1.52) <0.001 

Neuter status Entire (intercept) 308 (29.7) 2222 (32.9) -2.33 0.11 0.10 (0.08-0.12) <0.001 

  Neutered 729 (70.0) 4524 (67.1) 0.05 0.08 1.06 (0.91-1.23) 0.482 

Genetic breed 

type 
Retriever (intercept) 50 (4.8) 824 (12.2) -3.24 0.17 0.04 (0.03-0.06) <0.001 

  Ancient spitz 7 (0.7) 91 (1.4) 0.32 0.43 1.37 (0.59-3.20) 0.467 

  Crossbreed 313 (30.2) 1712 (25.4) 1.12 0.16 3.08 (2.24-4.23) <0.001 

  Herding 10 (1) 272 (4.0) -0.37 0.36 0.69 (0.34-1.39) 0.298 

  Mastiff like 19 (1.8) 602 (8.9) -0.58 0.28 0.56 (0.33-0.97) 0.037 

  Scent hound 5 (0.5) 162 (2.4) -0.72 0.48 0.49 (0.19-1.25) 0.135 

  Sight hound 2 (0.2) 119 (1.8) -1.29 0.72 0.28 (0.07-1.13) 0.073 

  Small terriers 86 (8.3) 728 (10.8) 0.73 0.19 2.08 (1.44-3.02) <0.001 

  Spaniel 387 (37.3) 849 (12.6) 2.06 0.16 7.84 (5.70-10.79) <0.001 

  Toy 26 (2.5) 422 (6.3) 0.06 0.26 1.07 (0.65-1.76) 0.801 

  Unclassified 80 (7.7) 659 (9.8) 0.78 0.19 2.19 (1.50-3.18) <0.001 

  Working_dog 52 5.0) 306 (4.5) 1.05 0.22 2.86 (1.87-4.36) <0.001 

Month of 
consult 

January (intercept) 2 (0.2) 560 (8.3) -6.05 0.70 0.000 (0.00-0.01) <0.001 

  February 6 (0.6) 525 (7.8) 1.22 0.80 3.38 (0.70-16.29) 0.129 

  March 4 (0.4) 568 (8.4) 0.71 0.85 2.03 (0.38-10.77) 0.407 

  April 3 (0.3) 497 (7.4) 0.53 0.90 1.69 (0.29-9.81) 0.559 

  May 9 (0.9) 474 (7.0) 1.72 0.77 5.59 (1.24-25.18) 0.025 

  June 169 (16.3) 507 (7.5) 4.58 0.70 97.17 (24.71-381.98) <0.001 

  July 443 (42.7) 696 (10.3) 5.26 0.70 192.50 (49.27-752.02) <0.001 

  August 227 (22.9) 616 (9.1) 4.69 0.70 108.29 (27.62-424.50) <0.001 

  September 101 (9.7) 607 (9.0) 3.88 0.70 48.62 (12.30-192.08) <0.001 

  October 37 (3.6) 585 (8.7) 2.93 0.71 18.74 (4.63-75.79) <0.001 

  November 21 (2.0) 563 (8.4) 2.29 0.73 9.84 (2.37-40.91) 0.002 

  December 15 (1.5) 548 (8.1) 2.07 0.74 7.88 (1.85-33.57) 0.005 

Year of consult 2014 (intercept) 53 (5.1) 257 (3.8) -1.99 0.21 0.14 (0.09-0.21) <0.001 

  2015 68 (6.6) 505 (7.5) -0.37 0.23 0.69 (0.44-1.09) 0.115 

  2016 150 (14.5) 1228 (18.2) -0.53 0.22 0.59 (0.38-0.91) 0.016 

  2017 161 (15.5) 1195 (17.7) -0.46 0.22 0.63 (0.41-0.98) 0.038 

  2018 232 (22.4) 1309 (19.4) -0.19 0.22 0.823 (0.54-1.27) 0.383 

  2019 351 (33.4) 1572 (23.3) 0.10 0.22 1.11 (0.72-1.68) 0.644 

  2020 22 (21.2) 680 (10.1) -1.85 0.30 0.16 (0.09-0.28) <0.001 

Urban status Rural (intercept) 385 (37.1) 2237 (33.2) -2.19 0.11 0.11 (0.09-0.14) <0.001 

  Urban 652 (62.9) 4509 (66.8) -0.15 0.09 0.86 (0.73-1.02) 0.079 

Region (NUTS 

level) 
South East (UKJ) (intercept) 317 (30.6) 1422 (21.1) -1.73 0.14 0.18 (0.14-0.23) <0.001 

  East Midlands (UKF) 54 (5.2) 363 (5.4) -0.28 0.30 0.75 (0.44-1.28) 0.295 

  East of England (UKH) 295 (28.5) 813 (12.1) 0.60 0.33 1.82 (1.18-2.79) 0.006 

  London (UKI) 23 (2.2) 67 (1.0) 0.69 0.27 1.99 (0.96-4.13) 0.066 

  North East (UKC) 37 (3.6) 586 (8.7) -1.12 0.27 0.33 (0.18-0.58) <0.001 



 27 

  North West (UKD) 21 (2.0) 613 (9.1) -1.93 0.29 0.15 (0.08-0.28) <0.001 

  Scotland (UKM) 20 (1.9) 339 (5.0) -1.39 0.22 0.25 (0.13-0.48) <0.001 

  South West (UKK) 135 (13.0) 962 (14.3) -0.42 0.37 0.66 (0.43-1.02) 0.059 

  Wales (UKL) 6 (0.6) 326 (4.8) -2.51 0.22 0.08 (0.03-0.21) <0.001 

  West Midlands (UKG) 48 (4.6) 455 (6.7) -0.79 0.49 0.45 (0.26-0.81) 0.007 

  Yorkshire and The Humber (UKE) 81 (7.8) 756 (11.2) -0.63 0.33 0.53 (0.32-0.90) 0.018 

Country England (intercept) 1011 (97.5) 6037 (89.5) -2.13 0.14 0.12 (0.10-0.14) <0.001 

  Scotland 20 (1.9) 339 (5.0) -0.89 0.27 0.41 (0.21-0.80) 0.009 

  Wales 6 (0.6) 326 (4.9) -2.28 0.22 0.10 (0.04-0.296) <0.001  

Age at consult  (Intercept)10 n/a n/a -2.14 0.37 0.12 (0.10-0.14) <0.001 

  Linear fit n/a n/a -0.94 0.30 0.39 (0.32-0.48) <0.001 

  Quadratic fit n/a n/a 0.22 0.33 1.25 (1.00-1.56) 0.055 

  Cubic fit n/a n/a 0.67 0.33 1.95 (1.68-2.26) <0.001 

  Quartic fit n/a n/a -0.33 0.22 0.72 (0.65-0.79) <0.001 
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