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CHAPTER |

INTRODUCTION

Members of the genudepatozoonclassified in phylum Apicomplexa, are unique
hemogregarines in their oral routes of infection to vertebrate intermédistie and
polysporocystic oocyst formation in invertebrate definitive hosts (Smith, 1996).

Domestic dogsGanis familiarig have been recognized hostdHapatozoorspp. since

1905 (Baneth et al., 2000; Potter and Macintire, 20H&patozoon canjdirst described

in India, is now documented in many areas of the world including Africa, Southgast A

the Middle East, southern Europe, and South America (Vincent-Johnson, 2003; Baneth et
al., 2007; Little et al., 2009Rhipicephalus sanguineisrecognized as the primary

definitive host and tick vector ¢f. canis,and is found in most temperate and tropical
regions of the world (Vincent-Johnson, 2003; Baneth et al., 2007; Little et al., 2009).
Despite the presence of its definitive host throughout North Amétiozaniswas not
definitively identified in canids in the United States until 2008 (Allen et al., 200& L

et al., 2009).

The first naturaHepatozoorsp. infection in a canid in the United States was
reported in a single coyot€#nis latran$ in Texas near the Gulf Coast in 1978 (Davis et
al., 1978; Vincent-Johnson, 2003; Ewing and Panciera, 2003). Reports in domestic dogs
soon followed, but the novel etiological agdf#épatozoon americanymvas not

recognized as distinct from. canisuntil 1997 (Vincent-Johnson, 1997a; Vincent-



Johnson, 2003; Potter and Macintire, 2010). The accepted natural definitive host and
primary tick vector oH. americanums Amblyomma maculatunor the Gulf Coast tick
(Mathew et al., 1998; Ewing et al., 2002; Vincent-Johnson, 2003; Potter and Macintire,
2010). Originally, this tick was commonly found in states bordering the Gulf of Mexico
and several states along the Atlantic coast including Georgia, Florida, ssawuthern
portion of South Carolina. Current data document the Gulf Coast tick in states further
inland including Arizona, Arkansas, Indiana, Kansas, Kentucky, Missouri, Oklahoma,
and Tennessee, and additional states along the Atlantic coast includingndaryla
Virginia, and West Virginia (Vincent-Johnson, 2003; Paddock et al., 2008; Kasari et al.,
2010). Reports of canine hepatozoonosis in the United States have historicallyezbrrela
with the traditional south-central and southeastern geographic distributton of
maculatum(Vincent-Johnson, 2003; Ewing and Panciera, 2003; Potter and Macintire,
2010). Although canine hepatozoonosis in North America is considered an emerging
disease (Ewing and Panciera, 2003; Vincent-Johnson, 2003; Potter and Macintire, 2010),
survey studies evaluating prevalence and genetic diverditgditozoorspecies

infecting domestic dogs in enzootic areas are lacking.

Canine hepatozoonosis is an incurable disease (Macintire et al., 2001; Panciera
and Ewing, 2003; Potter and Macintire, 2010; Sasanelli et al., 2010). In general, clinical
disease associated with canisinfection is inapparent to mild unless patients have
concomitant infections or are immune-compromised (Baneth et al., 2003a; Vincent-
Johnson, 2003; Sasanelli et al., 2010). Fever, lethargy, anorexia, depression, and anemia
are most often observed in symptomatic patients (Vincent-Johnson et al., 1997h; Banet

et al., 2007; Little et al., 2009). Imidocarb dipropionate has been experimentally



evaluated for efficacy inl. canisinfections, and although the 2-3 month therapy,
administered subcutaneously twice monthly, generally provides favorabtalktesults,
tissue stages of the parasite are not cleared and animals are subjectabrelapse
(Vincent-Johnson et al., 1997b; Sasanelli et al., 2010).

Clinical disease associated with americanumnfection, or American canine
hepatozoonosis (ACH), is often severe to fatal, with salient clinical featskiding
fever, muscle atrophy, muscle and bone pain, recumbency, lameness, mucopurulent
ocular discharge, and neutrophilic leukocytosis (Vincent-Johnson, 2003; Ewing and
Panciera, 2003; Little et al., 2009; Potter and Macintire, 2010). Current Companion
Animal Parasite Council (CAPC) recommendations for treatment of &Q&il a 14-day
oral administration of a triple combination of trimethoprim-sulfadiazinapmthamine,
and clindamycin (TCP9r ponazuril (toltrazuril sulfone) as an initial parasiticide
followed by a two year administration of decoquinate to prevent or delay clielapke

(www.capcvet.ory TCP and decoquinate treatments have been evaluated in naturally

infected domestic dogs, and, although parasite tissue stages are not elirtieadeal
combination is shown to benefit patients in both longevity and quality of life (Mi&cint
et al., 2001, Vincent-Johnson, 2003). Ponazuril is a recommended alternative to TCP as

an initial modality of ACH treatmentivw.capcvet.orjjand has shown efficacy against

other tissue cyst-forming apicomplexans (Gottstein et al., 2001; Mitcledll @004,
Mitchell et al., 2005; Charles et al., 2007), but has not been evaluated experinantally
treatment oH. americanumnfection.

The range of hosts parasitizedHgpatozoorspecies is broad. Over 300 species

of Hepatozoorhave been reported world-wide in poikilotherms, mammals, and some



birds (Smith, 1996; Baneth et al., 2007; Potter and Macintire, 2010). In North America,
24 species dflepatozoorhave been reported from snakes, and species documented in
mammals includéi. americanumn canids Canis familiarisandC. latrang (Vincent-
Johnson et al., 1997a; Kocan et al., 208D nurisin rodents Rattus norvegicyqEyles,
1952),H. procyonisin raccoonsRrocyon loto) (Richards, 1961; Clark et al., 1973), and
H. griseisciuriin grey squirrels§ciuris carolinensis(Clark, 1958; Redington and
Jachowski, 1971; Davidson and Calpin, 1976).

Only nine of the over 300 speciesHdpatozoonmeported have genetic sequence
available in the National Center for Biotechnology Information databasdda&, the
majority of which are 18S rRNA gene data. The remaikiagatozoorsequences listed
in GenBank are published Eepatozoorspp. with the hosts from which they were
collected identifiedHepatozoorspp. sequence contributions from the United States are
particularly limited. Prior to 2007, sequence data were available from dordegs
only (Mathew et al., 2000; Paludo et al., 2005), despite the recognition of natural
Hepatozoorspp. infections in other vertebrate hosts (Eyles, 1952; Clark, 1958; Richards,
1961; Redington and Jachowski, 1971; Clark et al., 1973; Davidson and Calpin, 1976;
Davis et al., 1978). Focused wildlife survey studies in Oklahoma have since codtribute
two 18S rDNA sequences from roderfisgimodon hispiduandPeromyscus leucopus
and two 18S rDNA sequences from rabb8sglyilagus floridanugnd Sylvilagus
aquaticu$ (Johnson et al., 2008a; Johnson et al., 20B@patozoorsequence
GU344682rom a turkey vultureQathartes aurgin Oklahoma was added in 2010.

Additional Hepatozoorspp. sequences obtained from known and novel vertebrate hosts



would provide data for more comprehensive sequence comparisons in assessing
phylogenetic relationships éfepatozoorspp. cycling in nature in the United States.

The accepted primary route of natutgpatozoorspp. transmission to
intermediate hosts is by the ingestion of definitive hosts containing sporulateiteparas
oocysts (Smith, 1996; Baneth et al., 2007). However, paratenic routes have been reported
and experimentally demonstrated in certdepatozoorspecies (Smith, 1996; Baneth et
al., 2007; Johnson et al., 2008b; Johnson et al., 2009). A tertiary route of transmission,
documented to occur in natukdl griseisciuriandH. canisinfections, occurs
congenitally, presumably across the placenta (Clark, 1958; Murata et al., 19931tVince
Johnson, 2003; Baneth et al., 2007; Little et al., 2009). Although speculated to occur in
dogs infected withiH. americanumtransplacental transmission of this parasite has not
been confirmed (Vincent-Johnson, 2003; Little et al., 2009; Potter and Macintire, 2010).
In current literature, the youngest ACH patient reported is 11 weeke ¢Eagng and
Panciera, 2003), which, based on experimental data, is an age allowing adequate tim
from parasite exposure to observable clinical disease and parasite patesuuiy
intermediate hosts via established oral routes of infection (Mathew et al., 888pa
et al., 2008b; Johnson et al., 2009). However, experimental evaluation of transplacental

transmission oH. americanunhas not been reported.



Specific objectives of this research include:

1. Estimate the prevalence depatozoorspp. infections in naturally infected domestic
dogs in the United States using a PCR method designed to amplify a hypervariable
region of the 18S rRNA gene, and to compare amplicon sequences collectedsto asses
phylogenetic diversity of organisms found.

2. Evaluate the efficacy of ponazuril (Marquis™) (Bayer HealthCare Liawhee
Mission, USA), administered twice daily for four weeks at the onset of alinic
disease, in a dog experimentally infected wtramericanuno assess parasite
clearance and clinical improvement of the infected dog.

3. Compare 18S rRNA gene sequenceligpatozoorspp. infecting known and novel
vertebrate hosts in the southern United States to examine phylogenetic rellasions
and document diversity.

4. Assess transplacental transmissioiloamericanumn an experimentally,
chronically infected dam by evaluating whelped pups for clinical signs,ifesnges,

and competence to infe&t maculatunicks.
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CHAPTER Il

REVIEW OF LITERATURE

THE GENUS HEPATOZOON

History

Hepatozoorspecies are obligate heteroxenous apicomplexan parasites that are
documented in a wide variety of vertebrate and invertebrate hosts (Smith, 1996; Sm
and Desser, 1997). The genus was first erected by Miller in 1908 based on his
observations offepatozoon murigsyn.Hepatozoon perniciosunmn laboratory rats and
mites (aelaps echidningqgSmith, 1996; Mathew et al., 2000). The genus was classified
in family Haemogregarinidae by Le ger in 1911, and reclassified in biepdae by
Wenyon in 1926 (Mathew et al., 2000). The revision was based on two aspects of the
Hepatozoorife cycle that distinguish the genus from other hemogregarines: the
production of polysporocystic oocysts in hematophagous invertebrate definitiversts a
transmission to vertebrate intermediate hosts via the ingestion of definitivechiogtag
sporulated oocysts (Levine, 1982; Desser, 1990; Smith, 1996; Smith and Desser, 1998;

Smith et al., 1999; Mathew et al., 2000)
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Transmission

Hematophagous invertebrate definitive hostsl@patozoorspp. support parasite
syngamy, sporogony, and oocyst formation, while vertebrate intermadsteesupport
parasite merogony and gametogony (Smith, 1996; Smith and Desser, 1998). Itis
conventionally accepted that mé$tpatozoorspp.infections are acquired by the
consumption of invertebrate hosts carrying sporulated oocysts (Smith, 1996; Smith and
Desser, 1998). This may occur when vertebrates ingest invertebrates asisastena
(Smith, 1996), while grooming self or companions (Ewing et al., 2003; Baneth et al.,
2007), or accidentally during predation and/or scavenging (Ewing et al., 2003; Johnson et
al., 2009a). After ingestion and excystation, sporozoites disseminate to exstarait
tissues and develop into meronts (Smith, 1996). Released merozoites may undergo
further cycles of merogony or develop into gamonts within blood cells. Gamontgtprese
in circulating leukocytes or erythrocytes, are the infective stage to ibvateedefinitive
hosts (Smith, 1996; Smith and Desser, 1997).

Some species dlepatozoonutilize obligate or facultative paratenic hosts (Smith,
1996). Paratenic hosts that consume sporulated oocysts or invertebrate défsisve
containing them develop parasite monozoic or dizoic cyst stages, or cystozoites.
Cystozoites, sequestered in the tissues of paratenic hosts, are infectivelater
intermediate hosts ingesting them (Desser, 1990; Smith, 1996; Johnson et al., 2009b).
For exampleHepatozoon sipeddmas seemingly lost its ability to establish infections in
snhake intermediate hosts without cystozoite development in obligate, paratgriodts
first, which are infected by consuming mosquito definitive hosts (Smith et al., 1994,

Smith, 1996).Hepatozoon americanura,parasite of canigexperimentally has been
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shown to form cystozoites in alternate vertebrate host species which atieusféa

dogs if ingested; however, these alternate hosts are not requikédaimericanum

transmission to canid intermediate hosts (Johnson et al., 2008a; Johnson et al., 2009b). It
is thought that wittHepatozoorspp. infecting paratenic hosts, predatory habits of
intermediate hosts are important for parasite transmission and life oycf#ation

(Desser, 1990; Smith, 1996; Johnson et al., 2008a; Johnson et al., 2009a; Johnson et al.,

2009b).

HEPATOZOON SPECIES INFECTING CANIDS

H epatozoon canis

Hepatozoon caniwas discovered by S. P. James in 1905 in the blood of domestic
dogs Canis familiarig in India (Mathew et al., 2000; Baneth et al., 2007). The novel
organism was hamedgdeucocytozoon caniut was later reclassified in the genus
Hepatozoor(Mathew et al., 2000; Baneth et al., 2007). Since its discovery, this parasite
has been reported in dogs in many areas of the world, including Europe, Asia, Africa
South America, and more recently, North America (Baneth et al., 2007; Allen et al.,
2008; Sasanelli et al., 2010, Little et al., 2009).

H. canisin its Definitive Host

The primary definitive host and tick vectorlaf caniswas identified by
Christophers in 1907 @hipicephalus sanguineute brown dog tick (Mathew et al.,
2000; Baneth et al., 2007Rhipicephalus sanguineaymphs have been experimentally

demonstrated to suppdtit canissyngamy, sporogony, and oocyst formation after

15



repletion feeding on infected dogs or after percutaneous injection with buffyrcoat f
infected dogs (Baneth et al., 2001; Baneth et al., 2007). Larvae are appafeattygme

to infection (Ewing et al., 2002a; Ewing et al., 2002b). Mature oocysts are found
approximately 53 days post-repletion in 66-85% of molted adult cohorts infected.with
canisas nymphs (Baneth et al., 2007). Although oocysts are readily observable in
hemocoel preparations from dissected ticks, it is not entirely clear wygoee

formation and sporogony occur within the tick, or whether these processes take place
intracellularly or extracellularly (Baneth et al., 2007). Experimesgessing transovarial
transmission oH. canisin R. sanguineusdicate this route does not occur (Baneth et al.,
2001).

Geographic Distribution dR. sanguineus

Rhipicephalus sanguineus most often an ectoparasite of dogs, as its common
name, the brown dog tick, implies. AlthouBhsanguineubas been documented on
other hosts, this three-host tick preferentially feeds on dogs during each{Desttas-
Torres, 2008; Dantas-Torres, 2010). The brown dog tick is capable of establishing in a
variety of climates with regards to temperature, relative humidity, andppeticn
(Dantas-Torres, 2010). Also known as the kennel Rclsanguineus infamous for its
ability to infest indoor facilities (Dantas-Torres, 2008). As its prefenest is found
world-wide and it is able to adapt to various environmental conditRrsanguineus
cosmopolitan in its geographic distribution (Dantas-Torres, 2010).

Other Potential Invertebrate HostsHhfcanis

AlthoughR. sanguineuss the accepted definitive hostldf canis other tick

species have been reported as potential hosts of this parasite. OoElegtatozoon
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spp. have been identified Heemaphysalis longicornisndH. flavacollected from
naturally infected dogs witH. canisin Japan (Murata et al., 1995; Baneth et al., 2001).
Also, a molecular survey of organisms in wild-caugbtes ricinusn Luxumbourg
revealedH. canisDNA in an unfed adult female (Reye et al., 2010). In Brazil, an adult
Amblyomma ovaleollected from a naturally infected dog was reported to contain
Hepatozoorsp. oocysts. Sporozoites liberated from these oocysts were injected into an
uninfected dog intra-peritoneally and circulating gamonts were observed imirtined 84
days after inoculation (Forlano et al., 2005). Another study demonstrated tladssta
transmission oH. canisby A. ovaleto susceptible dogs (Rubini et al., 2009). These
findings implicateA. ovaleas a definitive host and vectortdf canisin parts of South
America.

H. canisin its Intermediate Host

The preponderance of knowledge regardihganisinfections in canids has been
gleaned from observations in naturally infected domestic dogs (Baneth et al., 2007).
Canid intermediate hosts are thought to primarily become infected byinggest
sanguineusicks that contaitd. canisoocysts (Baneth et al., 2007). Oocysts are
reportedly fragile, and likely rupture during canid mastication or when intrddote
the stomach (Baneth et al., 2001). It remains unclear whether sporozoitesd détem
sporocysts in the alimentary tract penetrate the gut lining and migratge¢bdegans or
if they are engulfed by phagocytic cells and carried hematogenouslguegiBaneth et
al., 2007).

Typical sites of merogony iH. canisinfections include bone marrow, lymph

nodes, and spleen (Baneth and Weigler, 1997; Baneth et al., 2000; Baneth et al., 2007).
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In a study conducted by Baneth et al. (2007), two morphologically distinct populations of
meronts were observed in the bone marrow of experimentally infected degataftays.
One form contained only two to four large zoites, termed macromerozoites, randomly
arranged within the meront. The role of macromerozoiték ganisinfections remains
to be elucidated, but they are documented to give rise to micromerozoites and perpetuate
merogony in other species ldeépatozoor(Baneth et al., 2007). The second type of
meront contained 20-30 smaller zoites arranged in a “wheel-spoked” configuration
similar to that documented in other specieblepatozoor(Baneth et al., 2007; Vincent-
Johnson, 2003). These zoites, termed micromerozoites, were thought to be the
progenitors of gamonts (Baneth et al., 2007).

Mature gamonts dfl. canisin experimentally infected dogs may be observed in
peripheral neutrophils four weeks after infection (Baneth et al, 2001; Baneth2&an).
H. canisinfections are often associated with high levels of parasitemia, with gamonts
sometimes reported in as many as 100% of neutrophils on blood films (Baneth and
Vincent Johnson, 2005).

Clinical Signs and Diagnosis bf. canisinfections in Domestic Dogs

Disease associated with canisinfection may range from sub-clinical and
chronic, especially in the absence of concurrent infections, to severe ahdddeehing
(Baneth et al., 2001; Baneth et al., 2007). Severity of disease tends to cortélate wi
patient immune status, which may be impacted by age, genetic disorder, imnrapg,the
or coinfection with another etiological agent suclitbdichia canis Leishmania canis
Babesia canisandToxoplasma gondi{iHarmelin et al., 1992; Baneth et al., 1997;

Vincent Johnson et al., 1997; Baneth et al., 2001; Mylonakis et al., 2005; Baneth et al.,
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2007). In patients with overt disease, symptoms including fever, anemia, lethargy,
anorexia, and depression may be observed (Baneth et al., 2001; Baneth et al., 2007;
Vincent-Johnson et al., 1997Hepatozoon canimfections are classically diagnosed by
microscopic observation of gamonts in blood films, which sometimes are incidental
findings (Sasanelli et al., 2010; Baneth et al., 2007; Vincent-Johnson, 2003). Polymerase
chain reaction (PCR) methods have recently been developed to detect parasite DNA i
peripheral blood (Baneth et al., 2000; Oyamada et al., 2005; Criado-Fornelio et al.,
2007a; Li et al., 2008).

Other Potential Vertebrate Hostskbf canis

As disease associated wtth canisinfection is sub-clinical to mild in most
patients, domestic dogs are thought to be well-adapted hosts of this parasgatVinc
Johnson, 2003). Canine tolerance to infection and the partiaRy s#nguineugor
feeding on dogs during each instar suggestanisis chiefly cycled between dogs and
ticks. Monozoic cysts dfl. canishave been reported in the spleens of naturally and
experimentally infected dogs that are morphologically similar to cggeszobserved in
alternate hosts of othétepatozoorspecies (Smith, 1996; Baneth and Shkap, 2003;
Baneth et al., 2007). However, in dogs infected Wlitltanis these cysts are present in
addition to meronts, which may indicate that dogs serve as both intermediate and
paratenic hosts (Baneth et al., 2003b; Baneth et al., 2007).

AlthoughH. canisis mainly identified in domestic dogs, this parasite has been
reported in jackals, hyenas, and palm civets; however, the spetiepatbzoon
infecting these wild carnivores have not been confirmed (Levine, 1985). Recently,

genetic sequences most identical to that documentddasiswere obtained from red
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foxes {ulpes vulpesin Italy (Gabrielli et al., 2010) and Croatia (Dezdek et al., 2010)
and domestic cat$-€lis catu$ in France (Criado-Fornelio et al., 2009), Thailand

(Jittapalapong et al., 2006), and Brazil (Rubini et al., 2006).

H epatozoon americanum

Hepatozoon americanumas first reported in a coyot€#nis latran$ in Texas in
1978 (Davis et al., 1978). Over the next two decddeamericanunwas reported in
domestic dogs in several states including Alabama, Georgia, Louisiarsessipi,
Oklahoma, and Texas (Craig et al., 1978; Vincent-Johnson et al., 1997; Panciera et al.,
1997). At that time, these infections were attributed to a particularly virutamnt stH.
canis Further research examining the novel North American parasite’s morphology,
tissue tropism, and clinical disease caused indicated that it was an organisech fdish
H. canis In 1997 H. americanunwas recognized as the etiological agent of canine
hepatozoonosis in the United States, and the syndrome associated with infection was
dubbed American canine hepatozoonosis (ACH) (Vincent-Johnson et al., 1997; Mathew
et al., 2000; Panciera et al., 2001; Ewing et al., 2002a). Subsequent experiments
elucidated additional differences betwé¢ncanisandH. americanunincluding primary
definitive host required for parasite life cycle completion and disparitiegions of 18S
rRNA gene sequence (Baneth et al., 2000; Ewing et al., 2002a: Ewing et al., 2002b).

H. americanumn its Definitive Host

AlthoughHepatozoorspp. oocysts have been recognized in feedingaculatum
removed from canids in enzootic areas of ACH, such reports are scarce, an@idge spe

of parasites were not determined (Vincent-Johnson et al., 1997; Ewing et al., 2002b).
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However,A. maculatumcommonly known as the Gulf Coast tick, has experimentally
been demonstrated to be an excellent definitive hddt americanumwhile other

common tick species in ACH enzootic areas, inclutRnganguineusA. americanum
andDermacentor variabib, have empirically been refractory to infection (Mathew et al.,
1999; Ewing et al., 2002b). Experiments characterizing the developmnt of
americanumin A. maculatumnfected via blood meal acquisition have revealed that
parasite is transstadially maintained in the tick from larvae to nymphmyoradult, and
larva to adult (Ewing et al., 2002b). Molted cohorts are demonstrated to harbor
sporulated oocysts infective to canine hosts after approximately 33 to 42 days post-
repletion in the majority (96%-99%), if not all, of those dissected (Mathew, &198I9;

Ewing et al., 2002b). Intermittent microscopic examination of experimemntédigted

ticks has shown evidence of parasite syngamy, sporogony, and oocyst formation
occurring within gut cells of tick hosts (Mathew et al., 1999). Upon tick dissection,
oocysts are readily apparent free in the hemocoel, but some are often a$sseiated

with midgut tissues (Mathew et al., 1999; Ewing et al., 2002b). Experiments assessing
transovarial transmission bf. americanumn A. maculatunhave not been reported; this
route is not suspected, as it has not been documented in other known definitive hosts of
Hepatozoorspp. (Levine, 1985; Baneth et al., 2001).

Geographic Distribution oA. maculatum

In the United State#y. maculatunwas traditionally endemic in states bordering
the Gulf Coast and several states bordering the Atlantic coast includingi&édorida,
and the southern portion of South Carolina (Kasari et al., 2010). However, current data

report the Gulf Coast tick in states further inland including Arizona, Arkansdisng,
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Kansas, Kentucky, Missouri, Oklahoma, and Tennessee and additional statekelong t
Atlantic coast including Maryland, Virginia, and West Virginia (Vinceoitsdson, 2003;
Paddock et al., 2008; Kasari et al., 2018jmblyomma maculatum also documented in
Central and South American regions that border the Gulf of Mexico and Caribbean Sea
including Mexico, Guatemala, Belize, Nicaragua, Honduras, Costa Rica, Colombia
Venezuela, and parts of Ecuador and Peru (Sumner et al., 2007), although recent
evaluations of historical records in these regions from the past 50 yearsaidataBulf
Coast ticks had sometimes been confused Amiblyomma trist¢Mertins et al., 2010).

Other Potential Invertebrate Hoststhfamericanum

Unlike with H. canis other invertebrate definitive hostskdf americanunhave
not been implicated. The exceptional ability*ofmaculatunto acquire and support
parasite development in experimental settings argues its role as the pmsair
definitive host in nature (Mathew et al., 1999; Ewing et al., 2002b). Furthermore, prior to
2008, reports of ACH generally correlated with the geographic distributidn of
maculatumin the United States (Allen et al., 2008; Li et al., 2008; Potter and Macintire,
2010). Newly reported cases of ACH in areas whemaculatums not established are
thought to be instances of patient relocations from confitrheimericanunenzootic
areas (Allen et al., 2008; Little et al., 2009).

H. americanumn its Intermediate Host

The primary documented routeldf americanuntransmission to canid
intermediate hosts is by the ingestion of infecednhaculatun{Vincent-Johnson, 2003;
Ewing et al., 2003; Johnson et al., 2009a). Once introduced into the canine host’'s

alimentary tract, sporozoites are liberated from oocysts and sporacyssponse to
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gastric juices, a phenomenon demonstratadtro using canine bile (Ewing et al., 2000).
Freed sporozoites are thought to penetrate the gut lining and disseminate tiesibsr

but as withH. canis the route of dispersion remains unclear (Cummings et al., 2005). As
soon as 3% weeks after exposure, parasite meronts are found within host cells, likel
monocytes, that are principally located between individual fibers of skatedatardiac
muscle tissues (Ewing et al., 2000; Cummings et al., 2005). Maturing merdhts of
americanundo not have a characteristic “wheel-spoked” arrangement of zoites, but
rather, exhibit blastophore formation (Vincent-Johnson, 2003), and appear to transform
host cells (Panciera and Ewing, 2003; Ewing and Panciera, 2003; Cummings et al.,
2005). In histological preparations of muscle tissue, parasitized celisreversled by
concentric strata of a mucopolysaccharide-rich material reminis€enion skin layers
(Panciera and Ewing, 2003; Ewing and Panciera, 2003). The lesions are aptly termed
“onion skin” cysts (Panciera et al., 1999; Ewing and Panciera, 2003; Cummings et al.,
2005). Over time, meronts overtake and rupture host cells, thereby liberatingitesroz
which breach degenerating cyst walls. Merozoites incite local influxeslafimatory

cells that often progress to granulomata (Panciera et al., 1998; Ewing aret&&003;
Cummings et al., 2005). Distinct populations of macromerozoites and micromerozoites
as are seen iH. canisinfections have not been observed (Panciera et al., 1999; Panciera
et al., 2001; Cummings et al., 2005). It is hypothesized that some merozoites develop
into gamonts after invading new leukocytes while others distribute hematogemously t
new sites and continue to reproduce asexually (Panciera et al., 1998; EWinga&ia
Ewing and Panciera, 2003; Cummings et al., 2005). Gamonts, usually present in less

than 0.1% of circulating white blood cells, are observable on blood smears as soon as
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four to five weeks after infection, primarily during the acute stage of diféagng and
Panciera, 2003; Johnson et al., 2009b).

Clinical Signs and Diagnosis bf. americanuminfections in Domestic Dogs

In experimental infections, dogs often present with symptoms of ACH four to five
weeks after ingesting. americanunoocysts (Panciera and Ewing, 2003). Salient
clinical features of ACH include fever, lethargy, mucopurulent ocular disehpagn and
reluctance to move, altered gait, and muscle atrophy (Vincent-Johnson et al., 1997,
Ewing et al., 2000; Macintire et al., 2001; Panciera and Ewing, 2003; Vincent-Johnson,
2003). Laboratory findings may reveal neutrophilic leukocytosis, which is sometimes
profound, and anemia (Vincent-Johnson et al., 1997; Panciera and Ewing, 2003; Vincent-
Johnson, 2003). In severe cases, symmetric periosteal bone proliferation, procular
the long bones, is evident on radiographs (Vincent-Johnson et al., 1997; Panciera et al.,
2000; Panciera and Ewing, 2003; Vincent-Johnson, 2003). Dogs infected.with
americanunmmay exhibit waxing and waning courses of cl