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Ehrlichia canis (Jaboticabal strain) induces  
the expression of TNF-α in leukocytes and splenocytes  

of experimentally infected dogs
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de cães experimentalmente infectados
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Abstract

Canine ehrlichiosis is caused by the bacterium Ehrlichia canis and is characterized by a systemic febrile disease 
of unknown pathogenesis. This study evaluated the expression of cytokines TNF-α, IL-10, IFN-γ, in splenic cells 
and blood leukocytes during the acute phase of ehrlichiosis and after treatment with doxycycline hyclate in dogs 
experimentally infected with the E. canis Jaboticabal strain. The study results showed a significant expression of TNF-α 
18 days post-inoculation, reducing by approximately 70% after treatment. There was a unique peak of expression of 
IL-10 and IFN-γ 18 and 30 days post-inoculation, respectively. This study suggests that TNF-α plays a role in the 
pathogenesis of the acute phase of canine ehrlichiosis and that treatment with doxycycline hyclate reduces the systemic 
effects of this cytokine, possibly by reducing or eliminating parasitemia. 
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Resumo

A erliquiose canina é causada pela bactéria Ehrlichia canis, que desencadeia no hospedeiro uma doença febril e 
sistêmica, de patogênese pouco conhecida. O presente estudo avaliou a expressão das citocinas TNF-α, IL-10, IFN-γ, 
em células esplênicas e em leucócitos sanguíneos, durante a fase aguda da erliquiose e após o tratamento com hiclato 
de doxiciclina, em cães experimentalmente infectados com a amostra E. canis Jaboticabal. Os resultados mostraram 
expressão significativa de TNF-α 18 dias após a inoculação, reduzindo aproximadante 70% após o tratamento. Houve 
um único pico de expressão de IL-10 e de IFN-γ entre 18 e 30 dias após a inoculação, respectivamente. Este estudo 
sugere que o TNF-α participa da patogenia da fase aguda da erliquiose canina, e que o tratamento com hiclato de 
doxiciclina reduz os efeitos sistêmicos dessa citocina, possivelmente por reduzir ou eliminar a parasitemia.
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Canine ehrlichiosis is a disease transmitted by ticks and caused 
by the gram-negative bacterium Ehrlichia canis, from genus Ehrlichia 
and family Anaplasmataceae (DUMLER et al., 2001). The acute 
phase of this disease begins about 8 to 21 days post-infection 
and lasts for two to four weeks (NEER; HARRUS, 2006). It is 

characterized by hyperthermia, weight loss, anorexia, enlarged 
lymph nodes, splenomegaly, vasculitis (HARRUS et al., 1999) 
and thrombocytopenia, which is the most common abnormality 
(WANER et al., 2000) found in dogs. The subclinical phase may 
last years indicating parasite persistence in the host (HARRUS et al., 
1998) and the chronic phase is characterized by bleeding disorders 
and pancytopenia (HARRUS et al., 1999). The diagnosis may 
be established by direct identification of inclusion corpuscles or 
morulae of E. canis in the buffy coat (ELIAS, 1991), lymph nodes 
(MYLONAKIS et al., 2003) or splenic aspiration (FARIA et al., 
2010); specific antibody detection (OLIVEIRA et al., 2000); or 
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ehrlichial DNA detection by nested polymerase chain reaction 
(PCR) (NAKAGHI et al., 2008). The treatment of choice is 
doxycycline hydrochloride for 21 days (HARRUS et al., 1999; 
NEER; HARRUS, 2006). Dogs are free of parasites when the 
ehrlichial DNA is no longer detected in the blood or tissues after 
treatment (EDDLESTONE et al., 2007).

Although immunopathological mechanisms of diseases caused 
by species from Anaplasmataceae family have been investigated 
in many studies, the knowledge on these disease is still limited. 
Studies have shown that IFN-γ has a protective role in the host 
against Anaplasma phagocytophilum (MARTIN; CASPERSEN; 
DUMLER, 2001), and this protective effect seems to be enhanced 
by TNF-α, a pro-inflammatory cytokine (FENG; WALKER, 2004). 
In contrast, some of these studies have highlighted that the immune 
response to microorganisms of this family may cause damage to 
the host’s tissues (SCORPIO et al., 2006). Regarding the profile 
of cytokines produced in rickettsial diseases, it has been suggested 
that pro-inflammatory cytokines (IL1β, IL-6, IL-12 and TNF-α) 
are associated to clinical aggravation of disease with activation of 
inflammatory cells and induction of nitric oxide production by 
macrophages. However, cytokines such as IL-10 and TGF-β may 
be involved in the modulation of immune response and disease 
remission (BEINEKE et al., 2008). There are only few studies 
about cytokines in ehrlichiosis caused by E. canis. Unver, Huang 
and Rikihisa (2006) have detected significant levels of IL-1β and 
IL-8 in dogs with ehrlichiosis and suggested that these cytokines 
could be responsible for the observed clinical signs. In another 
study, researchers inoculated E. canis Oklahoma in dogs and found 
that disease severity and the profile of cytokines produced may vary 
according to the infecting strain (TAJIMA; RIKIHISA, 2005). It 
is known that ehrlichiosis in dogs is a febrile disease with severe 
hematological disturbances; from the moment these pathogens 
penetrate the animal’s body, there is agent dissemination through 
mechanisms not yet clear. Although unknown, the immune response 
against E. canis is ineffective. Thus, the present study aimed to 
evaluate the expression of TNF-α, IL-10, IFN-γ during the acute 
phase of ehrlichiosis and post-treatment with doxycycline hyclate 
(5.0 mg.kg–1 PO/bid/21 days) in dogs experimentally infected with 
pure E. canis Jaboticabal strain (Gene Bank nº DQ401044). The 
study was approved by the Ethics and Animal Welfare Committee 
(CEBEA) at the Universidade Estadual de São Paulo (UNESP), 
Jaboticabal campus (protocol number 002460-08). The evaluations 
were performed before the experimental infection (Day –1) and 
6, 18, 30 and 76 days post-infection. Ten mongrel dogs from the 
same offspring, 5 males and 5 females, 2 years of age, born and 
raised at the experimental kennel at the Veterinary University 
Hospital at UNESP/Jaboticabal, fed with commercial feed and 
receiving water ad libitum were included in this study. The dogs 
were immunized against infectious diseases, dewormed and 
prophylactically treated with parasiticides. Before the experiment, 
the absence of E. canis infection was confirmed through indirect 
immunofluorescence reaction (IFAT) and nested polymerase chain 
reaction (nPCR) for Babesia canis. The dogs were then randomly 
divided into 2 groups. Five dogs were inoculated with 1.0 mL of 
DH82 cells infected by E. canis Jaboticabal strain (Ec group) and 
the remaining five were controls (control group). After inoculation, 
the dogs from Ec group and controls were examined on a daily 

basis and complete blood counts were regularly performed. The 
onset of parasitemia was accompanied by the investigation of 
morulae in the blood smear from the ear tip (ELIAS, 1991). 
Blood and spleen samples (spleen samples were obtained by 
fine needle aspiration) were collected prior to the inoculation, 
at Day –1 and after the inoculation at Day 6*, Day 18*, Day 30* 
and after treatment with doxycycline hyclate (D76*). They were 
used for investigating cytokine gene expression using mRNA 
reverse transcription technique (RT‑PCR) (CHAMIZO et al., 
2001). For infection confirmation and assessment of treatment 
response, IFAT and nPCR were repeated at Day 18 and Day 76.

Three days after experimental infection, the dogs in the Ec group 
had thrombocytopenia, leukopenia and anemia, anorexia, fever, 
enlarged lymph nodes and splenomegaly. Thrombocytopenia and 
leukopenia lasted until the end of the experiment. Intracytoplasmic 
morulae were found in blood smears of ear tip blood of dogs in the 
Ec group from Day 15 on, confirming parasitemia and infection 
by E. canis. The clinical progress was similar to that reported by 
Castro et al. (2004) while studying the same E. canis strain. At 
Day 18 and Day 76, the dogs from the control group remained 
negative in the anti-E canis IFAT, quite the opposite of what was 
seen in dogs in the Ec group at both time points. The titles have 
ranged from 1:2.560 to 1:5.120 at Day 18 to 1:320 to 1:2.560 
at Day 76.

All animals in all time points remained negative in the 
anti-B. canis IFAT. E. canis DNA was detected in dogs from Ec group 
at Day 18 and was negative after treatment (Day 76), showing that 
treatment with doxycycline hyclate effectively eliminated infection, 
which is consistent with the results obtained by Eddlestone et al. 
(2007). The three targeted genes were expressed in animals in the 
Ec group and in some dogs in the control group, and TNF-α had 
the highest and most persistent expression. This gene expression 
was observed from Day 6 on with a mean rate of 0.40 only in 
leukocytes from the control group, and 0.05 in leukocytes and 
0.77 in splenocytes from the Ec group. 

At Day 18 TNF-α expression significantly increased in the 
Ec group compared to controls. The mean expression rate in 
leukocytes was 1.46 and in splenocytes was 3.99 in the Ec group, 
while it was 0.38 only in leukocytes in controls. At Day 30, TNF-α 
in the Ec group reached its highest expression level, around 
2.88 in leukocytes and 4.14 in splenocytes. Among controls, the 
mean expression rate was 0.03 in leukocytes and 1.83 in splenocytes. 
At Day 76, a reduction of TNF-α gene expression occurred in all 
animals in both Ec and control group. In the Ec group, the mean 
expression rate was 0.42 in leukocytes and 0.47 in splenocytes. 
In controls, the mean expression rate was 0.75 in leukocytes and 
there was no expression in splenocytes. TNF-α expression at 
Day 18 was significantly higher than at Day 0 and Day 6. Between 
Day 30 and Day 76, it was not significantly higher compared to 
other time points. Only at Day 18, IL-10 expression was detected 
at a mean rate of 1.23 in leukocytes and 1.87 in splenocytes in 
the Ec group and there was no expression in controls, with no 
significant different between both groups. Similarly, only at Day 30 
IFN-γ expression was seen in leukocytes from the Ec group, with 

* Day 6 refers to 6 days post-inoculation, Day 18 to 18 days post-inoculation, 
Day 30 to 30 days post-inoculation and the beginning of treatment with 
doxycycline hyclate at 5 mg.kg–1 BID PO for 21 days and Day 76 to 76 days 
post-inoculation and end of treatment.
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a mean 1.50. In all animals and at all time points evaluated, the 
GAPDH gene was detected, showing the integrity of the extracted 
RNA. These results are presented in the Table 1.

High levels of TNF-α expression were found in dogs 
experimentally infected with E. canis (TAJIMA; RIKIHISA, 
2005), and E. muris (FENG; WALKER, 2004), suggesting 
this gene is associated with the parasite’s elimination. Thus, 
TNF-α plays a role in ehrlichial infection pathogenesis, which 
corroborates our results. Among its functions, TNF-α has a role 
in the immune response against bacteria and other agents, in 
addition to its essential activity in modulating local inflammatory 
immune response. TNF-α is an acute phase protein that induces a 
cytokine cascade and increases vascular permeability accompanied 
by macrophage and neutrophil recruitment to the infection site 
(JANEWAY et al., 2005).

Some researchers claim that TNF-α can cause clinical aggravation 
due to its pro-inflammatory activity (BEINEKE et al., 2008) 
whereas others believe that TNF-α would enhance the IFN-γ 
protective effect against Anaplasma phagocytophilum (MARTIN; 
CASPERSEN; DUMLER, 2001). Martin, Carspersen and Dumler 
(2001) reported that IFN-γ produced by macrophages activated 
during the inflammatory response would be inhibited by the 
IL‑10 effect, which may also have happened in our study since we 
detected transitory high IL-10 levels and low INF-γ levels. These 
findings have raised questions about cytokine role in animals and 
the immunopathological effects these cytokines expression would 
have in canine ehrlichiosis. 

The findings of the present study suggest that E. canis Jaboticabal 
causes a dysfunction in the host’s immune system with high TNF-α 
expression, indicating its importance in the disease pathogenesis. 
Besides, treatment with doxycycline hyclate can reduce parasitemia 
to undetectable levels and this cytokine’s systemic effects.
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