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Lack of susceptibility of Ehrlichia canis to imidocarb dipropionate in vitro

P J Kellya, L A Matthewmana, P Brouquib and D Raoultb

INTRODUCTION
Dogs in southern Africa are commonly

infected with Ehrlichia canis, the agent of
canine ehrlichiosis8,9,11. Self-cure is not
known to occur and dogs remain infected
until the organisms are cleared from the
animal by appropriate therapy3,7,14. While
in vivo studies have shown chlorampheni-
col, procaine penicillin G, sulfadimethox-
ine and sulfacetamide to be ineffective in
the treatment of canine ehrlichiosis6,
tetracycline therapy has been shown to be
highly effective3,7,16. Treatment with tetra-
cycline has, however, been reported to
have numerous drawbacks such as
vomiting, lack of owner compliance with
the longterm therapy required and
staining of dental enamel in young
animals13.

The use of imidocarb dipropionate, a
drug used widely in Africa for the treat-
ment of canine babesiosis, has been
reported to have fewer drawbacks. The
efficacy of the drug in the treatment
of  canine ehrl ichiosis  has been
described1,10,12,13. In these reports the treat-
ment regimens varied considerably and it
is unclear whether the efficacy of imido-
carb dipropionate results from high
plasma concentrations of the drug for a

short time or lower concentrations main-
tained for longer periods10. Since Ehrlichia
spp. are obligate intracellular organisms it
has not been possible to determine the
efficacy of antimicrobials on these bacteria
using conventional susceptibility tests.
Recently, however, assay systems have
been developed to evaluate the suscepti-
bilities of intracellular organisms to
antimicrobials in vitro4,5,15. In this report we
describe the results of experiments using
these new methods to compare the effects
of doxycycline and imidocarb dipropio-
nate on E. canis.

MATERIALS AND METHODS
E. canis (Oklahoma strain) was grown in

DH82 cells18 in 175 cm2 tissue culture
flasks using minimal essential medium
supplemented with 12.5 % foetal bovine
serum and 2 mM L-glutamine. When cells
gently scraped from the flask and stained
with Diff-Quick (American Scientific
Products, Obetz, Ohio) were found to be
30–50 % infected, the remaining cells were
harvested using phosphate-buffered saline
(pH 7.2) with 0.2 % EDTA. After addition
of 15 ml fresh medium, the cell suspension
was transferred to 96 well tissue culture
plates (200 µl per well) and incubated at
37 °C until the cells became confluent. The
medium was removed and each of the
middle 6 rows in the plate were filled with
100 µl antimicrobial-free medium (con-
trols) or medium containing 1 µg/ml

doxycycline or 1.2, 2.4, 4.8 or 12 µg/ml

imidocarb dipropionate (Imizol, Coopers

Animal Health, England). The cells were
incubated for 3 d before the medium was
removed and replaced with fresh
antimicrobial-free medium. Cells were
harvested from one well in each row on
days 1–9 after the addition of antimicro-
bial-containing medium and centrifuged
onto glass slides using a cytospin at 600 g.
After air-drying, the cells were stained
with Diff-Quick and the ratio of infected
to non-infected cells was independently
determined by at least 2 of the authors
with a Leitz microscope at ×400 magnifi-
cation. All experiments were performed in
triplicate and Student’s t-test used to
analyse data.

RESULTS
The addition of doxycycline (1 µg/ml) to

DH82 cells infected with E. canis resulted
in a decrease in the proportion of infected
cells compared to non-treated controls
(Fig. 1). Following the removal of doxycy-
cline from the cell culture medium, the
proportion of infected cells continued to
decline, indicating that the drug had a
residual or rickettsiocidal effect on
E. canis. These results are consistent with
a previous report on in vitro antimicrobial
sensitivity testing against E. canis4 in
which doxycycline and rifampacin were
shown to have rickettsiocidal activity,
while penicillin, gentamycin, co-trimoxa-
zole, chloramphenicol, pefloxacin and
erythromycin were found to be ineffec-
tive. The results are also consistent with
reports that tetracycline therapy is effec-
tive in the treatment of canine ehrlichiosis
in vivo3,7,16,17.

The concentrations of imidocarb
dipropionate used in our experiments
(1.2, 2.4, 4.8 and 12 µg/ml) were empirical
as there are no data on the pharmaco-
kinetics of imidocarb dipropionate in
dogs following intramuscular or subcuta-
neous administration10. In sheep, the only
species for which such data are available,
an intramuscular injection of 4.5 mg/kg
results in blood drug levels of about
4.5 µg/ml for 5 d. This subsequently
decreases slowly by first-order kinetics,
reaching concentrations of less than
1 µg/ml by day 282. Similar doses of
imidocarb dipropionate (5–7 mg/kg)
administered subcutaneously12 or intra-
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muscularly1 have been reported to be
effective in the treatment of canine
ehrlichiosis.

On each day of our experiments there
were very similar percentages of infected
cells in the control wells and those to
which imidocarb dipropionate was added
at 1.2, 2.4, 4.8 or 12 µg/ml (results not
shown). The differences between the
percentage of infected cells in individual
wells and the averages for the control and
imidocarb dipropionate-treated wells on
each day did not exceed 8 % (results not
given). Similarly, there were no signifi-
cant differences (p < 0.01) between the
averages of the percentages of infected
cells in wells treated with the different
concentrations of imidocarb dipropionate
and those of the untreated controls for the
duration of the experiment (Fig. 1).

DISCUSSION
Our findings indicate that the in vitro

growth of E. canis is unaffected by short-
term (3 days) exposure to apparently low
or high levels of imidocarb dipropionate.
It therefore seems unlikely that the re-
ported efficacy of imidocarb dipropionate
against E. canis results from high plasma
concentrations maintained for a short
time. This is consistent with results of
previous experiments17 in which clinical
ehrlichiosis was observed in dogs inocu-
lated with blood from infected dogs
treated with imidocarb dipropionate 14
days previously. It therefore appears
likely that the successful treatment of

E. canis infect ions with imidocarb
dipropionate results from prolonged
exposure of the organism to the drug. We
would note, however, that previous
reports of the efficacy of imidocarb
dipropionate on E. canis can also be
explained by self-cure10 and circumstan-
tial evidence has been presented that this
might occur11. Further studies in which
the possibility of self-cure in dogs with
canine ehrlichiosis is assessed and also
the effects of various treatment regimens
with imidocarb dipropionate are required
to finally resolve the question of the
therapeutic efficacy of the drug.

ACKNOWLEDGEMENTS
Funding was provided by the Research

Board of the University of Zimbabwe and
the European Community-sponsored
link between the Veterinary Faculties of
the Universities of Zimbabwe and
Utrecht.

REFERENCES
1. Adeyanju B J, Aliu Y O 1982 Chemotherapy

of canine ehrlichiosis and babesiosis with
imidocarb dipropionate. Journal of the Ameri-
can Animal Hospital Association 18: 827–830

2. Aliu Y O, Davis R H, Camp B J, Kuttler K L
1977. Absorption, distribution and excre-
tion of imidocarb dipropionate in sheep.
American Journal of Veterinary Research 38:
2001–2007

3. Amyx H L, Huxsoll, D L, Zeiler D C,
Hildebrandt P K 1971 Therapeutic and
prophylactic value of tetracycline in dogs
infected with the agent of tropical canine
pancytopaenia. Journal of the American
Veterinary Medical Association 159: 1429–1432

4. Brouqui P, Raoult D 1983 Susceptibilities of
Ehrlichiae to antibiotics. In Raoult D (ed.)
Antimicrobial agents and intracellular patho-
gens Vol. 5. CRC Press, Boca Raton: 181–199

5. Brouqui P, Raoult D 1990 In vitro suscepti-
bility of Ehrlichia sennetsu to antibiotics.
Antimicrobial Agents and Chemotherapy 34:
1593–1596

6. Buckner R G, Ewing S A 1967 Experimental
treatment of canine ehrlichiosis and haemo-
bartonellosis. Journal of the American Veteri-
nary Medical Association 150: 1524–1529

7. Buhles W C, Huxsoll D L, Ristic M 1974
Tropical canine pancytopaenia: clinical,
haematologic, and serologic responses to
Ehrlichia canis infection, tetracycline ther-
apy, and challenge inoculation. Journal of
Infectious Diseases 130: 357–367

8. Matthewman L A, Kelly P J, Bobade P B,
Tagwira M, Mason P R, Majok A, Brouqui P,
Raoult D 1993 Infections with Babesia canis
and Ehrlichia canis in dogs in Zimbabwe.
Veterinary Record 133: 344–346

9. Matthewman L A, Kelly P J, Mahan S M,
Semu D, Tagwira M, Bobade P A, Brouqui
P, Mason P R, Raoult D 1993 Western blot
and indirect fluorescent antibody testing
for antibodies reactive with Ehrlichia canis in
sera from apparently healthy dogs in Zim-
babwe. Journal of the South African Veterinary
Association 64: 111–115

10. Matthewman L A, Kelly P J, Brouqui P,
Raoult D 1994 Further evidence for the
efficacy of imidocarb dipropionate in the
treatment of Ehrlichia canis infection. Journal
of the South African Veterinary Association 65:
104–107

11. Matthewman L A, Kelly P J, Mahan S M,
Semu S M, Mason P R, Bruce D, Brouqui P,
Raoult D 1994 Reactivity of sera from dogs
in Mutare, Zimbabwe, to antigens of
Ehrlichia canis and Cowdria ruminantium.
Veterinary Record 134: 498–499

12. Ogunkoya A B, Adeyanju J B, Aliu Y O, 1981
Experiences with the use of Imizol in
treating canine blood parasites in Nigeria.
Journal of Small Animal Practice 22: 775–777

13. Price J E, Dolan T T 1980 A comparison of
the efficacy of imidocarb dipropionate and
tetracycline hydrochloride in the treatment
of canine ehrlichiosis. Veterinary Record 107:
275–277

14. Seamer J, Snape T 1972 Ehrlichia canis and
tropical pancytopaenia. Research in Veteri-
nary Science 13: 307–314

15. Rikihisa Y, Baoming M J 1988 In vitro
susceptibilities of Ehrlichia risticii to eight
antibiotics. Antimicrobial  Agents and
Chemotherapy 32: 986–991

16. Van Heerden J, Immelman A 1979 The use
of doxycycline in the treatment of canine
ehrlichiosis. Journal of the South African
Veterinary Association 50: 241–244

17. Van Heerden J, Van Heerden A 1981
Attempted treatment of canine ehrlichiosis
with imidocarb dipropionate. Journal of the
South African Veterinary Association 52: 173–
175

18. Wellman M L, Krakowta S, Jacobs R M,
Kocib, G J 1988 A macrophage-monocyte
cell line from a dog with malignant histio-
cytosis. In vitro Cell Developmental Biology 24:
223–229

Fig. 1: Average percentages of DH82 cells infected with E. canis in wells harvested daily
from untreated rows (q) and those treated for 3 days with doxycycline at 1 µg/ml (∆) or
imidocarb dipropionate at 1.2, 2.4, 4.8 and 12 µg/ml (u).
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