Definition

Babesiosis is a malaria-like, zoonotic disease transmit-
ted by ticks and caused by protozoa of the genus Babesia,
which invade and destroy erythrocytes.

Synonyms

Babesia has been known by other genus names, includ-
ing Piroplasma, Nuttallia, Microbabesia, Babesiella, and
Gonderia. Babesiosis has been called tick fever, Texas tick
fever, Texas cattle fever, red water, bloody murrain, splenic
fever, and biliary fever. Because all Babesia species are
piroplasms, a more inclusive term for human infections
caused by these organisms would be piroplasmosis. De-
velopment and refinement of methods for identifying and
classifying organisms has resulted in some Babesia and
Babesia-like organisms being reclassified to other genera,
such as Theileria.*? (Fig 11.1)

General Considerations

Babés discovered the organism in Romania in 1888 while
studying cattle dying with fever and hemoglobinuria. Be-
lieving the organism was a bacterium, be called it Haema-
tococcus bovis.® In 1889 Smith and Kilborne recognized a
protozoon as the cause of Texas cattle fever and called it Py-
rosoma bigeminum (Babesia bigemina) (Fig 11.2). In 1893
they established the role of the tick Boophilus annulatus,
the first proven arthropod vector of an infectious disease, in
the transmission of Texas cattle fever.* They also outlined
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Figure 11.1

Theileria parva from a cow in Africa. Note numerous small
pear or tear-drop shaped piriforms (arrows) in erythrocytes.
Giemsa. Original magnification x330

the transovarial transmission of infection by the female tick
to her offspring, an essential element that explained the un-
usual epizootiology of Texas cattle fever.

In 1904, Wilson and Chowning observed pirosomes that
were undoubtedly Babesia in the blood of patients who had
Rocky Mountain spotted fever in Montana.® The first hu-
man infection was documented in 1957 in a splenectomized
Yugoslavian from an area where cattle were infected with
Babesia bovis (Fig 11.3).% In June of 1966, a 46-year-old
splenectomized resident of San Francisco became ill and
later diagnosed with babesiosis. This Californian frequent-
ed sparsely populated areas. The species of the Babesia was
not determined, but was thought to be from a wild animal,
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Figure 11.2

Thin blood film showing 2 piriform Babesia bigemina, a parasite of
cattle, attached at their ends (arrow). Giemsa. Original magnification
x330

Figure 11.4

Thin blood of Babesia divergens from human patient, Note
erythrocytes infected with multiple parasites in ring forms, divergent
forms (forms diverging at a wide angle of up to 180°), piriform, and
chromatin dots (arrows). Giemsa. Original magnification x330

most likely a small rodent.® In 1968, a third case of human
babesiosis was reported in another splenectomized patient.”
This fisherman from Northern Ireland fell ill August 29,
1967 and died September 5. In this patient the infectious
agent was called Babesia divergens, another cattle Babesia
(Fig 11.4). In 1969, human babesiosis developed in a non-
splenectomized patient from Nantucket Island. Significant-
ly, this was the first time Babesia microti was implicated as
a cause of human babesiosis (Figs 11.5 and 11.6).2

The first reported transmission by blood transfusion was
in 1979.° Transfusion transmitted babesiosis is recognized
as an increasing problem even outside endemic areas.!0-°
More than 100 transfusion-transmitted cases have been re-
ported, most in the US, but also in Europe and Japan.'68 At
least 11 deaths following transfussion have been reported
in the US.

Approximately 100 species of Babesia are currently

Figure 11.3

Thin blood film of Babesia bovis (arrow), a parasite of cattle. Note
typical paired trophozoites resulting from binary fission. Giemsa.
Original magnification x330

Figure 11.5

Thin blood of Babesia
microti in patient from Fire
Island, New York. Note
tetrad formation following
schizogony. Giemsa. Original
magnification x330

Figure 11.6

Babesia microti from patient
described in Figure 11.5. Note
ring forms and pleomorphism.
One erythrocyte contains at least
8 parasites.Giemsa. Original
magnification x330

known and new species are being discovered. Babesia
infect a wide variety of wild and domestic animals, includ-
ing cattle,'® sheep, goats, wild ruminants, horses, donkeys,
dogs, cats, swine, raccoons, skunks, fowl, monkeys, and
wild rodents. Despite this wide distribution among ani-
mals, human infections are not common, probably due to
the characteristic host specificity of Babesia. Although first
documented in humans only about half a century ago, the
disease has likely afflicted humans for much longer. Hu-
mans are susceptible to infection with: 1) B. microti, which
infects several wild rodent species and is the cause of most
human infections reported in the United States; 2) B. diver-
gens, which primarily infects cattle in continental Europe,
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the United Kingdom, and Ireland, but also infects splenec-
tomized humans and some rodent species; and 3) novel
Babesia-like organisms detected by microscopy but with
genetic, biologic, and serologic differences from known
species. Examples include parasites called WA1, CA1,
MO1 and EU1. WA1 and CA1 were the etiologic agents in
several human infections in Washington State and Califor-
nia; MO1 has appeared only in Missouri; EU1 was obtained
from patients in Italy and in Austria.

Epidemiology

Incidence of clinical infection with Babesia organisms
is highly variable from location-to-location. Infection de-
pends on many factors: 1) an animal reservoir; 2) a Babesia
to which humans are susceptible, or a human host who is
asplenic or otherwise immunocompromised; 3) a genus of
Ixodidae (hard bodied tick) which can transmit the para-
site; and 4) a suitable tick habitat. Finally, humans must
put themselves at risk by frequenting a tick habitat in an
endemic area in the months when infective stages of ticks
are feeding. Transfusion transmission can occur anywhere
and outside of tick-feeding season, because blood for trans-
fusion can be collected in a different region of the country
and asymptomatic donors may carry the parasite. In the US,
as of January 2011, babesiosis is a nationally-reportable dis-
ease.’’ The systematic collection of these data nationwide
should help improve knowledge of the geographic distribu-
tion of babesiosis and possibly the spectrum of disease.

Endemic areas in the United States have included islands
off the southeastern coast of New England, including Long

Island, New York (Fig 11.7),%*?? and areas of some east-
ern and upper Midwestern states.?® Increasing prevalence
of tick-borne babesiosis has spread to Rhode Island, New
Jersey, and Maryland.?*?¢ In the western United States, ba-
besiosis was reported twice prior to the 1990s; both cases
involved asplenic patients from California. The protozoon
in these infections was a small, unidentified Babesia that
formed tetrads within erythrocytes.®?” The species in these
cases was not determined. From 1991 to 1994, six addi-
tional cases of babesiosis were diagnosed; four in Califor-
nia?® and two in Washington State.’>?°3° QOne of the cases
in Washington was acquired via transfusion. The morphol-
ogy of these parasites was similar to the earlier reports from
California, and to B. microti.®* One of the California in-
fections was suspected to be Babesia gibsoni (Fig 11.8), a
small Babesia of dogs, based on serologic findings.®? Se-
quence analysis of the gene for ribosomal RNA showed
these and the parasite from the first Washington case to be
closely related to B. gibsoni.®*3! The patients who survived
their acute illness developed elevated titers of antibody
to B. gibsoni and to WAL antigens from the index case in
Washington. They did not have cross reacting antibody to
B. microti.?83® These organisms had been termed WA1 and
CAL (the numeral indicating the index case, and applied to
the parasite type in general.) The WAL parasite was later
named Babesia duncani.®* Another transfusion-transmitted
case of B. duncani (WAZ1) occurred in California in 2000.%
These seven reported symptomatic infections are insuffi-
cient to define the population at risk, but compromised im-
munity appears to be a significant risk factor for clinical
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Figure 11.8

Babesia gibsoni (arrow) from a dog. Giemsa. Original magnification
x330

disease. The four patients infected by the CA1-type parasite
were splenectomized; one died. The transfusion recipients
were an elderly man with megaloblastic anemia and myelo-
dysplasia, and a premature infant. The index patient was
young and normosplenic. The two blood donors did not
have symptoms of babesiosis. Neither reservoir animals
nor vector ticks of B. duncani have been identified.?32%3

Though reports of babesiosis on the Pacific coast of the
US have been rare, it may be that infection by B. duncani is
more common than by B. microti. Seroprevalence studies
in asymptomatic persons have revealed prevalent antibody
to B. duncani in 3.5%, 16%, 17.8% of local populations in
northern California.?®3% In one reference laboratory, 27%
of suspected babesiosis cases from across the US have been
positive for antibody to B. duncani.®® These findings sug-
gest that infection by B. duncani, or a related organism is
common.

In 1992 a piroplasm morphologically and serologically
similar to B. divergens caused a fatal human infection in
Missouri. The patient was asplenic and was taking pred-
nisone for long-standing lupus erythematosus. Serologic
testing was positive with B. divergens and negative with
WAL and B. microti. A relatively small (144bp) DNA se-
quence had 100% similarity to B. divergens. The organism
could not be propagated in animals that are competent hosts
for B. divergens. Thus it appeared related to but distinct
from B. divergens, and was designated MO1.3 In 2002,
B. divergens caused a human infection in Kentucky. The
patient was asplenic, with possible exposure during a recent
hunting trip. Giemsa stained blood smears (Fig 11.4) re-
vealed ring and divergent forms infecting erythrocytes. Its
ribosomal RNA gene was 99.8% similar to B. divergens.®

At least forty cases of human babesiosis have been report-
ed in Europe. Human babesiosis has usually been attrib-
uted to cattle Babesia (B. divergens and B. bovis or related

piroplasms) transmitted by Ixodes ricinus, the castor-bean
tick.3%4 Transovarial transmission has been confirmed, but
a particular tick stage has not been implicated (for Ixodes
scapularis, nymph and seed-tick have been implicated).
Residents of areas with large cattle populations appear to
have the greatest risk of infection. Asplenic patients had a
nearly 50% fatality rate.*> Serological surveys in Europe
have found from 1.5% to 11.5% prevalence of antibodies to
Babesia;**® serologic findings in Europe suggest exposure
to B. microti. In the transfusion transmitted case (recipient
and donor), B. microti was implicated.’” Given molecular
identification of novel parasite species that resemble the
large Babesia such as B. divergens; thus many of the cases
historically attributed to B. divergens or B. bovis were actu-
ally caused by a different species.3"444

Sporadic reports of human babesiosis have come from
Canada,*® Mexico,?® Cuba,* Portugal,*® Brazil,*** Japan,5!
Czech Republic,%> Colombia,*® Italy,* Austria,*® India,>*
Australia,®® Taiwan,%®%" China,* South Africa,*® Egypt,*
the Commonwealth of Independent States,?® Yugoslavia,*°
Poland,® France,*® Spain, 2861 Germany,% Korea,
Switzerland,® Denmark,% Sweden,®® the UK,*" Finland,®®
and Ireland. 67,69

Babesia microti infects children’®™ and adults at the
same frequency, but those with risk factors are more likely
to develop clinical, sometimes severe or persistent, dis-
ease. Risks include advanced age, asplenism,?*"? and im-
munocompromise. Patients with HIV, cancer treatment,
immunosuppressive drugs for autoimmune disease, rheu-
matic disease, or organ transplant have experienced severe
babesiosis.!?1%33 7381 The incidence of reported B. microti
infections doubled from more than 200 in 1986 to over
450 by the early 1990s?*82 and continues to increase in the
2000s.2> While babesiosis is probably underdiagnosed in
all age groups,® the increased incidence probably reflects
heightened medical and public awareness of the disease and
expansion of the endemic range.

Coinfection by Babesia and Borrelia (Lyme disease
agent) have been reported.®*% In 1989, a focus of infec-
tion emerged in southeastern Connecticut where a large
percentage of white-footed mice (Peromyscus leucopus)
(Fig 11.9) captured near the homes of babesiosis patients
were infected with B. microti. Some of the mice were also
infected with Borrelia burgdorferi, the causative agent of
Lyme disease.” Some of the patients also had serological
evidence of recent Lyme disease (IgM to B. burgdorferi).

Babesia, Borrelia, and Anaplasma share a tick vector, and
coinfection by two or three of these organisms is known. In
1985, Benach et al reported serological evidence of dual
infections in 54% of patients initially diagnosed with babe-
siosis and 66%, of those initially diagnosed with Lyme dis-
ease. They determined that babesiosis and Lyme disease do
not cross react and concluded that dual infections were ac-
quired from the same tick.® Field surveys have confirmed



that dual infections occur in reservoir animals and vector
ticks and there is experimental evidence that vector ticks
transmit both infections simultaneously.®% A significant
factor in the increasing prevalence of human babesiosis and
Lyme disease in the northeastern United States is the grow-
ing population of white-tailed deer (Odocoilus virginianus)
with corresponding increases in the vector tick Ixodes scap-
ularis (the black-legged or deer tick).%%

Infectious Agent

Morphologic Description

With Giemsa or Wright’s stains, Babesia trophozoites
appear as a mass of blue cytoplasm, usually with a single
red chromatin dot. Cytoplasmic vacuolation occurs in most
species. Itis common to find multiple organisms in erythro-
cytes; 16 or more per red blood cell have been seen in dogs
infected with B. canis. Unlike plasmodia, neither pigment
nor gametocytes are seen in mammalian blood infected with
Babesia. The genus is generally divided into large (over
3 um long) and small species (less than 3 um long), but
these categories are not rigid. Babesia bovis, a small spe-
cies infecting cattle, is sometimes as large as B. bigemina, a
large species also infecting cattle. Large species (and some
small ones) are piriform (pear-shaped, “tear-drop” forms),
whereas most of the small species are elongate, ameboid, or
ring-shaped (annulate). In a single smear, the size range of
trophozoites can include both the small and the large sizes.
The size and morphology may be influenced by host factors
including immune response, splenic presence, and partial
treatment.

Babesia microti exhibits considerable pleomorphism (Fig
11.6). Ring (annulate) forms, elongate forms, and multiple
chromatin dots are typical features of B. microti. The ring
forms and ameboid forms of B. microti and some of the oth-
er small Babesia can be morphologically indistinguishable
from those of plasmodia (Figs 11.10 & 11.11), and have
been misidentified as malaria. Appliqué forms can also be
seen, further lending an appearance similar to Plasmodium
falciparum. The B. duncani and (CA1 type parasite) are
morphologically similar to B. microti. Babesia duncani
appears in various forms (Fig 11.12 & 11.13), including
the Maltese cross (Fig 11.14). Different proportions of the
various forms may be observed in infections by B. microti
and B. duncani (described, but data unpublished).’! In B.
microti infections, ameboid forms, often with vacuolated
cytoplasm, are more common, and tetrad forms are rare and
often asymmetrical. The Missouri parasite MO1 is mor-
phologically similar to B. divergens.

Babesia that do not produce 4 trophozoites reproduce
by binary fission in host erythrocytes. The 2 trophozoites
produced in this manner are often seen attached or in close
apposition at their narrow ends (Figs 11.2, 11.3, 11.15, &
11.16). Many appear as variously arranged V shapes; B. di-
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Figure 11.9
White-footed mouse (Peromyscus leucopus) reservoir host of
Babesia microti in northern United States.

vergens trophozoites are arranged nearly horizontally (Figs
11.4 & 11.17). It is common to find multiple B. divergens
in a single erythrocyte (Figs 11.4, 11.18, & 11.19). In hu-
man erythrocytes, B. divergens may appear in ring forms®’
or Maltese cross formations, and are typically located cen-
trally or subcentrally.®

Life Cycle and Transmission

The major animal reservoir of human B. microti infection
in the United States is the white-footed mouse (Peromys-
cus leucopus) (Fig 11.9). Less important are the meadow
vole (Microtus pennsylvanicus) and other small rodent spe-
cies.®”% If their habitat of brush land, meadows, and pas-
tures is in an endemic area with a white-tailed deer popula-
tion (host for adult 1. scapularis), then the wild rodents are
likely to be infested with immature stages of 1. scapularis.
This tick, and related species, serves as a transmission vec-
tor to host animal (Figs 11.20 & 11.21).

Ticks have a complex life cycle of egg, larva, nymph,
and adult stages that may take 2 or more years to complete.
With few exceptions, they are 3-host ticks that spend the
feeding portion of each stage on a new animal host. Eggs
are laid on the ground, where they hatch into tiny larvae
(seed ticks) with 3 pairs of legs. These larvae attach firmly
to an animal or human, feed once, drop off, and molt into
small nymphs with 4 pairs of legs. A year or more later, the
nymphs attach to a new host, feed once, drop off, and molt
into adults.

There is considerable variation in the feeding and copula-
tion habits of male and female ticks of different genera and
species. In general, females require a blood meal to develop
eggs. They attach to a host, engorge with blood, drop to the
ground, and deposit eggs. On the other hand, many species
of adult male Ixodes never feed and do not require a blood
meal to become fertile. Those that do feed do not engorge,
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Figure 11.10 Figure 11.11
Babesia microti in ring form. Note
resemblance to early ring form of P.
falciparum shown in Figure 11.11.
Giemsa. Original magnification x330
x330

Figure 11.13
Single piriform Babesia duncani (WA1)

with blue cytoplasm. Giemsa. Original
magnification x330

Figure 11.14

Plasmodium falciparum in early ring
form. Note resemblance to Babesia
microti shown in Figure 11.10, and other
Babesia. Giemsa. Original magnification

Babesia duncani (WA1) in Maltese
cross formation. Note dual chromatin
dots in each arm of the cross. Giemsa.
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Figure 11.12

Babesia duncani (WAL) causing
human babesiosis in Washington
State. Morphologically similar to but
serologically distinct from, B. microti
Giemsa. Original magnification x330

Figure 11.15
Babesia canis from a dog. Giemsa.
Original magnification x330

Original magnification x330

but may take several small meals and copulate with several
different females.®® The mouth parts of male I. scapularis
are adapted for semen transfer to the female genital opening
more than for attachment to a host animal. A male tick at-
taches to a female throughout her feeding period (a week or
more), but leaves her before she drops to the ground. Male
ticks remain on a host throughout the winter.*®

Only larvae that have received a parasite transovarially
from an infected female tick can transmit parasites to an
animal or human host. Not all Babesia are transmitted
transovarially; in general, the small species are not. Some
tick stages become infected only by feeding on an infected
host; they cannot transmit infection until they develop to
the next stage and feed again. Once infected, ticks may re-
main transstadial (infective from stage to stage) through all
following stages or only to the next stage. Babesia microti
are not transmitted transovarially in I. scapularis. Larvae
are infected by feeding on reservoir animals from July to
September and transstadial infection of nymphs follows.

The nymphal stage of 1. scapularis is the principal vector
of B. microti to humans.2®1%! In the late 1970s, the vector of
B. microti in the northeastern United States was thought to
be a new tick species called Ixodes dammini, but I. dammini
was later shown to be a variant of I. scapularis.'®> Nymphs

harbor B. microti through the winter and then transmit the
organism when feeding during the late spring and early
summer.®®1% Transstadial infection to adult ticks is insig-
nificant and probably only happens when nymphs have fed
on an infected animal.’** Adult I. scapularis are strongly
host-specific, preferring to feed on their primary host, the
white-tailed deer, or some other large animal, thus reducing
the likelihood of humans being infected.®® Most human in-
fections take place in the summer and fall after the most ac-
tive feeding period of nymphal I. scapularis. Nevertheless,
a few human infections have appeared in winter months
during adult tick feeding.1%®

In the tick, Babesia go through many asexual divisions
in the gut epithelium, cells of malpighian tubules, hemo-
lymph, and salivary glands. Some Babesia develop in the
eggs of the female tick and multiply throughout maturing
larval tissue, accounting for transovarial transmission. Sex-
ual reproduction of Babesia in ticks is still controversial,
though sexual stages in the gut epithelium of ticks infected
with B. equi have been described.? After a few days of feed-
ing, tick salivary glands are filled with differentiated sporo-
zoites which are inoculated into the host.
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Figure 11.16 Figure 11.17

Babesia trautmani from pig in Africa.
Parasite is significantly larger than
small cattle Babesia. Giemsa. Original
magnification x330
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Figure 11.19

Babesia divergens in Maltese
cross formation. Giemsa. Original
magnification x330

Figure 11.20
Ixodes scapularis, vector of Babesia

microti to humans. (Right to left) millet
seed, adult female, adult male, nymph,

larva. Millimeter scale.

Clinical Features and Pathogenesis

Babesiosis provokes a variety of flu-like symptoms: fe-
ver, headache, weakness, myalgia, arthralgia, and malaise
are common in moderate infections. Severe infections pro-
duce anemia, thrombocytopenia, elevated serum hepatic
aminotransferase and lactate dehydrogenase, confusion, de-
pression, night sweats, chills, anorexia, nausea, vomiting,
splenomegaly (Fig 11.22), and hepatomegaly. The most
severe infections may produce respiratory distress, severe
icterus, hemoglobinemia, hemoglobinuria (Fig 11.22), oli-
guria, anuria, prostration, coma, and death.

Humans develop symptoms of babesiosis one to six
weeks after being bitten by an infected tick. One to nine
weeks is the usual incubation period for transfusion-
transmitted infection.?>1% Infection can range from sub-
clinical and asymptomatic to severe and fatal disease. Mild
and asymptomatic infection is detected in seroprevalence
studies in communities and volunteer blood donors who
report no history of babesiosis, and by transfusion trans-
mission from asymptomatic parasitemic donors. The pro-
portion of infections that are subclinical is unknown; some
may be truly asymptomatic, others may have symptoms that
were attributed to the “flu” or other illness. Factors limiting
the knowledge on incidence and clinical spectrum include
variable experience by clinicians and laboratories in recog-
nizing disease and probable species-related virulence.

Babesia divergens demonstrating nearly
linear apposition of 2 trophozoites
following binary fission. Giemsa.
Original magnification x330
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Figure 11.18

Multiple Babesia divergens in single
erythrocyte. Note piriforms, ring forms,
and chromatin dots. Giemsa. Original
magnification x330

Figure 11.21 a,b

Same ticks as in Figure 11.20. Note 4
pairs of legs on nymph and adult (a) and
3 pairs of legs on larval tick (b).

Figure 11.22

Splenomegaly and hemoglobinuria in a cow (urine shown in
sample bottle), nearly pathognomonic findings in enzootic areas of
babesiosis.

Much of what is known about the pathogenesis of Babe-
sia has been a product of veterinary research on B. bovis, a
highly virulent cattle Babesia,'®"1% but some extrapolation
can be made to human babesiosis. Most clinical illness is a
direct result of hemolysis and interference with erythrocyte
function. Parasitic destruction of red blood cell releases
pyrogens, causes severe anemia, and may lead to hemoglo-
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Figure 11.23
Hemorrhages and congestion in leptomeninges of dog infected with
Babesia canis.

binuric nephrosis. Sludging of parasitized erythrocytes and
free parasites in capillaries is one of the most significant
events of Babesia infections, resulting in serious compli-
cations including damaged endothelium, capillary fragility
(Fig 11.23), tissue anoxia with degeneration, and an accu-
mulation of toxic byproducts from the host and parasite. A
wide variety of factors may precipitate sludging: endothe-
lial fibrin and red blood cell bound fibrinogen; strand-type
knob-forming membrane changes in parasitized red blood
cells; increased plasma viscosity caused by fibrin, fibrin-
ogen, and their complexes; and erythrocyte lipid changes
such as externalization of phosphatidylserine. These fac-
tors, plus fibronectin, C3, conglutin, parasite antigen, IgG,
and cryofibrinogen, have been found in cattle with cerebral
babesiosis caused by B. bovis.1971% The cellular immune
system, including production of cytotoxic TNF-alpha, plays
an important role in many of these clinical changes. Large
amounts of antibody are produced in cattle. Babesia bo-
vis produces a more virulent disease in nonsplenectomized
adult cattle than in weaned, splenectomized calves, support-
ing the argument that the most serious symptoms of B. bovis
infection are related to the immune response.*®

Cytokine studies in a human patient in the acute stage
of babesiosis revealed elevated levels of TNF-alpha, inter-
feron-gamma, IL2, IL6, E selectin, vascular adhesion mol-
ecule-1, and intercellular adhesion molecule-1. CD8+ T
cells and natural killer cells were also present.”>1% A small
but growing number of human babesiosis patients have
severe respiratory complications.'®® Parasite and host-
derived proteases, plasma kallikrein, thrombin and throm-
bin-like enzymes, and anoxia cause alveolar edema and an
accumulation of neutrophils and red blood cells in pulmo-
nary capillaries.’® Increased resistance of erythrocytes to

deformation, increased cytoadherence, and perhaps exces-
sive production of TNF and IL-1, may participate in the
pathogenesis of respiratory distress in human patients.*%®

Other complications of babesiosis have included reti-
nal infarct, encephalopathy, hepatic failure, renal failure,
hemophagocytic syndrome,'** and autoimmune hemolytic
anemia.!'?

The development and severity of human babesiosis is in-
fluenced by multiple factors, including virulence of the spe-
cies of Babesia, a compromised immune system, asplenia,
corticosteroid or other immunosuppressive therapy, HIV
infection, and coinfection with other pathogen. 311314 Ba-
besia microti is more likely than other species to produce
clinical disease in the elderly. Young adult and middle-aged
males (the group with the highest tick exposure) are the
usual victims of the more virulent species (B. bovis and B.
divergens). Within this group, asplenic males are at greatest
risk of severe or fatal disease. Coinfection with babesiosis
and Lyme borreliosis occurs commonly, but triple infec-
tion is uncommon. Some reports suggest that the course
of Lyme disease is more severe or prolonged with Babesia
coinfection, others disagree 86115116

The reticuloendothelial system plays a vital role in non-
specific resistance. Specific resistance depends on both
humoral and cell-mediated immunity. Babesia infection
elevates levels of 1gG and IgM in animals and humans.
In vitro observations suggest that immunity may be influ-
enced by humoral factors; phagocytosis of infected cells by
splenic macrophages requires antibody, complement, and
conglutin.’® In mice, T-cell lymphocytes are responsible
for primary resistance to B. microti.*’

Pathologic Features

In humans, findings at autopsy include congestion of
deep organs, occasional hemorrhage, hyperplastic lymph
nodes, severe icterus of the skin, mucous membranes, and
serosal and visceral surfaces, severe pulmonary edema, en-
larged yellow liver, swollen kidneys with reddish brown
discoloration of the corticomedullary junction (Fig 11.24),
dark urine in the bladder, swelling of the brain, and icteric
meninges. Microscopic findings include parasitized eryth-
rocytes in congested capillaries of multiple organs (espe-
cially liver sinusoids), acute renal tubular necrosis, hemo-
globin casts in tubules, distention of liver canaliculi by bile,
immature blood cells in vessels, disseminated intravascular
coagulation, and hemophagocytosis.3%103111118 Bahesia are
usually apparent in hematoxylin-eosin stained sections, but
are best seen with the Giemsa stain.

Diagnosis

Babesiosis must be considered in a patient with malaria-
like symptoms and a history of travel to regions endemic
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Figure 11.24

Cut surface of kidney from a dog. Note dark red hemoglobin-stained
cortical surface and reddish brown discoloration of corticomedullary
junction.

for babesiosis or recent transfusion. Because of the similar-
ity of symptoms and geographic distribution of babesiosis,
Lyme disease, and anaplasmosis; suspicion of one disease
should prompt testing for all.

The laboratory tests that can be used to diagnose infection
by Babesia include light microscopy of peripheral blood,
serologic identification of anti-Babesia antibodies, and de-
tection of Babesia nucleic acid. No test kit or device for
diagnosis of Babesia infection is commercially available.
The FDA has not approved any method. Some research and
commercial reference laboratories have “home grown” test-
ing capability. The most appropriate test in most settings is
light microscopy and it is still the “Gold Standard”. WHO
and CDC recommend the following:

Microscopy.''® For microscopic examination, peripheral
blood is spread on slides in thick and thin smears. At least
two of each should be made. Blood smears are useful for
detection and identification of a number of different blood
parasites. The preferred stain is Giemsa, which can reveal
Schuffner’s dots of malaria. Other stains (Wright, Wright-
Giemsa, Field’s stain or other Romanowsky stains) can also
be used. The guidelines recommend examining the slide
with an oil 100x objective (1000x magnification). Small
parasites of either Babesia or Plasmodium can be eas-
ily missed at lower magnification. Examination of a thick
smear is approximately 20 times more sensitive than a thin
smear. WHO recommends examining at least 100 fields of
a thick smear before calling a smear negative.*? Clinical
and Laboratory Standards Institute (formerly NCCLS) stan-
dards recommend examining at least 300 fields of a thin
smear and a thick smear.*?* The estimated volume of a thick
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smear examined at 1000x for 100 fields is 0.28 pl.*?? If
one parasite is seen, the estimated mean limit of detection is
about 4 parasites/pl. The thin smear is often required to pro-
vide better visualization of parasite morphology for identi-
fication. Malaria and babesia ring forms can be difficult or
impossible to distinguish one from the other.

Serology

Detection of antibody has traditionally been done by im-
mununofluorescent antibody (IFA) test. The recommended
cutoff titres differ by test. However, there is strong cross-
reactivity of B. microti and several Plasmodium sp,?® so
IFA testing in areas endemic for both malaria and babesiosis
is inconclusive. More specific tests may be useful in dif-
ferentiating babesiosis from malaria when microscopic ex-
amination and travel history do not support or exclude either
parasite. An IFA test has been developed for B. duncani
(WAL) that has no cross-reactivity with B. microti antigen.
Serum from patients seropositive to WAL is cross-reactive
with B. gibsoni antigen but at significantly lower titers.?®

The substrate for the IFA has traditionally been obtained
by inoculation of susceptible animals (Syrian hamster) and
using the infected red cells when high (e.g. 40%) parasit-
emia is achieved. This can take several weeks. The red
cells are washed and concentrated and spread on a slide as a
thick smear. Alternatively, relatively purified parasites from
the red cells can be used. Recombinant peptides represent-
ing specific epitopes have also been tested.'?* Antibody de-
tection using an enzyme-linked detection test (ELISA, EIA)
has been performed and may be adaptable to existing plat-
forms used in routine clinical laboratories.

Direct detection of Babesia antigens is not available;
however, an antigen detection kit for Plasmodium (e.g. Bi-
naxNow?® rapid diagnostic test) can be useful, since babesia
and plasmodia can be morphologically similar. The pres-
ence of Plasmodium antigen can help differentiate Babesia
and malaria.'®

Fluorescent dye detection.

Dyes that stain nucleic acids can be used to detect blood
parasites. The QBC® test kit described in Topic 10 also de-
tects Babesia. It is a nonspecific screening test. Routine
light microscopy follows the QBC® test to confirm and iden-
tify the parasite.

Molecular detection.

An 18S RNA gene sequence has been helpful in identi-
fying species of Babesia and related protozoa. Protocols
for polymerase chain reactions (PCR) have been used in re-
search and by commercial reference laboratories; however,
no commercially available test kits are available. Babesia-
specific DNA probes have been a significant investigative
tool in the study of novel species (e.g. WA, CAl, MO1,
EU1) and phylogenetics.?®% DNA probes and PCR tests can
be useful in diagnosing low parasitemic infections.'2612
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Molecular diagnosis is not a primary diagnostic test. Its
use should be reserved for the following situations:

»  Cases in which organisms are not identified by mi-
croscopy and there is a strong clinical suspicion (pre-
sumed low parasitemia).*°

*  When Babesia and malaria cannot be differentiated
by morphology or clinical history, e.g. patient has no
known risk for either or has risk for both.'®

* In recurrent disease after treatment or failure after
treatment, to determine if the original diagnosis was
incorrect.

* Ininvestigational research of new Babesia species or
related parasites.'*®

»  Toreduce risk of transfusion transmission by testing
blood donors. 612

Identifying species on the basis of morphology is difficult
because of similarities among Babesia species. In the Unit-
ed States, B. microti infection can be diagnosed with cer-
tainty if it occurs in a recognized B. microti endemic region
and the parasite displays a characteristic tetrad formation
(Fig 11.5). Finding the Maltese cross formation is helpful
but requires meticulous searching (Fig 11.25)

Treatment and Prevention

The current treatment of choice for most symptomatic hu-
man Babesia infections is atovaquone plus azityhromycin.
Because of a higher rate of adverse drug effects, the com-
bination of clindamycin plus quinine should be reserved
for failure by the first line treatment. For severe babesiosis,
clindamycin should be given intravenously. Red cell ex-
change may be considered to reduce parasite burden.?

The adult dosage of atovaquone is 750 mg orally every
12 hours; azithromycin is given at 500 to 1000 mg first dose
followed by 250 mg daily. Clindamycin is given 300-600
mg every 6 hours (IV) or 600 mg every 6-8 hours orally;
quinine, 650 mg, is given every 6-8 hours orally. Higher
doses of azithromycin (600 to 1000 mg daily) may be used
for immunocompromised patients.*?

In conjunction with exchange transfusions, this com-
bination of drugs has successfully treated human patients
with severe B. divergens and B. microti infections.4075130
Azithromycin plus quinine cleared Babesia parasites from
the blood of a Taiwanese patient.*®: Azithromycin and
atovaquone, used in combination with or without quinine,
have effectively treated babesiosis in adult, infant, asplenic,
and HIV-positive patients where clindamycin plus quinine
had failed.?>'%13  Trimethoprim and sulfamethoxazole
successfully treated a transplant patient with a B. microti
infection after other drug therapies had failed.® Pentami-
dine alone has not been successful,*** but pentamidine plus
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Figure 11.25

Babesia rodhaini in Maltese cross formation. Formation may
be difficult to see in thin thin blood film. Giemsa. Original
magnification x330

cotrimoxazole (trimethoprim) and sulfamethoxazole effec-
tively treated a splenectomized patient infected with B. di-
vergens. Immunocompetent patients may clear parasitemia
without any treatment. In some instances, exchange trans-
fusion is needed to rid patients of persistent parasitemia.®”

There is no vaccine for human babesiosis. The best pre-
vention is to promote public awareness in endemic regions
and areas where Ixodes ticks (or other competent vectors)
are abundant. Simple precautions include using insect
repellents, especially in the spring and summer months,
checking for ticks after exposure to their habitat, and wear-
ing light-colored clothing to make crawling ticks more vis-
ible. Control measures include protecting human habitats
by eliminating nesting areas for small reservoir rodents
and excluding deer with adequate fencing. Reducing the
tick population with acaricides is recommended, especially
around lawns and residences.

Blood collectors and regulatory agencies in the US are
exploring options for reducing the risk of transfusion trans-
mission of Babesia. Proposed strategies include various
testing protocols to exclude donations from potentially in-
fected blood donors and modification of the collected blood
to destroy pathogens or prevent their replication (pathogen
reduction).16128
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