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Objectives: To assess the efficacy of rifampicin in achieving clinical and haematological recovery and clearing
infection in dogs with experimentally induced acute monocytic ehrlichiosis.

Methods: Five Ehrlichia canis-infected Beagle dogs were treated with rifampicin (10 mg/kg/24 h orally for
3 weeks), nine E. canis-infected dogs received no treatment (infected untreated dogs) and two dogs served
as uninfected controls. Clinical score, platelet counts, immunofluorescent antibody titres and PCR detection
of E. canis-specific DNA in blood, bone marrow and spleen aspirates were evaluated on post-inoculation
days 21 (start of rifampicin), 42 (end of rifampicin) and 98 (end of the study).

Results: By day 21 post-inoculation, all infected dogs became clinically ill and thrombocytopenic, seroconverted
and were PCR positive in at least one tissue. Clinical scores and antibody titres did not differ between the
treated and infected untreated dogs throughout the study. The rifampicin-treated dogs experienced an
earlier resolution of their thrombocytopenia (Kaplan–Meier survival plot, P¼0.048), and the median platelet
counts were significantly higher in the treated compared with the infected untreated dogs on post-inoculation
days 42 (P¼0.0233) and 98 (P¼0.0195). At the end of the study, three treated and six untreated infected dogs
remained PCR positive in one tissue each.

Conclusions: The rifampicin treatment regimen applied in this study hastened haematological recovery, but
was inconsistent in eliminating the acute E. canis infection.
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Introduction
Tetracyclines are considered to be first-line drugs in the treat-
ment of canine monocytic ehrlichiosis (CME) caused by Ehrlichia
canis.1,2 However, only doxycycline has been critically evaluated
in experimental or natural disease, and there are conflicting
reports on the clearance of the infection following different doxy-
cycline treatment protocols. In experimental acute or subclinical
CME, it was very effective in eliminating the infection.3 – 6 In con-
trast, in other experimental or clinical studies, treatment with
various doxycycline regimens failed to eradicate the infection

in 25%–100% of the acutely, subclinically or chronically infected
dogs, despite their clinical and haematological recovery.7 – 11 Col-
lectively, current evidence implies that doxycycline effectively
ameliorates the E. canis-induced clinical and haematological ab-
normalities, but is not consistently effective in clearing the infec-
tion. In addition, some dogs may be intolerant to doxycycline,12

thus justifying the evaluation of medications that could be used
as alternatives to doxycycline.

Recent data in a limited number of dogs have indicated
that rifampicin, an inhibitor of the B subunit of DNA-dependent
RNA polymerase, may be partially effective in eliminating
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ehrlichiaemia in dogs experiencing the subclinical or chronic
phases of the disease.9,13 Of comparative interest, in human
ehrlichiosis patients with a specific doxycycline contraindication,
rifampicin is used as an alternative chemotherapeutic agent,
affording rapid clinical recovery, although its efficacy in clearing
the infection has not been evaluated.14,15 There are currently
no data on the potential effectiveness of rifampicin in acute
CME or on the elimination of E. canis from tissues other than
blood.

This study was undertaken to evaluate the efficacy of rifam-
picin in clearing E. canis from blood, bone marrow (BM) and
spleen aspirates, and in achieving clinical and haematological
recovery in dogs with experimental acute CME.

Methods

Experimental dogs
Sixteen Beagle dogs, seven males and nine females, with an age ranging
from 5 to 70 months (median 11 months), purchased from the School of
Veterinary Medicine (University of Thessaly, Greece) experimental dog
colony were used in the study. All dogs were fully vaccinated against
canine parvovirus-2, canine adenovirus-2, canine distemper virus, Leptos-
pira icterohaemorrhagiae/Leptospira canicola and rabies, and were
subject to strict ectoparasite and endoparasite control measures.
Before the experimental infection, they were healthy and had no haem-
atological or biochemical abnormalities in serial evaluations over a
30 day acclimatization period. The dogs were seronegative to E. canis,
Babesia canis (Fluo BABESIA canis; Agrolabo, Scarmagno, Italy; positive
titre: ≥1/100) and Leishmania infantum antibodies (Fluoleish BVT,
Virbac, Carros, France; positive titre: ≥1/100) by indirect fluorescence
antibody (IFA) testing, as well as to Dirofilaria immitis antigens (Snap
3Dx; IDEXX, Westbrook, ME, USA). All dogs were PCR negative for
E. canis DNA in blood, spleen and BM aspirates before the inoculation
with E. canis. The duration of the study after the experimental inoculation
was 98 days (14 weeks). The study was approved by the Research and
Ethics Committee, Faculty of Veterinary Medicine, Aristotle University of
Thessaloniki (458/23-6-2009) and the Directorate of Veterinary Services,
Thessaloniki (13/3152, 16-03-2010), Greece. In every aspect, handling of
the animals strictly adhered to the rules and regulations governing
animal experimentation.

Group allocation and treatment protocol
The dogs were randomized into three groups by utilizing a table of
random numbers. Treated dogs (n¼5) included E. canis-infected dogs
that were treated with rifampicin (Rifadin) at 10 mg/kg/24 h, orally, for
3 weeks. All treated dogs were also given dexamethasone (0.5 mg/kg
dexamethasone sodium, intravenously) once, 15 days after the comple-
tion of rifampicin, to precipitate any latent E. canis infection. Infected un-
treated dogs (n¼9) included E. canis-infected dogs that received no
treatment. Two Beagles served as uninfected controls. Administration
of rifampicin started on post-inoculation day (PID) 21, when all treated
dogs matched the following criteria: development of thrombocytopenia,
seroconversion to E. canis and positive PCR in at least one of the tissues
tested (blood, BM or spleen), with or without clinical manifestations.

The rifampicin dosage applied in the present study was based on pre-
vious suggestions16 and a preliminary pharmacokinetic evaluation con-
ducted 2 months prior to this study on eight healthy Beagles, in which
a high serum concentration of rifampicin (mean Cmax 0.01554+
0.00183 mg/L and mean concentration of 0.00431+0.00056 mg/L
after 24 h) was achieved following a single oral dose of 10 mg/kg of

the product used in the present study (G. Batzias, K. Theodorou and
M. E. Mylonakis, unpublished results).

Experimental infection
Thirteen dogs were inoculated intravenously with 5 mL of heparinized
E. canis-infected blood that contained �12.5×104 16S rDNA copies,
quantified by an E. canis-specific real-time PCR.17 The blood was drawn
from an acutely ill reservoir Beagle, artificially infected with the Israeli
E. canis strain 611 (propagated in DH82 cell culture),18,19 donated by
the Koret School of Veterinary Medicine, The Hebrew University of Jerusa-
lem, Israel, as soon as the dog became thrombocytopenic (platelet count
44×109/L) and seroconverted to E. canis (IFA titre 1/1600) and E. canis
DNA could be detected in blood and spleen samples on PID 19. The
two uninfected dogs were inoculated with 5 mL of heparinized blood
from a healthy uninfected Beagle.

Clinical and haematological examination
Each dog had serial clinical examinations performed on days 30, 14, 8, 6,
4 and 2 before and on the day of inoculation (day 0); thereafter, this was
carried out every 2 days until PID 42 and weekly until PID 98. Physical
examinations were performed by two assessors (M. E. M. and C. K. K.)
who had no knowledge of the group allocation. A clinical evaluation
sheet was filled out qualitatively (i.e. 0¼ ‘absence’ and 1¼ ‘presence’ of
the clinical finding). For each dog, the cumulative clinical score per exam-
ination was calculated. Clinical manifestations systematically evaluated
included depression/lethargy, fever (.39.58C), lymphadenomegaly,
bleeding tendency, mucosal pallor and palpable splenomegaly. Anorexia
was assessed by the primary caregiver of the dogs (K. T.) in an open-label
manner and was also included in the cumulative clinical score.

Complete blood counts were performed on an Advia Hematology
Analyzer (Advia 120 Haematology System; Bayer, Tarrytown, NY, USA).
All dogs were tested 2 weeks before and on inoculation day. Thereafter,
treated and infected untreated dogs were tested on PIDs 7, 14, 21, 28,
35, 42, 70, 84 and 98, while uninfected dogs were tested on PIDs 7,
14, 35, 70 and 98. Giemsa-stained blood smears were reviewed to
confirm the presence of thrombocytopenia throughout the study. Ali-
quots of EDTA-treated blood samples were stored at 2208C until molecu-
larly analysed.

BM and spleen sampling
BM and spleen aspirates (0.5–1 mL) were obtained as previously
described20,21 under short-term sedation induced by acetylpromazine
(0.05 mg/kg acepromazine, intravenously) and thiopental sodium
(Pentothal; 5 mg/kg, intravenously). The aspirates were collected in
EDTA-treated tubes and stored at 2208C until molecularly analysed.
Giemsa-stained cytology smears were reviewed after each aspiration to
confirm the adequacy of the samples. Aspiration of BM and spleen was
performed for all dogs 2 days prior to the experimental inoculation;
thereafter, treated and infected untreated dogs were sampled on PIDs
7, 21, 42, 70 and 98, and uninfected dogs on PIDs 42 and 98.

Serological testing for E. canis
An IFA test was used to detect anti-E. canis IgG antibodies on 15-well
slides using E. canis acetone-fixed antigen suspension (Fluo EHRLICHIA
canis; Agrolabo). Serial 2-fold dilutions of serum samples from the
dogs were reacted with fluorescein-conjugated rabbit anti-canine im-
munoglobulin G (anti-dog IgG; Sigma-Aldrich, St Louis, MO, USA) with
an end-titre of 1/1600. A titre equal to, or higher, than 1/100 was consid-
ered positive. Paired serum samples (14 days prior to inoculation and on
the day of inoculation) were initially tested for all dogs; thereafter,
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treated and infected untreated dogs were tested on PIDs 7, 21, 42, 70
and 98, while uninfected dogs were tested on PIDs 7, 70 and 98.

PCR amplification and analysis of E. canis DNA
Two PCR assays were carried out in this study in two independent labora-
tories for confirmation of ehrlichial infection and response to treatment.
They were performed with whole-genome DNA extracted by use of a
commercial kit according to the manufacturer’s protocol (NucleoSpin
Tissue kit; Macherey-Nagel, Dueren, Germany), from 200 mL of blood
samples and 50 mL of BM and spleen aspirates, and stored at 2208C
until analysed.

An E. canis-specific nested PCR assay detecting the E. canis 16S rRNA
gene was performed at the Laboratory of Microbiology, Faculty of Veter-
inary Medicine, Aristotle University of Thessaloniki, Greece, using the
primers ECC 5′-AGAACGAACGCTGGCGGCAAGCC-3′ and ECB 5′-CGTATT
ACCGCGGCTGCTGGCA-3′ for the primary amplification, and ‘canis’ 5′-CAAT
TATTTATAGCCTCTGGCTATAGGA-3′ and HE3 5′-TATAGGTACCGTCATTATCTT
CCCTAT-3′ for the secondary amplification, as previously described,11,22

except that Platinum Taq DNA Polymerase High Fidelity (Invitrogen, Carls-
bad, CA, USA) was used for optimum amplification. In each set of ampli-
fications, two positive controls (blood and BM DNA from a molecularly
confirmed E. canis-infected dog) and a negative control (without DNA
template) were included. The identity of ‘canis’/HE3 PCR amplicons
(389 bp) as E. canis was established by subsequent sequencing of both
strands of the purified amplicons performed by VBC-BIOTECH Service
GmbH (Vienna, Austria) using the representative PCR primers. Amplicon
sequences were compared with the reference ‘611’ (accession number
U26740) by multiple sequence alignment by use of the ClustalW
program (Conway Institute, Dublin, Ireland).23

Molecular evidence of infection was also assessed by the Koret School
of Veterinary Medicine, which performed an E. canis-specific real-time
PCR assay targetting a 123 bp fragment from a single copy of E. canis
16S rRNA gene, as previously described.17 Primers used were Ec-16S-F
5′-TCGCTATTAGATGAGCCTACGT and Ec-16S-R 5′-GAGTCTGGACCGTATC
TCAG. The reactions were carried out using Thermo Start Master Mix
(Thermo Scientific, Germany) and SYTO 9 fluorescent dye (Thermo Scien-
tific) in a Corbett Research Rotor-Gene 6000 (Corbett Research Pty Ltd,
Sydney, Australia). The protocol used was the same as that described
in Peleg et al.,17 with a minor change to the start-up temperature:
15 min at 958C instead of 7 min, owing to the use of a different
enzyme. Sequence analysis and comparisons were conducted using the
forward primer Ec-16S-F and performed at the Hebrew University Se-
quencing Core. Sequences were evaluated with ChromasPro software
version 1.33 (Technelysium Pty Ltd, South Brisbane, Australia) and com-
pared with sequence data available from GenBank using the BLAST
2.2.9 program (http://www.ncbi.nlm.nih.gov/BLAST/).

All 16 dogs were tested by nested PCR assay of blood, BM and spleen
prior to E. canis inoculation. Thereafter, treated and infected untreated
dogs were tested by the nested PCR assay on PID 7, and by both
nested and real-time PCR on PIDs 21, 42, 70 and 98, while uninfected
dogs were tested on PIDs 42 and 98. With the exception of the
E. canis-infected blood of the reservoir dog, which was quantified by
the real-time PCR, both nested and real-time PCR results were recorded
as either negative or positive.

Statistical analysis
The Wilcoxon–Mann–Whitney test was used to compare the median
values of the clinical score during the pre-treatment (PIDs 1–21), treat-
ment (PIDs 22–42) and post-rifampicin treatment (PIDs 43–98)
periods, and the median values of clinical score, platelet counts and
E. canis IFA titres between treated and infected untreated dogs at

rifampicin initiation (PID 21), rifampicin completion (PID 42) and the
end of the study (PID 98). A Kaplan–Meier survival plot was developed
to compare the cumulative probability of resolution of thrombocytopenia
with time during rifampicin treatment between treated and infected un-
treated dogs. The survival curves were evaluated with a log-rank test. All
tests were done using Stata Statistical Software Release 9.2 (College
Station, TX, USA: StataCorp LP, 2006) and evaluated for significance at
the 5% level.

Results

Clinical and haematological findings

Post-inoculation, all 14 infected dogs experienced clinical mani-
festations (median 3, range 2–4) compatible with CME, including
fever (13, 92.9%), palpable splenomegaly (10, 71.4%), lympha-
denomegaly (8, 57.1%), anorexia (4, 28.6%), depression (4,
28.6%), pallor (2, 14.3%) and mucosal petechiae (1, 7.1%). The
uninfected dogs remained healthy during the whole study
period. No difference was found in the median clinical score
between treated and infected untreated dogs throughout the
study period (Table 1).

The median values of haematocrit, leucocytes and platelets
after E. canis inoculation are depicted in Figure 1. By PID 14,
12/14 (86%) of the infected dogs (four treated and eight un-
treated dogs) developed mild-to-moderate anaemia; on PID
21, only five untreated dogs remained anaemic, and by PID 42,
none of the infected dogs was still anaemic. By PID 14, 13/14
(93%) of the infected dogs (five treated and eight untreated
dogs) became mildly leucopenic; on PID 21, only two treated
and two untreated dogs remained leucopenic, and by PID 42,
none of the dogs was still leucopenic. By PID 21, all infected
dogs developed thrombocytopenia (median 72.5×109/L, range
44–101×109/L, reference intervals 200–500×109/L). On PID
42, one treated dog and six untreated dogs were still thrombocy-
topenic, while on PID 98, all treated dogs had normal platelet
counts and four untreated dogs were still thrombocytopenic.
On PID 21, median platelet counts did not differ between
treated and untreated dogs; however, treated dogs had signifi-
cantly higher platelet counts compared with the untreated
infected dogs on PID 42 (251×109/L versus 168×109/L,
P¼0.0233) and 98 (254×109/L versus 205×109/L, P¼0.0195).
The Kaplan–Meier survival curves showing the probability of
resolution of thrombocytopenia with time (PIDs 21–42) differed
(P¼0.048) between treated and untreated dogs (Figure 2).
Among the treated dogs, the median time for normalization of
platelets was PID 28, whereas among the untreated ones, reso-
lution of thrombocytopenia was not observed during the period
analysed.

E. canis serology

By PID 21, all infected dogs had seroconverted to E. canis anti-
gens (median IgG titres 1/200, range 1/200–1/1600) and
remained seropositive throughout the study period. The two un-
infected dogs remained seronegative during the same period. No
difference was found in the median anti-E. canis titres between
treated and infected untreated dogs on PIDs 21, 42 and 98.
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PCR-based evaluation of E. canis infection and response
to treatment

The PCR (nested and real-time assays) results before and after
(7, 21, 42, 70 and 98 days post-inoculation) inoculation with
E. canis, with regard to timepoint and tissue tested are pre-
sented in Table 2. On PID 21, all treated (median positive
tissues 2, range 1–2) and untreated (median positive tissues
2, range 1–3) dogs became PCR positive. Upon termination of
the study (PID 98), three treated and six untreated dogs were
still PCR positive in one tissue each. The three PCR-positive
treated dogs were clinically healthy and had normal haemato-
logical values; one of them, however, had been persistently
thrombocytopenic from PID 42 to 84. Of the six PCR-positive un-
treated dogs, two were still thrombocytopenic (one with spleno-
megaly) and one had splenomegaly, but no thrombocytopenia.
Two more untreated dogs were thrombocytopenic on PID 98
(one with splenomegaly), but PCR of the tissues was negative.
Uninfected dogs remained PCR negative throughout the study.
Overall, among the tissues tested post-inoculation until the
completion of the study for the 14 infected dogs (a total of
208 PCR-examined samples, irrespective of the PCR assay
applied), a positive PCR outcome was documented in 14/70
(20%), 30/70 (42.9%) and 17/68 (25%) blood, BM and spleen
aspirates, respectively. The 16S rDNA sequences of the PCR
amplicons derived from both PCR assays presented 100% homo-
logy with E. canis strain 611.

Discussion
Previous reports indicated that rifampicin may be an alternative
chemotherapeutic agent to doxycycline for the treatment of
CME.13,24 In a study on antibiotic susceptibilities, rifampicin
demonstrated an anti-E. canis activity comparable to that of
doxycycline, with a very low MIC (0.00003–0.00006 mg/L).24

When rifampicin was given (15 mg/kg/12 h orally for 7 days)
to two subclinically infected, moderately pancytopenic dogs,
pancytopenia was resolved and E. canis DNA was cleared
from the blood, as documented by PCR.13 The same rifampicin
regimen, given to two asymptomatic E. canis-infected dogs

700 days post-inoculation, after an ineffective course with
doxycycline, appeared to clear the infection in one of the two
dogs, based on xenodiagnosis with ticks.9 To the best of
our knowledge, this is the first study evaluating the efficacy
of rifampicin in acute CME in a controlled clinical trial, expand-
ing the range of PCR-tested tissues to include BM and spleen,
in addition to blood. As administered in the current study,
rifampicin objectively hastened resolution of thrombocyto-
penia, but was inconsistent in eliminating the acute E. canis
infection.

The rifampicin regimen applied in the current study differed
substantially from that previously reported in CME9,13 in terms
of dosing and duration. The high bioavailability of rifampicin in
the dog when given orally, once daily, at 10 mg/kg,16 coupled
with our preliminary pharmacokinetic study, the very low MIC
for E. canis24 and the fact that higher doses are more likely to
be associated with side effects,25 heavily affected the dosing
scheme in this study; on the other hand, the failure of a dog
to be cleared of the E. canis infection when treated with rifampi-
cin for 1 week dictated towards a longer treatment duration.9

However, even with the present regimen, clearance of the infec-
tion was only inconsistently achieved (2/5 dogs).

Similar to other studies,6,9,13 all dogs experienced typical
CME-associated clinical manifestations post-inoculation that
had abated irrespective of treatment status prior to the institu-
tion of rifampicin (PID 21). It appeared, therefore, particularly
challenging to substantiate a rifampicin-mediated clinical im-
provement in the acute phase of CME, which frequently demon-
strates a rapid spontaneous clinical recovery.1 Similarly, although
anaemia and leucopenia occurred in several of the 14 infected
dogs by PID 14 (12 and 13 dogs, respectively), only a few
dogs remained anaemic and leucopenic 1 week later, which
also hindered their evaluation as treatment response indicators.
In contrast, all the infected dogs remained persistently thrombo-
cytopenic until initiation of rifampicin. The time for normalization
of platelet counts was significantly shorter in the rifampicin-
treated compared with the untreated dogs, and the median
platelet counts of the former dogs were significantly higher on
PID 42 (the end of rifampicin treatment) and PID 98 (the end
of the study), implying that rifampicin affords haematological re-
covery in acute CME, similar to what was previously documented
in two subclinically infected dogs.13

Although the results of several studies have suggested that
the sustained post-treatment resolution of thrombocytopenia
is correlated reasonably well with the elimination of E. canis in-
fection3 – 6,26 this was not supported by the results of this
study. At the end of the study, the three treated PCR-positive
dogs had normal platelet counts, an experience shared by
other authors,7,9 implying that normal platelet counts, even
long after treatment, do not invariably indicate clearance of
E. canis infection. The high percentage of infected untreated
dogs (4/6) that experienced normal platelet counts at the end
of the study despite being carriers of E. canis further underlines
the suboptimal performance of platelet counts as an infection
clearance indicator. All infected dogs remained seropositive
during the whole study period, and no difference was found in
the median anti-E. canis titres between the treated and untreat-
ed dogs on PIDs 21, 42 and 98, suggesting that, similar to plate-
let counts, serology may be of limited value as a post-treatment
monitoring tool.1

Table 1. Clinical score in 14 dogs experimentally infected with E. canis
treated or not treated with rifampicin

PID(s)

Median clinical score (range)

treated (n¼5) untreated (n¼9)

1–21 7 (6–13) 9 (4–12)
21 1 (1–2) 1 (0–4)
22–42 0 (0–3) 1 (0–9)
42 0 (0–0) 0 (0–1)
43–98 0 (0–2) 1 (0–11)
98 0 (0–0) 0 (0–1)

PID(s): 1–21, before rifampicin treatment; 21, start of rifampicin; 22–42,
rifampicin treatment; 42, end of rifampicin; 43–98, post-rifampicin
follow-up period; 98, end of study.
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In the present study, three untreated dogs experienced spon-
taneous clearance of infection, as evidenced from the negative
PCR assays in all three tissues tested, similar to what has been

documented previously in 25%–50% of subclinically or chronic-
ally infected dogs; this supports the possibility of self-elimination
of E. canis infection in nature irrespective of the clinical phase of
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the disease.3,4,27 Alternatively, the negative PCR status of the
treated and untreated dogs in the present study may be due
to the suppression of ehrlichiaemia and tissue bacterial loads
to a level not detectable by the applied assays. This possibility
was recently clearly demonstrated in E. canis-infected dogs
treated with doxycycline, where xenodiagnosis was superior to
PCR in demonstrating ehrlichiaemia of low level.9 The two
PCR-negative untreated dogs that remained thrombocytopenic
on PID 98 (one with splenomegaly) may support the possibility
of persistent infection.

The results of the present study emphasize the importance
of assessing the response to treatment in CME by applying
molecular testing in a range of tissues rather than solely the
blood, and for a sufficient time after cessation of treatment.
Upon completion of rifampicin, two treated dogs were still
PCR positive, but this number increased to four and three dogs,
4 and 8 weeks post-treatment, respectively, presumably due to
a dexamethasone-induced recrudescence of latent E. canis infec-
tion. Of note, one treated dog that was found to be positive
at 4 weeks post-treatment became negative at 8 weeks
post-treatment, possibly indicating that its final clearance may
have not been mediated by rifampicin. Surprisingly, 7/9 untreat-
ed dogs were PCR negative on PID 42, but this number dimin-
ished to 3/9 by the end of the study. These data suggest that
the molecular assessment of infection clearance in CME should
be extended for at least 2 months post-treatment.

In the current study, BM aspirates had the highest sensitivity
for determining the clearance status of the infection by PCR at
the end of the study. Surprisingly, all treated and untreated
dogs were blood PCR negative at the end of the study, suggesting
that blood should not be the sole tissue PCR-tested post-
treatment, as it may lead to an overestimation of the clearance
rate. Previously, spleen aspirates had been shown to be of higher
sensitivity than blood and BM in assessing clearance of infec-
tion,6,27,28 while in another study, blood, BM and spleen were
of equal value in post-treatment PCR testing.4 Collectively,
these data suggest that blood, BM and spleen may be a reason-
able combination of materials for the PCR-based assessment of
E. canis infection clearance in the clinical setting.
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Figure 2. Kaplan–Meier survival curves showing the cumulative
probability of resolution of thrombocytopenia with time (PIDs 21–42)
in five rifampicin-treated and nine untreated E. canis-infected dogs.

Table 2. Nested and real-time PCR results for blood, BM and spleen before and after inoculation of 14 dogs with E. canis; treated dogs were given
rifampicin, untreated dogs received no treatment and uninfected dogs served as controls

Tissue

Overall PCR-positive/tested dogs (tested by nested/real-time PCR)

pre-inoculation 7 DPI 21 DPI 42 DPI 70 DPI 98 DPI

Treated (n¼5)
blood 0/5 (0/ND) 0/5 (0/ND) 1/5 (1/1) 2/5 (0/2) 3/5 (0/3) 0/5 (0/0)
BM 0/5 (0/ND) 3/5 (3/ND) 5/5 (5/4) 0/5 (0/0) 0/5 (0/0) 2/5 (0/2)
spleen 0/5 (0/ND) 3/5 (3/ND) 2/5 (1/2) 0/5 (0/0) 1/5 (1/0) 1/5 (1/0)

Untreated (n¼9)
blood 0/9 (0/ND) 1/9 (1/ND) 5/9 (1/5) 1/9 (0/1) 1/9 (1/0) 0/9 (0/0)
BM 0/9 (0/ND) 3/9 (3/ND) 9/9 (9/7) 1/9 (1/0) 2/9 (2/2) 5/9 (4/4)
spleen 0/9 (0/ND) 2/9 (2/ND) 6/9 (6/3) 0/7 (0/0) 1/9 (0/1) 1/9 (0/1)

Uninfected (n¼2)
blood 0/2 (0/ND) ND ND 0/2 (0/0) ND 0/2 (0/0)
BM 0/2 (0/ND) ND ND 0/2 (0/0) ND 0/2 (0/0)
spleen 0/2 (0/ND) ND ND 0/2 (0/0) ND 0/2 (0/0)

PCR-positive dogs irrespective of tissues tested or PCR assay applied

Group pre-inoculation 7 DPI 21 DPI 42 DPI 70 DPI 98 DPI

Treated 0/5 5/5 5/5 2/5 4/5 3/5
Untreated 0/5 4/9 9/9 2/9 3/9 6/9
Uninfected 0/2 ND ND 0/2 ND 0/2

DPI, days post-inoculation; ND, not done.
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In the present study, we cannot exclude the possibility that
failure of rifampicin to eradicate E. canis infection was associated
with an insufficient duration of treatment or, most importantly,
with the emergence of resistance to rifampicin. In a recent
study on Staphylococcus pseudintermedius isolates from dogs, ri-
fampicin treatment resulted rapidly in rpoB gene mutations that
conferred resistance to rifampicin.29 Future studies may there-
fore be warranted to investigate whether the efficacy of rifampi-
cin could be improved when given for a longer period of time, or
whether rpoB gene-mediated resistance emerges in rifampicin-
treated E. canis infection. In the latter case, the combination of
rifampicin with another drug with known in vitro efficacy
against E. canis might be able to diminish this resistance poten-
tial. In this respect, doxycycline could be paired with rifampicin,
similar to what has been suggested for feline and canine barto-
nellosis and Brucella canis-induced endophthalmitis in the
dog.30 – 33 Only a few other drugs have been critically evaluated
for the treatment of CME. Imidocarb dipropionate and fluoroqui-
nolones, initially thought to be efficacious in achieving clinical re-
mission,34 – 36 were subsequently found to be ineffective in
eliminating acute E. canis infection.26,37

In conclusion, rifampicin was partially effective in eliminating
acute E. canis infection, but it significantly hastened the reso-
lution of thrombocytopenia. It may therefore be considered as
an alternative antibacterial treatment in CME, especially in
dogs intolerant to doxycycline. The importance of assessing
the response to treatment in CME by performing molecular
testing in a range of tissues including blood, BM and spleen, at
least 2 months after the end of treatment, is also emphasized.
Platelet counts and anti-E. canis IgG antibody titres were of
limited value in the evaluation of the post-treatment clearance
of E. canis infection.
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