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ABSTRACT
Background: Meningoencephalitis of unknown origin (MUO) is a neuroinflammatory disease that is suspected to be immune-
mediated. Vaccination and season inconsistently have been reported as risk factors for development of MUO in dogs, but limited 
prospectively collected data is available to evaluate these potential risk factors.
Objective: Prospectively evaluate the association between vaccination and season and the development of MUO in dogs.
Animals: A total of 172 client-owned dogs diagnosed with MUO.
Methods: Dogs were enrolled prospectively from August 2021 through July 2023. Signalment, body weight, vaccination history, 
and season of onset of neurologic signs were recorded. The incidence rate ratio (IRR) of MUO within various post-vaccination 
windows was statistically compared to a referent window of 451–560 days post-vaccination. The incidence rate (IR) of MUO in 
each season was compared statistically.
Results: Of dogs vaccinated within the previous 450 days, MUO IRR was highest in the first 0–45 days (IRR = 9.14; confidence 
interval [CI] = 4.04–20.71), followed by 46–90 days (IRR = 4.86; CI = 2.01–11.71) and 91–180 days (IRR = 4.86; CI = 2.15–10.96) 
post-vaccination compared to the 451–560 day post-vaccination referent window. The MUO IR was slightly more common in the 
spring (28.5%) and least common in the summer (19.8%). No significant difference in IR between seasons was identified.
Conclusions and Clinical Importance: In dogs with potential vaccine-associated MUO, the highest risk to develop MUO may 
be in the first 45 days post-vaccination. A slowly developing immune response to vaccination over 3–6 months may occur in some 
dogs. There is no apparent association between season and the development of MUO.

1   |   Introduction

Immune-mediated inflammatory disease accounts for up 
to 25% of central nervous system (CNS) disease in dogs [1]. 

Granulomatous meningoencephalomyelitis (GME), necrotizing 
meningoencephalitis (NME), and necrotizing leukoencephali-
tis (NLE) are neuroinflammatory conditions of unknown etio-
pathogenesis that fall under the umbrella of meningoencephalitis 
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of unknown origin (MUO) [1–4]. Infectious agents, toxicants, 
and environmental factors are known triggers for immune-
mediated neuroinflammatory diseases in humans, but similar 
triggers have yet to be identified in dogs [1–3, 5–13]. Vaccination 
inconsistently has been reported as a trigger for multiple auto-
immune diseases in humans and dogs [7, 14–19]. Guillain-Barré 
syndrome (GBS) has been associated with influenza vaccination 
in people, and the measles-mumps-rubella (MMR) vaccine has 
been associated with the development of immune-mediated 
thrombocytopenia (ITP) in children [20–22]. Increased risk for 
development of multiple sclerosis (MS) has been associated with 
recent hepatitis B vaccination [23]. Despite these findings, con-
troversy remains about the association between vaccination and 
onset and risk of relapse of immune-mediated diseases in hu-
mans [18, 20, 21, 24–29].

Limited studies have suggested that recent vaccination, defined 
as vaccine administration within 4–6 weeks preceding clinical 
signs [17, 24], has been associated with development of immune-
mediated hemolytic anemia (IMHA) [17] and vaccine-associated 
polyarthritis (VAPA) in dogs [30]. Relapse of IMHA and VAPA 
also has been reported after vaccination [30, 31]. A conflicting 
study showed no association between vaccination and develop-
ment of IMHA [32]. No association has been identified between 
vaccination and development of GME [7], steroid-responsive 
meningitis-arteritis (SRMA) [14], and ITP in dogs [24] in retro-
spective studies. Veterinary studies evaluating the association 
between vaccination and development of immune-mediated dis-
ease are limited by small patient numbers and retrospective de-
sign, which carries inherent case selection bias and lesser ability 
to determine cause and effect.

Our objective was to prospectively investigate the association 
between vaccination window and development of MUO. A sec-
ond objective was to prospectively evaluate whether there is a 
seasonal predilection for development of MUO. We hypothe-
sized that vaccination within the previous 45 days would be 
significantly associated with development of MUO and that sig-
nificantly fewer dogs would be presented during the winter.

2   |   Materials and Methods

We prospectively enrolled dogs diagnosed with MUO over a 2-
year (730-day) period from August 1, 2021 to July 31, 2023. All 
dogs were required to have complete medical records and de-
tailed vaccination history over the previous 2 years for inclusion 
in the study. The diagnosis of MUO was made based on standard 
ante-mortem diagnostic criteria including magnetic resonance 
imaging (MRI) findings of T2-weighted and fluid attenuation 
inversion recovery (FLAIR) hyperintense lesions [33] and ce-
rebrospinal fluid (CSF) cytology (mononuclear pleocytosis, 
total nucleated cell count > 5 cells/μL) as previously described 
[1–3, 33]. All owners signed informed consent for enrollment in 
the study.

We recorded the following data on presentation: age, breed, 
sex, body weight, date of onset of neurologic signs, and date 
of presentation. Records then were retrospectively reviewed 
to record date of vaccinations over the past 2 years (and up to 
5.5 years) and time from most recent vaccination to onset of 

clinical signs. We recorded administration data of the following 
vaccines: rabies; leptospirosis; canine influenza virus; corona-
virus; Lyme; Bordetella (including intranasal, injectable, and 
oral); the combination vaccine distemper, adenovirus, parvovi-
rus, parainfluenza virus (DAPP); and the combination vac-
cine distemper, adenovirus, parvovirus, parainfluenza virus, 
leptospirosis (DAPPL). Season of year clinical signs developed 
(Winter: December, January, February; Spring: March, April, 
May; Summer: June, July, August; Fall: September, October, 
November) was recorded.

Statistical analysis was performed using commercial soft-
ware [STATA SE, v.18.0, StataCorp LLC, College Station, TX]. 
Numerical data were summarized as median (range) because 
of nonparametric distributions. Time in days between the most 
recent vaccination(s) and the onset of clinical signs was catego-
rized in time intervals of 0–45, 46–90, 91–180, 181–270, 271–360, 
361–450, 451–540, and > 540 days. Comparison of incidence 
rates (IR) of MUO in time windows after the most recent vac-
cination were calculated as incidence rate ratios (IRR) between 
time intervals using conditional fixed effects Poisson regression 
[34]. The referent was a 90-day window from 451 to 540 days, 
which was chosen to exclude time periods up to and around the 
time for annual booster vaccinations. The chi-square test of in-
dependence was used to compare seasonal rates of MUO diag-
nosis. Values of p < 0.05 were considered significant.

3   |   Results

3.1   |   Signalment

One-hundred and seventy-two dogs were included in the study. 
The median age at first onset of clinical signs was 5 years (range, 
0.18–15.3 years). Median body weight was 15.9 kg (range, 2.1–
72.6 kg). Seventy-four dogs (43%) were female (11 intact, 63 
spayed) and 98 dogs were male (57%; 12 intact, 86 neutered). 
Fifty-six breeds were represented. Labrador or Labrador mixes 
were most common (13/172; 7.56%) followed by French Bulldogs 
(12/172; 7%) and Chihuahua or Chihuahua mixes (12/172; 7%). 
The total list of breeds is available in Table S1

3.2   |   Disease Subtype

Of the 172 cases, necrotizing lesions were suspected on MRI in 
four Pugs with possible NME and one Yorkshire Terrier with 
possible NLE. Given the small number of cases with necrotizing 
lesions, these dogs were not separated from the total for statisti-
cal comparison.

3.3   |   Vaccination Data

Time since last vaccination with any vaccine for all dogs ranged 
from 0 to 1787 days, with a median of 191 days. More dogs re-
ceived no vaccines in the previous 450 days (44/172; 25.6%) 
compared with any other vaccination window. The IRR of di-
agnosis of MUO after the first two 45-day and following 90-day 
time intervals post-vaccination compared to a reference window 
of 451–560 days post-vaccination is listed in Table  1. Of dogs 
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vaccinated in the previous 450 days, the IRR to develop MUO 
was highest in the first 45 days post-vaccination (IRR = 9.14; 95% 
CI = 4.04–20.71; p < 0.001; Figure 1). Although too small in num-
ber to make any reliable statistical comparison, two of the five 
dogs with potential necrotizing lesions on MRI had been vac-
cinated in the previous 45 days, one was vaccinated 10 months 
before, and two were vaccinated > 1 year before.

The number of vaccine antigens administered at the last vac-
cine encounter ranged from 1 to 7 (median, 4) and included 1 in 
67 (35.1%) dogs, 2 in 19 (10.0%) dogs, 3 in 4 (2.1%) dogs, 4 in 21 
(11.0%) dogs, 5 in 35 (18.3%) dogs, and 6 in 28 (14.7%) dogs. This 
distribution was similar for the 32 dogs that received a vaccine 

in the 45 days preceding neurological signs. Vaccines most fre-
quently administered in the 45 days preceding neurological signs 
were DAPP alone (8/32; 25.0%), Bordetella alone (6/32; 18.8%), 
Leptospira alone (6/32; 18.8%), Rabies + DAPPL + Bordetella 
(3/32; 9.4%), Leptospirosis + Bordetella (3/32; 9.4%), and Rabies 
alone (2/32; 6.3%).

3.4   |   Seasonal Data

Forty-nine (28.5%) dogs developed neurologic signs in the spring, 
34 (19.8%) in the summer, 45 (26.2%) in the fall, and 44 (25.6%) in 
the winter. No significant association was found between season 
and incidence of MUO (p = 0.13).

4   |   Discussion

We found an increased risk (> 9 ×) to develop MUO in the first 
45 days post-vaccination (in dogs vaccinated in the previous 
450 days), lack of a specific antigenic trigger, and absence of 
seasonal risk. Vaccination is not a risk factor in many dogs 
with MUO because approximately 25% of dogs in our study 
were vaccinated > 450 days before the onset of clinical signs. 
The potential for vaccination to trigger induction or relapse 
of MUO is controversial and dictates recommendations for 
future vaccinations in dogs with immune-mediated diseases. 
Although the risk to develop MUO was highest in the first 
6 weeks post-vaccination, an almost five-fold increased risk 
from 6 weeks to 6 months emphasizes the complexity of the 
immune response to vaccination and variability in differ-
ent dogs.

TABLE 1    |    Incidence rate ratio (IRR) of diagnosis of 
meningoencephalitis of unknown origin (MUO) in dogs for various 
post-vaccination time windows.

Time since last 
vaccination (days) IRR 95% CI p-value

0–45 9.14 4.04–20.71 < 0.001

46–90 4.86 2.01–11.71 < 0.001

91–180 4.86 2.15–10.96 < 0.001

181–270 2.14 0.87–5.26 0.096

271–360 3.43 1.48–7.96 < 0.001

361–450 0.86 0.29–2.55 0.782

451–560a 1.00 NA NA
aReferent window.

FIGURE 1    |    Incidence of meningoencephalitis of unknown origin (MUO) in 45-day time windows post-vaccination. Some 45-day intervals were 
combined to form 90-day time windows, shown as brackets, for analysis.
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The mechanisms by which vaccines potentially trigger autoim-
mune activation are not well understood, and evidence for an 
association between vaccines and autoimmunity in humans has 
been based largely on uncontrolled observational studies [35]. 
Generally, vaccines can cause immediate or delayed hypersen-
sitivity reactions [36]. Immediate hypersensitivity reactions 
usually occur within 15 min of immunization and causality can 
more definitively be determined [36]. Delayed hypersensitivity 
reactions can occur weeks after vaccination, making estab-
lishment of causal association challenging [36]. Most delayed 
reactions are classified as Type IV reactions, mediated through 
activated CD4+ or CD8+ T cell mediated cytokine production 
or both, causing a hyperinflammatory environment [36]. Other 
proposed mechanisms for auto-immune reaction include molec-
ular mimicry, where a similarity between vaccine components 
and host proteins causes the immune system to attack normal 
tissue; reaction to the chemical constituents of the vaccine; and 
acceleration of an underlying immune process by vaccinal viral 
epitopes [25, 26, 31, 37, 38].

Vaccines contain complex agents and adjuvants including alu-
minum, which remain in the body for an extended period of 
time [17, 23] and elicit an immune response weeks after inoc-
ulation [17]. Most studies in humans evaluating delayed hyper-
sensitivity reactions and the development of immune-mediated 
diseases use a 6–12 week follow-up period [36, 39–43]. Guillain 
Barré Syndrome, Bell's Palsy, MS, and acute disseminated en-
cephalomyelitis all have been reported as adverse events post-
immunization [36]. Studies evaluating the risk of developing 
GBS after immunization report increased risk within 6 weeks 
after vaccination [39–43], but symptom onset can occur years 
after vaccination in some patients [39]. A prospective study eval-
uating the risk of development of MS after hepatitis B vaccina-
tion identified an increased odds ratio of 3.1 within the 3 years 
after vaccination [44]. It is challenging to accurately evaluate the 
potential for a vaccine reaction when the time frame necessary 
for a vaccine to stimulate the immune system and ultimately 
produce clinical signs is poorly understood. Time windows also 
may differ for various immune-mediated diseases. We opted to 
use time windows up to 450 days in our study to more accurately 
reflect immunological processes over an extended period of 
time. We anticipated the auto-immune activity in the first two 
6-week time intervals may have been distinct. The following 
time windows from 3 to 6, 6 to 9, and 9 to 12 months were as-
sumed to be more uniform and were therefore grouped together. 
Our results suggested the highest risk in the first 45 days post-
vaccination, similar to what has been reported with some neu-
roinflammatory diseases of humans including GBS.

Vaccine-induced autoimmunity likely involves a combination 
of genetic and environmental factors in addition to stimulation 
of the immune system [37, 38]. Sequential vaccine administra-
tion may be necessary to incite chronic immune stimulation and 
subsequently trigger an autoimmune disease [24], and frequent, 
long-term vaccination may increase the chance of an aberrant 
immune response [45]. Dogs are frequently vaccinated starting 
at the age of 6–8 weeks and continue to receive vaccines every 
2–4 weeks until > 16 weeks of age [46]. Dogs have the most vac-
cination visits before 9 months [47], but the American Animal 
Hospital Association (AAHA) recommends boosters every 
3 years for the distemper, adenovirus, parvovirus, parainfluenza, 

and rabies vaccines, leading to vaccination of dogs throughout 
most of their lifetime [46]. Many dogs are vaccinated on a yearly 
basis for Leptospira and Bordetella bronchiseptica based on rec-
ommendations by AAHA and requirements for B. bronchiseptica 
vaccination before allowing dogs at boarding facilities, daycare, 
parks, and shows [46]. In contrast, the Advisory Committee on 
Immunization Practices (ACIP) in humans recommends more 
frequent vaccination with frequent boosters in the first 0–6 years 
of age with fewer vaccines between 7 and 18 years of age and the 
fewest vaccinations in adults ≥ 19 years of age [48]. The differ-
ence in vaccination frequency between dogs and humans may 
contribute to a different pathogenesis or increased relative risk 
of development of immune-mediated diseases in dogs, and the 
complexity of evaluating multiple vaccinations over years makes 
identifying a causal relationship challenging.

No seasonal predilection for MUO was identified, substantiating 
the results of a previous retrospective study in dogs with GME 
[7]. In contrast, multiple studies have substantiated a seasonal 
predilection for the development of MS [49–51], inflamma-
tory bowel disease [52], Type 1 diabetes [53], and many other 
immune-mediated diseases in humans [54]. Similarly, seasonal 
predilections have been identified for non-neuroinflammatory 
diseases, such as IMHA in dogs [55]. Distinct seasonal weather 
patterns occur in this geographical location; seasonality may 
have a different impact in regions with less variability.

Certain breeds have a known predisposition to develop immune-
mediated neuroinflammatory diseases [56–60]. French Bulldogs 
were the second-most common breed in our study, which may 
reflect both breed popularity and predisposition to develop 
MUO. However, French Bulldogs (0.56%) recently have sur-
passed Dachshunds (0.49%) in having the highest adverse event 
rate after vaccination [47]. Therefore, it is possible that vaccina-
tion in this breed carries a higher risk for development of MUO. 
There was a higher percentage of large-breed dogs in our cohort 
compared with some other MUO studies, which likely reflects 
breed popularity in the state (six of the eight top dog breeds are 
large or giant breed dogs).

Limitations of our study include lack of histopathological con-
firmation of MUO, a common problem in studies where patients 
respond well to treatment. Although we found significantly in-
creased risk to develop MUO after vaccination in several time 
windows, the CI ranges are wide and therefore significance needs 
to be interpreted cautiously. No case-controls were included for 
univariate analysis or to serve as the referent, and future studies 
should consider including case-controls to strengthen the study 
design. Defining and finding an appropriate control group is a 
recognized challenge in human medical and veterinary vaccine 
safety studies, particularly when the adverse event outcome of 
interest is very uncommon or rare. The self-controlled case se-
ries design [34] was employed in our study to try and overcome 
the limitation of identifying an unvaccinated control group. We 
chose a referent time window of 451–540 days to evaluate time 
periods up to and around the time of annual booster vaccina-
tions, but other referent time windows could be justifiable. Our 
study evaluated initial onset of neurological signs only; eval-
uating potential relapse after vaccination in a separate cohort 
would provide additional information as to the potential risk of 
repeat vaccination in dogs with previously diagnosed MUO. A 
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large-scale multidisciplinary prospective study documenting the 
development of immune-mediated disease (MUO and others) in 
vaccinated dogs would be another potentially better approach to 
determine the true incidence of MUO post-vaccination.

5   |   Conclusions

We found the highest risk to develop MUO to occur within the 
first 45 days post-vaccination (of dogs receiving vaccines in the 
previous 15 months). No significant association was found be-
tween seasonality and development of MUO. Further research 
is required to better understand the mechanisms and time 
frame of delayed immune reaction and potential for increased 
genetic risk for vaccination reaction in some breeds (e.g., French 
Bulldog).
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