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The aim of this study was to evaluate the role of butyrylcholinesterase (BChE) as a marker of inflammation
and liver injury in the acute and subclinical phases of canine ehrlichiosis. Forty-two serum samples of
dogs naturally infected with Ehrlichia canis were used, of which 24 were from animals with the acute
phase of the disease and 18 with subclinical disease. In addition, sera from 17 healthy dogs were used
as negative controls. The hematocrit, BChE activity, hepatic injury (alanine aminotransferase (ALT) and
aspartate aminotransferase (AST)), nitric oxide, and cytokines levels were evaluated. The BChE activity
was significantly elevated (P<0.05) in dogs with the acute phase of the disease when compared to healthy
animals. However, there was a reduction on BChE activity on dogs with subclinical disease compared to
the other two groups. AST and ALT levels were significantly higher (P<0.05) in the acute phase, as well
as the inflammatory mediators (NOy, TNF-c, INF-vy, IL-4, IL-6) when compared to the control group.
On the other hand, IL-10 levels were lower in the acute phase. Based on these results, we are able to
conclude that the acute infection caused by E. canis in dogs leads to an increase on seric BChE activity and
some inflammatory mediators. Therefore, this enzyme might be used as a marker of acute inflammatory
response in dogs naturally infected by this bacterium.
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1. Introduction

Canine ehrlichiosis is a disease caused by a gram-negative
obligate intracellular bacterium known as Ehrlichia canis [1-3],
mainly transmitted by Rhicephalus sanguineus ticks [4,5]. E. canis
is a widely distributed pathogen, more prevalent in tropical
regions of the world [6], responsible for serious life-threatening
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illness in dogs [7]. The disease course has three forms: acute,
subclinical, and chronic. In the acute form, infected animals may
show fever, lethargy, bruising, petechial hemorrhage, weight loss,
hepatomegaly, splenomegaly, cardiorespiratory disorders, throm-
bopenia, and leukopenia followed by leukocytosis. On the other
hand, dogs with the subclinical form of the disease are asymp-
tomatic [2,8,9]. It is possible that these differences on disease
pathogenesis caused by E. canis might be related to other factors
to host’s immune responses, which are not fully understood.

The cytokine profile found in rickettsial diseases has been sug-
gested to be composed of pro-inflammatory cytokines (IL1f3, IL-6,
IL-12, and TNF-a) associated to clinical aggravation of disease
with activation of inflammatory cells and nitric oxide produc-
tion by macrophages [10]. However, cytokines such as IL-10 and
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TGF-B may be involved in immune response modulation and
disease remission [11]. According to the literature, canine acute
ehrlichiosisis a febrile disease with severe hematological disorders;
from the moment these pathogens penetrate the animal’s body,
there is a quick dissemination of them through not well-known
mechanisms, in addition to an ineffective host immune response
[10]. Therefore, it is pertinent to investigate other mechanisms or
systems involved in the host’s immune response against E. canis by
accessing the role of cholinesterases, a well-known marker of the
inflammation process [12].

Cholinesterase represents a group of enzymes that hydrolyzes
acetylcholine and other choline esters [13] known as acetyl-
cholinesterase (AChE) and butyrylcholinesterase (BChE) [14], and
they are involved in neurotransmission, motor coordination, mem-
ory, hematopoiese [15], and anti-inflammatory responses [12]. The
BChE is produced by the liver [16], but can be also found in the
serum, pancreas, kidney, and central nervous system [17], and its
activity is related to the inflammatory process [12]. According to
the literature, BChE can be a prognostic marker of disease, since
low enzymatic levels have been correlated to higher risk of mor-
tality [16]. Therefore, the aim of this study was to evaluate the
participation of BChE in the inflammatory response of dogs nat-
urally infected by E. canis in the acute and subclinical phases of the
disease.

2. Materials and methods
2.1. Animals

In this study, 42 serum samples were collected from dogs natu-
rally infected by E. canis, of which 24 were from animals showing
clinical signs with the acute phase of the disease, and 18 were
from animals with subclinical disease (asymptomatic), but PCR
positives to E. canis. As a negative control group, serum samples
from 17 healthy dogs were also used. The group with acute disease
was composed of 15 females and 9 males with an average age of
3.18 £2.95, ranging from 4 months to 10 years. On the other hand,
the group with subclinical disease had 11 females and 6 males with
an age average of 4.1 + 3.3, ranging from 6 months to 9 years. In
addition, the control group had 8 females and 11 males, with age
average of 3.1 + 3.0 (range of 3 months to 8 years).

Animal history, clinical signs, complete blood work, biochemical
profile, molecular testing’s were performed on each dog in order to
confirm the diagnosis of E. canis and rule out some other diseases.
Blood samples were tested for the presence of E. canis, Babesia sp.,
Anaplasma platys using a previously described nested PCR tech-
nique [18-20],and we have found that these animals were positives
only for E. canis. For PCR analyses, genomic DNA was extracted
from whole blood following the procedures used routinely by the
Laboratério de Diagnéstico Molecular Veterinario do Instituto de
Biociéncias of UNESP Campus in Botucatu, Sdo Paulo, Brazil.

2.2. Hematocrit

Blood was collected by jugular puncture, stored on appro-
priate tubes containing EDTA, and hematocrit examination was
performed using the Standard Microhematocrit method (Centimi-
cro mod. 1-15-Sigma, Germany).

2.3. BChE activity

The BChE enzymatic assay for sera was performed as described
by Ellman [21] using butyrylthiocholine as a substrate. Sample anal-
yses were carried out in duplicate, and the enzyme activity was
expressed in pmoles BcSCh/h/mg of protein.
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Fig. 1. Hematocrit of healthy (control group), and Ehrlichia canis naturally infected
dogs showing acute and subclinical phases of the disease. Different letters in the
graph demonstrate statistical difference between groups (P<0.05).

2.4. Hepatic evaluation

Hepatic function was evaluated in this study since BChE
is produced in the liver. Thus, seric activities of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyltransferase (GGT), alkaline phosphatases (PAL), and
triglycerides and cholesterol were evaluated using Cobas Mira®
analyzer (Roche Diagnostics, Basel, Switzerland) with commercial
kits (Bioclin®). Tests were carried out in duplicate.

2.5. Nitric oxide and cytokines levels

Nitric oxide levels in sera of dogs were evaluated indirectly
by nitrite/nitrate (NOx) quantification according to the technique
described by Tatsch et al. [22], using modified Griess method and
Cobas Mira automated analyzer. NOy results were expressed as
pmol L1,

Tumor necrosis factor alpha (TNF-a), interferon gamma (INF-vy),
and interleukins (IL-4, IL-6, and IL-10) levels were assessed through
Enzyme Linked Immuno Sorbent Assay (ELISA) using commercial
kits specific for dogs (Milliplex® MAP) and according to the man-
ufacturer’s instructions. The concentration of the cytokines was
determined by the intensity of the color measured spectrophoto-
metrically using a microplate reader. All tests were performed in
duplicate.

2.6. Statistical analysis

The data from infected dogs were first analyzed descriptively,
where measures of central tendency (median) and data dispersion
(range that stands for the interval between the minimum and maxi-
mum values in the data) were computed. Further, all variables were
submitted to Shapiro Wilk’s W-test for normally distribution verifi-
cation, and since most of the variables did not met the assumption
of parametric testing, a nonparametric test was used for three inde-
pendent groups Kruskal-Wallis test. Correlation among BChE and
AST, ALT, GGT, PAL, TNF-«, and IFN-y was also tested by Sperman
Rank correlation test. It was considered statistically different when
P value was <0.05.

3. Results
3.1. Clinical evaluation and hematocrit

Dogs from the control group and those with subclinical disease
caused by E. canis showed no apparent clinical signs, unlike those
dogs with the acute infection that showed various clinical signs
such as apathy, appetite loss, and fever. In addition, the hematocrit
of dogs with acute infection was lower compared to healthy dogs
(Fig. 1). It is important to point out that more than 40% of the dogs
with acute infections had ticks.
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Table 1

Butyrylcholinesterase (BChE), nitric oxide (NOy), tumor necrosis factor alpha (TNF-a), interferon gamma (INF-v), and interleukins (IL-4, IL-6, and IL-10) levels of dogs natural
infected by Ehrlichia canis (acute and subclinical phases) compared to healthy dogs (control).

Variables Healthy dogs (control) Infected dogs (acute phase) Infected dogs (subclinical)
BChE 11.48 (7.6-12.74)° 14.88 (11.51-24.2)2 8.30(5.14-12.69)°
NOy (pmol L") 446.8 (76.40-1218.80)¢ 822 (648.80-2109.9)? 568 (53.80-1735.80)°
TNF-a (pg mL~1) 75 (65.0-90.0)° 177 (138.00-194.0)* 150.5 (121.0-160.0)°
IFN-y (pgmL-1) 61.5 (57.0-80.0)° 164 (129.0-187.0)? 138.5 (117.0-155.0)°
IL-4 (pgmL~1) 43.5(37.0-57.0)¢ 161.5 (144.0-190.0)? 129.5(119.0-141.0)°
IL-6 (pgmL-1) 51.5 (44.0-63.0)° 144(118.0-167.0)2 105.5 (85.0-140.0)°
IL-10 (pgmL-1) 70.5 (54.0-94.0)* 30(17.0-54.0) 55.5 (39.0-70.0)°

Same letters in the same row indicate no statistical difference between groups. Values with P<0.05 were considered statistically different. Data were presented as median

and range values (minimum-maximum).

3.2. Seric BChE activity

BChE results were shown in Table 1. Animals with acute infec-
tion by E. canis had a significant increase (P<0.05) in seric BChE
activity compared to healthy animals. On the other hand, seric BChE
activity was reduced on dogs with subclinical infection compared
to the other two groups.

3.3. Inflammatory mediators and BChE activity

NOy, TNF-c, INF-, IL-4, IL-6 and IL-10 data are shown in Table 1.
A significant difference (P<0.05) among the three groups was
observed for all studied variables, and an obvious increase was
noticed for NOy, TNF-c, INF-v, IL-4, and IL-6 levels on dogs with the
acute phase of the disease in comparison to the control and subcli-
nical groups. On the contrary, IL-10 levels were lower on the acute
phase of the disease. Fig. 2 shows significant correlations among
dogs with ehrlichiiosis on different phases of the disease: BChE
and TNF-a on the subclinical phase (r=-0.28, P=0.001); BChE and
TNF-a on the acute phase (r=0.04, P=0.02); BChE and INF-y on the
subclinical phase (r=-0.28, P=0.001), and BChE and INF-vy on the
acute phase (r=0.03, P=0.04).

3.4. Hepatic function and BChE activity

ALT, AST, GGT and PAL results are shown in Table 2. Signifi-
cant differences (P<0.05) were observed among the three studied
groups for all variables. On the acute phase, AST and ALT activities
were increased compared to control and subclinical groups. On the
other hand, GGT and PAL levels were higher on the subclinical phase
of the disease. Fig. 3 shows significant correlation between BChE
and AST on the subclinical phase (r=-0.32, P=0.001); between
BChE and AST on the acute phase (r=0.27, P=0.02); between BChE
and ALT on the subclinical phase (r=-0.13, P=0.001); and between
BChE and ALT on the acute phase (r=0.10, P=0.03). No correla-
tion was observed between BChE, GGT, and PAL. Triglycerides and
cholesterol levels not differ between groups (P> 0.05).

4. Discussion

In this study, dogs naturally infected by E. canis showed two
phases of the disease. Dogs acutely infected showed decreased
hematocrit when compared to dogs in the subclinical form of canine
ehrlichiosis or to those uninfected animals. These results corrob-
orate with Castro [9] and Villaescusa [23], which found reduced
levels of erythrocytes and hemoglobin in infected dogs, indicat-
ing a possible anemia due to hemolysis. We also evidenced clinical
signs on infected animals such as apathy, appetite loss, and fever as
previously described by Da Silva et al. [5]. Although animals with
acute ehrlichiosis showed higher ALT and AST, we were unable to
correlate these finding to liver injury, since these parameters were

within normal range for the species and they may not have clinical
relevance.

Based on the NOy and cytokines results, it is possible to assure
that there was an immunological response against E. canis in
dogs with the subclinical and acute phases of the disease. How-
ever, in the acute phase, the inflammatory response was stronger.
This conclusion was based on the following findings: higher
NOx and pro-inflammatory cytokines levels compared to lower
anti-inflammatory cytokine (IL-10) on the same animals. Similar
findings have been described in experimental infection by E. canis
[5,10] in dogs.

A positive correlation between BChE activity and pro-
inflammatory cytokines or markers of hepatic injury was observed
in dogs with the acute form of the disease caused by E. canis, i.e.
all these variables were increased in canine sera. Based on our
data, it is possible to assure that BChE is actively involved in the
inflammatory response of canine ehrlichiosis, since BChE is a ser-
ine hydrolase that catalyzes the hydrolysis of esters of choline,
but can also take AChE role in acetylcholine degradation when
acetylcholinesterase is inhibited or absent [24]. Then, when there
is an increase in the AChE and/or BChE activities, a rapid degra-
dation of ACh occurs, which is considered an anti-inflammatory
molecule that binds to nicotinic receptors in lymphocytes surfaces.
As aresult, there is an inhibition of cytokines, serotonin, histamine,
nitric oxide, lysosomal enzymes, prostaglandins, and leukotrienes,
known as mediators of the inflammatory process [12,15,25,26].
Therefore, we suggest that the inflammation triggered by the E.
canis infection leaded to BChE activity increase and, as an outcome,
there is a decrease of ACh, which possess anti-inflammatory prop-
erties. Our results also show a probable hepatic injury proved by
ALT and AST increase in the acute phase of the disease, which could
interfere with the hepatic synthesis of BChE [16].

The negative correlation found between BChE and markers
of immune response or liver injury on animals with the subcli-
nical phase of ehrlichiosis could be explained by two different
ways: BChE levels are strongly influenced by inflammation, and
it can be decreased dramatically in the acute inflammatory phase
[27]. Moreover, positive acute-phase proteins, such as C-reactive
protein (CRP), may increase during inflammatory diseases; nega-
tive acute-phase proteins (albumin, prealbumin, and transferrin)
inversely respond [28,29]. These proteins reflect cytokine induced
stress and catabolism, which in turn, affect patient’s clinical con-
dition even for those with subclinical disease. Due to its short
half-life, some authors speculate the usefulness of seric BChE as a
nutritional and prognostic marker since it rapidly changes under
general clinical conditions and nutritional status [30]. The sec-
ond way (not excluding the first) to explain negative correlation
between BChE versus markers of immune response or liver injury
is the fact that BChE is synthesized in the liver, thus, hepatocel-
lular impairment could decrease the amount of BChE. In fact, its
plasma levels decrease in acute and chronic liver damage, cirrho-
sis, and liver metastases, being a biochemical marker of organ
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Fig. 2. Correlation between BChE versus TNF-a and BChE versus INF-y considering: control group and acute phase group; and control group and subclinical group.

Table 2

Alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT), alkaline phosphatases (PAL), triglycerides and cholesterol of dogs

natural infected by Ehrlichia canis (acute and chronic phases) compared with healthy dogs (control).

Variables Healthy dogs (control) Infected dogs (acute phase) Infected dogs (subclinical)
ALT (UL1) 29.5 (11.0-48.0)¢ 37.5(26.0-74.0 24 (15.0-59.0)
AST (UL1) 27.5 (9.0-47.0)° 40.5 (19.0-80.0)? 33 (13.0-67.0)
GGT(UL™) 3.4(1.2-4.2)° 435 (2.8-5.6)° 6.4 (4.6-8.2)
PAL(UL1) 23.4(18.1-29.7) 39.3(21.3-56.4)° 73.4(48.9-120.3)
Triglycerides (mgdL-") 45.3(23.7-66.7) 33.4(21.2-57.5) 40.8 (27.5-69.4)2

(

Cholesterol (mgdL-1) 125.4 (89.4-187.0)2

109.1(81.2-130.1)

121.2(77.9-174.2)*

Same letters in the same row do not differ statistically between groups. Values with probability (P<0.05) were considered statistically different. Data were presented as

median values and the range (minimum-maximum).
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Fig. 3. Correlation between BChE versus AST and BChE versus ALT considering: control group and acute phase group; and control group and subclinical group.

injury [13]. Considering that, severe hepatitis in E. canis infec-
tion may lead [31] to liver hyperplasia and increased liver-specific
enzymatic activities such as alanine transaminase and alkaline
phosphatase that have been reported in dogs with acute phase of
the disease [32,33], similarly to what was observed in this current
study.

Based on these results, we conclude that the role of BChE in
canine ehrlichiosis is different on the acute and subclinical phases,
where acute infection leads to increased seric BChE activity, as well
as to inflammatory mediators measured in this study. Therefore,
this enzyme can be used as a marker for inflammatory responses

during the acute phase of E. canis infection on naturally infected
dogs. In the subclinical phase, the dogs showed a reduction in BChE
activity, which has probably occurred by hepaticlesions, which may
be interfering with hepatic enzymatic synthesis.
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