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Experimental Ebrlichia canis infection
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Abstract

Early diagnosis of canine chrlichiosis favors prompt institution of treatment and improves the prognosis for the
animal, since this disease causes mortality among dogs. Studies have shown that determining the concentration of
acute-phase proteins (APPs) may contribute towards early detection of disease and aid in predicting the prognosis. This
study aimed to evaluate the APP profile in dogs experimentally infected with Ebrlichia canis, at the start of the infection
and after treatment. It also investigated whether any correlation between APP levels and the clinical and laboratory
alterations over the course of the disease would be possible. The results obtained showed abnormal levels of all the APPs
on the third day after infection (D3), with the highest levels being reached on D18, with the exception of ceruloplasmin
and acid glycoprotein, which presented their peaks on D6 and D12 respectively. We concluded that assessment of
APP levels could contribute towards establishing an early diagnosis of canine ehrlichiosis, particularly regarding acid
glycoprotein and ceruloplasmin, since these proteins were detected at increased levels even before the onset of clinical
and laboratory findings of the disease.
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Resumo

O diagnéstico precoce da erliquiose canina favorece a pronta institui¢io do tratamento e melhora o prognéstico
do animal, pois se trata de uma doenga de alta mortalidade em caes. Estudos tém apontado que a determinagio da
concentragio de proteinas de fase aguda (PFA) pode contribuir para detecgao precoce de doencas e auxiliar na predi¢ao
do prognéstico. O presente estudo objetivou avaliar o perfil de proteinas de fase aguda (PFA) em cies experimentalmente
infectados com Ebrlichia canis, no inicio da infec¢io e apds o tratamento. Além disso, se seria possivel associd-las com
as alteragoes clinico-laboratoriais durante o curso da doenca. Os resultados obtidos evidenciaram que todas as PFA
estudadas alteraram suas concentragoes em D3 (dia 3), comparadas ao DO, atingindo concentragbes méximas em D18,
com excecio da ceruloplasmina e da glicoproteina 4cida, cujos picos foram observados em D6 e D12, respectivamente.
Concluimos que a avalia¢io das concentragoes de PFA poderiam contribuir para o diagndstico precoce da erliquiose
canina, principalmente com relagio 4 ceruloplasmina e glicoproteina 4cida, pois seus aumentos foram anteriores ao
aparecimento dos sinais clinicos e das alteragées laboratoriais da doenca.
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Introduction

Canine ehrlichiosis is a disease with high incidence among
domestic dogs in Brazil (DAGNONE et al., 2003; NAKAGHI et al.,
2008; FARIA et al., 2010; VIEIRA et al., 2011), with extensive
mortality. It is a tick-borne disease caused by Gram-negative bacteria,
of the species Ebrlichia canis, mostly transmitted by Rhipicephalus
sanguineus (LEWIS et al., 1977; TROY; FORRESTER, 1990).
This disease has no predilection for age or sex and compromises
the host’s organic systems in several different ways, with varying
degrees of severity (TROY; FORRESTER, 1990; CASTRO etal,,
2004; NAKAGHI et al., 2008). Early diagnosis of this infection
in dogs can lead to immediate treatment of the disease and, thus,
may favor a better outcome.

Systemic ehrlichiosis induces an acute-phase reaction from
the infected animal’s immune system. This response consists of a
complex reaction that triggers an increase in the levels of fibrinogen
and other proteins known as acute-phase proteins (APPs), which
are believed to act towards restoring homeostasis and removing the
cause of the disturbance (TRAUTWEIN et al., 1994; GABAY;
KUSHNER, 1999; CERON et al., 2005).

The acute-phase reaction is a complex defense system that
anticipates the signs indicating the onset of systemic infection,
which is activated in an attempt to prevent infection and contribute
towards resolution of the morbid process (CRAY et al., 2009).
APDPs are part of the nonspecific reaction of the innate immune
system, which is the organism’s first line of defense at the early
stages of the disease. This physiological mechanism allows time for
the organism to activate other more specific lines of defense, such
as cellular and humoral immune responses (CERON et al., 2005).
Determination of APP levels could contribute towards assessing
the onset of diseases and be helpful in establishing exact diagnoses
(CERON et al., 2005).

Electrophoretic fractioning is known as one of the most
trustworthy means for identifying and quantifying proteins
present in body fluids and could possibly be used for assessing
APPs (KANEKO et al., 1997). According to Gordon (1975),
polyacrylamide gel electrophoresis containing sodium dodecyl
sodium sulfate (SDS-PAGE) not only is a relatively simple and
low costing technique but also would allow detection of extremely
low levels of protein and identification of 20 to 30 different
protein types.

The present study aimed to evaluate, using the electrophoretic
fractioning assay, whether APPs (ceruloplasmin, transferrin, albumin,
haptoglobin and acid glycoprotein) would become elevated during
the acute phase of experimental E. canis-infections in dogs, as well
as after treatment. The study also assessed correlations between these
APP levels during infection development and the development
and evolution of clinical signs and laboratory parameters.

Materials and Methods

The present study was approved by the Ethics Committee
for Use of Animals (CEUA) of Universidade Estadual Paulista
(UNESP), Jaboticabal campus (protocol no. 002460-08).
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Ten dogs of mixed breed (both males and females) were used
in the study. The dogs were two years old and originated from
the same litter of pups bred at the experimental kennel located
at the Veterinary Hospital of UNESD, in Jaboticabal. All the
animals were free of ectoparasites, and had not had any prior
contact with these at the time of the study. Their weights ranged
from 13.3 to 19.5 kg.

Experimental animals and time periods — Before the dogs
received the inoculation, 10 mL of blood was taken from each
animal for use in assessing the blood cells, performing nested
PCR (nPCR) and investigating the presence of anti-E. canis and
anti-Babesia canis serum antibodies by means of the indirect
immunofluorescence test (IFAT). These tests were done to confirm
that all dogs were free of infections from both of these parasites
prior to inoculation. The animals were randomly allocated to
two experimental groups: group A, composed of five dogs that
were inoculated with E. canis (animals numbered Al to A5) and
group B, composed of the remaining dogs (animals numbered
B1 to B5), which were kept as non-inoculated controls. The
five animals in group A were inoculated using individual doses
of 3 mL of blood infected with a sample of E. canis Jaboticabal
(Gene Bank no. DQ401044), which had been previously isolated,
cultured in DH82 cells and conserved in liquid nitrogen by R. Z.
Machado (1993), in accordance with Buhles Junior et al. (1974).
After inoculation, all the dogs in both groups were assessed and
clinically examined daily, focusing on the animals’ body temperature
and palpation of abdominal organs and lymph nodes. Individual
food and water intakes were also logged and assessed. The possible
presence of morulae in capillary blood taken from the ear tip of
each animal, up to the time when parasitemia was confirmed, was
investigated for all the five infected dogs.

Thirty days after inoculation, the dogs in the infected group were
treated orally with 5 mg/kg of doxycycline hyclate (Doxifin’, Ouro
Fino) every 12 hours for 21 days (TROY; FORRESTER, 1990).
After the end of the experiment, all the dogs tested negative for
Ebrlichia canis by means of PCR, and consequently were donated.

The times at which the experiment was assessed were determined
based on the behavior of APPs described in Rikihisa et al. (1994)
and Shimada et al. (2002), and on the expected disease process
of the experimental infection by the E. canis Jaboticabal strain
(CASTRO et al., 2004), as shown in Table 1.

Immunofluorescent Antibody Test (IFAT) for Ebrlichia
canis and Babesia canis — IFAT was performed as described by
Camargo (1974) and standardized by Nakaghi et al. (2008) for
the E. canis system, and as described by Furuta et al. (2009), for
the B. canis system

DNA extraction and nested PCR (nPCR) analysis — Using
the commercially available QIAamp” DNA Blood Mini Kit
(cat. No. 51104, Qiagen’), DNA was extracted from the blood
samples in accordance with the manufacturer’s recommendations.
For every ten samples, a blank tube containing ultra-pure water
(Promega) was included in the DNA extraction, to check the
possibility of contamination in this process. A two-step amplification
reaction was performed using a thermal cycler (M] Research; PTC
200), as described by Murphy et al. (1998) and Nakaghi et al.
(2008). DNA extracted from the blood of a dog infected with
E. canis (Jaboticabal strain) was used as a positive control. In each
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Table 1. Experimental protocol for controls and dogs experimentally infected with the E. canis Jaboticabal strain.

Days after inoculation

3

Assessment
Inoculation of E. canis
Complete blood count X
E. canis serology
B. canis serology
nPCR for E. canis

APP electrophoretogram

TR KKK Ko

DOXyCyCIil’lC treatment

6 12 18 30 76

X X X X X

X X

X X

X X X X X
X

set of reactions, five tubes containing ultra-pure water (Promega)
were used as a template control and they were all cleaned after the
amplification procedure. In order to prevent PCR contamination,
the DNA extraction, reaction setup, PCR amplification and
electrophoresis were performed in separated rooms.

Serum protein electrophoretogram — Protein content was
assessed by means of electrophoretic fractioning in a vertical system
using the SDS-PAGE method, with the gel prepared as described
by Laemmli (1970). Molecular weight and protein fraction levels
were determined using readings from a computerized densitometer
(Shimatzu CS-9301, Tokyo, Japan) and manual calculation
(NAOUM, 1999; THOMAS, 2000; FAGLIART; SILVA, 2002).
To identify the protein content, 10 different markers of molecular
weights ranging from 20 to 200 kDa, and the purified proteins
ceruloplasmin, transferrin, o, -antitrypsin, IgG and haptoglobin
were used. The data collection times are described in Table 1.

Statistics — The results obtained in the study were analyzed
using analysis of variance for repeated measurements, in which
one parameter was the experimental unit (time) and the other
parameter was the different groups (control/infected). The group
means were compared using Tukey’s range test. Values of p < 0.25
for the interaction time in each group and of p < 0.05 between the
groups were considered significant. The SAS software (Statistical
Analysis System, 2006) was used for the analysis.

Results and Discussion

The electrophoretograms on the samples collected during
the experimental period revealed that 25 protein fractions were
present in the densitometric analysis on the serum samples from
the animals used in the present study. Of these, five proteins were
considered important for the study: ceruloplasmin (125 kDa),
transferrin (79 kDa), albumin (69 kDa), haptoglobin (45 kDa)
and acid glycoprotein (40 kDa). All the five tagged proteins
showed significant (p < 0.25) interaction times in each group,
thus indicating that, during the study period, the curves followed
different trends for the different groups.

The acute phase of canine ehrlichiosis usually manifests
eight to 20 days after the host has been infected by the bacteria
(TROY; FORRESTER, 1990). All the infected dogs developed
inappetence around the 17" day post-inoculation (PI) and presented
hyperthermia that peaked between days 12 and 20 PI (39.0 + 1.0 and
39.8 + 0.4 °C, respectively). In addition to high body temperatures,

the infected dogs also presented slight lymphadenomegaly, particularly
at the submandibular, prescapular and popliteal lymph nodes.
Following the period of hyperthermia, body temperature varied
individually in the infected dogs, and high body temperatures were
detected until the 28™ day PI in one animal (A5). If body temperature
reached more than 39.5 °C, the dogs received dipyrone, 28 mg/kg
subcutaneously (SC). Two dogs (Al and A4) presented splenomegaly
after day 14 PI, which persisted in both of them until treatment
was instituted. Subsequently, the spleen size reduced gradually to
normal levels over the course of the treatment. As described by
other authors (TROY; FORRESTER, 1990; CASTRO et al., 2004),
no clinical or hemarological abnormalities were detected in the
present study, in any of the animals of the control group during
the evaluation period.

Thrombocytopenia (mean platelet count 181,000 + 30879
platelets/pL) was observed starting on the third day PI (D3)
and became statistically significant (p < 0.01) by D6 in the dogs
of group A. This persisted until the end of the experimental
observation period, even after treatment had been instituted
(181,400 + 24,048 platelets/uL)). Leukopenia was observed as
early as D6 (mean leukocyte count of 5,180 + 1361 leukocytes/
UL, p = 0.03), and persisted until the end of the assessment
period (mean leukocyte count 5,180 + 746 leukocytes/uL).
The dogs presented persistent anemia throughout the study,
mainly at low levels, detected on D12 (mean erythrocyte count
5,980,000 + 266,000 erythrocytes/uL). Higher anemia rates were
detected on day D18 (4,516,000 + 198,000, p < 0.01) and on
D30, when the lowest erythrocyte counts were measured (mean
erythrocyte count 4,220,000 + 903,000 erythrocytes/UL, p < 0.01).

Castro et al. (2004) reported that transitory leukopenia
appeared in the second week after inoculation of their dogs, and
that the leukocyte levels returned to normal during the following
week. The onset of thrombocytopenia was found to coincide with
that of leukopenia, while the onset of anemia was detected in the
first week PI and attained its highest rate in the third week PI
(2.900.000 erythrocytes/uL). The assessment of blood cell levels in
the present study showed abnormalities similar to those described
by Castro et al. (2004), although they occurred much earlier
in the development of the infection. This discrepancy was not
expected, since both studies used the Jaboticabal strain of E. canis
for experimental infection of the dogs. One possible explanation
for this difference could be the strain used. While Castro et al.
(2004) used the original strain, with a sample which had been
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cryopreserved, the strain in the present study had previously
been passed through a line of cultivated canine monocytes
(DHB82-ATCC, USA). This procedure could have increased the
strain’s virulence, an occurrence that has already been reported
in relation to other infective agents (WELLMAN et al., 1988).

Another possible explanation for the discrepancy could
relate to the animals that received the inoculum. Castro et al.
(2004) inoculated the E. canis Jaboticabal strain into four-month
old German shepherd pups, a breed that is known to develop
clinically severe cases of the disease (TROY; FORRESTER, 1990;
SHIMADA et al., 2002). Since the animals used in the present
study were two-year-old dogs of undefined breed, it would be
expected that these would present much milder development of
clinical signs. This, however, was not the case. These variations
indicate the need for better understanding of the physiopathology
of experimental canine ehrlichiosis, since it would seem that factors
other than breed and age could be involved in the development of
the infection, as well as indicating that different levels of virulence
may occur in different samples.

Morulae were found in the cytoplasm of cells from blood taken
from the ear tips of three of the five animals in group A (A2, A4
and A5) after D15, which confirmed the presence of bacteremia
(or rickettsemia) and E. canis infection. The experimental infection of
dogs using the E. canis Jaboticabal strain showed minimal variation
regarding the time at which the bacteremia (or rickettsemia) is
initially detected and also in relation to manifestation of clinical
signs, and this is confirmed by the studies of Castro et al. (2004).
These authors detected intracytoplasmic morulae from day 12 PI
onwards, a time that coincided with occurrence of hyperthermia
in the animals, similar to the results found in the present study.

On day 0 all dogs were serologically negative for E. canis
and B. canis by IFAT, confirming that none of the animals had
been previously exposed to these organisms. In the subsequent
assessments (D18 and D76), the dogs in group B continued to be
negative for anti-£. canis antibodies, while the opposite situation
was seen among the dogs in group A, at both assessment times. The
antibody titers ranged from 1:2,560 to 1:5,120 on D18 and from
1:320 to 1:2,560 on D76. Reports on experimental infection in
German shepherd dogs using the E. canis Oklahoma strain described
detection of anti-£. canis antibodies already on the second day
PI. These titers were found to increase until the 10™ day PI and
maintained high levels thereafter, with titers ranging from 1:160
to 1:10240 (RIKIHISA et al., 1994). Other authors observed
seroconversion in Beagles infected with the same Oklahoma strain,
occurring between days 5 and 15 PI with increasing levels, and
reaching 1:40,960 on day 65 PI (SHIMADA et al., 2002). E. canis
DNA was detected in the dogs of group A only on D18 (Figure 1),
and all the dogs became PCR negative after treatment (D76).

The ceruloplasmin levels in group A increased gradually
starting on D3, and attained the highest levels on D6 and D12.
The same dynamic was observed for acid glycoprotein, and after
D12 these levels decreased greatly until D30, when the process
reverted. A significant difference (p < 0.01) was found between
the groups on days 6 and 12 PI (Figure 2). It seems that an
increase in ceruloplasmin levels would be an early indicator of
the onset of inflammatory processes in dogs with hemorrhagic
gastroenteritis (KOGIKA et al., 2003); in other diseases such as
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pyometra in bitches (FARIA JUNIOR, 2004), and in canine
babesiosis (ULUTAS et al., 2005). This information agrees with
our findings, in which the levels of ceruloplasmin peaked shortly
after the experimental infection (DG6), even before the onset of
clinical signs. Nevertheless, no other reports regarding the serum
levels of ceruloplasmin in dogs with ehrlichiosis were found, and
thus further comparisons with the results found in this study
were not possible.

Transferrin, a negative acute-phase protein, behaved as a
positive APP and thus differently from what was expected. The
levels of this protein in group A increased up untl D18, when
they reached their highest levels, and then decreased to levels
close to those presented basally, before infection. In group B, the
levels of transferrin remained almost unaltered throughout the
study, except on D30, when a slight decrease in these levels was
detected. Significant differences (p < 0.01) between the groups
were seen on D18 and on D30 (Figure 3). Transferrin levels are
found to become elevated in inflammatory processes triggered by
some diseases, in the same way as seen with ceruloplasmin. This
occurrence was verified in the present study. Rodrigues (2006) also
observed more elevated levels of transferrin in bitches subjected
to cesarean section surgery, in compared with those that delivered
their litters naturally, without surgical intervention. In the same
way, dogs that presented positive IFAT reactions to visceral canine
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Figure 1. Amplified products from nPCR for detection of E. canis
DNA in whole blood samples from the dogs in groups A and B on the
18" day after experimental infection. Column 1: marker of 100 base
pairs (bp) for molecular weight. Column 2: positive control. Columns
3 to 7: animals in group B. Columns 8 to 12: animals in group A.
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Figure 2. Graphical representation of the averages (vertical bars) and
standard deviations (vertical lines) of concentrations of ceruloplasmin
in infected and control dogs over the course of the experimental
period. *Statistical difference between the groups at the level of <0.01.
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leishmaniasis were found to have higher serum levels of this APP
than shown by non-infected dogs (RIBEIRO, 2007).

The albumin levels were similar in the two groups up until
D12. In the subsequent assessments, on D18 and D30, these
levels decreased dramatically in group A, and were found to
have become significantly different from group B (p < 0.01 on
D18 and p = 0.01 on D30) (Figure 4). The reduction in serum
albumin levels was expected, since it is a negative APP, and this
was in accordance with the hypoalbuminemia described in natural
canine ehrlichiosis infection (TROY; FORRESTER, 1990;
HARRUS et al., 1996; NELSON; COUTO, 1998). Occurrences

Transferrin

—_ —_ [} 5%}
(=} A (=) N
(=} [} (=} [}
1 1 1 1

Concentration (mg/L)

N
(=]
Il

niis

Experimental days

76

O Control @ Infected

Figure 3. Graphical representation of the averages (vertical bars) and
standard deviations (vertical lines) of concentrations of transferrin in
infected and control dogs over the course of the experimental period.
*Statistical difference between the groups at the level of <0.01.

Albumin
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0 3 6 12 18 30 76

Experimental days

0O Control @ Infected

Figure 4. Graphical representation of the averages (vertical bars) and
standard deviations (vertical lines) of concentrations of albumin in
infected and control dogs over the course of the experimental period.
*Statistical difference between the groups at the level of <0.01.
# Statistical difference between the groups at the level of 0.01.
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of hypoalbuminemia have been attributed to anorexia, peripheral
loss of albumin in edema fluid occurring in tissue due to increased
vascular permeability, blood loss, nephropathy and decreased
protein synthesis due to concomitant liver disease presented by
infected dogs (HARRUS et al., 1996).

In group A, the haptoglobin levels were highest on D6 and
D18. After D18, they gradually decreased until, at the end of the
experimental assessment period, they attained levels lower than
those presented initially. Group B presented its highest haptoglobin
levels on D6 and afterwards on D30, although these were found to
be well below those of the infected group. The levels in the infected
group declined towards the end of the experimental period, to levels
similar to those of Group B. The groups presented a significant
difference (p < 0.01) in the results only on D18 (Figure 5).
Although not in relation to canine ehrlichiosis, haptoglobin
levels had already been assessed in many studies in relation to
infectious diseases (KOGIKA et al., 2003; DABROWSKI et al.,
2007; MATIJATKO et al., 2007), inflammatory diseases
(BAYRAMLI; ULUTAS, 2008; LOWRIE et al., 2009) and
neoplasia (MISCHKE et al., 2007). Under all the conditions
described, haptoglobin levels were found to be higher than under
normal conditions. Bayramli and Ulutas (2008) considered
that this APP was an important marker for inflammation and
infection, and that it would be useful for monitoring treatment
and evaluating disease prognosis among dogs.

The serum levels of acid glycoprotein in group A started to
rise on D3, peaked on D12, and afterwards decreased to levels
similar to those presented on DO, with significant differences
(p < 0.01) between the groups on D6 and D12. The levels in the
control group did not differ significantly (p > 0.05) throughout
the assessment period (Figure 6). According to Rikihisa et al.
(1994), acid glycoprotein can be used as a tool for assessing the
severity of inflammatory lesions in dogs with chrlichiosis. These

Haptoglobin
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Figure 5. Graphical representation of the averages (vertical bars) and
standard deviations (vertical lines) of concentrations of haptoglobin
in infected and control dogs over the course of the experimental
period. *Statistical difference between the groups at the level of <0.01.
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Acid glycoprotein
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Figure 6. Graphical representation of the averages (vertical bars) and
standard deviations (vertical lines) of concentrations of acid glycopro-
tein in infected and control dogs over the course of the experimental
period. *Statistical difference between the groups at the level of <0.01.

authors reported an increase in the levels of this protein as early
as on the second day PI, in German shepherd dogs infected with
the Oklahoma strain. The differences found regarding the peaks
of acid glycoprotein levels could be attributed to the strain of
E. canis used in the infections, which, as already discussed earlier,
could present different levels of pathogenicity. Furthermore, the
concentration of the inoculum and the breed of the dogs used in
the experimental infection could exert influences on these results,
as could the fact that, in the present study, the assessments were not
performed daily, as they were in the study by Rikihisa et al. (1994).

In general, starting on D3, all the APPs presented altered levels
in relation to D0. However, the highest APP levels were observed
on D18, with the exception of ceruloplasmin and acid glycoprotein,
which attained their highest levels earlier, respectively on D6 and D12.
Interestingly, on these days, the infected dogs presented the highest
detected body temperature. Also, blood smears from samples
collected from the dogs’ ear tips on these same days showed the
presence of morulae, and the onset of clinical signs and all the
significant alterations in blood cell levels (pancytopenia) occurred
on these dates. At this stage of the disease, increased APP levels,
which are considered to be part of an unspecific response of the
immune system, could be triggered in an attempt to stimulate the
adaptive immune system. This could be an attempt to resolve the
infection, thereby avoiding the escape mechanisms developed by
the parasite. It is worth reiterating that these results were obtained
under conditions of experimental infection, and that different results
might be achieved under conditions of natural disease.

Conclusions

Even though APPs are considered to be part of the unspecific
response of the immune system, the present study was able to infer
that they are also directly involved in the inflammatory process
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generated by experimental infection by E. canis, and that the levels
of these proteins change very early in the development of the
infection. For this reason, these specific proteins could contribute
towards early diagnosis of canine ehrlichiosis. Among the different
APPs, acid glycoprotein and ceruloplasmin, in particular, would be
the most useful for this purpose, since their levels were found to be
higher even before the onset of clinical signs and before detection
of laboratory alterations that signal the occurrence of infection.
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