
J. Protozool. Res. 27. 13-22 (2017) 
CopyrightÓ2008, National Research Center for Protozoan Diseases 
	

Serum-free GIT medium for short-term in vitro cultures of  
Babesia bigemina, Babesia divergens, and Theileria equi 

 
Mahmoud R. AbouLaila1,2, Bumduuren Tuvshintugla1, 3, Mohamed A. Rizk1,4,  

Shimaa  A. El-Sayed1,5, Naoaki Yokoyama1, Ikuo Igarashi1, * 

 
1 National Research Center for Protozoan Diseases, Obihiro University of Agriculture and 

Veterinary Medicine, Inada-Cho, Obihiro, Hokkaido 080-8555, Japan 
2 Department of Parasitology, Faculty of Veterinary Medicine, University of Sadat City, Sadat 

City 32511, Minoufiya, Egypt 
3 Laboratory of Molecular Genetics, Institute of Veterinary Medicine, Ulaanbaatar, Mongolia 
4 Department of Internal Medicine and Infectious Diseases, Faculty of Veterinary Medicine, 

Mansoura University, Mansura35516,  Dakahlia, Egypt 
5 Department of Biochemistry and Chemistry of Nutrition, Faculty of Veterinary Medicine, 

Mansoura University, Mansura35516, Dakahlia, Egypt 
*Corresponding author: Ikuo Igarashi; E-mail: igarcpmi@obihiro.ac.jp 

 
 
ABSTRACT 
The present study evaluated serum-free GIT medium for the in vitro culture of Babesia bigemina, 
Babesia divergens, and Theileria equi. Parasite growth was compared with parasites grown in 
cultures containing M199 or RPMI1640 media with serum. The serum-free GIT medium 
supported the continuous in vitro culture of B. bigemina for 40 days. B. divergens growth was 
continuously cultured for 32 days in the serum-free GIT medium, and the parasite growth was 
similar to that in RPMI1640 with 10 % fetal calf serum and higher than the growth in M199 
medium with 10 % fetal calf serum culture systems. Serum-free GIT medium supported the 
growth of T. equi for only 24 days, while the growth was sustained for 32 days in serum-free 
GIT medium supplemented with hypoxanthine. Parasite growth was similar to that in M199 
medium supplemented with 40 % horse serum and hypoxanthine. The morphology of the three 
kinds of parasites was similar in serum-free GIT and the standard media with serum. Therefore, 
the present study indicated serum-free GIT medium alone for short-term in vitro cultivation of B. 
bigemina and B. divergens and supplemented with hypoxanthine for the in vitro culture of T. 
equi. 
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INTRODUCTION 
          Babesia bigemina and Babesia divergens are causative agents of bovine babesiosis 
worldwide (Homer et al., 2000; Zintl et al., 2003). Theileria equi is a major pathogen of equine 
piroplasmosis (Rothschild and Knowles, 2007). Signs of the disease include fever, hemolytic 
anemia, jaundice, and hemoglobinuria. These piroplasms affect animal production and trade in 
many areas of the world. Therefore, there is a critical need to develop either an effective vaccine 
or a safe drug without side effects to control these parasites. 
          A continuous in vitro culture system keeps these parasites in a continuous living state for 
assessment of chemotherapeutic drugs or antibodies to recombinant vaccine candidates. The 
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standard culture medium needs either bovine or equine sera as an important component such as 
medium 199 for B. bovis (Levy and Ristic, 1980), B. bigemina (Vega et al., 1985), and T. equi 
(Zweygarth et al., 1995) and RPMI1640 medium for Babesia caballi (Avarzed et al., 1997) and 
B. divergens (Vayrynen and Tuomi, 1982). Instead, serum in parasite cultures interferes with the 
isolation and purification of parasite proteins from the culture (James et al., 1981) and modifies 
drug effects in in vitro drug screening (Bork et al., 2005). Therefore, the use of serum-free 
medium will help to overcome such problems. 
           In the last decades, serum-free culture systems were established for in vitro culture of 
Babesia and Theileria parasites. RPMI1640 medium was supplemented either with high density 
lipoprotein (HDL) (Schrevel et al., 1992) or with Albumax I (Grande et al., 1997) for B. 
divergens. The bovine serum was successfully replaced with lipid-rich bovine serum albumin for 
several strains of B. bovis (Jackson et al., 2001). Serum-free HL1 medium, buffered with HEPES 
and supplemented with glutamine and hypoxanthine, was used for the in vitro culture of T. equi 
(Zweygarth et al., 1997; Schuster, 2002). Serum-free HL1 medium, supplemented with either 
lipid-rich bovine serum albumin, alone or with chemically defined lipids, was used for B. caballi 
culture (Zweygarth et al., 1999).  HL1 medium is a modified DMEM/F12 base contained HEPES 
buffer, known amounts of ethanolamine, transferrin, sodium selenite, testosterone, insulin, 
proprietary stabilizing proteins, and a range of unsaturated and saturated fatty acids. GIT 
medium is a serum-free medium for cell culture that contains basal medium (a mixture consisting 
of an equal volume of Ham’s F-12 medium and Iscove’s medium). Ham’s F-12 medium contains 
inorganic salts, vitamins, amino acids (1 mM L-glutamine), and other constituents such as 
putrescine 2HCl. Iscove’s medium is a modified Dulbecco’s medium formulation that contains 
potassium nitrate, selenium, vitamins, sodium pyruvate, L-glutamine, and HEPES buffer. B. 
caballi (Ikadai et al., 2001) and B. bovis (Bork et al., 2005) were cultured in serum-free GIT 
medium. GIT medium was not used for the continuous culture of B. bigemina, B. divergens and 
T. equi. Therefore, the aim of the present study was to assess serum-free GIT medium for the in 
vitro culture systems of B. bigemina, B. divergens and T. equi. 
 
 
MATERIALS AND METHODS 
  
Parasites 
          B. bigemina (Argentina strain) (Igarashi et al., 1998), T. equi (US Department of 
Agriculture) (Kappmeyer et al. 2012), and B. divergens (German strain) (Mackenstedt et al., 
1990)  were used in this study. 
 
Culture conditions 
          The bovine Babesia parasites and T. equi used in this study were maintained in bovine or 
equine red blood cells (RBCs), using a microaerophilic stationary-phase culture system (Salama 
et al., 2014; Vega et al., 1985). Medium M199 (Sigma-Aldrich, Tokyo, Japan) was used for B. 
bigemina, B. divergens, and T. equi cultures. RPMI1640 (Sigma-Aldrich) without HEPES buffer 
was used for B. divergens culture. Normal bovine serum was used at 40% for B. bigemina 
culture. Fetal calf serum (Gibco, Thermo Fisher Scientific Inc., CA, USA) was used at 10% of 
the cultures of B. divergens. Normal equine serum was use at 40% of the culture of T. equi. 
Antibiotics and antifungals were added to the culture media at 60 U/ml penicillin G, 60 µg/ml 
streptomycin, and 0.15 µg/ml amphotericin B (all three drugs from Sigma-Aldrich). Additionally, 
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T. equi culture was supplemented with 13.6 µg/ml of hypoxanthine (ICN Biomedicals Inc., 
Aurora, Ohio, USA) (Zweygarth et al., 1995). Serum-free GIT medium (Wako Pure Chemical 
Industries, Ltd., Osaka, Japan) was used for culturing B. bigemina, B. divergens, and T. equi. For 
T. equi cultures, GIT medium was tested alone or supplemented with either hypoxanthine or 
hypoxanthine and horse serum. Parasite-infected RBCs were diluted with uninfected RBCs to 
obtain an RBC stock supply with 1% parasitemia. One hundred microliters of RBCs (10%) with 
1% parasitemia were dispensed into a 24-well microtiter plate (Nunc, Roskilde, Denmark) with 
900 µl of the culture medium and then incubated at 37°C in a humidified multi-gas water jacket 
incubator with 5% CO2, 5% O2, and 90% N2. Three separate trials were performed, consisting of 
triplicate experiments, over a period of four days. Subculture was performed on the fourth day to 
obtain 1% parasitemia. Continuous serum-free GIT medium cultures were performed for 40 days 
for B. bigemina, 32 days for B. divergens, 24 days for T. equi without hypoxanthine, and 32 days 
for T. equi with hypoxanthine culture systems. The experiments were not continued after 
indicated time periods due to time limitation. During the incubation period, the overlay culture 
medium was replaced daily with 900 µl of fresh medium. Parasitemia was monitored daily by 
counting the parasitized RBCs to approximately 1,000 RBCs in Giemsia-stained thin blood 
smears. Subculture was performed every four days.  
 
Animal experiment approval 
          Animal experiments were conducted under approval number 27-65 from animal welfare 
Committee at Obihiro University of Agriculture and Veterinary Medicine. 
 
Statistical analysis 
          The differences in the percentages of parasitemia for the in vitro cultures were analyzed 
with GraphPad Prism 5 (GraphPad Software, Inc., CA, USA) using the two-way ANOVA 
followed by Bonferroni’s post-hoc tests. A P value of < 0.05 was considered statistically 
significant.  
 
 
RESULTS 
          The GIT medium supported the culture of B. bigemina for four days. The percentages of 
parasitemia were significantly different between the parasites grown in M199 medium 
supplemented with 40% bovine serum and in GIT medium on days 3 (P < 0.01) and 4 (P < 
0.001) (Fig. 1A). Parasites grown in serum-free GIT achieved parasitemias of approximately 
12% on the fourth day, as compared with approximately 8% for those grown in M199 medium 
supplemented with 40% serum. Moreover, the in vitro culture of B. bigemina in serum-free GIT 
medium continued for 40 days, as compared with the M199 culture medium supplemented with 
40% serum (Fig. 1B). Parasite growth was higher in serum-free GIT medium, achieving 
approximately 20% parasitemia; however, it was only significantly different between the 
parasitemia in M199 medium cultures and GIT medium cultures on days 8 (P < 0.01), 20 (P < 
0.05), 24 (P < 0.001), and 36 (P < 0.001) (Fig. 1B). There were no observed changes in the 
parasite morphology from serum-free GIT medium (Fig. 2A) as compared with the parasites 
from M199 medium supplemented with serum (Fig. 2B). 
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Fig. 1. In vitro growth of Babesia bigemina in serum-free GIT and M199 with 40% serum culture systems. (A) 
Cultures were maintained for four days. The curves represent the results of three experiments. (B) Cultures were 
maintained for 40 days of continuous culture. Each value represents the mean ± standard deviation in triplicate (two-
way ANOVA followed by Bonferroni’s post-hoc tests). Asterisks indicate significant difference between serum-free 
GIT and M199 with 40% serum culture systems on same days (*P < 0.05, ** P < 0.01, and *** P <  0.001).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Light micrographs of Babesia bigemina from M199 with 40% serum (A) and serum-free GIT (B) culture 
systems. Micrographs were taken on day forty of in vitro culture. Bars, 10 μm. 
 
          B. divergens parasitemia in RPMI1640 supplemented with 10% fetal calf serum was 
significantly higher than the parasitemia in M199 medium supplemented with 10% fetal calf 
serum on the third (P < 0.01) and fourth (P < 0.001) days of culture achieving parasitemia of 
about 16% (Fig. 3A). While parasitemia of B. divergens in RPMI1640 showed only a significant 
difference (P < 0.001) from the serum-free GIT medium culture systems on the third day (Fig. 
3B). The serum-free GIT medium culture system supported the growth of B. divergens for 32 
days. The growth was significantly different between medium RPMI1640 supplemented with 
10% fetal calf serum and serum-free GIT medium at days 12, 16, 24, and 28 (P < 0.05, Fig. 3C). 
Parasitemias were between 12-16%. The parasite morphologies were identical in RPMI1640 (Fig. 
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4A) and serum-free GIT (Fig. 4B), while morphological changes were observed in parasites from 
M199 medium culture systems (Fig. 4C).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. In vitro growth of Babesia divergens. Cultures were maintained for four days in M199 supplemented with 
40% serum (A) and serum-free GIT (B) media, as compared with RPMI1640 medium supplemented with 10% fetal 
calf serum. The curves represent the results of three experiments. (C) Continuous culture of B. divergens in serum-
free GIT, as compared with RPMI1640 supplemented with 10% fetal calf serum. Each value represents the mean ± 
standard deviation in triplicate (two-way ANOVA followed by Bonferroni’s post-hoc tests). Asterisks indicate 
significant difference between two culture systems on same days (*P < 0.05, ** P < 0.01, and *** P < 0.001).  
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Fig. 4. Light micrographs of Babesia divergens from RPMI1640 supplemented with 10% fetal calf serum (A), 
serum-free GIT (B), and M199 supplemented with 10% serum (C) medium culture systems. Micrographs were taken 
on day thirty two of in vitro culture in A and B and fourth day in B. Note the pycnotic appearance of the parasite in 
C, indicated by arrow. Bars, 10 μm. 
 
 
          The parasitemias for T. equi were not significantly different in cultures systems of M199 
and GIT media supplemented with 40% horse serum and hypoxanthine (Fig. 5A). Parasitemias 
levels achieved around 15% in GIT culture supplemented with serum and hypoxanthine. T. equi 
parasitemias in M199 standard medium were significantly different from either serum-free GIT 
or GIT supplemented with hypoxanthine culture systems on days 2 (P < 0.001) and 4 (P < 0.01)  
(Fig. 5B). Parasitemias levels around 17% were achieved in either serum-free GIT or GIT 
supplemented with hypoxanthine culture systems. The serum-free GIT culture system supported 
the T. equi growth for only 20 days with parasitemias around 10% (Fig. 5C), while parasite 
growth was sustained in serum-free GIT medium supplemented with hypoxanthine for 32 days 
(Fig. 5D). The parasitemia percentages were only significantly different in serum-free GIT 
supplemented with hypoxanthine compared with M199 culture systems on day 24.  Parasitemia 
in GIT supplemented with hypoxanthine attained about 12% (Fig. 5D). The morphologies of the 
parasites were similar in M199 supplemented with 40% horse serum and hypoxanthine (Fig. 6A), 
GIT supplemented with hypoxanthine (Fig. 6B), and serum-free GIT (Fig. 6C) medium culture 
systems.   
 
 
 



     GIT medium for in vitro cultivation of Babesia and Theileria parasites	

	 19	

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. In vitro growth of Theileria equi in different medium culture systems. T. equi growth in M199 supplemented 
with 40% serum plus hypoxanthine was compared with GIT supplemented with 40% serum plus hypoxanthine (A), 
GIT supplemented with hypoxanthine, and serum-free GIT (B) media. The experiments were repeated for three 
times.  Continuous culture of T. equi in GIT supplemented with hypoxanthine (C) and serum-free GIT (D) media. 
Each value represents the mean ± standard deviation in triplicate (two-way ANOVA followed by Bonferroni’s post-
hoc tests). Asterisks indicate significant difference between two culture systems on same days (*P < 0.05, ** P < 
0.01, and *** P < 0.001).  
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Fig. 6. Light micrographs of Theileria equi from M199 supplemented with 40% serum plus hypoxanthine (A), 
serum-free GIT supplemented with hypoxanthine (B), and serum-free GIT (C) medium culture systems. 
Micrographs were taken on the days twenty four (B) and thirty two (A and C) of in vitro cultivation. Bars, 10 μm. 
 
 
DISCUSSION 
          Serum-free GIT medium was selected for the replacement of standard media used for the 
in vitro culture of B. bigemina, B. divergens, and T. equi due to its previous use in the cultures of 
B. caballi (Ikadai et al., 2001) and B. bovis (Bork et al., 2005). B. bigemina and B. divergens 
were continuously grown in the serum-free GIT medium without any supplementations. The 
parasitemia levels and the morphological appearances of B. bigemina and B. divergens cultured 
in the serum-free GIT medium were also identical to those cultured in 40% serum containing 
M199 medium and 10% fetal calf serum, respectively, indicating that the GIT medium may be 
resourceful for the parasites as basic culture medium. Furthermore, serum-free GIT medium 
might be suitable for assessing the drug effects in the in vitro growth inhibition assay of B. 
bigemina and B. divergens. The results of this study are in agreement with the previous results of 
Ikadai et al. (2001) and Bork et al. (2005) who successfully grew B. caballi and B. bovis, 
respectively, in serum-free GIT medium without any supplements, indicating that the 
components of GIT are sufficient for the growth of Babesia parasites. This was also in agreement 
with our unpublished observations of culturing B. bigemina in GIT with or without serum for 
about four months. We did not continue the culture of B. divergens using M199 medium due to 
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low parasitemia achieved and changes in the parasite morphology compared with RPMI1640 and 
serum-free GIT media. 
          Serum-free GIT medium showed similar growth rates to serum-free GIT with either horse 
serum or hypoxanthine and the standard M199 medium in the four-day culture system, indicating 
that serum-free GIT medium might be suitable for studying the drug effects on the parasite in the 
four-day in vitro growth inhibition assay of T. equi. On the other hand, serum-free GIT supported 
T. equi continuous culture for up to 20 days, and, later, the parasitemia dramatically decreased to 
its lowest level on day 24, while the supplementation with hypoxanthine improve the growth for 
32 days; this agreed with the previous work on T. equi (Zweygarth et al., 1995), which indicated 
that hypoxanthine is an essential supplement for T. equi culture. Therefore, serum-free GIT 
supplemented with hypoxanthine might be suitable for the in vitro culture of T. equi. 
          In conclusion, this study indicated serum-free GIT medium for short-term in vitro 
cultivation of B. bigemina and B. divergens or supplemented with hypoxanthine for the in vitro 
culture of T. equi. Our next goal is to assess this system in the in vitro drug inhibition assay of B. 
bigemina, B. divergens, and T. equi. 
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