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KEY POINTS

e Equine granulocytic anaplasmosis is a common and clinically significant disease that is
increasing due to changing climactic conditions.

e Typical clinical signs of fever and distal limb edema may be accompanied by less common
clinical entities including neurologic and respiratory signs, among others.

e Multiple means of diagnosis are available including serologic testing, polymerase chain re-
action, and direct organism visualization.

e Tetracycline antimicrobials are the most common treatment option alongside supportive
care.

e No effective vaccine exists on the market. Tick prevention strategies are recommended
for both human and equid health.

Abbreviations

EGA Equine granulocytic anaplasmosis

HGA Human granulocytic anaplasmosis

CSF cerebrospinal fluid
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INTRODUCTION

Equine granulocytic anaplasmosis (EGA) is an obligate intracellular, rickettsial disease
of equids, humans, and other domestic species such as dogs, cats, sheep and cattle,
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as well as diverse wildlife species The disease is caused by the gram-negative, coc-
cobacillary organism Anaplasma phagocytophilum. In 2001, multiple organisms
infecting ruminants, horses, and humans, formerly known as Ehrlichia phagocytophila,
Ehrlichia equi, and the then unnamed agent of human granulocytic ehrlichiosis under-
went a taxonomic reclassification and were combined into a single species, A phag-
ocytophilum. In fact, early work uniting these organisms was performed by
veterinarians, who showed that a Thoroughbred filly inoculated with blood from a hu-
man with granulocytic ehrlichiosis developed clinical signs consistent with equine
granulocytic anaplasmosis and subsequently became resistant to challenge with E
equi. Similar experiments were repeated with cattle, with the same result.”-?

The organism is transmitted by the ixodid tick, particularly during the late fall, winter,
and spring. In endemic areas, EGA is a common and clinically significant disease of
equids, which is encountered and treated in field and hospitalized settings. Changing
climactic conditions have allowed for the persistence of arthropod vectors throughout
the year and for geographic movement of the disease with its host to equids
throughout the world.® The broad host tropism of the organism also raises concern
for zoonotic potential, with domestic species serving as a reservoir, worsening spread
of human granulocytic anaplasmosis (HGA). This review addresses current knowledge
regarding the pathophysiology of EGA, recent developments in diagnosis and treat-
ment, its less common clinical presentations, and an update on epidemiologic spread
both geographically and across species.

PATHOGENESIS

Despite the prevalence of the disease, the entire pathogenesis of EGA has not been
fully elucidated. The bacteria, A phagocytophilum, enters through the dermis via the
bite of infected ticks. The usual vector is known to be the ixodid tick*®> among others,®
specifically Ixodes scapularis and Ixodes pacificus in North America, as well as Ixodes
ricinus in Europe. Small mammals, birds, and lizards may serve as reservoirs.”
Although transovarial transmission seems to be possible in some ixodid species, rates
are so low that the risk of infection by the larval tick stage is considered inconsequen-
tial.® Therefore, the organism is maintained in reservoir hosts, including the white-
footed mouse, Peromyscus leucopus, but also potentially the horse and other live-
stock species.® During the larval or nymphal stage, the bacteria are acquired from a
blood meal from an infected animal and then transmitted to a new host during the
following nymphal or adult feeding. In mouse models, DNA of A phagocytophilum
could be identified as early as 4 to 8 hours after attachment. Significant increases in
both pathogen DNA detection and immunoglobulin response were noted during the
24-hour period, with most animals being infected after 36 hours of attachment.’®
Aside from transdermal transmission, only one case of transplacental transmission
is reported in a foal, where a confirmed clinically affected mare produced a filly with
compatible clinical signs and positive quantitative polymerase chain reaction (PCR)
before ingestion of colostrum.'’

Once through the dermis, the movement of the organism is still unclear. It is pre-
sumed to travel via either the lymphatic system or blood and invade host neutrophils
where replication occurs within vacuoles. The vacuole fails to fuse with lysosomes or
neutrophil-specific granules, allowing for the replication of the organism and forma-
tion of microcolonies termed “morulae,”'? from the Latin word for “mulberry.” The
exact mechanism by which this is accomplished is incompletely understood; howev-
er, recent evidence suggests that A phagocytophilum parasitizes portions of the
endoplasmic reticulum to deliver packaged proteins to the vacuoles in which they
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reside. This pathogen-associated vacuole-endoplasmic reticulum interaction may
help satisfy the nutritional requirements of the bacteria during leukocytic infection.'®
The organism lacks the genes for biosynthesis of factors that activate host leuko-
cytes such as lipopolysaccharide and peptidoglycan. The lipopolysaccharide and
peptidoglycan are acquired from acquisition of low-density lipoproteins produced
by the cell to provide membrane stability.'* A phagocytophilum also colonizes endo-
thelial cells, providing a way to evade the immune system and spread to other
leukocytes.'®

The means by which host tissue destruction occurs still proves ambiguous,
although may be related to neutrophilic oxidative and enzymatic processes that are
typically initiated during phagocytosis. These processes are generally associated
with tissue necrosis at the site of infection, which is not identified during transmission
of A phagocytophilum. Across species, the heaviest burdens of infection are identified
within the spleen, liver, and lungs, likely related to the early focal sequestration of
infected cells. However, vasculitis seems to be a finding unique to equids.’? Direct
infection of hemoatopoeitic progenitor cells is unlikely to explain the associated
pancytopenia noted in some human and ovid patients and thrombocytopenia recog-
nized in horses, as the organism has not been commonly identified within the bone
marrow. Peripheral sequestration, consumption, or destruction of blood elements is
more likely.'?

Infection with A phagocytophilum confers immunosuppressive effects to the host.
Mammalian hosts show increased susceptibility to opportunistic infections during co-
infection with A phagocytophilum, although this phenomenon is more commonly
recognized in sheep than in horses'®; this could be in part due to infection of the endo-
thelium and subsequent alterations in its role in the inflammatory process. Alterations
to both neutrophilic and lymphocytic function have also been suggested.'”

In horses, clinical recovery ranges from a few days to several months. A chronic
form has been suggested to exist in cases of prolonged recovery. The concept that
this could be related to the immunosuppressive effects of the disease has been sug-
gested, although not verified.'®

EPIDEMIOLOGY

Prevalence of anaplasmosis seems to be spreading geographically in accordance
with increasing climactic temperatures and prolongation of the vector season. There
is significant variation in the epidemiology of this disease in North America and
Europe.'® HGA is common in humans in the United States, with 5000 to 6000 cases
reported to the Centers of Disease Control and Prevention annually, yet it is apparently
rare in Europe.?® Conversely, tick-borne fever of sheep and cattle is common in
Europe but not reported in North America, whereas granulocytic anaplasmosis of
dogs, horses, and cats occurs on both continents. Table 1 provides an updated sum-
mary of recent seroprevalence reports for A phagocytophilum in horses.

Clinical Signs

In equids, clinical signs of the acute syndrome include fever (generally 102-104F)*°
along with concurrent depression, tachycardia occasionally alongside low-grade sys-
tolic murmurs, icterus, and anorexia.*®*’ Later in the course of disease, petechiation
and distal limb edema may appear, alongside gait stiffness, myalgia, and sometimes
overt lameness or unwillingness to move forward.*®

Neurologic forms of the disease have also been reported, manifesting as mild hind
limb ataxia*”*® or more rarely as severe ataxia, which may persist further than 3 weeks

135



Table 1

Recent seroprevalence and antigen detection of Anaplasma phagocytophilum in horses globally

Country

Prevalence

Method of Identification

Comments

Reference

North America

East Texas

65.7%, 28.6%

IFA, msp2 qPCR

Healthy horses

Russell et al,?" 2021

West Texas

66%, 0%

IFA, msp2 qPCR

Healthy horses

Russell et al,%' 2021

Central New York

100%, 8.2%

IFA, msp2 qPCR

Healthy horses

Russell et al,?' 2021

New Jersey

100%, 0%

IFA, msp2 qPCR

Healthy horses

Russell et al,2" 2021

Juarez, Mexico

0.8%

PCR

In horses with ticks removed

Medrano-Bugarini et al,?? 2019

Canada

0.53%, 28.7%

ELISA SNAP 4Dx, IFA

Convenience serum submissions

Schvartz et al,?® 2015

South America

Brazil (Rio de Janeiro) 1.0%, 17.3%  msp2 PCR, IFA Healthy horses with and without ticks dos Santos et al,?* 2019
present

Chile 7.9%, 13.6% IFA, msp2 rtPCR Thoroughbred Racehorses Hurtado et al,?> 2020

Europe

Ukraine 0.0% Nested PCR Healthy horses Slivinska et al,?® 2016

Ukraine 10%, 0% PCR, Morulae identification Horses with thrombocytopenia or Dziegiel et al,?’ 2013
compatible clinical signs

Poland 2.63% Nested PCR Polish primitive horses Slivinska et al,?® 2016

Poland 16.6%, 8.3% PCR, Morulae identification Horses with thrombocytopenia or Dziegiel et al,?’ 2013
compatible clinical signs

Romania 10.3% ELISA Snap 4Dx Healthy horses Bogdan et al,”® 2021

Turkey 8.57% IFAT Healthy race mares Ginaydin et al,>° 2018

Italy (Northern) 23.4% IFAT Healthy horses Villa et al,?° 2022

Italy (Sicily) 9.0%, 4.7% IFAT, PCR Healthy horses Giudice et al,>" 2012

Italy 12.5%, 3.1% PCR, Morulae identification Horses with thrombocytopenia or Dziegiel et al,?” 2013

compatible clinical signs
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Italy (Central)

17.03%, 8.14%

IFAT, nested PCR

Combined symptomatic and
asymptomatic horses

Passamonti et al,>? 2010

Spain 18.9%, 7.5% PCR, Morulae identification Horses with thrombocytopenia or Dziegiel et al,?” 2013
compatible clinical signs
Germany 16.7%, 16.7% PCR, Morulae identification Horses with thrombocytopenia or Dziegiel et al,?” 2013
compatible clinical signs
Germany 1.67% PCR Fever of unknown origin von Loewenich et al,33 2003, Walls et al,>*
1997
Netherlands 9.8%, 8.2 PCR, Morulae identification Fever of unknown origin Butler et al,>> 2008

Netherlands

34%, 29.7%

IFAT, ELISA SNAP 4Dx

Horses with tick exposure

(Butler et al, 2016)

Bulgaria 20% ELISA Snap 4Dx Draft horses Tsachev et al,>° 2018
Denmark 22.3% ELISA Snap 4Dx Healthy horses Hansen et al,?” 2010
Sweden (southern) 32% rtPCR Horses with compatible clinical signs Janzén et al,*® 2019
Czech Republic 0.14% IFA or PCR Hospitalized horses Jahn et al,*° 2010
France 13.5% ELISA SNAP 4Dx Healthy horses Maurizi et al,*° 2009
Asia
Iraq 28.9% Morulae identification Horses with compatible clinical signs Albadrani & Al-Iragi,*' 2019
Pakistan 10.67% PCR Compatible clinical signs Saleem et al,*? 2018
Africa
Tunisia 16.3% IFAT Healthy horses ben Said et al,**> 2014
Tunisia 67%, 13% IFA, nPCR Horses with and without ticks Maghirbi et al,** 2012
Subsaharan Africa 0% ELISA SNAP 4Dx Healthy horses Maurizi et al,*° 2009
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after initial infection.*® In one case, ataxia was so severe as to progress to recum-
bency. In this case, cytologic evaluation of cerebrospinal fluid (CSF) was unremark-
able.’® One case report exists of a horse with areas of necrosis of the brain
consistent with microinfarction and necrosis presumed to be associated with an infec-
tion with A phagocytophilum diagnosed based on PCR of both the blood and CSF.
Diagnosis of microinfarction in this patient was initially suspected based on computed
tomographic imaging of the brain.’

Other infrequently reported signs include upper respiratory disease with dysphagia
described in 2 horses, one of which was diagnosed with laryngeal hemiplegia and one
with diffuse pharyngeal edema. Speculated causation includes vasculitis and poten-
tially associated peripheral neuritis, although this could not be confirmed.>? In both
cases, dysphagia resolved with treatment with tetracycline antibiotics. One case
report also exists of 2 equids that presented with bicavitary effusion and hypoprotei-
nemia, along with other signs compatible with anaplasmosis. The fluid was consistent
with a serosanguinous effusion in one case and low-protein transudate in the other. A
phagocytophilum was identified via PCR of both blood and effusion. In both cases,
effusion and hypoproteinemia, along with other clinical signs of anaplasmosis,
resolved with treatment with tetracycline antimicrobials.>® Rhabdomyolysis has also
been reported as an uncommon presentation of EGA. One horse was found with ev-
idence of rhabdomyolysis that was positive for anaplasmosis on PCR of serum and
muscle tissue. Muscle incisional biopsy showed histopathologic evidence that sug-
gest oxidative stress and was not consistent with other common causes of rhabdo-
myolysis in quarter horses. This horse’s clinical signs resolved after treatment with
tetracycline antimicrobials.®* In one experimentally infected case, the horse died,
likely secondary to disseminated intravascular coagulopathy and circulatory
collapse.®® To date, fatal infections have not been reported within the naturally
infected population.

The most commonly reported alteration of the hemogram noted with naturally
occurring EGA is mild to moderate (but not severe) thrombocytopenia. However, in
experimentally infected animals, transient pancytopenia was noted in the acute, febrile
phase of the disease, with thrombocytopenia persisting longer. In general, lymphope-
nia and thrombocytopenia are most commonly reported.*® Anecdotally, cytologic ev-
idence of antigenic stimulation and the presence of reactive-appearing lymphocytes is
frequently noted. Anemia is commonly identified in clinical cases. Bone marrow hypo-
plasia has been suggested to be the cause of these anemias.*®> On serum or plasma
biochemistry, hyperbilirubinemia, hyponatremia, and hyperfibrinogenemia are com-
mon concurrent findings.*’

Diagnosis

Visual identification of morulae within neutrophils can often be used as a simple, inex-
pensive diagnostic aid (Fig. 1). Morulae seem as small, intracytoplasmic clusters of
blue-grey organisms within neutrophils on Wright-Giemsa-stained (or similar) blood
smears, found especially within the feathered edge or in buffy coat preparations
(Fig. 2). They can be identified as early as 2 to 4 days after onset of clinical disease.
Identification of the characteristic morulae is specific for infection with A phagocyto-
philum in horses but is limited in sensitivity by the short window of appearance during
clinical progress.*® Anecdotally, buffy coat is likely to be more sensitive for identifica-
tion of morulae than a direct blood smear based on the concentration of white blood
cells. Absence of morulae should not be used to exclude anaplasmosis as a differen-
tial diagnosis, particularly early in the course of disease.
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Fig. 1. Photomicrographs of mature, segmented neutrophils containing A phagocytophilum
morulae on the blood smear from a 7-year-old Shetland Pony mare presented for evaluation
of suspected strangles. Note the dotted appearance of the morulae, indicating the presence
of several organisms (a vacuole-contained microcolony). Wright-Giemsa, bar = 10 um.

Immunofluorescence assay (IFA) is commonly used to determine circulating anti-
bodies to A phagocytophilum for the study of disease prevalence. Difficulty arises,
however, when attempting to interpret seropositivity in the case of clinical cases. In
one survey of an endemic area, 50% of healthy horses were identified as having titers
to the organism in the absence of clinical disease.®® Experimentally infected horses
seroconverted by 12 to 16 days after inoculation, 2 days after the appearance of
morulae on microscopic evaluation, and 8 days after the first positive PCR test result.
In some cases, seroconversion occurred after the resolution of the horse’s fever.*®
Based on this, a single titer is unlikely to provide clinical utility for the diagnosis of
EGA in the face of disease, although it may provide evidence of past exposure. If
paired serology is used, the first titer should be drawn early after clinical signs appear
in order to document seroconversion after approximately 6 to 8 days. Smaller infective
doses are suspected to induce a slower increase in antibody titers, so an additional
titer could be drawn later in the course of disease, if the patient fails to seroconvert
within the 6- to 8-day period. One earlier report after natural infection identified sero-
conversion as late as 19 to 81 days after infection.®” Based on this time frame, failure
to identify seroconversion should not rule out anaplasmosis.

A commercial enzyme-linked immunosorbent assay (ELISA) product for identifica-
tion of antibodies to A phagocytophilum is available. Relative to IFA, although it is
developed and marketed as a point-of-care test for canine samples, the SNAP 4Dx
ELISA (IDEXX Laboratories) was 100% sensitive and specific for antibodies to A phag-
ocytophilum in horses and could thus be considered a useful alternative to IFA.” As
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Fig. 2. Photomicrographs of the blood smear (A) and buffy coat preparation (B) from a 14-
year-old Warmblood gelding presented for evaluation of acute colic. (A) An A phagocyto-
philum morula is seen within a neutrophil on the peripheral blood smear (arrow). A single
neutrophil is seen within this high-magnification field. (B) Numerous leukocytes are seen in
this concentrated preparation, including several containing A phagocytophilum morulae
(arrows). Wright-Giemsa, bar = 20 um.

with IFA, however, antibody detection may persist far beyond the period of clinical dis-
ease. One report suggests persistence of positive results via this modality as far as
9 months.%®

PCR is positive as early as 3 days after inoculation with larger infective doses but
may be as late as 5 to 6 days in animals with a smaller infective dose. In general,
this is typically 2 to 3 days before the appearance of clinical signs.*® Positive PCR re-
sults can persist as late as 129 days after infection, and horses may be intermittently
positive consistent with stress induction. Based on these observations, the presence
of persistent infection has been suggested, although no clinical signs associated with
this positivity have been reported.>®

Treatment

Tetracyclines are the most commonly used class of antimicrobials in treatment of
anaplasmosis in horses. In-vitro studies show uniform susceptibility of A phagocyto-
philum to doxycycline.®® Oxytetracycline at 3 to 24 mg/kg IVg12 to 24 hours,
11,33,49,52 doxycycline at 10 mg/kg PO g12 hours,*® or minocycline at 4 mg/kg PO
912 hours®? have been used with clinical success. However, self-limiting and subclin-
ical disease may also exist, which could falsely increase perceived treatment success.
Rifampin also shows efficacy against Anaplasma in vitro®® and has been used with
success in several human cases of HGA®' and could be considered as an alternative



Equine Granulocytic Anaplasmosis

in equine patients where concurrent renal disease presents concerns for tetracycline
administration.

Alongside antimicrobials, supportive care includes using nonsteroidal antiinflamma-
tory drugs, acetaminophen, or opioids to manage pain associated with edema and
myalgia. Steroids have been occasionally used in severe cases. In experimentally
infected animals, dexamethasone (40 mg/horse) was shown to reduce proinflamma-
tory cytokines associated with infection with concurrent reductions in distal limb
edema, icterus, anorexia, reluctance to move in later disease, and fever on day 7.
Notably, peripheral blood load based on quantitative PCR of A phagocytophilum
was shown to increase in the face of dexamethasone treatment despite clinical
improvement, supporting the importance of inflammatory factor release in disease
pathogenesis.®?

Prevention

No vaccine exists on the market for anaplasmosis, currently. Thus, prevention mainly
consists of careful environmental maintenance to reduce exposure to ticks. Horses in
endemic areas should have limited exposure to forested areas, overgrown grasses,
and shrubberies where ticks are abundant. Properties should also be cleared of debris
and stone-wall structures, which are associated with increased tick populations.®®
Measures should also be taken to reduce the number of small rodents in the area
by keeping grain products carefully stowed and storage areas regularly cleaned.

As anaplasmosis infectivity is known to increase with the length of attachment
time,'° regular tick checks should be conducted to remove new ticks as rapidly as
possible. The ear canals and tail should be carefully investigated. Permethrin products
have been shown to hinder normal tick movement and so can also be considered for
regular usage in equine patients during the vector season.®* Anecdotally, fipronil spray
of the distal limbs and tail may be an efficacious alternative.

Zoonotic Potential

Although EGA is not directly transmissible from equids to humans, equine patients
may serve as a reservoir for disease persistence through seasons of decreased tick
activity. Equids may harbor strains of the same clonal complex identified in human
cases of HGA.®® Typical clinical signs in humans include flulike symptoms 2 weeks af-
ter inoculation, with severity worsening in the immunosuppressed population. Thus,
prompt disease identification and treatment in the equine patient is necessary to
reduce spread and infective potential of ticks in the environment. With this in mind,
ticks that are removed from horses should be carefully destroyed to avoid possibility
of reattachment onto human hosts.

SUMMARY

Equine granulocytic anaplasmosis is a clinically significant disease of horses, with the
same cause causing disease in many other domesticated animals, and humans, with a
broader prevalence than once thought. Early disease identification using clinical signs
and appropriate confirmatory testing is important for the initiation of rapid treatment
and recovery. The most common clinical signs include fever, edema, petechia, icterus,
depression, and anorexia; however, subclinical cases are reported, and many infec-
tions are self-limiting. Anaplasmosis should be considered in cases of suspected
vasculitis or neurologic disease, which cannot be attributed to other agents, particu-
larly as most cases resolve well with appropriate antimicrobial intervention. As the
vector season of tick populations increases and transport of animals is more easily
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facilitated, consideration for the human health implications of anaplasmosis should be
considered in managing equine populations.

CLINICAL CARE POINTS

Many cases of equine granulocytic anaplasmosis are subclinical or self-limiting.

Most cases respond rapidly and completely to tetracycline antimicrobials and supportive
care.

Anaplasmosis should be considered in cases of neurologic disease, vasculitis, dysphagia,
rhabdomyolysis, or bicavitary effusion associated with hypoproteinemia, which cannot be
otherwise explained.

Seroprevalence varies significantly by geographic region, and seropositivity is prolonged
after exposure. Diagnosis is best made by paired serology, PCR, or visualization of the
organism on blood smear.
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