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Abstract

Introduction: Canine parvovirus (CPV-2) is a leading cause of morbidity and mortality in dogs,
with often lengthy and expensive treatment that can still end in fatality. In a shelter setting, the
length and cost of treatment are important and related factors in being able to provide care for
dogs affected with CPV-2. This study examined the addition of canine parvovirus monoclonal
antibody (CPMA) to an established treatment program on the length of treatment, cost of
treatment, and mortality in a shelter setting.

Methods: This retrospective observational study examined 94 cases of parvovirus diagnosed
via IDEXX SNAP testing in a limited admission shelter between the years 2022 and 2024. All
cases were treated with the shelter’s standard parvovirus treatment protocol, and 51 of those
cases additionally received CPMA. The median length of treatment, average cost of treatment,
and mortality rate were compared between those treated with CPMA versus those that were
not.

Results: Of the 94 cases examined, 43 were not treated with CPMA and 51 were. The median
length of treatment of the CPMA group was 3 days (95% confidence interval, CI [3.3-4.5])
compared to 6.5 days (95% CI [5.5-7.4)) for the control group, a significant decrease for dogs
treated with CPMA.. The average cost of treatment for the CPMA treated group was $962 (95%
CI [$848-$1,140]) compared to $1,447 (95% CI [$1,243-$1,658]) for the control group, also
showing a significant decrease. The mortality rate of the CPMA treated group was 6% com-
pared to 12% for the control group; this was lower but ultimately not statistically significant.
Conclusion: The addition of CPMA to established treatment plans for CPV-2 was associated
with a significant decrease in the length and cost of treatment, but no significant decrease in
the mortality rate.
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ince its emergence in 1978, canine parvovirus

(CPV-2) has been a leading cause of morbidity and

mortality in dogs.*> The most susceptible dogs are
generally less than 6 months of age, although older dogs
are at risk if unvaccinated. After the first few weeks of
life, dogs in this age range born to vaccinated mothers
have waning maternal antibodies that do not provide full
protection but interfere with responses to vaccination.>?
Puppies born to unvaccinated mothers who are naive to
CPV-2 do not have any antibody protection until vacci-
nation.>® Comorbidities such as intestinal parasites and
environmental stressors, such as overcrowding, may pre-
dispose or exacerbate disease development; thus, ani-
mals in a shelter environment may be more susceptible
to developing parvoviral enteritis.* Animals may also

enter the shelter environment because of CPV-2 diagno-
sis. Finances are the most commonly reported barrier to
veterinary care, so people with economic hardship may
feel forced to surrender their dogs to a shelter to provide
veterinary care.*

CPV-2 is a highly contagious non-enveloped virus that
targets rapidly dividing cells such as the intestinal crypt
cells and bone marrow precursor cells.'* The virus is shed
in the feces and spread mainly through oro-fecal transmis-
sion but may also be transmitted through the respiratory
tract.">> Fomites are a significant source of transmission
as the virus is stable in the environment, persisting up to
1 year under optimal conditions.!? Invasion of the crypt
cells leads to the destruction of the mucosal lining of the
intestinal tract and malabsorption, as well as bacterial
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translocation leading to septicemia and endotoxemia.
Invasion of the bone marrow precursors leads to a pro-
found leukopenia characterized by a severe neutropenia
and lymphopenia, and thus higher susceptibility to sep-
ticemia due to immune suppression. Typical clinical signs
include vomiting, diarrhea, hematochezia and melena,
lethargy, dehydration, and hypovolemic shock.!*

Treatment for parvovirus has historically consisted of
supportive care including fluid therapy, antibiotics, anti-
emetics, gastroprotectants, and analgesics, with a survival
rate ranging from 60 to 90%.'* Recently, a canine parvovi-
rus monoclonal antibody (CPMA) that binds to CPV-2
has become available, giving passive immunity and thus
acting as a direct treatment for parvovirus infection.>¢
An important part of treatment in a shelter setting also
includes isolation from the remaining population. In iso-
lation, people who enter and perform treatments or eval-
uations on these dogs should wear appropriate Personal
Protective Equipment (PPE) including foot coverings,
water resistant gowns, and gloves. Clinical resolution
following treatment is generally based on disappearance
of clinical signs as opposed to repeat fecal antigen test-
ing since dogs will continue to shed virus for up to 34
weeks after infection.'> However, diarrhea may continue
to occur despite clinical resolution of other signs due to
the destruction of the intestinal villi.

In a shelter setting, as with private owners, finances
are a limiting factor in the ability to treat parvovirus.’
Intensive inpatient treatment of parvo may cost $3,000—
$5,000 USD with outpatient options still often costing
upwards of $1,000.”® Length of treatment is a large factor
contributing to cost of treatment; thus, a more expensive
treatment that decreases length of treatment may actually
be more cost-effective. Decreasing length of treatment
would also decrease overall shelter length of stay which is
important in a shelter setting, as decreasing length of stay
has positive impacts on behavior and health.’

The goals of this study were to compare the outcomes
of dogs treated with supportive care alone versus sup-
portive care with CPMA to determine if the addition of
CPMA was worthwhile in a shelter setting. We hypoth-
esized that the addition of CPMA to established treat-
ment plans would decrease the length of treatment, cost
of treatment, and mortality of dogs affected with CPV-2.

Methods and materials

Data was collected from a private limited admissions
shelter in the Pacific Northwest with an annual intake of
approximately 12,000 animals per year, of which 4,000 are
dogs. This shelter routinely treated parvovirus with a stan-
dard protocol that included either intensive inpatient treat-
ment with intravenous (IV) fluids, parenteral antibiotics,
anti-nausea and anti-emetics, analgesics, and gastropro-
tectants or outpatient treatment with subcutaneous (SC)

fluids, SC antibiotics, and SC anti-emetics. Parvovirus
patients were isolated from the general population in a
separate area within the shelter. CPMA was available for
use at this shelter starting in November 2023.

A total of 94 cases of parvovirus treated in a shel-
ter setting were identified from the shelter’s database
(ShelterBuddy) who had complete diagnostic and treat-
ment records. Those included in the study must have
been diagnosed with parvovirus and treated in the shelter
until an outcome occurred. Diagnosis of parvovirus was
based on a positive IDEXX enzyme-linked immunosor-
bent assay (ELISA) SNAP test elected due to suggestive
clinical presentation of the patient. Diagnosis was made
either by a community veterinarian prior to transferring
the patient to the shelter for care or directly at the shelter.
Each animal was given a clinical score ranging from 1 to 5
at time of diagnosis. The clinical score reflected the num-
ber of clinical signs present including diarrhea, vomiting,
lethargy, anorexia, and fever based on a rectal tempera-
ture of 103 degrees Fahrenheit or greater.

Data retrieval began in November 2024 for both groups.
Data for dogs treated with CPMA was collected consec-
utively starting from November 2023 when this shelter
began using CPMA until December 2024 when data col-
lection ended. Data for dogs not treated with CMPA, or
the control group, was collected consecutively between
March 2022 and July 2023 when the shelter was not using
CPMA. All CPMA treated dogs received 0.2 mL/kg IV
of CPMA within 48 hours of diagnosis. All dogs in both
groups were treated with crystalloid fluid therapy (either
subcutaneous or IV), at least one antibiotic, and at least
one antiemetic. In 35% of the control dogs, and 45% of
the CPMA dogs, at least one of the ancillary treatments
was added to the treatment plan: analgesics, a second anti-
biotic, a second antiemetic, gastrointestinal protectants,
gastrointestinal prokinetics, or additional fluid therapy.
All cases were maintained in an isolation ward dedi-
cated to canine parvovirus cases for the duration of their
treatment, and treated by staff wearing disposable PPE.
Euthanasia decisions were left up to individual veterinar-
ian discretion, but included lack of response to treatment
and clinical decline with intensive inpatient treatment.

A date of clinical resolution was recorded for each case,
determined as the day the dog achieved normal appetite,
normal mentation and attitude, normal hydration, nor-
mal internal body temperature, and no vomiting or nau-
sea. Clinical resolution was determined by clinical signs as
opposed to repeat fecal antigen testing because dogs may
continue to shed virus for several weeks but not require
further treatment. Clinical score was not used as a means
of determining clinical resolution because ongoing diar-
rhea was not included as a criterion. This was chosen
because post CPV-2 dogs may have residual diarrhea due
to destruction of intestinal villi but no longer be clinical
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for disease state. Eliminating diarrhea as a criterion may
shorten time to clinical resolution, but each group was
evaluated in the same manner thus not affecting group
comparison. The length of treatment was determined
by the number of days from date of diagnosis to date of
clinical resolution. The median length of treatment was
determined within each of the two groups. Median was
used over mean due to data failing normalcy. A log-rank
regression analysis was performed to determine the like-
lihood of survival between the two groups. This also the
time to recovery to see if it correlated with the median
length of treatment. Time to recovery indicates the prob-
ability of survival over defined time frames. The mortal-
ity rate between the two groups was determined. Cost of
treatment based on length of hospital stay and medica-
tions administered was calculated individually using the
median weight of all 94 dogs instead of individual weights
in order to remove weight discrepancy as a variable. Cost
of treatment included a set daily fee for hospitalization
based on receiving IV or SC fluids and individual calcu-
lation of the cost of each medication administered per
day. Once individual cost of treatment was found, the
average cost of treatment for each group was determined.
A Mann-Whitney U test was used to evaluate length of
treatment and cost of treatment, and a Fisher’s exact test
was used to analyze mortality. Significance was set to
p < 0.05. All data analyses were performed using Jamovi
software (version 2.6; The Jamovi project).

Results

A total of 94 cases were reviewed. Out of these, 43 cases
(45%) were not treated with CPMA (control group) and
51 cases (55%) were treated with CPMA. The majority
of dogs in both the control and CPMA treated groups
were less than 5 months of age, had a clinical score of
3, were transferred in from a different shelter, and were
either unvaccinated or had an unknown vaccine history
(Table 1). Although the majority of dogs in the CPMA
treated group were less than 5 months old, the average
age was pulled higher by a group of older infected dogs
surrendered to the shelter from one source.

The median length of treatment for the CPMA group
was significantly shorter than for the control group, with
a p < 0.001 (Fig. 1). The median length of treatment for
dogs treated with CPMA was 3 days (95% confidence
interval, CI [3.3-4.5]) and the median length of treatment
for the control group was 6.5 days (95% CI [5.5-7.4)).
While the time to recovery curves were similar in shape,
the curve for the CPMA group was shifted left indicating
a quicker time to recovery, correlating with the median
length of treatment (Fig. 2).

The daily cost of each potential treatment was calculated
and applied to each case based on what treatments they
received. Individual costs of treatment showed that the

Length, cost of treatment, and mortality with CPMA

Table 1. Demographics of patients evaluated

Non CPMA Overall CPMA Treated Overall
Treated Dogs (N =43) Dogs (N =5I)
Intake Source Intake Source

Transfer 30 (69.8%) Transfer 31 (60.8%)

Owner surrender |13 (30.2%)
Age (months) Age (months)
Mean (SD) 38(3.2) Mean (SD)

Range 12-18.0 Range

Number of vaccines
prior to diagnosis

Owner surrender 20 (39.2%)

4.1 (27)
12-120

Number of vaccines
prior to diagnosis

| 14 (32.6%) I 18 (35.3%)
2 I (2.3%) 2 4 (7.8%)
Unknown 22 (51.2%) Unknown 9 (17.6%)
0 6 (14.0%) 0 20 (39.2%)
Sex Sex

M 30 (69.8%) M 28 (54.9%)
F 13 (30.2%) F 23 (45.1%)
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Fig. 1. Length of Treatment of CPMA versus control dogs.

majority of the cost came from the hospitalization fees
(Table 2).The overall cost of treatment for dogs treated with
CPMA was significantly lower than the cost of treatment
for the control group, with a p < 0.001 (Fig. 3). The average
cost of treatment with CPMA versus and supportive care
was $962 (95% CI [$848-$1,140]), versus $1,477 (95% CI
[$1,243-$1,658]) for the dogs who were treated with sup-
portive care alone. The cost of treatment compared to the
length of treatment was evaluated and found to be directly
linear as expected, since the cost of daily care comprises a
large percentage of the total cost of treatment.

The CPMA group mortality rate was 6% (£3.3%),
with 48 dogs who survived, one dog with an unassisted
death, and two dogs who were euthanized. The control
group mortality rate was 12% (+4.8%), with 38 dogs who
survived treatment and five dogs who were euthanized.
A Fisher’s exact test indicated no significant difference
in mortality between the two treatment groups (Table 3).
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Fig. 2. Time to recovery of CPMA versus control dogs.
Table 2. Individual costs of treatment
Treatments Individual cost for a 6 kg dog
. 1500 1 O
Hospitalization o T
IV fluids $120.00/day £ l
SC Fluids $80.00/day £ 1250 o Mean (95% CI)
b :
Antibiotics o o Median
Ampicillin $0.92/day 3
Enrofloxacin $0.21/day 1000 1
Ampicillin sulbactam $0.40/day
Cefovecin sodium $9.60 once ,D .
Metronidazole $2.00/day CPMA ~ Non CPMA
Gastroprotectants CPMA Status
Maropitant $2.37/day Fig. 3. Cost of treatment of CPMA treated dogs versus
Ondansetron $0.36/day control dogs.
Metoclopramide $0.72/day
Pantoprazole $0.42/day of treatment compared to dogs treated before CPMA
Analgesics was available. Other studies have also demonstrated
Buprenorphine $3.30/day that treatment with a CPMA decreases morbidity once
Miscellaneous infected with a CPV-2 viral strain.>® In a shelter setting, a
Fenbendazole $1.40/day decreased length of treatment contributes to a decreased
Prebiotic $0.51/day overall length of stay, which has positive impacts on shel-
Hydroxyethyl Starch (HES) Colloids $9.40/day ter cost, as well as the health and behavioral welfare of
Capromorelin $2.26/day animals.®
CPMA $143.00 once In many shelters, financial resources are often a limit-

All dogs who survived treatment were ultimately adopted
or redeemed by their owners.

Discussion
The addition of CPMA to this shelter’s established treat-
ment plan was strongly correlated with a decreased length

ing factor in the ability to treat severe, emergent conditions
such as canine parvovirus. Canine parvovirus can require
minor outpatient treatment for a few days to lengthy hospi-
tal stays. Multiple treatments can add up quickly, and close
examination of the trade-offs of expensive new therapies
are critical for shelters who do treat canine parvovirus.
For this shelter, the addition of CPMA actually led to a
significant decrease in overall cost of treatment. We believe
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Table 3. Significance of mortality between CPMA and control groups

Contingency tables

Treatment groups Mortality

Survived Died Total
CPMA 48 3 51
Non CPMA 38 5 43
Total 86 8 94
¥* Tests Value Df P
I 0.989 | 0.320
Fisher’s exact 0.463
test
N 94

this is primarily due to the decreased length of treatment,
but may also be attributed to decreased need for multiple
adjunct treatments due to decreased severity and less staff
time needed to give these treatments. This study did not
compare the difference between how many individual treat-
ments were prescribed between the CPMA treated dogs
and those who were not treated with CPMA. It also did
not compare the staff time dedicated to treatment between
the two groups. These would be good areas to further inves-
tigate in order to determine if adding CPMA to treatment
protocols is cost-effective for an individual shelter.

Left untreated, parvovirus infection is highly fatal to dogs,
and even with treatment, fatalities still occur. Mortality of
canine parvovirus with treatment has been reported any-
where from 10 to 25% and without treatment reported up
to 91%.781011 Early (pre-clinical) treatment with CPMA was
shown in an industry study for USDA approval to decrease
mortality of dogs infected with CPV-2.> However, in that
study, CPMA was used without other supportive treatments.
This study showed a decreased percentage of dogs dying
during treatment in the CPMA treated group, but it was not
found to be statistically different from those treated before
CPMA was used at this shelter. This may be partially due to
the small number of dogs who died overall in both groups.
Further investigation on mortality rates after the addition of
CPMA to more standardized treatment plans may be benefi-
cial to better determine if there is a significant effect.

One potential weakness in this study is that the support-
ive care treatment plans used in this shelter varied depend-
ing on individual veterinarian experiences and opinions.
The shelter’s limited pharmacy stock, and a robust sample
size likely limited this concern. Another weakness in this
study is inherent in the retrospective before:after design of
this natural experiment. Unperceived changes in patient
population and shelter management over time may have
had an effect on treatment duration, cost, and mortality
between the two study groups. To our knowledge, no major
shelter admission or management criteria changed during

Length, cost of treatment, and mortality with CPMA

the short duration of time represented here (3 years).
Finally, while there appeared to be no significant differences
between the demographics of the control and the CPMA
treated groups, there may have been some undetected
effects of age, sex, and vaccination status on the length of
treatment, cost of treatment, and mortality evaluated.

Conclusion

The present study demonstrated that the addition of CPMA
to an established treatment program within a limited admis-
sion shelter was associated with a significantly decreased
length of treatment and decreased overall treatment cost.
For this shelter, using an expensive treatment such as CPMA
was justified because it reduced the length and financial
cost of treatment and time in the shelter. While a smaller
number of dogs died with the addition of CPMA in this
study, treatment did not significantly improve mortality.
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