
ACVC
Understanding  
Skin Disease in Cats

When it comes to skin disease, 
cats are not just small dogs. 
This was a key point from a 

presentation on skin 
disease in cats by 
Candace A. Sousa, 
DVM, DABVP (Emer-
itus; Canine & Feline 
Practice), DACVD, at 
the 2017 Atlantic 
Coast Veterinary Con- 

ference in Atlantic City, New Jersey. 
“Cats are cats,” she said, “and their dis-
ease processes need to be approached 
from a cat point of view.”

Feline skin diseases may involve a 
severe underlying illness and require 
a thorough diagnostic evaluation, in- 
cluding a detailed history and physical 
examination. Getting a diagnosis gen-
erally makes therapy and prognosis 
“easy,” Dr. Sousa said.

Unlike internal medicine, veterinary 
dermatology has limited diagnostic tests 
(eg, skin cytology, trichogram, biopsy) 

(continued on page 14)

AVMA
The Health 
Benefits of Animal 
Companionship

According to Maggie O’Haire, 
PhD, assistant professor of hu-
man-animal interaction at Pur-

due University College of Veterinary 
Medicine in West Lafayette, Indiana, 
pet ownership offers significant bene-
fits to both the physical and emotional 
health of humans.

Presenting at the 2017 American 
Veterinary Medical Association Con-
vention in Indianapolis, Indiana, Dr. 
O’Haire discussed how animals have 
become so pervasive in our culture. 
She noted that the number of people 

who visit zoos each 
year in the United 
States and Canada ex-
ceeds the number who 
attend all major profes-
sional  sporting events 
combined. In addition 
to paying money to 

see animals in such environments, Dr. 
O’Haire added, people engage in various

(continued on page 18)
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SPECIAL FEATURE
3-Dimensional Printing in   
Veterinary Medicine
By Don Vaughan

In August 2017, attendants at Zoo Knoxville in Tennessee became concerned 
when they noticed that Patches, a female black-breasted leaf turtle, had an 
ugly wound on one of her nostrils, the apparent result of an encounter with a 

larger male. The injury stopped growing following treatment with antibiotics and 
topical ointments, but it left the 30-year-old endangered reptile with a hole on her 
face that filled with dirt and moss whenever she burrowed.

(continued on page 19)
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Overview of Ferret 
Lymphoma

Lymphoma is common in ferrets, 
according to Bruce H. Williams, 
DVM, DACVP, senior pathologist 

at the Joint Pathology Center in Silver 
Spring, Maryland. “Lymphoma is the 
third most common tumor overall in 
ferrets and by far the most common 
malignancy,” he said.

In his presentation at the 2017 annual 
meeting of the American College of 
Veterinary Pathologists (ACVP) in 
Vancouver, British Columbia, Canada, 
Dr. Williams reviewed some import-
ant aspects of the different variants of 
lymphoma in ferrets. There is no gen-
der predilection for lymphoma in fer-
rets, he said, although—as is the case  

(continued on page 12)

DENTISTRY

One Tooth at a Time

February is National Pet Dental 
Health Month, a time for veter-
inary practices to highlight the 

importance of pet dental care. With 
approximately 175 board-certified vet-
erinary dentists in the United States, 
the need for general practitioners to 
perform basic dentistry is great. But 
how do interested veterinarians get 
involved, and how much dental work 
should they be doing?

Barden Greenfield, DVM, DAVDC—
owner of Your Pet Dentist of Memphis, 
Tennessee; president of the American 
Veterinary Dental College (AVDC); 
and the only veterinarian member of 
the Tennessee Dental Association—is a 
huge proponent of general practitioners

(continued on page 30)
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BEHAVIOR
Canine Body 
Language Basics

When Ariel loses her voice in 
Disney’s The Little Mermaid, 
Ursula the Sea Witch reminds 

her that she still has the power to influ-
ence Prince Eric without it. Ursula could 
easily have been talking to us about one 
of our patients when she said [insert 
smarmy tone here], “Don’t underesti-
mate the importance of body language.”

Companion animals “speak” mostly 
with their bodies, often relaying very 
little with their vocal cords. When 
we miss—or worse, misinterpret—our 
patients’ nonverbal warning signals

(continued on page 28)

ENDOCRINOLOGY

AAHA Releases 
Updated Diabetes 
Guidelines

Much has changed in the 
management of canine 
and feline diabetes melli-

tus (DM) since the American Animal 
Hospital Association (AAHA) Diabetes 
Management Guidelines Task Force 
released its first guidelines in 2010. 
The 2018 guidelines,1 released last 
month, include the latest expert rec-
ommendations on the diagnosis and 
management of diabetes and feature 
several important updates, such as:

(continued on page 32)
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As a full-service health care communications 
company offering education, research, and 
medical media, Michael J. Hennessy 
Associates, Inc. (the parent company 

of American Veterinarian®), is wholly dedicated 
to providing health care professionals with the 
information and resources they need to opti-
mize patient outcomes.

Until recently, those health care professionals 
were medical doctors, pharmacists, and nurses, 
and those patients were of the 2-legged variety. 
With the launch of American Veterinarian

®
 in 

2016, we took on the responsibility of catering to the 
educational needs of a host of new health care profes-
sionals—the kind who treat patients with 4 legs, as well 
as wings, tails, fur, and more.

One of the best forms of education is the live kind and, 
as you may have heard, American Veterinarian

®
 acquired 

the Atlantic Coast Veterinary Conference (ACVC) last 
month. We made this move so that we could offer more 
of the resources veterinarians and team members need 
to practice at their best, and we look forward to further-
ing our mission to provide companion animal practi-
tioners with comprehensive news and information that 
will make a positive impact on your practice. Of course, 
we’ll still provide clinical and industry news from other 
conferences around the country.

Now in its 29th year, ACVC offers more than 200 
hours of practical, hands-on veterinary continuing edu-
cation (CE) for the entire practice. Under the contin-
ued leadership of ACVC Education Coordinator Nancy 
Shaffran, CVT, VTS (ECC), each exceptional track and 

session topic for 2018 has been carefully selected to 
provide insightful, practical education delivered by 

experts in their respective fields. In addition, 
the approximately 80,000-square-foot exhibit 
floor features over 120 of the industry’s top 
companies, offering hundreds of products and 
services to help veterinary professionals prac-
tice better medicine.

Rick Alampi, executive director of ACVC, 
said, “We are excited that the legacy of ACVC 
will be carried on by American Veterinarian

®
. 

We are confident that ACVC will continue to 
provide the highest quality, timely, relevant informa-
tion to the veterinary community under the new lead-
ership and expertise of American Veterinarian

®
.”

Our plans for the conference, first and foremost, are 
to remain true to ACVC’s mission. Our proven track 
record as a company offers clear evidence that we 
have the know-how and infrastructure to grow ACVC 
into a larger conference that veterinary professionals 
at all levels can turn to for clinical information and CE 
credit; business and practice management skills; and, 
of course, networking. With the acquisition of ACVC 
also comes rapid expansion of our team for sales, busi-
ness development, marketing, and content develop-
ment—that’s a win-win all around.

ACVC will take place October 8 through 11, 2018, at 
the Atlantic City Convention Center in New Jersey. We 
hope to see you there!

Mike Hennessy, Sr
Chairman and CEO

MAKING A SPLASH IN ATLANTIC CITY
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LETTERS 

Dear Editor, 

In “Disease State Watch: Orthopedics” (December 2017), you 
provided a summary titled “Unique Canine ACL Reconstruction 
Procedure Shows Promise for Clinical Use.” This original 
research paper was completed by James L. Cook et al and 
published in The Journal of Knee Surgery, a human medical 
publication. Dr. Cook only does translational research using 
dog models for human conditions. 

The title of this summary is very misleading as the proce-
dure was designed as a translational study for humans. There 
was no indication from this research that the procedure is to 
be used in the veterinary field at this time. Further and contin-
ued ongoing research may change this recommendation in the 
future. This has caused confusion on VIN’s orthopedic mes-
sage boards as well as among individual veterinarians. 

David Dycus, DVM, MS, CCRP, DACVS
Orthopedic Staff Surgeon
Veterinary Orthopedic & Sports Medicine Group (VOSM)
Co-Founder/Co-Director
Veterinary Sports Medicine & Rehabilitation Institute (VSMRI)
Annapolis Junction, MD 

Dear Dr. Dycus,

Thank you for your feedback. This title was not intended to be 
misleading, and we apologize for any confusion it caused. Our 
summary and the original article clarify that the surgical pro-
cedure in dogs yielded promising results and may serve as a 
model for cruciate ligament repair. The authors noted, “…while 
numerous large animal models have been studied for trans-
lational ACL reconstruction research, only the dog has been 
reported to experience clinical ACL deficiency with incidence, 
symptomatology, and treatment options that match those in 
human patients, and preclinical research using large animal 
models is still considered the most valid method for safe and 
effective clinical application.” 

While “clinical use” in the summary title could be misinter-
preted as applying solely to veterinary patients, we felt that 
indicating this procedure was a “promising model” was ade-
quate clarification that additional research is indicated before 
the procedure could realistically have a clinical application in 
dogs or humans. 

—Editors
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following adverse reactions were observed:
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                            Lethargy                                                14 (13.2%)                                                 42 (38.9%)
                           Vomiting                                                11 (10.4%)                                                 18 (16.7%)
        Diarrhea, including hemorrhagic                              10 (9.4%)                                                  22 (20.4%)
                         Inappetence                                                7 (6.6%)                                                   19 (17.6%)
                            Dyspnea                                                   6 (5.7%)                                                    10 (9.3%)
                          Tachypnea                                                 1 (< 1%)                                                     7 (6.5%)
               Pulmonary hemorrhage                                            0                                                            1 (< 1%)
                              Death                                                           0                                                            3 (2.8%)
Three dogs treated with Advantage Multi for Dogs in a dosing regimen with melarsomine dihydrochloride died of
pulmonary embolism from dead and dying heartworms. One dog, treated with Advantage Multi for Dogs and melarsomine
dihydrochloride, experienced pulmonary hemorrhage and responded to supportive medical treatment. Following the first
treatment with Advantage Multi for Dogs alone, two dogs experienced adverse reactions (coughing, vomiting, and dyspnea)
that required hospitalization. In both groups, there were more adverse reactions to Advantage Multi for Dogs following the
first treatment than the second treatment.
To report a suspected adverse reactions, call 1-800-422-9874.
Post-Approval Experience
The following adverse events are based on post-approval adverse drug experience reporting. Not all adverse reactions
are reported to FDA CVM. It is not always possible to reliably estimate the adverse event frequency or establish a causal
relationship to product exposure using this data. The following adverse events in dogs are listed in decreasing order of
reporting frequency: depression/lethargy, vomiting, pruritus, diarrhea, anorexia, hyperactivity, ataxia, trembling, hyper-

salivation, application site reactions (alopecia, pruritus, lesions, and erythema), seizures, and anaphylaxis/anaphylactic
reactions (hives, urticaria, facial swelling, edema of the head). 
Serious reactions, including neurologic signs and death have been reported when cats have been exposed (orally
and topically) to this product.
In humans, nausea, numbness or tingling of the mouth/lips and throat, ocular and dermal irritation, pruritus, headache,
vomiting, diarrhea, depression and dyspnea have been reported following exposure to this product. To report suspected
adverse events and/or obtain a copy of the SDS or for technical assistance, call Bayer Animal Health at 1-800-422-9874.
For additional information about adverse drug experience reporting for animal drugs, contact FDA at 1-888-FDA-VETS or
online at http://www.fda.gov/AnimalVeterinary/SafetyHealth.
DOSAGE AND ADMINISTRATION: 
The recommended minimum dose is 4.5 mg/lb (10 mg/kg) imidacloprid and 1.1 mg/lb (2.5 mg/kg) moxidectin, once a
month, by topical administration.
Do not apply to irritated skin. 
1. Remove one dose applicator tube from the package. As specified in the following table, administer the entire contents

of the Advantage Multi for Dogs tube that correctly corresponds with the body weight of the dog.
     Dog (lb.)                  Advantage Multi                        Volume                 Imidacloprid                        Moxidectin 
                                             For Dogs                                 (mL)                           (mg)                                     (mg)
  3 – 9                           Advantage Multi 9                           0.4                               40                                         10
  9.1 – 20                     Advantage Multi 20                          1.0                              100                                        25
  20.1 – 55                   Advantage Multi 55                          2.5                              250                                      62.5
  55.1 – 88                   Advantage Multi 88                          4.0                              400                                       100
  88.1 – 110*              Advantage Multi 110                         5.0                              500                                       125
*Dogs over 110 lbs. should be treated with the appropriate combination of Advantage Multi for Dogs tubes.
2. While holding the tube in an upright position, remove the

cap from the tube.  
3. Turn the cap over and push the other end of cap onto the

tip of the tube. 
4. Twist the cap to break the seal and then remove cap from

the tube. 
5. The dog should be standing for application. Part the hair

on the back of the dog between the shoulder blades until
the skin is visible. For dogs weighing 20 lbs. or less, place
the tip of the tube on the skin and apply the entire contents
directly on the exposed skin at one spot between the shoul-
der blades. For dogs weighing more than 20 lbs., place the
tip of the tube on the skin and apply the entire contents
directly on the exposed skin at 3 or 4 spots on the top of the
backline from the base of the neck to the upper back in an
area inaccessible to licking. Do not apply an amount of solu-
tion at any one location that could run off the side of the
dog. 

Do not let this product get in your dog’s mouth or eyes. Do not allow the dog to lick any of the application sites for 30
minutes. In households with multiple pets, keep each treated dog separated from other treated dogs and other pets for
30 minutes after application to prevent licking the application sites. (See WARNINGS.)
Stiff hair, a damp appearance of the hair, pink skin, or a slight powdery residue may be observed at the application site
on some animals. This is temporary and does not affect the safety and effectiveness of the product. 
Shampooing 90 minutes after treatment does not reduce the effectiveness of Advantage Multi for Dogs in the prevention of
heartworm disease. 
Shampooing or water immersion 4 days after treatment will not reduce the effectiveness of Advantage Multi for Dogs in the
treatment of flea infestations. However, shampooing as often as once weekly may reduce the effectiveness of the product
against fleas. 
Heartworm Prevention: For prevention of heartworm disease, Advantage Multi for Dogs should be administered at
one-month intervals. Advantage Multi for Dogs may be administered year-round or at a minimum should start one month
before the first expected exposure to mosquitoes and should continue at monthly intervals until one month after the last
exposure to mosquitoes. If a dose is missed and a 30-day interval between doses is exceeded, administer Advantage Multi
for Dogs immediately and resume the monthly dosing schedule. When replacing another heartworm preventative product in
a heartworm prevention program, the first treatment with Advantage Multi for Dogs should be given within one month of
the last dose of the former medication.
Treatment of Circulating Microfilariae: For the treatment of circulating D. immitis microfilariae in heartworm-positive dogs,
Advantage Multi for Dogs should be administered at one-month intervals. Treatment with an approved adulticide therapy is
recommended because Advantage Multi for Dogs is not effective for the treatment of adult D. immitis.
(See PRECAUTIONS.)
Flea Treatment: For the treatment of flea infestations, Advantage Multi for Dogs should be administered at one-month intervals.
If the dog is already infested with fleas when the first dose of Advantage Multi for Dogs is administered, adult fleas on the dog
will be killed. However, reinfestation from the emergence of pre-existing pupae in the environment may continue to occur for six
weeks or longer after treatment is initiated. Dogs treated with imidacloprid, including those with pre-existing flea allergy
dermatitis have shown clinical improvement as a direct result of elimination of fleas from the dog. 
Treatment and Control of Intestinal Nematode Infections:
For the treatment and control of intestinal hookworm infections caused by Ancylostoma caninum and Uncinaria stenocephala
(adults, immature adults and fourth stage larvae) and roundworm infections caused by Toxocara canis (adults and fourth
stage larvae), and Toxascaris leonina (adults), and whipworm infections caused by Trichuris vulpis (adults), Advantage Multi
for Dogs should be administered once as a single topical dose. 
Treatment and Control of Sarcoptic Mange: For the treatment and control of sarcoptic mange caused by Sarcoptes scabiei
var. canis, Advantage Multi for Dogs should be administered as a single topical dose. A second monthly dose may be admin-
istered if necessary.
ANIMAL SAFETY: 
Heartworm-Negative Dogs
Field Study: In a controlled, double-masked, field safety study, Advantage Multi for Dogs was administered to 128 dogs of
various breeds, 3 months to 15 years of age, weighing 4 to 157 pounds. Advantage Multi for Dogs was used safely in dogs
concomitantly receiving ACE inhibitors, anticonvulsants, antihistamines, antimicrobials, chondroprotectants, corticos-
teroids, immunotherapeutics, MAO inhibitors, NSAIDs, ophthalmic medications, sympathomimetics, synthetic estrogens,
thyroid hormones, and urinary acidifiers. Owners reported the following signs in their dogs after application of Advantage
Multi for Dogs: pruritus, flaky/greasy residue at the treatment site, medicinal odor, lethargy, inappetence, and hyperactivity. 
(See ADVERSE REACTIONS.)
Safety Study in Puppies: Advantage Multi for Dogs was applied topically at 1, 3 and 5X the recommended dose to 7-week-
old Beagle puppies once every 2 weeks for 6 treatments on days 0, 14, 28, 42, 56, and 70.  Loose stools and diarrhea were
observed in all groups, including the controls, throughout the study. Vomiting was seen in one puppy from the 1X treatment
group (day 57), in two puppies from the 3X treatment group (days 1 and 79), and in one puppy from the 5X treatment group
(day 1). Two puppies each in the 1X, 3X, and 5X groups had decreased appetites within 24 hours post-dosing. One puppy
in the 1X treatment group had pruritus for one hour following the fifth treatment. A puppy from the 5X treatment group
displayed rapid, difficult breathing from 4 to 8 hours following the second treatment. 
Dermal Dose Tolerance Study: Advantage Multi for Dogs was administered topically to 8-month-old Beagle dogs at 10X the
recommended dose once. One dog showed signs of treatment site irritation after application. Two dogs vomited, one at
6 hours and one at 6 days post-treatment. Increased RBC, hemoglobin, activated partial thromboplastin, and direct bilirubin
were observed in the treated group. Dogs in the treated group did not gain as much weight as the control group. 
Oral Safety Study in Beagles: Advantage Multi for Dogs was administered once orally at the recommended topical dose to
12 dogs. Six dogs vomited within 1 hour of receiving the test article, 2 of these dogs vomited again at 2 hours, and 1 dog
vomited again up to 18 hours post-dosing. One dog exhibited shaking (nervousness) 1 hour post-dosing. Another dog exhib-
ited abnormal neurological signs (circling, ataxia, generalized muscle tremors, and dilated pupils with a slow pupillary light
response) starting at 4 hours post-dosing through 18 hours post-dosing. Without treatment, this dog was neurologically
normal at 24 hours and had a normal appetite by 48 hours post-dosing. 
(See CONTRAINDICATIONS.)
Dermal Safety Study in Ivermectin-Sensitive Collies:
Advantage Multi for Dogs was administered topically at 3 and 5X the recommended dose every 28 days for 3 treatments
to Collies which had been pre-screened for avermectin sensitivity. No clinical abnormalities were observed.
Oral Safety Study in Ivermectin-Sensitive Collies: 
Advantage Multi for Dogs was administered orally to 5 pre-screened ivermectin-sensitive Collies. The Collies were asymp-
tomatic after ingesting 10% of the minimum labeled dose. At 40% of the minimum recommended topical dose, 4 of
the dogs experienced neurological signs indicative of avermectin toxicity including depression, ataxia, mydriasis, salivation,
muscle fasciculation, and coma, and were euthanized. 
(See CONTRAINDICATIONS.) 
Heartworm-Positive Dogs
Laboratory Safety Study in Heartworm-Positive Dogs: Advantage Multi for Dogs was administered topically at 1 and 5X the rec-
ommended dose every 14 days for 3 treatments to dogs with adult heartworm infections and circulating microfilariae. At
5X, one dog was observed vomiting three hours after the second treatment. Hypersensitivity reactions were not seen in the
5X treatment group. Microfilariae counts decreased with treatment.
STORAGE INFORMATION:
Store at temperatures between 4°C (39°F) and 25°C (77°F), avoiding excess heat or cold. 
HOW SUPPLIED: 
Applications Per Package
6 x 0.4 mL tubes
6 x 1.0 mL tubes
6 x 2.5 mL tubes
6 x 4.0 mL tubes
6 x 5.0 mL tubes
Advantage Multi is protected by one or more of the following U.S. patents: 6,232,328, and 6,001,858. 
                                                                                                                                                                                        V-03/2016

NADA #141-251, Approved by FDA
Made in Germany                                                                                                                                                                            
© 2015 Bayer 
Bayer, the Bayer Cross and Advantage Multi are registered trademarks of Bayer.

Bayer HealthCare LLC
Animal Health Division 
P.O. Box 390 Shawnee Mission, Kansas 66201 U.S.A.                                                                                            GHG063016
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Launched in 2012 and run by the Morris Animal Foundation, the  Golden 
Retriever Lifetime Study is the first prospective longitudinal study 
attempted in veterinary medicine. By 2015, 3044  privately owned, pure-

bred golden retrievers had been enrolled in the observational study, which aims to 
identify the major dietary, genetic, and environmental risk factors for cancer and 
other important diseases in dogs. Now, for the first time, detailed information has 
been released about the characteristics of the participating dogs.

Participating pet owners and veterinarians must complete yearly online ques-
tionnaires about the dogs’ health status and lifestyles. Additionally, dogs undergo 
an annual physical examination and collection of biological samples by their pri-
mary care veterinarian. The data focus on the demographics of the study’s cohort 
and initial visits after enrollment:
• There are 1540 males and 1504 females.
• Median age of dogs at enrollment was 14 months.
• Median weight for all dogs was 27.8 kg.
• Most have a record of receiving preventive care, such as vaccines, flea and 

heartworm prevention, and other parasiticides.
• Half had been spayed or neutered by the initial visit.
• Medical conditions reported at enrollment, all of which were minor, consisted 

primarily of integumentary, gastrointestinal, and urinary dysfunction.
• California has the largest number of enrolled dogs.

Golden retrievers were selected as the canine population of interest because the 
breed’s popularity in the United States increased the likelihood of sufficient enroll-
ment within the set time period. In addition, golden retrievers are owned by a diverse 
population, which helps ensure that participants are exposed to a variety of environ-
mental factors. The breed is also thought to be at high risk of developing cancer. 

Longitudinal canine studies are few and include the following:
• The 9/11 Medical Surveillance Study monitors the health of dogs deployed 

to the World Trade Center, Pentagon, and Staten Island, New York, landfills. As 
of November 2017, the study continued to follow 2 surviving deployed dogs 
and 1 control dog, each aged 16 years.

• Generation Pup is a UK study that is seeking the participation of dog owners 
whose puppies are aged 16 weeks or younger, of any breed or crossbreed. 
The investigators hope to learn whether events or environments early in life 
influence the development of health conditions as dogs get older.

• Dogslife is a web-based longitudinal study 
of Kennel Club–registered Labrador retrievers 
in the United Kingdom conducted to identify 
factors that may affect the health and disease of 
dogs throughout their life.

The Canine Lifetime Health Project is 
currently seeking dog owners 
and veterinarians  who are 
interested in participating in 
future canine studies. Visit 
caninelifetimehealth.org for 
more information. 

Simpson M et al. Canine Genet Epidemiol. 
2017;4:14. doi: 10.1186/s40575-017-0053-5

Golden Retriever Lifetime 
Study: Population 
Characteristics 
By Amanda Carrozza

L ymph node cytology is com-
monly used in companion 
animal medicine to differen-

tiate causes of lymphadenomegaly, 
including neoplasia and lymphade-
nitis. Researchers at the University 
of California, Davis, College of 
Veterinary Medicine recently per-
formed a large-scale, retrospective 
study to evaluate the diagnostic 
sensitivity, specificity, and accuracy 
of lymph node cytology for various 
types of canine and feline neoplasia.

Cytologic samples from 296 dogs 
and 71 cats obtained over an 11-year 
period were compared with a histo-
logic gold standard. Histologic lymph 
node evaluation was performed for 
each case within 80 days after lymph 
node cytology, and matched samples 
taken from the same anatomic loca-
tion were evaluated when available. 
For cases in which serial sampling 
was performed, the cytologic and 
histologic samples with the shortest 
time interval were chosen.

Cytologic samples were obtained 
via fine-needle aspirate or impres-
sion smear and stained with 
Wright-Giemsa. Histologic sam-
ples, stained with hematoxylin and 
eosin, were obtained via needle 
core biopsy, surgical biopsy, or nec-
ropsy. Board-certified clinical and 
anatomic pathologists categorized 
cytologic and histologic samples, 
respectively, into one of several 
benign or malignant subgroups. The 
diagnosis of each cytologic sample 
was then classified as true-positive, 
true-negative, false-positive, or 
false-negative depending on agree-
ment with the histologic gold stand-
ard. Finally, diagnostic accuracy, 
sensitivity, and specificity values 
for cytology were determined.

A total of 367 small animal cases 
included 157 (42.7%) nonneoplastic 
lesions, 62 (16.9%) lymphoma cases, 
and 148 (40.3%) metastatic neo-
plasms. The time interval between 

cytologic and histologic sampling 
was 0 to 7 days for 202 (55%) cases 
and 8 to 80 days for 165 (44.9%) 
cases. The same lymph node was 
used for cytologic and histologic 
sampling in 290 (79.0%) cases. 

When compared with the histo-
logic gold standard, cytology had 
a mean diagnostic sensitivity of 
66.6% and a mean diagnostic spec-
ificity of 91.5% for neoplasia. The 
diagnostic accuracy (ie, the ability 
to correctly diagnose a lesion to its 
subgroup) of cytology was 77.2%. 
Accuracy, sensitivity, and speci-
ficity values were statistically sim-
ilar regardless of the time interval 
between cytologic and histologic 
sampling; however, sensitivity was 
higher for cytologic samples with 
a histologic sample from the same 
lymph node, compared with ana-
tomically mismatched samples.

Among the 367 paired cytologic 
and histologic cases, 238 (64.8%) 
showed complete agreement with the 
same diagnostic subgroup, whereas 
43 (11.7%) cases matched just to the 
level of benign or malignant and 86 
(23.4%) cases disagreed on benign 
versus malignant status.

While the overall likelihood of cor-
rectly diagnosing neoplasia via cytol-
ogy was high, this study found cytol-
ogy to be poorly sensitive for certain 
types of neoplasia. False-negative 
diagnostic rates via cytology were 
highest for feline mesenteric T-cell 
lymphoma, metastatic sarcoma, and 
metastatic mast cell tumor. Low diag-
nostic sensitivity for these specific 
neoplasms should be taken into con-
sideration when choosing cytology 
as a diagnostic tool; however, the 
authors concluded that lymph node 
cytology is generally an accurate 
testing method for primary and met-
astatic malignant neoplasia in dogs 
and cats. 

Ku CK et al. Vet Comp Oncol. 2017;15(4):1206-
1217. doi: 10.1111/vco.12256 

Accuracy of Lymph 
Node Cytology for 
Neoplasia Diagnosis
By Natalie Stilwell, DVM, MS, PhD
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Feline infectious peritonitis (FIP), which 
affects both domestic and wild cats, is caused 
by the virulent mutant form of enteric feline 

coronavirus (FCoV). Initial FCoV exposure typically 
causes mild gastrointestinal or upper respiratory 
signs. Weeks or even years later, however, FCoV 
can become virulent and cause FIP. Affected cats 
exhibit a worsening of nonspecific clinical signs 
(anorexia, depression, fever) and, ultimately, may 
succumb to the disease. A Japanese research team 
has reported  that  measuring titers of anti-FCoV 
antibodies in cerebrospinal fluid (CSF) could help 
diagnose the disease.

FIP has 2 clinical forms—effusive and noneffu-
sive—and is difficult to diagnose. In recent years, 

imaging modalities such as computed tomogra-
phy and magnetic resonance imaging have been 
used to diagnose neurologic FIP, a noneffusive 
form. Anti-FCoV antibody detection in CSF also 
has demonstrated diagnostic usefulness. However, 
although anti-FCoV titers have been reported, “no 
diagnostic index of FIP has been proposed,” wrote 
the investigators.

The investigators collected CSF and serum sam-
ples from 271 cats with neurologic signs suggest-
ing FIP; the cats had previously undergone imag-
ing studies. Antibody titers were determined using 
indirect immunofluorescence.

Of the 271 cats, 28 tested positive for CSF anti-
FCoV antibodies, as indicated by a titer of at least 

1:10. For further analysis, the 28 cats were grouped 
according to titer range: Group A (n = 15) had a titer 
ranging from 1:10 to 1:80, and the group B (n = 13) 
titer ranged from 1:640 to 1:10,240. No cats had 
titers of 1:160 or 1:320.

To determine the serum to CSF (S/C) antibody 
ratio, the researchers took the reciprocal of each 
titer. The S/C ratio of group B (0.5 to 8) was mark-
edly low, potentially due to a breakdown of the 
blood–brain barrier and massive influx of blood 
into the CSF.

Previous studies reported that FCoV RNA detection 
in CSF strongly indicates FIP. Therefore, the investi-
gators performed reverse transcriptase polymerase 
chain reaction testing on 13 group A and 11 group 
B samples of CSF. In group A, 2 of 13 samples tested 
positive for FCoV RNA; both samples had very low 
titers (1:10 and 1:20), suggesting early-stage neuro-
logic FIP. Importantly, this finding indicates that FIP 
should not be ruled out even if CSF anti-FCoV anti-
body titers are low, the investigators noted. All 11 
group B samples were positive for FCoV RNA.

Based on the study’s findings, the investigators 
concluded that a CSF anti-FCoV antibody titer of 
1:640 or higher can be used to diagnose FIP. Using an 
antibody test would cost much less and require less 
skill than using genetic diagnostic tools. However, 
because 2 samples with very low titers tested posi-
tive for FCoV RNA, the investigators cautioned that 
the antibody test could have low predictive value for 
diagnosing FIP.

Because the investigators could not obtain addi-
tional information on the study cats, such as clini-
cal signs and examination findings, they proposed 
including epidemiologic data in future FIP studies 
to enable a more complete assessment of the diag-
nostic usefulness of anti-FCoV antibody testing for 
FIP. Also, given the low S/C antibody ratio in the cats 
with high titers, they suggested using this ratio as a 
diagnostic tool for other viral infections. 

Soma T et al. J Vet Med Sci [published online November 9, 2017]. doi: 10.1292/
jvms.17-0399

Best and Worst States for Animal Safety
By Kerry Lengyel

E very year, the Animal Legal 
Defense Fund analyzes all 
50 states and US territo-

ries to determine which have the 
best and worst animal protection 
laws. For the 11th consecutive 
year, Kentucky was at the 
bottom of the list.

The rankings are based on 
results of a comprehensive 
review of each jurisdic-
tion’s animal protection 
laws, with points given 
for 15 distinct categories 
of animal protection.

More than half of 
all states and territories 
scored significantly better 
over the past 5 years—30% 
of jurisdictions improved 
2% to 10%, 48% improved 11% to 
50%, and 4% improved by more 
than 50%. But some states’ animal 
protection laws are still stuck in 
the past. The list’s 5 worst states: 
North Dakota, Utah, Wyoming, 
Iowa, and Kentucky.

According to the  2017 US 
Animal Protection Laws Rankings, 
Kentucky remains at the bottom 
of the barrel because it lacks fel-
ony penalties for animal cruelty. 
The state has no restrictions on 

future animal ownership following 
a cruelty conviction, no provisions 
for sexual assault on animals, and 
no statutory authority to allow pro-
tective orders to include animals. 
Kentucky is also the only state 

that prohibits veterinarians from 
reporting suspected animal cru-
elty, abuse, or fighting.

Of the best states for ani-
mal safety, Illinois ranked first, 
followed by Oregon. California 
is third, thanks to new legisla-
tion that grants civil immunity 
for removing animals from hot 
vehicles. “For many, it would be 
unconscionable to see an animal 
in distress and fail to act,” said 
Kathleen Wood, the Animal Legal 

Defense Fund’s criminal justice 
program fellow. “Immunity laws 
ensure that those who rescue 
animals from vehicles in cer-
tain emergency situations are 
not bombarded with lawsuits in 

response to their heroic 
actions.”

Other states, in- 
cluding Arizona, Co- 
lorado, Indiana, Mas-

sachusetts, Nevada, and 
Oregon, have enacted si- 
milar reckless endanger-
ment provisions. In all, 
25 states now have some 
type of “hot cars” law.

Pennsylvania—which was 
the most improved state—
jumped 20 places from 

last year’s report after passing a 
new felony provision for first-time 
offenders of aggravated assault 
and adding civil immunity for vet-
erinarians who report suspected 
animal abuse.

Other improvements over the 
past year involve requiring mental 
health evaluations and counseling 
for offenders, including animals 
in domestic violence protective 
orders, and making animal fighting 
a RICO (racketeering) offense. 

Cerebrospinal Fluid Antibody Titers Could Help 
Diagnose FIP
By JoAnna Pendergrass, DVM

Kentucky: Ranked last for the 11th straight year.

FIP is more common 
in multi-cat house-
holds, shelters, and 
breeding colonies.
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Electrochemistry Provides Insight Into Gastric  
Dilatation-Volvulus
By JoAnna Pendergrass, DVM

Canine gastric dilatation-volvu-
lus (GDV) progresses rapidly 
and causes life-threatening 

hemodynamic and breathing dis-
ruptions. Surgical treatment—gastric 
decompression and repositioning—       
allows for hypoxic tissue reperfusion, 
which subsequently causes ischemic 
reperfusion injury (IRI) and reactive 
oxygen species (ROS) production. ROS 
production leads to GDV complica-
tions such as systemic inflammatory 
response syndrome (SIRS).

GDV has a relatively high mortality 
rate, necessitating a multipronged 
therapeutic approach that includes 
prevention and treatment of IRI and 
oxidative stress, according to the 
authors of a recent study on GDV.

Previous studies reported lido-
caine’s ability to decrease IRI and 
SIRS and improve clinical outcome by 
reducing inflammation and oxidative 
stress. To date, though, “direct mea-
surement of inflammatory mediators, 
antioxidants, or indicators of oxida-
tive stress has not been thoroughly 
evaluated,” wrote the authors.

Cyclic voltammetry (CV) can quan-
tify a substance’s total reducing power 
(TRP), an indication of antioxidant 
activity. The current study’s authors 
sought to evaluate TRP in dogs with 
GDV and determine how well lido-
caine improves TRP capacity.

The investigators recruited 30 
adult dogs diagnosed with GDV at the 
emergency service at the Veterinary 
Teaching Hospital of  Hebrew University 
of Jerusalem in Israel. The dogs were 

divided into 2 groups. 
The treatment group 
received intravenous 
(IV) lidocaine fol-
lowed by lidocaine 
constant-rate infusion 
(CRI), and the pla-
cebo group received 
IV saline followed by 
saline CRI.

Dogs received imme-
diate treatment accord-
ing to group classifi-
cation, crystalloid or 
colloid administration 
as needed, and surgi-

cal treatment. Eleven healthy dogs were 
recruited as controls.

Blood samples were collected from 
each dog to evaluate complete blood 
cell count, lactate levels, and oxida-
tive status. Using CV to assess oxida-
tive status, the investigators placed 3 
electrodes in a well with heparinized 
plasma and applied a constant elec-
tric potential. Several CV parameters 
were measured, including Ep  (types 
of low-molecular-weight antioxidants) 
and Ah (low-molecular-weight antiox-
idant concentrations).

The 30 dogs with GDV were hospi-
talized for a median of 24 hours. Four 
did not survive (mortality rate, 13%); 
their deaths occurred naturally after 
surgery. Lactate levels were higher 
among nonsurvivors than survivors. 
Gastric wall necrosis, present in 5 dogs 
with GDV, significantly increased GDV 
mortality risk.

Overall, median Ep was similar 
between dogs with GDV and healthy 
dogs. However, among dogs with 
GDV at presentation, Ep was signifi-
cantly higher among nonsurvivors 
than survivors, possibly because 
nonsurvivors had greater oxidative 
stress and subsequently fewer potent 
antioxidants, which have lower Eps.        
Ep was determined to be a strong 
predictor of survival.

At presentation, median Ah was 
similar between dogs with GDV and 
healthy dogs. After 24 hours, Ah sig-
nificantly decreased in dogs with GDV, 
indicating disease progression and 
decreased antioxidant concentration. 

Huge Donation Will Enhance 
OSU Veterinary College, 
Animal Hospital
By Amanda Carrozza 

T he college of veterinary medicine at Oregon State University (OSU) marked 
the start of 2018 with a new name: the Gary R. Carlson College of Veterinary 
Medicine, in recognition of the alumnus donor who made a historic $50 

million commitment. OSU will use the funds to more than double the size of its 
small animal teaching hospital and add radiation equipment to treat animals with 
cancer. The donation will also support the increasing class size, bolster critical 
research, and enable the creation of an endowment 
to attract and keep veterinary instructors.

“Dr. Carlson’s generosity will enhance the care 
we provide to animals and ensure graduating vet-
erinarians are familiar with the most current med-
ical technology. That will benefit countless people 
and the animals that many consider members of 
the family,” said OSU President Edward Ray, PhD.

Gary R. Carlson, MD, a California dermatolo-
gist and 1974 OSU graduate, said his love of dogs 
inspired the large donation. “As I began thinking 
about how I might make a difference in this world, 
I thought about those things that matter 
most to me,” Dr. Carlson said. “High on 
the list was the joy that our pets so 
often give us—a special comfort and 
support that allows us to embrace 
life more fully. I wanted to do 
something that would enrich 
that experience and help us 
better understand and care 
for our ‘best friends.’”

The Gary R. Carlson College 
of Veterinary Medicine is 
OSU’s first named college and 
the second named veterinary 
school in the country. 

This reduction was greatest in dogs 
treated with saline, suggesting that 
lidocaine can maintain higher antiox-
idant concentrations.

Ah and lactate levels were posi-
tively correlated, potentially indi-
cating recruitment of antioxidants 
to combat oxidative stress. Notably, 
Ah levels were highest in dogs with 
gastric wall necrosis, suggesting 
that necrosis increases oxidative 
stress and the subsequent need  
for antioxidants.

The investigators concluded that 
CV can effectively measure oxidative 
stress and predict survival in dogs 
with GDV. In addition, lidocaine’s 
demonstrated ability to counteract 
oxidative stress supports its inclusion 
in GDV treatment. Larger-scale stud-
ies are needed to further investigate 
the diagnostic usefulness of CV in vet-
erinary medicine and explore the role 
of oxidative stress in other diseases. 

Lenchner I et al. Res Vet Sci. 2018;92-96. doi: 10.1016/j.
rvsc.2017.11.019

Radiograph showing gas 
buildup (dark area) in a 

dog with GDV.

Dr. Carlson and 
his dog Sugar
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(continued from front cover) 
with most neoplasms—its prevalence tends to increase with 
age. The “golden years” for tumor development in ferrets are 
between ages 4.5 and 9 years, and especially regarding the 
endocrine and hematopoietic systems, Dr. Williams said. He 
explained that over the past 10 or 20 years, the average life 
span of ferrets has increased from about 7 years to 9 years 
due to better understanding of these animals. However, he 
added, a longer life span also increases opportunities for 
tumor development.

Although lymphoma typically arises spontaneously in fer-
rets, some studies have suggested that it may also be transmis-
sible, prompting speculation of an association with a type C 
retroviral infection.1 Nevertheless, research in this area is lack-
ing after identification of retroviral particles almost 20 years 
ago,1 and this association remains unproven.

SITES OF ORIGIN OF LYMPHOMA IN FERRETS
“There is no typical picture for lymphoma in the ferret,” Dr. 
Williams said. “It may pop up in any organ, and the associated 
clinical picture usually reflects dysfunction of that particular 
organ.” However, several variants of lymphoma, based on site 
of origin, have been reported.

Multicentric Lymphoma 
The most common form, multicentric lymphoma typically arises 
in older ferrets. It presents as peripheral lymphadenopathy and 
spreads to the spleen and other visceral organs, leading to organ 
failure late in the course of disease.

Mediastinal Lymphoma 
This is the second most common form and occurs mostly in 
younger ferrets, typically those under age 2 years. It characteris-
tically involves the thymus and the lymph nodes in the thorax, but 
the disease may also spread to involve other viscera. 

Gastrointestinal Lymphoma
Gastrointestinal (GI) lymphoma is a relatively uncommon form of 
this disease, although it is the most common malignancy occur-
ring in the GI tract. GI lymphoma has the shortest survival time 
of the variants; affected animals typically survive only about 
2 weeks after presentation. It potentially arises from chronic 
inflammation in the GI tract and may be associated with inflam-
matory bowel disease (IBD) or infection with organisms such as 
Helicobacter or coronavirus. 

Helicobacter infection often occurs in ferrets after about 3 years of 
age. All infected animals tend to have associated GI inflammation, 

Overview of Ferret Lymphoma
Practitioners who treat small mammals should understand the clinical variants, presentation, and staging and 
classification of this prevalent disease.
By Nicola M. Parry, BVSc, MRCVS, MSc, DACVP, ELS

NICOLA M. PARRY, BVSc, 
MRCVS, MSc, DACVP, ELS

Dr. Parry, a board-certified 
veterinary pathologist, 
graduated from the 
University of Liverpool in 
1997. After 13 years in 
academia, she founded 
Midwest Veterinary 
Pathology, LLC, where 
she now works as a 
private consultant. Dr. 
Parry writes regularly for 
veterinary organizations 
and publications.

Thymic lymphoma in a ferret.
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Dr. Williams said, although not all develop clinical signs of disease. 
Nevertheless, the inflammation tends to “set up” the GI tract to 
develop lymphoma, he explained.

Today, IBD is the most common diagnosis from GI biopsy sub-
missions from ferrets, Dr. Williams said, adding that—at least from 
the pathologist’s viewpoint—GI lymphoma forms a spectrum of mor-
phology with severe IBD. Although the exact etiology of IBD in fer-
rets remains unknown, “it also produces a fertile ground for expan-
sion of clonal lymphocytes to then set up lymphoma,” he added.

For veterinarians managing ferrets with clinical signs sugges-
tive of IBD and/or lymphoma, Dr. Williams recommended collect-
ing full-thickness biopsy sections of the GI tract for pathologic 
evaluation. Most cases of GI lymphoma tend to be T-cell type, he 
said, followed by B-cell type and, distantly, null-cell types; how-
ever, studies have shown that immunohistochemistry is usually 
not required for differentiating between lymphoma and IBD.2 

Cutaneous Lymphoma
Cutaneous lymphoma is uncommon in ferrets, existing in 1 of 2 
forms. Epitheliotropic T-cell lymphoma is nonlethal, tends to affect 
older ferrets, and typically responds well to surgical removal if 
amenable. “Swollen feet can be 1 manifestation of epitheliotro-
pic T-cell lymphoma,” Dr. Williams noted. In contrast, nonepithe-
liotropic lymphoma tends to be lethal and progressive and may 
occur as part of multicentric lymphoma.

Skeletal Lymphoma
This form is also uncommon, with just single cases mentioned in 
the veterinary literature. Reports have described lymphoma aris-
ing in different regions of the skeleton and having different mor-
phologies, including T-cell lymphoma in the mandible, humerus, 
and femur; plasmablastic lymphoma in a femur; and null-cell 
lymphoma in the thoracolumbar spine. Skeletal lymphomas tend 
to be very osteolytic, Dr. Williams said, and may extend into sur-
rounding skeletal muscle.

Hodgkin-like Lymphoma 
Another uncommon variant in ferrets—reported just 3 times—is 
Hodgkin-like lymphoma, involving either single lymph nodes 
or a chain of regional lymph nodes. Although these cases do not 
exactly match the criteria of Hodgkin lymphoma in humans, they 
are based on identification of characteristic Reed-Sternberg cells. 

COMMON PRESENTATIONS OF LYMPHOMA IN FERRETS
Lymphoma typically shows up in ferrets younger than 2 to 3 years 
of age and classically presents as visceral masses, Dr. Williams 
said. “Lymphoma in young ferrets tends to present very stereotyp-
ically,” he said. “They often have a large thymic mass and, while 
the peripheral lymph nodes remain untouched, the lymphoma 
may also be in other viscera such as the spleen.” The disease may 
thus present as acute-onset respiratory distress because of com-
pression of the lung lobes, dyspnea, and pleural effusion. “Next 
to cardiovascular disease, lymphoma is one of the most common 
causes of effusions in ferrets,” Dr. Williams said. Young ferrets 
with lymphoma typically also have lymphocytosis. 

Although this form of lymphoma tends to respond to prednisone 
for about 1 month, it soon recurs and is associated with a short 
survival time. Histologically, these cells tend to have a large-cell 
morphology, often being more than twice the size of a red blood 
cell. In contrast, lymphoma in older ferrets typically presents as 
peripheral lymphadenopathy—rather than visceral involvement, 

as in younger animals—and is characterized by a small-cell mor-
phology (neoplastic cells are about the same size as normal lym-
phocytes). Affected animals typically have lymphopenia but tend 
to survive longer than younger ferrets 
with lymphoma do. These older ferrets 
survive up to 2 years, with or without 
chemotherapy, Dr. Williams said. 

Because most cases of lymphoma in 
lymph nodes in ferrets can be identified on 
cytologic examination, Dr. Williams shared 
some pointers for veterinarians who wish 
to perform fine-needle aspiration biopsy of 
enlarged lymph nodes. “If it’s not big, don’t 
aspirate it,” he emphasized. 

Importantly, he also reminded the audience of the difference 
between normal and neoplastic lymph nodes. Because of sur-
rounding fat, peripheral lymph nodes in older ferrets tend to feel 
relatively soft. In contrast, “neoplastic lymph nodes tend to be 
very hard to the touch,” Dr. Williams said. He also advised veter-
inarians to preferentially sample the popliteal node rather than 
the mandibular or mesenteric node.

Although cytology can be used to diagnose lymphoma in 
enlarged lymph nodes in ferrets, he reminded veterinarians that 
staging and classifying lesions requires microscopic evaluation of 
excised nodes.

LYMPHOMA STAGING AND CLASSIFICATION
There is no universal staging system specifically for lymphoma 
in ferrets, but Dr. Williams said that the 5-level clinical staging 
definitions developed by the World Health Organization (WHO) 
can be used (Table).

In ferrets, most cases of lymphoma tend to be stage IV; certainly, 
lymphoma in young ferrets typically presents as stage IV, diffuse, 
high-grade, large-cell lymphoma, Dr. Williams said. In older fer-
rets, it also often presents as stage IV, diffuse, high-grade, small-
cell lymphoma but also as stage II, diffuse, low-grade, small-cell 
lymphoma. Another exception, he noted, is Hodgkin-like lym-
phoma, which falls into the stage I category.

The results of a recent study showed that veterinary pathologists 
can use an adaptation of the latest WHO classification for neoplas-
tic diseases of the lymphoid tissues to diagnose lymphomas in 
dogs accurately.3 This adaptation grades lesions based on criteria 
such as the size of neoplastic cells and prevalence of mitoses. 

To improve understanding of ferret lymphoma, Dr. Williams sug-
gested that veterinary pathologists consistently apply these stan-
dardized criteria when evaluating these tumors. That will allow 
everyone “to begin speaking the same language,” he concluded. 

References available at AmericanVeterinarian.com.

Table. Stages of Lymphoma Progression 

STAGE DESCRIPTION

I Single anatomic site involved

II Single anatomic site and multiple lymph nodes involved on 1 side of the diaphragm 

III Generalized lymph node involvement on both sides of the diaphragm

IV Progression to involve the liver and/or spleen 

V Progression to involve the blood, bone marrow, and/or other organs 

Lymphoma is the third most 
common tumor overall in 
ferrets and by far the most 
common malignancy.
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(continued from front cover) 
and analytic tools (eg, Wood’s lamp, microscope) available; 
trichograms, in particular, are performed more often in cats than 
in dogs. Veterinarians should charge for each skin diagnostic 
test, including simple scrapings, Dr. Sousa said, emphasizing 
that clients should pay for the expert opinion and knowledge.
In addition to obtaining a history and performing a physical exam, 
organizing possible skin diseases into categories can help in mak-
ing a diagnosis. Categories include allergic, bacterial, congenital/
hereditary, endocrine, fungal, immune-mediated, miscellaneous, 
neoplastic, nutritional, parasitic, and viral diseases.

After making the diagnosis, Dr. Sousa recommended that vet-
erinarians ask owners what they want to do regarding treat-
ment—“What would you like?” or “What are your goals for your 
cat?”—being careful to avoid a paternalistic tone. She then pro-
vided details on congenital, endocrine, neoplastic, parasitic, viral, 
and miscellaneous skin diseases that are unique to cats.

CONGENITAL DISEASES
Idiopathic Facial Dermatitis of Persian Cats 
Also known as “dirty face syndrome,” this chronic disease starts 
when Persian cats are young and causes black crusts on the face, 
particularly in the folds and periocular area. Affected cats may 
traumatize themselves. In addition, ceruminous otitis may be 
present concurrently. Treatment response is typically poor.

Proliferative and Necrotizing Otitis
Proliferative and necrotizing otitis is rare, has an unknown         
etiology, and typically affects 3- to 6-month-old kittens. Physical 
examination of the ears reveals large tan or dark coalescing 
plaques on the concave surface of the pinnae and external ear 
canals; the ears may also contain comedones. Histopathologic 
findings include acanthosis, follicular keratosis, and hair follicle 
outer sheath hyperplasia and keratinocyte necrosis.

This skin condition can be treated with topical 0.1% tacrolimus, 
which is expensive. Oral prednisolone can also be used, but its 
effectiveness in treating this disease remains unknown. The prog-
nosis is poor.

ENDOCRINE DISEASES
Feline Skin Fragility
Typically a marker of feline hyperadrenocorticism, feline skin  
fragility generally occurs in older cats. With several potential 
causes (eg, progestin therapy, excessive administration of corti-
costeroids), this condition results in a collagen deficiency that 
makes the skin extremely thin. 

Examining an affected cat requires very gentle handling to avoid 
tearing the skin. Interestingly, Dr. Sousa noted, not much bleeding 
occurs when the skin tears. Also, unlike in dogs, alopecia is typi-
cally not present in affected cats. Biopsies, although not practical 
because of the skin’s thinness and fragility, often show collagen 

ACVC

Understanding Skin Disease in Cats
Although much remains unknown about feline dermatology, one thing is certain: Many skin conditions are related  
to internal disease.
By JoAnna Pendergrass, DVM

Im
ag

es
 c

ou
rt

es
y 

of
 C

an
da

ce
 A

. S
ou

sa
, D

VM
, D

AB
VP

 (E
m

er
itu

s;
 C

an
in

e 
an

d 
Fe

lin
e 

Pr
ac

tic
e)

, D
AC

VD
.



AmericanVeterinarian.com | 15 

deficiency and severe epidermal, dermal, and follicular atrophy. 
Dr. Sousa recommended that adrenal function be tested during 
the diagnostic evaluation. The prognosis is grave, especially if the 
underlying cause cannot be identified.

NEOPLASTIC DISEASES
Paraneoplastic Alopecia Associated With Visceral Neoplasia
This skin disease has an acute onset and generally affects cats 
aged 10 years and older. There is complete alopecia of the ven-
trum; the skin appears shiny, potentially due to stratum corneum 
exfoliation. Scaly footpads are a hallmark of this disease.

Clinical signs (weight loss, anorexia, and lethargy) suggest an 
underlying systemic disease. Abdominal ultrasound may reveal 
visceral neoplasia, which is usually a pancreatic adenocarcinoma. 
Skin biopsy findings—severe follicular and adnexal atrophy; alo-
pecia-associated epidermal thickening—can also aid in tumor 
identification. It is thought that the tumor releases factors, such as 
cytokines, that cause follicular shrinkage. The prognosis is grave.

Exfoliative Dermatitis and Thymoma Exfoliative Dermatitis
This rare form of dermatitis, secondary to an underlying thymoma, 
causes scaly and erythematous dermatitis that begins on the head 
and neck and eventually becomes generalized. The dermatitis is 
nonpruritic and affects middle-aged and older cats. It is thought 
that defective thymic lymphocyte selection results in an abnormal 
immune response to keratinocyte antigens, causing keratinocyte 
apoptosis.

Histopathology findings include cell-poor interface dermati-
tis (dermatitis at the dermo-epidermal junction), mild hydropic 
degeneration of basal cells, and keratinocyte apoptosis. This feline 
skin disease is treatable with surgical resection of the tumor.

Metastatic Bronchogenic Adenocarcinoma 
Older cats with lung tumors may develop this condition, also known 
as “lung digit.” Amazingly, Dr. Sousa said, affected cats typically 
show no signs of respiratory disease before skin abnormalities 

appear. The tumor metastasizes to the cap-
illaries in the distal extremities and toes, 
causing an acute onset of hemorrhage in the 
digits. Without confirmation of a lung tumor, 
this skin disease may be mistaken for inflam-
matory pododermatitis. 

Topical or systemic corticosteroids can be 
used to relieve edema and general discom-
fort, but the prognosis is poor.

PARASITIC DISEASES
Mosquito Bite Hypersensitivity
This seasonal disease is uncommon in cats 
but worth knowing about. Mosquitoes may 
bite thinly haired areas like the bridge of the 
nasal planum, the pinnae, and footpads, cre-
ating immediate and late-phase hypersensi-
tivity reactions to the mosquito salivary anti-
gens. Typically, the initial bite will develop 
into a wheal within 20 minutes; papules 
appear in 24 hours and become en- crusted 
within about 48 hours.

Cats that are chronically affected by mosquito 
bite hypersensitiv-
ity develop lesions 

such as scaling, alopecia, and pigment 
changes. Histopathology, which is 
needed to confirm this skin disease, 
demonstrates highly eosinophilic der-
matitis. Cats that become hypersensitive 
to mosquito bites are usually affected 
repeatedly. However, Dr. Sousa noted, 
not all cats that get bitten by mosquitoes 
develop a hypersensitivity reaction.

Management options include con-
fining the cat in a mosquito-free environment and using topical 
mosquito repellent on areas susceptible to bites. Systemic corti-
costeroid treatment is indicated for cats that cannot be confined.

VIRAL DISEASES
Feline Immunodeficiency Virus–Related Dermatitis
Cats with either feline immunodeficiency virus (FIV) or feline 
leukemia virus may get skin disease. FIV-related skin problems 
include abscesses, skin and ear bacterial infections, and mycotic 
infections. Some cats with FIV develop nonpruritic, generalized, 
papulocrustous lesions with concurrent alopecia and scaling, 
which are most severe on the head and limbs. On histopathology, 
FIV-related dermatitis demonstrates hydropic interface dermatitis 
and giant keratinocytes.

To date, treatment options for this skin disease have not been 
successful.

Cutaneous Herpes Virus Infections
This condition typically affects older cats (8 to 9 years old) and 
can cause ulcerative and necrotizing facial dermatitis. The nasal 
planum, bridge of the nose, and periocular skin are commonly 
affected. Histopathologic findings include ulcerated epithelium, 
intranuclear inclusion bodies in keratinocytes (indicating her-
pes virus infection), multinucleated giant cells and keratinocytes 
in the surface and follicular epithelium, and interstitial mixed 
inflammatory dermatitis with eosinophils.

Unlike internal medicine, 
veterinary dermatology has 
limited diagnostic tests and 
analytic tools available.

Far left: Facial herpes.  
Top middle: Bowen disease  

on the inner right pinna. 
Bottom middle: Skin fragility.  

Right: Plasma cell 
pododermatitis.
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Systemic antibiotics are indicated to treat secondary bacterial infec-
tions, and acyclovir can help treat the viral infection. Corticosteroids 
can activate the virus and thus are not recommended for treating 
cutaneous herpes virus infections. Lysine has been proposed as a 
treatment option but, according to Dr. Sousa, hasn’t shown much 
efficacy. Human alpha-interferon is another option for treating 
cutaneous herpes virus infections, but cats eventually develop 
antibodies to it, making it less effective over time. None of the 
treatment options will get rid of the herpes virus carrier site 
within an affected cat’s body, Dr. Sousa said.

Multicentric Squamous Cell Carcinoma In Situ 
(Bowen Disease)
Bowen disease affects cats older than age 10 years and is trig-
gered by papillomavirus. This slowly progressive disease causes 
eroded crusted papules and plaques that are frequently found on 
the head and neck but can also appear on the shoulders and fore-
legs. This disease is not solar induced and does not metastasize.

To obtain a diagnosis, Dr. Sousa recommended taking a 6-mm 
punch biopsy of the dermis and epidermis; epidermal abnormal-
ities, she warned, may prevent proper skin healing. To remove 
the sting of lidocaine, she advised adding sodium bicarbonate 
(0.9 mL lidocaine, 0.1 mL bicarbonate) to the local anesthetic. She 
also suggested prerinsing the syringe with epinephrine to reduce 
bleeding. Epidermal dysplasia without basement membrane 
destruction is apparent on histopathology. 

Surgical laser excision is the preferred treatment, with radia-
tion and systemic retinoids recommended as adjunctive therapies. 
Vitamin A therapy may be useful for keratinocyte proliferation.

MISCELLANEOUS DISEASES
Indolent Ulcer (“Rodent Ulcer”)
This skin disease has no age, sex, or breed predilection. Well-
circumscribed, red-brown ulcers with raised borders usually 
form on the upper lip. Interestingly, ulcers are neither eosino-
philic nor granulomatous on histopathology; peripheral eosino-
philia may be present. 

Chronic, excessive licking due to allergic or pruritic stimuli is 
thought to cause the ulcers. If the ulcers are recurrent or refrac-
tory, Dr. Sousa recommended testing for food allergies or flea 
allergy dermatitis.

Early treatment is best; however, systemic glucocorticoids are 
often ineffective. Systemic antibiotics and progestational drugs 
can be useful in refractory cases. Treatments such as cryosurgery 
and laser therapy are primarily cosmetic, Dr. Sousa said.

Eosinophilic Granuloma
The clinical description of this lesion varies with location. 
Eosinophilic granulomas are ulcerated on the lips or within the 
oral cavity (back of palate, palatal arches); on the caudal thigh, 
the granulomas are linear, raised, circumscribed, and yellow-
to-pink plaques. On histopathology, eosinophils are attached to 
the collagen.

Linear granulomas can regress spontaneously. Granulomas on 
the lips or within the oral cavity can be treated with steroids.

Eosinophilic Plaques
This common feline skin condition also is not associated with a 
particular age, sex, or breed. Affected cats are extremely pruritic 
and resort to excessive licking and grooming, causing plaques. 
Most often there is an underlying allergic skin disease. The ulcer-
ated lesions are typically found on the abdomen and medial thighs 
and are well circumscribed, raised, round or oval, and erythema-
tous. Many cats have a circulating peripheral eosinophilia.

Treatment is the same as for indolent ulcers. 

Plasma Cell Pododermatitis
This rare condition has no known etiology. Initially, the lesions, 
which frequently affect the central carpal or tarsal footpads, are 
soft and painless with loss of the surface architecture. Over time, 
the pads become ulcerated and develop secondary infections, 
causing pain, lameness, and regional lymphadenopathy. Affected 
cats are otherwise healthy.

Histopathology provides a definitive diagnosis. Spontaneous 
regression occurs occasionally, while other cases benefit from 
systemic glucocorticoid or prednisolone treatment; response 
begins within about 3 weeks and peaks within about 3 months. 
Tetracycline or doxycycline (5 mg/kg twice daily) can also be 
used. Surgical excision is recommended for ulcerated footpads to 
improve healing and prevent recurrence.

Injection-Site Panniculitis
Subcutaneous injections of rabies vaccine, praziquantel, and 
methylprednisolone acetate have reportedly caused panniculitis 
in the dorsal cervical region and midscapular area. Occurring 
several months after injection, the skin reaction can range from 
inflammation and alopecia to ulceration and fat necrosis.

Disease management can be difficult. Treatment options include 
intralesional or systemic glucocorticoids, identification and treat-
ment of underlying allergies, and surgical excision.

Self-Induced Alopecia (“Fur Mowing”)
Affected cats often present with partial, symmetric, or complete 
alopecia on areas accessible to licking. Excessive licking may be 
due to a psychological disorder or underlying allergy. Trichograms 
of the distal hair tips will help demonstrate that the alopecia is 
self-induced. 

If allergic and inflammatory conditions have been ruled out, 
medical treatment options—all oral—include phenobarbital 
(1-2 mg/kg once or twice daily), amitriptyline (5-10 mg/day), and 
buspirone (0.5 mg/kg/day), which may be also useful for psycho-
genic alopecia. 

ACVC

Indolent ulcer.
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(continued from front cover) 
other animal-themed activities, such as watching them on televi-
sion and even attending animal festivals. 

“We also allow animals to live in our homes,” she said, noting 
that about 63% of households in the United States have a compan-
ion animal. Owning pets can be expensive, given the costs asso-
ciated with feeding them, providing toys, and seeking veterinary 
care. As a consequence, many questions remain about the poten-

tial returns on the human 
end of the leash, and these 
have been the driving force 
behind research in the area 
of the human–animal bond, 
she said.

THE SCIENCE BEHIND THE 
HUMAN–ANIMAL BOND
One of the core findings that 
has emerged from research 
in this area is that animals 
provide social support for 
people. Social support is 
related to several health out-
comes, Dr. O’Haire said, and 
animals contribute to this in 

different ways. They provide direct nonjudgmental support, and 
they also facilitate social interactions between people to help create 
social networks within communities. 

Animals can also make people appear more popular and help 
them get dates. “The research suggests that animals make us 
look friendlier, happier, more approachable, and less threaten-
ing,” she explained. 

But how does this relate to health and well-being?
Dr. O’Haire noted that the presence of animals in the workplace 

can reduce stress. In addition, she said, some studies in human 
health have produced dramatic findings. One study showed that 
people who own pets may be more likely to survive a heart attack. 
Other studies have shown that pet owners are less likely to need to 
visit their physicians or require medication for sleep or heart prob-
lems. All in all, this amounts to a savings of approximately $11.7 
billion per year for the health care system, according to one study.

Indeed, in 1987, the National Institutes of Health argued that “…
no future study of human health should be considered comprehen-
sive if the animals with which [individuals] share their homes are 
not included.…” And although this principle has not been followed 
in every study since then, Dr. O’Haire noted, the concept remains 
important to consider.

ANIMAL-ASSISTED INTERVENTION
These human–animal relationships, and their documented bene-
fits on the health and well-being of humans, have been the under-
lying rationale for animal-assisted intervention. This type of 
intervention refers to any situation in which an animal is incorpo-
rated into therapy for humans, Dr. O’Haire said. This may involve 

animal-assisted therapy (which incorporates treatment goals), 
animal-assisted activities (these do not involve treatment goals 
and may include animals that visit residents in nursing homes), 
and service dogs (dogs that are trained to assist a handler who has 
a specific disability, such as posttraumatic stress disorder).

DO SERVICE DOGS PROVIDE PSYCHOLOGICAL SUPPORT?
Service dogs are known to provide physical support for their hand-
lers, Dr. O’Haire said. However, she also discussed a new study 
she is leading on animal-assisted intervention, which aims to 
investigate the emotional and psychosocial benefits that service 
dogs provide for individuals with disabilities and their families. 

The study is a collaboration among Dr. O’Haire’s team at Purdue 
University, Elanco Animal Health, and the nonprofit service dog 
organization Canine Assistants. It compares service dog recipi-
ents and their family members with individuals and family mem-
bers who are on a waiting list to receive service dogs. Participants 
completed an online survey that included questions about their 
health-related quality of life, as well as about how they functioned 
emotionally, socially, and at work or school.

Dr. O’Haire’s team made more than 1500 telephone calls to 
identify and contact individuals and their families who were eligi-
ble and willing to participate in the study. This resulted in a return 
of 305 online surveys, she said, including 108 from service dog 
recipients and 79 from their family members, as well as 69 from 
wait-listed individuals and 49 from their family members.

The disabled participants ranged in age from 4 to 71 years, 
and 34% were male. The most common conditions that affected 
these individuals were epilepsy (31%), cerebral palsy (19%), and 
Duchenne muscular dystrophy (14%).

Dr. O’Haire used the self-report Pediatric Quality of Life 
Inventory standardized instrument to assess children’s and fam-
ily members’ perceptions of health-related quality of life. Domains 
included physical, emotional, social, cognitive, and work/school 
quality of life. She also used the Patient-Reported Outcomes 
Measurement Information System tool to assess other measures 
such as anger, companionship, and sleep disturbance. 

So far, she said, the results have shown that those who already 
had a service dog in the home experienced significantly greater 
quality of life than wait-listed individuals. They also showed sig-
nificantly better functioning emotionally, socially, and at school or 
work as a result of having a canine companion.

Interestingly, she noted, these findings show that canine com-
panionship provides substantial benefits not only for service dog 
recipients but also for their family members. Compared with 
family members on the wait list, family members who already 
had a service dog in the home also showed better social and emo-
tional functioning and worried less about the service dog recipi-
ent’s health.

In conclusion, Dr. O’Haire added that analysis of all the results 
collected from this study so far is ongoing. Additionally, follow-up 
studies are currently in the works to help confirm the results to 
date and possibly provide additional findings about this important 
human–animal bond, she said. 

The Health Benefits of Animal Companionship
Researchers are discovering increasing ways in which pet ownership is good for human health and quality of life.
By Nicola M. Parry, BVSc, MRCVS, MSc, DACVP, ELS

Canine companionship 
leads to better quality 
of life and higher 
emotional, social, 
and school/work 
functioning.
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(continued from front cover) 
Zoo staff routinely cleaned the wound using 

saline, cotton swabs, and tweezers but realized they 
needed a more permanent solution. That’s when 
they reached out to the University of Tennessee 
College of Veterinary Medicine.

After examining the turtle, Andrew Cushing, 
BVSc, CertAVP(ZM), MRCVS, DACZM, and Kyle 
Snowdon, DVM, DACVS-SA, suggested a novel fix: 
a lightweight, 3-dimensional (3-D) printed face 
mask that would cover the hole without occluding 
Patches’ vision or interfering with her ability to 
retract her head.

Micro computed tomography (CT) was used to 
create a 3-D model of Patches’ head, on which Dr. 
Snowdon tested a variety of prototype resin masks. 
The best one, attached with adhesive, lasted just a 
few months but proved effective.

During the development of the mask, it was dis-
covered that Patches also had a large hole in her hard 
palate, which presented problems when she ate. “We 
had to make something that filled the hole in the 
hard palate but would not fall out or degrade over 
time,” Dr. Snowdon said. “If the patient had been a 
cat or dog, we would have done some kind of skin 
advancement flap in the mouth. But in Patches’ case, 
there was no tissue we could bring into the area.”

The answer came in the form of a tiny titanium 
screw threaded through a hole in Patches’ face 

mask and into a piece of ultraviolet light–cured den-
tal resin that replaced her hard palate. “The mask 
and the screw help keep the resin in place, and the 
resin keeps the mask from lifting up,” Dr. Snowdon 
explained. “It brackets both sides of the hole and 
seems to work well.”

The doctors wanted a semipermanent fix. “We 
wanted to make sure that we weren’t doing any-
thing to harm Patches permanently,” Dr. Snowdon 
said. “We didn’t want something that was so per-
manent that we couldn’t remove it if needed. The 
materials in the mask may degrade over years, but 
replacing it won’t be a big process.”

The 3-D printing technology that saved Patches 
from a life of misery has been around for decades 
and is now integral to manufacturing because it can 
create items using materials ranging from plastic 
to titanium. In fact, it has become so ubiquitous 
that even the International Space Station has a 3-D 
printer on board to produce tools, replacement 
parts, and other items. “Stereolithography print-
ing, which we used for Patches, was invented in 
the 1970s,” Dr. Snowdon said. “Titanium or other 
metals cannot be printed with that technology but, 
instead, are printed using selective laser sintering 
or electron beam melting.”

To make a 3-D model, the item must first be 
scanned—CT is used most often for medical models 
such as bones—and then the image is uploaded to 

a 3-D printer, which meticulously models the item, 
layer by layer, until an exact replica is produced. It 
can be a time-consuming process, taking several 
hours to print a bone and up to 24 hours—or more—to 
print a skull. (A full dog skeleton, created as a teach-
ing tool at Auburn University College of Veterinary 
Medicine in Alabama, required more than 8 days of 
continuous printing.) But once a file is created, an 
infinite number of copies can be printed.

Human medicine has been using 3-D printing for 
years, and veterinary medicine is quickly catching 
up. “There are 3 areas in which 3-D printing has 
revolutionized how we do things,” Boaz Arzi, DVM, 
DAVDC, DEVDC, associate professor of dentistry 
and oral surgery at the University of California, 
Davis (UC Davis), School of Veterinary Medicine, 
said. “One is surgical planning, the second is resi-
dent and student education, and the third is owner 
communication.”

SURGICAL PLANNING
Some of 3-D printing’s greatest benefits are demon-
strated in surgical planning, particularly in the 
treatment of angular limb and skull deformities, 
oral/maxillofacial fractures, and mandibular recon-
structive surgeries. Before the development of 3-D 
printing, veterinary surgeons commonly relied on 
x-rays and CT for imaging, but the 2-dimensional 
representation limited what they could learn. 

3-Dimensional Printing in Veterinary Medicine
Used in human medicine for years, this technology is now changing the way veterinarians work and holds great 
promise for better patient care.
By Don Vaughan

A red wolf skull being printed on a 
Zortrax M300 printer. 

 >>
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Vital information about the injury and surround-
ing tissue sometimes remained unknown until the 
patient was in surgery. 

“The amount of information we can get from sim-
ple radiographs is somewhat limited with regard to 
our understanding of the exact nature of the defor-
mity,” said Jonathan Dyce, VetMB, MRCVS, DSAO, 
DACVS, associate professor of small animal ortho-
pedics at the Ohio State University Medical Center 
Hospital for Companion Animals in Columbus. “We 
can improve that understanding with CT and gener-
ate a virtual image in CT, but 3-D printing allows us 
to actually get it in our hands.”

Indeed, the ability to print a detailed, life-size 
model of a damaged bone has been a sea change for 
orthopedic surgery. Perhaps the greatest advance 
involves the ability to practice on a 3-D model of 
the damaged bone before surgery, as well as prese-
lect and precontour titanium plates, a process that 
can save considerable time in the operating room.1 
“Having rehearsed the surgery and appropriately 
contoured implants before we move into surgery 
simplifies the procedure,” Dr. Dyce said. “It allows 
us to do it through more minimal approaches, 
reduces surgery time and, hopefully, improves the 
quality of the end result.”

Another benefit of 3-D printing is the creation of 
custom cutting and drilling guides, which are spe-
cially contoured to fit over a bone to give a surgeon 
a more accurate cutting line. At the University of 

Tennessee College of Veterinary Medicine, cut-
ting guides are commonly used in the treatment 
of angular limb deformities and spinal surgery, Dr. 
Snowdon said.

Thus far, most cases requiring some aspect of 3-D 
printing have involved dogs and cats, but other spe-
cies have also benefited, as illustrated by Patches 
and her face mask. Another example is Pete, a blue-
crowned mealy Amazon parrot owned by a family in 
Allentown, Pennsylvania. When Pete lost a leg to a 
hungry fox, his owners raced him to Ryan Veterinary 
Hospital of the University of Pennsylvania School 
of Veterinary Medicine (PennVet) in Philadelphia. 
Doctors there successfully amputated the dam-
aged leg below the knee, but they knew that having 
only 1 leg could cause a host of medical issues for 
Pete, including painful arthritis. They decided to 
create a prosthetic leg via 3-D printing, enlisting 
the help of the Fabrication Lab at the University of 
Pennsylvania School of Design. The first attempt 
looked like a bird’s foot but couldn’t support Pete’s 
weight. A second leg, which looked more like a boot, 
proved more successful.

Doctors at PennVet also used 3-D printing to 
treat Clubber, a dog that developed a rapidly grow-
ing, non-neoplastic lesion on his skull that eventu-
ally pressed against his eyes and nose. Treatment 
required removing a portion of Clubber’s skull, 
so the Fabrication Lab printed a precise 3-D 
skull model on which surgeons could practice in 

advance. The surgery went well; prefit titanium 
mesh—commonly used in human brain surgery—
replaced the excised section of skull, and Clubber 
made a full recovery.

“Literally the day after the operation, my cowork-
ers and I were able to meet Clubber, which was 
pretty fascinating,” Stephen Smeltzer, the lab’s dig-
ital fabrication manager, said. “It was amazing to 
see how responsive he was after brain surgery. It 
blew my mind.” Smeltzer also helped create Pete’s 
artificial leg.

At UC Davis, Dr. Arzi and colleagues recently 
worked with the College of Engineering to cre-
ate a protective 3-D printed resin mask, known as 
Exo-K9, for Loca, a 4-month-old Staffordshire bull 
terrier. A severe bite by another dog fractured her 
right zygomatic arch and mandible and extensively 
damaged her temporomandibular joint. The mask 
fit Loca’s head perfectly, offering an extra layer of 
protection as she healed from surgery.   

The Auburn University Veterinary Teaching 
Hospital also has turned to 3-D printing for help 
with difficult cases. One involved a horse that had 
been kicked in the face, resulting in a complicated 
eye fracture. Faculty created a 3-D printed model 
of the horse’s head to determine which implants to 
use, among other critical decisions.

The holy grail of veterinary 3-D printing is the 
modeling of specific body parts for implantation. 

Following a dog attack that left 
her jaw shattered, 4-month-old 
Loca was treated at UC Davis, 

where the team used 3-D mod-
els produced from CT scans 

(top) to print a customized 
resin exoskeleton of the dog’s 

face to serve as support for 
her healing bones (right). 

Loca recovered well and was 
eating soft food soon after 

surgery (left). 
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This is a fascinating area of research, especially on the human side, but 
high manufacturing costs, problems with rejection, and other issues 
must be resolved before veterinary surgeons can put it to practical use, 
experts say. “Custom-shaped implants will likely be part of the future, 
but we still need to refine [the process] from a biomechanical and biolog-
ical perspective,” Dr. Arzi said. “It must be more biologically acceptable. 
Soft tissue is not going to be attached to metal, so we need to understand 
this much better.”

Evelyn Galban, DVM, DACVIM, clinical assistant professor of neurol-
ogy and neurosurgery at PennVet, sees an especially bright future for 
3-D printing in the treatment of spinal problems in dogs. “A lot of our 
patients have a spinal malformation in which the vertebrae did not form 
normally, resulting in instability,” she said. 
“Many different surgeries can be performed 
to try to correct that instability, but often we 
need to find some way to stabilize the spine. 
With 3-D printing, we should be able to print 
a stabilizing device that will fit exactly to the 
abnormal curvature, and pin it into place.”

STUDENT EDUCATION
Student education is another area that has 
benefited greatly from the growing use of 3-D 
printing in veterinary medicine, instructors 
say. Rather than relying solely on textbooks, 
simulations, and other 2-dimensional materi-
als, students can physically hold and practice 
on modeled bones and other body parts.

“3-D printing allows me to teach people 
who are tactile learners or who need that 
tactile information to be better at their jobs,” 
said Dr. Galban said. “I can print out what-
ever piece I want them to understand, and 
they can hold it in their hands and look at 
it from every angle. If they break it, we can 
make a new one.” The result: better, more 
in-touch doctors. “I think that being able to 
understand things in a more realistic and 
3-dimensional way improves [students’] per-
formance,” she said. 

Dr. Dyce agrees. “I think students much 
prefer having something that looks like a 
bone in their hands,” he said, as opposed to 
“plumber’s pipe” sawbones traditionally used for practice. In addition, 
3-D models are extremely helpful in custom building surgical solutions 
for deformities. “For example, we can rehearse total hip replacement 
and see exactly what size and orientation of implant we may be plac-
ing into dogs that have a complex deformity around the pelvis, a spinal 
anomaly that causes pelvic torsion, or chronic dislocation of the hip,” 
he said.

According to Christopher Walker, PhD, assistant professor of anatomy 
at North Carolina State University (NCSU) College of Veterinary Medicine 
in Raleigh, 3-D models are especially useful from a teaching perspective 
because they are “durable, replaceable, recyclable, and customizable.”

“In the anatomy lab at NC State, we have a lot of fantastic teaching 
models, like plastinated organs and wire constructions showing nerves 
and blood vessels, many of which were made in the late 1980s,” Dr. 
Walker said. “They are fragile and not easily reproducible, so if some-
thing breaks, you have to remake the whole thing or spend a consider-
able amount of time repairing it. My lab has been 3-D scanning a lot of 
these older models to create a digital archive. Now, if something breaks, 
we can simply print it out again.”

Like most veterinary schools, the NCSU College of Veterinary 
Medicine has “bone boxes” containing complete dog and cat skeletons 
that students use as learning resources. Because of anatomic variations 
across breeds, however, the bones are not interchangeable. “If some-
thing breaks in one of the bone boxes, you can’t just substitute a bone 
from another breed, because it’s not going to match,” Dr. Walker said. 
“So, we just completed scanning a domestic dog skeleton, which can be 
found on the website morphosource.org, a repository for 3-D anatomic 
data that is free to access. Now our students can go to this website, down-
load an entire dog skeleton as needed, and study it on their computer or 
print out specific bones in the library.” 

Dr. Walker and colleagues have used 3-D prints for other applications, 
as well, including an inner ear model that he sectioned from a CT scan 

and then magnified. “Inner ears are so tiny that 
they are not something you can easily appreci-
ate in the anatomy lab,” he said. “It’s very diffi-
cult to dissect out the inner ear structures; 3-D 
printing makes the anatomy much more acces-
sible for our students.”

CLIENT EDUCATION
Using 3-D models also helps veterinarians edu-
cate pet owners, advocates say, especially when 
explaining a complex case or potential treat-
ment. “Now we can create a 3-D model of their 
pet and show them what needs to be done,” Dr. 
Arzi said. “It’s much easier for us to deliver the 
message and for them to understand what we 
are going to do or what the limitations are. In 
some cases, it may help them decide that [a pro-
cedure] is not what they want for their pet.”

Adds Dr. Galban: “We want every client with 
whom we speak to be fully on board with how 
we’re treating their pet. Most of the time we’re 
drawing sketches and trying to get them to 
understand anatomy, which very often they 
have never been exposed to. However, if we can 
physically show them via 3-D models what hap-
pened to their pet and what we’re going to do 
for it, it invites them to be part of the treatment 
discussion, which I think is really important.”

LOOKING TO THE FUTURE
Most 3-D printing in veterinary medicine is 

being done primarily at medical schools, teaching hospitals, and spe-
cialty practices such as those with a focus on orthopedics. Few, if any, 
general practitioners rely on the technology to any significant extent 
because of its cost, required computer expertise, and limited scope in 
general practice. However, that could change as the cost of commercial 
3-D printers comes down and the next generation of practitioners enters 
the profession with greater computer knowledge.

“When color flat-panel televisions started gaining traction with con-
sumers in the 1990s, a 40-inch plasma screen display cost tens of thou-
sands of dollars. Now, you can buy a 60-inch LED HDTV that is much 
higher quality for $500,” Dr. Walker noted. “I think that is what we’re 
going to see with 3-D printing. The quality is going to be better, the 
cost is going to go down, and perhaps the speed will also improve. I see 
all of those things leading to a greater use of the technology in multi- 
ple venues.” 

REFERENCE
1.  Winer JN, Verstraete FJM, Cissell DD, Lucero S, Athanasiou KA, Arzi B. The application of 3- 

dimensional printing for preoperative planning in oral and maxillofacial surgery in dogs and 
cats. Vet Surg. 2017;46(7)942-951. doi: 10.1111/vsu.12683.

This 3-D printed titanium mesh (placed here over a practice skull) 
replaced an excised portion of skull in Clubber, a dog with a non-
neoplastic lesion. 

(continued from page 20)
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THERAPEUTICS

Stem Cell Therapy in Veterinary Medicine
Although this groundbreaking treatment is still in its infancy, anecdotal reports and clinical trials  
are proving its merits.
By Meredith Rogers, MS, CMPP

Imagine a dog regrowing a limb that had to be amputated after 
being hit by a car. Salamanders do it—why not dogs? 

Urodele amphibians (eg, salamanders and newts) can regen-
erate complex tissues that are identical to the original in both 
appearance and function. Although not fully understood, the pro-
cess of regeneration occurs as a result of dedifferentiation of the 
cells at the amputation site into a mass of stemlike cells. This blas-
tema then re-forms into all the components of the missing limb: 
bone, muscle, nerves, and blood vessels.

STEM CELLS EXPLAINED
Science may not have dogs regrowing lost legs just yet, but a sim-
ilar premise has driven investigations into stem cell therapy. Stem 
cells are unspecialized cells with the ability to differentiate into 
specialized building blocks of organs and tissues. They fall under 
2 classifications: embryonic stem cells, derived from 2- to 11-day-
old blastocytes, and postnatal stem cells—also called somatic or 
adult stem cells—found in most adult tissues.

Whereas embryonic stem cells are totipotent—capable of differ-
entiating into any cell type—adult stem cells are multipotent, capa-
ble of differentiating into more than 1 but not all cell types. During 
normal fetal development, embryonic stem cells differentiate into 
all the specialized cells necessary for a complete organism, be it 
a person or a pet. Adult stem cells are normally activated follow-
ing an injury. Stem cells at the site of the injury self-renew, each 
undergoing cell division to give rise to a daughter stem cell and 
a progenitor cell, an intermediate cell type that transforms to the 
fully differentiated state. 

Stem cells for therapeutic uses can be derived from the same 
animal (autologous), a different individual of the same species 
(allogeneic), or an animal of a different species (xenogeneic). 
Adult stem cells can be further categorized as either hemopoietic 
(derived from core or peripheral blood) or mesenchymal (isolated 
from the mesoderm layer of different tissues, such as bone mar-
row, fat, dental pulp, tendons, and skeletal muscle). 

USE IN HEALTH CARE
When used in therapeutic applications, stem cells are generally 
harvested from bone marrow (femur of dogs and cats, sternum of 
horses) or adipose tissue (inguinal region of dogs and cats, dor-
sal surface of the gluteus maximus of horses). Because the fibro-
blastic phase of tissue healing occurs within a few weeks after an 
injury is sustained, stem cell therapy is most efficacious when 
administered during that time frame. Stem cells have been used 
successfully during the acute inflammatory stage of an injury, 
but once bone has remodeled or tissue has matured, the utility of 
stem cell therapy falls significantly. 

In both veterinary and human medicine, stem cell therapy has 
been studied in varied conditions, including cancer, heart disease, 
immune disorders, Alzheimer and Parkinson diseases, blindness, 
and diabetes. One of its most widespread uses is in bone marrow 
transplantation, which has been in regular clinical practice for 
treating cancer in humans for more than 30 years. In the veterinary 
world, stem cell therapy has been used primarily in soft tissue injury 
and wound healing. However, robust clinical trials are few and far 
between, and most evidence of efficacy comes from anecdotal reports.

MEREDITH ROGERS, MS, CMPP
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Equine Medicine
Tendon and ligament lesions in sport horses are common and 
often career ending, so stem cell therapy has particular appeal 
and has received the most attention in that area. Common clinical 
uses involve treating overstrain injuries of the palmar metacarpal 
tendons and ligaments.1 

In one of the largest studies of stem cell therapy, 113 race-
horses with an injury to the superficial digital flexor tendon 
demonstrated a reinjury rate of 27% after bone marrow–derived 
mesenchymal stem cell therapy, which was statistically signifi-
cantly lower than the reinjury rate in historic controls (50%-
60%).1 These results were confirmed in a study of dressage 
and show jumping horses with suspensory ligament desmitis 
(n = 68) or superficial digital flexor tendon tendinitis (n = 36). 
The findings showed that 2 years after allogeneic tenogenical-
ly induced mesenchymal stem cell therapy was administered 
5 days after injury, more than 80% of horses returned to their 
previous level of performance, and reinjury rates were 18% com-
pared with 44% for conventional treatments.2 

In a retrospective chart review of 52 warmblood horses diag-
nosed with a variety of conditions (such as tendinitis of either 
the superficial or deep digital flexor tendon, or desmitis of either 
the suspensory or the inferior check ligament) and treated with 
allogeneic mesenchymal stem cells derived from umbilical cord 
blood, 77% returned to work at the same or a higher level.3

Companion Animal Medicine
In companion animals, stem cell therapy is used most often for 
degenerative disorders. A study of 93 client-owned dogs with 
osteoarthritis of the hips, elbows, stifles, or shoulders was conduct-
ed at sites across the United States.4 After 2 months, dogs treated 
with allogeneic adipose tissue–derived mesenchymal stem cells 
exhibited greater improvements in owner-assessed activity and 
greater decreases in veterinary-assessed pain compared with dogs 
that received placebo treatment.4 In another randomized study 
of 39 dogs with hip osteoarthritis, intra-articular adipose tissue–
derived mesenchymal stem cell therapy improved function, range 
of motion, and quality of life, with results maintained at 6 months.5 
However, other studies have shown less permanent results.6

Investigatory Uses
Other uses of stem cells that are under investigation for veterinary 
medicine include treating spinal injuries, cardiac defects, gas-
trointestinal issues, renal conditions, and bone repair.7,8 Greater 
functional recovery was observed in dogs that received Matrigel 
plus neural-induced mesenchymal stem cells 1 week after spi-
nal cord injury compared with dogs that received either phos-
phate-buffered saline or Matrigel alone.9 A pilot study of 7 cats 
with chronic enteropathy found that allogeneic adipose–derived 
feline mesenchymal stem cells improved clinical signs compared 
with no change or worsening of signs in placebo-treated cats.10 

Overall, the procedures have been associated with mini-
mal systemic adverse effects and few local reactions (<1%).11,12 
Nevertheless, local pain at the site of injection can be significant, 
and mild to significant local inflammation has been observed.12 

OBSTACLES TO STEM CELL USE
The biggest obstacles preventing more frequent use of stem cell 
therapy are access and cost. The average small animal veterinary 
hospital or traveling large animal veterinarian lacks the facilities 
and expertise to perform these procedures, necessitating referral 

to a specialty hospital. Thus, veterinarians who do not offer the ser-
vice should have a relationship with a specialty hospital that offers 
the procedure by trained staff. In addition, the costs associated with 
stem cell therapy can be in the thousands. Many horse owners have 
insurance that usually covers most of the costs associated with treat-
ing the initial injury but not subsequent procedures if retreatment is 
necessary later. However, only a handful of 
companion animal caretakers in the United 
States have pet insurance, so for many, the 
procedure is cost prohibitive. One option 
could be referral to a clinical trial, as 
numerous studies on stem cell therapy for 
a variety of conditions are under way. 

If stem cell therapy is determined to be 
the best course of action for a particular 
animal, setting realistic expectations with 
clients is of the utmost importance but can 
also be one of the hardest discussions to have. Stem cell therapy is 
still in its infancy, and positive outcomes cannot be guaranteed and 
may even be elusive or temporary for many that undergo the proce-
dure. In addition, even though adverse events are rare, the procedure 
requires anesthesia, which brings associated risks. 

AVAILABLE RESOURCES
No guidelines currently exist with respect to stem cell therapy, 
but other resources can aid in making treatment decisions. The 
North American Veterinary Regenerative Medicine Association was 
founded as a clearinghouse of related information. The American 
Veterinary Medical Association has issued a position statement 
that encourages the study of stem cell therapy but cautions its use 
in routine clinical practice.13 The FDA recently published its final 
“Guidance for Industry,” which states that “a cell-based product, 
including an animal stem cell-based product, that is intended to 
diagnose, cure, mitigate, treat, or prevent disease in animals, or is 
intended to affect the structure or function of the animal, generally 
meets the definition of a new animal drug.”14 This recommendation 
should promote additional research in order to meet regulatory obli-
gations, providing the evidence needed to validate or dispute stem 
cell therapy’s widespread use. 

Stem cell therapy is emerging as another weapon in the veteri-
narian’s arsenal, joining the numerous pharmacotherapeutics, sur-
gical procedures, and mechanical devices employed to help patients 
return to full function or at least a more comfortable life. 

References available at AmericanVeterinarian.com.

Upon injury, adult stem cells divide into a daughter stem cell and a progenitor cell. The 
progenitor cell transforms into a fully differentiated cell (eg, bone, muscle, nerves, blood 
vessels), and the daughter stem cell divides into another daughter cell and another progenitor 
cell to continue the process of healing.

STEM PROGENITOR DIFFERENTIATED

The procedures have been 
associated with minimal 
systemic adverse effects 
and few local reactions.
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EQUINE MEDICINE

Advances in Assisted Reproductive Techniques  
in the Horse
High demand for genetic preservation of equids has led to developments and improvements in  
assisted reproduction—and a rapidly growing area of equine medicine.
By Stephanie Walbornn, DVM, DACT

Several developments in assisted reproductive techniques 
in horses have increased the ability of subfertile mares and 
stallions to produce offspring. These procedures include 

embryo transfer and embryo cryopreservation, oocyte harvest 
from live and postmortem mares, and uterine tube hydrotubation. 

EMBRYO TRANSFER AND CRYOPRESERVATION 
Embryo Transfer
Embryo transfer, which allows the acquisition of embryos from 
mares that cannot carry their own foals to term, has been available 
for decades. Donor mares may be athletes or suffer from reproduc-
tive pathologies or orthopedic conditions that inhibit them from 
successfully carrying or delivering a foal. 

Unlike in cattle, superovulation in horses is unreliable and 
the medications necessary to induce multiple ovulations are not 
available commercially. Therefore, often only 1 or 2 embryos 
can be recovered from a mare with conventional breeding and 
embryo harvest.1 

Typically, mares are monitored with palpation and ultrasound 
per rectum during estrus until a follicle larger than 35 mm and 
signs of estrus (ie, endometrial edema and cervical relaxation) are 
present. An ovulation induction agent—most commonly human 
chorionic gonadotropin or gonadotropin-releasing hormone ana-
log (deslorelin)—is administered, and insemination is performed 
24 hours later. Ovulation is usually documented 24 hours after 
insemination. The embryo flush is performed 6.5 to 9 days after 
the mare has ovulated. Older mares (>14 years) or mares that 
have been bred with frozen semen usually are flushed on day 8 
because embryo development may be slower in these cases.2 The 

recovered embryo is washed several times prior to transcervical 
transfer into a recipient mare, which has been synchronized to 
ovulate on the same day, 1 day before, or up to 3 days after the 
donor mare.3 

Practitioners who perform embryo transfer use different anti-
biotic and progesterone regimens after the procedure. Palpation 
and ultrasound per rectum are typically performed 4 to 5 days 
after the transfer to check for positive signs of pregnancy, and the 
pregnancy is monitored continuously at the discretion of the prac-
titioner. Although pregnancy rates of 90% per transfer are pos-
sible, they are typically closer to 75%.2 Success with this proce-
dure depends on several factors, including mare synchronization, 
availability of recipients, uterine or ovarian pathology, embryo 
quality, successful breeding management, and embryo flush and 
transfer techniques. 

Cryopreservation
Occasionally, instead of transferring the embryo into a recipi-
ent, the embryo is cryopreserved (frozen). This is performed in 
cases for which no recipient is available or when genetic disease 
screening, exportation or importation of embryos, or embryo sex-
ing is desired. For the cryopreservation of embryos, 2 procedures 
exist: slow cooling and vitrification. 

Slow cooling, or “conventional freezing,” was the first proce-
dure used for this purpose. Glycerol, a cryoprotectant, is added 
to the embryos, which are usually packaged in ampules or 0.5-mL 
plastic straws and frozen in a programmable freezer at a very spe-
cific rate. Due to the time and expense involved, another method, 
vitrification, was developed. 
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Vitrification is an extremely rapid cooling 
method that changes a liquid into a solid, glass-
like state that prevents ice crystal formation.4,5 A 
programmable freezer is unnecessary and com-
mercial vitrification kits are available, easing and 
speeding the procedure. However, there are dis-
advantages with cryopreserving equine embryos. 
During vitrification, the embryo is exposed to high 
concentrations of cryoprotectants, which may be 
harmful. Damage to the embryo is variable based 
on the vitrification media used and exposure time. 
Additionally, pregnancy rates are usually lower 
with cryopreserved embryos than with embryos 
transferred fresh or after cooling to 5°C, especially 
with embryos larger than 300 μm.4 Acceptable 
pregnancy rates of 55% after cryopreservation 
have been obtained with embryos recovered at day 
6 to 6.5 and smaller than 300 μm.5,6 

Unfortunately, performing an embryo flush at day 
6 to 6.5 postovulation may not offer a solution. The 
equine embryo enters the uterus 5.5 to 6 days after 
ovulation.2,7 If ovulation is not documented within 
a couple of hours of occurrence, the embryo flush 
may not be successful because the embryo may not 
yet be present in the uterus. Despite some disad-
vantages, cryopreserving embryos is a viable option 
when recipient mares are unavailable, transfer 
early in the following year is desired, genetic test-
ing or embryo sexing is conducted, or domestic or 
international shipping is desired. 

OOCYTE HARVEST
In this procedure, the unfertilized egg (oocyte) is 
harvested, and then fertilization is performed in 
vitro using a specialized technique. Oocytes are 
harvested from ovarian follicles in live mares using 
ultrasound-guided transvaginal oocyte aspiration 
(TVA) or directly from the ovaries of mares post-
mortem. TVA is performed under standing sedation 
and can be done every 14 days, or when appropriate 

follicle size and numbers are present for aspira-
tion.2 The oocytes are  shipped to a laboratory that 
performs intracytoplasmic sperm injection (ICSI). 
In vitro fertilization is unpredictable and difficult 
to repeat in the horse; therefore, ICSI is used for in 
vitro production of embryos. 

Two types of oocytes can be aspirated from 
either large preovulatory follicles (mature oocytes) 
after the mare has been given an ovulation-induc-
ing agent or small to medium follicles (immature 
oocytes). Oocyte recovery rates vary but are gen-
erally 75% or greater for dominant stimulated fol-
licles and 50% to 60% for small to medium folli-
cles.8-10 This difference in recovery rate is due to 
a tight adherence of the immature oocyte to the 
cumulus cells within the follicle, which loosens 
in dominant stimulated follicles as the oocyte pre-
pares to be released at ovulation. 

Once oocytes arrive at an ICSI laboratory, they are 
placed into culture media and incubated until the 
procedure can be performed. One sperm is injected 
into a mature oocyte using a micromanipulator, and 
this oocyte is placed into a culture medium and 
incubated. If an embryo develops, it can either be 
transferred into a recipient mare or cryopreserved. 

Transvaginal ultrasound-guided follicular aspira-
tion and ICSI allow for the production of embryos 
from subfertile mares that are unsuccessful embryo 
donors along with subfertile stallions or those in 
which semen reserves are low. Disadvantages of 
TVA and ICSI include the increased costs and poten-
tial problems that can occur with a more invasive 
procedure. The few complications reported from 
TVA include intra-abdominal hemorrhage, ovar-
ian abscess, rectal tear, peritonitis, and colic.11 The 
potential complications should be communicated 
to owners prior to performing the procedure. No 
effects on fertility have been reported in mares that 
have undergone repeated TVA procedures.12,13 

Postmortem oocyte harvest also can be performed 
after an untimely death to preserve the genetics of 
a mare. Ovaries should be harvested as soon as pos-
sible and within 6 to 8 hours after death to ensure 
the most satisfactory outcome.14 Removal of ovaries 
prior to euthanasia with barbiturates is recom-
mended, as the drugs’ effect on oocytes is unknown. 
Ovaries can be processed immediately and oocytes 
shipped to an ICSI laboratory, or the ovaries them-
selves can be shipped to an ICSI laboratory. If 

ovaries are processed immediately, oocytes can be 
placed in room temperature media without detri-
mental effects on maturation or blastocyst rate and 
shipped overnight for ease of transport.2 

If shipping ovaries, there are different proto-
cols depending on transport time. If it is less than 
2 hours, ovaries should be transported at 37°C. 
Ovaries should be transported at around room tem-
perature (15°C-20°C) if transport time will exceed 2 
hours.2 Maturation, blastocyst, and pregnancy rates 
from oocytes harvested from ovaries postmortem 
depend on many factors, including transport time 
and method, mare age, illness, and duration of ill-
ness. To ensure the best results, oocytes should be 
recovered immediately and shipped; if this is not an 
option, the ovaries should be shipped immediately 
to a laboratory to be processed. 

UTERINE TUBE HYDROTUBATION
During uterine tube hydrotubation, the uterine tube 
is catheterized and flushed in a retrograde direction 
via hysteroscopy.15 This procedure is performed 
under standing sedation and uses a video endo-
scope to visualize the endometrium and uterotubal 
junction. The uterus is insufflated with air or sterile 

fluid (physiologic saline or lactated 
Ringer’s solution) to allow visualiza-
tion of the uterine tube papilla.15,16 

Uterine tube hydrotubation can 
be performed in either estrus or 
diestrus, but the degree of cervi-
cal relaxation during estrus may 
make insufflation of the uterus 
difficult; therefore, it may be best 
performed during mid- diestrus 

when the cervix is tightly closed.15,16 Ten to 20 
mL of sterile physiologic saline is injected into 
each uterine tube via a catheter placed into  
the papilla.15,16 

In a study by Inoue et al, 26 of 28 subfertile mares 
became pregnant after undergoing this procedure. 
Sixty-four percent (9/14) of treated mares became 
pregnant in the same breeding season when previ-
ously they had been bred unsuccessfully.15 Uterine 
tube hydrotubation is a viable option for mares in 
which a cause of infertility has not been identified 
by routine diagnostic techniques, stallion factors, or 
chromosomal abnormalities.

CONCLUSION
Each of these techniques has allowed for the pro-
duction of foals from subfertile mares and stallions 
that were not able to produce offspring with conven-
tional breeding. Assisted reproductive techniques 
will continue to be used and improved in equine 
clinical practice as demand dictates their need in 
the equine community.  

References available at AmericanVeterinarian.com.

Left: The uterus is  
imaged with ultrasound  
to determine whether it is  
fully distended with fluid. 
Right: The catheter is 
removed from the uterus 
following the procedure 
and flushed with media to 
ensure that the embryo  
is recovered.

Postmortem oocyte harvest also can 
be performed after an untimely death 
to preserve the genetics of a mare.
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(continued from front cover) 
indicating that they are uncomfortable or worried, 
we can set ourselves and our staff up for a potential 
bite. If those of us in the veterinary profession are 
unable to interpret body language appropriately, 
how can we expect our clients to be able to under-
stand their pets? We merely need to open our eyes 
and be good observers of our patients to understand 
what they are trying to tell us.1

When we physically examine our patients, we 
evaluate each body part and diagnostic test result 
individually and then consider the patient as a 
whole. The same holds true when we evaluate our 
patient’s emotional state. We need to look at indi-
vidual body parts to fully interpret their overall 
demeanor, keeping in mind that we cannot nec-
essarily interpret a dog’s emotional underpinning 
without considering its environment and overall 
emotional history.

BEHAVIOR

Canine Body Language Basics
To evaluate fully the health and well-being of our patients, we need to understand what their bodies are communicating. 
By Amy L. Pike, DVM, DACVB

EARS
Ears can be very expressive and their position can 
change rapidly, so careful monitoring is a must. When 
the ears are held forward, the dog is alert and attentive 
to its environment (Figures 1 and 2). Ears held later-
ally indicate worry or uncertainty such as when a dog 
is approached by a veterinarian (Figure 3). When the 
ears are held tight back to the neck—an appeasement 
gesture—the dog is still worried or uncertain but does 
not mean any harm toward the person or dog with 
whom it is interacting (Figure 4). 

Appeasement gestures are nonconfrontational body 
postures meant to indicate to another individual the 
desire to interact in a friendly way. Commonly the dog 
will approach with ears back, tail slightly down and 
wagging, looking at the individual with squinty eyes or 
increased blinking. 

EYES
The eyes are the windows to the soul, right? At least 
for our purposes, they can be the window to the limbic 
system and tell us a lot about how a dog is feeling.

The direction in which the dog is looking can tell us 
what the dog is thinking and how it feels. Dogs will 
avoid eye contact as a means to disengage or increase 
the distance between themselves and others. When 
they look away but still want to monitor what is caus-
ing them discomfort, they will look out of the corner of 
their eye, causing the whites of the eye to show in the 
corner, which is called whale eye (Figure 5). Staring 
directly at something, especially for a prolonged 
duration, indicates a high level of intensity and interest 
directed toward what they are staring at and can often 
be a prelude to aggression.

Other signs of stress associated with the eyes 
include squinting (Figure 6), rapid blinking, and dilated 
pupils (despite appropriate cranial nerve function and 
bright ambient lighting).
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TAIL
A common misconception many people 
have about canine body postures is that 
a wagging tail means happiness. In fact, 
a wagging tail just means the dog is 
aroused. What is important to note about 
the wagging tail is its position and height 
in relation to the body, the tail wag direc-
tion, and how fast the tail is moving.

Position
A tail well above the level of the spine 
indicates high intensity and arousal and can be associated with assertiveness, confi-
dence, or aggression (Figure 11). A tail that is pointing down toward the floor shows 
appeasement, fear, and stress and is likely the most common tail position we see 

in our patients (Figure 12). A tail held 
tightly tucked under the body shows an 
intense level of anxiety.

Wag Direction and Speed
A dog will bias the direction of its tail 
wag to the right when presented with a 
positive stimulus such as the owner.2 The 
same dog will bias the direction of its 
tail wag to the left when presented with 
a negative stimulus, such as seeing a 
dominant, unfamiliar dog.

The speed of the tail wag indicates the level of arousal as well as the dog’s comfort 
level. A quick, very narrow wag means the dog is highly aroused and is showing discom-
fort or conflict over the interaction, whereas a slow, sweeping wag indicates comfort. 

MOUTH
Short of the obvious snarl, many other 
subtle mouth gestures relay a dog’s 
emotional state. Tension and tight 
wrinkles around the commissure of 
the mouth convey fear and stress 
(Figure 7). Panting, without recent 
onset of aerobic activity or a need 
to dissipate heat, may indicate fear, 
stress, or conflict (Figures 7 and 8). 
The dog may also demonstrate several 
other displacement behaviors, which 
are coping mechanisms designed to 
mitigate stress. Displacement behaviors 
are normal behaviors that occur out 
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EVALUATING THE WHOLE PATIENT
It is only after considering individual body parts 
and posture that we can fully evaluate a patient’s 
emotional state. However, we also need to be aware 
that the patient’s comfort level can change quickly 
depending on what we are doing with them, so ongo-
ing vigilance and monitoring are key. 

Signs of canine discomfort during veterinary vis-
its should be pointed out to owners because owners 
are often unaware of the nonverbal signals their pets 
display. This knowledge may give them insight into 
other aspects of the pet’s life that may be causing 
fear and anxiety, thus preventing future episodes of 
aggression. Often when a pet bites “out of the blue,” 
there were early warning signals that were missed 
by the owners. If we can prevent aggression by edu-
cating owners, we preserve the human–animal bond 
and reduce behavioral relinquishment and euthana-
sia in the process. Never underestimate the impor-
tance of body language. 

REFERENCES
1.  Aloff B. Canine Body Language: A Photographic Guide—Interpret-

ing the Native Language of the Domestic Dog. Wenatchee, WA: 
Dogwise Publishing; 2005.

2.  Quaranta A, Siniscalchi M, Vallortigara G. Asymmetric tail-wag-
ging responses by dogs to different emotive stimuli. Curr Biol. 
2007;17(6):R199-R201. doi: 10.1016/j.cub. 2007.02.008.

BODY POSITION 
Weight Distribution
Body weight that is distributed down 
toward the ground and away from the stim-
ulus is defensive in nature and indicates 
avoidance, attempts to disengage, or fear. 
Body weight that is shifted forward and 
toward the stimulus indicates engagement 
or assertiveness and can be offensively 
aggressive in nature.

Rolling Over and Showing the Belly
When a dog rolls over, exposing its belly, 
this could be an invitation for a belly rub 
(Figure 13)—or it may not. A dog that 
shows its belly may be attempting to look 
very nonthreatening and trying to disengage 
from the stimulus. The dog in Figure 14 
tucks her tail, rolls more to the side to 
expose her belly, and has tight wrinkles at 
the commissure of her mouth to indicate 
her discomfort with the ocular exam. If this 
body posture is misinterpreted and the 
human goes to pet a dog that is attempting 
to disengage, this may trigger the dog to 
become aroused aggressively. 

of context. Common examples include 
panting, lip licking (Figure 9), yawning 
(Figure 10), sneezing, increased 
exploration, scratching, urogenital 
checks, and intense chewing.



30 | American Veterinarian® | February 2018

Clinical Focus

Al
ex

pu
nk

er
/ 

Fo
to

lia

(continued from front cover) 
becoming more involved with pet dental care. 
Richard Meadows, DVM, DABVP (Canine & Feline 
Practice), who leads the Community Practice 
Section at the University of Missouri Veterinary 
Health Center in Columbia, Missouri, has been 

doing dental work since 
1981. American Veterinarian® 
spoke with these 2 veterinar-
ians about why—and how—
more general practitioners 
should offer dental services.

WITH RELATIVELY FEW 
BOARDED SPECIALISTS IN 
THE UNITED STATES, THERE 
MUST BE MANY AREAS OF 

THE COUNTRY WHERE ACCESS TO A VETERINARY 
DENTIST IS LACKING. 
BARDEN GREENFIELD, DVM, DAVDC: I totally agree. 
In a rural environment, it’s pretty hard to find a 
dental specialist. As the profession becomes more 
educated and as veterinary schools incorporate 
more dentistry into their curricula, we hope that 

broadens. The AVDC itself is still young. It’s just 
a matter of time before additional dentists will be 
available to those in more remote areas. 

DR. MEADOWS, WHAT PROPELLED YOUR INTEREST 
IN DENTISTRY?
RICHARD MEADOWS, DVM, DABVP (CANINE & FELINE 
PRACTICE): There were a few things. First, it’s obvi-
ous that dogs and cats—and other species, like rab-
bits, which I know precious little about—commonly 

suffer from dental problems. 
Their owners “suffer,” as 
well, from bad breath you can 
smell from across a room. 

Second, over 30 years ago, 
1 of my top incisors became 
abscessed from a previous 
blunt trauma injury to my 
face, and the pain was intense. 
But when my dentist opened 
up that tooth and let it drain, 

the pain went away—like turning off a light switch. At 
the time I thought, “I can do that just like he just did, 
and my patients will benefit just as much as me.”

Finally, in 1998, I was working in a fast-grow-
ing private practice in San Antonio, Texas, and the 
veterinarians there talked about who was going to 
update and improve the quality and quantity of den-
tistry we did. I volunteered, and that put me on a 
path that I remain on today: continually improving 
my own dental skills and that of others.

WHAT STEPS DID YOU TAKE TO RAMP UP THE 
DENTAL ASPECTS OF YOUR PRACTICE?
RM: I started attending the annual Veterinary Dental 
Forum and taking master-level courses taught by 
experts. I also had help in advancing my skills from 
3 prominent, board-certified veterinary dentists 
who are University of Missouri alumni—Drs. Steven 
Holmstrom, William (Bill) Gengler, and Curt Coffman.

DO YOU THINK IT’S IMPORTANT FOR GENERAL PRAC-
TITIONERS TO GET MORE INVOLVED IN DENTISTRY? 
RM: Absolutely! I could go on for hours about why. 
First, it will improve the health of their patients 
in nearly 100% of the cases. It will improve the 
financial health of the practice without adding any 
more patients. And it will improve the morale of 

One Tooth at a Time
General practitioners can gain a great deal by getting involved in veterinary dentistry.

DENTISTRY

RICHARD MEADOWS, 
DVM, DABVP, (CANINE & 
FELINE PRACTICE)

BARDEN GREENFIELD, 
DVM, DAVDC
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Basic care and 
some simple 
extractions are 
enough to keep 
any practice 
very, very busy 
and also quite 
profitable.

the entire veterinary team to know they are making these pets feel 
better and be healthier—and potentially helping them live longer.

IS IT COMMON FOR GENERAL PRACTITIONERS TO PROVIDE HIGH-
LEVEL DENTAL CARE, SUCH AS ROOT CANALS, ORTHODONTICS,  
OR SURGICAL ONCOLOGY? 
BG: No, and it shouldn’t be. There’s enough work in the practice to do 
basic care and some simple extractions. That is enough to keep any 
practice very, very busy and also quite profitable. Learning how to 
do a root canal or other advanced periodontal procedures or ortho-
dontics takes years of experience—and a lot of money for equipment. 
Oral surgery, surgical oncology, things that I do like cancer surgery, 
where you have to know the principles of oral surgery to understand 
margins and how to reconstruct—those are things that a specialist 
would do. 

But the good news is that dental specialists work very well with 
private practitioners. I would love to clean teeth or do more basic 
dental work, but the general veterinarian is quite capable of doing 
those things. When they see and diagnose more advanced things 
they send them to us. I don’t feel I need to compete with them; I want 
to help them. I know that a rising tide raises all ships, so if I can teach 
them how to do a good job, I’m going to be happy. 

HOW HAS THE UNIVERSITY OF MISSOURI INCORPORATED  
DENTISTRY INTO THE CURRICULUM?
RM: At the Veterinary Health Center, we are continually improving 
our dental caseload, and we have clinical students that directly bene-
fit from helping us with those cases. Dentistry is not an adequate part 
of the curriculum in most veterinary schools, period. At Missouri, I 
have fought and am still fighting to increase the time dentistry gets 
in the curriculum.

HOW CAN GENERAL PRACTITIONERS WHO ARE INTERESTED IN 
DENTISTRY LEARN MORE?
BG: Veterinarians who don’t have much dental education should 
attend a national dental meeting to understand it better. Dentistry 
can grow a practice in a lot of areas, and in this economic time, what 
better way to do it? It’s not a gimmick; it’s not a simple product. It 
takes work, it takes knowledge, but guess what—we were trained to 
be doctors, so this is a great way to learn how to do it. I think that’s 
really the key: to educate, educate, educate. The more we’re educated, 
the more we can convey to our clients the benefits of periodontal 
care. It’s a slow process, 1 tooth at a time, but I know very few AVDC 
members who don’t love to teach. We get out there and try to do the 
best we can to promote dentistry. 

RM: For years now, I have been the co-chair of Veterinary Dental 
Educators [VDE], a subcommittee of the American Veterinary Dental 
Society, which is now part of the Foundation for Veterinary Dentistry. 
The VDE has had 2 active projects and several less active projects. 

First is a low-cost ($40) online veterinary dental course through the 
University of Illinois. This multimodule course was written by Sandra 
Manfra Marretta, DVM, DACVS, DAVDC. Roughly 1,000 students from 
the United States, Canada, and Australia complete the course each 
year. There is no CE [continuing education] credit for the course; it is 
strictly voluntary on the student’s part. They get a framable certificate 
of completion and a good deal of dental knowledge.

Second is what is commonly referred to as the Bill and Richard 
traveling road show. Thanks to grant writing and support from our 
corporate partners, the University of Missouri has more veteri-
nary dental teaching equipment than any other veterinary school I 

know of. Each year, we load up a literal truckload of veterinary den-
tal teaching equipment and supplies and go to the annual Student 
American Veterinary Medical Association Symposium and put on 2 
or 3 very hands-on veterinary dental wet labs. Dr. 
Bill Gengler, a large group of other veterinarians 
with interest and skills in veterinary dentistry, and 
I volunteer our time, and we typically have roughly 
80 students take these 3- or 4-hour labs. 

One of the things that drew me to the veterinary 
dental profession is the people. Veterinary den-
tists and those with dental zeal, like me, are very 
willing and anxious to give back to the profession 
by teaching other veterinarians, technicians, and 
students as much as we can about dentistry. I see 
teaching veterinary dentistry as a way to pay it for-
ward to a profession that has given me a good life. 
To date, we have done these VDE wet labs at Ohio 
State, Louisiana State, Purdue, Colorado State, Iowa 
State, and Texas A&M universities, as well as the 
University of Wisconsin. We are planning to expand 
to the University of Pennsylvania in 2018 and the University of 
Georgia in 2019. The teacher-to-student ratio at these labs is excel-
lent, and the students give us a great deal of positive feedback.

HAVE YOU SEEN MORE GENERALISTS AT DENTAL CE VENUES? 
BG: Yes, we see them year after year, and we love it. I’ve gotten to 
know many firsthand, gotten to be friends with them. They love to 
perform great dentistry. They don’t necessarily do root canals and 
more advanced procedures, but they continue to want to learn and 
see the new products out there, and these people are extremely 
important in the community for providing dental care. They’re all 
such good doctors and do such good dental work.

WHAT TYPE OF MONETARY INVESTMENT AND EQUIPMENT ARE 
NEEDED TO START PERFORMING VETERINARY DENTISTRY?
RM: The Veterinary Health Center is a tertiary referral hospital, so 
we have invested heavily. For a general veterinary practice, $25,000 
to $30,000 can buy an excellent setup, and the return on investment 
would be great.

HOW CAN INTERESTED VETERINARIANS GET THEIR  
STAFF INVOLVED?
RM: For me, that was the easy part—they saw the instant gratification 
of helping animals, and they were hooked.

HAVE YOU SEEN GROWING INTEREST FROM CLIENTS REGARDING 
DENTAL CARE FOR THEIR PETS? 
RM: Although the answer to that question is an emphatic yes, it is 
still very common for the veterinary team to have to bring it up to 
owners. It’s about education and communication, and I learned years 
ago that the key to a successful dentistry business is that pet owners 
need to know is what’s in it for them. You have to have frank, honest 
conversations with owners about needs and benefits—the need for 
dental care and the benefit to the client and pet. 

The simplest answer to that is a better quality of life for their 
pet—and for them, when horrific halitosis is present. Then you have 
to get enough equipment and [team] training to be able to practice 
current, progressive veterinary dentistry. At that point, your big-
gest problem will be keeping up with the amount of dental work 
you find by simply flipping lips and taking whole-mouth, intraoral 
dental radiographs. 
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(continued from front cover)
•	 Algorithms to help clinicians interpret and monitor blood glu-

cose readings, manage hypoglycemia, and troubleshoot patients 
near the upper limit of insulin dosing  

•	 An updated overview of insulin types, with suggestions for initi-
ating therapy and optimizing therapeutic response  

•	 Recommendations on the appropriate implementation of non-
insulin therapies (eg, oral hypoglycemic agents) and dietary 
modification 

•	 Tips for identifying, managing, and monitoring at-risk patients  
•	 An online resource center for veterinary teams and pet owners 

that features customizable patient discharge instructions, tips 
for anesthetizing diabetic pets, client information handouts, 
instructional videos on at-home glucose testing, urine glucose 
monitoring, insulin administration, and more

A CHANGING CONVERSATION
The new guidelines arrive at an important time, because the con-
versation about diabetes is changing. For starters, the disease 
affects more of our patients now than in the past. If it seems like 
you’re seeing more diabetic pets in your practice than you were 
10 years ago, your suspicions are probably correct. According 
to a 2016 study released by Banfield Pet Hospital, the incidence 
of diabetes is on the rise in dogs and cats throughout the coun-
try. Between 2006 and 2015, researchers identified a startling 

80% increase in diabetes in dogs 
and an 18% increase in cats.2 
With this disease affecting more 
pets than ever, it’s critical that 
veterinary professionals have 
updated, easy-to-use resources 
on hand when deciding how to 
approach these patients and 
advise pet owners.  

But the increasing number of 
diabetic patients isn’t the only 
challenge. Today’s veterinarians 
must decipher shifting dietary 
recommendations, stay informed 
about new insulin options (and 

contend with the disappearance of some we relied on in the past), 
and compete with untrustworthy online information sources when 
clients need answers about their diabetic pets. Diabetes always 
has been a complex disease, but these additional challenges can 
make it more difficult for veterinary staff to continue offering pet 
owners the best and most current advice.

The updated guidelines address many of these issues and sug-
gest resources for both veterinary staff and pet owners. The online 
resource center even includes mobile apps to help clients track 
their pets’ progress throughout therapy. 

The guidelines also offer detailed advice for clinicians regard-
ing diagnosis and short- and long-term diabetes management, 
including differentiating stress-induced or transient hyperglyce-
mia from true diabetes, selecting insulin and initiating therapy, 

determining when and how to adjust insulin dosing, and helping 
pet owners develop at-home monitoring skills.   

Although the guidelines are detailed and extensive, the Task 
Force stresses that the recommendations are not intended to rep-
resent a standard of care. Instead, they encourage clinicians to 
individualize treatment based on patient needs. “Management 
of diabetes is often complicated,” the Task Force noted. “Success 
requires understanding of current scientific evidence and sound 
clinical judgment. Each patient requires an individualized treat-
ment plan, frequent reassessment, and modification of that plan 
based on the patient’s response.”

REDEFINING THERAPEUTIC GOALS
One important recommendation in the new guidelines concerns 
rethinking the goals of therapy and the definition of “successful” 
diabetes management. Although performing blood glucose curves 
and monitoring fructosamine levels are important, achieving spe-
cific numbers should not be the goal. Blood glucose levels can vary 
significantly based on the pet’s stress level and other factors, and 
fructosamine levels may be elevated in well-controlled diabetic 
patients, as well as in cats that are not diabetic at all. For these and 
other reasons, the guidelines encourage clinicians to focus more on 
the pet’s general condition and activities at home (eg, appetite, fluid 
intake, urination, and weight changes) than on measurable blood 
glucose parameters. 

“Where DM monitoring is concerned, clinical signs supersede all 
else. When the patient has no clinical signs and the body weight is 
steady or increasing, DM is likely well controlled,” the Task Force 
noted. “The overarching goal of monitoring diabetic cats and dogs 
is to control clinical signs of DM while avoiding hypoglycemia…
the definition of a controlled diabetic is absence of clinical signs 
and hypoglycemia.” Using this holistic approach brings adequate 
control within the reach of the pet owner, particularly when ongo-
ing support from the veterinary staff is readily available. 

THE ROLE OF TECHNICIANS
The Task Force also acknowledged the pivotal role of veterinary 
technicians in client education and communication, as well as in 
patient care. According to Renee Rucinsky, DVM, DABVP (Feline 
Practice), owner of Mid Atlantic Cat Hospital in Queenstown, 
Maryland, and co-chair of the Diabetes Management Guidelines 
Task Force, “Veterinary nurses are an integral part of diabetes 
management and are often the most frequent communicators 
with the owners of diabetic pets. The guidelines are a fantastic 
resource for them to help patients, owners, and doctors with all 
aspects of diabetic treatment.” 
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AAHA Releases Updated Diabetes Guidelines
When it comes to managing this increasingly common pet disease, monitoring clinical signs is key. 

By Karen Todd-Jenkins, VMD
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Obesity is commonly 
at play in dogs that 
develop diabetes.
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Disease State Watch

UC DAVIS

The statistics are alarming. Nearly 75% of all 
new, emerging, or reemerging diseases affect-
ing humans at the beginning of the 21st cen-

tury are zoonotic, according to the United States 
Agency for International Development (USAID).1 
Zoonotic diseases cause more than 1 billion cases 
of illness annually.2

Severe acute respiratory syndrome (SARS), HIV/
AIDS, the H5N1 strain of avian influenza, Ebola, 
and the H1N1 influenza virus are all reminders of 
how quickly zoonotic viruses can reach pandemic 
proportions. In the modern world, where people 
can travel across multiple continents in a mat-
ter of hours, there is an emphatic need to monitor 
pathogens that can cross over from animal hosts to 
humans. The PREDICT project aims to do just that. 

THE PROJECT
PREDICT is a venture of USAID’s  Emerging 
Pandemic Threats program, led by the One Health 
Institute at the University of California, Davis (UC 
Davis), School of Veterinary Medicine. The project 
is a worldwide collaboration to detect zoonotic dis-
eases at the wildlife–human interface. In the 7 years 
since it began, PREDICT has worked with more than 
30 countries to develop and employ standardized 
approaches for collecting and sharing data across 
One Health platforms. 

“It’s groundbreaking in terms of trying to advance 
disease detection around the world for emerging 
pandemic threats,” said Christine Kreuder Johnson, 
VMD, PhD, a UC Davis professor and epidemiologist 
who has worked on PREDICT since its initial pro-
posal phase in 2009. 

Dr. Kreuder Johnson called the project extremely 
advantageous for strengthening the capacity to 
tackle diseases that emerge from wild animals and 
identifying potential threats to both animals and 
humans. In addition, PREDICT uses a multidisci-
plinary approach to identify specific populations at 
highest risk of exposure. 

To date, PREDICT has trained 3300 government 
personnel, physicians, veterinarians, resource man-
agers, laboratory technicians, and students in One 
Health skills, including disease outbreak investi-
gation and biosafety. Project participants also have 
sampled more than 74,000 individuals, livestock, 
and wildlife deemed at risk of infection with patho-
gens with viral spillover.

Specific activities facilitated by PREDICT include: 
•	 Monitoring wildlife and people in contact with 

wildlife for novel pathogens that may pose a sig-
nificant public health threat 

•	 Characterizing human and ecologic drivers of dis-
ease spillover from animals to people

•	 Optimizing models for predicting disease emer-
gence and using this information to improve 
surveillance

•	 Supporting outbreak response when requested

PREDICT’s ultimate goal is to uncover viruses with 
potential for zoonotic outbreaks before they become 
pandemic, with an underscored need to pay close 
attention to regions deemed hot spots, such as cen-
tral and west Africa, and  south and southeast Asia. 
The expectation is that learning about these viruses 
will help governments design policies to better pre-
vent outbreaks.

FOUR FOCUS AREAS
“Currently, We are very 
concerned about poten-
tially zoonotic viruses and 
how they are evolving,” 
Dr. Kreuder Johnson said. 
Together with a consor-
tium of partners, including 
the Wildlife Conservation 
Society, the EcoHealth Al- 
liance, Metabiota, and the 
Smithsonian Institution, 
PREDICT focuses on cross- 
species disease detection 
including humans, domes-
ticated animals, and live-
stock. “PREDICT is really 
making major steps forward 
in trying to look for viruses 
that could be shared with 

humans by bats, rodents, primates, or other species 
where we have special expertise,” she said. “Before 
PREDICT, there was not a lot of standardized effort 
to look across species lines for viral threats.”

Dr. Kreuder Johnson—who, when we caught up 
with her, was en route to a meeting in Brussels, 
Belgium, attended by more than 120 worldwide 
experts working on PREDICT—explained that there 
is an emphasis on detecting coronaviruses, which 
include Middle East respiratory syndrome and 
SARS. “We’re looking for coronaviruses in camels 
and bats, as well as primates and rodents,” she said.

Additionally, she said, PREDICT is overseeing a 
large effort in West Africa to uncover filoviruses—
such as Ebola and Marburg—in bats. “People have 
looked for filoviruses in different species but have 
had fairly small sample sizes. PREDICT is making 
a huge effort to get a lot of samples from many 
bat species all over west Africa, especially in the               
3 post-2014 Ebola outbreak countries: Sierra Leone, 
Guinea, and Liberia,” she said.

The fourth area of particular interest for the group 
is detecting influenza virus and new paramyxo-
viruses, which tend to cross species boundaries 
quickly. “We’re finding quite a number of [paramyxo-
viruses], as well as unexpected [carrier] species, like 
rodent and shrew species, that are living in close con-
tact with humans,” Dr. Kreuder Johnson said. 

LOOKING TO THE FUTURE
PREDICT is slated to conclude in 2019—the project 
is broken into two 5-year projects—but Dr. Kreuder 
Johnson stressed the importance of continued global 
efforts. “Our collective goal is for the techniques 
and the technologies to be completely transferred 
to the communities that we’ve been working with,” 
she said. “There’s no question that the wildlife sur-
veillance, as well as the human surveillance, need 
to continue. PREDICT has strengthened the capac-
ity of and built networks around fieldwork for wild-
life, as well as for human syndrome surveillance in 
clinics and hospitals where people would go if they 
present with acute viral illnesses.” 

From a technologic standpoint, PREDICT has made 
remarkable strides in strengthening communication 
across the animal health, human health, and wildlife 
sectors by developing consistent networks for data 
sharing and platforms for reporting. “I think we’re 
all interested in continuing to partner with USAID 
or other entities where our expertise is needed to 
ensure the latest advances and cutting-edge technol-
ogies are infused where that makes sense for this 
kind of work,” Dr. Kreuder Johnson said. 

References available at AmericanVeterinarian.com.

University Report

PREDICT: A One Health Preventive Effort
Led by the University of California, Davis, One Health Institute, PREDICT is  
improving global disease recognition through worldwide collaboration. 

By Amanda Carrozza

PREDICT team from the Center for 
Molecular Dynamics Nepal samples 

rodents for potentially zoonotic viruses 
in and around people’s homes in Nepal.
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Product Spotlight

Marketed By: Merial, now part of Boehringer 
Ingelheim

OraVet Chews are the first and only dental 
hygiene product for dogs that contains 
delmopinol. Delmopinol works to form a barrier 
that prevents the bacterial attachment that 
leads to plaque and calculus buildup, as well as 
halitosis. The scrubbing action of the chew works 
in concert with delmopinol to remove existing 
plaque and calculus. The chews have been 
clinically proven to significantly reduce plaque, 
calculus, and halitosis. 

Dose Form: Chews (4 sizes depending on weight)

For More Information: oravet.com

Marketed By: Nylabone

When added to a dog’s water, Advanced Oral 
Care Liquid Tartar Remover alters the pH of 
the dog’s saliva to help reduce plaque and 
tartar buildup, all while freshening the breath. 
This solution includes Denta-C, a scientifically 
formulated blend of ingredients that helps reduce 
plaque harboring bacteria.

Dose Form: Water additive

For More Information: nylabone.com 

Marketed By: Sentry

Formulated specifically for pets, this nonfoaming 
poultry-flavored toothpaste cleans teeth without 
requiring any rinsing. Its patented enzyme formula 
helps control plaque, prevent tartar formation, 
polish teeth, and freshen breath. Available in a 
6.2-oz tube.

For More Information: sentrypetcare.com

Marketed By: Ceva Animal Health

The mint-flavored Clenz-a-dent Mouth Rinse/
Water Additive can be used as a water additive (for 
dogs and cats under 25 lb and for dogs over 25 
lb) or as a mouth rinse. The oral solution contains 
RF2 to help inhibit the growth of bacteria that lead 
to bad breath. Available in 8.4-oz (250 mL) bottles 
with a measuring cup and a spray nozzle.

Dose Form: Oral rinse

For More Information: clenz-a-dent.com  

Marketed By: Vetoquinol

Keep pets’ teeth healthy and clean by rinsing them 
daily with Dentahex Oral Care Rinse following each 
meal or as directed by a veterinarian. For both 
dogs and cats, this rinse provides both anti-plaque 
and anti-calculus properties to help prevent tooth 
and gum disease.

Dose Form: Daily oral rinse

For More Information:  vetoquinolusa.com

Marketed By: Midmark

The VetPro 1000 Mobile Dental Delivery System 
provides a clean, dry, aseptic work environment 
that is also ecologically friendly. Its oil-free 
technology is a healthier alternative to systems 
that involve messy oil changes—so it’s better for 
your staff and better for the environment.

For More Information: midmarkanimalhealth.com 

ORAVET DENTAL HYGIENE CHEWS

ADVANCED ORAL CARE LIQUID 
TARTAR REMOVER

PETRODEX ENZYMATIC TOOTHPASTE

CLENZ-A-DENT MOUTH 
RINSE/WATER ADDITIVE

VETPRO 1000 MOBILE DENTAL 
DELIVERY SYSTEM 

DENTAHEX ORAL CARE RINSE 
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#1 USED  
PET GLUCOMETER
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See what makes AlphaTRAK®2 the #1 prescribed pet glucometer1 at AlphaTRAKmeter.com. 
For full support or to order, call 1-888-ZOETIS-1.


