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Abstract

Dog importation data from 2018—2020 were evaluated to ascertain whether the dog importa-
tion patterns in the United States changed during the COVID-19 pandemic, specifically with
regard to denial of entry. Dog denial of entry reports from January 1, 2018, to December 31,
2020, stored within the Centers for Disease Control and Prevention (CDC) Quarantine Activ-
ity Reporting System (QARS), were reviewed. Basic descriptive statistics were used to ana-
lyze the data. Reason for denial, country of origin, and month of importation were all
examined to determine which countries of origin resulted in the largest number of denials,
and whether there was a seasonal change in importations during the COVID-19 pandemic
(2020), compared to previous years (2018 and 2019). During 2020, CDC denied entry to 458
dogs. This represents a 52% increase in dogs denied entry compared to the averages in
2018 and 2019. Dogs were primarily denied entry for falsified rabies vaccination certificates
(56%). Three countries exported 74% of all dogs denied entry into the United States, sug-
gesting that targeted interventions may be needed for certain countries. Increased attempts
to import inadequately vaccinated dogs from countries with canine rabies in 2020 may have
been due to the increased demand for domestic pets during the COVID-19 pandemic. Edu-
cational messaging should highlight the risk of rabies and the importance of making informed
pet purchases from foreign entities to protect pet owners, their families, and the public.

Introduction

The canine rabies virus variant (CRVV) was eliminated from the United States in 2007, and
the Centers for Disease Control and Prevention (CDC) regulates the importation of dogs to
prevent the reintroduction of CRVV [1]. Rabies is nearly always fatal once clinical signs begin,
and all mammals, including humans, are susceptible to infection [2]. Worldwide, CRVV
accounts for 98% of human rabies deaths [2]. CDC regulates the importation of dogs into the
United States under the Public Health Act, and more specifically the Code of Federal Regula-
tions (C.F.R.), 42 C.F.R. 71.51. In 2019, CDC issued a Notice under this authority, due to the
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public health risk that rabies presents, requiring that dogs imported into the United States
from countries with enzootic CRVV (referred to as high-risk countries for rabies) to be fully
vaccinated against rabies prior to arrival [3, 4]. CDC rabies vaccination certificate (RVC)
requirements are available to the public on CDC’s website [5]. Dogs from high-risk countries
are required to be vaccinated against rabies on or after 12 weeks of age. Additionally, importers
must wait 28 days after a dog’s initial vaccination to import the dog into the United States.
Prior to July 14, 2021, the minimum age at which a dog from a high-risk country could be
imported into the United States was 4 months based on the rabies vaccination requirements
[3, 4]. Dogs arriving without valid RVCs were denied entry by CDC and returned to the coun-
try of origin.

Because all dogs imported into the United States must appear healthy upon arrival, CDC
can deny entry to ill dogs and require that they receive medical care in the country of origin
prior to importation. This requirement is typically only enforced for dogs entering through a
land border port of entry; ill dogs that arrive by air are usually referred for local veterinary care
because of risks to the dogs and humans during re-exportation. After receiving care from a
local U.S. veterinarian and being deemed fit for travel, the dogs are returned to the country of
departure.

CDC veterinarians verify the age of dogs arriving at U.S. ports of entry from CRVV high-
risk countries to ensure they are at least 4 months of age. A dog’s age can be estimated based
on an examination of the teeth. CDC veterinarians conduct these examinations via photo-
graph, video, or in-person at U.S. ports of entry. CDC follows standard veterinary practice for
determining the ages of young dogs [6-8]. The differences between deciduous and permanent
teeth are easily discernable in photographs, and the ages at which deciduous and adult dog
teeth erupt are well-established in the veterinary profession [6-8].

In early 2020, due to the COVID-19 pandemic, the transportation of animals was signifi-
cantly reduced by airline carriers worldwide [9]. As Americans transitioned to telework during
the pandemic and found themselves at home for a greater proportion of time, people adopted
cats and dogs for companionship, and animal shelters were emptied of pets [10-13]. Shelters
experienced increased demand for dogs, particularly younger puppies, with some having
roughly 200 applications for a single dog [10, 13]. When shelters ran out of pets to adopt,
potential dog owners looked to rescue organizations, pet stores, and online sellers to find dogs
[10]. Low supply and high demand for pets encouraged online puppy sales in the United States
and overseas [12]. Online puppy sales saw a spike in demand because many individuals were
willing to pay high prices for the immediate companionship of a dog during prolonged periods
of isolation and social distancing during the COVID-19 pandemic, and puppies typically gar-
ner a higher price compared to older dogs [13, 14].

As U.S. residents turn to international puppy supply chains to meet the demand, risks asso-
ciated with these transactions increasingly result in undesirable complications. Reports of
fraudulent sales and scams involving imported dogs are prevalent [11]. People seeking to pur-
chase or adopt animals online are asked to pay transportation and other fees, but often dis-
cover the dog does not meet U.S. entry requirements, does not match the age and description
of the dog ordered online, arrives in poor health, or sometimes never existed at all [11, 15, 16].

Furthermore, increased international dog sales and adoptions also present a public health
concern. The U.S. Department of Agriculture regulates breeding of dogs within the United
States [17]; however, dogs can be bred and housed under less regulated or non-regulated con-
ditions in many foreign countries. Dogs that are purchased online and arrive from foreign
countries may be very young (less than 8 weeks of age), be in poor health or malnourished,
lack medical and vaccination history, and carry parasites or communicable diseases of public
health concern [18-20]. Additionally, as the authors have witnessed, many dogs arriving from
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high-risk countries often arrive with falsified, inaccurate or incomplete RVCs, raising ques-
tions about the vaccination status of the dog. Well-meaning rescue groups also import large
shipments of dogs that unbeknownst to them, may be in poor health with subclinical infec-
tions that can pose significant public health risks [18]. Four such instances occurred in 2015,
2017, 2019, and 2021 when dogs incubating rabies were imported into the United States by res-
cue groups. In all four cases, the dogs developed clinical rabies shortly after arrival, despite
arriving with veterinary records purportedly indicating the dogs were vaccinated against the
disease [21-24]. The rabies vaccine is highly effective and detailed investigations occurred for
each of these imported cases to identify why the dogs developed rabies [21-23]. The investiga-
tion into the 2021 case is ongoing.

This evaluation compared dog importation data from 2020 to those of previous years (2018
and 2019) to ascertain whether the dog importation patterns in the United States changed dur-
ing the COVID-19 pandemic, specifically with regard to denial of entry.

Methods and materials

CDC Quarantine Station staff review RVCs for dogs arriving from CRVV high-risk countries.
If discrepancies or errors are noted in the RVC, CDC veterinarians are consulted. CDC veteri-
narians will review the RVC and may examine the dog to verify the age of the dog. CDC veteri-
narians conduct dental examinations via photograph, video, or in-person at U.S. ports of
entry. If a dog does not meet CDC entry requirements, a standardized dog denial of entry
report is entered by CDC Quarantine Station staff and stored in the Quarantine Activity
Reporting System (QARS), a secure online database that records CDC border public health
activities including actions taken for CDC-regulated importations at ports of entry. Importers
are issued a standardized dog denial of entry letter indicating the reason for the denial of
entry. The denial of entry letter, along with all vaccination and medical records presented for
the dog, are attached to the report and uploaded into the database. Deidentified data for dog
entry denials from January 1, 2018-December 31, 2020, were extracted from the database for
inclusion in this analysis. Monthly data on the intake of dogs into shelters was obtained from
the Shelter Animals Count National Database [25]. Traveler count data was requested from U.
S. Customs and Border Protection. Summary traveler count information was provided to
CDC by month for January 1, 2018-December 31, 2020.

The protocol was reviewed and approved by the CDC’s National Center for Emerging and
Zoonotic Infectious Diseases Institutional Review Board and was conducted consistent with
applicable federal law and CDC policy under 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C.
§241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.

Basic descriptive statistics were analyzed using Microsoft Excel 365™. Reason for denial,
country of origin [26], and month of importation were all examined to determine which coun-
tries of origin had the highest numbers of denials and whether there was a seasonal change in
importations during the COVID-19 pandemic (2020) compared to previous years (2018, and
2019). Month of importation was included to assess the impact of reduced flights in 2020 and,
specifically, the significant reduction in live animal shipments by the airline industry in early
2020 [9].

Dogs arriving from countries that CDC considers high risk for CRVV were included
because these dogs are required to have a valid RVC upon arrival [4, 26]. Dogs arriving from
countries that CDC considers to be low-risk for CRVV or rabies-free were included only if the
dogs were ill upon arrival.

Statistical analyses of trends were conducted [27, 28] using a Monte Carlo permutation
method to test for significant changes in trends and calculation of the percent change during
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the trend time period. The number of dog denials and shelter intake of dogs over the
36-month study period were analyzed. Shelter intake was a measure of dog-availability in shel-
ters. Software options were selected for Poisson distribution of standard error. Data were not
log-transformed, and parameters were set to require trend time periods to contain at least five
time points (months). Models were created for six scenarios, reflecting 0-5 allowed trend
changes. The model with the lowest p-value was considered most significant and was used for
analysis. The resulting model trends reflected the slope of the linear trend line and p-value to
indicate if this trend was significantly different from 0%. Additionally, monthly denials and
shelter intake data were analyzed. A logarithmic function was applied to describe the relation-
ship between these two variables, and the resulting model and RA2 value were assessed using
quarterly values for both variables.

Results

During 2020, CDC denied entry to 458 dogs from 29 countries (Table 1). This was a 52%
increase in the number of dogs denied entry compared to 2018 (n = 304 from 33 countries)
and 2019 (n = 298 from 20 countries). Three high-risk countries exported 74% (n = 338) of all
dogs denied entry in the United States: the Russian Federation, Ukraine, and Colombia
(Table 2).

Dogs were primarily denied entry for falsified RVCs that documented dogs’ ages as over 4
months when they were determined to be less than 4 months of age by veterinary examination
(n = 253). Dogs were also frequently denied entry for incomplete information on the RVC
(n = 146) (Table 1). Fifty-three dogs that were permitted entry despite not meeting CDC entry
requirements are included because they were eligible for entry denials. Reasons for their
admittance varied: some were accidentally released by port partners, while some were permit-
ted entry because they were too ill or injured to be returned to the country of origin. For those
that were not fully vaccinated on arrival, CDC issued confinement agreements to the importers
in coordination with state health officials to ensure the dogs were appropriately vaccinated and
confined for a minimum of 28 days after vaccination.

The number and proportion of dogs denied entry for falsified, inaccurate, or incomplete
RVCs in 2020 (407, 89%) increased from 2019 (243, 82%) and 2018 (178, 59%). The highest
volumes of dog entry denials in 2020 were in December (n = 99) and September (n = 67). This
represented increases of 200% and 538% increase for December and September 2020, respec-
tively, compared to the monthly average for each of those months in 2018 and 2019.

Trend analysis found two significant trend time periods for dog importation denials. Time
period one occurred from January 2018 through April 2020, during which the modeled esti-
mate of dog denials declined 89% (p-value 0.051). Time period two occurred from April 2020
through December 2020 and was marked by a significant increase in dog importation denials
(224% increase, p-value 0.076). Monthly data for shelter intake of dogs showed three signifi-
cantly different trend time periods. Time period one occurred from January 2018 -December
2019 and was characterized by stable intake values (5% increase, p-value 0.30). Time period
two occurred from December 2019 through April 2020, during which time the intake of dogs
in shelters declined 37% (p-value 0.046). The third time period was again characterized by a
stable (albeit reduced) intake of dogs, with 8% overall increase (p-value 0.43) (Fig 1). The rela-
tionship between dog importation denials and shelter intake of dogs showed a strong, negative,
logarithmic association characterized by the following formula (RA2 = 0.49):

Dog denials = —229.6 « In (shelter dog intakes/100,000) + 1,550.2
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Table 1. Summary data for dogs denied entry to the United States by year, January 1, 2018—December 31,2020.

Dogs Denied Entry, 2020 Dogs Denied Entry, 2019 Dogs Denied Entry, 2018
(n=458) * (n=298) (n=304)
Reason for Denial’ based on Rabies Vaccination Certificate (RVC)
Falsified information (age*, duplicate microchip numbers for multiple 259 (56%) 231 (78%) 145 (48%)
dogs, etc.)
Incomplete information 146 (32%) 4 (1%) 2 (<1%)
Inaccurate information (different breed) 2 (<1%) 8 (3%) 31 (10%)
Total RVC falsified, inaccurate or incomplete 407 (89%) 243 (82%) 178 (59%)
RVC not in English 9 (2%) 4 (1%) 0(0%)
Less than 28° days since initial vaccination 14 (3%) 9 (3%) 26 (9%)
Vaccine administered prior to 12 weeks of age 9 (2%) 33 (11%) 63 (21%)
Vaccine expired 1(<1%) 0 (0%) 1(<1%)
RVC expired 1(<1%) 0 (0%) 0(0%)
Total RVC Invalid 34 (7%) 46 (15%) 90 (30%)
Dog did not have RVC upon arrival 8 (2%) 9 (3%) 14 (5%)
Dog undeclared upon arrival (i.e., smuggled) 6(1%) 0 (0%) 18 (6%)
Total RVC not provided 14 (3%) 9 (3%) 32 (11%)
Reason for Denial! based on Animal Health Status
11l at land-border port of entry 3 (<1%) 0 (0%) 4 (1%)
Month
January 16 (3%) 4 (2%) 58 (19%)
February 28 (6%) 6 (2%) 18 (6%)
March 21 (5%) 42 (14%) 26 (9%)
April 0 (0%) 19 (6%) 43 (14%)
May 55 (12%) 46 (16%) 13 (4%)
June 33 (7%) 10 (3%) 23 (8%)
July 7 (2%) 23 (8%) 21 (7%)
August 62 (14%) 20 (7%) 19 (6%)
September 67 (15%) 7 (2%) 14 (5%)
October 31 (7%) 31 (10%) 22 (7%)
November 39 (9%) 36 (12%) 35 (12%)
December 99 (22%) 54 (18%) 12 (4%)
Number (percentage) of dogs by country of origin (Top 5 countries by year)
Russian Federation 160 (35%) Colombia 101 Mexico? 92
(34%) (30%)
Ukraine 98 (21%) Ukraine 67 (22%) Russian 39
Federation (13%)
Colombia 80 (17%) Russian 60 (20%) Ukraine 29
Federation (10%)
Jordan 21 (5%) China 17 (6%) Colombia 21 (7%)
China and Moldova (each) 16 (3%) Moldova 13 (4%) Hungary * 20 (7%)

*Data obtained from Centers for Disease Control and Prevention (CDC) Quarantine Activity Reporting System (QARS). Table includes 53 dogs that were eligible for
denial of entry by CDC but were permitted entry due to a variety of reasons (e.g., severe illness or injury, death, released by port partner without CDC concurrence).
"TAll dogs were assigned to one denial category. If there were multiple problems with an RVC they were categorized in the following descending order: Falsified
information, invalid information, inaccurate information, and incomplete information.

*Age confirmed via video, photograph or by in-person examination by CDC veterinarians trained to determine ages of dogs using canine dental eruption patterns.
$In 2018, CDC required 30 days between initial rabies vaccination and entry into the United States. The requirement was reduced to 28 days in 2019.

l Animals must appear healthy upon arrival to be eligible for entry to the United States.

9 These countries were reclassified by CDC as low risk for canine rabies virus variant as of January 1, 2019 [26].

https://doi.org/10.1371/journal.pone.0254287.t001
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Table 2. Reasons for dog entry denials by country for the top ten countries of origin, United States, 2020.

Country* Rabies Vaccination Certificate (RVC) RVC incomplete or RVC not RVC Total denials by country
falsified inaccurate provided Invalid (%)
Russian Federation 88 (55%) 55 (34%) 13 (8%) 4 (3%) 160 (35%)
Ukraine 45 (46%) 50 (51%) 0 (0%) 3 (3%) 98 (22%)
Colombia 58 (73%) 10 (13%) 0 (0%) 12 (15%) 80 (18%)
Jordan 19 (90%) 2 (10%) 0 (0%) 0 (0%) 21(5%)
Moldova 15 (94%) 1 (6%) 0 (0%) 0 (0%) 16 (4%)
China 0 (0%) 12 (75%) 0 (0%) 4 (25%) 16 (4%)
Qatar 0 (0%) 8 (100%) 0 (0%) 0 (0%) 8 (2%)
Peru 7 (100%) 0 (0%) 0 (0%) 0 (0%) 7 (2%)
Dominican Republic 6 (86%) 0 (0%) 0 (0%) 1(14%) 7 (2%)
South Africa 3 (50%) 3 (50%) 0 (0%) 0 (0%) 6 (1%)
Top 10 countries total reason 241 (58%) 141 (37%) 13 (3%) 24 (6%) 419 (91% of total denials
for denial in 2020)

*Data obtained from Centers for Disease Control and Prevention (CDC) Quarantine Activity Reporting System (QARS).

https://doi.org/10.1371/journal.pone.0254287.t002

Trend analysis found five significant trend time periods for travelers arriving in the United
States (2018-2020); however, only one significant time period was noted in 2020. Between
December 2019 and April 2020, the number of travelers arriving in the United States signifi-
cantly decreased by 99% (likely due to the COVID-19 pandemic) (p < 0.001). From April

2020- December 2020 the number of arriving travelers began to increase steadily (Fig 2)
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(p < 0.001). The log regression was not included for further analysis as a decline in passenger
travel was unlikely to be directly related to people purchasing dogs from overseas.

Discussion

In early 2020, due to the COVID-19 pandemic, there was a decrease in international flights
combined with a temporary suspension of live animal transportation by air carriers. These fac-
tors reduced the transportation of animals by airline carriers worldwide [29]. Despite the
reduction in flights and animal transports, CDC documented a 52% increase in dog entry
denials during 2020 compared to the average number of denials in 2018 and 2019. While the
overall number of dogs denied entry for invalid RVCs or missing RVCs appeared to be trend-
ing downward from 2018-2020, the number of dogs denied entry for falsified, inaccurate, or
incomplete RVCs appears to have increased during this same time period. The increase in fal-
sified, inaccurate, and incomplete rabies vaccination certificates in 2020 may be a result of an
increased demand for puppies during the COVID-19 pandemic that led sellers to overlook or
attempt to bypass CDC entry requirements. However, similar trends in falsified, inaccurate, or
incomplete rabies vaccination certificates were also seen in 2019, suggesting a developing
problem with the attempted importation of inadequately vaccinated dogs into the United
States. It is important to monitor future trends to determine whether additional interventions
are needed to resolve these issues.

The highest volume months of 2020 for dog entry denials were December and September.
The December peak may have been due to increased demand of puppies around the holiday
season, while the peak in September may have coincided with a return to normal animal trans-
portation policies after the lag seen in early 2020 as a result of COVID-19. A significant change
in trend in dog denials occurred in April 2020, characterized by an increase in the monthly
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rate of dog denials. This trend coincided with a decline in intake of dogs in shelters. This find-
ing supports a potential association between these two events, marked by a significant reduc-
tion in shelter dog populations preceding an increase in fraudulent dog importations by
approximately 4 months. The negative logarithmic association between shelter dog intake and
dog importation denial had high explanatory value for a univariate comparison. This provides
further support that these two events are related, although other factors not assessed in this
study also likely have significant influence on dog denial rates.

The attempts to import dogs inadequately vaccinated against rabies during the COVID-19
pandemic is cause for concern as the importation of even one case of canine rabies could result
in the re-establishment of CRVV in the United States, which could lead to otherwise prevent-
able deaths among humans, domestic pets, and wildlife. The re-introduction of CRVV in the
United States could also lead to sustained transmission in a susceptible host species that could
have significant monetary and public health impacts for years to come. There are also health
risks to animals and people from possible exposure to an imported rabid dog, including eco-
nomic costs associated with post exposure prophylaxis and public health investigations.

Additionally, the increase in animal importation challenges faced by federal agencies
responsible for protecting public health diverts resources away from other urgent public health
efforts, including COVID-19 pandemic response activities. Revision of current CDC dog
importation policies should be considered to address this problem. CDC already requires the
costs associated with public health mitigation efforts be covered by importers (or the airlines)
when dogs do not meet CDC entry requirements. However, throughout 2020, the burden of
quarantine, monitoring, veterinary examination, treatment, and revaccination of inadequately
vaccinated dogs fell to federal and state public health authorities when non-compliant import-
ers and airline carriers eluded their financial and legal responsibilities. Given the need for a
continued COVID-19 response, federal, state, and local public health agencies may not have
the resources necessary to address dog importation challenges.

The increase in attempted importations of dogs that did not meet CDC entry requirements
during 2020 may have been due to increased demand for pets as people stayed home during
the pandemic; lack of availability of animals in shelters due to increased adoptions; enhanced
screening by CBP and CDC staff at ports of entry; more permissive or relaxed airline policies
in accepting animals for transport after initial restrictions to offset losses from decreased
human travel during the pandemic; or importers’ assumption that the public health system
infrastructure had deprioritized enforcement of dog entry requirements in favor of COVID-19
related efforts during the pandemic. However, similar patterns documented in 2019 may indi-
cate a developing problem with the attempted importation of inadequately vaccinated dogs in
the United States that cannot be explained by the COVID-19 pandemic.

With three countries exporting 74% of dogs denied entry by CDC in 2019 and 2020, tar-
geted interventions may reduce the number of dogs arriving from Russia, Ukraine, and
Colombia that do not meet CDC entry requirements. Increased engagement by carriers and
brokers to ensure dogs that are transported meet importation country requirements prior to
departure could be further supported by industry partners, such as the International Air
Transportation Association, which requires air carriers to uphold international transportation
requirements when transporting live animals [30].

Finally, educational awareness should target animal importers to ensure they understand
the risk of rabies and recognize the importance of proper rabies vaccination. Persons wishing
to adopt or purchase pets online should take steps to ensure breeders and rescue organizations
are legitimate and ethical. The online purchase of pets has been documented to be challenging
and unreliable [9, 15] and presents a public health risk as pet owners are unlikely to know their
new pet’s medical history, which may include exposure to rabies and other zoonotic diseases
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of concern. Additionally, attempted imports of dogs under four months of age can put young
puppies in danger of serious health problems that may occur during air travel.

There were several limitations in this analysis. First, it is unknown how many dogs enter
the United States each year-by land, air, or sea. CDC maintains records of the number of dogs
denied entry, their characteristics, and the reason for denial, but the total number of dog
importations is unknown. QARS is a passive surveillance system, and the number of dogs cap-
tured in QARS may not be representative of the true number of dogs entering the United
States with falsified, inaccurate, or incomplete rabies vaccination records. Second, the
COVID-19 pandemic may have impacted the number and frequency of dog importations in
unique ways. As such, the importation data from 2020 may not be representative of dog
importation patterns over time. Importation attempts, especially for dogs under four months
of age, may be reduced in the future as the demand for new pets decreases and domestic pets
become more readily available for adoption or purchase. However, falsified RVCs was a
noticeable problem in 2019 prior to the COVID-19 pandemic, and the data from 2019 and
2020 could indicate an emerging issue with dog importations. Airline carrier compliance may
also improve once more people begin to fly again. The pandemic has had devastating conse-
quences on the airline industry [29], and it is possible some airline carriers sought to offset
losses by transporting more animals.

As a result of the issues noted in this manuscript, as well as other ongoing challenges with
dog importations, CDC issued a temporary suspension of dogs entering the United States
from high-risk countries for rabies effective July 14,2021. During the suspension, dogs that
have visited a high-risk country in the past six months are prohibited from entering the United
States unless the importer has been granted a CDC dog import permit prior to arrival [31].

Ultimately, measures to stop the transportation of animals that do not meet U.S. entry
requirements should be enforced by air carriers and veterinary officials in the departure coun-
try, prior to allowing pets to board long flights that may compromise their health and wellbe-
ing, especially in the case of vulnerable dogs including brachycephalic (snub-nosed) breeds
and puppies less than four months of age. Consideration of pre-arrival requirements, such as
quarantine, booster vaccinations, or serologic tests while in the country of origin may be
needed in addition to comprehensive veterinary examinations, which should include disease
screening and treatment prior to importation when indicated, in order to protect public health
and avoid future importations of dogs with rabies or other zoonotic diseases of concern.
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