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INTRODUCTION

ABSTRACT

Canine monocytic ehrlichiosis (CME), a vector-borne disease of worldwide distribution,
causes coagulopathy in dogs. Thromboelastography-TEG measures the efficiency of
coagulation. However, there is lack of knowledge about TEG evaluation in different
stages of CME. Thus, this study aimed to evaluate the coagulation status and viscoelastic
properties of blood using TEG parameters in dogs with naturally-occurring CME, and
their potential to discriminate between subclinical and clinical forms of the disease.
The relationship between TEG parameters and C-reactive protein (CRP) was also
investigated. For these purposes, 29 E. canis-seropositive dogs were used (12 subclinical
and 17 clinical forms), and 10 healthy dogs as controls. Kaolin-activated TEG was
performed in all dogs. Platelets were lower (P<0.01), but CRP was higher (P<0.001)
in clinical form than in subclinical form. TEG-reaction (R) and clot-formation times
(K) decreased (P<0.01), whereas a-angle and coagulation index (CI) increased (P<0.01)
in both forms of CME compared to controls. The magnitude of decreases in R- and
K-times and increases in a-angle and CI were higher in dogs with subclinical form
compared to clinical form. CRP was correlated negatively (P<0.05) with TEG-Ly30. In
conclusion, among TEG parameters, R-time, K-time, a-angle, and CI values may be
used to differentiate subclinical form of CME from clinical form. Hypercoagulability is
especially frequent in dogs with subclinical CME and may be associated with systemic
inflammation.
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anti-PLT antibodies **). Thrombocytopenia and PLT
dysfunction in dogs with CME may lead to bleeding

Canine monocytic ehrlichiosis (CME) is a rickettsial
disease caused by Ehrlichia canis transmitted by the
brown dog tick, Rhipicephalus sanguineus. The clinical
symptoms of CME vary according to the host’s immune
response, infectious dose of the pathogen, and co-
infections . Ehrlichiosis can be divided into three stages
based on the presence of the clinical signs: acute (early
disease), subclinical (asymptomatic), and clinical
(chronic) infection . The most reliable parameter for the
diagnosis of subclinical CME was mild thrombocytopenia
without severe anemia . In the chronic stage, dogs are
suffering from pyrexia, jaundice, lymphadenopathy, and
bleeding disorders along with thrombocytopenia 1.

Platelet (PLT) functions could also be altered during
CME because of bone marrow suppression, increased
PLT destruction and consumption, and the presence of

disorders due to primary hemostasis abnormality °. Thus,
it seems to be essential to evaluate the coagulation status
in dogs with CME regardless of the clinical stage.

Coagulation status has been evaluated by conventional
screening tests such as PLT counts, prothrombin time
(PT), activated partial thromboplastin time (aPTT), and
d-dimer levels ") In practice, the changes in PLT indices
(mean PLT volume [MPV], plateletcrit [PCT], and PLT
distribution width [PDW] are also investigated to evaluate
coagulation in dogs with CME !'">"*l. However, these tests
provide little information on the vital interaction between
PLTs and the coagulation cascade 01113161,

Thromboelastography (TEG) measures the efficiency of
blood coagulation from initial clot formation to fibrinolysis,
thereby yielding superiority over traditional coagulation
screening methods . TEG evaluates clot kinetic by

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)



https://orcid.org/0000-0002-2849-1222

https://orcid.org/0000-0001-9836-0749
https://orcid.org/0000-0001-9948-6490
https://orcid.org/0000-0002-8654-1793
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
http://vetdergikafkas.org
http://vetdergikafkas.org
http://vetdergikafkas.org

382
Thromboelastography in Dogs with Ehrlichiosis

Kafkas Univ Vet Fak Derg

reaction (R-time) and coagulation times (K-time), clot
strengthening by a-angle, PLT function by maximum
amplitude (MA), and clot stability by the percentage of
lysis at 30 min (Ly30) "'l In a previous study "), TEG
results showed hypercoagulation and hypofibrinolysis in
dogs with experimentally-induced ehrlichiosis. Currently,
there is lack of information about TEG evaluation in
different stages of CME in dogs. Thus, this study aimed
to evaluate the coagulation status and global viscoelastic
properties of blood clot formation using TEG in dogs
with naturally occurring CME, and their discriminating
potential between clinical forms of the disease. C-reactive
protein (CRP), a non-specific inflammatory marker, was
reported to play a possible pro-coagulant role in humans "),
and dogs . CRP can enhance thrombogenesis ") and
inhibit fibrinolysis with the inflammatory response in
humans 2. A positive correlation between TEG-MA
value and serum CRP in dogs with spirocercosis 1*! and
patients with poor prognosis *! were previously reported.
Thus, we also investigated the possible relationship
between TEG parameters and serum CRP levels in the
dogs studied.

MATERIAL AND METHODS
Ethical Statement

The present study was approved by the Ethics and Welfare
Committee of Bursa Uludag University (Bursa, Turkey).
A signed information consent form was obtained from
the dog owners enrolled in the study between 2010-2016
(Decision number: 2010-06/10; Date: 24.08.2010).

Dogs and Groups

Dogs from different breeds, ages, body weights, and
gender were included in the study (Table 1). The dogs with
or without clinical signs at admission to the clinic were
screened using a combined commercial enzyme-linked
immunosorbent assay (ELISA) kit for the antibody against
E. canis, Anaplasma marginale and Borrelia burgdorferi,

and antigen against Dirofilaria immitis (Anigen Rapid’,
CaniV-4, Bionote, Korea) in Veterinary Teaching Hospital
(Bursa/Tiirkiye). Dogs were also screened to exclude
Leishmania infantum (Leishmania Ab Test Kits or
CaniV-4 [Leish], Anigen Rapid, Bionote, Korea). Dogs
with comorbidities were not included in the study, as
reported in our #?*'and other previous studies !,

Dogs that were found healthy based on clinical and
hematobiochemical examinations along with seronegative
test results were used as controls (n=10). Seropositive
dogs only for E. canis were enrolled in the study as a
subclinical form, if they did not show any clinical signs
but had thrombocytopenia (n=12); and as a clinical
form if they had at least one or more symptoms (loss of
appetite, lethargy, depression, and/or exercise intolerance,
etc.) with the presence of both thrombocytopenia and
anemia (n=17) ®**2¢ None of the dogs with subclinical
CME were either leukopenic or neutropenic, and they
had normal erythrogram values (RBC, Hct, Hgb, MCV,
MCH, MCHC, and RDW) at the sampling time. Serum
levels of hepato-renal injury markers were within the
range of reference. Eight of the subclinical dogs had
increased serum globulin concentrations (>3.7 g/dL) .
Additionally, all dogs included in the study did not receive
any medication or vaccination at least for 10 days before
being admitted to the clinic, as reported in our previous
studies %241,

Sampling and Measurements

All dogs included in this study had initial anamnesis,
physical examination, and laboratory analysis as part of
the routine diagnostic procedures.

For hemogram (5-parts CBC differential with 22
parameters, VetScan® HM5, Abaxis, USA) and serum
biochemistry analysis (Comprehensive profile, VetScan®
VS2, Abaxis, USA), blood samples were collected from
cephalic veins into the vacutainer tubes with or without
anticoagulant (EDTA), respectively. Also, a total of 2 mL

Table 1. Signalment and some clinical parameters in the dogs with subclinical and clinical ehrlichiosis and healthy dogs in the control group

Healthy Subclinical Ehrlichiosis Clinical Ehrlichiosis
Parameter n=10 n=12 n=17

(mean * sd) (mean * sd) (mean * sd)

Body weight (kg) 10.543.8° 25.945.8"" 22.4+8.8"
Gender (M/F) 5F + 5M 5F + 7M 7F + 10M
Age (months) 51.3£22.9* 68.0+37.4* 54.3+13.7*
Temperature (°C) 37.9+0.7° 38.6+0.4* 38.7£0.8°
Pulsation bpm 121+8° 123+6° 113+7°
Respiration rpm 20+14° 22+17% 99+14°™
M: male, F: female, bpm: beat per minute, rpm: respiration per minute
> Different letter in the same line represent a statistically significant change between variables
*P<0.05 **P<0.01 *** P<0.001 compared to healthy controls
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Clot strength
Platelet function

Fig 1. Two examples of thromboelastography (TEG) trace. A- From a
healthy dog (Golden retriever, 5 years, male) with a schematic illustration
of TEG trace including coagulation activation (R time and K time),
clot kinetics (K time and a-angle), maximum clot stability (MA) and
thrombolysis or fibrinolysis (Ly30), and B- From E. canis seropositive
dog in the subclinical phase (Golden retriever, 4 years, male) showing
hypercoagulable states due to shortened R- and K-time as well as increased
a-angle, G value and coagulation index (CI), thereby increasing risk for

intravascular coagulation (pro-thrombotic state)

blood was sampled for coagulation analysis (TEG'5000,
Haemoskope, MA, USA) into vacutainer tubes with 3.2%
sodium citrate (BD Vacutainer System, BD Diagnostics,
NJ, USA), and were gently inverted at least 5 times to
allow proper mixing, as previously described in our
studies 1718:27],

Comprehensive serum biochemistry panels included
albumin, alkaline phosphatase (ALP), alanine amino-
transferase (ALT), amylase, total bilirubin, blood urea
nitrogen (BUN), calcium (Ca), phosphate (Phos),
creatinine (Cr), glucose (Glu), sodium (Na), potassium
(K), total protein (TP) and globulin. In addition, CRP in
all dogs was measured to evaluate the acute phase response
by the technique described in our previous study 2%,

For TEG analysis, within 30 min following the blood
sampling, dogs were examined for coagulation status by
kaolin-activated TEG parameters (Fig. 1, Table 2), namely
R time and K time (clot kinetics), a-angle (clot strength),
as well as parameters for PLT function (MA, projected
maximum amplitude [PMA], and maximal clot strength
(G value, dyn/cm?]), clot stability (A and LY30: Percentage
of lysis 30 minutes after MA, estimated potential lysis
[EPL], coagulation index [CI]), as reported in our
previous studies 7l TEG was halted after maximal
fibrin clot strength was recorded, and the G value of the

clot stability was calculated from the MA value via TEG
software, using the following formula: G = (5000 x MA)/
(100 - MA). Coagulation status (hypercoagulable and
hypocoagulable states) was characterized by TEG, as
suggested .. The hypercoagulable and hypocoagulable
states were defined by shortened reaction time (R- and/or
K-time), increased a-angle, and/or MA values; whereas by
prolonged R- and K- time, and/or decreased a-angle and
MA values, respectively 2>,

In this study, doxycycline (10 mg/kg, PO, q24h for 28 days)
and supportive care were the treatment of choices for all
E. canis seropositive dogs, as suggested !"'"), and they were
not monitored thromboelastographically during and after
the treatment.

Statistical Analysis

Statistical analysis was performed by routine descriptive
statistical procedures and software (SigmaPlot" Statistical
and Graphing Software, California, USA). Changes in
the analytes between healthy dogs and dogs with either
subclinical or clinical ehrlichiosis were assessed by One-
way Analysis of Variance (ANOVA). When the normality
test failed, the Mann-Whitney Rank Sum test was used. The
Holm-Sidak test was used for both pairwise comparisons
versus a control group. The Pearson correlation coefficient
(r) was used for measuring a linear correlation between
TEG parameters and PLT indices, and serum CRP levels.
All data were expressed as mean+sd. Values of P<0.05
were considered significant.

RESULTS
Signalement and Clinical Examination

A total of 39 dogs comprised of naturally infected
clinical, and subclinical form of ehrlichiosis, and healthy
control dogs of different breeds, ages, gender, and body
weights were used in the study (Table I, Table 3, and
Table 4). There was no statistical difference in age,
temperature, and pulsation between the groups, but the
respiratory rate increased (P<0.01) in dogs with clinical
ehrlichiosis, compared to controls. Control dogs did not
have any clinical and/or pathological findings based
on the physical examination and hemato-biochemistry
evaluations (Table 1-6).

Hemato-Biochemistry Panel

CBC values and serum biochemistry panel of all dogs
(n=39) were given in detail (Table 4, Table 5). As for
the aim of the study, WBC, RBC, Hct, PLT count, and
serum CRP levels were presented as follows: There was
no statistically significant change in total WBC count
between the groups. RBC was lower (P<0.01) in dogs
with clinical CME compared to control, and Hct values
in dogs with clinical CME were lower (P<0.001) than in
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Table 2. Coagulation panel measured by kaolin activated thromboelastography (TEG) in the dogs with subclinical and clinical ehrlichiosis and

dogs in the control group.

Healthy Subclinical Ehrlichiosis Clinical Ehrlichiosis

Parameter n=10 n=12 n=17

(mean = sd) (mean = sd) (mean * sd)

R time (min) 5.1+1.3° 1.140.6b"™ 2.8+1.37"
(2.9-7.9) (0.2-2.3) (0.5-5.8)

K time (min) 2.9£1.0° 1.4+1.5" 1.8+1.1%
(1.4-5.8) (0.8-5.4) (0.8-4.7)

aangle (degree) 55.9+6.4* 76.7£12.07# 65.2+13.5°"

geldeg (45.2-64.9) (40.1-85.2) (29.6-83.4)
56.2+6.6" 63.9+12.7% 55.4+15.3

MA

(mm) (44.1-66.3) (36.7-79.1) (19.8-77.6)
0.05£0.2° 0.6£0.4% 0.2+0.4*

PMA mm (0.0-1.0) (0.0-1.0) (0.0-1.0)
6.6+1.7° 10.4+5.0% 7.4+4.0°

2

G (dyn/em) (4.0-9.9) (2.9-18.9) (1.2-17.4)

0.2+0.7* 0.1+0.3 0.3£0.6*
0,

EPL % (0.0-2.8) (0.0-0.7) (0.0-2.1)

CI value -0.7£2.1* 4,529 1.74£3.4¢
(-4.1-3.6) (-2.5-7.6) (-7.0-6.4)
51.7£9.2 62.1+11.5% 53.6+14.6°

A mm

(30.5-64.3) (40.3-78.4) (21.5-88.0)
. 0.7£2.3 0.1+£0.3* 0.3+£0.6*

Ly30 (min) 0.0-10.0 (0.0-0.7) (0.0-1.7)

be petween healthy dogs and subclinical and clinical ehrlichiosis (there is a significant difference between groups containing different letters in the same line); * between

subclinical and clinical ehrlichiosis

"P<0.05. ** P<0.01. and *** P<0.001 compared to healthy controls

R: Reaction time, K: Coagulation time, a-angle: Alpha angle, MA: Maximum amplitude, PMA: Projected maximum amplitude, G: G value calculated, EPL: Estimated

potential lysis, A and LY30: Percentage of lysis 30 minutes after MA, CI: Coagulation index

subclinical form and in healthy controls. The mean PLT
count was lower in dogs with clinical CME than that of
subclinical CME (P<0.01), and control dogs (P<0.001)
(Table 3). Serum CRP levels in dogs with clinical CME was
higher (P<0.001) than that of dogs with subclinical CME,
and healthy controls (Table 3).

Thromboelastography Analysis

TEG parameters including their minimum and maximum
levels were presented in Table 2. There were statistically
significant differences (P<0.05) in R time, a-angle, PMA,
and CI between subclinical and clinical forms. R- and
K-time decreased (P<0.05) but a-angle, PMA, G, and
CI values increased (P<0.05) in dogs with subclinical
CME, compared to those with clinical CME, and healthy
controls. The magnitude of decrease in R- and K-time and
increase in a-angle, PMA, and CI values were higher in
dogs with subclinical form of CME, compared to those
with clinical form.

In individual evaluation of TEG, 6 subclinical and 4
clinical dogs had higher G values from the maximum
levels detected in healthy controls (9.9 dyn/cm?). Similarly,
higher CI values in 9 subclinical, and 6 clinical dogs were
found compared to maximum levels measured in healthy
controls.

Fig 2. Thromboelastography (TEG) profiles from two dogs with
clinical (chronic) ehrlichiosis. A shows hypercoagulable states due to
shortened K time and increased maximum amplitude (MA), G value, and
coagulation index (CI), B shows a low platelet/platelet dysfunction and/
or hypofibrinogenemia characterized by low a-angle, MA, G value, and CI
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the control group

Table 3. Some hemogram parameters and serum C-reactive protein levels in the dogs with subclinical and clinical ehrlichiosis and healthy dogs in

Healthy Subclinical Ehrlichiosis Clinical Ehrlichiosis

Parameter n=10 n=12 n=17

(mean * sd) (mean * sd) (mean + sd)
WBC (x10%*/uL) 12.2+0.6* 12.847.12 7.816.6°
RBC (x10°/uL) 6.31£0.8* 6.0+1.4% 4.0+0.9*"
Hct (%) 41.4+7.2° 38.4+9.0° 25.146.7%"
Platelet count (x10°/uL) 257+61* 149422 58.7+43"
Serum CRP (ug/mL) 15.4+12.3* 31.9+19.8" 70.7+21.25

WBC: White blood cell count, RBC: Red blood cell count, Hct: Hematocrit, CRP: C-reactive protein
*b< Different letters in the same line represent a statistically significant change between variables
* P<0.05. **P<0.01. and ** P<0.001 compared to healthy controls. * compared to Subclinical Ehrlichiosis

Table 4. Complete blood cell counts in the dogs with subclinical and clinical ehrlichiosis and healthy dogs in the control group

Healthy Subclinical Ehrlichiosis Clinical Ehrlichiosis

Parameter n=10 n=12 n=17

(mean * sd) (mean * sd) (mean + sd)
WBC (K/uL) 12.240.6* 12.8+7.1* 7.8+6.6
Lymphocyte (K/uL) 3.240.3* 1.7 £1.6*° 0.7+0.5°"
Monocyte (K/uL) 0.5+0.0* 0.7 £0.5° 0.6+1.0*
Neutrophile (K/uL) 8.0+0.5° 8.1+4.0° 4.9+3.4*
Eosinophile (K/uL) 0.30+0.00? 0.81+0.23* 0.06+0.04*
Basophile (K/uL) 0.01+0.02° 0.04+0.03° 0.01+0.00°
RBC (x10"%/L) 6.3+0.8° 6.0+1.4° 4.0£0.9°"
Hgb (g/dL) 13.242.1* 12.3+3.3° 7.74£2.2%
HCT (%) 41.4+7.2* 38.4+9.0* 25.146.7°"
MCYV (fL) 65.4+3.6 64.7+6.1* 62.1£6.5"
MCH (pg) 20.8+1.1* 20.4+2.2° 18.8+2.1%
MCHC (g/dL) 31.9+0.8° 31.4+1.7*0 29.5+3.0°"
RDW (%) 15.9+0.8¢ 16.4+2.9° 15.946.9*
PLT (x10°/L) 257+61* 149422 58.7+43¢™
MPV (fL) 7.9+0.2* 9.5+1.6 8.1+2.0°
PCT (%) 0.22+0.05° 0.18+0.01%%" 0.05+0.04°™
PDW (fL) 29.5+0.6* 37.248.7% 32.8+9.2°

*P<0.05 ** P<0.01 *** P<0.001 compared to healthy controls

distribution width

be Different letters in the same line represent a statistically significant change between variables

WBC: White blood cell count, RBC: Red blood cell count, Hgb: Hemoglobin, HCT: Hematocrit, MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin,
MCHC: Mean corpuscular hemoglobin concentration, RDW: RBC distribution width, PLT: Platelet count, MPV: Mean platelet volume, PCT: Plateletcrit, PDW: Platelet

In addition, the TEG analyzer showed hypercoagulable
states (n=19; 11 in subclinical and 8 in clinical CME),
normocoagulable states (n=18, 1 from subclinical CME,
and 7 from clinical CME, and 10 from healthy controls)
in dogs studied (Fig. I, Fig. 2). Although none of the
dogs did not fit into thromboelastographic definition
of the hypocoagulable state, the TEG - PLT mapping
assay displayed the presence of PLT dysfunction and/or
hypofibrinogenemia with a low MA, a-angle, and/or CI

value in two dogs with clinical CME. In addition, these
two dogs had lower G and CI levels than healthy controls.

Correlations

Statistically significant correlations between TEG para-
meters and PLT indices and serum CRP values were as
follows: Negative correlations between PLT count and
a-angle (P<0.01); PDW and MA (P<0.05), G (P<0.05) and
CI (P<0.01); PCT and R time, and positive correlations
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Table 5. Serum biochemistry of the dogs with subclinical and clinical ehrlichiosis and dogs in the control group
Healthy Subclinical Ehrlichiosis Clinical Ehrlichiosis

Parameter n=10 n=12 n=17

(mean + sd) (mean + sd) (mean + sd)
Albumin (g/dL) 2.9+0.4%° 3.1+0.7¢ 2.1+0.5
ALP (U/L) 57.1+36.7% 60.7+32.0* 161.1£96.9°"
ALT (U/L) 25.8+5.5% 45.6+22.5* 133.7+£162.3*
Amylase (U/L) 468+131° 696.8+407.9* 805.8+278.0°
Total Bilirubin (mg/dL) 0.16+0.05a 0.35+0.07* 0.94+1.71>"
BUN (mg/dL) 12.0+5.6* 15.6+9.8* 17.7£15.8°
Ca (mg/dL) 9.2+1.9* 10.2+0.7° 9.5+0.8*
P (mg/dL) 5.5+2.4° 6.1+4.5* 5.3 +1.2°
Cr (mg/dL) 0.7+0.2* 0.8+0.2° 0.7+0.2*
Glucose (mg/dL) 110+21° 934322 884332
Na (mmol/L) 137+0° 138+3° 139+2°
K (mmol/L) 4.2+0.1* 4.7+0.2° 4.5£0.1°
TP (g/dL) 5.9+0.9* 7.2+1.1° 7.0+1.8*
Globulin (g/dL) 2.2+0.7* 4.0+1.1°" 4.8+1.7°"
CRP (ug/mL) 15.4+12.3° 31.9+19.8"" 70.7+21.2°™
ALP: Alkaline phosphatase, ALT: Alanine amino transferase, BUN: Blood urea nitrogen, Ca: Calcium, P: Phosphate, Cr: Creatinine, Na: Sodium, K: Potassium, TP:
Total protein, CRP: C-reactive protein
** Different letters in the same line represent a statistically significant change between variables
*P<0.05, **P<0.01. and ***P<0.001 compared to healthy controls

Table 6. Pearson correlation coefficient (r) results between serum C-reactive protein (CRP) and platelet (PLT) count and TEG parameters in
all dogs studied (n=39)
TEG PLT Count MPV PDW PCT Serum CRP
Parameters 7 P 7 P 7 P 7 P - P
R time 0.189 0.33 0.025 0.89 0.321 0.09 -0.399 0.03 0.100 0.61
K time 0.146 0.45 0.171 0.386 0.519 0.004 -0.207 0.29 0.030 0.87
a-angle -0.485 0.01 -0.213 0.27 0.049 0.80 0.475 0.01 -0.425 0.02
MA 0.159 0.42 -0.066 0.73 -0.363 0.05 -0.106 0.59 0.262 0.17
PMA -0.084 0.66 -0.096 0.62 -0.087 0.65 0.271 0.16 -0.009 0.96
G 0.01 0.95 -0.106 0.59 -0.409 0.03 -0.014 0.94 0.133 0.49
BRI? -0.298 0.12 -0.073 0.70 0.066 0.73 0.296 0.12 -0.302 0.11
A 0.003 0.98 -0.000 0.97 -0.356 0.06 -0.026 0.89 0.113 0.56
€Il -0.112 0.57 -0.158 0.42 -0.523 0.004 0.286 0.14 0.006 0.97
LY30 -0.344 0.07 -0.086 0.66 0.046 0.81 0.470 0.01 -0.350 0.05
Underlined results show statistically significant correlation at least P<0.05 between the related parameters
TEG: Thromboelastography, PLT: Platelet, MPV: Mean platelet volume, PDW: Platelet distribution width, PCT: Plateletcrit, CRP: C-reactive protein, R: Reaction
time, K: Coagulation time, a-angle: Alpha angle, MA: Maximum amplitude, PMA: Projected maximum amplitude, G: G value calculated, EPL: Estimated
potential lysis, A and LY30: Percentage of lysis 30 min after MA, CI: Coagulation index

between PDW and K time (P<0.01), and PCT and a-angle
(P<0.01), and Ly30 (P<0.01). Additionally, a negative
correlation (P<0.05) between serum CRP and a-angle,
and Ly30 (Table 6); and serum CRP level with PLT count
(r=-0.631, P<0.001) were determined.

Di1sSCUSSION

In the present study, TEG changes in E. canis-infected

dogs, which is a disease known to cause a decrease
in the number of PLTs but its effect in other aspects of
coagulation is not well known. There were statistically
significant differences in TEG parameters between
healthy dogs, and dogs with subclinical and clinical CME.
The hypercoagulable state was common in both stages,
especially in the subclinical form of CME; however,
PLT dysfunction and/or hypofibrinogenemia could be
observed in some dogs with clinical CME.
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TEG was used in this report to evaluate the coagulation,
since it provides detailed information compared to
traditional assays such as PT and aPTT on associations
between PLTs and their effects on aggregation, clot
strength, fibrin cross-linking, and the fibrinolysis process
of the hemostasis ['*!. Hitherto, there is no published data or
study on thromboelastographic evaluation of coagulation
status in dogs with naturally occurring CME. Also,
the potential of TEG as a diagnostic tool to distinguish
subclinical from clinical CME is almost unknown.

In this study, there were statistically significant differences
(P<0.05) in TEG parameters (R time, a-angle, PMA,
and CI) between subclinical and clinical forms. The
magnitude of decreases in R- and K-time, and increases
in a-angle, PMA, and CI values were higher in dogs with
subclinical form compared to those of clinical form of
CME. While considering TEG parameters referring to
each specific step of coagulation, observed decreases in
R- and K-time may be related to shortened time for the
enzymatic portion of clot formation (R time) and fibrin-
cross linking or clot kinetics (K time) in dogs with CME.
In addition, increasing MA, PMA, a-angle, and CI were
associated with increasing PLT function/aggregation (MA
and PMA), and clot strength and propagation (a-angle)
in dogs, especially with the subclinical form of CME.
These observations showed that several distinguished
TEG parameters (R time, K time, a-angle, PMA, and CI)
may be used to discriminate clinical form of CME from its
subclinical form in dogs.

TEG analysis has the potential to show the presence of
hypercoagulation earlier than other laboratory tests.
When MA increases, it means that the patient’s blood is
in a hypercoagulable state, and is prone to thrombosis,
and vice versa, when the MA decreases, the patient’s blood
is diluted and prone to bleeding **!. In the present study,
shortened R- and K-times and high a-angle and/or MA
values indicated a hypercoagulable state in 19 out of 29
dogs with CME, as reported earlier "\ In a previous
study M, a hypercoagulable state was reported in dogs
with experimentally induced ehrlichiosis, where the dogs
were not divided into subclinical and clinical subgroups.
Our results from the dogs with naturally occurring CME
confirmed the findings of the hypercoagulation detected
after experimental E. canis infection in dogs '), and
also, extended the current knowledge by indicating that
hypercoagulable state might be more common in the
subclinical form than the clinical form of the disease.
Instead of more TEG parameters, only based on the
TEG G value, a measurement of global clot strength,
the hypercoagulable state was characterized in humans
(>11 dyn/cm?) Y, and dogs (>7.2 dyn/cm?) 2. Thus, the
increase in TEG G value in dogs of our study supporting
the hypercoagulation tendency in dogs is also in parallel

to these findings ®%. Our cut-off of G value (4.0-9.9 dyn/
cm?) used in the present study seems to be higher than
that of Wiinberg et al.®?, due to the possible differences
between TEG activation methods used (kaolin- vs tissue
factor-activation).

Cl is used to the assessment of overall coagulation derived
from other indices including R time, K time, MA, and
a-angle. In the present study, the observed increase in CI
value was associated with hypercoagulation, as reported in
humans with trauma *, and dogs with critical illnesses **.
Mean TEG CI value (4.5£2.9) in dogs with subclinical
CME was similar to the results (4.2+1.9) of our previous
study in dogs with dilated cardiomyopathy ¥ from the
aspect of the presence of a hypercoagulable state.

Although the changes in TEG parameters in dogs studied
did not fit the definition of a hypocoagulable state, the TEG
PLT mapping showed the presence of PLT dysfunction
and/or hypofibrinogenemia in two dogs with clinical
CME. Observed decreases in TEG G and CI values might
be suggestive of bleeding tendency (hypocoagulation) in
these dogs. Also, although there was not a statistically
significant difference in Ly30 value between the clinic
stages of the disease, observed decreases in Ly30 may be
related to a tendency for hypofibrinolysis in dogs with
CME, as reported in a previous study ', In this study,
why the dogs with clinical CME did not show bleeding
signs despite severe thrombocytopenia could be explained
by a common observation of hemostatic phenotype rather
than a bleeding phenotype in E. canis-infected dogs !'"\.

When TEG parameters are interpreted with serum
CRP improves the quality of clinical decision making,
ultimately, the estimation of patient outcomes . As a
result of the inflammatory responses that occur after
rickettsial infections, an increase in acute-phase proteins
is observed as a physiological response *>*I. In our study,
a significant increase of serum CRP was observed in dogs
with CME, especially in the clinical stage, indicating that
CRP may be a useful indicator to detect inflammation in
response to E. canis infection and to discriminate clinical
from the subclinical stage. The higher concentrations of
serum CRP in the clinical phase of ehrlichiosis in dogs
could be a result of the severity of tissue damage and
inflammation .

In the present study, the correlations showed statistically
significant interactions between TEG parameters, PLT
indices, and serum CRP. Circulating PLT count was
correlated negatively with a-angle in dogs studied.
Similarly, Zhou et al.*”! reported that despite decreased
PLT count, TEG parameters of a-angle and MA increased
significantly. While PLT counts decrease, PLT volume
(MPV) and size (PDW) may increase to compensate for
thrombocytopenia in dogs P, thereby giving rise to a
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normal coagulation profile in these patients. In parallel to
this observation, in the present study, normocoagulation
was defined in eight dogs with CME despite the presence
of different severity of thrombocytopenia. These results
showed that PLT’s role in the hemostasis processes
starting from clot initiation to fibrinolysis may have been
more than expected, as reported in our previous study *°\.

A significant negative correlation between serum CRP
level and PLT count showed that thrombocytopenia was
accompanied by elevated serum CRP levels, indicating
that the severity of inflaimmation could have a role in
the decrease in PLTs in this disease. There were negative
correlations between serum CRP level and TEG parameter
a-angle and Ly30 in the present study. This may be
explained by the pro-coagulant effects of CRP because CRP
was reported to be associated with the hypercoagulability
of plasma and increased PLT reactivity . CRP may play
a key role to alter the coagulation process during CME, as
reported in different inflammatory diseases in humans 2!
and dogs ?!1.

One of the limitations of the study is that traditional tests
such as PT and aPTT were not applied together with TEG
analysis. However, while considering the abilities of TEG,
it evaluates primary, secondary, and tertiary hemostasis.
Despite the lack of additional tests evaluating coagulation
status, the results of the study are thought to be inclusive
and significant '"'%%7]. Also, these tests give no information
on the vital interaction between PLTs and the coagulation
cascade. Some patients having normal PT/aPTT values
may have active bleeding because of abnormal hemostasis,
therefore, PT and aPTT tests may be inadequate for
coagulation monitoring . This study included 29 dogs
with CME, whereas, in a previous experimental study,
5 healthy beagle dogs were used to show the alteration
in TEG analysis after E. canis inoculation . Thus, the
number of samples in this study seemed to be adequate
for the study’s aims when compared to others with smaller
sample size . We did not monitor the coagulation of the
dogs during/after the treatment, since this was out of the
scope of this study.

Currently, the indirect fluorescent antibody test (IFAT)
is considered the “gold standard” method for diagnosis
of CME Pl however, cross-reactive antibodies, lack
of standardization of test and trained personnel, and
expensive equipment requirements were reported to limit
the reliability and applicability of IFAT for this purpose !\,
Polymerase chain reaction (PCR), another test for the
diagnosis of CME, is limited usage because of generally
allowing detection of dogs in the acute phase of the
disease 2. In practice, combined commercial ELISA kits
from different companies (Idexx Laboratories, Antech
Diagnostics, and Abaxis, etc.) are commonly used to
detect antibodies to E. canis ¥ with high specificity (99-

100%) and sensitivity (96.2-97.6%) in dogs ***l. Thus,
in this study, using an in-clinic ELISA kit was thought
adequate for the accurate diagnosis of CME, as performed
in our #24 and other previous studies (11460,

Our results showed that there are changes in coagulation
conditions in different stages of dogs with CME. Based on
the TEG values, clot stability, clot kinetics, clot strength,
and fibrinolysis may vary in dogs with CME, regardless
of clinical form; being some TEG parameters of potential
use to distinguish subclinical from clinical ehrlichiosis
in dogs. Hypercoagulability (a state of increased risk for
thrombosis) is more common in dogs with CME, especially
in the subclinical form, whereas PLT dysfunction/
hypocoagulability (a state of increased risk for bleeding)
may be seen in some cases of clinical CME. Inflammation
(represented by elevated CRP) may be associated with
hypercoagulation in dogs with CME. Additionally, further
studies with larger sample sizes are needed to investigate
the PLT dynamics in thrombocytopenic dogs with
ehrlichiosis.
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