SECTION 2

Ehrlichiosis
Jane E. Sykes

Bacterial Diseases

Overview of Ehrlichiosis

First Described: Ehrlichia canis was first described in 1935
(Algeria). Ehrlichia ewingii was described in 1992 (United
States).2 Ehrlichia chaffeensis was described in 1991
(United States).3

Cause: E. canis (canine monocytic ehrlichiosis), E. ewingii
(canine granulocytic ehrlichiosis), and E. chaffeensis
(human monocytic ehrlichiosis); an E. muris-like organism
also may infect dogs in the United States.*

Affected Hosts: E. canis causes disease in dogs. E. canis or a
closely related organism may cause disease in cats and
humans. E. ewingii causes disease in dogs, humans, and
goats. E. chaffeensis causes disease in humans, possibly
dogs and goats. The E. muris-like agent causes disease in
humans and possibly dogs.

Geographic Distribution: E. canis is present worldwide, but
especially in tropical and subtropical regions. E. ewingii
is primarily found in the south-central and southeastern
United States. Most reports of E. chaffeensis infection
are from the southern and south-central United States.
The E. muris-like agent has been found in the upper
Midwest.

Mode of Transmission: Rhipicephalus sanguineus ticks (E. canis),
Amblyomma americanum ticks (E. ewingii and E. chaffeensis).

Major Clinical Signs: The major clinical signs of E. canis infec-
tion are fever, lethargy, inappetence, weight loss, mucosal
hemorrhages, uveitis, pallor, edema, and sometimes neu-
rologic signs. E. ewingii primarily causes fever, lethargy,
inappetence, and signs of polyarthritis.

Differential Diagnoses: Other tick-borne diseases (such as
granulocytic anaplasmosis, Lyme borreliosis and babe-
siosis), bartonellosis, leptospirosis, lymphoma, multiple
myeloma, systemic primary immune-mediated disease
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Human Health Significance: All four ehrlichial species can
infect and cause disease in humans. The most important
human pathogen is E. chaffeensis, but the E. muris-like
agent may also be important.

caused by intracellular, gram-negative bacteria that include

Ebrlichia canis, Ebrlichia ewingii, and Ebrlichia chaffeen-
sis. An organism related to Ebrlichia ruminantium, the cause of
heartwater disease in cattle, has also been detected in ill dogs from
South Africa,® and an organism that resembles E. uris has been
detected in an ill dog and humans from the upper Midwest of the
United States.* These organisms form morulae (Latin for “mul-
berry”), a cluster of bacteria, within phagosomes of circulating
leukocytes. Ebrlichia canis infects monocytes and causes canine
monocytic ehrlichiosis (CME), one of the most important infec-
tious diseases of domestic dogs that are exposed to ticks world-
wide. Ebrlichia ewingii is an unculturable bacterium that infects
granulocytes and causes canine granulocytic ehrlichiosis. Ebrlichia
chaffeensis causes human monocytic ehrlichiosis; dogs are a pro-
posed reservoir for this organism. The geographic distribution of
each pathogen is generally restricted to that of their vectors and
mammalian reservoir hosts.

Organisms from the genus Ebrlichia are grouped within
the family Anaplasmataceae. Also within this family are the
bacteria Anaplasma platys and Anaplasma phagocytophilum,
which cause canine thrombocytic and granulocytic anaplasmo-
sis, respectively (see Chapter 29); and organisms belonging to
the genera Neorickettsia (see Chapter 31). Rickettsia rickettsii,
the cause of Rocky Mountain spotted fever (RMSF), and other
spotted fever group rickettsiae belong to a separate family,
the Rickettsiaceae (Chapter 30). The families Rickettsiaceae
and Anaplasmataceae are phylogenetically related through
the order Rickettsiales (Table 28-1). The recent availability
of complete genome sequences for these organisms has helped

F I Yhe ehrlichioses are a group of tick-transmitted diseases



TABLE 28-1
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Members of the Order Rickettsiales of Clinical Importance in Dogs and Cats

Family Anaplasmataceae Rickettsiaceae
Genus Ebrlichia Anaplasma Neorickettsia Rickettsia
Species E. canis A. phagocytophilum N. helminthoeca R. rickettsii

E. chaffeensis A. platys N. risticii

E. ewingii
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FIGURE 28-1 A, Distribution of Rhipicephalus sanguineus, which transmits Ehrlichia canis, in the United States, Mexico and Central America. B, Distribution of Amblyomma america-
num, which transmits Ehrlichia ewingii and Ehrlichia chaffeensis. The distribution of £. ewingii infections in dogs more closely matches that of A. americanum than the distribution of £. canis
matches that of R. sanguineus (highest prevalence in the southern states). This is because of chronic £. canis infections that occur in dogs with travel histories to southern states, where the

climate is warmer and R. sanguineus is more prevalent.

to elucidate mechanisms of pathogenesis and host-pathogen
interactions.>”7

The severity of clinical signs in animals with ehrlichial infec-
tions depends on factors such as the size of the inoculum, host
immunity, and organism species and strain. Because of shared
arthropod vectors and/or concurrent exposure to multiple vec-
tor ticks, co-infections with more than one rickettsial pathogen,
as well as other arthropod-borne pathogens such as Babesia
spp., and Bartonella spp., occur commonly in dogs and may
complicate the clinical picture.

Ehrlichia canis Infection

Etiology and Epidemiology

E. canis is transmitted primarily by the brown dog tick
(Rhipicephalus sanguineus), one of the most widely distrib-
uted ticks worldwide. Infection has been reported in dogs from
Asia, Africa, Europe, and the Americas. Australia appears to be
free of E. canis infection although occasionally seroreactivity to
E. canis has been identified in dogs. The DNA of E. canis has been
detected in other tick species, which include other Rhipicephalus
species,$? Ixodes ricinus,'9 Haemaphysalis spp. ticks,!! and Der-
macentor spp. ticks'!; experimental transmission has been accom-
plished with Dermacentor variabilis ticks.? Different strains of
E. canis exist that may vary in virulence. Although R. sanguineus
is found throughout the United States, it prefers warm climates,
and so disease is diagnosed most frequently in dogs living in the
southeastern and southwestern states (Figure 28-1). In Europe, R.
sanguineus is primarily found in Mediterranean regions, but its
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FIGURE 28-2 Life cycle of Ehrlichia canis. The organism is transmitted only transsta-
dially (from larva to nymph to adult) within the tick. Jackals, foxes, and possibly coyotes
also act as reservoir hosts. A morula is shown within the cytoplasm of a monocyte as seen
onablood smear.

distribution appears to be moving northward, and CME has been
reported in dogs that lack travel history as far north as the Nether-
lands.'3 E. canis is the most common pathogen detected in ticks in
Israel.® Because of chronic, subclinical infection, dogs can be trans-
ported to non-endemic regions and subsequently develop disease
years later. Tick larvae or nymphs acquire infection when they
feed on infected dogs. Jackals, foxes, and possibly coyotes may
also act as reservoir hosts. E. canis is transmitted transstadially



280 SECTION 2 Bacterial Diseases

(i.e., from larva to nymph to adult) within the tick (Figure 28-2).14
No clear age or sex predilection for CME exists, but German
shepherds are reportedly more susceptible, and prognosis may be
poorer in this breed. Cross-bred dogs may be less likely to develop
disease.!> Although natural infection of cats with E. canis (or one
or more closely related organisms) has been described in North
and South America,'¢-18 clinical ehrlichiosis is rarely reported.

Clinical Features

Signs and Their Pathogenesis

The course of CME has been divided into acute, subclinical,
and chronic phases, although in naturally infected dogs, these
phases may not be readily distinguishable. Clinical signs of
acute disease occur 8 to 20 days after infection. The organism
multiplies by binary fission within vacuoles of mononuclear
phagocytes; rupture of infected host cells leads to infection of
new cells. Immune-mediated mechanisms are important in the
pathogenesis of disease, and the presence of the spleen appears
to contribute to disease severity.!? The clinical manifestations
vary considerably among dogs, which may reflect factors such as
E. canis strain variation, host immune response, stage of dis-
ease, and concurrent infections. Lethargy, inappetence, fever,
and weight loss are most common. Replication of the organ-
ism in reticuloendothelial tissues is associated with general-
ized lymphadenopathy and splenomegaly. Ocular and nasal
discharges, peripheral edema, and, less commonly, mucosal
and cutaneous petechial and ecchymotic hemorrhages can also
occur. Bleeding tendencies result from thrombocytopenia and
platelet dysfunction,?? which may reflect immune-mediated
platelet damage.2! Neurologic signs may result from menin-
geal inflammation or hemorrhage. Dogs can recover spontane-
ously from the acute phase within 2 to 4 weeks, after which
time they may eliminate the infection or remain subclinically
infected. Sequestration of organisms within the spleen may
occur, and the organisms may evade the host immune system
through antigenic variation.’ This subclinical phase may persist
for months to years.

Chronic CME develops in only some infected dogs. Factors
that influence the development of chronic disease are unclear, but
genetics may play a role. The presence of pancytopenia typifies
the severe chronic form of ehrlichiosis, and results from hypo-
plasia of all bone marrow cells.?? Clinical signs range in severity
and include lethargy, inappetence, bleeding tendencies, muco-
sal pallor, fever, weight loss, lymphadenopathy, splenomegaly,
dyspnea, anterior uveitis, retinal hemorrhage and detachment,
polyuria/polydipsia, and edema.!5:22-24 Polymyositis occurs in
some dogs, which can be manifested by diffuse muscle wasting
and tetraparesis.>’ Secondary opportunistic infections such as
viral papillomatosis, protozoal infections, and bacterial urinary
tract infections can also develop, although the precise underly-
ing mechanism of immunosuppression, and how it relates to
successful persistence of E. canis, has not yet been elucidated
(see Figure 26-5).26:27 Marked granular lymphocytosis and bone
marrow plasmacytosis may occur, sometimes accompanied by a
monoclonal gammopathy, which may lead to misdiagnosis of
lymphocytic leukemia or multiple myeloma, respectively. This
has led to the recommendation that all dogs with well-differ-
entiated lymphocytosis or otherwise unexplained monoclonal
gammopathy be tested for E. canis infection.28 Protein-losing
nephropathy may develop as a result of immune-complex
glomerulonephritis.

Retinal hemorrhage and detachment in a 4-year old female spayed
Rhodesian ridgeback mix with canine monocytic ehrlichiosis. The dog also had mod-
erate to severe, poorly regenerative, macrocytic hypochromic anemia (16.4% with a
reticulocyte count of 49,000), lymphopenia (94 cells/pL), thrombocytopenia (26,000
platelets/pL), and large numbers of circulating nucleated red blood cells (75/100 WBC).
Systolic blood pressure was within normal limits. (Courtesy of University of California,
Davis Veterinary Ophthalmology Service.)

In reports of feline ehrlichiosis, clinical and laboratory find-
ings have generally been similar to those in dogs; one cat had
polyarthritis.!¢

Physical Examination Findings

Common physical examination findings in dogs with CME are
lethargy, fever, peripheral lymphadenopathy, and splenomegaly.
Ocular and nasal discharge, mucosal petechial hemorrhages, epi-
staxis, peripheral edema, and/or neurologic signs may be evident.
Ocular abnormalities include anterior uveitis, hyphema, retinal
hemorrhage, retinal detachment, and optic neuritis, with ante-
rior uveitis being most common (Figure 28-3).242° Neurologic
signs include twitching, ataxia, seizures, vestibular signs, hyper-
esthesia, and cranial nerve defects. Dogs with chronic ehrlichio-
sis may have thin body condition or diffuse muscle atrophy and
mucosal pallor. Findings in cats with ehrlichiosis have been simi-
lar to those in dogs, and include lethargy, splenomegaly, lymph-
adenopathy, petechial hemorrhages, and retinal detachment.16:17

Diagnosis

Laboratory Abnormalities

Complete Blood Count

Thrombocytopenia and occasionally mild leukopenia and a
nonregenerative anemia occur 1 to 4 weeks after infection with
E. canis. Mild thrombocytopenia, with increased mean platelet
volume, may persist during the subclinical phase. Classically,
dogs with chronic CME are pancytopenic, but more commonly,
nonregenerative anemia and thrombocytopenia are noted. In
some dogs, regenerative anemia or leukocytosis due to a neutro-
philia and band neutrophils are present. Lymphopenia occurs
in most affected dogs, but in some dogs, moderate to marked
granular lymphocytosis (up to 17,000/uL) can occur. Normo-
blastosis, that can exceed 50 nucleated RBC per 100 WBC, may
be present.



In some dogs, morulae are visualized within circulating
monocytes (Figure 28-2). The finding of morulae within mono-
cytes using cytologic evaluation of blood smears is insensitive,
especially in dogs with chronic infection, and does not distin-
guish between E. canis and E. chaffeensis infection. Use of buffy
coat smears, thin smears of blood collected from the margin of
the pinna, or splenic aspirates increases the sensitivity for detec-
tion of morulae. In one study, after careful searching, morulae
were found in only 2 of 19 dogs with CME.22

Serum Biochemical Tests

Serum chemistry abnormalities in chronic ehrlichiosis include
variable hypoalbuminemia, hyperglobulinemia, and elevated
ALT and ALP activities. Most often the hyperglobulinemia is
due to a polyclonal gammopathy.!> Monoclonal gammopathy
can also develop. Less commonly, increases in serum urea nitro-
gen and creatinine concentrations are present.22

Urinalysis

Transient proteinuria, with urine protein:creatinine ratios that
exceed 20 (reference range, <1) have been reported in dogs with
acute CME. This can resolve by 6 weeks after infection.3%3! Dogs
with chronic CME may also have evidence of proteinuria. Pyuria,
hematuria, and cylindruria may also be present.

Coagulation Profile

In addition to thrombocytopenia, coagulation abnormalities
in dogs with CME include prolongation of the buccal mucosal
bleeding time (BMBT), decreased platelet aggregation, and pro-
longation of the APTT.32:33

Cerebrospinal Fluid Analysis

Dogs with central nervous system (CNS) involvement may have
increased CSF protein concentrations and lymphocytic pleocy-
tosis.2* Although rarely found, morulae may be detected in cells
within the CSF.3#

Bone Marrow Analysis

In dogs with chronic CME, bone marrow findings include hypo-
plasia or aplasia of all bone marrow elements, decreased iron
stores and marrow plasmacytosis (Figure 28-4). Bone marrow
mastocytosis has also been described.3* Myelofibrosis does not
typically develop in chronic CME.3¢ Some dogs have normal or
hypercellular marrows.

Diagnostic Imaging

Plain Radiography

Thoracic radiographs in dogs with CME often show no signifi-
cant abnormalities, but sometimes bronchointerstitial infiltrates
are present. This may reflect an underlying interstitial pneumonia.

Sonographic Findings

Findings on abdominal ultrasonography are nonspecific and
include splenomegaly, alterations in splenic echotexture,
enlargement and hypoechogenicity of the abdominal lymph
nodes, and scant peritoneal effusion. Increased renal echo-
genicity and decreased corticomedullary definition may occur in
dogs with glomerulonephritis.

Microbiologic Tests

Available diagnostic assays for ehrlichiosis in dogs and cats are
listed in Table 28-2.
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FIGURE 28-4 Bone marrow plasmacytosis in an 8-year-old female spayed Labrador
retriever with canine monocytic ehrlichiosis. Serum globulin was 12.1 g/dL (reference
range, 2.3-4.4 g/dL), and serum protein electrophoresis revealed a polyclonal gammopa-
thy. Plasma cells have a clock-faced nucleus and a clear area adjacent to the nucleus; two
plasma cells are identified with arrows. Mild to moderate megakaryocyte hyperplasia,
mild erythroid hypoplasia, and mild mature granular lymphocytosis were also present.
Romanowsky stain.

Serologic Diagnosis

Most often, the diagnosis of CME is made using serology, which
may be performed using indirect immunofluorescent antibody
(IFA) testing, ELISA technology, or Western blotting. Using IFA
testing, which is considered the gold standard, antibodies can be
detected between 7 and 28 days after initial infection. Dogs with
acute ehrlichiosis may have false-negative test results if sufficient
time has not elapsed for antibody production to occur. PCR
assays may be helpful for diagnosis in this situation. A positive
initial serum antibody titer may reflect previous exposure, and
not necessarily ehrlichial disease. Retesting should be performed
2 to 3 weeks later to demonstrate seroconversion, and results of
serology should be interpreted in light of a dog’s clinical signs
and the results of testing for other potential causes of the dog’s
illness. Dogs with chronic E. canis infection frequently have
extremely high IFA titers, sometimes greater than 1:600,000,
and these antibodies may persist in the face of treatment, sug-
gesting persistence of the organism.22 Seroconversion does not
generally occur in dogs with chronic disease, although antibody
titers may decline in some dogs with treatment. High titers do
not correlate with the severity of hyperglobulinemia, disease in
general, or duration of illness. Because of variability of report-
ing between laboratories, there is no standard “cutoff” titer
that is used to separate positive and negative results. Serologic
cross-reactivity to other Ebrlichia species occurs, which includes
E. ewingii and especially E. chaffeensis. Cross-reactivity to
A. phagocytophilum antigens can occur to a lesser extent. In
areas where other rickettsial agents are endemic, Western blot-
ting has been used in an attempt to confirm that positive anti-
body titers on IFA are truly to E. canis antigens. However,
Western blotting is laborious to perform and interpret and not
routinely available, and when E. canis antigens are the target
used, it may be difficult to distinguish between E. canis and E.
chaffeensis infection.?” As a result, Western blotting has pre-
dominantly been used on a research basis.
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TABLE 28-2
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Diagnostic Assays Available for Ehrlichiosis in Dogs and Cats

Assay Specimen Type

Target

Performance

Cell culture Whole blood

Ebrlichia canis;
Ebrlichia ewingii
cannot be cultured

Not widely offered or utilized for routine diagnostic pur-
poses. Requires several weeks’ incubation.

Morula detection Whole blood, buffy E. canis or Low sensitivity (especially for chronic E. canis infection).
coat smears, body E. ewingii E. canis morulae cannot be distinguished from those
fluids, tissue morulae of E. chaffeensis, and E. ewingii morulae cannot be
aspirates differentiated from those of A. phagocytophilum.

Morulae may be confused with platelets, cytoplasmic
granules, phagocytized nuclear material, and
lymphoglandular bodies.

IFA serology Serum Antibodies to Acute and convalescent serology is required for diagnosis
E. canis of acute infection, because initial results may be negative

in dogs with acute disease, and positive results can reflect
previous exposure rather than active infection. Dogs
with chronic infection generally do not seroconvert.
Cross-reactivity occurs to other ehrlichial species and
occasionally to Anaplasma spp.

ELISA serology Serum Antibodies to E. Rapid, inexpensive, can be performed as an in-practice test.
canis or E. ewingii Similar limitations as for IFA. Lack of quantitation limits
antigens ability to document seroconversion.

Western Serum Antibodies to Technically difficult; primarily used on a research basis to

immunoblotting specific E. canis or  identify serologic responses to specific ehrlichial species.
E. ewingii antigens ~ May be difficult to distinguish antibody responses to
E. canis and E. ewingii.
PCR Whole blood; spleen, E. canis, E. muris, or Confirms active infection. Sensitivity and specificity may

lymph node or bone

E. ewingii DNA

vary depending on assay design and specimen type.

marrow aspirates;
buffy coat or tissue
specimens

Sensitivity for diagnosis of chronic CME may be low.
Assays that specifically detect E. muris are not widely
available on a commercial basis.

CME, Canine monocytic ehrlichiosis; IFA, immunofluorescent antibody.

A variety of ELISA assays have been developed for detec-
tion of antibodies to E. canis. A point-of-care lateral-flow
ELISA device for the simultaneous detection of canine heart-
worm antigen, antibodies to E. canis or E. ewingii, antibodies
to Borrelia burgdorferi, and antibodies to Anaplasma spp. in
canine serum, plasma, or whole blood has been marketed for
use in companion animals (SNAP 4Dx Plus, IDEXX Labora-
tories, Westbrook, ME), which includes recombinant surface
proteins of E. canis and E. ewingii on a single spot. Accord-
ing to the manufacturer, when IFA and Western blotting were
used as the gold standard, the sensitivity and specificity of the
E. canis antigen for detection of E. canis antibodies in 104
samples positive for E. canis antibodies and 236 samples nega-
tive for E. canis antibodies was found to be 96.2% and 100%,
respectively. Other point-of-care ELISA assays for detec-
tion of E. canis antibodies have also been developed. A sili-
con disc-based assay is available in the United States through
Antech Diagnostic laboratories that detects Dirofilaria immi-
tis antigen and antibodies to E. canis, Anaplasma spp., and
B. burgdorferi (Accuplex 4, Antech Diagnostics, Irvine, CA).
The performance of this assay for diagnosis of ehrlichiosis has
not been thoroughly investigated at the time of writing. The

incidental finding of E. canis seroreactivity in dogs screened
using these assays for heartworm antigenemia should prompt
performance of a thorough physical examination and basic
laboratory testing (CBC, chemistry panel, and urinalysis) to
evaluate for thrombocytopenia, hyperglobulinemia, and pro-
teinuria. When sick dogs test positive, quantitative serology
should be performed so that a titer can be obtained as a base-
line for acute and convalescent serologic testing or, for dogs
suspected to have chronic CME, to evaluate for titers of very
high magnitude that might be consistent with a dysregulated
immune response to the organism.

Molecular Diagnosis Using the Polymerase Chain Reaction

Whole-blood PCR assays for E. canis DNA is more sensitive for
early diagnosis of CME than IFA or ELISA in dogs with acute
disease. PCR assays are widely available for routine diagnosis of
E. canis infection. Several laboratories offer panels that include
PCR assays for a variety of different vector-borne pathogens.
The results of these assays should be interpreted in light of a
dog’s history, clinical signs, and the results of appropriate sero-
logic assays; the last should be performed to support the results
of PCR testing. PCR assays for E. canis may be performed on



blood, lymph node aspirates, splenic aspirates, or bone marrow.
Convalescent IFA or ELISA testing is much more sensitive than
PCR assays for diagnosis of chronic CME.22:38:39 The sensitivity
of PCR assays for diagnosis of CME when performed on bone
marrow in dogs with chronic ehrlichiosis can range from 25%
to 68%, depending on the laboratory.22 The use of PCR assays
in the absence of serology is currently not suitable for screening
potential blood donors for infection. PCR assays may be useful
to confirm infection in the first week of illness, when serologic
assays are often negative. Depending on the assay used, when
positive, PCR can also be used to confirm the Ebrlichia species
involved.

Blood Culture

E. canis can be cultured in certain cell lines, such as DHS82
cells. This is time-consuming and generally performed only on
a research basis.

Pathologic Findings

Gross pathologic findings in CME include widespread pete-
chial and ecchymotic hemorrhages, generalized pallor, edema,
lymphadenopathy, and splenomegaly.*%-41 Ascites may also be
present. On histopathology, lymphoid and plasma cell hyper-
plasia, lymphoplasmacytic infiltrates, and vasculitis may be
present in numerous organs, such as the brain, eye, spinal cord,
spleen, liver, kidneys, lymph nodes, bone marrow, and lungs.
Histiocytic infiltrates may be found in lymph nodes. With chro-
nicity, the proportion of plasma cells increases. Non-suppu-
rative meningitis and perivascular cuffing within the CNS can
also occur.*42 Glomerulonephitis may be evident,* although
dogs with acute CME have had interstitial nephritis and elec-
tron microscopic abnormalities that are more consistent with
minimal-change glomerulonephritis, with fusion of podocyte
processes.3? Little information is available in regard to the prev-
alence and type(s) of glomerulonephritis that develop in dogs
with chronic CME.

Treatment and Prognosis

Antimicrobial Treatment

The treatment of choice for CME is doxycycline (10 mg/kg PO
q24h) (Table 28-3). It was the consensus of the ACVIM Infec-
tious Disease Study Group that dogs and cats should be treated
for a minimum of 28 days.28 Mixed results have been obtained
in studies that have evaluated the efficacy of doxycycline for
treatment of E. canis infection. One study suggested that acute
infection can be eliminated after treatment for just 16 days.*3
Another study that used ticks to infect dogs showed a failure
of doxycycline, when given for 14 days, to eliminate the organ-
ism from subclinically infected dogs.** In another study, dogs
with acute and subclinical infections became negative by PCR
assay on blood after 28 days of doxycycline treatment, but dogs
with chronic infections remained intermittently positive. How-
ever, ticks still became PCR positive after they fed on treated
dogs, regardless of the stage of disease when treatment was
initiated.*

Whether or not persistence of infection occurs, most dogs
with acute disease show clinical improvement within 24 to 48
hours. Dogs with severe chronic disease may notrespond to ther-
apy, or cytopenias may resolve over a period of several months.
Strong risk factors for mortality in one study were severe leu-
kopenia (WBC <930 cells/pL), severe anemia (HCT <11.5%),
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TABLE 28-3

Antimicrobial Drug Doses Used for Treatment of Ehrlichiosis
in Dogs and Cats

Interval Minimum

Drug Dose Route (hours) Duration (days)
Doxycycline Smg/kg PO,IV  12*  E. canis 28 days;
E. ewingii
14 days

Oxytetracycline 7.5-10 v 12
mg/kg

Until gastroin-
testinal signs
abate, and then
change to oral
doxycycline as
above

*Or 10 mg/kg PO q24h.

hypokalemia (<3.7 mmol/L), and prolonged APTT (>18.25 s).4¢
Platelet counts generally improve and normalize by 2 weeks
following institution of therapy. After treatment, titers can
decline and become negative in 6 to 9 months. Some dogs
retain high titers for several years. Treatment for these dogs
should be based on resolution of platelet counts and improve-
ment of hyperglobulinemia, although hyperglobulinemia can
resolve over several months after treatment is discontinued.
The use of PCR assays on splenic aspirates could be considered
to determine if persistent infection is present in these dogs,
but whether ongoing treatment with doxycycline changes the
outcome for these dogs is unknown. Platelet counts should
be reassessed 1 and 3 months after discontinuation of ther-
apy, because of the potential for relapse or reinfection. Other
causes of illness (especially other vector-borne diseases such as
babesiosis or bartonellosis) should also be considered in dogs
that fail to respond to treatment.

Other drugs used to treat CME with variable success are
chloramphenicol, imidocarb dipropionate, and enrofloxa-
cin.47-50 Ebrlichia canis appears to have intrinsic gyrase-medi-
ated resistance to fluoroquinolones,’! so although their use can
be associated with clinical improvement, it is not recommended.
The antiprotozoal drug imidocarb dipropionate appeared effi-
cacious for treatment of E. canis infection in some studies but
not others.48:49

At this time, treatment of seroreactive but otherwise healthy
dogs that have normal routine bloodwork results is controver-
sial, because it is unknown if treatment changes outcome for
these dogs and has the potential to lead to antimicrobial resis-
tance or adverse effects of drug therapy.

Supportive Care

For dogs with CME that are dehydrated or anemic, IV flu-
ids or blood products may be required. Use of erythropoi-
etin and granulocyte colony-stimulating factor together with
prednisone was associated with treatment success in a dog
with severe chronic ehrlichiosis in one case report.52 Des-
mopressin acetate (DDAVP) (1 mcg/kg SC q24h) for 3 days
appeared to be efficacious to treat bleeding disorders in a few
dogs with CME,33 and treatment resulted in reduction of the
BMBT and APTT. If thrombocytopenia fails to resolve with
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doxycycline administration, a short course (up to a week)
of therapy with immunosuppressive doses of glucocorticoids
could be considered in addition to ongoing therapy with
doxycycline.

Immunity and Vaccination

A vaccine for E. canis infection is currently not available,
but in one study vaccination of dogs with an attenuated
strain dramatically reduced disease in dogs challenged with
a virulent strain of E. canis.’3> The immune response to E.
canis infection is not well understood. Because E. canis is an
intracellular pathogen, cell-mediated immune responses are
required for pathogen elimination. In one study, dogs with
acute infection developed CD8+ lymphocytosis that subsided
after several weeks, despite organism persistence.2” Cytokine
studies suggest that the immune response may vary with the
strain of E. canis involved.5*55 Genetic factors are also likely
to be important determinants of the immune response and
outcome of infection.

Prevention

Avoidance of tick-infested areas and routine inspection of dogs
for ticks after outdoor activities can help to prevent ehrlichio-
sis. Early removal of ticks may help to reduce transmission,
because of the 24- to 36-hour delay that occurs between tick
attachment and feeding. Clients should be instructed to remove
ticks properly and avoid handling ticks with bare hands or
crushing them, to prevent exposure to infected hemolymph. A
variety of devices are available to assist tick removal, which are
placed around the area where the mouthparts enter the skin to
avoid crushing or squeezing the tick and leaving the mouth-
parts behind. Fine-tipped tweezers can be used to grasp the tick
as close to the skin as possible, followed by steady retraction
to remove the tick. The bite wound should then be thoroughly
cleaned with a suitable antiseptic solution (such as iodine or
chlorhexidine-based antiseptics) or soap and water. Ticks can
be disposed in alcohol or tested for vector-borne pathogens
using PCR assays.

Topical ectoparasiticides with activity against ticks also
prevent tick-borne infectious diseases. Examples of canine
ectoparasiticides with activity against ticks include those that
contain amitraz, fipronil, pyrethroids (permethrin, etofenprox,
pyrethrin, deltamethrin, flumethrin), and selamectin. In one
field study, the use of monthly permethrin effectively prevented
infection with E. canis by kenneled dogs. ¢ Products that con-
tain pyrethroids and amitraz have the most potent activity
against ticks. Permethrin, deltamethrin, and amitraz cannot be
used in cats, and use of these products should be avoided on
dogs that co-habitate with cats. Flumethrin collars are avail-
able for use on cats (and on dogs) because unlike the other
pyrethroids, flumethrin does not require hepatic glucaronida-
tion for metabolism.3” Products that contain amitraz, a mono-
amine oxidase inhibitor, should not be used in dogs treated
with selective serotonin reuptake inhibitors (SSRIs) such as
fluoxetine, and pet owners that are receiving SSRIs should
also use alternative preventatives for their dogs. Preventatives
should be applied consistently at the recommended interval for
optimum activity. No preventatives completely protect dogs
or cats from tick attachment, especially where tick infestation
rates are high. Unfortunately, acaricide-resistant strains of R.

sanguineus have been reported as a result of indiscriminate use
of these drugs.’8

Low dose doxycycline (6.6 mg/kg q24h PO) has also been
used to prevent infection in dogs residing in kennels in which
E. canis infection is a problem. Resistance to doxycycline
remains a theoretical concern in this situation.

Because of chronic, subclinical infection, blood donor dogs
should be screened with serology (or serology and PCR assays)
for evidence of E. canis exposure or infection. All seropositive
dogs should be excluded as donors. Transport of chronically
infected dogs to non-endemic regions has the potential to intro-
duce the infection or new strains of E. canis to these regions if
the appropriate tick vectors are present.

Public Health Aspects

E. canis DNA has been detected in some human patients with
clinical signs of human monocytic ehrlichiosis,’® suggesting that
E. canis might be a cause of monocytic ehrlichiosis in people.
Appropriate precautions should be taken to prevent transmis-
sion when handling engorged ticks as well as blood and tissue
specimens from infected dogs, and care should be taken to pre-
vent needle-stick injuries.

Ehrlichia ewingii Infection

Etiology and Epidemiology

Ebrlichia ewingii is an unculturable bacterium that causes
granulocytic ehrlichiosis in humans and in dogs. It was first
recognized in dogs? and occurs in North America and more
recently has been detected in dogs from Africa and Brazil .60-61
Infection occurs in the south-central and southeastern parts
of the United States, which reflects the distribution of the
primary tick vector, Amblyomma americanum. Transmis-
sion within the tick is transstadial. More than 40% of dogs
from an endemic area in Oklahoma and Arkansas were
seropositive.62 In another large study the overall seropreva-
lence was 14.5% in the central states (Oklahoma, Arkansas,
Missouri, and Kansas) and 5.9% in the southeast.®3 In one
study, most cases occurred from May through July,®* but in
another, cases occurred throughout the year.®S In the study
from the south-central United States, dogs were more likely
to test positive with a PCR assay in August.®? E. ewingii is
maintained in white-tailed deer.6¢ The DNA of E. ewingii has
also been found in Dermacentor variabilis and R. sanguineus
ticks,®” but A. americanum is the only proven vector.

Clinical Features

Signs and Their Pathogenesis

In contrast to E. canis infection, E. ewingii infection appears
to cause only acute disease; a chronic phase of disease has not
been described. Like A. phagocytophilum, E. ewingii replicates
in neutrophils and delays neutrophil apoptosis, which prolongs
the life span of the host cell .68

Dogs with E. ewingii infection may show no signs, or fever,
lethargy, anorexia, and neutrophilic polyarthritis may occur.
After experimental infection, signs develop after an incubation
period of 3 to 4 weeks.®®”71 Vomiting and diarrhea occur uncom-
monly. Neurologic signs have been described in some naturally
infected dogs,®® but the possibility of concurrent infections with



other pathogens such as Rickettsia rickettsii was not ruled out
in these dogs. E. ewingii can be found in apparently healthy
dogs, so dogs may act as a reservoir for infection.

Physical Examination Findings

On physical examination, dogs with E. ewingii infection may
have evidence of lethargy, fever, lameness, reluctance to move,
a stiff gait, joint effusion, and pain on joint palpation. Reported
neurologic signs include anisocoria, tremors, and a head tilt.6°

Diagnosis

Laboratory Abnormalities

Common laboratory findings in dogs with E. ewingii infection
are nonregenerative anemia and thrombocytopenia.®%72 Reac-
tive lymphocytosis can also occur.®® The biochemistry panel
may be unremarkable or show mild nonspecific abnormali-
ties. Synovial fluid analysis reveals neutrophilic polyarthritis.
Morulae may be detected within granulocytes in the periph-
eral blood or synovial fluid, but are indistinguishable from
those of A. phagocytophilum. Nevertheless, the finding of
morulae in granulocytes in E. ewingii endemic areas and where
A. phagocytophilum infection is uncommon or absent is
strongly suggestive of E. ewingii infection. In experimental
infections, morulae are visible in the peripheral blood of some
dogs before the onset of clinical signs, around 2 to 3 weeks
postinfection.”?!

Microbiologic Tests

Serologic Diagnosis

Serologic diagnosis of E. ewingii infection is currently limited
to a point-of-care ELISA assay that detects the presence of
antibodies to a specific peptide of E. ewingii (SNAP 4Dx Plus,
IDEXX Laboratories, Westbrook, ME). Because this peptide is
combined on a spot with a peptide that detects antibodies to
E. canis, the antibody response to these pathogens cannot
be distinguished from one another. Cross-reactions may also
occur to other ehrlichial species such as E. chaffeensis. Anti-
bodies appear approximately 1 month after infection.”! Dogs
with acute illness may initially test negative with this assay,
and positive test results may reflect the presence of antibodies
from previous exposure or subclinical infection. A change from
a negative to a positive result over a 2- to 4-week time period
may help support a diagnosis of E. ewingii infection in endemic
areas.

Molecular Diagnosis Using the Polymerase Chain Reaction
Whole-blood PCR assays are available for specific diagnosis of
E. ewingii infection through some veterinary diagnostic labora-
tories. The sensitivity of these assays may vary between labo-
ratories. Currently E. ewingii-specific PCR assays are the only
means to confirm active infection with E. ewingii (as opposed
to infection with A. phagocytophilum or other Ebrlichia spe-
cies). In experimental studies, PCR becomes positive as early as
4 days after inoculation.”!

Treatment and Prognosis

Antimicrobial Treatment

For E. ewingii infection, treatment with doxycycline results
in rapid (within 24 to 48 hours) clinical improvement. Treat-
ment for 2 to 4 weeks may be sufficient to eliminate infection.
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Subclinically infected dogs that test positive with whole-blood
PCR assays may spontaneously clear infection within weeks to
months. Treatment may not be required for these dogs.

Prevention

Prevention of E. ewingii infection involves avoidance of tick
exposure and use of tick preventatives (see previously). Early tick
removal also has the potential to reduce transmission. Poten-
tial blood donor dogs could be screened for infection with E.
ewingii-specific ELISA and PCR assays. PCR assays alone (i.e.,
without serology) should not be used to screen blood donors.

Public Health Aspects

Human infection with E. ewingii has been rarely described in
endemic regions of the United States.”3 Affected people have
had headache, fever, and thrombocytopenia, with or without
leukopenia, and responded to doxycycline treatment. Most
were receiving immunosuppressive drug therapy. Although
direct dog-to-human transmission does not occur, blood from
affected dogs should be handled with caution.

Ehrlichia chaffeensis Infection

Ebrlichia chaffeensis causes human monocytic ehrlichiosis in
North America, an emerging disease that is characterized in
human patients by fever, headache, myalgia, thrombocytopenia
and leukopenia, and elevations in hepatic transaminases.”* Gas-
trointestinal signs, neurologic involvement, and a toxic shock—
like syndrome also occur in some infected people. In the United
States, it occurs primarily in the south-central, southeastern,
and mid-Atlantic states, which reflects the distribution of
A. americanum and the concurrent presence of white-tailed
deer, which are reservoirs for the organism (as for E. ewingii).
Evidence of E. chaffeensis DNA has also been found in
humans, dogs, other animal species (including cats!'8), and
ticks in Africa, Israel, Central and South America, and Asia.
The organism is transmitted transstadially within the tick,”’
which feeds aggressively on humans. In naturally infected dogs,
E. chaffeensis infection has been associated with clinical signs
of lymphadenopathy, anterior uveitis, and epistaxis,’® but the
clinical implications of this infection for dogs are still unclear.
Dogs maintain high antibody titers and are PCR positive for
months after infection, which supports a possible role of the dog
as a reservoir.””

Ehrlichia muris-like Infection

Ebrlichia muris was first described in a wild mouse from Japan
in the mid-1990s7%:7% and E. muris DNA was detected in a
febrile person in Russia for the first time in 2008.89 In 2009,
the DNA with strong homology to that of Ehrlichia muris was
detected in four humans from Minnesota and Wisconsin.30
These individuals had clinical signs and laboratory abnormali-
ties that resembled those of granulocytic anaplasmosis (see
Chapter 29), were seronegative to A. phagocytophilum, and
showed variable seroreactivity to E. chaffeensis. Two of the
individuals were solid-organ transplant recipients and the other
two people were apparently immunocompetent. Morulae were
not seen, but in mice E. muris forms morulae in monocytes.”8
In 2012, DNA with homology to E. muris was detected in an
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ill dog from northern Minnesota that was seronegative for E.
canis and seroreactive to A. phagocytophilum,* although the
extent to which this organism contributed to the dog’s clinical
signs was unclear. Because of the geographic distribution of
infection, Ixodes scapularis is the suspected tick vector (see
Chapter 29). E. muris DNA has been detected in I. scapularis

ticks from northern Wisconsin.8! The extent to which E. muris
causes disease in dogs and humans in the United States and
other countries requires further investigation but it should be
considered as a possible cause of unexplained febrile illness
in dogs, whether or not they have evidence of antibodies to
E. canis.

CASE EXAMPLE

Signalment: “Ditto” a 13-year old male neutered border collie
mix from Dixon, CA

History:Ditto was brought to the University of California, Davis,
because of a 4-day history of lethargy and inappetence.
Ditto had been drinking and there was no vomiting or
diarrhea. There was no history of exposure to ticks, toxins,
or trauma. Ditto was mainly confined to the backyard and
did not have access to standing water. The dog had been
adopted in Guam and brought to the United States several
years ago. There was no other significant travel history.
Ditto’s diet consisted of a commercial senior dry dog food.

Current Medications: Prednisolone (0.45 mg/kg PO g48h) for
allergic skin disease; this had been administered over the
preceding 10 days.

Physical Examination:

Body Weight: 22.3 kg

General: Quiet, reluctant to stand. T = 102.2°F (39.0°C), HR = 152
beats/min, panting, mucous membranes pale pink, CRT <2 s.
Approximately 5% to 7% dehydrated.

Integument: A sparse hair coat was present; there were no
other clinically significant abnormalities. No ectoparasites
were noted.

Eyes, Ears, Nose, and Throat: Severe dental calculus was
present.

Musculoskeletal: Body condition score was 6/9. The dog
would stand but was reluctant to walk.

Cardiovascular and Respiratory Systems: No clinically
significant findings were present.

Gastrointestinal and Urogenital Systems: Cranial
organomegaly was noted on abdominal palpation. Rectal
examination revealed no significant abnormalities.

Lymph Nodes: All peripheral lymph nodes were normal sized.

Laboratory Findings:

CBC:
HCT 28.0% (40%-55%)
MCV 72.4 fL (65-75 fL)
MCHC 30.4 g/dL (33-36 g/dL)
Reticulocyte count 7600 cells/pL (7000-65,000 cells/uL)
Nucleated RBC 1/100 WBC
WBC 19,600 cells/uL (6000-13,000 cells/uL)
Neutrophils 15,876 cells/uL (3000-10,500 cells/uL)
Lymphocytes 392 cells/uL (1000-4000 cells/pL)
Monocytes 1568 cells/pL (150-1200 cells/pL)
Eosinophils 392 cells/pL (0-1500 cells/uL)
Basophils 392 cells/uL (0-50 cells/pL)
Platelets 127,000 platelets/uL (150,000-400,000 platelets/uL)
MPV 20.5 fL (7-13 fL).

Serum Chemistry Profile:
Sodium 141 mmol/L (145-154 mmol/L)
Potassium 4.2 mmol/L (3.6-5.3 mmol/L)

Chloride 105 mmol/L (108-118 mmol/L)
Bicarbonate 18 mmol/L (16-26 mmol/L)
Phosphorus 6.1 mg/dL (3.0-6.2 mg/dL)
Calcium 8.6 mg/dL (9.7-11.5 mg/dl)
BUN 55 mg/dL (5-21 mg/dL)

Creatinine 1.9 mg/dL (0.3-1.2 mg/dL)
Glucose 66 mg/dL (64-123 mg/dL)

Total protein 6.1 g/dL (5.4-7.6 g/dL)
Albumin 2.2 g/dL (3.0-4.4 g/dL)
Globulin 3.9 g/dL (1.8-3.9 g/dL)

ALT 49 U/L (19-67 U/L)

AST 153 U/L (19-42 U/L)

ALP 98 U/L (21-170 U/L)

Creatine kinase 341 U/L (51-399 U/L)
Gamma GT 4 U/L (0-6 U/L)

Cholesterol 282 mg/dL (135-361 mg/dL)
Total bilirubin 0.2 mg/dL (0-0.2 mg/dL)
Magnesium 2.6 mg/dL (1.5-2.6 mg/dL).

Urinalysis: SGr 1.018; pH 7.0, protein 75 mg/dL, no bilirubin, no
glucose, hemoprotein 25 erythrocytes/uL, 0-2 WBC/HPF, 0-2
RBC/HPF, rare granular casts

Urine Protein: Creatinine Ratio: 19.3 (reference range, <1)

Plasma Antithrombin: 64% (reference range, 80%-120%)

Imaging Findings:

Thoracic Radiographs: The right cranial mainstem bronchus
was slightly widened throughout its visible length and
bronchiectasis was suspected. The cardiovascular and
remaining pulmonary structures were within normal limits
for the age of the patient.

Abdominal Radiographs: An ill-defined soft tissue structure
was present that displaced the caudal border of the
stomach cranially. The cecum was not well visualized.
The liver extended past the costochondral arches with
mildly rounded borders, which was interpreted as mild
hepatomegaly. The soft tissue structure was thought to
represent an enlarged lymph node, pancreas, or spleen.

Abdominal Ultrasound: The liver had normal parenchymal
architecture. The gallbladder contained hyperechoic
sludge. The spleen was enlarged with rounded edges and
a heterogenous, more hypoechoic parenchyma. Both
kidneys showed a somewhat thickened cortex with a good
distinction between cortex and medulla. The left renal pelvis
was mildly dilated, and the papilla was blunted. There were
several cystic lesions within the abdomen that measured up
to 3.6 cm x 5.4 cm. Septa were visualized within the cystic
lesions. The cystic lesions appeared to arise from lymph
nodes.

Cytologic Findings: Cytology of ultrasound-guided lymph
node aspirate: There was a moderate amorphous basophilic
proteinaceous background with low numbers of nucleated
cells and erythrocytes. Nucleated cells were composed
primarily of a mixed lymphocyte population with lower
numbers of macrophages and nondegenerate. neutrophils.



Microbiologic Testing: 4Dx SNAP test serology (IDEXX
Laboratories, ME): Positive for antibodies to Ehrlichia canis.
Weakly positive for antibodies to Anaplasma species.
Negative for antibodies to Borrelia burgdorferi and antigen
of Dirofilaria immitis.

Vector-borne disease serology (IFA): Positive for antibodies to
Ehrlichia canis at 1:163,840 and Anaplasma phagocytophilum
at 1:2560. Negative for antibody to Rickettsia rickettsii at <1:40.

Vector-borne real-time PCR panel (whole blood): Positive for
Ehrlichia canis DNA. Negative for Anaplasma phagocytophi-
lum, Anaplasma platys, Bartonella spp., Rickettsia spp., and
Borrelia burgdorferi DNA.

Diagnosis: Canine monocytic ehrlichiosis, characterized by
thrombocytopenia, abdominal lymphadenopathy, and
protein-losing nephropathy.

Treatment: Ditto was initially treated with IV crystalloids
(lactated Ringer’s solution supplemented with 20 mEq/L KCl),
famotidine (0.5 mg/kg IV g12h), and ampicillin (20 mg/kg IV
g8h). The hematocrit dropped to 18%, and 1 unit of packed
RBC was administered, which was followed by a transfusion
reaction, characterized by hemoglobinuria, vomiting, and
icterus. Systolic blood pressure remained within normal limits
throughout hospitalization. When the results of serology
for E. canis were obtained, antimicrobial drug treatment
was changed to doxycycline (5 mg/kg PO q12h). Enalapril
(0.25 mg/kg PO g24h) and aspirin (0.5 mg/kg PO q24h)
were used to manage the protein-losing nephropathy. Two
days after initiation of doxycycline treatment, the dog's
attitude and appetite improved. At discharge (day 9 of
hospitalization), the hematocrit was 26.6%, reticulocytes
150,000 cells/pL, platelet count 496,000/uL, BUN 31 mg/dL,
creatinine 1.5 mg/dL, albumin 1.8 g/dL, globulin 5 g/dL, and
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urine protein:creatinine ratio was 4. At a recheck examination
1 week after discharge, the hematocrit was stable, the platelet
count was 635,000 platelets/uL, BUN 41 mg/dL, creatinine
1.3 mg/dL, and albumin 2.2 mg/dL. A kidney biopsy was not
performed. Ditto was subsequently managed for protein-
losing nephropathy with enalapril and a reduced protein
diet for nearly 2 years, at which time hematocrit was 38.9%,
platelet count 561,000 platelets/ul, BUN 27, creatinine
1.2 mg/dL, albumin 3.2 g/dL, globulin 3.6 g/dL, and the urine
protein:creatinine ratio was 1.6. The spleen had returned to
a sonographically normal appearance, and the cystic lymph
nodes were markedly reduced in size. Additional serology or
follow-up PCR was not performed. He was subsequently lost
to follow-up.

Comments: In this dog, active infection with E. canis was
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13.

14.

confirmed through the use of whole-blood PCR assay.
Where the dog became infected with E. canis was unclear,
but infection was most likely acquired many years earlier
in Guam, where ticks are abundant and R. sanguineus and
E.canisarepresent.ltisalsounclearwhethertheglucocorticoid
treatment played any role in reactivation of chronic
infection. The improvement in hematologic and biochemical
parameters in association with doxycycline treatment
supported arole for E. canis in the disease. Hyperglobulinemia
may have been initially masked by renal protein loss. In this
case, treatment was continued for several months at the
owner’s request while laboratory parameters and ultrasound
findings showed signs of progressive improvement. The
seropositivity to A. phagocytophilum may have reflected
previous exposure to this organism, Anaplasma platys, or
serologic cross-reactivity between antibodies to E. canis
and the A. phagocytophilum antigen used in the test kit.
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