
Article

350 The Canadian Journal of Veterinary Research� 2008;72:350–355

I n t r o d u c t i o n
Aseptic meningitis (AM) is a non-infectious inflammatory condi-

tion characterized by histiocytic to lymphocytic periarterial inflam-
mation, fibrinoid necrosis of the tunica media, vascular trombosis 
of vessel walls of the meninges, and massive periarterial accumula-
tion of inflammatory cells (1–11). It has been shown that affected 
dogs have an overrepresentation of B lymphocytes in meningeal 

lesions and in peripheral blood, whereas T lymphocytes are the only 
lymphocytic population found in inflamed arteries (12). Aseptic 
meningitis is typically seen in medium- to large-breed dogs that are 
7 to 16 months old (13–15). There is no apparent sex-predilection 
(2,14). The disease has been reported in Bernese mountain dogs, box-
ers, and beagles (2–8,10,16–20). The etiology of aseptic meningitis is 
unknown, but immune-mediated mechanisms appear to be involved 
(1–5,7,8,10,15–18,21). Excessive immunoglobulin (IgA) production 
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A b s t r a c t
Aseptic meningitis (AM) is a disease that causes grave clinical signs such as intensive neck pain, fever, and lethargy. The 
severity of this disease is reflected in the fact that affected animals require long-term, and in chronic cases, lifelong therapy with 
corticosteroids. A number of dogs must be euthanized because of therapeutic failure. In recent years, the Norwegian population 
of Nova Scotia duck tolling retrievers has experienced an increase in individuals with AM. The aim of the present study was to 
investigate the prevalence of AM and to pursue the suspicion of hereditary factors influencing an accumulation of AM cases in 
the breed. Using the Norwegian Kennel Club registery, a random sample (362 dogs) stratified by year of birth was drawn from 
the total population born from 1994 to 2003 (1525 individuals). The owners were contacted and questioned about clinical signs 
of AM in their dogs. Subsequently, the practising veterinarians and the breeders of positive responders were contacted in order 
to confirm a clinical diagnosis of AM and to identify possible affected family members. Pedigrees of AM positive individuals 
and affected relatives were investigated. The study estimated a prevalence of AM of 2.5%. For all affected dogs, it was possible 
to trace the pedigree of both parents of affected dogs back to a specific founder dog. The genealogical investigation strongly 
indicates that genetic factors are involved in the etiology of the disease.

R é s u m é
La méningite aseptique (AM) est une maladie qui cause des signes cliniques sévères tels que douleur nucale intense, fièvre et léthargie. La 
sévérité de cette condition est manifeste par le fait que les animaux atteints requièrent une thérapie de longue durée avec des corticostéroïdes, 
et dans les cas chroniques une thérapie à vie. Plusieurs chiens doivent être euthanasiés suite à un échec thérapeutique. Au cours des dernières 
années, on a noté une augmentation du nombre d’individus présentant une AM au sein de la population norvégienne des Duck Tolling 
Retriever de Nouvelle-Écosse. La présente étude visait à déterminer la prévalence d’AM et vérifier l’hypothèse du rôle de facteurs héréditaires 
dans l’accumulation de cas d’AM au sein de la race. À l’aide du registre du Club Canin Norvégien, un échantillon aléatoire (362 chiens), 
stratifié en fonction de l’année de naissance, a été généré de la population totale née entre 1994 et 2003 (1525 individus). Les propriétaires 
ont été contactés et questionnés sur les signes cliniques d’AM chez leur chien. Par la suite, les vétérinaires praticiens et les éleveurs ayant 
répondu positivement ont été contactés afin de confirmer un diagnostic clinique d’AM et d’identifier des membres de la famille possiblement 
atteints. Les pedigrees des individus positifs pour AM et les membres affectés de leur famille ont été étudiés. L’étude a estimé une prévalence 
d’AM de 2,5 %. Pour tous les chiens atteints, il a été possible de retracer le pedigree des deux parents des chiens affectés jusqu’à un ancêtre 
spécifique. L’enquête généalogique indique fortement que des facteurs génétiques sont impliqués dans l’étiologie de cette maladie.
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is associated with the pathogenesis of the condition (8,9,17,22–24). 
It has been suggested that repeated injections of live multivalent 
vaccines may trigger the disease and that estrous may influence 
the onset of the disease in bitches (13,16). Two clinical forms are 
recognized: the typical acute condition characterized by severe neck 
pain, fever, depression, anorexia, pain when opening the mouth, 
hunched back, reluctance to move, and a stiff stilted gait, with the 
cerebrospinal fluid showing a significant neutrophilic pleocytosis 
and an elevated protein concentration (7–9,15–18,21,23,24); and the 
more protracted form with severe neurological signs such as ataxia, 
paresis tetra-paresis or paraplegia, mild to moderate mixed cell 
pleocytosis, and possible protein elevation. A peripheral neutro-
philia may be apparent upon a complete blood (cell) count (CBC) 
(1,2,4,5,7,8,14,16–21,24). Affected dogs may also have polyarthritis 
(16,25,26). In a substantial number of cases, corticosteroids have a 
good effect on the clinical signs, which is why this condition has also 
been called steroid-responsive meningitis. However, approximately 
50% of affected dogs have recurrence of clinical signs following dis-
continuation of corticosteroid therapy and lifelong medication may 
be needed to avoid relapse (13). Over the last 5 years an increasing 
number of AM cases have appeared in Norwegian Nova Scotia duck 
tolling retrievers (NSDTRs). The Norwegian population of NSDTRs 
predominantly originated from dogs imported from Sweden in the 
mid to late eighties. Over time, dogs from other European countries 
and Canada were brought into the Norwegian population. The first 
Norwegian litter was born in 1989 and the population has increased 
quickly. According to the Norwegian Kennel Club (NKC) register, 
65 dogs were born in 1994, 106 in 1995, 142 in 1996, and from 1997 
to 2003 the number of dogs born per year has fluctuated between 
129  and 221. The aim of the present study was to investigate if 
AM represents a growing problem in the Norwegian population of 
NSDTRs, and the possibility of a familial predisposition.

M a t e r i a l s  a n d  m e t h o d s
The work was carried out at the Norwegian Veterinary School, Oslo, 

Norway and at the Department of Small Animal Clinical Sciences, 
Faculty of Life Sciences, University of Copenhagen, Denmark.

Study design and description of the population
As the purpose of the study was to investigate if AM represents a 

growing problem in Norwegian NSDTR, the study design was aimed 
at disclosing if there had been a history of typical clinical signs asso-
ciated with this disease in previous populations. The study, therefore, 
was designed as a retrospective cohort study and conducted as a 
telephone interview of a representative number of NSDTR owners 
drawn from the reference population. This was followed by contacts 
with the practising veterinarians of possible positive individuals, in 
order to confirm the information given by the owners and exclude 
other diseases that may also express similar clinical signs.

Sampling of study population
A random sample, stratified by year of birth, was drawn from 

the reference population constituting a total of 1525 dogs registered 
in the NKC from January 1, 1994 to December 31, 2003. At the time 
of the study, none of the dogs was younger than 1-year old. Data 

comprising registration number, pedigree, date of birth, name and 
sex of the dog, and the name, address, and telephone number of the 
owner was obtained from the NKC central registry. Dogs are regis-
tered chronologically by date of birth in this registry, which contains 
information on all purebred dogs registered in Norway.

Sample size
A precision (L) of the prevalence of 2% was considered appropri-

ate for this study. The prevalence (P) was expected to be around 5%, 
based on the authors’ best guess. According to this, a sample (n) of 
362 dogs was needed to achieve the desired precision. The calcula-
tions were carried out as follows.

A preliminary sample (n*) is calculated.

n* = 4 3 P 3 q/L2

P = estimated prevalence = 0.05

q = 1 2 P = 0.95

L2 = precision to the power of 2 = 0.022

n* = (4 3 0.05 3 0.95)/(0.02 3 0.02) = 475

This formula is based on the assumption that the population 
is infinite. In a finite population, such as the present, a smaller 
sample is needed. The following formula, therefore, corrects for 
this by taking into account that the entire population (N) consisted 
of 1525 dogs:

1/n = 1/n* 1 1/N = 1/475 1 1/1525 = . n = 362

In order to obtain a sample that mirrored the unevenness in births 
per year, the sample was drawn as follows: all 1525 dogs were 
ranked according to date of birth. The sampling was conducted in 
2 rounds; both in which the first dog was selected randomly. After 
this, every 4th dog was selected in the 1st round, and every 11th dog 
in the 2nd round. If a dog had already been selected in the 1st round, 
then the next dog was selected. Both living and deceased dogs born 
January 1, 1994 to December 31, 2003, were included in the study.

A selected dog was replaced if the owner had moved from the 
address listed in the NKC registry and could not be traced through 
the Norwegian telephone register or if a transfer of ownership had 
occurred and the new owner could not be traced. The next dog on 
the birth list from the NKC replaced the excluded dog.

This sample was presumed to be representative of the total 
Norwegian population of NSDTRs with regard to gender, reproduc-
tive status, health status, and other factors of possible interest.

Telephone interview and questionnaire
The owners of the dogs were interviewed by telephone using a 

standardized questionnaire concerning the clinical signs that can 
be associated with AM, if a diagnosis of AM had been established, 
and about treatment. An experienced neurologist conducted inter-
viewer training, including instructions regarding the study design 
and principles of interviewing. All interviewers were qualified 
veterinarians.

Throughout questioning, the interviewers’ veterinary outlook was 
set aside, aiming at perceiving the disease from the owners’ point 
of view. The language was kept as ordinary as possible, and the 
questioning was adapted to the owner’s level of understanding; the 
interviews were conducted by 3 interviewers (KPF, FJHL, TRH).
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First, it was established whether the dog was alive or not. If the 
dog had died, the owner was questioned about year and cause of 
death besides the questions regarding AM.

The owners were presented with 4 introductory questions that 
were posed to detect neck pain (as neck pain is a cardinal sign of 
AM). The owners were asked if the dog had experienced a course 
of disease where it 1) actively expressed signs of pain related to the 
neck area, for example, crying out in pain when moving the head, 
when being touched/manipulated in the neck region, or when wear-
ing a collar and being walked on a leash; 2) was unwilling to reach 
for its food bowl; 3) was unwilling to turn its head; and 4) preferred 
to walk with a lowered head at a particular time.

Owners were then presented with a list of 6 additional clinical 
signs that are also often associated with AM. It was recorded whether 
the owners had observed fever, a stiff gait, depression, unwilling-
ness to go for walks or play, unwillingness to open the mouth, and 
excessive panting (as a sign of pain) during the time of disease. Also, 
the owners were asked if a practising veterinarian had diagnosed 
their dog with AM, and if a medical treatment had been instituted. 
If the owner answered yes to this question, the name, address, and 
telephone number of the practising veterinarian was collected.

The practising veterinarians of all dogs considered preliminary 
positive for signs of AM after the interview were contacted by the 
investigators. Only in cases where the practising veterinarian could 
confirm that a dog had been clinically diagnosed with AM, and 
where potential differential diagnosis also associated with neck pain 
had been ruled out, the dog continued in the study.

Finally, the owners were asked whether they had knowledge of 
any AM positive dogs with familial relation to their own dog.

To further investigate any familial predisposition, the breeders 
of dogs diagnosed with AM by their practising veterinarian were 
contacted and asked whether they had any knowledge of other 
dogs diagnosed with AM that were related to any of the dogs with 
clinical signs of AM in this study. Pedigrees of these dogs were 
retrieved from the NCK. As most of the Norwegian dogs go back to 
Swedish imports, further pedigree information was obtained from 

the Swedish Kennel Club registry. The pedigrees of a control group 
of 14 randomly selected AM negative dogs were studied in order to 
investigate any consanguinity with AM suspect animals.

Each dog should fulfil all of the following criteria to finally be 
included in the study as a clinically positive AM case: 1) express 
more than 4 of the clinical signs characteristic of AM defined in the 
study; 2) the signs expressed by the dog lead to a clinical diagnosis 
of AM established by the practising veterinarian; 3) response to 
corticosteroid treatment should occur.

Being a retrospective population study, the design excluded the 
possibility of including cerebrospinal fluid (CSF) examination as a 
standard procedure.

Statistical analysis
A level of significance of 0.05 was used. The 95% confidence inter-

val (CI) for the true prevalence of AM in the Norwegian population 
of NSDTRs was calculated as I 6 2 Sx̄ = I 6 2√Pq/n, (where Sx̄ = 
standard error, P = prevalence estimate, q = 1 2 P, and n = sample 
size). To determine if a gender predisposition could be found in this 
study, a chi-square test was performed.

R e s u l t s

Study design
The study population consisted of 172 female and 190 male dogs, 

ranging from 1 to 11 years of age at the time of the survey. Of the 
362 dogs initially sampled, 42 (11.6%) had to be replaced because 
their location could not be traced.

Prevalence
Nine dogs fulfilled the criteria to be included as clinically positive 

AM cases. This resulted in a prevalence of AM of 2.5% (95% CI 0.9% 
to 4.1%). Four females (4/172 = 2.3%) and 5 males (5/190 = 2.6%) 
were affected. The age of the 9 dogs at the time of onset of clinical 
signs consistent with AM ranged from 4 to 19 mo.

Table I. Clinical signs in the 9 Nova Scotia duck tolling retrievers expressing signs of aseptic meningitis

Dog number	 1	 2	 3	 4a	 5	 6	 7	 8	 9a

Clinical signs of neck pain
  Actively expressing neck pain	 1	 1	 1	 1	 1	 1	 2	 1	 1
  Lowered head while walking	 1	 2	 1	 1	 1	 1	 1	 1	 2
  Reluctance to turn the head	 1	 2	 1	 1	 1	 1	 1	 1	 1
  Difficulty in lowering head to food bowl	 1	 2	 1	 1	 1	 1	 1	 1	 2
Clinical signs also associated with AM
  Fever	 1	 1	 1	 1	 1	 1	 1	 1	 1
  Stiff gait	 1	 1	 1	 1	 2	 1	 1	 1	 1
  Unwillingness to go for walks or play	 1	 1	 1	 1	 1	 1	 2	 1	 1
  Depression	 1	 1	 1	 1	 1	 1	 1	 1	 1
  Unwillingness to open the mouth, e.g. carrying a stick/ball	 1	 1	 1	 1	 1	 1	 2	 1	 1
  Excessive panting	 1	 2	 1	 2	 1	 1	 1	 2	 2
a In dogs number 4 and 9 the owner reported signs of hyperesthesia during the AM episode.
1 = The dog expressed the clinical sign.
2 = The dog did not express the clinical sign.
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Clinical signs
Table I shows the clinical signs of the 9 affected dogs. Three dogs 

experienced all of the 10 clinical signs defined by the investigators as 
being associated with AM, while 3 dogs showed 9 and the remaining 
3 dogs showed 6 to 7 of these signs (Table I). All dogs experienced 
fever during the episodes reported.

In all dogs, the practising veterinarian established a diagnosis 
of AM based on the clinical signs and by ruling out other diseases 
presenting with neck pain, such as disc herniation and cervical facet 
joint arthritis. None of the 9 dogs had CSF examination.

All dogs showed improvement after corticosteroid treatment. 
Two dogs recovered during the 1st wk of corticosteroid treatment, 
and 3 dogs recovered within 3 wk. One dog was still on medication, 
occasionally showing signs after more than 6 mo of medication, and 
1 dog that had relapsed several times was eventually euthanized. 
Another dog had 2 recurrences. Dog number 9, received a relatively 
low dose of corticosteroids and achieved a reduction in clinical signs 
but still suffered from mild signs of neck pain for several months. 
The recurrence frequency after withdrawal of treatment in the 9 dogs 
was 33.3% (3/9).

Familial predisposition
The owners of 2 dogs reported that dogs with familial relation to 

their own dog had been diagnosed with AM. One dog had 1 sister 
and 2 half-siblings with AM, and 1 dog had 1 half-sibling with the 
disease. This information, in addition to the interviews with the 
breeders, yielded the identities of an additional 7 dogs that had 
expressed multiple clinical signs associated with AM in this study. 
Due to the study design these dogs could not be included in calcu-
lating the prevalence.

The pedigrees for all 16 affected dogs were drawn to see if there 
was any support for a simple Mendelian inheritance of the disease. 
For all the affected dogs, it was possible to trace the pedigree of 
both parents back to a specific founder dog that was born in Canada 
(Figure 1). A study of a control group of 14 randomly selected 

negative dogs showed that these dogs were also related through 
both parents to the same founder dog as were the affected dogs. 
Investigating the affected litters identified in the study showed that 
the percentage of affected dogs is , 17.4%.

Gender predisposition (x2 = 0.034, P = 0.8) was not found, as 
5  affected dogs were males (2.6% of all male dogs) and 4 were 
females (2.3% of all female dogs).

D i s c u s s i o n
The NSDTR have been suspected of having an increased risk of 

AM. The history of AM was studied to reveal if this might be true 
in the Norwegian population of NSDTR. The study showed clear 
evidence that clinical signs associated with AM existed in young 
individuals in the population from 1994 to 2003.

This study estimated a prevalence of 2.5%, representing the risk 
an individual NSDTR in Norway has of developing AM some time 
during its life. No epidemiological studies have investigated the 
prevalence for AM in dogs in general or in specific breeds, and 
therefore our results cannot be compared to previous investigations. 
However, a prevalence estimate of 2.5% seems to be high, as AM is 
not a common disease.

When calculating the sample size, it was estimated that the true 
prevalence would be around 5%; however, our study revealed a 
prevalence of 2.5%. According to sample size theory, variability is at 
maximum at a prevalence of 50%, and hence, the closer the expected 
prevalence is to 50% the larger the sample size is required to estimate 
a prevalence with a given precision. A precision of 2% was used for 
calculating the sample size, but because the prevalence was only 
2.5% instead of 5%, our 95% confidence interval was more precise 
than 6 2: 0.9% to 4.1%.

Both living and dead dogs born from 1994 to 2003 were included 
in this study. Excluding dead dogs would pose a risk of excluding 
a group of dogs with a higher incidence of AM than the rest of the 
population, thus creating selection bias. Regarding recall bias, it was 
judged that owners would recall the rather serious signs of AM even 
if they had occurred 10 years earlier.

As shown in the present study, the disease accumulated within 
specific families in which the risk of being affected with AM was 
considerable higher than 2.5%. As it appears from figure 1, half of 
the siblings in several litters had expressed clinical signs consistent 
with AM. This finding, and the fact that AM in many cases is a 
chronic and severe disease that may need lifelong therapy or lead 
to euthanasia, contributes to the seriousness of the present disease 
status in the Norwegian NSDTR population.

Dogs were initially classified as preliminary positive or negative 
with respect to AM based upon whether the owners had observed 
clinical expressions of neck pain and other, more unspecific signs 
associated with AM. Regardless of the answers to these questions, 
positive responders were not included in the present study unless 
a veterinarian had diagnosed the dog clinically as being affected 
with this disease. However, some of the dogs not included fulfilled 
many of the criteria of AM suspect positive dogs, and therefore the 
prevalence of AM reported in the present study is most likely an 
underestimate. Seven dogs that were identified by the breeders as 
being suspected of having AM were not included in calculating the 

Figure 1. Pedigree of 16 Norwegian Nova Scotia duck tolling retrievers suf-
fering from aseptic meningitis. Both parents of all affected dogs are related 
to a common ancestor (arrow). Affected litters have a total of 16 affected 
and 76 healthy siblings () (17.4% affected) ( = males,  = females,  
 = affected males,  = affected females).



354 The Canadian Journal of Veterinary Research� 2000;64:0–00

prevalence because of the design of the study. Had these dogs been 
included, the actual incidence risk of AM would have been remark-
ably higher. The Canadian 2002 NSDTR Health Survey estimates a 
lower frequency of AM in the breed, 0.68/100 (28). This, however, 
may be an underestimate since it is not based upon statistical meth-
ods and thus may be biased by the fact that cases are self-reported 
and that breeders may want to conceal information. On the other 
hand, AM may very well represent a minor problem in the Canadian 
NSDTR population given the larger pool of founder animals.

The results of the present study confirm that AM is a disease 
that strikes the young animal. None of the affected dogs were 
older than 19 mo when the first signs of the disease appeared. 
This is in accordance with previously published data (13–15). The 
relationship between AM and young age may be connected with 
immune-mediated mechanisms, as the immune system is more easily 
activated in youth as opposed to the less active immune response 
seen in old age.

In this study, none of the 9 dogs suspected of being AM positive 
had a CSF examination. We acknowledge that identification of the 
cellular changes of the CSF that are often associated with especially 
the acute form of AM, would have supported the presumptive 
diagnosis of AM in these dogs, and thus would have strengthened 
the conclusions of this study (8,17,21). However, because of the 
need to search for historical cases, it was not possible to include 
CSF examination as a standard criterion. The practising veterinar-
ians established the diagnosis of AM based on the clinical signs of 
neck pain, fever, the young age of the dogs, and by ruling out other 
diseases that present with neck pain — the main potential differen-
tial diagnoses being disc herniation and polyarthritis of the cervical 
facet joints. Going back in time, CSF collection and examination 
were not standard procedures at most clinics in Norway, and refer-
rals to a neurologist are even today often hindered due to difficult 
geographical conditions.

As a rule, AM patients respond well to steroid therapy, as did the 
dogs in this study. This may support the suspicion of AM, although 
we acknowledge that other diseases that present with similar signs 
as AM do also respond to such therapy.

The main objective of the study was to investigate if clinical signs 
of AM existed in the population between 1994 and 2003, and to 
estimate the prevalence of AM in the Norwegian population. For 
this purpose, the clinical data with all 9 dogs being younger than 
19 mo old, expressing multiple clinical signs associated with AM, 
and having a clinical diagnosis of AM established by a veterinarian, 
are strong enough to support the belief that these dogs probably did 
suffer from AM. It is, however, important to stress that the reported 
prevalence of this study is indeed an estimate.

For all the affected dogs, it was possible to trace the pedigree 
of both parents back to a specific founder dog. The pedigree stud-
ies indicate that genetic factors are involved in the etiology of the 
disease. However, it is not possible to prove a simple Mendelian 
inheritance in the present study, even if this cannot be excluded. 
Studies of pedigrees in small dog populations are easily confounded 
by the fact that small subpopulations of breeds of a relatively recent 
origin are often based on extensive line-breeding of a relatively 
small number of founder animals. Both dogs affected by specific 
diseases as well as unaffected controls will often be related to these 

ancestors. Special attention should, therefore, be taken to avoid 
making conclusions about simple inheritance based on pedigree 
information in such populations. A closer look into the affected 
litters identified in this study shows that the percentage of affected 
dogs is , 17.4%. For diseases with a simple recessive mode of 
inheritance, a frequency . 25% would be expected in population 
studies. This is due to the fact that litters without affected dogs, 
born from 2 carrier parents, are not included in such frequency 
estimates. If we assume that the population study picked up all 
affected dogs closely related to the probands, the number of affected 
(17.4%) is significantly lower than would have been expected in a 
population study with segregation of a simple recessive disease with  
complete penetrance.

The fact that the incidence of AM is high in this breed and accu-
mulates within families, strongly suggests that the etiology of this 
disease is influenced by genetic factors. The existence of a specific 
ancestor for both parents of affected dogs could support a simple 
Mendelian recessive inheritance even if the frequency is lower than 
expected in a population study. However, this might be explained 
under a model with reduced penetrance, if potential environmental 
factors such as vaccination, infection, or parasites are involved in 
triggering the disease.

It would be interesting to pursue the hypothesis of AM hav-
ing an autosomal recessive mode of inheritance in the NSDTR. 
This could be initiated by pedigree analysis and linkage analy-
sis leading to gene mapping and identification of mutations. In 
this context, it would be of specific interest to study previous 
and potential new litters of carrier dogs. Collecting information 
of early cases of AM in the NSDTRs native country of Canada 
would also be important when trying to unravel the genetic 
mechanisms contributing to the spread of the disease within  
the breed.

In conclusion, we have a strong suspicion that AM represents at 
true problem in the NSDTR. Based upon the findings of this study, 
we suggest that AM affected animals should not be bred.
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