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Bacterial translocation from the damaged intestinal tract, reported in canine parvoviral
(CPV) enteritis, is thought to be responsible for the systemic inflammatory response
resulting from coliform septicemia, which could ultimately progress to septic shock
and death. Alterations in platelet indices, specifically mean platelet volume (MPV), is a
consistent finding in critically ill people and dogs with and without sepsis. Increased
MPV has been reported to be an indirect indicator of platelet activation and of bone
marrow response in people and dogs with sepsis. The study aim was to compare
admission MPV and platelet volume distribution width (PVDW) in dogs with CPV enteritis
to that of healthy aged-matched control dogs. Forty-eight dogs with CPV enteritis and
18 healthy age matched control dogs were included. CPV infection was confirmed with
electron microscopy and concurrent blood-borne infections were excluded using PCR.
EDTA whole blood samples were analyzed on an automated cell counter, ADVIA 2120,
within 30-60 min from collection. There was no significant difference for platelet count
between the groups. The MPV for CPV infected dogs (median: 14.0; IQR: 12.2-15.1)
was significantly higher compared to controls (11.3; /QR: 10.3-13.1, P = 0.002). The
PVDW for CPV infected dogs (66.9; IQR: 64.2-68.8) was significantly higher compared
to controls (63.3; IQR: 60.2-65.1, P < 0.007). These findings suggest that significant
platelet activation is present in dogs with CPV enteritis which may play a role in the
disease outcome, similar to people with sepsis. Further studies are required to investigate
the prognosticating ability of MPV in dogs with CPV enteritis.
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INTRODUCTION

Canine parvovirus (CPV) is an important pathogen worldwide and a significant cause
of viral enteritis in dogs with associated high morbidity and mortality rates (1). In
susceptible populations, the viral infection most commonly manifests as a severe systemic
and often life-threatening illness (2). Systemic inflammation may occur in many cases due to
bacterial translocation from the damaged intestinal tract with a subsequent bacteremia and
endotoxemia (3). This can ultimately progress to septic shock and death in severe cases (3).
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Endotoxins, as well as proinflammatory cytokines, are powerful
mediators of the systemic inflammatory response as well as
triggers of the coagulation cascade (4, 5). C-reactive protein
(CRP), a major acute phase protein in dogs, is considered an
accurate indicator of systemic inflammation (6). Increased serum
concentrations of CRP in CPV infected dogs has been shown to
be associated with disease severity and outcome (7).

Platelets are more than cytoplasmic fragments that participate
in hemostasis, but have been reported to play a significant
role in the host inflammatory response (8). Platelets normally
circulate in blood in a resting state. Platelet activation,
resulting in changes that lead to platelet adhesion and
aggregation, only occur after stimulation with one of several
physiological agonists, for example weak agonists such as
adenosine diphosphate or stronger agonists such as thrombin
or vessel wall collagen (8). Platelet indices such as mean
platelet volume (MPV), mean platelet mass (MPM), mean
platelet component concentration (MPC), and platelet volume
distribution width (PVDW) are recognized as surrogate markers
of platelet activation (8, 9). Optical based automated hematology
analyzers are able to accurately measure platelet size and
content and record various of these platelet indices that
may serve as surrogate markers for platelet activation (8-10).
Reasons for an increased number of circulating large platelets
during inflammation may be twofold: (1) increased cytokine
concentrations contribute to megakaryocytosis, resulting in the
release of larger immature platelets regardless of the platelet
concentration (11, 12); and (2) following activation, platelets
undergo a shape change with small protuberances appearing
on their surface, resulting in an increase in the platelet volume
(10, 13).

Multiple studies in humans have investigated the utility of
platelet indices, specifically those that serve as surrogate markers
for platelet activation, in various inflammatory conditions;
however, there is a scarcity of studies in animals. An increase
in MPV has been reported in people with acute appendicitis
(14), pancreatitis (15), infectious endocarditis (16), myocardial
infarction (17), and malaria (18). Numerous studies in critically
ill people, with sepsis, have concluded that an increased
MPV at admission, as well as at multiple time points during
hospitalization, indicate a poorer prognosis (19-22). In dogs
with surgically treated septic peritonitis, an increase in MPV
within the first 24 h of diagnosis was the only platelet parameter
associated with an increased risk of mortality. The increased
MPV suggested platelet activation related to the presence of
a marked inflammatory response (23). In a canine model of
endotoxemia, an increase in both MPV and PVDW have shown
potential value in the diagnosis and monitoring of dogs with
endotoxemia (24).

The objective of this study was to compare the differences
in platelet indices at admission between dogs with CPV
enteritis and healthy control dogs. A secondary objective was to
determine whether there is a correlation between the degree of
inflammation, based on the serum CRP concentration, and the
platelet indices at admission. We hypothesized that the platelet
indices, specifically MPV, PVDW, and MPM would be increased,
whereas MPC would be decreased in dogs infected with CPV

compared to that of healthy controls and that these changes
would correlate with the degree of inflammation.

MATERIALS AND METHODS
Study Design

This was a prospective, case-controlled observational study
on juvenile dogs naturally infected with CPV enteritis that
presented to the Onderstepoort Veterinary Academic Hospital
(OVAH), over a period of 11 months between November 2018
and September 2019. Ethical approval was obtained from the
University of Pretorias research and animal ethics committees
(REC065-18 and V073-18, respectively).

Study Population

Client owned dogs diagnosed with CPV enteritis that presented
to the OVAH, Faculty of Veterinary Science, University of
Pretoria were included in the study. A control group of
apparently healthy dogs that presented for routine vaccination
or elective surgical procedures, such as orchidectomy or
ovariohysterectomy, were also included. A consent form was
signed by each owner prior to inclusion in the study. Inclusion
criteria for the CPV infected dogs: dogs of either breed or sex,
between the ages of 8 weeks and 12 months, weighing more
than 3 kg and demonstrating clinical signs associated with CPV
infection. Initial diagnosis of CPV enteritis was based on a dog
with clinical signs consistent with CPV enteritis and a positive
result from a valid, rapid patient-side immunoassay (IDEXX
Laboratories©, Westbrook, USA and Bionote Inc., Gyeonggi-
do, Korea). Infection was then confirmed in every case by
visualization of CPV-2 through fecal electron microscopy (EM).
Criteria for exclusion included treatment with any medication
known to interfere with platelet number and function including
prednisolone, aspirin, or non-steroidal anti-inflammatory drugs
either at presentation or within 4 weeks prior to presentation. The
dogs had to be free of any obvious other inflammatory processes
that could falsely affect the variables. Dogs that had received
any other medication or had been previously hospitalized for
the treatment of CPV enteritis were also excluded. The healthy
controls were age-matched to the CPV group. The control dogs
were considered healthy based on history provided by the owner,
physical examination as well as a normal peripheral blood smear,
complete blood count (CBC), and negative fecal EM.

Sample Collection and Laboratory
Methods

At presentation, prior to any treatment, peripheral blood
was collected into serum and EDTA vacutainer tubes (BD
Biosciences, New Jersey, United states) from the jugular vein with
a 21G needle, by careful venipuncture with minimum stasis to
minimize in vitro platelet activation. The anti-coagulated EDTA
sample was used to perform a blood smear on all dogs and
was evaluated for any platelet aggregation that may falsely affect
the results. The anti-coagulated EDTA sample was also used
to perform the CBC, which included the platelet indices, (PLT,
MPV, PDW, PCT, MPM, MPC, and PCDW) on the ADVIA 2120
(Siemens, Munich, Germany) within 30 minutes of collection.
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TABLE 1 | Platelet indices and CRP concentration at presentation for dogs with CPV enteritis and healthy controls.

Variable Control CPV
Median (IQR) Median (IQR)

Platelet concentration (x10%/L) 416 (291-554) 359 (246-446)

Plateletcrit (L/L) 0.49 (0.40-0.63) 0.49 (0.34-0.64)

*Mean platelet volume (fL)

*Platelet volume distribution width (%)

Mean platelet component concentration (g/dL)
Mean platelet mass (pg)

C-reactive protein (mg/L)

11.3(10.23-13.25)
63.30 (60.03-65.20)
21.90 (19.58-23.63)

14.00 (12.23-15.10)
66.90 (64.18-68.80)
20.65 (19.20-22.40)

2.34 (2.06-2.61)

150.35 (90.40-195.86)

2.26 (2.05-2.38)
3.03 (0-8.04)

*Significantly higher in CPV infected dogs compared to controls.

The ADVIA 2120 is an automated hematology analyzer with
multispecies system software (version 6.9.0), including dogs.
Serum samples were left to clot at room temperature and
then centrifuged at 1,520g for 8 min. The sample was used
to determine the CRP concentration and the remaining serum
was stored at—80°C. The CRP was measured using a canine
specific immunoturbidimetric CRP method (Gentian, AS, Moss,
Norway). A fecal sample was collected at presentation. The fecal
sample was refrigerated once collected and submitted for fecal
EM within 12h of collection to be examined for the presence
of CPV.

Statistical Analysis

Statistical analysis was performed using a commercial software
package (SPSS Statistics version 24® 1BM, New York, NY, USA).
The Shapiro Wilk test was used to assess data for normality.
The data had a non-normal distribution and comparison of
all variables between the CPV group and the control group
was analyzed using the Mann-Whitney U test. Breed and
sex proportions between groups were assessed using the Chi
square test. Correlation between CRP and platelet indices were
determined using the Spearman’s rank correlation coefficient.
The level of significance was set at P < 0.05. Data is represented
as median and interquartile range (IQR).

RESULTS

Study Population Characteristics

The study comprised of 48 CPV infected dogs and 18 apparently
healthy control dogs. For the CPV group 14 (29%) were female
and 34 (71%) were male and of the control dogs 6 (33%)
were female and 12 (66%) were male. There was no significant
difference in sex ratio between the groups. The median age
was 3.5 months and 4 months for the CPV infected group and
control group, respectively, with no significant difference. Breeds
included in the CPV group were mixed breed (15), American
Pitbull terrier (8), Labrador retriever (6), Jack Russel terrier
(5), Boerboel (3), boxer (2), Yorkshire terrier (2) and one each
of the following breeds: basset hound, dachshund, Pekingese,
Rottweiler, Saint Bernard, schnauzer, and Siberian husky. Breeds

included in the control group were Boerboel (4), dachshund
(2), golden retriever (2), Siberian husky (2) and one each of
the following: bull terrier, Doberman pinscher, fox terrier, Jack
Russel terrier, Labrador retriever, Pekingese, Scottish terrier,
Staffordshire bull terrier.

Comparison of the Platelet Indices
Between CPV Infected Dogs and Healthy

Controls

Table 1 contains a summary of the platelet concentration
and indices, as well as the serum CRP concentration at
presentation. There was no significant difference for platelet
concentration between the groups. The MPV (P = 0.002;
Figure 1) and PVDW (P < 0.001; Figure 2) were significantly
higher in the CPV infected group compared to the healthy
control group. No significant differences were seen for the
remaining indices between the CPV and control groups. The
serum CRP concentration was significantly higher in the
CPV group compared with the healthy control group (P <
0.001). There were no significant correlations between serum
CRP concentration and platelet concentration or any of the
platelet indices.

DISCUSSION

This study showed that dogs with CPV enteritis had significantly
larger platelets compared to healthy dogs, despite the absence of
thrombocytopenia. This finding may suggest platelet activation
secondary to the marked inflammatory host response; however,
there was no correlation with the degree of inflammation as
measured by serum CRP concentration.

Septic shock is a common consequence of various disease
conditions affecting people and animals worldwide and is
commonly encountered in CPV infected dogs (25-27). Parvo
viral infection results in damage to the intestinal tract which
increases the risk of bacterial translocation and subsequent
coliform septicemia which could eventually progress to
systemic inflammation, septic shock and death (3). While
thrombocytopenia is frequently reported in humans with
sepsis (28-32), our study did not show a difference for the
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Mean platelet volume (fL)

Control group

and above the 90™ percentile are plotted separately as dots and the asterisk.

FIGURE 1 | Box plot of the admission MPV of the CPV infected group (N = 48) compared to the healthy control group (N = 18). All values below the 10 percentile

Parvovirus group

Platelet volume distribution width (%)
8

Control group

and above the 90™ percentile are plotted separately as dots and the asterisk.

FIGURE 2 | Box plot of the admission PVDW of the CPV infected group (N = 48) compared to the healthy control group (N = 18). All values below the 10" percentile

Parvovirus group

platelet concentration between the CPV infected dogs and
healthy control dogs. Systemic inflammation and/or sepsis
are known to affect platelets, and it has been reported that
platelet activation and coagulation can occur in the initial
phase of sepsis (20). Thrombopoietin, a hematopoietic cytokine,
is largely responsible for the activation of megakaryocytes
and the enhanced release of platelets (33). With sustained
inflammation the increase in pro-inflammatory cytokines,
mainly interleukin-6 (IL-6), leads to an increased production
of thrombopoietin, release of large immature platelets
and subsequently an increase in the circulating platelet
concentration (34-37). During systemic inflammation, the

increased concentrations of thrombopoietin as well as other
pro-inflammatory cytokines also contribute to increased
megakaryocytosis (11, 12). As a result, systemic inflammation
results in an increase in the number and size of platelets
regardless of the platelet count.

In our study, the MPV and PVDW was significantly higher
in the dogs with CPV enteritis compared to the healthy
control dogs. In contrast, a recent study reported no significant
differences between dogs with parvo enteritis and healthy
control dogs for both MPV and PDW (38). This however was
a retrospective study and only included 26 dogs with CPV
which could have resulted in a type II error. Mean platelet
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volume is a gauge of the average platelet size and indicates
changes in either the level of platelet activation or the rate
of platelet production (39). Platelet volume distribution width
is an indicator of the heterogeneity of platelet size and an
increase is suggestive of a large range of platelet sizes due
to swelling, destruction, and immaturity (19, 40). As platelets
become activated, they become spherical, small blebs appear
on their surfaces, and several bioactive substances are released
(10). With this transformation from quiescent disks to swollen
spheres there is a subsequent increase in MPV (41). An increase
in MPV has been described to be an indirect sign of alterations
in platelet production and activity in humans with sepsis (20)
and dogs with inflammation (42). Platelet volume indices are
therefore considered early indicators of platelet activation that
is regulated by inflammatory processes (43). Bacterial endotoxin
is generally considered to be the principal component that
results in the initiation of the systemic inflammatory response
and septic shock (44). Endotoxin, an essential component
present in the outer membrane of gram-negative bacteria,
are responsible for many of the pathophysiologic outcomes
occurring during sepsis (44, 45). Circulating endotoxin is a
powerful stimulus for the initiation of coagulopathy, mediated
through the initiation of inflammatory cytokine production by
mononuclear phagocytes (4, 46). In a study where dogs received
intravenous Escherichia coli endotoxin, blood was collected
before inoculation and at multiple time points thereafter. Both
MPV and PVDW increased by a mean of 28 and 45%,
respectively, in as little as 30 min post intravenous injection
and remained increased over baseline for 24h (24). In a
similar study that aimed to evaluate the effects of low dose
endotoxin on platelet indices in dogs, MPV was significantly
increased at 3h compared to baseline (47). Both these studies
suggest a change in platelet production and activation in
septic dogs. Endotoxin has been demonstrated to be present
in measurable quantities in dogs with CPV enteritis (48).
Therefore, endotoxin and pro-inflammatory cytokines, both of
which are fundamental to the pathophysiology of CPV enteritis
are powerful mediators of inflammation and can lead to systemic
activation of hemostasis (4, 49).

Large immature platelets, as demonstrated by an increase
in MPV, are considered more functionally active, produce
more prothrombotic factors, and are more likely to aggregate
(20, 39, 50). Larger platelets have been shown to have more
exposed fibrinogen receptors than smaller ones indicating
a greater degree of activation and therefore an elevated
risk of thrombus formation (51, 52). Increased fibrinogen
concentration, secondary to the marked host inflammatory
response, has been reported in dogs with CPV enteritis (53). In
another study investigating the presence of hypercoagulability
in dogs with CPV enteritis, there was a high prevalence of
clinical thrombosis or phlebitis in these cases (54). Affected dogs
had decreased antithrombin activity and thromboelastographic
findings supportive of hypercoagulability, specifically an increase
in the maximum amplitude (MA) (54). The MA reflects clot
strength and is influenced by several factors including fibrin and

fibrinogen concentration, platelet count and activity, thrombin
concentration, factor XIII and hematocrit (55). Therefore, it
is likely that these alteration in platelet indices, in particular
MPYV, together with the increased fibrinogen concentration,
may contribute to the hypercoagulable state in CPV infected
dogs and result in an increased risk of thrombosis as
previously reported.

In our study CPV infected dogs had a significantly higher
serum CRP concentration than that of the control dogs. C-
Reactive protein is classified as a major positive acute phase
protein in dogs due to the magnitude of its response during
acute systemic inflammation (6, 56). One study reported
that the mean admission CRP concentration was significantly
higher in dogs with CPV enteritis that died compared to
those dogs that survived (7). Surprisingly, there was no
correlation between the serum CRP concentration and any of
the platelet indices in our study. Serum inflammatory cytokines,
as well as markers of endothelial activation, were not assessed
in our study and therefore a correlation between the host
inflammatory response and platelet activation/ regeneration
cannot be ruled out.

There were some limitations to this study. Firstly, the small
study sample size. Secondly, analyses of CPV infected dogs
was based on a single baseline determination. Disease severity
and duration of illness could not be standardized, and the
investigators had no control over when during the course of
the disease process the dogs were presented and diagnosed
with CPV. Future studies, including daily determination of
platelet indices may be more insightful into the host response
during CPV enteritis. Related to this, the vaccination status
of many dogs was unknown, which may have influenced
the findings.

In conclusion, dogs with CPV enteritis in this study
population had significantly higher MPV and PVDW values than
control dogs at presentation. Mean platelet volume and PVDW
are important variables in the diagnosis and monitoring of
sepsis in humans. These parameters are accessible, inexpensive,
and routinely used laboratory tests. The results of this study
suggest that the investigation of MPV and PVDW as prognostic
indicators in CPV infected dogs should be investigated further.
Platelet indices could be evaluated in conjunction with published
variables proven to be of value in prognostication.
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