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Abstract

Antibodies against Ehrlichia canis, the cause of canine monocytic ehrlichiosis, have been reported previously in clinically ill and stray
dogs from Portugal. In this study, the 16S rRNA gene of E. canis was detected by the polymerase chain reaction (PCR) in 12/55 (22%) of
dogs with suspected tick-borne disease in the Algarve region in Portugal.
� 2008 Elsevier Ltd. All rights reserved.
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Canine monocytic ehrlichiosis (CME) is a tick-borne
disease caused by Ehrlichia canis, an intracellular bacte-
rium transmitted by the brown dog tick Rhipicephalus san-
guineus (Groves et al., 1975). Clinical manifestations of
CME include fever, depression, anorexia, weight loss, epi-
staxis and ocular, gastrointestinal and respiratory signs
(Harrus et al., 1997). Thrombocytopaenia, leucopaenia,
anaemia and hypergammaglobulinaemia are the main lab-
oratory findings (Harrus et al., 1997).

The indirect immunofluorescence assay (IFA) has been
widely used to investigate canine ehrlichiosis in Portugal.
Antibodies against E. canis were detected by IFA in 27/
61 (44%) stray dogs from southern Portugal (Silveira,
1992). However, the IFA may cross-react with different
species of Ehrlichia or microorganisms from other closely
related genera. To confirm that E. canis is the agent causing
canine ehrlichiosis in Portugal, the polymerase chain reac-
tion (PCR) for the 16S rRNA gene was performed on DNA
extracted from the blood of 55 dogs (26 males, 29 females),
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aged 3 months to 10 years, exhibiting clinical signs of tick-
borne disease that were presented to one hospital and seven
veterinary clinics in the Algarve region from February to
October 2004.

An automated cell counter (Hemavet 850, CDC Tech-
nologies) was used to perform a complete cell count on
blood samples collected from affected dogs into ethylene
diamine tetraacetic acid. After leucocyte concentration,
buffy coat smears were stained with Diff-Quik (Medion
Diagnostics GmbH) and examined under 1000� magnifi-
cation (Davoust et al., 1999). DNA was extracted from
the buffy coat (Flexigene DNA Kit, Qiagen GmbH) in par-
allel with negative controls.

Nested PCR was performed using the outer primers
ECC-ECB and inner primers HE3-CANIS derived from
the E. canis 16S rRNA gene (Dawson et al., 1996). In posi-
tive samples, two additional hemi-nested PCR reactions
were performed using the universal outer primers EC12-
EC9 and inner primers EC10 and EC11 (Anderson et al.,
1991). PCR amplifications were carried out in a total
volume of 50 lL containing 1 lM of each primer, 2.5 U
of Taq polymerase, 20 mM of each dNTP, 10 mM
Ehrlichia canis by polymerase chain reaction ..., The Veterinary

mailto:nmla@uevora.pt


2 N. Alexandre et al. / The Veterinary Journal xxx (2008) xxx–xxx

ARTICLE IN PRESS
Tris–HCL, 1.5 mM MgCl2 and 50 mM KCl (Master Taq
Kit, Eppendorf). Ten microlitres of buffy coat DNA
extract were used for the initial amplification and 1 lL of
PCR product in nested reactions. Amplification conditions
have been described previously (Anderson et al., 1991;
Dawson et al., 1996). Controls included both positive
(E. canis Oklahoma strain DNA) and negative samples.
DNA amplicons from positive samples were purified (Jet-
quick Purification Kit, Genomed GmbH) and sequenced
using an ABI automated sequencer (Applied Biosystems).
Sequence homology searches in GenBank were performed
using BLASTN.

Antibodies against E. canis were detected by IFA (Dav-
oust et al., 1999) using the Oklahoma strain of E. canis
(kindly provided by J.E. Dawson, CDC) as the antigen
source. Plasma diluted 1:160 in phosphate buffered saline
was incubated for 30 min on antigen coated slides and
bound antibodies were detected after a second incubation
with fluorescein isothiocyanate-conjugated anti-dog immu-
noglobulin G (IgG) (Sigma Immunochemicals). A con-
firmed case of CME was defined by a positive PCR result
with or without an IFA positive result. Probable CME
cases were IFA positive but PCR negative.

CME was confirmed by PCR in 12/55 (22%) dogs (8
males, 4 females) with suspected tick-borne disease. Nucle-
otide sequences of the 16S rRNA gene from all 12 positive
dogs were identical. Nested PCR with species-specific prim-
ers produced a 334 base pair (bp) fragment from the 50 end
of the 16S rRNA gene (GenBank EF051166). Hemi-nested
reactions with universal primers generated a 684 bp frag-
ment from the 30 end of the 16S rRNA gene (EU491504).
These sequences had 100% identity with E. canis strains
from dogs in Turkey (AY621071), Taiwan (EU143637),
Thailand (EU263991), Brazil (EF195134), Venezuela
(AF373613) and Greece (EF011111), 99.9% identity (334/
334 and 666/667) with a Spanish strain (AY394465) and
99.7% identity (333/334 and 577/579) with an Israeli strain
(U26740). Partial 16S rRNA gene sequences of the Portu-
guese isolates had a nucleotide deletion at position 876 rel-
ative to the E. canis prototype strain Jake (CP000107).

IgG against E. canis was detected by IFA in the plasma
of 5/12 (41.6%) cases confirmed as CME by PCR. Five
other IFA positive dogs had negative PCR results. E. canis

morulae were observed in buffy coat smears of 1/12 PCR
positive dogs by direct microscopy and 0/43 PCR negative
dogs. PCR positive dogs exhibited pyrexia (>39 �C;
n = 12), anorexia (n = 12), lymphadenopathy (n = 8), epi-
staxis (n = 2), icterus (n = 1), petechial haemorrhages on
the skin (n = 1) and vomiting (n = 1). Haematological find-
ings included thrombocytopaenia (<200 � 103/lL; n = 12),
anaemia (<5.5 � 106/lL; n = 9) and leucopaenia (<6 �
103/lL; n = 6).

PCR has been widely used in the laboratory diagnosis of
CME, especially during the acute phase of the disease
before antibodies are detectable (Wen et al., 1997). E. canis

DNA can be detected by nested PCR in the buffy coats of
experimentally infected dogs from the fourth day of infec-
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tion (Wen et al., 1997). In this study, E. canis infection was
detected by nested PCR in 7/12 dogs that were seronegative
by indirect IFA results, reinforcing the value of molecular
techniques in the early diagnosis of CME. PCR should be
used in conjunction with serology for diagnosis of CME
(Neer et al., 2002).

Previously, evidence of E. canis infection in Portugal
was based on serology (Silveira, 1992). In the present study,
we have amplified and sequenced the 16S rRNA gene of
E. canis, providing the first molecular confirmation that
this agent is involved in canine disease in Portugal.
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