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Abstract

Babesia felis, originally described from wild cats in the Sudan, was subsequently incriminated as causing clinical disease
in domestic cats. Although babesiosis in domestic cats has been reported sporadically from various countries, as a significant
disease it appears to be a disti-nctly South African phenomenon. Apart from an inland focus, feline babesiosis is reported
regularly only from coastal regions. The infection is assumed to be tick-borne, but the vector has not been identified. Feline
babesiosis tends to be an afebrile, chronic, low-grade disease. The most frequently reported complaints by owners are ano-
rexia and lethargy. The main clinical findings-are anaemia, depression and occa-sionally icterus. Concurrent infections {e.g.
Mpycoplasma haemofelis, FeLV, FIV) may contribute to the clinical picture. Laboratory findings commonly include regenera-
tive anaemia, elevation of alanine transaminase (but not alkaline phosphatase) and total bilirubin concentrations and a variety
of electrolyte disturbances. Secondary immune-mediated haemolytic anaemia can be seen occasionally. Drugs effective against
other Babesia species give variable and questionable results. The drug of choice is primaquine phosphate, which effects

clinical cure but does not eliminate the infection. Repeated or chronic therapy may be required.
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INTRODUCTION

Babesiosis of domestic cats has been reported
sporadically from various countries, including France
[ 4, 20], Germany [26], Thailand [18], India [27]
and Zimbabwe [36], but does not seem to be a
regularly occurring significant clinical disease in any
country other than South Africa. Apart from an
inland focus at Kaapschehoop (25° 35.40'S, 30° 46.18'
E), a small village on the eastern escarpment of
Mpumalanga Province [31], feline babesiosis is repo-
rted regularly only from South African coastal regions
[17]. Incidence is highest along the southern Cape
coast, with more sporadic occurrence in the eastern
coastal areas and minimal disease reported from the
west coast beyond Cape Town. Overall incidence is
highest in summer, but seasonality is less pronounced
in non-seasonal and winter-rainfall areas. Although
feline babesiosis is assumed to be a tick-borne infectio
n, the vector has not been identified.

THE CAUSATIVE ORGANISM

Apart from an earlier, dubious report [22], Babesia
felis, described from an African wild cat (Felis ocreata,
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syn. Felis sylvestris) [39] in the Sudan in 1929 was
the first piroplasm from cats to be reported and
named [ 8]. This was followed by Babesiella felis in
two captive pumas (Felis concolor) in a zoo in Egypt
[ 6] ; Nuttalia felis var. domestica in a domestic cat
in South Africa [16] ; Babesia cati in an Indian wild
cat (Felis catus) [27] ; Babesia herp-ailuri in a South
American jaguarundi (Herpailurus yaguarundi) [9] ;
and Babesia pantheraein a leopard (Panthera pardus)
in Kenya [10], all based on mor-phology and/or
biology. The first species described based on molecu-
lar characterization was Babesia leo from lions (Pan~
thera leo) in the Kruger National Park, South Africa
[29]. Since then, Babesia canis sergenti has been
described from domestic cats in Israel [ 1], also
based on molecular characterization. The latter is a
large piroplasm, and may be the same as the one
reported previously from Zimbabwe [36]. Two further
piroplasms have been described from cats . Cytauxz-
oon felis, which occurs in domestic and wild cats in
the United States [19, 37, 38], and Cytauxzoon
manul, described from Pallas's cats ( Oto-colobus
manul) [33].

Babesia felis, isolated from a wild-caught African
wild cat in the Sudan, was found to be transmissible
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to domestic cats, which developed a parasitaemia,
but did not show any signs of clinical disease [8].
This difference was clearly noted by the first authors
to report clinical feline babesiosis in South Africa,
and they even proposed a different name for the
causative organism . Nuttalia (=Babesia) felis var
domestica [16]. It is unfortunate, therefore, that
Babesia felis was subsequently applied to the causat-
ive organism of the potentially fatal disease of dome-
stic cats in South Africa [12, 31]. Two isolates from
a sick caracal (Felis caracal) have been sequenced
and were found to be very similar to the disease-
causing B. felis from domestic cats [29]. This raises
the question whether B. felis reported from domestic
and wild felids is, in fact, a single species. Confusion
should be cleared up by applying molecular techniq-
ues. Unfortunately, Davis did not mention whether he
had deposited any type specimens, so the chances are
remote of locating for comparative purposes the origi-
nal material on which the description was based.
Babesia felis was described by Davis [ 8] as a
small, circular body with faint blue-staining cytoplasm
and dark red-staining chromatin (with Giemsa's stain).
The chromatin is usually peripheral, either as a
small granule or dispersed around a varying propor-
tion of the periphery of the parasite. The parasites
may appear ring-shaped, and resemble young malaria
parasites. Irregular forms also occur . amoeboid or
irregularly circular. The diameter of the parasites
usually ranges from 1 xm to 2.25xm, with the maj-
ority measuring ca. 1.25x m in diameter. Elongated
forms and large piriform parasites occur infrequently
[16]. Maltese crosses (4 piriform merozoites in a
cruciform shape) are occasionally seen [17].

THE VECTOR

The vector of B. felis is assumed to be a tick, but
is as yet unknown. The restricted geographical dist-
ribution of feline babesiosis in South Africa strongly
suggests that the vector is a tick with very specific
habitat requirements. The suggestion that Haemaph-
vsalis leachi is the vector [25] is flawed. Firstly, it
was assumed that transovarial transmission had taken
place in the ticks. This is unlikely (although not
impossible), as other small piroplasms seem to be
transmitted stage-to-stage, for example the transmiss-
ion of C felis by Dermacentor variabilis | 3 1. Secondly,
H. leachi the only vector of Babesia canis rossi is
widespread in South Africa [21], which does not tally

with the restricted distribution of B. felis.

CLINICAL SIGNS

In contrast to babesiosis in other domestic animals,
feline babesiosis is not associated with pyrexia [16].
Most affected cats seem to be young adults of less
than three vears of age [13, 35]. No breed or sex
predisposition is evident, but Siamese cats might be
over-represented amongst purebred cats. The most
frequently reported complaints by owners are depre-
ssion/lethargy (92%) and anorexia (85%) [17]. The
most common clinical signs are anorexia, listlessness
and anaemia, followed by icterus [35]. Less common
signs are weakness, constipation and pica [35]. The
disease usually follows a chronic course [25], and
affected animals may show little sign of illness until
an advanced stage [13].

PARASITAEMIA

In a recent study, peripheral parasitaemias (n=55)
ranged from 0.3% to 42.3%, with a median of 5.0%,
while central parasitaemias (n=>56) ranged from 0.2%
tot 41.4%, with a median of 6.4% [35]. The strong
correlation between central and peripheral parasitae-
mias indicates that sequestration of B felis-infected
red blood cells (RBC) in capillary beds is not a
feature of the disease [13, 34].

HAEMATOLOGY

Macrocytic, hypochromic, regenerative anaemia is
the most consistent haematological finding, although
a large proportion of cats are not anaemic [35].
Anaemia, which can become severe in advanced cases
[13, 35], is haemolytic, presumably resulting from
both intravascular and extravascular erythrolysis.
Artificially infected cats were most anaemic 21 days
after infection [14]. In one study, moderate anaemia
was found in 23% and severe anaemia in 34% of
naturally infected cats [35]. Nucleated RBC were
present in 70% of these cats, with counts ranging
from 1 to 814 nRBC/100 white blood cells, with a
median count of 10.5. Signs of bone marrow erythro-
poiesis were commonly evident on blood smear
examinations and included the presence of reticuloc-
ytes, numerous nucleated RBC, marked anisocytosis,
polychromasia, Howell-Jolly bodies in excess of 1 %
of RBC and basophilic stippling of some RBC [13, 35].
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A statistically significant, but weak, negative correla-
tion between central parasitaemia and haematocrit
(Ht) appeared to be most pronounced with parasit-
aemia > 20%, with 90% of these cats having a Ht
< 15% [35]. Ht levels tended to be more randomly
distributed with parasitaemia < 209%.

No characteristic changes are seen in total or diff-
erential leukocyte counts ; when abnormal values are
present they are often accompanied by concurrent
illness or infection. Thrombocyte counts are variable
and thrombocytopenia is an inconsistent finding. The
in-saline agglutination test can be positive in a num-
ber of cases, indicating that secondary immune -
mediated haemolytic anaemia can also be a feature
of this disease [35].

CLINICAL PATHOLOGY

The most remarkable clinico-pathological changes
are elevation of hepatic cytosol enzyme activities and
total bilirubin concentrations [15, 35].

Serum alanine transaminase (ALT) is significantly
elevated in 89% of cats, whereas alkaline phosphatase
and gamma glutamyltransferase are generally within
normal limits [35]. This provides evidence of primary
hepatocellular injury or inflammation in feline babesi-
osis. The hyperbilirubinaemia is most likely a result
of haemolysis, but secondary hepatocellular injury is
probably an additional contributing factor. ALT levels
of cats with visible icterus were statistically signific-
antly higher than those of non-icteric cats. There
was also a significant correlation between ALT and
total bilirubin concentrations [35].

In one study, total serum protein values were
elevated in 32% of cats, while hyperalbuminaemia
was recorded in 45% [35]. Hyperglobulinaemia was
present in 23% of cats, in all cases due to polycloncal
gammopathies. Abnormal globulin fractions were
recorded in one third of the 77% of cats with normal
total globulin concentrations. These included various
combinations of abnormal «, § and y globulin
concentrations, but no consistent pattern of changes
was seen. These changes can be ascribed to a
combination of acute-and chronic-phase proteins
produced in response to the Babesia antigens.

No characteristic changes in renal parameters are
observed and serum urea and creatinine levels are
mostly within normal limits, indicating that gross
renal damage is not a consistent feature of the disease
[15, 35]. No characteristic changes in serum electrol-

ytes (sodium and potassium) are seen, although a
variety of electrolyte disturbances can occur, and
electrolyte concentrations should be monitored [35].

PATHOLOGY

Necropsy findings are characterised by extreme
pallor of the viscera and thin, watery blood [15].
Pronounced icterus is rarely seen. The liver is often
enlarged, frequently yellow or dark brown in colour,
and in some cases the surface has a mottled appear-
ance. The gall bladder may be distended. The intes-
tinal tract usually contains thick yellow or brownish
bile and the rectal contents are invariably yellow to
orange. Urine, when present, is usually golden yellow.
The carcase is usually not emaciated. Enlarged
mesenteric lymph nodes are occasionally seen.

No specific uniform pattern is seen in the histopa-
thology [15]. The most consistent findings in the liver
are varying degrees of centrilobular necrosis, bile
stasis and extramedullary haematopoiesis. Pigment,
probably haemosiderin, may be found in the liver.

CONCURRENT INFECTIONS

Concurrent infections with Haemobartonella felis
( = Mycoplasma haemofelis), feline leukemia virus
(FeLV) and/or feline immunodeficiency virus (FIV)
have been identified in a number of cats and this
seems to have profound effects on response to treat-
ment and outcome of the disease [35]. In one study,
14% of the affected cats tested positive for FIV
infection and 32% tested clearly positive for FeLV
infection [35]. Of these cats, 9 % had concurrent
FIV and FelV infections. In addition, 11% of the
remaining cats showed equivocal test results for
FeLV. Concurrent infection with H. felis was detected
on hoth peripheral and central venous blood smears
of 11% of the affected cats; one half of these cats
also tested positive for concurrent FeLV infection.
In this study, most of the affected cats > 3 vyears
old had a concurrent illness or infection that could
have influenced the cat's immune system.

TREATMENT

Davis [ 8] reported that trypan blue appeared to
exercise no influence on the parasitaemia in two
domestic cats artificially infected with B. felis isolated
from a wild cat. In the first reported feline babesiosis
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case in South Africa [16], the cat was treated intra-
muscularly with quinuronium sulphate (“Akiron”)

and was reported to be convalescing and to have

regained its appetite 48 hours later. Within a week

it had a slight relapse and the treatment was repeated.
Uneventful recovery ensued. In a paper published

during the same year, it was stated that recovery

was in most cases effected by injection of trypan

blue or quinuronium sulphate (“Acaprin”), at the

same dosages as recommended for dogs [25].

Later tetracyclines, sometimes used in combination
with trypan blue, and cephaloridine were recommen-
ded for treatment of feline babesiosis [ 5, 11, 34].
When efficacy of 10 drugs against B felis infections
was investigated experimentally, most drugs used
against babesiosis in other domestic animals gave
variable and questionable results [32]. Primaquine
phosphate at 0.5mg/kg was highly effective, but
frequently caused vomiting when administered orally
and was lethal at dosages exceeding 1mg/kg. In a
recent investigation, rifampicin and a sulphadiazine-
trimethoprim combination appeared to have an anti-
parasitic effect but were inferior to primaquine, which
had a dramatic effect on parasitaemia, but failed to
eliminate B. felis infections [30]. In the same trial it
was found that buparvaquone, enrofloxacin and
danofloxacin had no significant anti-babesial effect.
Despite its drawbacks, primaquine remains the drug
of choice. Repeated or chronic therapy may be requ-
ired. Doxycycline may add potential benefits in trea-
tment of this disease. It may be added that a comb-
ined treatment with atovaquone and azithromycin,
which has been shown to be effective against Babesia
gibsoni [ 2], also a small piroplasm, has not been
tested experimentally in feline babesiosis cases.

In a survey of South Africa veterinary practitioners,
the vast majority of respondents (95%) used prima-
quine phosphate as the antibabesial of choice, with
the remainder listing diminazene, doxycycline, imido-
carb and oxytetracycline [17]. A generally-accepted
dosage regimen for primaquine (1 mg per cat every
36 hours for 4 treatments, followed by 1 mg weekly
for 4 weeks) was used by 36% of practitioners.
The origin of this regimen is unclear. The correct
dosage regimen for primaquine phosphate in feline
babesiosis is 0.5mg/kg per os every 72 hours for 3
treatments, followed by 0.5mg/kg weekly for 3-4
weeks [32].

PROGNOSIS

Although response to therapy is usually good, and
premunity is assumed to develop over time, the
average mortality from feline babesiosis is estimated
at 15% [17]. The chronicity of feline babesiosis, and
its relatively low virulence, are probably related to
the absence of sequestering in capillary beds, which
leads to a higher visible parasitaemia. Cats are also
relatively resistant to endotoxin [28]. Species that
are refractory to endotoxin are also less to susceptible
to babesiosis and show symptoms of disease at a
higher parasitaemia than endotoxin-sensitive species

[71.
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