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Abstract

CDC estimates 1 million dogs are imported into the United States annually. With the movement
of large numbers of animals into the United States the risk of disease importation, especially
emerging diseases, and animal welfare issues are of concern. Dogs that arrive to the United

States ill or dead are investigated by public health authorities to ensure dogs are not infected

with diseases of concern (such as rabies). We identified factors associated with illness and death
in imported dogs and estimated the initial investigation cost to public health authorities. Dog
importation data from the CDC’s Quarantine Activity Reporting System were reviewed from 2010
to 2018. The date of entry, country of origin, port of entry, transportation method and breed

were extracted to examine factors associated with illness and death in dogs during international
travel. Costs for public health investigations were estimated from data collected by the Bureau of
Labor Statistics and Office of Personal Management. Death or illness was more likely to occur

in brachycephalic breeds (aOR = 3.88, 95%CI 2.74-5.51). Transportation of dogs via cargo (aOR
=2.41, 95%CI 1.57-3.70) or as checked baggage (aOR = 5.74, 95%CI 3.65-9.03) were also
associated with death or illness. On average, 19 dog illnesses or deaths were reported annually
from 2010 to 2018. The estimated annual cost to public health authorities to conduct initial

public health assessments ranged from $2,071 to $104,648. Current regulations do not provide
adequate resources or mechanisms to monitor the rates of morbidity and mortality of imported
dogs. There are growing attempts to assess animal welfare and communicable disease importation
risks. However, because the responsibility for dogs’ health and wellbeing is overseen by multiple
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agencies it is challenging to coordinate implementation and enforcement measures. A joint federal
agency approach to identify interventions that reduce dog morbidity and mortality during flights
while continuing to protect US borders from public health and foreign animal disease threats could
be beneficial.
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1 INTRODUCTION

The Centers for Disease Control and Prevention (CDC) estimates 1 million dogs are
imported into the United States every year; 700,000 via air and 300,000 via land-borders
(CDC, 2019; McQuiston et al., 2008). With the movement of many animals into the
United States the risk of disease importation and animal welfare issues are of concern,
especially for new and emerging pathogens, such as rabies, brucellosis or leishmaniasis.
The importation of dogs into the United States is governed by multiple federal agencies,
including the US Department of Agriculture (USDA) and CDC, based on their mandated
mission. Regulations, statutes, and laws cover varying aspects of dog importation, from
safety of the animal while flying, to the prevention of importing zoonotic diseases such as
rabies.

The CDC regulates the entry of dogs into the United States under Title 42 of the Code

of Federal Regulation (CFR) § 71.51. The principal reason for regulating dog importations
is to prevent the reintroduction and spread of the canine rabies virus variant (CRVV) into
the United States. This is achieved through mandatory vaccination requirements for dogs
prior to entry, and through public health investigations of dog deaths and illnesses during
international travel into the United States.

Rabies is a deadly disease most commonly transmitted to humans from the bite of a rabid
dog. Globally, CRVV accounts for 99% of human rabies deaths which disproportionately
affect children under 15 years of age (Hampson et al., 2015). Although the United States
was declared CRVV-free in 2007 (Velasco-Villa et al., 2017), CRVV is enzootic in more
than 100 countries worldwide and continues to be a serious public health concern (Hampson
et al., 2015). Roughly 100,000 dogs from CRVV-enzootic countries arrive in the United
States each year (CDC, 2019). Since 2015, there have been four separate importations of
rabid dogs which resulted in public health costs of $200,000-$500,000 per event (CDC,
2019; Raybern et al., 2020). Preventing the entry of dogs infected with CRVV into the
United States is a public health priority for the CDC, and on July 14, 2021, CDC issued a
temporary suspension for dogs entering the United States from countries with a high risk of
CRVYV (including dogs that have travelled to a high-risk country within the past 6 months)
(CDC, 2021).

CDC requires dogs entering the United States to be healthy upon arrival. Dogs that arrive
dead or ill are recorded in the Quarantine Activity Reporting System (QARS), an electronic
record-keeping system maintained by CDC. CDC also tracks incidents of invalid rabies
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vaccination certificates, animal death, and animal illness on international conveyances
arriving in the United States. These incidents are referred to as ‘deviations’ because they
do not meet CDC dog importation requirements.

CDC also requires transportation companies (i.e. air carriers, maritime vessels etc.) to

report dog deaths and illnesses during inbound international travel to the United States.

US Customs and Border Protection Officers and CDC Quarantine Public Health Officers
inspect dogs upon arrival at US ports of entry when resources are available. Dogs exhibiting
signs of illness (e.g. coughing, vomiting, diarrhoea, rash, neurologic signs) are referred to
local veterinarians for a health assessment to ensure the dogs do not pose a public health
threat. For dogs that die during transportation, CDC veterinary medical officers evaluate

the medical history of the dog, including rabies vaccination history, country of origin, and
whether the animal has bitten or scratched anyone in the 10 days preceding its death in order
to determine whether a necropsy or post-mortem rabies testing are indicated (NASPHYV,
2016). Necropsy and rabies testing are indicated when there is reasonable suspicion that the
animal may have been infected with a communicable disease prior to death. The evaluation
and treatment of ill dogs, as well as testing of dogs post-mortem, can be time consuming and
costly for the importer, carrier, and federal, state and local public health agencies who work
to prevent the importation of diseases into the United States. CDC does not collect data on
dogs arriving in the United States if the dogs are healthy and, as applicable, have proof of
current rabies vaccination or have not been in a high-risk country in the previous 6 months.
Additionally, CDC does not collect data on domestic animal travel within the United States.

USDA is another federal agency which overseas animal importation. USDA oversees the
health and fitness of animals prior to and during travel to mitigate the risk of illness,

death or disease introduction. The USDA, Animal Plant and Health Inspection Services
(APHIS), Animal Care (AC) works to ensure the humane treatment of animals covered by
the Animal Welfare Act (AWA). The AWA set standards of humane care and treatment for
the transportation, sale and handling of live dogs being imported for purposes of resale or
adoption (USDA, 2020a).

The USDA, APHIS, Veterinary Services (VS) works to protect the United States from
diseases that could threaten domestic livestock and food production animals. As a result,
they have requirements for dogs to enter the United States that can include treatments for
screwworm, tapeworm and foot and mouth disease depending on the dog’s country of origin
(USDA, 2020b).

We evaluated risk factors that may impact the likelihood of illness or death in dogs
during international travel through retrospective data analysis. We also estimated the cost
of veterinary evaluation and care of ill or dead dogs, and proposed actions that can be
adopted by key stakeholders to ensure imported animals do not present a public health or
foreign animal disease risk.
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2 METHODS

CDC dog importation deviations reported in QARS for 1 January 2005 to 31 December
2018 were included in this evaluation. The data included all recorded international
importations of dogs who were sick, dead, denied entry or were deemed healthy and issued
confinement agreements. Prior to 2018, CDC issued confinement agreements for healthy
dogs who did not have adequate rabies vaccination certificates. This process changed at the
end of 2018, and this practice is no longer used; therefore, data from 2019 and later were
excluded from this analysis. The date of entry, country of origin (high risk for CRVV vs.
low risk or no-known risk for CRVV; CDC, 2020), port of entry, transportation method
(hand-carried, cargo, checked baggage and land border crossing), and breed data, including
brachycephalia, were extracted. Brachycephalic dog breeds are those with shortened snouts
and facial skeletons, and examples include Pugs or French Bulldogs. There were limited
data for dogs traveling via sea vessel; therefore, this evaluation focused on air and land
transportation.

The protocol was reviewed and approved by the CDC’s National Center for Emerging and

Zoonotic Infectious Diseases and determined not to need review by the CDC’s Institutional
Animal Care and Use Committee; the evaluation was conducted consistent with applicable
federal law and CDC policy.!

We categorized brachycephalic breeds as those recognized by the Humane Society
Veterinary Medical Association and the American Kennel Club and included Affenpinscher,
Boston Terrier, Brussels Griffon, Bulldog (American, English, French), Boxer, Cavalier
King Charles Spaniel, Japanese Chin, Lhasa Apso, Mastiff (Brasileiro, Dogue de Bordeaux),
Pekingese, Pug and Shih Tzu (Humane Society Veterinary Medical Association, 2017).

This evaluation analyzed demographic information including dog breed, size/weight based
on standard breed sizes (American Kennel Club, 2017), health status, country of origin,
transportation method (cargo, checked baggage, hand-carried and land border crossing) and
month and year of travel.

Dogs that were denied entry due to invalid rabies vaccination certificates but were not noted
in QARS to be sick or dead upon arrival were classified as healthy for the purposes of the
health status analysis.

Detailed data about the types of investigations or diagnostic testing performed on dogs
that became ill or died during travel were not available. In the absence of such data,

we attempted to develop a plausible range of the potential costs based on publicly
available data sources and personal communication between the authors and CDC’s rabies
laboratory (Emergency Vets USA, 2021; Cornell University Animal Health Diagnostics
Center, 2021; Washington State University Veterinary Diagnostic Pathology lab, 2021;
UC Davis Veterinary Hospital, 2021; Wisconsin Health Department, 2021; Kansas State
University, 2021; Fedex, 2021; Pieracci personal communication with CDC Poxvirus and
Rabies Branch laboratory) The cost estimates included a relatively large range, which
was due to the heterogeneity of illnesses and deaths of dogs during the analysis period
and in public health responses across different state and local jurisdictions. We utilized
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Office of Personal Management General Schedule Hourly Salaries and Wages (Office

of Personal Management, 2021). The consultations with state or local public health or
animal officials were assumed to include an equal distribution of three occupation types:
veterinarians, epidemiologists and registered nurses. The wage rates for each occupation
were estimated using the average hourly wage for occupation codes: 19-1041, 29-1131, 53—
1011 and 29-1141 available in the Bureau of Labor Statistics’ Occupational Employment
and Wage Statistics from May 2020 (Bureau of Labor Statistics, 2020). The hourly

wage estimates were multiplied by two to account for non-wage benefits and overhead.
Estimates for the treatment of ill dogs and the post-mortem evaluation of dead dogs was
based on an average cost from multiple private companies, universities, and public health
laboratories (Emergency Vets USA, 2021; Cornell University Animal Health Diagnostics
Center, 2021; Washington State University Veterinary Diagnostic Pathology lab, 2021;
UC Davis Veterinary Hospital, 2021; Wisconsin Health Department, 2021; Kansas State
University, 2021; Fedex, 2021; Pieracci personal communication with CDC Poxvirus and
Rabies Branch laboratory).

All data were exported from QARS and entered into a database for cleaning and analysis
using STATA, Version 16 (STATACorp, College Station, TX).

Descriptive statistics were calculated. Univariate and multivariable logistic regression
models were used to evaluate factors associated with health status outcomes (healthy vs.
dead or ill). Univariate odds ratios were calculated for health status of the canine upon entry
as the outcome measure (healthy vs. combined dead or ill). Exposures of interest thought
likely to be associated with the outcome were included a priori in the multivariable analysis,
including breed characterization (brachycephalic, non-brachycephalic), size of breed in
pounds (<25, 26-60, 61-100, =101), transportation method [hand-carried, cargo, checked
baggage, land border crossing (car)] and risk status of country of origin (rabies high risk,
rabies low risk). Month and year of entry had little impact on adjusted odds ratios for
exposures of interest and were excluded from the final model. As missingness of data was
likely not completely at random, dogs with missing values for breed and/or transportation
methods were excluded from these analyses. Additionally, there were few observations
between 2005 and 2010 (n7= 158), and data recorded during this time are unlikely to be
representative; therefore, data prior to 2010 were also excluded. p Values were two-sided
with a significance threshold set at <.05.

3 RESULTS

From 1 January 2010 to 31 December 2018, there were 13,891 reports for dog deviations
filed in QARS. Of these, 176 (1.3%) contained reports of dog death or illness (92 deaths
and 84 illnesses). There were approximately 9 illnesses and 10 deaths documented per year
during 2010-2018 (Table 1).

Of the 92 dogs that died during transport, 37 (40%) had necropsies performed and 13 (14%)
were tested for rabies. The most common causes of death were brachycephalic syndrome
(n=17) contributing to respiratory and vascular compromise, ill thrift (dehydration,
hypoglycaemia, lethargy, diarrhoea, malnutrition) (s7=5) and infectious diseases (rabies,
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distemper, parvovirus) (7= 3). Among the 84 ill dogs, medical notes were recorded in
QARS for 58 (69%) dogs. Diagnoses included infectious diseases [H3N2 influenza (1),
distemper (2), parvovirus (2), gastrointestinal parasites (5), mange (2), mycoplasma (1) and
leishmaniasis (2)] in 15 dogs and ill thrift (dehydration, hypoglycaemia, lethargy, diarrhea,
malnutrition) in 31 dogs. Twelve dogs arrived unresponsive or in critical condition; two with
unknown underlying aetiologies were euthanized, and 10 recovered after hospitalization for
heat stroke (3), vomiting (3), unresponsive (no underlying cause noted) (2), haemorrhagic
gastroenteritis (1) and pneumonia (1).

Descriptive statistics for health status, breed, size, transportation method and country of
origin based on rabies risk are shown in Table 1 for 1 January 2010 to 31 December 2018.
Seventy-four per cent of dogs transported were non-brachycephalic and 39% of all dogs
imported were breeds that are usually under 26 pounds. Many dogs were hand-carried (42%)
and most dogs (86%) arrived from countries CDC does not consider to be high risk for
CRVV.

There was an association between death or illness during travel and brachycephalic breeds
compared to non-brachycephalic breed dogs after adjusting for other covariates (aOR = 3.88,
95%Cl 2.74-5.51) (Table 2). Compared to hand carried via air travel, transportation via air
cargo (aOR = 2.41, 95%CI 1.57-3.70) or via air as checked baggage (aOR =5.74, 95%

Cl 3.65-9.03), but not via land border crossing (aOR = 0.27, 95%CI 0.04-1.95) were also
associated with death or illness. Finally, traveling from high-risk countries for CRVV was
also associated with death or illness compared to low-risk or CRVV-free countries (aOR =
1.54, 95% CI 1.09-2.18) (Table 2).

The costs for state, local and federal government response activities for ill or dead imported
dogs were estimated to fall within a plausible range of $109-$5508 per illness or death
corresponding to an annual cost range of $2071-$104,648 assuming an average of 19 events
per year (Table 3). The average cost for importers and carriers to obtain medical care and
diagnostic testing of ill dogs was estimated at $2979-$9712 and the cost per dead dog

was estimated to be between $602 and $2600. With an estimate of 9 ill dogs and 10 dead
dogs arriving each year, the annual plausible costs to importers and airlines were estimated
at $32,831-$113,408 per year. The total plausible costs per year for all stakeholders was
estimated at $34,902-$218,056. These costs do not include inspection and evaluation of
dogs with inadequate rabies vaccination certificates and the subsequent costs of returning
dogs denied entry to the country of departure.

4 DISCUSSION

The increased risk of death or illness in brachycephalic breeds (four times greater than non-
brachycephalic dogs) is not surprising. Brachycephalic breeds, in addition to their shortened
snouts and facial skeletons, are also characterized by multiple anatomical abnormalities
including stenotic nares, elongated soft palates, everted laryngeal saccules/laryngeal collapse
and hypoplastic trachea, all of which contribute to the development of brachycephalic
obstructive airway syndrome (BOAS) (Lodato & Hedlund, 2012; Koch, 2003; Packer

etal., 2015). As a result of BOAS, brachycephalic dogs are at higher risk of adverse
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respiratory events because they have decreased capacity for thermoregulation and lower
oxygen saturation levels than non-brachycephalic breeds (Davis et al., 2017; Koch, 2003;
Lodato & Hedlund, 2012; Packer et al., 2015). Transporting brachycephalic dogs by any
means when there is difficulty regulating environmental temperatures and ensuring adequate
ventilation for prolonged periods of time could trigger a respiratory emergency. Without
access to immediate medical care these dogs are at a greater risk of death. Travel restrictions
for brachycephalic breeds and increased owner and carrier awareness of the risk of illness
and death are critical to ensure the health and safety of brachycephalic breeds during air
travel.

Similarly, all dogs were at 3-5 times greater risk of death or illness when transported via
air cargo or air checked baggage (in the area below the wing of the aircraft where all

the checked baggage is stored). This evaluation suggests that confining dogs for prolonged
periods of time in the cargo areas of a plane could result in adverse health effects for the
dog. This may be due to poor environmental temperature regulation, reduced ventilation,
lack of food or water (especially in young dogs), increased stress or other unknown factors
when transported via the cargo hold of a plane. Additional assessments are needed to
determine how air carriers can reduce the risk of illness or death in animals transported as
cargo and checked baggage. Improvements to the live animal cargo environment such as
temperature control and breed restrictions have been implemented by many US-based air
carriers; however, many international air carriers have yet to implement mitigation measures
to reduce the risk of death or illness in dogs.

Participation in and compliance with organizations that have established guidelines for

live animal transport and work to improve air travel for animals, such as the Animal
Transportation Association (ATA), International Air Transport Association (IATA), or the
International Pet and Animal Transportation Association (IPATA), should be encouraged for
all airlines transporting live animals.

Dogs traveling from high-risk countries for CRVV (countries in which CRVV is enzootic)
had more than two times greater risk of death or illness than dogs traveling from low-risk
countries or CRVV free countries. The increased risk of death or illness in dogs arriving
from high-risk countries seen in this evaluation may be an indirect proxy for animal health
that is reflective of the overall health status of the animals in countries with lower human
development indices. The human development index (HDI) is a composite measure of
health, education, and income used by the United Nations Development Program (United
Nations Development Program, 2020). Countries in which canine rabies is enzootic have
significantly lower HDI scores than CRVV-free countries, suggesting that improvements

to infrastructure, health care access and education may be needed before higher levels

of dog vaccination can be achieved (Wallace et al., 2017). The improvements needed in
many countries with lower HDI scores would presumably also lead to increased access

to and availability of veterinary care and could arguably lead to improved overall human
and animal health. Alternatively, the greater risk of death or illness in dogs from high-risk
countries for CRVV may be due to inadequate veterinary inspection and care prior to travel,
reduced adherence to safety guidelines by air carriers, or a combination of factors. Importers
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and air carriers should consider additional steps to ensure dogs originating in high-risk
countries are healthy enough to endure long periods of travel.

In addition to the animal health issues discussed above, illness or death in imported dogs can
be costly for importers, air carriers, and public health agencies working to protect human
and animal health. Importers (or air carriers if importers abandon the animal) can incur
costs of $32,831-$113,408 per year to manage sick or dead animals, and state and federal
agencies may incur costs of $2,071-$104,648 a year to conduct public heath investigations.
These costs could be averted by identifying risk factors for dogs in the flight environment
and working to mitigate those risks and reduce poor outcomes.

There were several limitations with this evaluation. First, without routine airline carrier data
collection in QARS the authors cannot say whether the risk of death and illness may differ
between airline carriers. Second, because data were not available, we used standard breed
sizes rather than the actual weight of the animal for the size variable in this analysis. It

is possible there are risks associated with the actual size or weight of the animal that we
were not able to assess. Routine collection of weight and age data in QARS would help to
further assess risk factors for animal death and illness in the future. Third, we were unable
to ascertain the flight duration which may impact the risk of death or illness. Fourth, given
the data are only collected when deviations are identified and we do not collect information
on all dogs imported into the United States, the denominator for our data is unknown.

As a surrogate for our comparison, we used healthy dogs that were otherwise flagged for
paperwork issues, and data are thus subject to sampling bias. Fifth, we were unable to

tell whether dogs hand-carried in the cabin and/or transported via land border crossing are
more likely to be personal pets, and therefore, may have been healthier compared to dogs
flown as cargo or checked baggage. However, we did note that small, underage dogs from
high-risk countries for CRVV are routinely transported in importers’ hand-carried luggage in
the cabins. Death and illness of these dogs are unlikely to be captured in QARS unless CBP
finds the dogs during passenger inspection upon arrival. Airlines are not required to track or
report the number of dogs that fly in the cabin as hand-carried luggage; therefore, reports of
illness and death may be less likely to occur as airlines may not know how many animals
are flying in the cabin, and small, underage dogs being brought into the United States for
resale that become ill or die during the flight are less likely to be reported by the importer.
Therefore, the risk of death or illness may be greater than our data suggest for animals
transported as hand-carried luggage. Finally, we were only able to estimate a plausible range
for the costs associated with post-arrival care for dogs that become ill or examination of
dogs that die during travel because CDC does not collect cost data.

Though current regulations, statutes and laws might help improve the safety of animals
transported into the United States, they do not provide adequate mechanisms to monitor
the rates of animal morbidity and mortality. There are minimal to no consequences for air
carriers who violate animal transportation requirements or repeatedly import ill or dead
animals. Existing federal regulations could potentially be strengthened to address these
non-compliance issues and levy penalties, such as fines or suspensions of live animal
imports, against air carriers that repeatedly violate animal transportation requirements.
There are growing attempts by federal agencies, non-governmental agencies and animal
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welfare organizations to assess the animal welfare, public health and communicable disease
importation risks associated with the international transportation of dogs (Anderson et al.,
2019; Polak, 2019). An issue that arises with assessing dog transportation on aircraft is that
the responsibility for the dogs’ health and well-being is overseen by multiple stakeholders
with varying rules and regulations. A combined, inter-agency approach to identify potential
dog transportation interventions that reduce morbidity and mortality during flights while
continuing to protect US borders from public health and foreign animal disease threats
could be beneficial. Additionally, public education to improve awareness among owners that
demands for certain breeds as pets, or demand for pets purchased from overseas increases
the chance of importing a foreign animal disease or witnessing poor outcomes for imported
dogs.

Significant improvements in communicable disease surveillance and detection could occur
with several changes which include (1) required reporting by air carriers on the number of
animals they transport into the United States as cargo, checked baggage, and hand-carried
baggage; (2) additional vaccination and diagnostic testing prior to entry based on the disease
risk of the exporting country; (3) required, comprehensive communicable disease testing
for any ill or dead dogs that arrive in the United States; (4) enhanced and coordinated
screening by US government agencies for all live dog importations; (5) the establishment
of government or private quarantine facilities for animals that arrive in the United States
based on the disease risk of the exporting country. These changes could improve our ability
to prevent, detect and respond to public health risks and foreign animal diseases that could
negatively impact human health, our food safety and security and the health and welfare of
domestic and wildlife animals in the country.

ACKNOWLEDGEMENTS

We are grateful for the partnership and support from CDC quarantine station staff, US Customs and Border
Protection, USDA APHIS Animal Care, and USDA APHIS Veterinary Service partners. A special thanks to Dr.
Mark Tenforde for his statistical expertise.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on request from the
corresponding author. The data are not publicly available due to privacy or ethical
restrictions.

REFERENCES

American Kennel Club. (2017). Breed weight chart. Retrieved from akc.org.

Anderson MEC, Stull JW, & Weese JS (2019). Impact of dog transport on high-risk risk infectious
diseases. Veterinary Clinics: Small Animal Practice, 49, 615-627. [PubMed: 30956001]

Bureau of Labor Statistics Occupational Employment and Wage Statistics. (2020). National
Occupational Employment and Wage Estimates United States. Retrieved from: https://
www.bls.gov/oes/current/oes_nat.htm

Centers for Disease Control and Prevention (CDC) (2019). Notice of temporary
suspension of dogs entering the united states from Egypt. Federal Register, 84, 20628—

32. Retrieved from: https://www.federalregister.gov/documents/2019/05/10/2019-09654/notice-of-
temporary-suspension-of-dogs-entering-the-united-states-from-egypt

Transbound Emerg Dis. Author manuscript; available in PMC 2022 October 04.


http://akc.org
https://www.bls.gov/oes/current/oes_nat.htm
https://www.bls.gov/oes/current/oes_nat.htm
https://www.federalregister.gov/documents/2019/05/10/2019-09654/notice-of-temporary-suspension-of-dogs-entering-the-united-states-from-egypt
https://www.federalregister.gov/documents/2019/05/10/2019-09654/notice-of-temporary-suspension-of-dogs-entering-the-united-states-from-egypt

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Pieracci et al.

Page 10

Centers for Disease Control and Prevention (CDC) (2021). Rabies vaccine certificate required when
coming from these high-risk countries. Retrieved from: https://www.cdc.gov/importation/bringing-
an-animal-into-the-united-states/high-risk.html

Centers for Disease Control and Prevention (CDC) (2020). Where is your dog coming from. Retrieved
from: Where is Your Dog Coming From?, Bringing an Animal into U.S. Importation, CDC

Cornell University (2021). Animal Health Diagnostic Center. Retrieved from: https://
www.vet.cornell.edu/animal-health-diagnostic-center

Davis MS, Cummings SL, & Payton ME (2017). Effect of brachycephaly and body condition score
on respiratory thermoregulation of healthy dogs. Journal of the American Veterinary Medical
Association, 251(10), 1160-1165. 10.2460/javma.251.10.1160 [PubMed: 29099251]

Emergency Vets USA (2021). Average cost of emergency vet visits in a city near you. Retrieved from
emergencyvetsusa.com.

Fedex (2021). Rate and ship. Retrieved from: https://www.fedex.com/enus/online/rating.html#

Hampson K, Coudeville L, Lembo T, Sambo M, Kieffer A, Attlan M, et al. ; Global Alliance for
Rabies Control Partners for Rabies Prevention (2015). Estimating the global burden of endemic
canine rabies. PLOS Neglected Tropical Diseases, 9(4), €0003709. [PubMed: 25881058]

Humane Society Veterinary Medical Association (2017). The cost of cuteness: Health and welfare
issues associated with brachycephalic dog breeds. Retrieved from hsvma.org

Kansas State University (2021). KSDVL online portal, Rabies suspect mammal DFA test. Retrieved
from k-state.edu.

Koch D (2003). Brachycephalic syndrome in dogs. Compendium on continuing education for
practicing veterinarian. North American Edition, 25(1), 48-55.

Lodato DL, & Hedlund CS (2012). Brachycephalic airway syndrome: Pathophysiology and diagnosis.
Compendium: Continuing Education for Veterinarians, 34(7), E3.

McQuiston JH, Wilson T, Harris S, Bacon RM, Shapiro S, Trevino I, Sinclair J, Galland G, & Marano
N (2008). Importation of dogs into the United States: Risks from rabies and other zoonotic
diseases. Zoonoses and Public Health, 55, 421-426. 10.1111/j.1863-2378.2008.01117.x [PubMed:
18833595]

National Association of State Public Health Veterinarians (NASPHV) (2016). Compendium of animal
rabies prevention and control, 2016. Journal of the American Veterinary Medical Association,
248(5), 505-517. [PubMed: 26885593]

Office of Personal Management (2021). General schedule hourly salaries and wages. Retrieved
from: https://www.opm.gov/policy-dataoversight/pay-leave/salaries-wages/salary-tables/21Tables/
html/ATL_h.aspx

Packer RMA, Hendriks A, Tivers M, & Bum CC (2015). Impact of facial conformation on canine
health: Brachycephalic obstructive airway syndrome. PLoS One, 10(10), e0137496. [PubMed:
26509577]

Polak K (2019). Dog transport and infectious disease risk: An international perspective. Veterinary
Clinics: Small Animal Practice, 49, 599-613. [PubMed: 30967255]

Raybern C, Zaldivar A, Tubach S, Ahmed FS, Moore S, Kintner C, Wallace RM, Mandra AM,
Stauffer K, Condori RE, & Garrison | (2020). Rabies in a Dog Imported from Egypt — Kansas,
2019. Morbidity and Mortality Weekly Report, 69(38), 1374-1377. https://www.cdc.gov/mmwr/
volumes/69/wr/mm6938a5.htm [PubMed: 32970659]

Wallace RM, Undurraga EA, Blanton JD, Ahmed FS, Moore S, Kintner C, Wallace RM, Mandra AM,
Stauffer K, Condori RE, & Garrison | (2017). Elimination of Dog-Mediated Human Rabies Deaths
by 2030: Needs assessment and alternatives for progress based on dog vaccination. Frontiers in
Veterinary Science, 4(9), 10.3389/fvets.2017.00009

Washington State University (2021). Washington animal disease diagnostic laboratory tests and fees.
Retrieved wsu.edu.

Wisconsin Department of Health Services (2021). Rabies: Animal testing. Retrieved from: https://
www.dhs.wisconsin.gov/rabies/testing.htm

UC Davis Veterinary Medicine (2021). California Animal Health and Food Safety Lab System.
Retrieved from ucdavis.edu.

Transbound Emerg Dis. Author manuscript; available in PMC 2022 October 04.


https://www.cdc.gov/importation/bringing-an-animal-into-the-united-states/high-risk.html
https://www.cdc.gov/importation/bringing-an-animal-into-the-united-states/high-risk.html
https://www.vet.cornell.edu/animal-health-diagnostic-center
https://www.vet.cornell.edu/animal-health-diagnostic-center
http://emergencyvetsusa.com
https://www.fedex.com/enus/online/rating.html#
http://hsvma.org
http://k-state.edu
https://www.opm.gov/policy-dataoversight/pay-leave/salaries-wages/salary-tables/21Tables/html/ATL_h.aspx
https://www.opm.gov/policy-dataoversight/pay-leave/salaries-wages/salary-tables/21Tables/html/ATL_h.aspx
https://www.cdc.gov/mmwr/volumes/69/wr/mm6938a5.htm
https://www.cdc.gov/mmwr/volumes/69/wr/mm6938a5.htm
http://wsu.edu
https://www.dhs.wisconsin.gov/rabies/testing.htm
https://www.dhs.wisconsin.gov/rabies/testing.htm
http://ucdavis.edu

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Pieracci et al.

Page 11

United Nations Development Programme (2020). Human Development Reports. Human Development
Index [PDF]. Retrieved from undp.org.

U.S. Department of Agriculture (USDA) (2020a). Animal Welfare Act. Retrieved from: https://
www.aphis.usda.gov/aphis/ourfocus/animalwelfare/sa_awa

U.S. Department of Agriculture (USDA) (2020b). Pet travel- bringing dogs to the US. Retrieved
from: https://www.aphis.usda.gov/aphis/pet-travel/bring-pet-into-the-united-states/pet-travel-dogs-
into-us

Velasco-Villa A, Escobar LE, Sanchez A, Shi M, Streicker DG, Gallardo-Romero NF, Vargas-Pino
F, Gutierrez-Cedillo V, Damon I, & Emerson G (2017). Successful strategies implemented
towards the elimination of canine rabies in the Western Hemisphere. Antiviral Research,
143, 1-12. https://www.sciencedirect.com/science/article/pii/S0166354216306441?via%3Dihub
[PubMed: 28385500]

Transbound Emerg Dis. Author manuscript; available in PMC 2022 October 04.


http://undp.org
https://www.aphis.usda.gov/aphis/ourfocus/animalwelfare/sa_awa
https://www.aphis.usda.gov/aphis/ourfocus/animalwelfare/sa_awa
https://www.aphis.usda.gov/aphis/pet-travel/bring-pet-into-the-united-states/pet-travel-dogs-into-us
https://www.aphis.usda.gov/aphis/pet-travel/bring-pet-into-the-united-states/pet-travel-dogs-into-us
https://www.sciencedirect.com/science/article/pii/S0166354216306441?via%3Dihub

Page 12

Pieracci et al.

0202 40} 15171 AnUnoD saiqey 10} std-YbIH 5,000 aup uo paseg

s

'nz] Yiys pue bnd ‘asabunjad ‘Ynse ‘osdy esey
‘ulyD asaueder ‘[atueds sajteyD Bury Jaifeaed ‘Jaxog ‘(yaual4 ‘ysijbug ‘uesuswy) Bopjing ‘uoy i sjassnig ‘Ialiia) uolsog ‘Jayasuldusyy :qnjD [auusy UedLBWY Ag paziubodal spaaiq d1feydadAyoeig

't

“JUBWBIBY JUBWBULLOD DD B Pansst 40 AjUa Paluap Jayia pue papiodal UoIRUIdIEA saiqe. a13)dwoou)

y

"UOIUBABIJ PUB |01U0D 8SeasI 10} SIIUsD = DAD

(1) 6002
(98) 288'TT

(¥) 119
(e1) 82LT
(Tv) €625
(zv) 66.5

(1) a6
(¥2) voze
(Te) €oev
(6€) 6.€5

(v2) 662'0T

(92) z65E

T68'€T
(%) N

(82) 05
(22) 9T

Mt
(z€) 95
(15) 68
(1) 08

()6
(T1) 02
(vv) 82
(6€) 69

(6€) 69

(19) 20T

() oLt
(%) N

[EJOL  peap 40 XIS

(¥T) 66T st ybiy saiqey
(98) 96211 SU MO Sa1geY
§ uibiio jo A1iaunod
() 0T9  (4eD) Buisso.d Japlog pue]
(z1) 2291 abebbeq payoayD
(Tv) ¥995 obied
(zv) 6925 palLIRd-pUBH
poylsw uoiyeyiodsued |
() 96 spunod TOT=
(¥2) vvee spunod 00T-T9
(te) Geey spunod 09-92
(6€) 01€S spunod Ggs
azIS
(G2) ogz'ot 21eydaokyoriquoN
(62) s8ve Ho__m:%o\fosm_
uoleziaaloedeyd psaig
(66) GTL'ET
(%) N
,35_8_._

8T0Z—0TOC Ssau||t 10 yresp

‘uoIjeUIdIRA SalgeJ a1enbapeul 01 anp aseqelep (SYVO) walsAs Buniodey AANdY aunuetend s,OdD Ul SpJodal yim sbop pauodwi Jo saydesbowsqg

T31avl

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Transbound Emerg Dis. Author manuscript; available in PMC 2022 October 04.



Page 13

Pieracci et al.

Author Manuscript

8T0Z-0TO0Z ‘s8¥eIs palun ay ojul papodwi sbop |je Buowre ssauj|!
¢ 3719vlLl

Author Manuscript

"JURdIUBIS PAJIBPISUOD 81aM GO’ > SanjeA d
*

‘lopow uoissaiBai onsiBo| paisnipe ul papnjoul a|qel Ul S3|qeLIeA ||

/

81°¢-60'T

S6'T-¥0°0

€0'6-99°¢

0L'€-1ST

9¢'T-€¢°0

85'¢—S80
66'T-99°0

19'Gv.C

10 %56

ST0°
30U8J3J8Y

€6T
100>
100>

CRIVE TN

9ST"
90ualagey

9T’
9¢9’

T00>
ERVEIETEN

L2NIeA d

ST

aoualaley

§9¢'0
7]
e

ERIVEIEIEN]

¥5'0
ERTETETEN|
8yl
ST'T

88
ERVEIETEN

,01¥e sppo pasnipy

Author Manuscript

sl ybly salqey
SIS1 MoJ saigey
u1buio o Anuno)
(4e2) Buissoud Japloqg pue]
abebbeq paxoayD
obred
pailJes-pueH
poylaw uonelodsuel]
spunod TQT=Z
spunod 00T-T9
spunod 09-92
spunod Gzs
azZIs
J1jeydasAyoelg
21jeydasAyoelg-uoN
uoljeziia)deIeyd paslg

a|deLren

10 Y1eap JoJ sio1oey ysiy

Author Manuscript

Transbound Emerg Dis. Author manuscript; available in PMC 2022 October 04.



Page 14

Pieracci et al.

"UOI198]01d J8PJOg PUB SWOISND SN = dgD 8NPayos [eJauab = SO Iejjop SN = ASN ‘UONUSASI PUB [011U0D 8sBasI 10} SI81Ud)D) = DAD

950'8T2$-206'7€$
000°92$-0209%

0v0T$
0052-0S.$
0v61-06v$
0821-0S.%

0GT9-00ST$

085€$-00€$
0vS6$-06TT$

801'28$-118'9¢$
008'79-008'6T$
0S76-0LLV$
0S€T$-006%

2eees-0Les
9898$-T.LOT$

879'v0T$-T,0C$

8.v'02$-0$
607'7ES-167$

T9L'6Y$-LLST$

Kmm; Jad 150D

- (Jewiue peap + [BWIUR [|1 + S1S0D UOIEANSaAUI) Jeak Jad sjewiue pesp Jo ||1 10 150D [8I0]

0092$-209% |ewiue peap 104 1509 [e10]

0TS 11 (sa1ddns pue juswdinba ‘yeis) Bunsal saiqes Aloyewliyuod DA

057-5/$ 111 (sa1jddns Buiddiys Buipnjour) Aioresoqe) saiqes D@D 01 ajdwes o uswdiys
Aioresoqe| yyesy a1gnd ayels Je Bunsay saiqe

YET—6V$ tx‘:hn__.:_ yallq 1e1s Je Dulisal salqey

Z1-6$ m (Ajuo Bunsal saiqed) sarjddns Buiddiys Buipnjoui ‘Aioresoqe| yijeay a1jgnd axels 01 sjdwes Jo uswdiys
Bunisa) saiqes 104 UoIIORAXS Ulelq yum) Asdolos

GT9-05T$ EA 1158} S31qeJ 10} UOIIRAIXG UTelq Yim) N

(85€$-0€$) (91u1]9 wiouy pue 03 awil Lodsuel) 4 kr_ e-ulw og (yye1s obred g-1) JonuQ

(v56$-6TT$) U suswabuele

8§
(Je1s z—T) Hels pue (z—1) J18beuew obied :sjuswabuelly

uoneuodsuel) ayeW pue 8]91YaA 31ed0| 01 Y v—T %w.a_tmo Aq 21u1]9 Areuralan 0] uolreriodsuel) papuog-4gd
114 SBOp 10} UOHENIEAS WISLIOW-]SOL

CT.6$-6.6C$ Jewiue ||1 404 102 [e10L

002.-002Z$ (sAep 2-T Joj uonezijendsoy Buipnjour) uswureas Afeutislan

0S0T-0€5$ sonsoubelp Areurisian

0ST-00T$ uoneuiwexa Areutsaian Aousbiawg

(85€$-08$) (d1u11o oy pue 0} swi Lodsuen) Y e-ulwl 0g g EIs 08120 2-T) JoAQ
(¥S6$-6TT$) U siuswabuelre %%Emm Z-T) Heis pue (z—T) Jebeuew ofised :syuswasbuelly

uolyeniodsuel) axew pue aja1yaA Auspl 03 Y T 131112 Ag 21U1]9 ATeusalan 03 uoprenodsuel) papuog-dgo
2 SBop |11 104 JUBWILSL] PUE LOHBUILEXT

8055$-60T$ S1502 UoIeBIISaAUI [elIUI [BI0L

[(uerreuniaian a1e3s Jo UeLIRULIBIBA Uieay d1jgnd a1ess ‘isiBojolwspida
Awwoﬂwlo@%_mE_cEma YyEg-uiw(Q  8Jels) paynsuod jusns Jad Jels wlzt S[eI91J0 UY3[eay [ewiue Jo yieay d1jgnd [ea0] Jo 81elS YN dwi} UOKE}NSU0D

(T187$-92%) %_me_csa Yy g-ulw g7 (bT/£TSO Hes 2-T) 42U UONEINSUOD LLIBB] $350U00Z DAD
(6192$-€89%) m_me_cea Y g-uiw og (ETSD T ‘TT/6SD Heis €-T) Foun uonebnseAul Jeis uopers sunuesenb 5ao

JeALLIE uodn uoebIIsaAul 11odiy

wia/ANAnoe aad 150D asuadxa/wial|

(a@sn 12z0z) suoneuodwi Bop pesp Jo |1 UM Pale1oosse SIS00 Palewss
€ 319vL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Transbound Emerg Dis. Author manuscript; available in PMC 2022 October 04.



Page 15

ieracci et al.

P

*(LW09"Xapay MMM) 3IIAIBS dAITRIUSSaIdal e WOy paurelqo sarewnss :Buiddiys

'€ pue (youeig salqey pue SNIIAX0d DA YlM uoiedlunwiwiod jeuostad) 193eiald Ajiwg ‘(npa'areis-) BojereD ‘wiy Buinsay/saigel/Aob uisuoasim syp mmm//:sdiy :bunsa saiges g {(npa‘siAepan) Japul
994 79 1591 -S4H VD ‘(npa'nsm) saay 7 S1sa) ‘sad1AIas/ABojoyred-01WI0eUE/Sa1101RI00R] /18)Usd-01IsouBeIP-U3[eay- el 1ue/Npa’| [aUJI0d 1A MMM//:sd1y :Asdoldau T 10} a|qejIeA. Sajew lsa 1509 [ewiue USDE
D@D pue YJels asnoyasem 0fsed pue sauljre Usamag SUOIIBIIUNWIWIOD [TeWa WOoJ) PalewiISa Sem Salil|1oe) AJeulialaA 0} S|ewiue peap 10 XIS 40 uorepodsuel) ay) 40} Sa1ewWIISa mE_._.§

‘A106a1ed qol s1y1 10} 960" 40 asealoul abem abelane Ue a1ewIISa 0 S18S Blep 0Z0Z ‘6T0Z ‘8T0Z U} WOy sasealoul afem

[enuue abelane ay} pasn am ‘siejjop SN TZ0z ol isnlpe 0 "TZ0zZ ‘6 [Mdy Passaddy Wiy 1eu” Sa0/aualing/sao/A0f s|qmmmy//:sdny sajels paun sarewns3 abepn pue juswAojdwz feuonrednddQ [euoneN
020z AN sonsneis abiepn pue JuswAojdwz jeuonednad (0z0z) SONSIEIS 1ogeT JO nealng :994n0S 189S elep 0Z0Z ARl "PeayJano pue siiyauaq abem-uou 1oy Junodde 0} g Aq paljdinjnw aiam sarewnss abem
Aoy asay | "sonsnels abepn pue wawAojdw3g feuonednaoQ ,SONSIEIS JogeT Jo neaing ay) Ul ajge|ieAe TTOT—EG :Sapod uoirednado Joy afiem Ajinoy abesane ayy Buisn pajewnss alam uo1rednddo yoes Joy
sarel abem 8y “Juana Jad awil 4els [e20] JO Y ZT Papn|oul ajewnss punog Jaddn ayy pue Juans Jad awin siosiaiadns Buljpuey obied 1eidlre Jo uiw QT o abelane ue papn|oul pajewilsa punog Jamoj ms._.%%
‘Adesayy ushAxo pue poddns Jeuoniinu ‘sfeannadeweyd Jay1o Jo SINOIGIUR ‘SPINJL SNOUSABIUI UM UoliezIjendsoy apn|oul ued Juawieall Areuriala/ ‘punoseyn pue sydesboipes

‘a1nyn3 ‘ABoj01Ad ‘sansoubelp aed-jo-juiod YI0M-poojq apnjoul ued sansoubelp ATeulala/ ‘/SHSIA-1aA-Aausbiaws-}0-1509-abeane/Ww0d esnsienAouablawa//:sdny :Je 8|qe|ieAe Sajewiss 1509 [ewiue ___uw
"sa1106a1e9 qof 931y asaY} 40} %2 S JO asealaul abem abielane ue aewNss 03 S19s erep 020z ‘6T0Z ‘8T0Z dU} WOoJy sasealoul afem [enuue abelane ay) pasn

aM ‘siejjop SN TZ0z 0ul Isnlpe 0] "Tz0z ‘6 [11dy Passeddy "Wiy 1eu” Sa0/1ualind/sao/A0B s| o mmm//:sdiy “sarels pauun sarewns3 abepn pue uswAojdw3 [euoirednadQ [euoneN 0zZ0z AeN Sonsnels abepn
pue wawAojdw3 feuoiredndoO (0z0z) SINSHEIS JogeT JO Neaing :321N0S 185 elep 0zZ0Z ABIN "PeaYJaN0 pue siijauaq abem-uou Joj 1unodde o} g Aq paljdiynw a1am sayewnnsa afem Ajinoy asay | ‘sonsiels
abep pue JuswAojdw3 feuonrednadQ ,SINSIEIS J0geT Jo Neaing auy} Ul aqejieAe Ty TT-62 PUe TETT-62 ‘Tr0T—6T :S8p02 uoirednado 4oy sabem Ajinoy abesane sy} Buisn parewnss alam uonednado yoes

10} sares afem ay ] Juane Jad awil JJels Juswulanob [8a0] JO Y ZT papnjoul ayewnss punog Jaddn ayy pue Jusns Jad sl 4Jels Juswiulanob [2a0] Jo ulw 0T JO abeiaAe Ue papnjoul pajewilss punog Jamoj

8y "sasinu pataisiBal pue ‘sisifojoiwapida ‘sueLreuralan :sadA uonednado aaay) J0 uonNqLISIp [enba ue apnjoul 01 PaLLNSSE 3JaM S|RIDILO [ewIUe J0 Yijeay oijgnd [e90] JO 81eIS Y1IM UOIIe}NSU0D w;._.t
'peayIano pue siiyauaq abem-uou 10j Junodde 01 oMl Aq paljdinw sem alel abem Aoy syl ‘Tz0z ‘6 |1dy passaooy xdsey T1v/IWiy/sa|qel Tz/sa|qel-Alejes

/sabem-saliefes/anes|-Aed ybisiano-erep-Aaijod/nob wdo mmmy/:sdny sabepn pue saliefes AlInoH ajnpayds [eJauas) (Tz0g) Juswabeuey [euosiad 40 93130 :924n0S "sared abem Jeis uonels aunuerenb 9ao
10} se suondwinsse awes ayy Buisn swi JJels G- T SO JO Y 8 pue aw} Jels G-€T SO JO U g Papn|oul 8jewsa punog Jaddn ay L "swil Jeis S-£T SO JO Ul GT PAWINSSe 9M punoq Jamo| sy} EH_%

"Yaea ulW Qg 8e} 0} Pajewllsa aJam suolelnsuod auoyd juswitedap yieay [ed0] J0 81els pue 8duspuodsaliod [ebs] ‘uolredlunwiwod auoydaa} Jaodwi ‘suolelnsuod Aloyesoge| ABojoyred

pue 21U1j9 AJeULIBIBA “YIBa Ul GT 9Xe) 0} Pajelullss alam sialiodwl pue s1ay0lq ‘SaullJie ‘sisulied 81els pue [elapay 0} S|rew3 "ased Yyoes 1oy se1oushe Jaupied a1eis pue [esapa) pue aulfJre ‘18xo.q ‘1apodwi
31 U9aMIBQ 89UBPUO0dsaII0d suoyda)sl pue UM |[e sainded SHYO "(SHVO) welsAs Bunioday ANAROY sunuerend) s,0QD Ul PapJ0dal BJep UO Paseq 8Jam SuolfeblISaAul aSed 10) Sarelllss awl ._.w,

“1eak 1ad SJUsne GT SWINSSE SB1RWIISA ||V "PeRAYJNO pue Sijauaq afem-uou 4o} Junodde 0} oMl Ag patjdinjnw sem ayes abem

Ajunoy ayl ‘120z ‘6 [Mdy passaday ‘xdse'y 1v/|wiy/se|qel Tz/sa|qel-Alejes/sabem-saLiejes/anes|-Aedybisiano-erep-Aarjod/aob wdommmy/:sdny "sabepn pue sariejes AJINoH ajnpayos [essuss (1z20z)
JuswiabeuB|N [BUOSISd JO 93O :92IN0S "BaJE YO ‘BIUBIIY 8U} J0) B|NPBYIS [BIBUID) S, JuauuIanob [esapay syl Buisn parewnss aiam seakojdwa [elapay 10y seles afiem ay | “awil 4els G-€T SO JO Y g pue swin}
1eIS G-TT SO 40 Y g 40 uondwnsse ue papnjoul alewss punog Jaddn ay | ‘S-€T SO 4O UIW G pue aw Jels (G-6) G dais ‘6 199 (SO) 8|NPayds [eJauass) J0 UIW OE PAWNSSE aM punog Jamoj ay} Su_u

‘wgIsAS Buioday AAndy aunuesenQ) s,U0IIUBARI PUe [0J3U0D dSessiq 10§ SIBIUaD WO} e1ep 8T0Z—0T0Z UO paseq Jeak Jad syyeap 0T pue sassaul|l 6 40 %Em><,N

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2022 October 04.

in

available

Transbound Emerg Dis. Author manuscript


https://www.opm.gov/policy-data-oversight/pay-leave/salaries-wages/salary-tables/21Tables/html/ATL_h.aspx
https://www.opm.gov/policy-data-oversight/pay-leave/salaries-wages/salary-tables/21Tables/html/ATL_h.aspx
https://www.opm.gov/policy-data-oversight/pay-leave/salaries-wages/salary-tables/21Tables/html/ATL_h.aspx
https://www.bls.gov/oes/current/oes_nat.htm
https://emergencyvetsusa.com/average-cost-of-emergency-vet-visits/
https://www.bls.gov/oes/current/oes_nat.htm
https://www.vet.cornell.edu/animal-health-diagnostic-center/laboratories/anatomic-pathology/services
http://wsu.edu
http://ucdavis.edu
https://www.dhs.wisconsin.gov/rabies/testing.htm
http://k-state.edu
http://www.fedex.com/

	Abstract
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	References
	TABLE 1
	TABLE 2
	TABLE 3

