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ABSTRACT 

ZWEYGARTH , E., JUST, M.C. & DE WAAL, D.T. 1997. In vitro cultivation of Babes1a equi: detection of 
carrier animals and isolation of parasites Onderstepoort ,Journal otVetermarv Research, 64·51 - 56 

By means of an in vitro cu lture technique , 75 samples of horse blood were examined for Babesia equi, 
a causative agent of equine piroplasmosis. At the time of culture Initiation, 15 samples were microscopi
cally positive for B. equi, and this was subsequently confirmed by culture diagnosis. Sixty samples 
showed no parasites in Giemsa-stained thin blood smears. However, after the culturing process, para
sites were found in blood smears of 36 of these samples. The sensitivity of the in vitro culture method 
was such that 2,5 pQ (1 /40 of the usual volume used fo r the above mentioned samples} of packed eryth 
rocytes obtained from a earner horse stil l yielded posit ive results after Cliltivation . Cultures were miti 
ated from blood samples stored for up to 120 hat 8 oc in vacuum tubes contFt ining EDTA as anticoagu
lant. These results show that the in vitro cult11re method is higt1ly sensitive. It can be used to ident1fy B. 
equicarrier horses, to evaluate the effects of chemotherapeutic intervention, and to isolate field strains 
of B. equitor further characterization . 
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INTRODUCTION 

Babesia equiis a tick-transmitted protozoan parasite 
and one of the causative organisms of equine 
piroplasmosis. This disease is characterized by signs 
of malaise, inappetence, fever, haemolytic anaemia 
and haemoglobinuria. After the animal has recovered 
from an acute attack of the disease, it becomes a 
carrier of the parasite (Hourrighan & Knowles 1979). 
Carrier status can be lifelong, and is responsible for 
much suffer ing ir the carrier animal. In addition, in 
utero infection of the foetus may lead to abortion 
(Marlow & Bester 1994) . In a recent survey of th or
oughbred mares in South Africa, it was found that 
11 % of abortions were due to B. equi (JAW. Coetzer 
& D. T. De Waal , unpublished observation 1990). 

such as the United States. Australia and Japan. Most 
serological tests used to detect B. equi antibodies are 
unsatisfactory as they often give false positive or false 
negative results (Tenter & Friedhoff 1986; Bose, 
Jorg ensen, Dalgliesh, Friedhoff & De Vos 1995). 
There is, therefore, an urgent need to improve tests 
for the diagnosis of equine babesiosis caused by B. 
equi. In vitro techniques, such as those described 
recently by Holman, Chieves, Frerichs, Olsen & Wag
ner (1994) and Zweygarth, Just & De Waal (1995), 
CO l lid contribute to tile identification of carrier animals 
and supplement other methods of parasite detection, 
such as microscopy, serology, or the use of PCR 
followed by DNA probing. 

Equine babesiosis caused by B. equi is widespread 
in South Africa (De Waal 1995), and interferes with 
the exportation of horses to disease-free countries 
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MATERIAL AND METHODS 

In vitro culture of parasites 

The medium used, referred to as the complete me
r:lium, consisted of medium 199 (with Hanks' salts) 
with 40 %, horsP. serum, buffered with 10 mMTAPSO 
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(3-[N-tris-(hydroxymethyl) methyl-amino]-2-hydroxy
propanesulton ic acid , Sigma, St. Louis, Missouri) 
(Goff & Yunker 1988) , and supplemented with 2 mM 
L-glutamine, 0,2 mM hypoxanthine, 100 IU/mQ peni
cillin , and 100 j.Jg/mc streptomycin (Zweygarth eta/. 
1995) . 

To initiate cu ltures, blood samples from the horses 
to be examined were collected by venipuncture into 
sterile vacuum tubes containing EDTA as anticoagu
lant (Vac-u-testR, Radem Laboratory Supplies, Sand
ton , South Africa). The blood cells were washed tour 
times by centrifugation (650 x g; 10 min; room tem
perature) and resuspended in a modified Vega y 
Martinez phosphate-buttered saline solution (Vega, 
Buening, Green & Carson 1985) without adenine, 
guanosine, and antibiotics (mVYM). After the first 
wash , the wh ite-blood cells were removed from the 
interface of the plasma and horse red-blood cells 
(HRBC) . After the fourth wash , the HRBC were 
suspended in complete medium at a concentration 
of 10% and aliquots of 1 mQ were distributed into a 
24-well culture plate (Corning, Bibby Sterlin, Stafford
shire, England) . Plates were incubated at 3JCC in a 
humidified gas mixture of 5% carbon dioxide, 2% 
oxygen, and 93% nitrogen. The medium was chang
ed daily by replacing 700 j.JQ of the medium overlay
ing the erythrocytes in each well with fresh medium. 
Every 4 d, 25 j.JQof unintected HRBC suspension were 
added to each well. The washing procedure tor these 
HRBC, taken from an unintected donor horse, was 
the same as that tor parasitized erythrocytes. Cul
tures were discontinued after 15 d it no parasites 
were found in a thin blood smear, i.e., when no para
site was detected in 20 000 HRBC. When the per
centage of parasitized erythrocytes (PPE) reached 
approximately 1 %, the plates were transferred to a 
humidified atmosphere containing 5% carbon diox
ide in air at 37 °C. 

For subcultures, erythrocytes in the culture wells 
were resuspended and 0,5 m Q or 0,25 mQ were trans
ferred into two and tour new wells, respectively. To 
each of these wells, a 1 0% suspension of unintected 
HRBC in complete culture medium was added to 
make up a final volume of 1 me. 

Validation of the culture system was performed with 
blood obtained from a known carrier horse (212/5) 
infected with the OP stock of B. equi (De Waal, Van 
Heerden , Van den Berg, Stegmann & Potgieter 1988) 
as described below. This horse and the unintected 
erythrocyte donor horse were kept under tick-free 
conditions at the Onderstepoort Veterinary Institute 
(OVI). 

All blood samples used in these experiments were 
examined microscopically as a thin blood smear 
stained with Giemsa stain before the initiation of 
cultures. 
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Diagnostic sensitivity of the in vitro culture 
method 

To evaluate the diagnostic sensitivity of the in vitro 
culture method, blood from a carrier horse (212/5) 
was mixed with various dilutions of uninfected HRBC 
before initiation of cultures. Small volumes of infected 
erythrocytes were used as follows: 0,5, 1 ,0, 2,5, 5,0, 
and 10,0 j.JQ of packed infected HRBC were mixed with 
unintected HRBC to give a final volume of 100 j.JQ, 
which was then used to initiate fresh cultures as 
described above. As a positive control , 1 00 j.JQ of in
fected blood was used. Each of these experiments 
was repeated twice. 

Influence of storage conditions on the survival 
of parasites 

To test the influence of storage conditions on un
processed EDTA blood, samples were collected from 
horse 212/5 in eight vacuum tubes containing EDTA 
as anti-coagulant. One tube was used immediately 
to initiate cultures. Five tubes were stored at soc for 
24, 48, 72, 96, and 120 h, respectively, and two tubes 
were left at room temperature (22 °C) tor 24 and 48 
h, respectively. The stored samples were then pro
cessed as described above and the blood transferred 
in a 24-well culture plate. Each of these experiments 
was repeated twice. 

Examination of field samples 

A total of 75 blood samples were collected from 
horses at various localities from four different prov
inces of South Africa [Bon Accord, Kaalplaas and 
Onderstepoort (Gauteng); Krugersdorp and Vryburg 
(North-West Province); Tarkastad (Eastern Cape); 
Gillitts (Natal)]. Blood samples collected at Bon Ac
cord and Kaalplaas were put on ice and brought 
immediately to the laboratory tor culture examination. 
Blood samples collected at the remaining locations 
were sent to the OVI, overnight, in a polystyrene 
container with an ice block. Upon arrival, samples 
were processed without delay, as outlined above. In 
addition, blood from a carrier horse artificially infected 
with the USDA strain of B. equi (Frerichs, Holbrook 
& Johnson 1969) was included in these experiments. 

Culture examination of blood from foals born 
to carrier mares 

Blood was collected at various times from dams and 
their foals at the Kaalplaas farm, OVI. At the time of 
the first culture examination, the age of the foals 
ranged from 1-41 d. Samples were processed tor 
culture examination and for serological tests. Three 
sets of blood samples, from three mares and their 
respective foals , were also received from the Veteri
nary Faculty, University of Pretoria, South Africa. 



Detection of parasites after chemotherapy 

In this part of the study, four horses were involved . 
Blood was collected from three horses previously 
treated (respectively 25, 43 and 50 d) by a private 
veterinarian for a patent B. equi infection . Each of 
these three animals received imidocarb dipropionate 
(Forray 65, Coopers Animal Health, Kempton Park, 
South Africa) as a single intramuscular injection at 
2,4 mg/kg of body mass. Cultures were initiated as 
described above. Blood from horse 4 was success
fully used to initiate a culture before treatment with 
imidocarb dipropionate. Then this animal was treated 
at 3-d intervals with two injections (2,4 mg/kg body 
mas) of imidocarb dipropionate, and re-examined 
after 8 weeks. 

Estimation of parasite growth 

Culture samples were taken, smeared on microscope 
slides, Giemsa-stained , and evaluated microscopi
cally. 

Preparation of stabilates 

Parasite cultures were cryopreserved as previously 
described (Zweygarth eta/. 1995), with minor mod
ifications. Erythrocytes from cultures were centri
fuged at room temperature instead of at 4 o C, and 
the samples were finally stored at - 196 o C instead 
of at -74°C. 

Indirect fluorescent antibody test (IFAT) 

The I FAT was performed as described for B. caballi 
by Madden & Holbrook (1968). 

RESULTS 

Validation of culture initiation from a known 

B. equi carrier 

Babesia equiparasites were successfully propagated 
on seven occasions, from blood taken from horse 
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tures remained negative for 14 d. Growth responses 
observed in cultu re were dependent on the size of 
the inoculum: the larger the volume of infected HRBC 
was, the sooner parasites were seen. The results of 
a representative experiment are summarized in Ta
ble 1. 

Influence of storage conditions on the survival 
of parasites 

When unprocessed blood samples containing EDTA 
as anticoagulant were stored in a refrigerator (8 °C) , 
there was progressive haemolysis of the blood. Nev
ertheless, B. equiwas successfully diagnosed in all 
cultures initiated from these samples, the parasites 
first being seen between days 3 and 10 after initia
tion . When samples were stored at room tempera
ture (22 °C) for 24 and 48 h, the detection periods 
were 6 and 1 0 d, respectively. The results of a rep
resentative experiment are summarized in Table 2. 

Examination of field samples 

Out of 75 blood samples examined, 15 were micro
scopically positive for B. equi at the time of culture 
initiation. Sixty samples initially showed no parasites 
in Giemsa-stained thin blood smears. After the cul
turing proces, parasites were found in smears of 

TABLE 1 Influence of the inoculum volume of packed , infected 
erythrocyte suspension on the culture diagnosis of B. 
equi 

r--· -----·- ·--

Volume infected Volume uninfected Parasites 
erythrocyte erythrocyte first 
suspension suspension detected 

in culture 
( ~ e) (~ e) (d) 

2,5 97,5 12 
5,0 95,0 7 

10,0 90,0 6 
100,0 - 4 

L____ 

212/5. In two samples, B. equi parasites were seen TABLE 2 Influence of storage conditions of unprocessed EDTA 
in blood smears before the cultures were initiated. In blood samples on culture diagnosis of B. equi 

Temperature Period of storage Parasites first 
these cases, parasites were usually also found the 
following day, in smears made from the culture ma
terial. In the other experiments, in which parasites 
had not been seen in blood smears when the cultures 
were initiated, the parasites appeared in smears 
made from culture material 3-5 d later. 

detected in culture 

Sensitivity of the test 

When suspensions of uninfected HRBC were mixed 
with infected HRBC, the smallest volume of packed 
infected cells giving a positive culture diagnosis, was 

("C) 

-
8 
8 
8 
8 
8 

22 
22 

(h) (d) 

0 3* 
24 3 
48 8 
72 10 
96 8 

120 8 
24 6 
48 10 

2,5 1-l~- With lower volumes-0,5 and 1 ,0 j..JQ--the cui- * Sample was processed immediately after blood collection 
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culture-derived erythrocytes 1n1tiated from 36 of the 
samples. whereas cultures ir'litia~ad from the remain
ing 24 samples. remaiPed negative. The time span 
fo r the culture diRgnosis of B. eqw var ied In 32 cases 
(88,8'%) . tne time span for a pos1tive d,agnos1s was 
6 d o·· :ess. One of t~"'1e '36 m c;oscopically negative 
samples became pos1tive on day 12 The time span 
required to diagnose B. equi is shown 1n 'Table 3. Most 
cultures were expanded. and the pa1 asite suspen
sions cryopreserved for further studies. before the 
ex~erirnent was termmated. 

negative when first examined, four (295, 297, 301 
and 304) were observed for a total of 146 d, but all 
cultures remained negative. Anti-B. equi I FAT levels 

TABLE 3 Time span for culture diagnosis of 36 positive B. equi 
blood samples from field infections 

[ Days in culture No. of positive 
samples 

Culture examination of foa!s born to carrier 
dams 

Bloocl samples were examined trom ten dams and 
thel! foal s (Table 4) All the dams were identified as 
B. equi carri ers by m vitro diagnosis, but only three 
of the cultures 'nitlated with foa! blood became posi 
tive ( i 57 158 and 296). Among the foa1s which were 

l 

I 

1 
2 
3 
4 
5 
6 
7 
8 

11 
12 

4 
7 
1 

10 
6 
4 
1 
1 
1 
1 

TABLE 4 Serological and culture results fo r i3. eaw in blood sam pies from dams and their foals 

Animal numbers 
I 

I 
I FAT' Culture diagnosis 

' 
Dam I Fo~ 

r-~------r MF 

I V27 I V27F 
1 V81 V81F 

9 304 

I Dam 
I 

Foal Dam Foal 
I 
I 

nd nd + -
nd i nd + -
nd I nd + -

1280 320 + -
38 158 1280 640 + + 

168 301 1280 320 + -
309 297 1280 160 + -
379 296 1280 320 + + 
498 295 1280 640 + -
500 157 640 320 + + 

I 

Reciprocal values of the ti t res determined with the immunofluorescent antibody test 
nd Test was not done 
+ Parasites were detecteo in Giemsa-stained smears prepa red from cultured erythrocytes 

No parasites were detected in Giemsa-stamed smears p1 epared from cultured erythrocytes 

TABLE 5 Course of antibody titres to 8. equi tn foals as determined by the immunofluorescent antibody test 

i 
lture Cu 

di agnosis 

~ 
I 

sitive 

Ne gative 

I 
Animal 
number 

157 
158 
296 

295 
297 

I 301 

__ L 304 .. 

Age of 
foals (d) 

40 
41 
28 

33 
28 
8 
1 

I Reciprocal titre values 

I 0 12 55 97 

320 nd nd 1280 
640 nd nd 1280 
320 nd nd 1280 

640 nd 320 80 
160 nd 40 0 
320 nd 0 0 
320 640 320 80 

Cumulative% of 
positive samples 

11 ,1 
30,6 
33,3 
61 ,1 
77,8 
88,9 
91 ,7 
94,4 
97,2 

100,0 

Age of foals on 
first examination (d) 

1 
1 
1 
1 ' 

41 
8 

28 
28 
33 
40 

146 (d*) 

nd 
nd 
nd 

40 
0 
0 
0 

Data given here refer to the date of blood sampling , not to the age of the foals , i.e. when the first blood sample was taken , the age 
of the foal s was as given under that column 

nd Test was not done 

54 



in these foals are shown in Table 5. It can be seen 
that the titres dropped in three of the cases. In the 
case of foal 304, however, the antibody titre initially 
rose from 1 :320 when it was 1 d old, to 1 :640 12 d 
later. Subsequently, titres declined to 1 :320, 1 :80 and 
1 :40 on days 55, 97, and 146, respectively. 

Detection of parasites after chemotherapy 

Parasites were cultured from each of three animals 
treated only once with imidocarb dipropionate. How
ever, blood obtained from horse 4, which received two 
injections, was negative 8 weeks after treatment. 

DISCUSSION 

A culture system recently developed by Zweygarth 
et at. (1995) was tested for its suitability for identify
ing B. equi carrier animals and for isolating strains 
of this parasite from various localities in South Af
rica. The present study shows that cultures from the 
blood of carrier horses can be reliably established if 
the samples are processed relatively soon after col
lection. 

In order to evaluate the sensitivity of the culture sys
tem, the concentration of infected blood to initiate a 
culture, was reduced to 10, 5, and 2,5% of the total 
packed erythrocyte suspension. An approximate 
PPE could not be determined before culture initia
tion , as no parasites could be seen in blood smears. 
Nevertheless, after varying intervals, all the cultures 
became positive for B. equi. With one exception, 
these intervals correlated with the volume of infected 
blood used to initiate the culture. The smaller the 
volume of infected blood was, the longer the period 
before parasites could be detected in smears pre
pared from the culture material. If one judges by the 
range of volumes of infected blood used, it is evident 
that, under laboratory conditions, a volume 40 times 
smaller than that used in the routine in vitro diagnos
tic procedure, is sufficient to initiate cultures. 

It is frequently impossible to process blood immedi
ately after it has been collected, especially in the case 
of field samples. The influence of storage conditions 
on unprocessed blood samples for culture diagno
sis, was therefore examined. It was shown, firstly, that 
it is better to store the blood samples at soc than at 
22 oc and, secondly, that the sooner the culture is 
initiated, the earlier parasites can be detected in the 
culture. It is therefore recommended that samples 
sent for culture diagnosis should be stored in a poly
styrene container with an ice block, and should reach 
the laboratory within 24 h of collection. 

The sensitivity of the test, and its suitability for iso
lating field strains of B. equi, were confirmed when a 
total of 75 blood samples were examined. All 15 
samples that were positive in a thin blood smear, 
gave rise to a continuous culture from which stabi-
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lates were prepared. Of the 60 samples that were 
negative microscopically, 36 proved positive in the 
culture test. Furthermore, 88,8% of the positive 
cases were diagnosed within 6 d of the blood being 
cultured. Similar culture confirmation of the carrier 
status of B. caba//i-infected horses was described by 
Holman, Frerichs, Chieves & Wagner (1993) , who 
identified four B. caballi carrier horses among nine 
previously infected horses. 

All ten dams examined were identified by the in vitro 
culture technique as being B. equi carriers, but only 
three infected foals were identified. The serological 
results in dams correlated well with those of the in 
vitro culture technique. All the dams examined 
showed high titres against B. equi antigen, and the 
cultures prepared from their blood also became posi
tive with B. equi.ln foals, serology would not be use
ful for diagnosis as it would not differentiate between 
colostral (maternal) antibodies and antibodies in
duced by a natural infection. However, when antibody 
titres were examined on a continuous basis, a titre 
increase was found only in the foals proved positive 
for B. equi infection by culture. Likewise, negative 
culture results correlated with a decrease in titre. 
Similar results were found by Donnelly, Phipps & 
Watkins (1982) when they detected complement-fix
ing antibodies in some English-born foals of Portu
guese-born mares that were seropositive for B. equi. 
In their study, the titres in the mares remained con
stant over a 3-month observation period, whereas 
titres declined steadily in the foals. In our study, no 
cultures could be established from any of the four 
newborn foals, but cultures were established from 
three older foals which could have been in contact 
with infected ticks. Although the numbers are not 
statistically significant, this seems to support the 
hypothesis that foals of infected mothers are born 
uninfected, and become infected only later in life. It 
is speculated that if foals become infected in utero, 
they are either aborted or they die shortly after birth. 

The culture technique demonstrated that parasites 
were again in circulation 25 d after treatment with a 
single dose of imidocarb dipropionate. Two injections 
of imidocarb dipropionate seemed to be more effec
tive than a single administration. For example, horse 
4 was still negative 8 weeks after its second dose, 
though ideally the animal should have been moni
tored for a longer period in order to reach a definitve 
conclusion. Control of clinical piroplasmosis caused 
by B. equi has been achieved with chemotherapy, 
whereas attempts at chemosterilization of infections 
have shown varying degrees of success (Frerichs, 
Allen & Holbrook 1973; Kuttler, Zaugg & Gipson 
1987; Zaugg & Lane 1989). The reasons for the un
successful sterilization of B. equi infections have not 
been fully investigated. 

In conclusion, it has been shown that culture diag
nosis of B. equi is suitable both for the identification 
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of carrier horses and for the isolation of parasite 
strains. False positive results are unlikely, provided 
that the culture techniques are properly performed. 
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