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Abstract Although best known as an animal disease,
human babesiosis is attracting increasing attention as a
worldwide emerging zoonosis. Humans are commonly
infected by the bite of ixodid ticks. Rare ways of trans-
mission are transplacental, perinatal and transfusion-asso-
ciated. Infection of the human host can cause a very severe
host-mediated pathology including fever, and hemolysis
leading to anemia, hyperbilirubinuria, hemoglobinuria and
possible organ failure. In recent years, apparently owing to
increased medical awareness and better diagnostic meth-
ods, the number of reported cases in humans is rising
steadily worldwide. Hitherto unknown zoonotic Babesia
spp. are now being reported from geographic areas where
babesiosis was not previously known to occur and the
growing numbers of travelers and immunocompromised
individuals suggest that the frequency of cases in Europe
will also continue to rise. Our review is intended to provide
clinicians with practical information on the clinical man-
agement of this rare, but potentially life-threatening zoo-
notic disease. It covers epidemiology, phylogeny,
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Introduction

Tick-transmitted hemoparasites of the protozoan genus
Babesia (phylum Apicomplexa) are the second most
common blood-borne parasites of mammals after trypan-
osomes [1]. The disease shows a worldwide distribution
and affects a wide variety of many mammalian species,
occasionally including man. The major impact of the dis-
ease, however, occurs in the cattle industry and in com-
panion animals, and the species affecting cattle and dogs
are the most studied. Human disease due to babesia was
first confirmed in Europe with the description of a fatal
Babesia divergens infection in 1956 in the former Yugo-
slavia [2] and, ever since, babesiosis has been viewed as a
potentially life-threatening zoonotic disease in humans [3—
5]. Since the late 1950s, two species of babesia in partic-
ular, the cattle species B. divergens in Europe and the
rodent species B. microti in North America have been
shown to cause significant numbers of human infections
[5-7]. Although, recently several other Babesia species
have also been involved in human infections worldwide
[7], the major public health burden in humans still occurs
in North America and is due to B. microti, especially in the
eastern parts of the US (see Table 1) [5-7]. Molecular
analysis of the implicated pathogens suggests that the host
ranges of many Babesia spp. are less restricted than
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previously believed and that hitherto unrecognized species
can cause infections in a variety of animal hosts, as well as
in humans, especially in those with immunologically
compromising conditions [6—15]. Most importantly, many
facts pertaining to the epidemiology and pathogenesis of
this parasitic infection remain unclear, especially in Eur-
ope, and the disease may have previously been overlooked
in many European countries due to a lack of medical
awareness and microbiological detection methods. More-
over, the growing numbers of travelers returning from
areas where the disease is potentially endemic and the
steady increase of immunocompromised individuals sug-
gest that the frequency of cases in Europe will continue to
rise steadily. This review covers aspects of epidemiology,
phylogeny, diagnostics and treatment of human babesiosis,
with a special focus on the European situation, in order to
provide clinicians with practical information on the caus-
ative agents and clinical management of this rare, but
potentially life-threatening zoonotic disease.

Epidemiology

Human cases of babesiosis are difficult to quantify because
many cases are not detected and diagnosed correctly, and
others have not been reported or published. Although
babesial parasites, in principle, show a world-wide distri-
bution, only a few publications report human disease cases
outside the United States and Europe (see Table 1) [16—
23]. However, since the 1950s approximately 50 cases have
been published reported in Europe [5-7, 24]. Most of them
were attributed to B. divergens or closely related parasites
(43 cases). In a few cases B. venatorum (3 cases [10, 14])
and B. microti (1 autochthonous case [25], 6 imported
cases [26-31]) were identified as causative agents (see
Table 1). More than half of European cases have occurred
in France and the British Isles. However, within the last
10 years confirmed disease has been reported in several
other European countries, including Austria [10], the
Czech Republic [27], Finland [32], Germany [14], Italy
[10], Montenegro [33], Portugal [34], Poland [35], and
Switzerland [26]. Two asymptomatic cases of B. microti
infections in forestry workers in Poland were presented at
the XII International Jena Symposium on Tick-borne Dis-
eases 21-23 March 2013 in Weimar (Welc-Falgciak et al.,
Risk of human babesiosis due to Babesia microti in forest
ecosystems from North-Eastern Poland. Oral presentation).
It remains to be seen whether the parasites detected in this
study belong to the same zoonotic genotype described in
the US [36] and Jena [25]. Furthermore, there are some
additional suspected cases published with insufficient
diagnostic confirmation [37-39]. The more severe cases
have involved the steadily growing population of travelers

and patients with immunocompromising or hemato-onco-
logical disorders [6, 14, 25, 40-42]. However, some severe
influenza-like infections in immunocompetent individuals
have also been described recently [24].

Seroepidemiology

Seroprevalence studies tested samples from individuals
located in the Rhine—-Main area of midwestern Germany
for babesia antibodies and reported seroprevalence rates of
5.4-8 % for B. microti and of 3.6 % for B. divergens [43,
44]. Positivity rates in these studies were significantly
higher among patients exposed to ticks than among a
population of healthy blood donors. Similarly, a recent
Polish serosurvey revealed antibodies against B. microti in
5 % of the forestry workers tested [45]. A study involving
396 blood donors from Eastern Switzerland identified 5
(1.5 %) donors with B. microti antibodies [46]. Since many
samples were collected outside the normal tick season,
these data may represent conservative seroprevalence
estimates. Thus, while relatively few studies have been
conducted in Europe, there is growing evidence of locally
acquired babesia infections [47].

Vectors, lifecycles, and phylogeny

Babesia spp. are classified as apicomplexan parasites of the
suborder Piroplasmida and family Babesiidae on the basis
of their exclusive invasion of erythrocytes, multiplication
by budding rather than schizogony, and a lack of
hemozoin.

Life-cycles

The life-cycles of the parasites are very similar (see Fig. 1).
Babesia spp. are naturally transmitted by the bite of
infected ticks (almost all ixodids rather than argasids) and
the main life-cycle difference among them is the presence
of transovarial transmission in some species (Babesia sensu
stricto species) and not in others (B. microti-like).

Phylogeny

To date, more than 100 Babesia species have been iden-
tified, infecting many mammalian and some avian species
[5, 7]. Traditionally, Babesia spp. were mainly grouped on
the basis of their morphology host/vector specificity and
susceptibility to drugs. Pragmatically, they are divided into
the small Babesia spp. (trophozoites of 1.0-2.5 pm diam-
eter) and large Babesia spp. (2.5-5.0 um diameter) [6, 7,
48]. These morphological classifications are generally
consistent with phylogenetic characterization based on
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Ixodid ticks

sporogony b
(hemolymph)

Fig. 1 Simplified general life cycle of Babesia spp. (modified and
adapted from Hunfeld et al. [6]). Babesia life cycles consist of
merogony, gamogony and sporogony. Infection is acquired when
sporozoites (Sz) are transferred during tick feeding. Sporozoites then
invade erythrocytes and develop into trophozoites (T). Trophozoites
divide by binary fission and produce merozoites (M) which continue
infection and reinitiate the replicative cycle in the host. Some
trophozoites develop into gametocytes (G) which can initiate
infection in the tick vector. In the tick gut gametocytes develop into
“Strahlenkorper” (Sk) which fuse to form a zygote (Z) developing
into a kinete (K). Kinetes gain access to the hemolymph of the tick,

nuclear sstfRNA gene (/85 rRNA) sequences [3]. At least 2
different groups of Babesia spp. cause human babesiosis in
Europe (see Table 1): Firstly, B. microti-like and secondly,
B. divergens, B. divergens-like parasites and B. venatorum,
sometimes referred to as belonging to the Babesia sensu
stricto spp. group [7].

Vectors and reservoirs

In Europe, many ixodid tick species can transmit babesia to
their natural hosts, however, 1. ricinus is the most important
human-biting tick involved and is the only species thought to
transmit the main Babesia spp. (B. microti, B. divergens and
B. venatorum), that cause human babesiosis in Europe [5, 7,
47, 49]. Dermacentor reticulatus was recently implicated as
a vector in a Polish study [50], but this conclusion appears to
have been based only on the presence of B. microti DNA in
adult ticks collected from vegetation. Since the preceding
nymphal stages will almost certainly have fed on rodents, it is

@ Springer
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replicate and invade various organs. Note that members of Babesia
sensu stricto spp. groups can infect the ovaries and be transmitted
transovarially via eggs so that all instars (larvae, nymphs and adult
females) are potentially infective, whereas members of the Babesia
microti-like groups are only transmitted from one instar to the next
(transstadially), so that larvae are rarely if ever infected. In all
Babesia spp., sporogony is initiated when kinetes invade the salivary
glands (Sg). Here, the parasite forms a multinucleated sporoblast (St).
Newly developed sporozoites (Sz) are then inoculated into the host
with tick saliva at the next blood meal

not surprising that B. microti DNA persisted into the next
stage. This finding is emphatically not evidence for vector
competence, which can best be determined by carefully
controlled transmission experiments. In fact Walter (1982)
determined in just such controlled experiments that D. re-
ticulatus is not a vector of B. microti. Walter (1982) also
showed that several other common European ticks (D.
marginatus, Haemaphysalis punctata, Rhipicephalus san-
guineus, Ixodes hexagonus) do not transmit B. microti [51].
The only proven vector in Europe, apart from 1. ricinus, is
1. trianguliceps; however this species rarely if ever bites
humans, and the strains of B. microti it transmits are prob-
ably not infectious for humans [7].

The typical host reservoirs for the medically most
important Babesia spp. in Europe are cattle (B. divergens),
roe deer (B. venatorum) and small mammals (B. microti)
[5, 7]. Table 1 provides a detailed overview of the cur-
rently most medically important Babesia spp., their geo-
graphical distribution and the corresponding vectors.
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Prevalence of Babesia spp. in ticks

In Europe, data determining risk areas for acquisition of
babesiosis via tick infestation are not available. Infection
rates of Babesia spp. in ticks are usually rather low, but
published values range from 0.9 to 20 % [52-68], though
one study in Austria reported the extraordinarily high
infection rate of 51 % [69]. However, not all studies dif-
ferentiated between B. microti and B. divergens, and only a
few of them included characterization of B. venatorum [57,
59, 62-65, 67]. Babesia divergens and B. microti were
reported from ticks feeding on birds in two different
regions of Germany recently [70, 71] and B. venatorum
was detected in ticks feeding on birds in Norway and
Russia [72, 73], suggesting that birds may play a role in the
dispersal of babesia-infected ticks. A recent study on
questing I. ricinus from Norway identified 17 (0.9 %)
positives out of 1,908 tested ticks, with B. venatorum being
the most prevalent Babesia spp. [68].

However, the great variety of pathogens—e.g. Borrelia
spp. Anaplasma spp., Rickettsia spp., Coxiella burnetii and
Francisella tularensis—that have been detected in coin-
fected ticks suggests the possibility of multiple human
infections acquired after a single tick infestation [56, 58,
65, 70, 74-17].

Common clinical features of human babesiosis
in Europe

In the northern hemisphere, peak transmission by ticks
occurs from May to September and incubation periods vary
from 5 to 33 days after a tick bite [6]. However, most
individuals do not remember tick infestation [14, 49, 78].
Other modes of transmission that occur more rarely are
transplacental, perinatal and via contaminated blood
products [47]. So far only five confirmed congenital human
cases due to B. microti have been documented in the
United States [79-83] whereas more than 160 cases of
transfusion-transmitted babesiosis have been recognized
[4, 47].

Patient population and common co-morbidities

In general, patients of all ages including children are
affected, but most present clinically at 40-60 years of age
[78, 84]. Most European patients infected with Babesia
spp. share splenectomy or immunocompromising condi-
tions as risk factors for acquiring the disease. In addition,
for all babesia infections, advanced age and depressed
cellular immunity are associated with a higher risk of
symptomatic infection and more severe illness [85]. The
rising number of HIV-positive individuals and the

increasing population of immunocompromised individuals
may therefore serve to boost the number of human babe-
siosis cases [0, 14, 40, 41, 49, 86—88]. Transfusion-trans-
mitted cases may arise at any time of the year and
incubation periods can be much longer than when infection
is transmitted by ticks [14, 49, 89, 90].

In cases of coinfections with Babesia spp. and other
tick-borne pathogens, patients often experience a greater
number of symptoms for a longer period of time [91, 92].
Most documented cases have so far involved B. microti,
but one fatal case of coinfection with B. divergens and
Borrelia spp., in a patient with a rudimentary spleen, was
reported from Finland recently [32].

Immunocompetent patients

In immunocompetent individuals parasitemia is often hard
to detect [24]. Patients may present with non-specific
symptoms such as fever, flu-like disease, headache, chills,
sweats and myalgia [6, 24, 47]. Interestingly, however, two
moderate cases of babesiosis in immunocompetent patients
were reported very recently from France, one of which was
attributed to B. divergens [24]. Clinical diagnosis of human
babesiosis can be further complicated by long-term per-
sistence of subclinical infections, notably by B. microti
[93], which may underlie other tick-borne diseases, par-
ticularly Lyme borreliosis [78, 91, 92]. Symptoms in
immunocompetent individuals usually abate spontaneously
within a few weeks [94], but in some cases may persist at a
low level [93, 95].

Immunocompromised patients

In immunocompromised, patients, typical clinical symp-
toms include high fever (up to 40 °C), high parasitemia
(20-80 %) diaphoresis, severe anemia, shortness of breath,
weakness and fatigue. Patients may later develop jaundice,
dark urine, CNS involvement, or complications such as
congestive heart failure and respiratory distress syndrome
[5, 6]. In severe cases, monitoring of parasitemia by blood
smear examination and PCR analysis, and clinical long-
term follow-up is important [14, 25]. Clinicians should be
aware that in these patients relapse and persistence of the
parasite may occur despite treatment [5, 6].

Babesia microti infections

Babesia microti infections are rare outside the Americas
but infection can occur also in Asia (Taiwan and Japan)
[18, 96] and Australia [23]. However, infections have been
repeatedly reported in travelers returning from North
America [26-31]. A recent case report described B. mic-
roti-infection in an 82-year old man returning to France
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after traveling in the United States, who presented with
severe fever and hemophagocytosis [29]. So far, only one
well documented autochthonous case of B. microti has
been described in Europe, which was obviously transfu-
sion-associated and occurred in a German patient suffering
from a hematological malignancy [25].

B. divergens infections

Symptoms appear rapidly as a result of fulminant, life-
threatening infections within 1-3 weeks p.i. with septic
fever, hemoglobinuria or jaundice due to severe hemolysis,
and up to 42 % of patients die [6, 97]. To date, about 43
cases of B. divergens infections have been reported in
Europe, predominantly in asplenic patients [5-7, 24, 32].
Many severe B. divergens infections in the past ended
fatally with general organ failure 47 days after the man-
ifestation of hemoglobinuria [5, 6, 32, 98, 99].

B. venatorum (EU1-3) infection

Clinical symptoms of the first cases of B. venatorum
babesiosis in Italy and Austria, which occurred in two
asplenic men with Hodgkin’s disease and large B cell
lymphoma, ranged from mild to moderately severe and
both patients were cured after successful chemotherapy
with clindamycin and/or quinine [10, 14]. The third case
of B. venatorum occurred in a German asplenic man
with Hodgkin’s disease. This case however, was unique
in that the patient remained seronegative for specific
antibodies for several months and relapsed after initial
treatment, possibly due to the previous combined
application of rituximab and prednisolone, which have
highly immunosuppressive effects [14]. Otherwise there
is no reliable evidence that B. divergens or B. divergens-
like parasites including B. venatorum cause chronic
disease [7].

Clinical chemistry and hematology

Clinical laboratory testing in apparent cases of human
babesiosis may show non-specific findings such as ele-
vated transaminases, alkaline phosphatases, unconjugated
bilirubin and lactic dehydrogenase. Normochromia,
normocytic anemia, thrombocytopenia and, occasionally,
leucopenia may also be observed [5, 10, 14, 24, 25, 29,
30, 32, 35]. Importantly, clinicians should be aware that
diagnosis can be missed by automated blood analyzers
[100]. A positive Coombs test in combination with
hemolytic anemia and elevated procalcitonin levels is
highly indicative of babesiosis [14, 49] and should prompt
further diagnostic tests.

@ Springer

Direct detection of pathogens

Thus far, rapid microbiological diagnosis of human babe-
siosis in Europe has been based mainly on the direct
detection of the parasites in blood smears and by PCR.

Microscopical findings

In symptomatic patients the parasites can usually be seen in
Giemsa-stained blood smears. They appear within eryth-
rocytes as ring forms or piriform inclusions with light blue
cytoplasm (see Fig. 2). However, early in the course of
infection or because of a low level parasitemia, parasites
may not be visualised and smears from serial blood col-
lection must be investigated [6, 97, 101]. Malaria is the
most important differential diagnosis as Plasmodium spp.
can also appear as intraerythrocytic ring forms (see Fig. 2)
and early malaria stages may lack parasitic pigment
(hemozoin). Reliable Babesia spp. identification is not
possible microscopically unless paired pyriforms are seen.

Molecular detection

In patients with suspected babesiosis, PCR should support
microscopic detection of the parasites. Studies have shown
that PCR targeting the /8S rRNA gene is more sensitive
(5-10 parasites/umol) [102] and equally as specific as
blood smear evaluation in the detection of acute Babesia
spp. infections [103-107]. Moreover, several other
molecular test formats including DNA probes, reverse line
blot hybridization, loop mediated isothermal amplification
and real-time PCR-assays technology have been devel-
oped, mainly for veterinary diagnostic laboratories [47,
108, 109]. Detection of babesia DNA suggests a parasite-
mia, and persistent DNA detection clearly points to
ongoing infection [3, 14, 93]. Nevertheless, reversion to
PCR negativity may lag significantly behind a clinical
response to antimicrobial therapy. So far no standardized
molecular detection methods are available for routine use
in European laboratories. The development of sensitive and
specific multiplex PCR assays may be an important future
improvement in the laboratory diagnosis of human disease
following single or multiple infections with tick-borne
pathogens [49, 92].

Molecular pathogen identification

For the purposes of epidemiology and phylogeny, PCR
technology and sequence analyses of the amplicons has
proved powerful in more exact species identification,
especially in newly recognized organisms [7, 49, 110].
However, it should be borne in mind that there are no rules
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Fig. 2 a-d Photomicrographs a
of babesia parasites (denoted by
black arrows) on Giemsa-
stained peripheral blood smears
smear of peripheral blood
showing Babesia microti (a),
Babesia divergens (b), and
Babesia venatorum (¢) in
infected erythrocytes. Parasites
are about 1.5-2.5 pum in
diameter Photomicrographs
showing P. falciparum (d) on
Giemsa-stained peripheral
blood smears (modified and
adapted from Hunfeld et al. [6])

about the degree of homology of fragments of single genes,
such as 18s rRNA, required for conclusions on the identity
of novel pathogens and biological parameters are also
required.

Animal culture

For confirmation of babesiosis it is also possible to directly
inoculate 1.0 ml ETDA whole blood into the peritoneum of
golden hamsters, jirds, or mice [3, 5-7, 111]. Such bioas-
says, however, may take 2—4 weeks to become positive and
are not useful in emergency situations [14, 85, 112].

Indirect detection methods (antibody testing)

In cases of suspected babesiosis immunofluorescence
assays are currently the most frequently applied test system
for the detection of specific IgG and IgM antibodies.

Immunofluorescence assay (IFA)

To date, no standardized IFA for diagnosis of babesiosis is
available for diagnostic purposes in diagnostic laboratories.
As with IFAs used for diagnosis of other diseases, reliable
interpretation clearly depends on the experience of the
investigator, the type of conjugate used, and the type and

preparation of the antigen. Clinical microbiological studies,
however, suggest IFA for the detection of anti-Babesia
antibodies to be specific, sensitive, and reproducible [44,
45, 113, 114]. The serologic cross-reactivity between
B. venatorum and B. divergens means that B. divergens
antigen has proved useful for the detection of seroreactivity
in patients infected with B. venatorum [10, 14]. For
B. microti, titers from 1:32 to 1:160 were reported to be
both diagnostic and specific, with positive predictive values
of 69-100 % and negative predictive values of 96-99 %
[113]. For IFA based on B. divergens antigen, such data
are lacking due to the small number of clinical human
samples with confirmed B. divergens infection and the fact
that most cases present before the onset of a serologic
response.

In immunocompetent individuals with B. microti infec-
tion, specific antibodies are usually detectable at the time
of disease manifestation. Whereas specific IgG antibodies
can be found in patients with acute and chronic infections,
the detection of IgM antibodies may indicate acute infec-
tion even in the absence of demonstrable parasitemia. The
detection of Babesia-specific IgM, however, is known to be
less specific than testing for IgG antibodies [3, 5, 44]. In
immunocompromised patients, prolonged prepatent peri-
ods with a significant delay of antibody production may
occur [85]. After primary infection, elevated antibody titers
may persist from 13 months to 6 years [105].
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Limitations of serologic testing

In acute B. divergens infection, IFA is not helpful
because specific antibodies usually do not become
detectable until 1 week after the onset of fever and he-
moglobinuria. Therefore, seronegative results at the
onset of clinical symptoms are common and may delay
the initiation of appropriate antimicrobial treatment.
While false negative test results can be observed early in
the course of disease caused by both B. microti and
B. venatorum infection [4, 6, 14], false-positive IFA
results have also been described in connective tissue
disorders such as systemic lupus erythematosus and
rheumatoid arthritis [3, 43, 44, 113].

Non-specific cross reactions

Some babesial proteins can cross-react with non-specific
antibodies occurring in patients with connective tissue
diseases, autoimmune disorders, or with various parasitic,
bacterial, and viral infections. Cross-reactive antibodies
may also be observed in individuals with infectious dis-
orders caused by closely related members of the Apicom-
plexa such as Plasmodium spp. and Toxoplasma [44, 115].
In this context, the evaluation of serologic tests in the local
setting is very important to guarantee both epidemiological
and diagnostic reliability of such assays by determination
of appropriate cut-off titers [44, 116].

ELISA, immunoblot, and immunochromatography

The diagnostic interpretation of ELISA or immunochro-
matographic tests, which have been mainly developed in
the veterinary sector [109], is much less subjective than
that of conventional IFA and can be automated to process
larger numbers of samples in a timely and cost-effective
manner. However, problems may arise because greater
amounts of antigen are required compared with traditional
IFA testing and test specificity is mainly dependent on
optimized blocking conditions and purification procedures
of the antigens [99]. Many of the antigens that are currently
used for diagnostic testing or that are being considered for
vaccine production have been identified as merozoite sur-
face proteins or rhoptry-associated proteins, which are
involved in immunoevasion or erythrocyte invasion [117—
119]. ELISA testing is also useful to confirm IFA results
and to identify babesia-positive carriers. Currently,
enzyme-linked immunosorbent assays (ELISA) and
immunoblot tests are under development and peptide-based
ELISAs have been described using peptides derived from
secreted antigens of babesia parasites [120]. However, to
date ELISAs and blots are not sufficiently standardised for
routine use in diagnostic laboratories for the detection of
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specific antibodies in individuals with suspected babesiosis
[7, 47, 49].

Treatment options

Current knowledge of the clinical course and treatment of
human babesiosis is mostly derived from clinical data on B.
microti and B. divergens-infected patients. For cases
caused by other Babesia spp., published accounts of
treatment are extremely limited and mainly based on case
reports. In general, atovaquone, azithromycin, clindamy-
cin, and quinine represent the drugs of choice for treatment
of human babesiosis. These drugs show both proven
activity against babesia in animal model assays and
favorable outcomes in human cases and clinical treatment
trials. Due to issues of resistance development the two
major antimicrobial regimens consist of a combination of
quinine plus clindamycin or atovaquone plus azithromycin
[6, 49, 121, 122]. These regimens are usually administered
orally for 7-10 days. Tables 2 and 3 provide an overview
of effective drugs, dosing regimens and commonly used
drug combinations for the treatment of human babesiosis
[85, 109, 121-123]. Typical adverse effects associated with
atovaquone plus azithromycin include diarrhea and rash (8
percent each). Adverse effects associated with quinine plus
clindamycin include diarrhea and other symptoms of cin-
chonism (e.g., tinnitus, decreased hearing, and vertigo)
[122, 124]. These effects can be so severe that the regimen
has to be discontinued or the dosage decreased in one-third
of cases. Chloroquine, another anti-malarial, has been used
for the treatment of babesiosis but is regarded as relatively
ineffective [3, 99]. Other antimalarial and antiprotozoal
drugs have been largely unsuccessful, including primaqu-
ine, quinacrine, pyrimethamine, pyrimethamine-sulfadox-
ine, artesunate, sulfadiazine, tetracycline, minocycline,
pentamidine, and trimethoprim-sulfamethoxazole [87, 99,
122, 125, 126].

B. divergens infections

Individuals with B. divergens infection—especially those
with splenectomy—are usually regarded as medical emer-
gencies and require immediate treatment to arrest hemo-
lysis and prevent renal failure. The combination of quinine
and clindamycin for 7-10 days (see Tables 2 and 3) dra-
matically improves disease outcome [5, 122, 127-129].
The in vivo effectiveness of quinine, however, has always
been questioned and drug-related toxicity for quinine is
significant [130]. Quinine can be exchanged for quinidine
and administered intravenously along with clindamycin, if
necessary (see Tables 2 and 3) [7, 122, 123]. It is note-
worthy, however, that in recent years a more favorable
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Table 2 Commonly effective drugs and experimentally used substances for the treatment of human babesiosis (according to references [85,

121-123]
Drug (generic name) Regular single dose Application Dosage regimen
Adults Dose-70 kg adult
Standard drugs
Quinine 650 mg p.o. 3 times daily
Clindamycin 600 mg p-o., i.v. 3 times daily
Azithromycin 500 mg/1st day, p.-o., i.v. Once daily
250 mg thereafter®
Atovaquone 750 mg p-o. Twice daily
Doxycycline 200 mg p.o. Once daily
Experimental drugs®
Pentamidin 4 mg/kg/day iv. Once daily
Trimethoprim/sulfametoxazole 4/20 mg/kg p.o., i.v. Twice daily
Proguanil 400 mg/day p-o. Once daily
Imidocarb dipropionate® 0.6 mg/kg im. Twelve hourly for 4 doses
Children Dose/kg
Standard drugs
Quinine 8 mg® p.o. 3 times daily
Clindamycin 7-10 mg"' p.o., i.v. 3 times daily
Azithromycin® 10 mg/1st day p-o., i.v. Once daily
5 mg/day thereafter®
Atovaquone 20 mg/day” p-o. Twice daily

* In immunocompromised patients, higher doses (600-1,000 mg/day) may be required

" In addition to standard drugs alternative substances have been used successfully in some severe adult cases of babesiosis (see also Table 3)

[122]

¢ Imidiocarb is not licensed for use in humans and dosing regimen for treatment of human babesiosis is derived from two successfully treated
Irish cases with B. divergens infection (E. L. Egan and C. Duggan, Int. Soc. Haematol. 23rd Congress, Am. Soc. Hematol. 32nd Annu. Meet.,

1990)

4 In immunocompromised patients higher dose may be required
¢ Maximum 650 mg per dose

f Maximum 600 mg per dose

& Maximum 250 mg per dose

" Maximum 750 mg per dose

outcome has been increasingly reported in B. divergens-
infected patients with severe complications, even though
they were not treated with a full course of quinine and
clindamycin, mainly because of quinine side effects [122,
131, 132]. These findings underscore the impact of
improved adjunctive measures provided by modern inten-
sive care medicine, including exchange transfusion, which
is usually reserved for extremely ill individuals, i.e., those
with severe hemolysis, asplenia, immunosuppression and
parasitemia of more than 10 % [84, 99]. Clindamycin
monotherapy has been proposed in conjunction with such
adjunctive measures (see Table 3) [122, 130-132].
Imidocarb, probably the best anti-babesial for use in
animals is also highly effective in vitro and has been used
successfully to treat two Irish patients infected with

B. divergens [99], but is not licensed for use in humans.
However, the anti-malarial atovaquone alone proved
more effective than imidocarb in an experimental
B. divergens/gerbil model [133], and perhaps should be
considered for general emergency treatment of babesia
infections, especially those caused by Babesia sensu
stricto spp.

Exchange transfusion has been recommended for all
emergency cases involving B. divergens [6, 7, 122, 134].
This measure is particularly helpful because as far as is
known Babesia spp. in humans have no exo-erythrocytic
stages. Therefore, the removal of parasitized erythrocytes
is potentially curative. In addition, anemia is corrected by
this procedure and toxic and harmful metabolites are
removed.

@ Springer



1066

A. Hildebrandt et al.

Table 3 Commonly used drug combinations and treatment alternatives for the treatment of human babesiosis in regard to the infectious parasite
and the severity of the disease (adapted and modified from Gelfand and Vannier [122])

Parasite Mild disease” (drug)

Severe disease™’ (drug)

Adjunctive/alternative therapy in severe cases”

B. divergens Clindamycin

B. microti Atovaquone plus azithromycin

B. duncani Clindamycin plus quinidine or quinine

B. venatorum Clindamycin

Clindamycin plus quinine

Clindamycin plus quinine

Clindamycin plus quinine

Clindamycin plus quinine

Exchange transfusion, hemodialysis, consider
imidocarb dipropionate or atovaquone or
pentamidin plus trimethoprim-sulfamethoxazole as
possible alternative for very severe infections

Exchange transfusion, hemodialysis, consider
adding doxycycline or proguanil in relapsing or
persisting babesiosis

Exchange transfusion, hemodialysis
Exchange transfusion, consider alternative treatment

with atovaquone plus azithromycin in persisting
babesiosis

# Usual duration of treatment is 7-10 days. Longer treatment (>6 weeks) may be necessary in immunocompromised or relapsed patients. In
immunocompromised individuals reduction of immunosuppressive therapy may be needed if possible for clearing the parasite

® Severe illness criteria according to White et al. [149]: parasitemia > 4 %, alkaline phosphatase > 125 U/L, white blood cell counts >5 x 10°/L.
Partial or complete exchange transfusion is recommended in case of high parasitemia (>10 %) severe anemia (<10 g/dL), pulmonary or hepatic
failure. In severe disease cases i.v. treatment is suggested. Alternative treatments as derived from single case reports or case studies cited in the

literature [122]

B. microti infections

For treatment of B. microti infections, animal studies
showed that azithromycin in combination with quinine
[135], azithromycin with atovaquone [125], and atovaqu-
one with clindamycin [136], were all effective (see
Tables 2 and 3). The mortality rate for clinically apparent
B. microti infections is ~5 %. However, most infections
take a benign course and subclinical or mild infections
mostly resolve on their own [137]. Chemotherapy, is thus
indicated only in moderately to severely ill cases and in
asymptomatic individuals with prolonged parasite-
mia > 3 months [122, 138]. More recently, randomized
trials in humans infected with B. microti showed that ato-
vaquone plus azithromycin therapy was as effective as the
standard quinine/clindamycin combination and there were
fewer side effects (15 versus 72 %) [124]. In view of the
low risk of side effects associated with atovaquone/azith-
romycin, it has been argued that all patients diagnosed with
B. microti infection should be treated with this drug com-
bination. In severe cases, similar adjunctive measures to
those used for B. divergens infections may be necessary
(see Table 3).

Newly recognized Babesia spp.

Little is yet known about the exact in vitro susceptibilities
to potential anti-Babesia drugs of the newly recognized
Babesia spp. such as B. duncani, B. venatorum or the
B. divergens-like organisms from the United States and
Europe [6, 7, 122, 139]. The currently available informa-
tion on antimicrobial susceptibility data from case reports,
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and clinical investigations published to date [3, 10, 14, 122,
123], suggest that there is no convincing scientific evidence
for any clinically relevant differences in the susceptibilities
of different pathogenic Babesia spp. to the therapeutic
agents commonly used to treat human disease. However, it
is known that in animal models B. microti-like infections
are more difficult to treat than those caused by Babesia spp.
such as B. divergens [136]. Note that as yet, it has not
proved possible to cultivate B. microti in vitro, which
somewhat restricts the development of drugs against this
parasite. At present the clindamycin and quinine combi-
nation, however, appears to be the regimen of choice for
human cases (see Tables 2 and 3), despite problems with
side effects and the requirement for aggressive adjunctive
procedures in rapidly fulminating infections. Most of the
recent cases of human babesiosis caused by previously
unknown Babesia spp. have responded well to this drug
combination [10-12, 14, 15, 25, 121, 122]. In case of
obvious side effects the atovaquone/azithromycin combi-
nation may serve as an alternative and was successfully
applied in a European case of a B. venatorum infection
[14]. However, problems with speed of response to therapy
and parasite persistence remain [14, 93], emphasizing the
importance of closely monitoring the course of parasitemia,
the necessity for long-term follow-up in such patients, and
the need for further anti-Babesia drug research.

Immunocompromised patients
In HIV patients and in otherwise immunocompromised

individuals substantially higher dosage regimens and
longer treatment schedules may be required to clear the
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infection (see Table 2) [42, 87]. Moreover, it is important
to emphasize that clinical resistance to atovaquone has
been observed and application of currently available anti-
babesials cannot guarantee the elimination of parasites so
the possibility of parasite persistence and occasional
recrudescence has to be taken into account [138].

Monitoring of treatment and response to therapy

Hematocrit, platelet count, parasitemia, renal function, and
hepatic function should be monitored daily or every other
day until symptoms abate and parasitemia is < 5 percent.
Usually, symptoms should begin to improve within 48 h of
antimicrobial therapy, although fatigue and malaise may
persist somewhat longer. Full clinical resolution, however,
should appear within 3 months after initiation of therapy
[6, 49, 121, 122]. Symptoms that persist for > 3 months
should prompt repeat blood smear and/or PCR. If parasites
are detected by microscopy or babesial DNA is detected by
PCR, a second course of antimicrobial therapy should be
administered [121, 122]. The second course may consist of
the same regimen but should be administered for
> 6 weeks, including 2 weeks after parasites are no longer
detected by PCR [14, 122, 138]. Persistent and relapsing
babesiosis typically occurs in patients who are immuno-
compromised by the following conditions: malignancy,
asplenia, immunosuppressive therapy, or HIV/AIDS [6, 14,
121, 122]. In a retrospective case control study comparing
14 patients with persistent parasitemia and babesial illness
(despite repeated courses of antimicrobial therapy) to 46
control patients (who cleared parasites and resolved
symptoms within 1 month following a single course of
standard antimicrobial therapy), the case patients required
treatment for > 6 weeks to achieve cure, including
2 weeks after parasites are no longer detected on blood
smear [5, 42, 122]. PCR should be considered as a more
sensitive diagnostic alternative in the monitoring of treat-
ment success in such cases [14, 122, 138].

Babesia and blood products

Blood donors without clinical symptoms or with prolonged
parasitemias, often harboring circulating parasites for up to
27 months [93], can cause cases of transfusion-transmitted
babesiosis (TTB), so far almost exclusively concerning
B. microti infections in the United States. Circulating
parasites are potentially transmittable via blood products
and episodes of immunosuppression can lead to recrudes-
cence of infection with severe complications [140]. Theo-
retically a single parasite is capable of transmitting
infection and in 2009 the Transfusion-Transmitted Dis-
eases Committee of AAEB (formerly, the American

Association of Blood Banks) categorized babesiosis, (along
with variant Creutzfeldt-Jakob disease and dengue virus) as
the highest risk level for blood safety to be prioritized for
intervention [141]. The incubation period is 4-9 weeks
[142] compared to 1-4 weeks for disease resulting from a
the tick-transmitted infection [137]. Johnson et al. proved
that trophozoites of Babesia spp. remain viable for 42 days
at 4 °C, which is the routine period and temperature for
storage of red blood cell concentrates [106]. Reported cases
of TTB have implicated cryopreserved red cell units [143,
144]. Extracellular parasites have been reported sporadi-
cally [89, 145], even though continued growth of these
forms and/or replication at 4 °C has not been published so
far. Cases of transfusion-transmitted B. microti infections
in the US began to become a public health concern in the
early 1980s. Within the last three decades a dramatic rise in
numbers of reported transfusion-associated cases has been
documented, with at least 12 fatalities [47]. Outside
America only two other cases of transfusion-transmitted
babesiosis have been reported so far, one from Japan that
involved a B. microti-like parasite [146] and one from
Germany caused by B. microti [25]. In Europe, reports of
low-grade parasitemia [24, 35] are a cause of concern and
information on the prevalence of asymptomatic carriers
and the possible risk of transfusion-associated babesiosis is
urgently required to evaluate the importance of babesia
parasites for blood products and their recipients.

Prevention

In order to detect, monitor and prevent transfusion and
tick-borne babesiosis, the disease has been made a
nationally notifiable in the US. So far, seven states in the
Northeast and the upper Midwest are considered to be
endemic areas for B. microti [4]. In Europe, however, data
on the regional distribution and possible risk areas for
acquiring babesiosis via tick infestation are not available. It
is important to note that babesiosis is a “moving target” so
that endemic areas can shift [112]. Additionally, migratory
birds can theoretically contribute to the dispersal of
infected ticks [70-73], in which case the pathogen may
arise in regions that were previously non-endemic. In view
of the additional zoonotic diseases that the vectors of
human babesiosis transmit, general measures to prevent
tick bites are the most appropriate. Total avoidance of tick
habitats by the public may not be practical, but increasing
public awareness of the threat posed by ticks and of per-
sonal protection measures, such as the wearing of appro-
priate clothing, application of repellents, and prompt
removal of attached ticks, probably represent the most
effective preventive measures currently available [147]. At
present the only intervention to mitigate the risk of
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transfusion-transmitted babesiosis in some parts of Europe
is a question on standardised donor-health questionnaires
asking whether they have a history of babesiosis [148].
Unfortunately, this approach proved to be largely ineffec-
tive in the United States [47] and such a question is likely
to be even more ineffective in Europe, where awareness of
the disease is lower.

Conclusion

Human babesiosis is attracting increasing attention as a
worldwide emerging zoonosis. The most important modes
of transmission are the bite of an infected ixodid tick and
the transfusion of contaminated blood products. Human
infection results in a variable but potentially very severe
host-mediated pathology, and the frequent delay in diag-
nosis and treatment can lead to organ failure and death.
Increased medical awareness, improved information on the
specific epidemiology, risk factors of babesiosis in Europe,
and enhanced diagnostic and preventive measures are
urgently needed to provide better clinical knowledge and
management of this rare but potentially life-threatening
zoonotic disease. More information on the risks of trans-
fusion-transmitted babesiosis in Europe is required before a
reasonable balance can be reached between disease pre-
vention and excessive exclusion of blood donors.
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