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Summary

Vector-borne diseases in dogs are a major health problem of zoonotic importance. Canine monocytic
ehrlichiosis (CME) is one of the most common vector-borne infections in dogs. Co-infections with vector-
borne diseases are reported to cause more severe pathological effects than mono-infections. The current study
investigates the effects of mono- and co-infections with CME on oxidative status and lipid profiles in dogs.
Dogs with vector-borne diseases were divided into two groups, mono-infected (n = 22) and co-infected (n = 23)
with CME, and compared to a healthy group (n =20). Double and triple co-infections with other vector-borne
diseases included A. phagocytophilum, L. infantum, and D. immitis. The serum lipid profile (high-density
lipoprotein (HDL), low-density lipoprotein (LDL), cholesterol, and triglycerides) and the total and individual
markers of oxidative status (total antioxidant capacity (TAC), total oxidant status (TOS), malondialdehyde
(MDA), paraoxonase (PON-1), and arylesterase (ARE)) were evaluated. Significant decreases in PON-1 and
ARE enzyme activities and HDL concentration, as well as increases in TOS level, MDA, LDL, and triglyceride
concentrations were determined in both mono- and co-infected groups compared to the healthy control group.
No significant differences between the groups were found in the TAC level or cholesterol concentration.
In conclusion, alterations in lipid profile and increase in oxidative stress were observed in dogs with CME
compared to the healthy control group, however, no significant differences were detected between mono- and

co-infected dogs.
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Canine monocytic ehrlichiosis (CME) is an impor-
tant vector-borne disease in dogs worldwide. Ehrlichia
canis, a Gram-negative, obligate intracellular bac-
terium is the etiological agent of the disease and is
transmitted to dogs by Rhipicephalus sanguineus (28).
Infection may result in acute, subclinical, or chronic
stages of the disease with a variety of clinical and labo-
ratory symptoms. The acute stage mostly presents with
fever, anorexia, weight loss, lethargy, lymphadenomeg-
aly, hemorrhagic disorders, anemia, thrombocytopenia,
and leukocytosis or leukopenia. Dogs may recover
from the acute stage with treatment, remain sub-
clinically infected, or progress to a chronic stage with
more severe symptoms than acute findings (15, 33).

Oxidative imbalances may occur in the organism as
the disease progresses. Oxidative stress and increased
lipid peroxidation has been shown in dogs with CME
because of free-radical activity and an impaired anti-
oxidant system (2, 8, 36). Paraoxonase (PON-1) and

! This study was partially summarized from the project funded by Adnan Men-
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arylesterase (ARE) are esterase enzymes with antioxi-
dant properties in a complementary structure. PON-1
shows a structure that binds to high-density lipoprotein
(HDL) and protects low-density lipoprotein (LDL)
and HDL from oxidative stress by contributing to the
destruction of organophosphorus compounds, such
as paraoxone and lipid peroxidation products (11). In
humans, PON-1 has been shown to play a role in the
pathophysiology of many diseases (23). Besides being
a biomarker of the antioxidant status, PON-1 is also
evaluated as a negative acute phase protein in humans
and dogs (31, 33). Decreased activity of PON-1 in
leishmaniasis, babesiosis, acute pancreatitis, enteritis,
and CME in dogs has been reported (16, 17, 19, 24,
31, 33, 39).

Dogs are reservoir hosts for a wide spectrum of
vector-borne pathogens (9, 28). Although dogs may be
infected with a single pathogen, multiple vector-borne
diseases can occur sequentially or simultaneously
when dogs are exposed to vectors infected with dif-
ferent organisms (4). Co-infections with vector-borne
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diseases are reported to cause more severe pathological
effects than mono-infections (9, 14). However, a large
proportion of studies in dogs have been carried out by
evaluating vector-borne diseases separately. Moreover,
to the best of the author’s knowledge, no studies have
been conducted to evaluate changes in lipid profiles of
dogs with CME. Therefore, this study aims to investi-
gate the effects of mono- and co-infections with CME
on oxidative status and lipid profiles in dogs.

Material and methods

Animal population and sample collection. The present
study was performed at the University of Adnan Menderes,
Faculty of Veterinary, Department of Internal Medicine,
located in the Aegean region of Turkey from October 2015
to December 2016. The study protocol was approved by
the University of Adnan Menderes HADY EK unit, institu-
tional laboratory animals ethics committee (no: 2015/122,
27.10.2015). Informed written consent was obtained from
all owners prior to enrolment.

A total of 65 dogs were enrolled: 45 mono- and co-
infected with CME, and 20 sex- and age-matched, healthy
control dogs. The initial diagnosis of
vector-borne diseases was established in
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(TAC) and total oxidant status (TOS) levels were measured
with commercially available test kits (Rel Assay Diagnos-
tics, Turkey) and by methods described by Erel (12, 13).
The activities of PON-1 and ARE (Rel Assay Diagnostics,
Turkey), as well as concentrations of HDL, LDL, choles-
terol, and triglyceride (Archem Diagnostics, Turkey) were
also measured with commercial test kits. The malondialde-
hyde (MDA) concentration, to determine the lipid peroxi-
dation, was measured on a spectrophotometer (Shimadzu,
Japan) by a method described by Yoshoiko et al. (41). All
biochemical analyses used in this study had intra-run coef-
ficients with a variation < 10%.

Statistical analysis. Statistical analysis was carried out
with a statistical software package (SPSS 22.0, SPSS Inc.,
Chicago, USA). One-way analysis of variance (ANOVA)
was used for the comparison and the Tukey test was used for
post hoc analysis to determine differences in the biochemi-
cal parameters of the groups. GraphPad Prism (GraphPad
Software Inc., La Jolla, USA) was used to plot graphs. Risk
ratios were calculated for clinical and haematological abnor-
malities in mono- and co-infected groups. A 95% confidence
interval was calculated for the risk ratios. Probability values
of P <0.05 were considered significant.

Tab. 1. Clinical and haematological abnormalities in mono- and co-infected

dogs presenting one or more clinical signs  8roups

associated with the disease. Commercial Clinical and Mono-infected Co-infected Risk analysis between
rapid test kits (Snap 4Dx, Snap Leishma- haematological (n=22) (n=23) mono- and co-infected dogs
nia, Idexx, USA) with the enzyme-linked abnormalities | positive (n) | % | Positive (n) | % | Riskratio (95%Cl) | P
immunosorbent assay principle were used ' mppagenopathy 20 90 16 69 | 1.30(0.96-1.76) | 0.07
for the simultaneous qualitative detection .

of canine antibodies to E. canis, A. pha- Anorexia 15 68 11 47 1.42 (0.85-2.38) 0.16
gocytophilum, B. burgdorferi, L. infan- | Fever 14 63 8 34 | 1.83(0.96-3.47) | 0.05
tum, and the D. immitis antigen in serum | Weight loss 36 12 52 0.69(0.35-1.37) | 0.28
samples. In addition, babesiosis and hepa- | | ethargy 36 13 56 | 0.64(0.33-1.24) | 0.17
tozoonosis were evaluated through the | p o ioioie tesions 18 12 52 | 0.34(0.13-0.91) | 0.01
cytological examination of blood samples.

Dogs that were previously diagnosed with | Epistaxis 3 13 6 26 | 0.52(0.141.83) | 0.29
vector-borne diseases or medically treated | Anemia 16 72 19 82 | 0.88(0.64-1.20) | 0.42
were not included in the study. The control | thrombocytopenia 15 68 17 73 | 0.99(0.63-1.34) | 0.67
group was classified as healthy on the basis |y g0 oqis 10 15 7 30 | 1.49(0.69-3.22) | 0.29
of history, clinical examination, and labo- )

ratory tests. Blood samples were obtained | Leukopenia 3 13 6 2% | 052(0.14-1.83) | 0.29
from Vena cephalica antebrachii following | Pancytopenia 2 2 6 26 | 0.34(0.07-1.54) | 0.13

an overnight fasting, and transferred into
tubes containing EDTA for complete blood
counts and into plain tubes to obtain serum

Tab. 2. Oxidative status and lipid profiles in mono-infected, co-infected and
healthy groups (Mean = SD)

through centrifugation at 3000 rpm for 15

minutes. Serum aliquots were evaluated for Parameters Healthy LB UL Co-infected P
. . . (n=20) (n=22) (n=23)

hemolysis and lipemia and then stored at
~20°C until analysis. HDL (mg/dL) 139.5+14.1 71.5+18.6 77.9+22.0 0.000

Haematologica] and biochemical LDL (mg/dL) 47.6 +27.9 114.9:49.8 112.9+45.3 0.000
analysis. Erythrocyte, leukocyte, and | cHoL (mg/dL) 195.1£25.3 202.4 £ 56.4 201.2£53.7 | 0.906
thrombocyte counts, and the hematocrit | 1516 mo/ar) 40.0:6.6 79.6 £ 41.1 68.6:28.3 | 0.002
value were measured with a complete
blOOd count deVice (Abacus Juni()r Vet 5’ PON-1 (U/L) 255.7+43.0 157.1:£61.9 173.3 £52.8 0.000
Hungary). Serum samples were used for ARE (U/L) 281.8 +55.8 201.2 +48.0 195.0 + 67.7 0.000
the estimation of the biochemic_al profile | TAC (mmol Trolox Equiv./L) 0.66 = 0.01 0.65 + 0.05 0.63+0.05 | 0.165
with an automated clinical chemistry ana- | o5 (umol H,0, Equiv./L) 6.6:0.9 17.2:9.4 19.0:11.1 | 0.000
lyzer (Chemray 120 Automated Analyzer, MDA (umolL 177428 3435139 3574154 0,000
Rayto, China). Total antioxidant capacity (umoliL) 2L el L :
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Results and discussion

Among the 45 dogs with vector-borne diseases,
22 were mono-infected and 23 were co-infected with
CME. Co-infections with another vector-borne disease
included 4. phagocytophilum (n = 7), L. infantum
(n=6), and D. immitis (n=2). Six dogs were co-infected
with both 4. phagocytophilum and L. infantum, and
two dogs were co-infected with A. phagocytophilum
and D. immitis. Twenty dogs were classified as healthy
on the basis of their history, clinical examination, and
laboratory tests. The mean ages (= SD) of the healthy,
mono-infected, and co-infected groups were 4.3 (+2.6),
4.7 (£ 2.8), and 4.8 (£ 2.7) years, respectively. There
were 11 males and 9 females in the healthy group, 10
males and 12 females in the mono-infected group, and
12 males and 11 females in the co-infected group. Age,
sex, and body weight differences between the groups
were insignificant.

Clinical and haematological abnormalities that pre-
sented in more than one case in mono- and co-infected
groups are summarized in Tab. 1. Dermatological lesions
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Aegean Region of the country, where vector-borne dis-
eases are relatively more prevalent (40). Some vectors,
especially ticks, can act as vectors for more than one
infectious agent, causing co-infections (3). Co-infection
with canine vector-borne diseases appears to be common
in endemic regions and potentially complicates the
diagnosis and management of cases (9, 14). The risk
of acquiring vector-borne co-infections may depend on
the prevalence of multi-infected vectors. R. sanguineus
appears to be the main vector for E. canis, whereas the
only known vector for 4. phagocytophilum is Ixodes
ricinus in Europe (35). Transmission of L. infantum can
occur from the bite of sand flies, whereas most mosquito
species are capable of transmitting D. immitis (28). In
the present study, among the 45 dogs with vector-borne
diseases, 22 and 23 were mono- and co-infected with
CME, respectively. Among these, eight triple and 15
double co-infection cases were detected. The most
frequent co-infection was with 4. phagocytophilum
(n=13), followed by L. infantum (n=12), and D. immi-
tis (n = 3). These results draw attention to the relatively

were found to be more common
in the co-infected group (p < 200-2) 300-2)
0.05), but no other significant
differences were observed. — 1504 — _
The oxidative status and |3 ﬁ T 200 —|—
lipid profiles of healthy, mono- | £ 4o 5
infected, and co-infected | 4 y
dogs are presented in Tab. 2. | T sl - - 3 1007
g p 50
Significant decreases in PON-1 J_
and ARE enzyme activities 0 : : : 0 . : :
and HDL concentration’ and Healthy Mono-infected Co-infected Healthy Mono-infected Co-infected
increases in TOS level, MDA, & d
LDL, and triglyceride concen- 4007 5001
trations were found in both - e 59 wox
mono-infected and co-infected | 5390 ~
groups compared to the control | 2 S 300- -
group. However, no signifi- | 32001 = Ezoo—
cant differences were detected | @ <
between mono-infected and 1001 100- J_
co-infected dogs compared to . o
ﬂlle contrql g'ljﬂ-{)up‘t Ehge were Hee;lthy Mono-ilnfected Co-inlfected Hee;lthy Mono-ilnfected Co-inlfected
also no significant differences
between the groups in the TAC | _ 5. ® 80
level and cholesterol concentra- §'
tion. The levels of parameters | 3 40 i ~ 601 - T
with significant differences | '% 304 T s
between the groups are pre- % 5 40-
sented as graphs in Fig. 1. 5 20- <
Vector-borne diseases in | § 104 = 20 =5 T
dogs are a major health problem | @ = 1
of zoonotic importance. Oneof | F o ; ; ; 0 ; ; ;
the most common vector-borne Healthy Mono-infected Co-infected Healthy Mono-infected Co-infected

infections in dogs is CME (28).
Seroprevalence rates of CME
in dogs range between 1 and
41.5% in different areas of
Turkey (38). The present study
was conducted in Aydin, in the

Fig. 1. a)-f) The levels of the parameters with significant differences between the groups
are presented as box and whiskers plots

Explanations: Boxes span the 25" to the 75" percentile; whiskers show the 10" and 90" percen-
tiles; the line inside each box denotes the median. The data were analysed using ANOVA test
followed by Tukey’s post hoc test. Asterisks denote pairwise comparisons to healthy controls.
*P <0.05, **P < 0.01, ***P < 0.001



high prevalence of various vectors and vector-borne
infections in the region.

At least one clinical symptom was present in all mono-
and co-infected dogs. The most common abnormalities
in both groups, without any significant difference,
included lymphadenopathy, anorexia, fever, weight
loss, lethargy, and epistaxis as clinical findings, as well
as anemia, thrombocytopenia, leukocytosis/leukopenia,
and pancytopenia as haematological changes. These
findings were as expected in dogs infected with CME
and other vector-borne diseases (29, 35). However,
dermatological lesions were found to be more common
in the co-infected group (p < 0.05). This condition may
have been related the co-infection with L. infantum.

Oxidative damage is implicated in the pathophysiol-
ogy of many infectious and non-infectious conditions.
There are few studies related to the effects of oxidative
damage on the pathophysiology of CME. Kumar et al.
(21) investigated lipid peroxidation in dogs infected
with CME and co-infected with babesiosis, finding no
significant difference between healthy dogs and dogs
with CME, whereas higher concentrations of MDA
were found in dogs with co-infections. Increases in
levels of nitric oxide, lipid peroxidation, and protein
oxidation have been shown in dogs experimentally
infected with CME (8). Higher levels of lipid peroxida-
tion and decreased activities of superoxide dismutase,
glutathione, and catalase have been shown in natural
co-infections with CME, babesiosis, anaplamosis, and
hepatozoonosis (36). Bottari et al. (2) found higher
levels of advanced oxidation protein products and the
ferric-reducing ability of plasma in acute and subclinical
phases of CME. The present study aims to represent the
oxidative status with total and individual parameters and
to show their relationship to the lipid profile. Methods
for determining the oxidative status include direct and
indirect measurements of oxidants and antioxidants.
Despite some disadvantages, measurements of TAC
and TOS concentrations are a practical way to identify
the oxidative status of an organism (13, 32). One of the
products formed during the oxidative damage-induced
decomposition of polyunsaturated fatty acid is MDA
(8). The present study found significant increases in
TOS levels and MDA concentrations in both mono-
and co-infected dogs. Moreover, no significant differ-
ence between the groups was found in the TAC level.
These results suggest the presence of oxidative damage
and lipid peroxidation in dogs mono- and co-infected
with CME.

The enzymes PON-1 and ARE are part of an antioxi-
dant system that protects HDL and LDL particles from
oxidation (11, 23). The significantly decreased activity
of PON-1 has been demonstrated in dogs diagnosed
with leishmaniosis, babesiosis, parvoviral enteritis, and
acute pancreatitis (17, 24, 31, 39). Furthermore, PON-1
has been evaluated in dogs experimentally infected with
CME (16, 33). Rudoler et al. (33) evaluated PON-1
activity as part of antioxidant response following the
experimental infection of vaccinated and non-vaccinated
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dogs. In the present study, decreased activity of PON-1
was shown in groups, but changes among groups were
indistinguishable. Karnezi et al. (16) examined PON-1
activity in dogs experimentally infected with CME for an
assessment of responses to rifampicin treatment over 42
days. Throughout the study, PON-1 activity did not differ
between treated and untreated dogs. A decreased activ-
ity of PON-1 was found in only one of the groups, on
day 14 after inoculation (16). Another esterase enzyme,
ARE has lipophilic antioxidant characteristics and acts
in conjunction with PON-1. However, the activity of
ARE in dogs has been studied less than that of PON-1.
In the present study, PON1 and ARE activities were
decreased in both mono-infected and co-infected groups.
Changes in the activity of PON-1 were consistent with
results from Rudoler et al. (33). While the individual
antioxidants — PON-1 and ARE activities — were found
to be significantly decreased in the current study, no
significant differences were found in the TAC value,
representing the overall antioxidant characteristics of
the organism. This may be attributed to the enhancement
of other enzymatic or non-enzymatic antioxidants to
compensate for the effects of oxidative damage (6, 18).
Lipids are one of the substrates most susceptible to
oxidative damage. To the best of the current authors’
knowledge, this is the first report on the lipid profile in
dogs with CME. According to the results of the study,
the serum lipid profile significantly changes in dogs
naturally mono- and co-infected with CME.
Ehrlichiosis is known as a catabolic disease — like
most haemoparasites, the agent of the disease cannot
synthesize its own lipids — and is predominantly bound
to HDL derived from the host’s plasma (20, 22). In
a present study, HDL values were significantly lower in
both groups infected with vector-borne diseases com-
pared to healthy dogs. Lower concentrations of HDL
may be associated with the consumption of the host’s
HDL by E. canis, the decreased activity of lipoprotein
lipase, or the impaired function of the liver resulting
from the effects of vector-borne diseases (25, 26).
These results are consistent with previous findings in
dogs with babesiosis (7, 25) and visceral leishmaniasis
(10). Higher concentrations of triglycerides were found
in mono- and co-infected groups. Increased levels of
triglycerides have been demonstrated as part of the
host’s response to infection (5) and presented in dogs
with babesiosis (25). Moreover, a defect in the removal
of triglycerides from circulation, or increased hepatic
production, may be associated with the increase (25).
Bacteria incorporate the cholesterol derived from host
cells to support membrane integrity; therefore, choles-
terol has become necessary for their survival and infec-
tion (22). Nevertheless, the production or biosynthetic
modification of cholesterol enzymes was not identified
in E. canis. No significant difference in cholesterol level
was found between groups in the current study. It can
be suggested that a host cannot affect to the increased
intracellular cholesterol to sustaining intracellular cho-
lesterol with cholesterol-mediated feedback regulation,
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similar to cells infected with A. phagocytophilum (30).
An increased concentration of serum LDL — the “bad
lipoprotein” —is known as atherogenic (1). In the present
study, LDL concentrations were found to be higher in
both mono-infected and co-infected groups compared
to healthy dogs, similar to dogs with leishmaniasis (10,
27, 34). In humans, PON-1 deficiency has been reported
as a predisposing factor for atherosclerosis and cardio-
vascular disease (23). Additionally, decreased levels of
HDL and increased levels of LDL and triglycerides are
referred to as an atherogenic lipid profile in humans (37),
as observed in the current study. These findings suggest
the importance of further studies on the cardiovascular
effects of CME.

In conclusion, alterations in lipid profile and increase
in oxidative stress were observed in dogs with CME
compared to the healthy control group, however, no
significant differences were detected between mono-
and co-infected dogs. The decrease in PON-1 and ARE
activities and in HDL concentration and the increase in
LDL concentration and lipid peroxidation may increase
the complications of vector-borne diseases. These
findings should be taken into account in the diagnosis,
prognosis, and treatment of the cases. Further sequential
studies of experimental infections are necessary to gather
more knowledge on the pathogenesis of co-infections
with vector-borne diseases.
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