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Vaccinations are an important component of vet-
erinary preventative medicine, reducing morbidity 

and mortality associated with infectious diseases. How-
ever, vaccines are typically administered to healthy in-
dividuals and improvements to immune status are not 
readily discernible. Adverse events (AEs) or undesired 
side effects believed to be associated with vaccination 
are noted by owners, often contributing to reduced ac-
ceptance of that vaccine or of vaccines in general.1 Ef-
fective vaccination programs can reduce the incidence 
of targeted diseases in populations, further causing in-
dividuals to question the need or value of vaccination.2

AEs related to vaccinations are often due to mani-
festations of immune stimulation. These responses may 
be excessive in individuals predisposed immunologically 
for genetic or acquired reasons.3 Identification of geneti-

Breed, smaller weight, and multiple injections are associated 
with increased adverse event reports within three days 
following canine vaccine administration
George E. Moore, DVM, PhD, DACVPM, DACVIM1*; JoAnn Morrison, DVM, MS, DACVIM2;  
Emi K. Saito, VMD, MSPH, MBA, DACVPM2; Nathaniel Spofford, MPH2; Mike Yang, BVMS, MS2

1College of Veterinary Medicine, Purdue University, West Lafayette, IN
2Banfield Pet Hospital, Vancouver, WA

*Corresponding author: Dr. Moore (gemoore@purdue.edu)

Received April 7, 2023
Accepted June 22, 2023

doi.org/10.2460/javma.23.03.0181

cally at-risk individuals has been advocated to potentially 
enable personalized rather than mass vaccination,4 but 
identification methods are lacking at present. However, 
predisposed individuals do not manifest adverse reac-
tions unless exposure to an immunological trigger precip-
itates such a reaction. Owners and veterinarians perceive 
associations between AEs and possible precipitating risk 
factors, such as vaccines in general or a specific vaccine in 
particular. Such perceptions, whether valid or not, often 
lead to vaccine hesitancy by owners or even veterinar-
ians.1 These perceptions can have a broad impact across 
a population.

Vaccine components that have been identified as 
possible precipitating factors for hypersensitivity reac-
tions include gelatin, egg protein, antibiotics, and latex 
in people.5 Some dogs with immediate hypersensitivity 

OBJECTIVE
To evaluate patient and vaccine factors associated with adverse events (AEs) recorded within 3 days of vaccine ad-
ministration in a large cohort of dogs.

ANIMALS
4,654,187 dogs vaccinated in 16,087,455 office visits in a 5-year period at 1,119 hospitals of a corporate practice.

METHODS
Electronic medical records of dogs vaccinated between January 1, 2016, and December 31, 2020, were searched 
for diagnoses of possible AEs recorded within 3 days of administration of vaccines without concurrent injectable 
heartworm preventative. Patient risk factors (age, sex, breed, and weight) and number and type of vaccine were 
extracted from records. ORs (and 95% CIs) for risk factors were estimated via multivariable logistic regression mixed 
models with patient as a random effect.

RESULTS
AEs were recorded following 31,197 vaccination visits (0.19%, or 19.4/10,000 visits). Reported AE rates increased 
from 1 to 4 vaccines administered and among individual vaccines were greatest for rabies vaccine. AE rate was gen-
erally inversely related to body weight, with largest rates in dogs ≤ 5 kg. The largest AE rates were noted in French 
Bulldogs and Dachshunds (ORs > 4 compared to mixed-breed dogs).

CLINICAL RELEVANCE
Risk factor information can be used to update vaccination protocols and client communication. Breed differences 
may indicate genetics as the primary risk factor for adverse vaccine reactions following vaccinations.
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reactions following vaccination have been shown to have 
increased IgE reactivity to fetal calf serum, a product 
used as growth media in cell culture.6 Cell culture media 
may include albumin and other proteins of bovine origin, 
which are retained in canine vaccines, as evidenced by 
recent vaccine proteomic analysis.6,7 Manufacturing can 
seek to reduce or even remove such proteins to improve 
vaccine safety, but specific threshold concentrations 
that might elevate risk are unknown.

A study8 using data from 2002 to 2003 investi-
gated potential risk factors for vaccine-associated 
AEs within 3 days of vaccine administration in ap-
proximately 1.25 million dogs. The study evaluated 
reported AEs from electronic medical records at 360 
hospitals in a preventative care–focused practice. 
Risk of AEs increased with decreasing body weight 
and with increasing number of vaccines adminis-
tered per office visit. Breed differences in AE rates 
were also identified even when controlling for body 
weight and number of vaccines. This study was cited 
in subsequent vaccination guidelines nationally and 
internationally.9,10 Together with potential changes 
in canine vaccine–manufacturing methods, in hospi-
tal protocols and individual breed popularity in the 
last 2 decades, risk factors for current canine vac-
cinations may have altered. The objective of the cur-
rent study was to use the same veterinary practice 
to estimate incidence rate and risk factors for AEs 
recorded within 3 days of vaccine administration in 
dogs during a recent 5-year period.

Methods
The study design was purposefully structured 

to be similar to a large study conducted in the same 
practice nearly 20 years previously.8 Banfield Pet 
Hospital is the largest primary veterinary care net-
work in North America, with over 1,000 hospitals 
located in 42 states, the District of Columbia, and 
Puerto Rico. All hospitals share the same proprietary 
software (PetWare; Mars Inc), and data from all hos-
pital visits are uploaded to a central data warehouse 
nightly. Electronic medical records of the Banfield 
patient database were searched for all dogs visiting 
any of their practice locations from January 1, 2016, 
through December 31, 2020. Canine patients were 
identified if administered any of 6 different vaccines 
(attenuated or inactivated Bordetella, inactivated 
canine influenza virus, attenuated canine distemper 
virus/canine adenovirus-2/canine parainfluenza vi-
rus/canine parvovirus [DA2PP], inactivated leptospi-
rosis [serovars Canicola, Grippotyphosa, Icterohem-
orrhagiae, and Pomona], inactivated or recombinant 
Lyme [Borrelia], or inactivated rabies), as well as 
whether injectable heartworm preventative was also 
administered. Records in which both an injectable 
heartworm preventative and vaccine(s) were admin-
istered at the same office visit were not included in 
statistical analysis for risk factors due to potential 
confounding or effect modification.11

Date of birth, date of vaccination, route of 
administration, sex, neuter status, breed, and 
weight were extracted from patient records. 

Possible vaccine-associated AEs were identified if, 
within 3 days of vaccination, a diagnosis or clini-
cal presentation code of vaccine reaction (separate 
codes for mild, moderate, or severe), allergic reac-
tion, urticaria, anaphylaxis, cardiac arrest, or death 
was recorded for these patients. Diagnosis or code 
selection was an independent decision by veterinar-
ians, as there were no standardized definitions in the 
software. For statistical analyses, AEs were a binary 
(yes/no) outcome of interest.

Age was calculated as a continuous numerical 
variable from date of birth to date of vaccination, 
and then categorized as 2 to 9 months (0.17 to 0.75 
years), > 0.75 to 1.5 years, > 1.5 to 2.5 years, > 2.5 
to 3.5 years, > 3.5 to 5.5 years, > 5.5 to 7.5 years, > 
7.5 to 9.5 years, > 9.5 to 11.5 years, or > 11.5 years. 
Weight was also converted into a categorical vari-
able, using 5-kg categories up to 45 kg. Breed was re-
corded/selected from standardized names from the 
Banfield database and did not require editing. Rates 
for breeds in the database were tabulated if > 75,000 
vaccination visits were recorded for that breed in the 
5-year study period. In multivariable analyses, mixed 
breed was designated as the referent breed and 14 
additional breeds were selected for comparison, due 
to high or low rates or breed popularity. Any records 
missing patient demographic information were ex-
cluded from analyses. Vaccines, recorded in medical 
records as any of the aforementioned 6 biologicals, 
were entered in analyses as administered (yes/no) 
and the total sum of vaccines administered. Thus, for 
this study, administration of DA2PP and leptospiro-
sis vaccines in the same visit was recorded as 2 in 
number, even if administered together in the same 
syringe; components of the DA2PP vaccine were not 
counted separately.

Statistical analysis
Due to predominantly low incidence rates (< 

1%), rates for AEs are expressed per 10,000 vacci-
nation visits. Crude AE rates were compared for se-
lected variables with the χ2 test of independence. 
The Cochran-Armitage test for trend was used to 
assess trend across ordered groups. Patient and 
vaccine risk factors were assessed for their associa-
tion with AE occurrence by multivariable regression 
logit models with patient as a random effect. Multi-
variable models included either individual vaccines 
or vaccine number, but not both, due to collinearity 
between these variables. Variable coefficients were 
exponentiated to provide estimates of ORs and as-
sociated 95% CIs. A value of P < .05 was considered 
statistically significant. Commercially available sta-
tistical software (Stata SE version 17.0; StataCorp 
LLC) was used for analyses.

Results
In the 5-year study period, 4,654,187 dogs re-

ceived 1 or more vaccinations without concurrent 
injectable heartworm preventative at 16,087,455 of-
fice visits (average of 3.5 visits/dog). Most patients 
received 1 or 2 vaccines/visit (6,080,503 [37.8%] or 
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5,132,426 [31.9%] visits, respectively), with decreas-
ing frequencies of additional vaccines. Bordetella 
vaccine alone was the most commonly administered 
vaccination/combination (16.6% of all visits), fol-
lowed by Bordetella with leptospirosis (8.1%). Most 
Bordetella vaccines were administered mucosally 
(98.3%), and of these, most were administered intra-
nasally (97.5%) rather than orally.

There were 31,197 AEs entered in patient records 
within 3 days of vaccination (0.194%, or 19.4/10,000 
vaccination visits). AEs were most commonly coded as 
vaccine reaction mild (14,099 [45.2%]), vaccine reac-
tion moderate (5,924 [19.0%]), allergic reaction (5,814 
[18.6%]), or vaccine reaction severe (4,797 [15.4%]).

Dogs vaccinated were predominantly neutered/
spayed males (40.7%) or females (39.3%). In unad-
justed analysis, AE rates were lowest in intact males 
(17.2/10,000 visits; 95% CI, 16.9 to 17.5). Dogs of 
smaller body weight were more common in the study 
population, and dogs weighing ≤ 5 kg had the greatest 
unadjusted AE rate of any weight group (26.9/10,000 
visits; 95% CI, 26.4 to 27.4). The greatest observed 
differences in AE rates between adjacent groups 
were noted between the 0- to 5-kg and > 5- to 10-kg 
groups, and then between the > 10- to 15-kg and > 
15- to 20-kg groups (Figure 1). AE rates decreased as 
body weight increased (P for trend < .001).

95% CI, 47.2 to 51.5) and Boston Terriers (44.9/10,000 
visits; 95% CI, 41.5 to 48.4). Mixed-breed dogs had an 
AE rate of 14.0/10,000 visits (95% CI, 13.1 to 14.8). 
Breeds with AE rates less than mixed breed included 
Golden Retrievers (12.6/10,000 visits; 95% CI, 11.6 
to 13.6), Labrador Retrievers (11.1/10,000 visits; 
95% CI, 10.5 to 11.6), and German Shepherd Dogs 
(9.2/10,000 visits; 95% CI, 8.5 to 9.9).

Differences in AE rates were observed in vis-
its involving different individual vaccines (Table 2). 
AEs occurred less frequently in any vaccinations 
involving Bordetella or canine influenza virus vac-
cines (16.0/10,000 visits; 95% CI, 15.7 to 16.2; and 
15.1/10,000 visits; 95% CI, 13.8 to 16.4, respectively). 
Bordetella and canine influenza virus vaccines also had 
the lowest AE rates if administered as the sole vaccina-
tion at a visit (10.4/10,000 visits; 95% CI, 10.0 to 10.8; 
and 12.7/10,000 visits; 95% CI, 11.1 to 14.3, respective-
ly). AE rates were greatest in any vaccinations involv-
ing rabies or DA2PP vaccines (24.8/10,000 visits; 95% 
CI, 24.4 to 25.3; and 24.6/10,000 visits; 95% CI, 24.2 to 
24.9, respectively). When administered as the sole vac-
cine in a visit, Lyme and rabies vaccines had the highest 
AE rates (21.3/10,000 visits; 95% CI, 20.2 to 21.8; and 
20.9/10,000 visits; 95% CI, 19.9 to 21.8, respectively).

One, 2, or 3 of the 6 vaccines were typically ad-
ministered at a visit (37.8%, 31.9%, or 19.6%, respec-
tively). All 6 vaccines were infrequently administered 
in the same visit (< 0.025% of all visits) and AEs infre-
quently noted (5/31,197). Due to these factors and 
the very wide CIs related to this AE rate, AE rates for 
6 vaccines together are not herein reported. AE rates 
increased as the number of administered vaccines 
increased per visit (P < .001), and this increase was 
modified by body weight (Figure 2).

In multivariable analyses, adjusting for sex, neu-
ter status, age, weight, breed, and number of vac-
cines, significant differences were noted between 
subgroups within each variable (Supplementary 
Table S1). Odds of an AE were greatest in spayed fe-
male dogs (OR, 1.26; 95% CI, 1.21 to 1.30) compared 
to intact male dogs, the referent group. Odds were 
greater for females than males of the same neuter sta-
tus and greater for spayed/neutered dogs than sexu-
ally intact dogs of the same sex. Adjusted odds of an 
AE were slightly greater for dogs > 9 months to 1.5 
years old (OR, 1.14; 95% CI, 1.09 to 1.19) than for dogs 
≤ 9 months old (referent group). Odds of an AE were 
significantly less for dogs > 2.5 years old compared 
to younger dogs (OR ≤ 0.76; 95% CI, 0.33 to 0.80). 
Dogs weighing ≤ 5 kg had nearly 2 times the odds of 
AE occurrence (OR, 1.96; 95% CI, 1.73 to 2.28) com-
pared to dogs weighing > 45 kg. In analysis of 15 se-
lected breeds with mixed breed as the referent group, 
French Bulldogs and Dachshunds had more than 
4-fold increased adjusted odds (OR, 4.14; 95% CI, 3.71 
to 4.63; and OR, 4.06; 95% CI, 3.70 to 4.46, respective-
ly). Boston Terriers had more than 3.5-fold increased 
adjusted odds (OR, 3.69; 95% CI, 3.26 to 4.17). With 
an increase in the number of vaccines administered 
per visit from 1 to 4 vaccines, adjusted odds of AE  
occurrence increased by approximately 25% with each 
additional vaccine.

Figure 1—Adverse event rates per vaccination visit in 
4,654,187 dogs by 5-kg weight groups presented at 
Banfield hospitals during a 5-year period. Category 
number shown is the largest value within the weight 
group. Error bars represent 95% CIs.

More vaccination visits occurred before 9 months 
of age than in other age groups, and AE rates were 
greater in the youngest 2 age groups compared to 
other groups. AE rates were 24.6/10,000 visits (95% 
CI, 24.2 to 25.0) and 25.6/10,000 visits (95% CI, 24.8 
to 26.4) for dogs 2 to 9 months old and for dogs 9 
months to 1.5 years old, respectively. The lowest AE 
rates were observed in the oldest age groups. Breed 
differences in AE rates were quite marked (Table 1), 
and 3 breeds had significantly greater AE rates than 
other breeds (P < .001). French Bulldogs had the 
greatest AE rate (55.9/10,000 visits; 95% CI, 52.4 to 
59.5), followed by Dachshunds (49.4/10,000 visits; 
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Multivariable analyses evaluating the adjusted 
odds of an AE when specific vaccines were adminis-
tered, alone or in combination, determined greatest 
odds were associated with rabies vaccine adminis-
tration (adjusted OR, 1.39; 95% CI, 1.35 to 1.43; Table 
2). In analysis of the subset of AEs coded as mild vac-
cine reactions, greatest odds were associated with 

leptospirosis vaccine (OR, 1.49; 95% CI, 1.44 to 1.54) 
or Lyme vaccine administration (OR, 1.38; 95% CI, 
1.33 to 1.44). In analysis of the subset of AEs coded 
as moderate or severe vaccine reactions, however, 
greatest odds were associated with rabies vaccine 
(OR, 1.81; 95% CI, 1.71 to 1.92) or DA2PP vaccine ad-
ministration (OR, 1.76; 95% CI, 1.65 to 1.87).

Table 1—Unadjusted vaccine AE rates with 95% CI in breeds represented by > 75,000 vaccination visits/breed in a 
5-year period at Banfield hospitals. Breeds are listed in descending AE rate.

 Total vaccination  AE rate/ 
Breed visits (n) AE (n) 10,000 visits 95% CI

French Bulldog 169,308 947 55.9 (52.4–59.5)
Dachshund 410,313 2,027 49.4 (47.2–51.5)
Boston Terrier 146,436 658 44.9 (41.5–48.4)
Pug 247,330 820 33.2 (30.8–35.4)
American Bulldog 109,612 309 28.2 (25.1–31.2)
Chihuahua 1,258,976 3,545 28.2 (27.2–29.1)
Miniature Pinscher 104,438 287 27.5 (24.2–30.7)
Havanese 86,840 222 25.6 (22.2–28.8)
Boxer 356,914 866 24.3 (22.6–25.8)
English Bulldog 140,227 336 24.0 (21.3–26.5)
Pit Bull 926,674 2,188 23.6 (22.6–24.6)
Maltese 623,599 1,454 23.3 (22.1–24.5)
Miniature Schnauzer 188,717 436 23.1 (20.8–25.2)
American Staffordshire Terrier 75,992 158 20.8 (17.6–24.0)
Yorkshire Terrier 979,922 1,978 20.2 (19.2–21.1)
Schnauzer 90,331 175 19.4 (16.5–22.2)
Pomeranian 322,490 597 18.5 (17.0–20.0)
Shih Tzu 923,077 1,647 17.8 (17.0–18.7)
Jack Russell Terrier 187,651 332 17.7 (15.8–19.6)
Toy Poodle 119,658 209 17.5 (15.1–19.7)
Bichon Frise 171,026 290 17.0 (15.0–18.8)
Miniature Poodle 109,366 184 16.8 (14.3–19.2)
Beagle 323,365 537 16.6 (15.1–18.0)
Great Dane 84,155 136 16.2 (13.3–18.8)
American Cocker Spaniel 135,331 210 15.5 (13.3–17.6)
Welsh Corgi 114,214 176 15.4 (13.1–17.7)
Poodle 426,915 644 15.1 (13.8–16.2)
Cockapoo 88,594 131 14.8 (12.3–17.2)
Siberian Husky 438,524 644 14.7 (13.6–15.8)
Australian Shepherd 303,018 444 14.7 (13.3–16.0)
Mixed 767,062 1,077 14.0 (13.1–14.8)
Cavalier King Charles Spaniel 95,031 132 13.9 (11.5–16.2)
Golden Retriever 464,029 586 12.6 (11.6–13.6)
Australian Cattle Dog 147,819 165 11.2 (9.5–12.8)
Labrador Retriever 1,264,949 1,402 11.1 (10.5–11.6)
Rottweiler 144,934 137 9.5 (7.9–11.0)
German Shepherd Dog 720,061 662 9.2 (8.5–9.9)
Border Collie 152,966 132 8.6 (7.2–10.1)

Table 2—Rates of recorded adverse events (AEs) following vaccination, alone or in combination with other vaccines, 
in 4,654,187 dogs during a 5-year period. Unadjusted ORs are for odds of AE occurrence when the specific vaccine 
was administered, alone or in combination, relative to odds of AE occurrence in vaccinations when specific vaccine 
was not administered. Adjusted ORs are as above but adjusted for patient age, weight, sex, neuter status, and breed; 
ORs are expressed relative to other visits not including that specific vaccine.

 Doses  AE rate/10,000 Unadjusted OR Adjusted OR
Vaccine administered (n) AEs (n) doses (95% CI) (95% CI) (95% CI)

Bordetella 9,024,865 14,417 16.0 (15.7–16.2) 0.67 (0.66–0.69) 0.75 (0.73–0.77)
CIV 358,607 541 15.1 (13.8–16.4) 0.77 (0.71–0.84) 1.01 (0.92–1.12)
Lyme 3,313,504 6,315 19.1 (18.6–19.5) 0.98 (0.95–1.01) 1.21 (1.17–1.26)
Leptospirosis 8,041,367 17,243 21.4 (21.1–21.8) 1.24 (1.21–1.26) 1.26 (1.23–1.30)
DA2PP 7,183,675 17,660 24.6 (24.2–24.9) 1.62 (1.58–1.66) 1.31 (1.27–1.35)
Rabies 5,094,558 12,647 24.8 (24.4–25.3) 1.47 (1.44–1.51) 1.39 (1.35–1.43)

CIV = Canine influenza virus. DA2PP = Canine distemper virus/canine adenovirus-2/canine parainfluenza virus/canine parvovirus.
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Discussion
This study investigated AEs recorded within 

3 days following vaccination in > 4.5 million dogs 
during a 5-year period and provided risk estimates 
of acute AEs in specific breeds and with individual 
vaccines. It also found increased AE rate associated 
with decreased body weight, increasing number of 
administered vaccines, sex and neuter status, and 
younger age, as previously reported.8 Although ob-
served AE rates were less than previously observed 
overall, direct comparisons are inappropriate. The 
vaccines used during this study period were different 
than those involved previously, although ideally vac-
cine safety has improved across all manufacturers in 
the last 2 decades. Nevertheless, other confounding 
factors may have affected crude recorded rates.

Breed was the variable with the greatest dispar-
ity of AE rates between subgroups, with greatest 
rates noted for French Bulldogs and Dachshunds. 
French Bulldogs were not evaluated in the breed list 
in 2005 due to low numbers, but Dachshunds had 
been previously noted at high risk.8 Increasing popu-
larity of French Bulldogs has also led to recognition 
of increased risk in this breed for some diseases.12 
Breed in this study was an owner- or staff-recorded 
entry, not necessarily representative of pedigree. 
Breed represents a concentration of genes to pro-
duce a desired phenotype but may mask genes pres-
ent from cross-breeding. Thus, “breed” may not be 
absolutely representative of pedigree. Breeding can 
also lead to concentration of undesired genotypes. 
Identification of polymorphisms in genes associated 
with immune responses, particularly undesired re-
sponses, will help guide decisions toward reduced 
risk and personalized vaccinology.4 The availability of 
large numbers of registered dogs in selected breeds, 
experiencing or not experiencing AEs, can provide a 
critical population for these genetic investigations.

Increasing the number of vaccines administered 
at a single visit increased AEs with an approximate 
25% increase in adjusted odds of an AE with each ad-
ditional vaccine added, up to 4. Decreasing body 
weight also was associated with increased AE 
rates overall. These 2 findings support a possible 

relationship between AE occurrence and quantity 
of vaccine antigens administered relative to body 
weight, although this relationship appeared minimal 
in dogs weighing > 15 kg. Awareness of AE risk in 
smaller dogs may prompt limiting the number of co-
administered vaccines,13 at least in selected breeds. 
One limitation of such a reduction could be an in-
crease in visits needed to complete hospital vacci-
nation protocols, potentially reducing compliance, 
as noted in children.14,15 However, a baseline rate of 
AE occurrence exists for administering only 1 vac-
cine. This study was not able to determine a total, 
or cumulative, risk in patients receiving the same 
vaccines within abbreviated versus extended time 
periods. Reducing the vaccine volume administered 
to smaller dogs (eg, giving half of a manufacturer’s 
recommended dose) should not be done, as efficacy 
studies in disease protection have not been conduct-
ed nor has this been approved for any canine vaccine 
by the USDA.

Individual vaccines were assessed in this study 
for odds of an AE with the administration of specific 
vaccines, alone or in combination with other vac-
cines. Lowest AE rates were observed for adminis-
tration of Bordetella vaccine, the only vaccine in the 
study primarily administered mucosally rather than 
parenterally. While vaccine safety concerns are often 
expressed anecdotally about leptospirosis vaccines, 
crude AE rates in this study were not greater for it 
than for DA2PP or rabies vaccines. Immune reactiv-
ity to bovine proteins, including albumin, have been 
associated with vaccine components.6 This finding 
suggests detection and quantification of vaccine 
proteins may guide investigations into specific pro-
tein stimulants of AEs. A proteomic analysis of canine 
vaccines recently found that rabies vaccines had sig-
nificantly more proteins than other canine vaccines.7 
This diversity of proteins may influence the immune 
response, including stimulation of protective immu-
nity following a single vaccination. The adverse ef-
fects of these diverse proteins are less clear, whether 
in nonacute reactions like ischemic dermatopathies 
or potentially severe, acute reactions.16,17 Rabies 
vaccines in this study were more likely to be associ-
ated with moderate to severe vaccine reactions than 
were leptospirosis vaccines, although specific rea-
sons for this remain undetermined.

Female dogs in the study had greater rates of 
AEs than male dogs, and both sexes had increases in 
adjusted odds for spayed or neutered animals com-
pared to those sexually intact of the same sex. How-
ever, this increase was magnified in females, consis-
tent with the 2005 study from the same practice.8 
The influence of sex hormones, particularly estrogen, 
on immune responses is recognized,18,19 even raising 
the question of whether vaccine formulation or pro-
tocols should be altered for women versus men.4,20 
The impact of neutering (ie, removal of primary sex 
organs) on increased immune responses is less rec-
ognized but likely due to loss of hormonal feedback 
and a subsequent increase in gonadotropins.21 Age 
was overall inversely related to AE rates, with signifi-
cant differences in reduced odds after 2.5 years old 

Figure 2—Adverse event rates by number of vaccines 
administered per office visit in 4,654,187 dogs of vari-
ous body weights at Banfield hospitals during a 5-year 
period. Error bars represent 95% CIs.
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compared to dogs < 9 months old. However, dogs 
approximately 1 year of age were at increased odds 
compared to those < 9 months, which may indicate 
an increased risk with booster vaccinations after the 
initial vaccination or series. A similar phenomenon 
was found in the previous Banfield study, although 
interpretation of the findings between age groups 
remains difficult due to potential induced bias. While 
IgE concentrations postvaccination can decline with 
advancing age,22 it is unknown whether owners of 
dogs experiencing vaccination reactions subse-
quently seek veterinary services at other locations, 
thereby reducing the at-risk population number.

The study population of > 4 million dogs, with 
> 15 million visits for vaccinations, yielded a power 
such that statistical significance could be found on 
differences too small to be clinically important or dis-
cernible. Even large relative differences (eg, in ORs) 
may be for very small raw numbers. Proper interpre-
tation should therefore consider both absolute and 
relative values/estimates. Even these values may be 
distorted due to issues in data quality.23 Quality in 
postmarketing vaccine surveillance is dependent 
upon recognition of an AE by a client (who must 
then seek veterinary care) and a veterinarian (who 
must make an accurate and consistent diagnosis). 
Thus, either underreporting or overreporting of AEs 
may have occurred. Furthermore, coded outcomes in 
electronic databases can be somewhat qualitative or 
nonspecific, necessitating interpretation by individu-
als. In the current study, there was no universal defi-
nition of a mild AE compared to a moderate or se-
vere event. This distinction is left up to the clinician, 
and thus subjective differences in definitions may 
lead to differences in data entry. This study collected 
data retrospectively from a very large cohort, with 
limitations including inability to validate entries by 
different veterinarians, as well as differences in how 
various breeds may be reported and recorded. In the 
current study, breeds were primarily owner reported 
and may or may not align with actual genotype.

This study did not include data or analysis on in-
dividual vaccine manufacturer. Suppliers of vaccines 
may have changed over time, due to changes in in-
ventory, recalls, supply chain, or other considerations. 
This variability was a limitation of the study, preclud-
ing the use of any data that could be used to compare 
vaccine offerings between individual suppliers. It is 
therefore unknown whether the observed risk factors 
would have the same magnitude or importance across 
the same type of vaccine from different manufacturers 
(eg, inactivated canine rabies vaccines) or between 
different vaccine types (eg, attenuated vs recombi-
nant canine distemper vaccines). Similarly, there were 
not enough parenterally administered Bordetella vac-
cines in the study for a meaningful comparison with 
Bordetella vaccines administered mucosally.

The observational study design, a retrospective 
cohort, was itself a limitation in that there were not 
predesignated comparison groups. Thus, we could 
truly assess cumulative risk of an AE in breed-/age-/
sex-matched pairs receiving in total the same vaccines 
in an extended number of visits versus in a reduced 

number of visits. Likewise, without lifetime histories, 
we were not able to determine prior immune stimula-
tion to truly define an “initial” vaccine. Nevertheless, 
the findings and limitations may help guide the design 
of both future databases and safety studies.

Postmarketing surveillance of vaccine safety re-
mains critical to identifying potential predisposing or 
precipitating risk factors of AEs. This is particularly 
true as vaccine safety improves and, ideally, the inci-
dence of AEs becomes less common. Prudent appli-
cation of this information to client communication, 
vaccination protocols, and future research will ide-
ally benefit patients and improve compliance.

Acknowledgments
There was no external funding for this study. 
Dr. Moore has served on the speakers bureau for several 

vaccine manufacturers.
Dr. Moore is a member of the Journal of the American 

Veterinary Medical Association (JAVMA) scientific review 
board. He declares that he had no role in the editorial direc-
tion of this manuscript.

References
1. Kogan LR, Rishniw M. Canine and feline core vaccinations: 

US veterinarians’ concerns and perceived impact of COV-
ID-19 antivaccination views on veterinary medicine. J Am 
Vet Med Assoc. 2022;260(12):1482–1488. doi:10.2460/
javma.22.03.0109

2. Doornekamp L, van Leeuwen L, van Gorp E, Voeten H, 
Goeijenbier M. Determinants of vaccination uptake in risk 
populations: a comprehensive literature review. Vaccines 
(Basel). 2020;8(3):480. doi:10.3390/vaccines8030480

3. Moore GE, HogenEsch H. Adverse vaccinal events in 
dogs and cats. Vet Clin North Am Small Anim Pract. 
2010;40(3):393–407. doi:10.1016/j.cvsm.2010.02.002

4. Poland GA, Ovsyannikova IG, Kennedy RB. Personalized 
vaccinology: a review. Vaccine. 2018;36(36):5350–5357. 
doi:10.1016/j.vaccine.2017.07.062

5. Kelso JM, Li JT, Nicklas RA, et al; Joint Task Force on Prac-
tice Parameters; Joint Task Force on Practice Parameters 
for Allergy and Immunology. Adverse reactions to vac-
cines. Ann Allergy Asthma Immunol. 2009;103(4 suppl 
2):S1–S14. doi:10.1016/s1081-1206(10)60350-x

6. Ohmori K, Masuda K, Maeda S, et al. IgE reactivity to 
vaccine components in dogs that developed immediate-
type allergic reactions after vaccination. Vet Immunol 
Immunopathol. 2005;104(3-4):249–256. doi:10.1016/j.
vetimm.2004.12.003

7. Franco J, Aryal UK, HogenEsch H, Moore GE. Proteomic analysis 
of canine vaccines. Am J Vet Res. 2023;84(3):ajvr.22.11.0192. 
Published 2023 Jan 24. doi:10.2460/ajvr.22.11.0192

8. Moore GE, Guptill LF, Ward MP, et al. Adverse events 
diagnosed within three days of vaccine administration 
in dogs. J Am Vet Med Assoc. 2005;227(7):1102–1108. 
doi:10.2460/javma.2005.227.1102

9. Welborn LV, DeVries JG, Ford R, et al; American Animal 
Hospital Association Canine Vaccination Task Force. 2011 
AAHA canine vaccination guidelines. J Am Anim Hosp As-
soc. 2011;47(5):1–42. doi:10.5326/jaaha-ms-4000

10. Day MJ, Horzinek MC, Schultz RD, Squires RA; Vaccina-
tion Guidelines Group of the World Small Animal Veteri-
nary Association. WSAVA guidelines for the vaccination 
of dogs and cats. J Small Anim Pract. 2016;57(1):E1–E45. 
doi:10.1111/jsap.2_12431

11. Glickman LT, Glickman NW, Moore GE, et al. Safety profile 
of moxidectin (ProHeart 6) and two oral heartworm pre-
ventives in dogs. Int J Appl Res Vet Med. 2005;3(2):49–61.

Unauthenticated | Downloaded 09/14/23 06:29 PM UTC



  7

12. Keijser SFA, Meijndert LE, Fieten H, et al. Disease burden in 
four populations of dog and cat breeds compared to mixed-
breed dogs and European shorthair cats. Prev Vet Med. 
2017;140:38–44. doi:10.1016/j.prevetmed.2017.02.016

13. Ellis J, Marziani E, Aziz C, et al. 2022 AAHA canine vaccina-
tion guidelines. J Am Anim Hosp Assoc. 2022;58(5):213–230. 
doi:10.5326/JAAHA-MS-Canine-Vaccination-Guidelines

14. Weinberg M, Dietz S, Potter R, Swanson R, Miller C, McFadden 
J. Vaccine shot-limiting: estimating the prevalence, indicators, 
and impact on vaccination status – Michigan, 2012. Vaccine. 
2017;35(7):1018–1023. doi:10.1016/j.vaccine.2017.01.013

15. Freeman RE, Thaker J, Daley MF, Glanz JM, Newcomer SR. 
Vaccine timeliness and prevalence of undervaccination 
patterns in children ages 0–19 months, US, National Im-
munization Survey-Child 2017. Vaccine. 2022;40(5):765–
773. doi:10.1016/j.vaccine.2021.12.037

16. Morris DO. Ischemic dermatopathies. Vet Clin North Am 
Small Anim Pract. 2013;43(1):99–111. doi:10.1016/j.
cvsm.2012.09.008

17. Yoshida M, Mizukami K, Hisasue M, et al. Anaphylaxis af-
ter rabies vaccination for dogs in Japan. J Vet Med Sci. 
2021;83(8):1202–1205. doi:10.1292/jvms.21-0090

18. Klein SL, Flanagan KL. Sex differences in immune respons-
es. Nat Rev Immunol. 2016;16(10):626–638. doi:10.1038/
nri.2016.90

19. Moulton VR. Sex hormones in acquired immunity and auto-
immune disease. Front Immunol. 2018;9:2279. doi:10.3389/
fimmu.2018.02279

20. Harper A, Flanagan KL. Effect of sex on vaccination out-
comes: important but frequently overlooked. Curr Opin Phar-
macol. 2018;41:122–127. doi:10.1016/j.coph.2018.05.009

21. Olson PN, Mulnix JA, Nett TM. Concentrations of lutein-
izing hormone and follicle-stimulating hormone in the se-
rum of sexually intact and neutered dogs. Am J Vet Res. 
1992;53(5):762–766.

22. HogenEsch H, Dunham AD, Scott-Moncrieff C, Glickman 
LT, DeBoer DJ. Effect of vaccination on serum concentra-
tions of total and antigen-specific immunoglobulin E in 
dogs. Am J Vet Res. 2002;63(4):611–616. doi:10.2460/
ajvr.2002.63.611

23. Verstraeten T, DeStefano F, Chen RT, Miller E. Vaccine 
safety surveillance using large linked databases: opportu-
nities, hazards and proposed guidelines. Expert Rev Vac-
cines. 2003;2(1):21–29. doi:10.1586/14760584.2.1.21

Supplementary Materials
Supplementary materials are posted online at the jour-

nal website: avmajournals.avma.org

Unauthenticated | Downloaded 09/14/23 06:29 PM UTC


