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This report presents evidence that dogs recover from acute canine monocytic ehrlichiosis (CME) after 16
days of doxycycline treatment (10 mg/kg of body weight every 24 h). Blood PCR was as valuable as splenic
aspirate PCR for early diagnosis of acute CME. Splenic aspirate PCR was, however, superior to blood PCR for

the evaluation of ehrlichial elimination.

Canine monocytic ehrlichiosis (CME) is a tick-borne disease
with a global distribution (9). Diagnosis of CME is confirmed
by demonstration of morulae in blood smears, serology, cul-
turing of the rickettsiae, and PCR using Ehrlichia canis-specific
primers. Tetracyclines are commonly used in the treatment of
CME, with doxycycline in particular being the most acceptable
and widely used (2, 3).

Blood samples are presently used for PCR evaluation of
ehrlichial infection and response to therapy (15). A previous
study has demonstrated ehrlichial DNA in splenic aspirates of
two subclinically experimentally infected dogs whose blood and
bone marrow aspirates were found to be negative for E. canis
DNA, suggesting the importance of splenic aspirates in the
diagnosis of ehrlichial carriers (6). This finding questioned the
validity of previous blood-based PCR studies for evaluating
treatment regimens for CME, and the length of doxycycline
treatment required for E. canis infection remained uncertain.

The aims of this study were (a) to investigate whether splenic
aspirates are superior to blood samples as a sample source for
E. canis PCR; (b) to determine whether dogs with acute CME
remain persistently infected despite concurrent treatment; and
(c) to determine the duration of doxycycline treatment re-
quired to eliminate E. canis DNA, as measured by PCR in
cases of acute CME.

Five beagle dogs, 4 to 6 years old and negative serologically
and by PCR for E. canis, were used in this study. The dogs were
artificially infected by intravenous injection of 5 ml of E. canis-
infected blood. This blood was drawn from an acutely ill, nat-
urally infected dog. Infection of the donor dog with E. canis
was confirmed by serology using the indirect immunofluores-
cence antibody (IFA) test (11), by blood culture of DH82 cells
(4), and by p30-based nested PCR for E. canis (14).

On day 12 postinfection (PI), by which date all of the dogs
had become severely ill, the dogs were treated with doxycycline
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hydrochloride (Doxylin; Dexxon, Or-Akiva, Israel) (10 mg/kg
of body weight every 24 h for 60 consecutive days). Blood and
ultrasound-guided splenic aspirates from all five dogs for com-
plete blood counts, serology, and PCR were drawn at 14 days
preinfection, on the day of inoculation (day 0), on days 7, 10,
and 12 PI, and on days 9, 16, 23, 30, 45, and 60 post-treatment
initiation (PTx). The study was approved by the Institutional
Animal Care and Use Committee of the Agriculture Faculty of
the Hebrew University of Jerusalem and complied with all
governmental and institutional policies.

The IFA test was performed as described previously (11).
For PCR, blood and splenic aspirates were collected in plastic
tubes containing EDTA and stored at —80°C until analyzed.
DNA was extracted from 200 pl of blood and 50 pl of splenic
aspirates by use of a QlAamp DNA Mini kit (QIAGEN, Va-
lencia, Calif.) according to the manufacturer’s recommended
protocols. The p30-based nested PCR for E. canis for all sam-
ples and controls was performed in duplicate as described
previously (14). E. canis DNA extracted from cultured E. canis
and blood of naturally infected dogs confirmed as having CME
by sequencing of 16S rRNA amplicons were used as positive
controls. Water and DNA extracted from specific-pathogen-
free dog blood were used as negative controls. The presence of
E. canis amplicons was demonstrated by agarose gel electro-
phoresis.

All dogs developed clinical and hematological signs consis-
tent with E. canis infection, including fever (>39.5°C), an-
orexia, depression, splenomegaly, and thrombocytopenia
(<200,000/wl) (Fig. 1). All five dogs became severely ill by days
9 to 12 PI, and treatment with doxycycline was initiated on day
12 PI. All dogs recovered clinically within 72 h PTx. All five
dogs seroconverted, and E. canis immunoglobulin G (IgG)
antibody titers greater than 1:80 were detected for all dogs on
day 12 PI. The dogs remained seropositive during the course of
the study. Table 1 presents the blood and splenic PCR results.

This study evaluated experimental E. canis infection and
recovery and for the first time used simultaneous blood and
splenic aspirates for E. canis PCR during the entire course of
the study. First detection of ehrlichial DNA occurred on days
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FIG. 1. Mean and standard error of platelet counts of 5 dogs experimentally infected with E. canis. Day 0 is defined as the inoculation day. All
dogs were treated with doxycycline (10 mg/kg of body weight every 24 h for 60 days) starting on day 12 postinfection.

7 to 10 PI for all five dogs used in this study. In a previous
study, E. canis DNA was detected as early as day 4 after
experimental infection with 107 E. canis-infected DHS2 cells by
use of a less sensitive PCR assay than the one used in the
present study (15). The earlier detection of ehrlichial DNA in
the former study was probably associated with a larger inocu-
lum size. In the present study, E. canis DNA was first detected
on the same day in both blood and spleen samples of each dog,
indicating that splenic aspirates were not superior to blood
samples for early detection of ehrlichial DNA by PCR. How-
ever, ehrlichial DNA could be detected in the spleen after its
elimination from the blood for three of the five dogs, indicating
that splenic aspirates are superior to blood in the evaluation of
response to therapy.

The results of this study support previous results obtained
with experimentally infected dogs. In that study, four subclin-
ically infected dogs were found to be carriers 34 months PI by
use of splenic sample PCR at a time when blood or bone
marrow sample PCR results were negative for two of the four
dogs (6). In another study, the spleen of two rhesus macaques,
inoculated with the agent of human granulocytic ehrlichiosis
(recently reclassified as Anaplasma phagocytophilum), was
found to be the last organ to retain the rickettsial DNA (5).
The results of those studies and the present study add to the
evidence that the spleen harbors ehrlichial DNA for a longer

TABLE 1. Blood and spleen PCR results from five dogs artificially
inoculated with E. canis®

PCR result(s) (dog[s])

Sample

source  Day 14 Day 10  Day 12 Day 16—
Prel-0 Day 7 PI B pitxpl D&y 9PTX Go'pry

Blood N (1-5) P(2);N(1,3-5) P (1-5) P(1-5) N (1-5) N (1-5)

Spleen N (1-5) P (2); N (1,3-5) P (1-5) P (-5 P(1,4,5); N (-5

N (2, 3)

“ All dogs were treated with doxycycline (10mg/kg of body weight every 24 h
for 60 days) starting on day 12 postinfection. Prel, preinfection; PI, postinfection;
TxD1, treatment day 1; PTx, post-treatment initiation; N, negative; P, positive.

duration than blood. They also support the idea of splenic
aspirates as the preferred sample for monitoring residual ehr-
lichial DNA during therapy. Future studies should investigate
whether this phenomenon occurs with other members of the
Rickettsiales and/or with other intracellular organisms.

The prolonged detection of E. canis DNA in the spleen
during treatment may reflect the presence of a higher number
of ehrlichial organisms within the spleen than in blood, and the
possibility of false-negative results in blood samples, due to test
limitations, cannot be ruled out. However, in light of the high
sensitivity of the assay used in the present study, a longer
persistence of live organisms in splenic macrophages than in
blood monocytes seems more likely. Another possible expla-
nation may be the presence of degraded DNA within splenic
macrophages rather than intact live organisms. However, as no
culture attempts were performed on splenic aspirates this
question remains unresolved until further investigation. In our
opinion, in a clinical situation a conservative approach should
be employed, and any detection of ehrlichial DNA should be
considered a positive result with respect to infection.

Previous reports suggested that dogs remain persistently in-
fected for long periods of time and possibly for their entire
lives despite antibiotic treatment (1, 13). Our results indicate
that appropriate doxycycline treatment results in full clinical
and hematological recovery from the acute stage and in elim-
ination of ehrlichial DNA as measured by PCR. We cannot
exclude the possibility that naturally infected dogs or chroni-
cally infected dogs may require a longer course of antibiotic
treatment due to variable infectious loads, as suggested by a
previous study where one of four subclinically and experimen-
tally infected dogs, a persistent carrier for 34 months, remained
infected following 6 weeks of treatment with doxycycline (7).

The most currently used therapeutic protocol for CME is
doxycycline (10 mg/kg of body weight daily) for 28 days, as
recommended by the Ehrlichia Consensus Statement from the
Infectious Disease Study Group of the American College of
Veterinary Internal Medicine (12). A report from an earlier
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study showed that doxycycline (10 mg/kg daily) for 7 days was
ineffective at eliminating experimentally induced E. canis in-
fection from the blood and tissues of three of five dogs (10). In
another study, doxycycline (5.6 to 6 mg/kg twice daily) used for
14 days was effective in eliminating experimentally induced E.
canis from the blood of eight acutely infected dogs (2). In the
present study, no ehrlichial DNA could be detected in any of
the blood or spleen samples from days 16 PTx onwards, sug-
gesting the successful elimination of the rickettsia. The high
sensitivity of the PCR assay used further supports our assump-
tion. Our results suggest that the duration of doxycycline treat-
ment for dogs suffering from acute CME should be reduced to
16 days. Shorter treatment will reduce costs, the probability of
side effects, and the risk of antibiotic resistance.

Platelet counts of beagle dogs experimentally infected with
E. canis have been shown to remain low for weeks and months
when the dogs are left untreated (6, 8, 16). After initiation of
doxycycline treatment, platelet counts returned to the normal
reference range (200,000 to 500,000/w.1) within 9 to 16 days and
increased to levels greater than the preinfection levels until day
23 PTx, suggesting a rebound effect. Thereafter, the platelet
counts decreased towards the preinfection levels (Fig. 1). The
return of posttreatment platelet counts to within the normal
reference range was faster than the disappearance of DNA
from splenic aspirates for two of the five dogs. This finding
suggests that although an increase in platelet counts to within
the normal reference range is a positive predictor for thera-
peutic success, it does not indicate recovery or support discon-
tinuation of treatment before completion of the full doxycy-
cline course.

In conclusion, this study presents evidence that dogs recover
from acute CME with adequate doxycycline treatment and that
they do not remain carriers. The results suggest that the du-
ration of doxycycline treatment for acute CME should be re-
duced to 16 days instead of the presently recommended 28
days. The present study also indicates the importance of the
use of splenic aspirates in determining ehrlichial elimination
and treatment success.
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