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Abstract

Received: 8 July 2023  The intracellular parasite Babesia microti is among the most significant species causing
Accepted: 23 January 2024 human babesiosis and is an emerging threat to human health worldwide. Unravelling the
pathogenic molecular mechanisms of babesiosis is crucial in developing new diagnostic
*Correspondence and preventive methods. This study assessed how priming with B. microti surface antigen
(chenjiaxu1962@163.com) 1 (BHSA 1) and seroreactive antigen 5-1-1 (BHSA 5-1-1) mediate protection against B.
microti infection. The results showed that 500 pg/ml rBMSA1 and rBMSA5-1-1 partially
inhibited the invasion of B. microti in vitro by 42.0+3.0%, and 48.0+2.1%, respectively.
citation  Bl00d smears revealed that peak infection at 7 days post-infection (dpi) was 19.6%,
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Parasites Hosts Dis 2024:62(1):53-63. BMSAS 5-1-1) than in the infection control group at 028 dpi. Moreover, the 2 groups had
higher serum interferon-y, tumor necrosis factor-a and Interleukin-17A levels, and lower
IL-10 levels than the infection control group throughout the study. These 2 potential vac-
cine candidate proteins partially inhibit in vitro and in vivo B. microti infection and enhance

host immunological response against B. microti infection.
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Introduction

Babesiosis, caused by tick-borne apicomplexan parasites of the genus Babesia, has become
an emerging global threat to human health. Many countries have recently designated ba-
besiosis as an infectious disease that must be legally reported [1]. Infected Ixodes tick bites
and, less frequently, blood transfusion or transplacental transmission cause human babesi-
osis [2-4]. Babesia pathogens belong to the phylum Apicomplexa, class Sporozoasida, sub-
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of the host [5]. Next, B. microti merozoites develop and proliferate inside host erythrocytes,
causing haemolysis. The newly released merozoites subsequently infect new erythrocytes,
resulting in high fever, anaemia, jaundice, haemoglobinuria, and other clinical symptoms
[5].

Understanding the molecular mechanisms by which B. microti merozoites invade eryth-
rocytes is key to developing new diagnostic and preventive methods. However, the mole-
cules that block B. microti entry into erythrocytes are still unknown. Previous studies
showed that infective Babesia merozoites invade host erythrocytes using glycosylphospha-
tidylinositol (GPI)-anchored proteins [11,12]. For instance, the B. microti surface antigen 1
(BMSAL1), also named BmGPI12, is among the most important diagnostic markers for de-
tecting B. microti infection. A highly sensitive and specific ELISA method for B. microti in-
fection is based on BMSA1 [13-15].

In another case, the seroreactive antigen 5-1-1 (BMSA5-1-1) soluble protein is expressed
on the outer surface of B. microti. BMSA5-1-1 is a potentially accurate target for diagnos-
ing babesiosis [16]. BMSA5-1-1 is homologous to one of the 19 B. microti GPI proteins
[14,16]. However, the immune protective function of BMSA1 and BMSA5-1-1 to the host
against B. microti infection in vivo is still unclear. Therefore, this study investigated the im-
mune protective function of BMSA1 and BMSAS5-1-1 against B. microti infection in mice.

Materials and Methods

Ethical approval

The Laboratory Animal Welfare & Ethics Committee of the Chinese Centre for Tropical
Diseases Research approved the animal experiments (permit number: IPD-2019-14).

Infection of B. microti in the mouse

Six BALB/c mice from the Shanghai Experimental Animal Center, Chinese Academy of
Sciences, were inoculated intraperitoneally with 100 pl of mouse blood infected with B. mi-
croti Peabody strain (ATCC, PRA-99) (20.0% of erythrocytes harboured the parasites).
Once 50 to 60.0% of the RBCs became infected, whole blood was collected in an anticoag-
ulant tube and stored at -80°C until further use. Thin Giemsa-stained blood films were
prepared to determine the infection rate of B. microti in mice. Next, 1,000 RBCs were
counted in a peripheral blood smear using a Light microscope (BX53, OLYMPUS, Japan)
at 1,000 %, 10 scope. The infection rate (%) =the infected RBC/the 1,000 whole RBC. For
the negative blood smear, 100 fields were counted to confirm its negativity. The average in-
fection rate of the 3 slides was the infection rate of this group on each day. Mice were reared
at the Animal Care Centre of the National Institute of Parasitic Diseases of China CDC
(Chinese Centre for Tropical Diseases Research).

In vitro cultivation of B. microti-infected RBC pretreated with rBMSA1 and rBM-
SA5-1-1

Recombinant BMSA1 and BMSA5-1-1 proteins ({rBMSA1 and rBMSA5-1-1) were ex-
pressed as previously described [16]. The BMSAI gene (GenBank accession no:
XP_012648767.1) was cloned in PGEX-4T-3 and expressed in E. coli BL21 (DE3). The re-
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combinant BMSAI-GST measured approximately 59 kDa. Next, 378 bp of BmSA5-1-1
(Gen Bank No.: FJ440563.1) was inserted into the pET28a vector using BamHI and Xhol
restriction enzymes. The inserted gene was expressed and purified in E. coli BL21 (DE3);
the recombinant BmSA5-1-1 protein was 15 kDa [16]. The sequences, cloning and expres-
sion process of BMSAl and BmSA5-1-1 are captured in the supplementary materials.

The inhibition of erythrocyte invasion by rBMSA1 and rBMSA5-1-1 was evaluated us-
ing flow cytometry (MoFloXDP, Beckman, USA). The difference in the relative infection
rate between the experimental and the control groups was performed as previously de-
scribed [17,18]. The relative invasion rate = infection rate of the experimental group/infec-
tion rate of the control group. Infected erythrocytes were cultured with uninfected cells
(1:2) in a 5.0% CO,, 37°C incubator in a Puck’ Saline Glucose (PSG) plus extra glucose (G)
culture medium ((PSG+G), main components: PSG, Glucose, antibiotic). rBMSA1 and
rBMSA5-1-1 were added to yield final concentrations of 500, 250, 100, 50, and 10 pg/ml.
BSA or 10 pl of HL-20 medium alone (blank control) were added to 2 parallel cultures as
negative controls. The protein-erythrocyte mixture was incubated at 37°C, 5.0% CO; for 48
h, to allow B. microti to infect new red blood cells in the culture medium. Thereafter, 40 pl
of ethidium bromide was added to the mixture and further incubated for 0.5 h at room
temperature in the dark. The infection rates (the ratio of positive cells versus the total num-
ber of cells) were calculated using flow cytometry (MoFlo XDP), and 50,000 cells were col-
lected per sample [17,18]. Three replicates of each concentration per sample were analysed
twice to ensure data accuracy.

Mice Immunisation with rBMSA1 and rBMSA5-1-1

Forty-two female BALB/c mice were subcutaneously injected with a mixture of adjuvant-
conjugated purified rBMSA1 or rBMSA5-1-1, respectively. The mice received 2 booster-
doses twice at 2-week intervals, totalling to 3 immunisations. Tail blood was collected (100
pl), and the immune titres were measured using ELISA. Briefly, 1 ug/ml of rBMSA1 or
rBMSA5-1-1 antigen was added to the ELISA plate (Corning, NY, USA), followed by 100
wl diluted sera (1:1,250, 1:2,500, 1:5,000, 1:10,000, 1:20,000, 1:40,000, 1:80,000) (mice sera
collected 28 days after the first immunisation) and incubated for 0.5 h at 37°C. Rabbit anti-
mouse HRP secondary antibody was added to the mixture and incubated for 0.5 h at 37°C.
Next, TMB substrate solution was added and incubated at 37°C for 15 min. An ELISA
reader (iMarker Microplate Reader Bio-Rad, Foster City, CA, USA) was used to detect ab-
sorbance (abs) values. Sample abs was determined for 2 replicates per sample and the nega-
tive control sample’s above 2.1 were considered as cut-off value; abs values > cut-off value

was considered as positive.

Babesia microti challenge

The mice were injected intraperitoneally with B. microti 2 weeks after the third booster in-
jection, as previously described [18]. Briefly, BALB/c mice were randomly divided into 4
groups (18 mice/group). The groups included normal control (healthy mice without any
treatment), infection control (healthy mice infected with B. microti only), rBMSA1 and
rBmSA5-1-1 (mice were subcutaneously injected with rBMSA1 or rBMSA5-1-1 before
challenging with B. microti). The negative control sera were collected before the initial in-
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jection with the protein mixture.

Haematology analysis

White blood cell and red blood cell counts and haemoglobin levels were determined using
the Mindray BC-5300 Vet automated haematology (Mindray company, Guangdong Prov-
ince, China) as previously described (3 mice/group/day) [18].

Measurements of cytokines from BALB/c mice

The concentration of cytokines in the serum was measured using the Cytometric Beads
Array method (CBA) method (BD Company, Franklin Lakes City, NJ, USA), as previously
described [18]. Briefly, standard cytokine samples were prepared using standard cytokine
pellets. Next, all cytokine capture microspheres were mixed in a flow tube, vortexed well,
and marked as mixed “microspheres”. The mixed microspheres were centrifuged for 5 min
at room temperature at 200 g, and the supernatant was removed. An equal volume of se-
rum enhancer was added to the precipitate before incubation at room temperature in the
dark for 30 min. The “mixed microspheres” were resuspended before adding the test sam-
ples and 50 ul antibodies with PE-labelled cytokines. The mixture was incubated at room
temperature in darkness for 3 h. The samples were cleaned using a cleaning solution, resus-
pended and tested using the flow cytometer. The results were collected in the flow cytome-
try standard (FCS) format. Standard curve plotting and data analysis was performed using
the CBA-specific software V1.0 (FCAP Array, BD Company).

Data analysis

Continuous data were expressed as means+ standard error of the mean (SE). The PASW
Statistics 18.0 software was used for statistical analysis, and x* Test was used for rate com-
parison. Values with P< 0.05 were considered statistically significant.

Results

rBMSA1 and rBmSA5-1-1 inhibit the invasion of B. microti in vitro

Different concentrations of recombinant BMSA1 and BmSA5-1-1 proteins were added to
the culture medium to investigate their effects in vitro on B. microti invasion. BmSA5-1-1
and BMSAL1 inhibit B. microti invasion in a concentration-dependent manner. The inhibi-
tory effect was strongest when the protein concentration was 500 pig/ml, where the relative
B. microti invasion rates (infection rate of the experimental group/infection rate of the con-
trol group) were 42.0+3.0% and 48.0+2.1% in BmSA5-1-1 and BMSA1 media, respec-
tively. At 250, 100, and 50 pg/ml of BMSAI and BmSA5-1-1, the relative infection rates
were 56.0%1.7%, and 60.0+2.5%, 68+2.5 and 71.0+1.1%, 79+ 1.5, and 83.0+2.3%, re-
spectively. However, 10 pg/ml generated relative infection rates of 93.0+£1.3% and
95.0+2.2%, implying no obvious inhibiting effects (Fig. 1).

Immune effect of BMSA1 and BMSA5-1-1 recombinant proteins
The ELISA results showed that 21 BMSA1-immunised mice produced anti-BMSA1 anti-
bodies. Six produced extremely high antibody titres (sera diluted as 1:80,000), 9 produced
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Fig. 1. The effect of rBMSA1 and rBmSA5-1-1 proteins on inhibition of B. microti infection in vitro. The recombinant secretory proteins
were added to the blood cell culture at 10-500 pg/ml. The effect of BBmSA5-1-1 and rBMSA1 was dose-dependent; decreasing the con-
centration of recombinant proteins increased the parasite invasion. There was no obvious effect at 10 pg/ml. The relative invasion
rate =infection rate of the experimental group/infection rate of the control group.

very high antibody titres (sera diluted as 1:40,000) and 6 produced high antibody titres (sera
diluted as 1:5,000 to 1:10,000). Another 21 BMSA5-1-1-immunised mice produced these
quantities of anti-BMSA5-1-1 antibodies: sera diluted as 1:80,000 in 7 (mice produced ex-
tremely high antibody titres), sera diluted as 1:40,000 in 10 (mice produced very high anti-
body titres), and sera diluted as 1:5,000 to 1:10,000 in 4 mice (mice produced high antibody
titres), respectively. Both groups met the requirements for subsequent infection; thus, 18
mice with the highest titres were selected from each group for follow-up experiments.

Infection rate of mice immunised with BMSA1 and BMSA5-1-1 proteins
Blood smears revealed that peak infection occurred at 19.6%, 24.7%, and 46.7% in the
rBMSALI, rBmSA5-1-1, compared to the infected control groups, respectively.

At 3, 5,7, and 9 post-infection days (dpi), the infection rates of BMSAlor BMSA5-
1-1-immunised mice were significantly lower than that of the infected control group
(BMSAL: X*=171.78, 60.46, 493.31, and 31.21, P<0.01, BMSA5-1-1: y*=261.14, 19.69,
493.31, and 31.21, P<0.01, respectively). However, the infection rate gradually decreased
to 0, 21, and 29 dpi (for BMSALI group) and between 15 and 29 dpi (for BMSA5-1-1-im-
munised mice), respectively.

At9, 13, 15, and 17 dpi, the infection rate of BMSA1-immunised was significantly high-
er than the BMSAS5-1-1-immunised mice (x*=23.97, 15.61, 13.20, 7.76, P<0.01). Between
21 and 29 dpi, the infection rate in the 2 groups gradually decreased to 0 (Fig. 2A).

White blood cells

The number of white blood cells in the BMSA1- and BMSAS5-1-1-immunised groups and
infected control at 7 dpi was (12.8 +3.0) x 10°/L, (18.2£2.5) x 10°/L, and (10.7 £ 3.2) x 10°/L,
respectively. After 7 dpi, the number of white blood cells gradually decreased to levels be-
fore infection, and by 28 dpi, the values were (4.1+0.4) x 10°/L, (4.0+0.5) x 10°/L, and
(4.1+1.2) x 10°/L, respectively. However, the number of white blood cells in the normal
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Fig. 2. The protective effect of recombinant BMSA1 and BmSA5-1-1 proteins against B. microti infected mice in vivo. Infection rates,
WBC counts, RBC numbers and HGB content in mice after priming mice with rBMSA1 and rBmSA5-1-1 before B. microti challenge. (A)
The peak infection rate of the infected control group (7 dpi) was higher than the rBMSA1 and rBmSA5-1-1 groups at 46.7%, 19.6%, and
24.7% infection rates, respectively. (B) The number of WBCs was higher in the rBMSA1 and rBmSA5-1-1 groups than in the infected con-
trol and normal control groups. (C, D) The number of RBCs and HGB were higher in the rBMSA1 and rBmSA5-1-1 groups than in the in-
fected control group but were lower than in the normal control group.

control groups was relatively stable throughout the experiment, and the value was (5.5+0.4)
x 10°/L at 28 dpi (Fig. 2B).

Red blood cells

The number of red blood cells in the BMSA1-, BMSAS5-1-1-immunised mice and the in-
fected control decreased, and by 7 dpi, the values were 5.2+ 1.5x 10"%/L, 5.8 +0.5x 10"*/L,
and 3.2+ 1.1x 10"%/L, respectively. Nonetheless, the number of red blood cells in the 3
groups gradually recovered over time. At 14 dpi, the number of red blood cells in the 3
groups was 5.7+ 0.6 x 10'/L, 6.9+ 0.3 x 10"*/L, and 5.4 + 0.1 x 10**/L, respectively. By 21 dpi,
the values were 6.8 £0.4x 10**/L, 7.1 £0.5x 10**/L, and 7.3+ 0.2 x 10"*/L, respectively. How-
ever, the number of red blood cells in the 3 groups at 28 dpi was still lower than before the
infection (Fig. 2C).

Haemoglobin content

The haemoglobin content in the BMSA1 and BMSA5-1-1 immune groups and the infected
control decreased to the lowest at 7 dpi (98 +5.6, 102+ 5.5, and 62+ 6.3 g/L, respectively).
Nevertheless, the haemoglobin content of the 3 groups gradually recovered over the infec-
tion time. At 14 dpi, the haemoglobin content of the 3 groups was 121+23.5, 118.3+9.5,
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and 113.6+ 7.3 g/L, respectively, and by 21 dpi, the values were 131.7+5.7, 133.3+5.5, and
136.0£5.3 g/L. However, the haemoglobin content of the 3 groups at 28 dpi was still lower
than the level before infection (Fig. 2D).

Cytokine changes after rBMSA1 and rBmSAS5-1-1 priming and B. microti challenge
TNF-a

The expression of tumor necrosis factor-a (TNF-a) in BMSA1 and BMSA5-1-1-immunised
mice rose sharply, peaking at 14 dpi ((17,639+507.7 fg/ml) and (12,579.0+ 1,890.9 fg/ml)).
After that, the TNF-a expression level in the 2 groups gradually decreased, reaching
11,703 + 1,888.7 fg/ml at 21dpi in the BMSA1 group. After that, the expression level rose slow-
ly, reaching the peak (14,498 +588.6 fg/ml) at 28 dpi. In the BMSA5-1-1 group, the TNF- a
level decreased to the lowest (7,599.1 +160.5 fg/ml) at 28 dpi. However, the levels in both
BMSA1 and BMSA5-1-1 immune groups were higher than the infected and healthy control
groups. The TNF-a level in the infection control mice peaked at 7 dpi (10,799.2 + 1,555 fg/ml),
then dropped sharply to 3,349.6+ 873 fg/ml on 14 dpi. That downward trend slowed to
2,633.1+742 and 2,179.4+481 fg/ml at 21 and 28 dpi, respectively; close to the levels in the
normal control group (Fig. 3A).

Interferon-y (IFN-y)
During the observation period, with the prolongation of infection time, the expression lev-
el of the serum IFN-y in mice immunised with BMSA1 and BMSA5-1-1 was slightly high-
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Fig. 3. Cytokine concentrations in mice increased in the 4 groups. TNF-a, IFN-y, and IL-17A levels were higher in the rBMSA1 and rBm-
SA5-1-1 immunized groups than in the infected control and normal control groups (A-C). The IL-10 level was lower in the rBMSA1 and
rBmSA5-1-1 groups (7 dpi) than in the infected control group (D).
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er, and the level of BMSA5-1-1 group was higher than that of the BMSA1 group. The ex-
pression of IFN-y in BMSA1 and BMSA5-1-1-immunised mice peaked (9,382+11.4 and
10,735.5£269.2 fg/ml) at 14 dpi and reduced to 7,041+ 648.5, and 9,778.6+683.6, and
5,679+956.1, and 6,477.3 £617.6 fg/ml at 21 and 28 dpi, respectively. These values were
higher than the levels in the normal and infection control groups. The expression of IFN-y
increased in the infection control group, reaching the highest (2,385.1+442 fg/ml) at 28
dpi (Fig. 3B), but IFN-y measured 105.1 +98.2, and 407.1 + 119.2 fg/ml in the normal con-
trol group.

Interleukin-10 (IL-10)

Throughout the observation period, the level of IL-10 increased sharply in the infected
control group, reaching 20,000.1 +2,205.4 fg/ml at 7 dpi. By 14 and 21 dpi, the level was
19,389.1 £2,031.1 and 21,251.1 +£2,085.9 fg/ml and peaked at 28 dpi (23,074.1 + 1,495.0 fg/
ml). The levels in the BMSA1- and BMSAS5-1-1-immunised groups were lower (12,325 +
2,874 and 10,587.6 £2,049.0 fg/ml) at 7 dpi. The level gradually increased in the BMSAL1
group, reaching its peak (24,639 +2,210 fg/ml) at 21 dpi. In contrast, IL-10 levels peaked
(24,912.3 £2,730.3 fg/ml) at 28 dpi in the BMSAS5-1-1 immunization group (Fig. 3C).

IL-17A

At 7 dpi, the expressions of IL-17A in the BMSA1 and BMSA5-1-1 immunised mice sera
were low (1,978 +183 and 1,350 + 150 fg/ml, respectively). However, IL-17A expression in
the serum of BMSA1- and BMSA5-1-1-immunised groups increased sharply, peaking at
14 dpi (6,379 + 349 and 6,714 + 826 fg/ml, respectively). That pattern gradually decreased
t0 4,211 465 and 2,865 + 200 fg/ml at 28 dpi. In the infected control group, the expression
level of IL-17A gradually increased to 2,740 + 39 and 3,929 + 181 fg/ml at 21 and 28 dpi, re-
spectively (Fig. 3D).

Discussion

BMSAL is known as B. microti glycosylphosphatidylinositol-anchored proteins 12 (BmG-
PI12), while BMSA5-1-1 is homologous to a B. microti glycosylphosphatidylinositol (GPI)
protein. BMSAI gene was recombined, expressed, and purified in E. coli BL21 (DE3), and
the band was 59 kDa, molecular weight. Moreover, the positive serum immunised with re-
combinant BMSAI could recognize the natural B. microti protein [16]. B. microti BmSA5-
1-1 gene was recombined, expressed and purified in BL21 (DE3) competent cells, and the
induced band was consistent with the expected molecular weight, 15 kDa. Furthermore,
immunofluorescence antibody assays (IFA) localised the BmSA5-1-1 in B. microti parasites
to the surface of B. microti [16]. In this study, in vitro experiments revealed that rBMSA1
and rBMSA5-1-1 secreted proteins partially inhibit B. microti invasion of host cells. These
proteins play a similar role in other protozoa. For instance, merozoite surface protein 1
(MSP1) interacts with host erythrocytes to block the adhesion of P. falciparum merozoites
onto erythrocytes, thus inhibiting erythrocyte invasion [19,20].

Mice were subcutaneously injected with a mixture of adjuvant-conjugated purified
rBMSAL1 or rBMSA5-1-1, respectively. High titres of polyclonal antibodies were generated
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against rBMSA1 and rBmSA5-1-1. Moreover, the peak infection rate of mice immunised
with BMSA1 and BMSA5-1-1 proteins was decreased compared to the infected control
groups. This infection suggested that BMSA1 and BMSA5-1-1 proteins had an excellent
immune protective effect on the host. At 9, 13, 15, and 17 dpi, the infection rate of BMSAI-
immunised mice was significantly higher than the BMSA5-1-1-immunised, indicating that
rBMSA5-1-1 had better immune protective effect than rBMSAL.

Babesia infection can cause hemolysis of human and animal red blood cells, so the de-
crease in red blood cells and haemoglobin is an important indicator for Babesia infection
[21]. As apicomplexan protozoans, Plasmodium and Babesia have similar symptoms. Many
studies have analysed the reduction of red blood cells and haemoglobin in malaria patients
[22], but few have focused on the changes in blood cells in patients after Babesia infection.
Cai et al. [16] used the Mindray BC-5300Vet animal-specific fully automatic blood cell an-
alyzer to detect the changes in whole blood cells in mice at different stages of B. microti in-
fection. The number of WBCs in different B. microti-infected mice significantly increased
at 7 dpi, possibly because of the inflammatory response caused by B. microti infection. Be-
sides, RBC and HGB significantly decreased on the 7th day after infection, consistent with
the number of parasites in mice post-infection. The number of parasites is inversely pro-
portional to the number of RBCs and HGB content. The higher the number of parasites,
the more red blood cells are infected by B. microti, the more severe the fragmentation of
red blood cells is, and the lower the content of red blood cells in the whole blood [23]. This
study used a whole blood cell analyzer to observe the dynamic changes of blood cells in
different groups of mice infected with B. microti, highlighting the process of B. microti in-
fection.

Further analyses revealed that TNF-a and IFN-y expressions were higher in the BMSAL1
group, from 7 to 28 dpi, compared to the infected group, consistent with previous findings
with B. microti Rhoptry neck proteins 2 (BmRON?2) [18,24]. The RON2 protein is among
the rhoptry-associated proteins (RAPs), part of a supergene family. Studies indicate that
these proteins are important for B. microti RBC invasion. Thus, BmRON2 is potentially a
good candidate vaccine against babesiosis [18]. In a related study with Babesia bovis, a pre-
vious study showed that cytokines such as TNF-a and IFN-y promote NO production [25].
Stich et al. [26] showed that TNF- o and IFN-y promote host cell defence against parasites
by up-regulating the INOS and NO2 levels in bovine and mouse macrophages.

The IFN-y defective mice showed only slight parasitaemia, while B-cell deficient mice
showed more severe parasitemia after infection with B. microti [27]. Therefore, cellular im-
munity is key for mouse resistance against the first infection with B. microti. Buddle et al.
also confirmed IFN-y as an important component of Th1 cell immune response and that
IFN-y has an anti-infection effect [28]. Accordingly, this study also showed that IFN-y ex-
pression gradually increased in mice infected with B. microti. The expression of IFN-y was
higher in BMSA1- and BMSA5-1-1-immunised than in healthy mice, indirectly confirm-
ing that BMSA1 and BMSA5-1-1 have immunoprotective effects.

The expression of IL-10 was higher in the control group than in the experimental group
at 7 dpi. However, IL-10 levels were higher in mice from the experimental and infected
control groups, between 14 to 28 dpi, than in the normal control group. BnRON2 protein
generated a similar effect [18], demonstrating that IL-10 mediates B. microti pathologies.
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The expression of IL-17A in rBMSA1 and rBmSA5-1-1 groups peaked at 14 dpi and grad-
ually decreased after that. These results differ from previous findings using BmRON2 [18],
where IL-17A peaked at 21 dpi in BmRON2 mice. Altogether, these findings indicate that
rBMSA1 and rBmSA5-1-1 alter the expression of cytokines at different stages of B. microti
infection. However, the specific mechanism underlying this process needs further investi-

gation.
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