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Abstract: Babesia microti (B. microti), is a tick-transmitted protozoan parasite that infects red blood cells. It is the
primary cause of human babesiosis in the US. It is also considered an emerging pathogen that continues to
expand in terms of both numbers of cases and geograpical range. The severity of babesiosis can range from
asymptomatic to fatal. Nevertheless, the mechanisms important for resolution of infection versus pathology
remain largely unknown. In the current study we used a mouse model to evaluate factors important in
protection from reinfection with B. microti following the clearance of a primary infection. Both B cell and CD4
T cell deficient mice failed to completely eliminate parasitemia 36 days post-infection following primary
challenge. In the recall mouse model of infection, wild type or specific gene deleted mice were reinfected with
the same strain of B. microti parasites 30-36 days after the initital primary infection, and the development of
parasitemia was evaluated. Our results show that wild type mice were protected from reinfection with B.
microti. In contrast, B cell and CD4 T cell deficient mice were only modestly impaired in their ability to protect
against rechallenge as protection was more similar to reinfected wild type mice than naive mice. However,
one reinfected B cell deficient mice developed parasitemia levels similar to those observed in primary infection.
Other factors including IFN-y, inducible nitric oxide synthase (iNOS) and the adaptor protein MyD88
important for signling via IL-18 and IL-1 had no effect on rechallenge. Thus our study shows that infection
with B. microti confers at least short term protection against rechallenge with the same parasite strain. Our
data show that CD4 T cells make an important contribution to both primary and rechallenge infection with B.
microti. They also suggest that antibody might play an important role in protection against reinfection or
persistent infection. However, overall our results Our results suggest that no one aspect of the immune system
is solely responsible for adequate protection against reinfection with B. microti.

Keywords: Babesia; Babesia microti; adaptive immunity; babesiosis. erythrocytes

1. Introduction

The genus Babesia are members of the Babesiidae family order Piroplasmida [1,2]. Members of
the Piroplasmida are common infectious agents for both humans, and domestic and wild animals.
The species implicated in human disease can be classified into distinct clades [1,3-5]. B. microti, the
primary cause of human babesiosis in the US is a member of the Babesia microti-like clade that is also
sometimes referred to as “small” Babesia. Small Babesia are primariliy transmitted by Ixodes scapularis
ticks, the same tick species that transmits Borrelia burgderferi, the causative agent of Lyme disease. B.
duncani and B. duncani-type organisms are members of the Babesia sensu lato Western clade, an
emerging disease of humans particularly along the US west coast. Another clad are phlogenetically
related to large Babesia such as B. divergens in Western Europe, B. bovis, B. bigemina and B. canis. The
immune response, virulence characteristics and pathophysiology of the diverse clades and species
remain understudied and their similarity and differences largely unknown. There is evidence that
severity of infection, immunity and drug efficacy may differ depending on the clade of Babesia as well
as the species. [2,6-8]

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Babesia microti (B. microti) is an Apicomplexan protozoan parasite endemic to the Northeastern
and upper Mid-Western United States [8-10]. B. microti is the primary cause of human babesiosis in
the US. It is transmitted to humans through the bite of infected Ixodes scapularis ticks, transfusion of
contaminated blood and congenital infection. Because B. microti is transmitted by the same species of
tick that transmits Borrelia burgdorferi, co-infections of Borrelia burgdorferi and B. microti from a single
tick bite are becoming increasingly common [11-13]. B. microti invades red blood cells and forms a
transient parasitophorous vacuole (PV) from which it immediately escapes to reside and replicate by
binary fission in the erythrocyte cytosol. Unlike Plasmodium species, B. microti is not known to have
an extra-erythrocytic stage and appears to remain in the circulation for the duration of infection. The
parasite can survive blood banking procedures resulting in its becoming an important pathogen in
transfusion medicine in addition to tick-transmitted infection [14-16]. Disease severity due to B.
microti ranges from severe infections requiring hospitalization, that can result in death, to
asymptomatic [8,17,18]. Known factors that increase susceptibility to severe disease are an age greater
than 50, general immune suppression, and lack of a spleen [8,19]. Individuals treated with Rituximab,
a drug that depletes B cells, are often highly susceptible to babesiosis, may fail to clear parasitemia
and often result in treatment failures including drug resistant parasites. B. microti parasitemia can
persist for years even with treatment suggesting an important role for B cells in control of B. microti
infection [19-22]. In summary, the immunopathology of babesiosis remains poorly defined, and as
such, risk factors and other determinants for severe disease remain unknown.

In a prior study we evaluated B. microti infection in C3H, BALB/C and C57BL6 mice to examine
how the differences in genetic background of the mice impacted peak parasitemia, and resolution of
infection as defined by clearance of parasitemia [23]. Peak parsitemia was lowest in C57BL6 mice and
highest in C3H mice (range of 35-60% parasitemia depending on mouse strain) and occurred 7-10
days post-infection. However, all three mouse strains rapidly resolved paraistemia over a similar
time course resulting in parasite clearance to undetectable levels by day 14-15 post-infection in
immunologically intact animals. We used targetted gene deletion mouse strains in the C57BL6
mouse background to examine the importance of CD4 T cells, B. cells and other cytokines in the
regulation of peak parasitemia and parasite clearance (resolution of infection). We demonstrated
that CD4 T cells are important for resolution of infection as CD4-/- mice did not clear the parasite and
developed a persistent parasitemia. In contrast, the absence of CD4 T cells did not impact levels of
peak parasitemia. Mice deficient in the IFN-y receptor and mice that lack mature B cells exhibited
extended parasitemia, but ultimately did resolve infection. Mice deficient in MyD88, the adaptor
protein for many TLRs, IL-18 and IL-1, developed peak parasitemia levels and cleared parasites
similar to wild type (WT) mice suggesting that toll receptor signaling, IL-18 and IL-1 do not play a
essential role in the primary response to infection with B. microti. We also examined whether
phagocyte production of nitric oxide contributed to control of B. microti using inducible nitric oxide
synthase (iNOS) mice and demonstrated iNOS was not critical for regulating parasitemia levels or
resolving infection.

Limited studies in humans suggest that resolution of human B. microti infection may not
inevitably result in protection against re-infection [24]. In the present study, we evaluated if WT mice
developed protective immunity to B. microti following the initial clearance of the parasite and
whether CD4 T cells, B cells, IFNy receptors, iNOS and MyD88 contributed to protection against
rechallenge. In our reinfection model, we reinfected WT mice or specific gene-deficient mice 30-36
days after an initial primary challenge with B. microti, and evaluated the development of parasitemia.
We hypothesized that mice that developed an adaptive immune response that controlled or
eliminated infection with B. microti would not be susceptible to reinfection with the same strain of B
microti. We also tested the hypothesis that elements of the adaptive immune response including CD4
T cells, B cells and IFN-y would have a greater role in protection against rechallenge than observed
in primary infection when the innate immune response is also predicted to be an important factor in
control of parsitemia [25].
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2. Materials and Methods

Mice
The following mouse strains purchased from Jackson Laboratories (Bar Harbor, ME) were used

for experiments: C57BL6], B6.12952-Cd4tmiMak/]— B6.129P2 (S]L)—Myd88‘m-1~mefr/], B6.12957-

Ifngrimiae], B6.129P2-Nos2tmatav/], B6.12952-Ighmtm1Cgn/], All mice were females and
purchased between 6-10 wks of age and all targeted gene deleted mice (KO mice) were in a C57BL/6]
background. All animal studies were approved by the New York Medical College Institutional
Animal Care and Use Committee (IACUC). The studies were approved in the NYMC IACUC
protocol number 13958.

Parasite and infection model

The B. microti Gray strain, originally isolated from a human infection on Nantucket Island,
Massachusetts in 1970, was originally obtained from the American Type Culture Collection (ATCC
30221) and was used for all of the studies [26]. Parasites were maintained by serial passage in mice
after being rapidly thawed from storage in liquid nitrogen and injected intraperitoneally (IP) into two
mice to allow parasites to recover and replicate to sufficient numbers for serial passage in mice. B.
microti currently can not be propagated long-term in vitro in red blood cell culture but must be
propagated in mice or Golden Hamsters. Parasites were passaged twice through mice before being
used for experimentation. For experiments, 4-5 mice per group were infected by IP injection of 100 ul
of blood pooled blood collected from infected mice 5 days post-infection when parasitemia was
roughly 30%. Blood was pooled prior to infection to ensure all mice within an experiment received
the same dose of parasites in the same inoculate at the same time. Mice were infected with
approximately 1 x 107 infected red blood cells. During the primary infection, blood was collected by
tail snip to create a thin film blood smear on a microscope slide daily or every other day for the first
14 days post-infection then approximately every 5 days for 25-36 days post-infection. For reinfection,
WT and targeted gene deletion mice were rechallenged IP with B. microti using a similar protocol as
for primary infection except blood was collected only for the first 3-10 days to monitor protection
against reinfection. Naive WT mice were challenged at the same time as mice were reinfected with
the same parasite inoculate to compare parasitemia during rechallenge compared to primary
infection in each experiment. Rechallenge with B. microti was performed 30-36 days PI and the days
post primary challenge with B. microti are listed in the figure legend for each experiment.

Hematology

Blood smears on glass slides were fixed for 2 minutes in ice cold methanol and stained with
Giemsa Stain (Richard-Allan Scientific, Kalamazoo, MI), as per the manufacturer’s instructions.
Parasitemia was evaluated by at least 3 counts of 100 red blood cells per slide per mouse using a 100X
oil objective and bright field microscopy using a Nikon Eclipse TiE inverted microscope.

Statistics

The mean, standard deviation and standard error from mouse groups was determined.
Analysis of Variance (ANOVA) was used to compare parasitemia between multiple groups using
GraphPad Prism. An unpaired Student’s t-test was used to compare single time points from two
groups of mice.

3. Results

In a previous study we examined primary infection with B. microti including the contribution of
different cells and cytokines to regulation of peak parastemia and resolution of infection using mice
with targeted gene deletions. In the current study we extend these findings by evaluating whether
infected mice that clear or suppress B. microti infection are protected from rechallenge with the
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parasite. A diagram of the experimental mouse model is shown in Figure 1. In Figure 2 we show
parasitemia during primary infection of naive WT mice longitudinally for 36 days post-infection in
comparision to infected CD4-/- mice and MuMT mice deficient in mature B cells. WT, CD4-/- and
MuMT mice exhibited similar parasitema levels that peaked at approxiamtely 45% parasitemia on
day 8 post-infection. Parasitemia levels decreased rapidly thereafter and were no longer detectable
in WT mice in blood smears by day 20 post-infection. In contrast, both CD4-/- and MuMT mice were
impaired in their abilty to resolve parasitemia and maintained parasitemia levels above 20% for CD4-
/- mice and 1-10% for MuMT mice out to day 36 post-infection (pi). While CD4-/- mice did not clear
infection, there was still a significant reduction of parasitemia observed during the primary response
in naive animals, indicating that CD4-/- mice were able to partially control the infection over time.
MuMT mice were more effective than CD4-/- mice in their ability to resolve parasitemia but less
effective than WT mice. Thus it is clear that CD4 T cells contribute to resolution of B. microti infection
in the C57BL6 mouse background while the contribution of B cells to resolution of infection was less
pronounced but still evident.

Q .
S v

B. microti infection ,, 30-36 Days-Post-infection j d
I II 1

Rechallenge Monitor parasitemia by
with B. microti Giemsa-stained blood smear

C57BL6 WT Primary

mice versus chgllenge of

KO mice naive WT
mice with B.
microti

Figure 1. Mouse primary infection and rechallenge model for B. microti. Naive C57BL6 mice or mice
with targeted gene deletions were first challenged with IP injection of B. microti-infected RBCs, and
parasitemia was monitored by bright field microscopy in thin blood smears throughout acute
infection. 30-36 days after the initial infection, mice were rechallenged by IP injection of B. microti-
infected RBCs and parasitemia monitored by bright field microscopy in Giemsa stained blood smears.
Parasitemia levels for each mouse was calculated as the average of 3 counts of 100 red blood cells in
a Giemsa-stained blood smear using a 100X oil objective and bright field microscopy. .

60 = ° WT ® Naive WT
8 > CD4KO 01
Em e m Rechallenged WT
® i u ©
a0 oy e8%e E 40 ! .
o 8 g o o °°§ o) ®
i | BRE 7
@ ¥ naga 8°Z o °
&20' ©0 ] 2 . ° 0“-,20-
E @®g o 00
; HETEIS :
0 T EIE] E‘EEI & El§H 0 L 3 ' ¥ —
0 10 20 30 40 Day 0 Day3 Pl Day6 Pl Day8PI

Days post-infection Days post-infection


https://doi.org/10.20944/preprints202312.0586.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 December 2023 doi:10.20944/preprints202312.0586.v1

5
® Naive WT ® Naive WT
@10 Rechallenged CD4--  ® 609 o Rechallenged MUMT ~ ®
o a o ]
§ 40- i ° E 40 : ®
'a = o
s ° o a
Sa0d o fad o o
| 8 3 o 4
Q 0
0 0 b A4 8_ 0 . ¥ 9 g_
Day0 Day3Pl Day6 Pl Day8PI Day0 Day3Pl Day6 Pl Day8PI
Days post-infection Days post-infection

Figure 2. Evaluation of parasitemia in WT, CD4-/-, and MuMT mice during acute infection and after
rechallenge with B. microti at day 36 pi. Top Left Panel: Parasitemia in response to primary infection
with B. microti followed by parasitemia after rechallenge with B. microti on day 36 pi. Parasitemia
reached peak levels approximately 8 days post-infection and then resolved in WT mice. In contrast,
parasitemia was decreased in CD4-/- and MuMT mice compared to peak parasitemia levels. This
showed these mice were able to control and diminish parasitemia levels but were unable to fully
eliminate parasites by 36 days pi. Bottom and right panels: Comparison of parasitemia levels per
mouse in naive WT mice during primary B. microti challenge and parasitemia levels after rechallenge
on day 30 post-infection in WT mice, CD4-/- mice or MuMT mice. Naive WT mice developed
parasitemia levels of 10% by day 3 pi, 40% by day 6 pi and approximately 50% by day 8 pi. In contrast,
WT mice were resistant to parasite rechallenge as shown by parasitemia levels less than 1% on day 3
pi, and no detectable parasitemia on day 6 or 8 pi. Residual parasitemia was still present in CD4-/-
and MuMT mice 36 days post-primary challenge. Both CD4-/- and MuMT maintained a low level of
parasitemia after re-challenge but did not develop parasitemia levels similar to naive WT mice given
a primary challenge. Parasitemia values for individual mice are shown on day 0, 3, 6 and 8 post-
rechallenge. Parasitemia levels for each mouse is the average of 3 counts of 100 red blood cells in a
Giemsa-stained blood smear using a 100X oil objective and bright field microscopy. Each symbol
represents a single infected mouse. WT mice are represented by a black circle with white fill.
MuMT mice are shown by a green square or red circle depending on the figure. CD4-/- mice are
shown by a red diamond or red circle depending on the figure. .

WT mice that resolved a primary infection with B. microti infection were rechallenged with B.
microti 36 days post initiation of primary infection to evalaute whether mice were protected against
rechallenge. Parasitemia levels in response to rechallenge of WT mice was compared to primary
challenge of naive WT mice to assess the degree of protection conferred by previous infection. WT
mice that had previously cleared a primary infection with B. microti were resistant to rechallenge
(Figure 2). Although parasites could be detected in blood smears on day 3 post-rechallenge,
parasitemia remained below 1% and parasites were no longer detectable by day 6 or 8 post-
rechallenge. These results indicate that mice that previous cleared a B. microti infection developed an
effective adaptive immune response that protected against rechallenge with the same strain of
parasite.

Having established that primary challenge of WT mice resulted in protection of mice from
rechallenge with B. microti, we examined the importance of CD4 and B cells to protection against
rechallenge using CD4-/- mice and MuMT mice respectively. Both CD4-/- and MuMT maintained a
low level of parasitemia after re-challenge simialr to the residual parasitemia 36 days pi after primary
challenge. Upon rechallenge with B. microti, CD4-/- mice demonstrated significantly reduced
parasitemia (less than 20%) compared to naive WT mice (43-60%), indicating that some level of
protection developed in these animals. MuMT mice developed a low level of parasitemia (<5%) with
the exception of one rechallenged MuMT mouse that reached parastemia levels similar to naive WT
mice (Figure 2). In summary our results show that both CD4 T cells and B cells contribute to
protection of mice against rechallenge. However, neither CD4 T cells or B cells appear to be
absolutely required for protection against rechallenge since both CD4-/- and MuMT mice were
generally far more resistant to reinfection compared to naive WT mice. This suggests that antibody
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does play a role in limiting reinfection with the parasite, and could be playing a role in clearance and
moderate infection control in CD4-/- mice.

One frequent role of CD4 T cells during infection is the production of IFN-y that often serves to
activate macrophages as well as interferon-stimulated genes (ISGs) many of which have antimicrobial
functions in a wide variety of diverse cell types. In a previous study we showed that IFN-y receptor
deficient (IFN-yR) mice infected with B. microti developed peak parasitemia levels similar to WT mice
but had only a moderate delay in resolving parasitemia [23]. This suggested that the protective
function of CD4 T cells during primary B. microti infection was in large part independent of IFN-y. In
the current study we tested the hypothesis that IFNy, was more important for resistance of mice to
reinfection with B. microti compared to primary B. microti infection when innate immunity was also
likely to be important for regulating parasitemia levels. As shown in Figures 3 and 4, IFN-yR-/- had
a few days delay in parasite clarance compared to WT mice during primary B. microti infection. IFN-
YR-/- mice were as resistant as WT mice to rechallenge with B. microti except for one IFN-yR-/- mouse
that developed detectable parasitemia below 5%. This suggests that CD4 T cells are not primarily
mediating protection against rechallenge by the production of IFN-y including IFN-y-induced
activation of monocytes/macrophages. We also evalauted the importance of phagocyte production of
nitric oxide using inducible nitric oxide synthase (iNOS) using iNOS-/- mice. As shown in Figure 3,
parasitemia levels following primary challenge and rechallenge of iNOS-/- mice was similar to WT
mice. These results suggest that neither IFN-yR or iNOS plays a critical role in resistance of mice to
reinfection with B. microti. We also repeated our B. microti primary and rechallenge experiment in
IFN-yR-/- mice simultaneously with MyD88-/- mice. Consistent with the experiment shown in Figure
3, IFN-yR-/- mice had a slight delay in parasite clearance during primary infection with B. microti
(Figure 4). IFN-yR-/- mice were not more susceptible to B. microti rechallenge compared to WT mice.
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Figure 3. Evaluation of parasitemia in WT, IFN-yR-/-, and iNOS-/- mice throughout primary infection
with B. microti and after parasite rechallenge on day 36 pi. Naive WT mice reached approximately 25-
45% parasitema after primary challenge with B. microti. Parasitemia in WT mice, and iNOS-/- was
similar to each other during acute infection and both mouse strains were resistant to rechallenge with
B. microti. IFN-yR-/- mice had a delay in parasite clearance during primary infection compared to WT
mice but exhibited minimal increase in susceptibilty to rechallenge with B. microti as only one IFN-
YR-/- mouse developed detectable parasitemia (<5%) that was transitory. Parasitemia values for


https://doi.org/10.20944/preprints202312.0586.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 December 2023 doi:10.20944/preprints202312.0586.v1

individual mice are shown for day 5 post-rechallenge. Parasitemia in WT mice is shown by black open
circles. Parasitemia in IFN-yR-/- mice is shown by red diamonds. Parasitemia in iNOS-/- mice is
shown by a green squares. Parasitemia levels for each mouse is the average of 3 counts of 100 red
blood cells in a Giemsa-stained blood smear using a 100X oil objective and bright field microscopy. .

We next evaluated the role of TLRs, IL-1 and IL-18 in protection against rechallenge with B.
microti using MyD88-/- mice. MyD88 is the main adaptor molecule for TLR, IL-1R and IL-18 family
members [27]. As shown in Figure 4, MyD88-/- mice were similar to WT mice both in their response
to both primary infection and rechallenge infection 30 days pi with B. microti (Figure 4, and [23]).
These studies confirm that IFN-yR and MyDD88 were not required for resistance to rechallenge with
B. microti.
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Figure 4. Evaluation of parasitemia in WT, IFN-yR-/-, and MyD88-/- mice throughout primary
infection with B. microti and after parasite rechallenge on day 36 pi. Parasitemia in WT mice, and
MyD88-/- was similar to each other during acute infection and rechallenge with both mouse strains
resistant to reinfection with B. microti. IFN-yR-/- mice had a delay in parasite clearance during
primary infection but no defect in resistance to reinfection with B. microti. Parasitemia values for
individual mice are shown on day 5 and 10 in naive mice and for WT, IFN-yR-/- and MyD88-/- post-
rechallenge. Parasitemia levels for each mouse was the average of 3 counts of 100 red blood cells in a
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Giemsa-stained blood smear using a 100X oil objective and bright field microscopy. Parasitemia in
naive WT mice is shown by black circles. Parasitemia in WT mice after rechallenge is shown in white
open circles. Parasitemia in IFN-yR-/- mice is shown by red diamonds. Parasitemia in MyD88 -/-
mice is shown by a green squares. There was a single outliar MyD88-/- mouse that developed
parasitemia on day 5 pi above 1 %.

Discussion

In this study, we sought to identify if there are specific immune factors important for controlling
reinfection with B. microti after initial infection. We found that C57BL6 mice were capable of rapidly
eliminating parasites following the resolution of primary infection when rechallenged with the same
isolate of B. microti 30 days post-infection. Despite an ability to diminish but not clear primary
infection, CD4-/- mice did not respond to reinfection with the high level of parasitemia observed in
primary infection of naive mice, indicating that they had developed at least some level of immunity
capable of limiting the infection. This protection could be mediated by IgM antibodies, which are
plentiful in CD4-/- mice (as they generally lack the ability to class switch antibodies). This possibility
is consistent with our observation that at least some MuMT mice did develop parasitemia similar to
that observed in naive animals. Combined these data suggest that antibodies along with CD4 T cells
contribute to the control of both primary B. microti infection and reinfection. However, mice are able
to suppress parasitemia levels eventhough complete resolution of infection is impaired in the absence
of either CD4 T cells or B cells. In contrast, MyD88 signaling of Toll-like receptors, IL-1 and IL-18, and
iNOS production of NO species are dispensible for protection against primary infection or
rechallenge with B. microti. In our current study IFN-y deficiency had an impact on the primary
response to infection, but not reinfection; thus, it likely has a primary impact on innate immunity
prior to the development of adaptive immunity..

Both innate and adaptive immunity have been implicated in control of B. microti primary
infection in mice [25,28-32]. Administration of BCG (Bacillus Calmette-Guerin) has been shown to
protect mice from infection with B. microti, B. rodhaini as well as Plasmodium berghei and Plasmodium
vinckei [28]. The study showed BCG protected mice from B. microti and Plasmodium species through
the production of a non-antibody soluble mediator that killed parasites within infected red blood
cells. Severe combined immunodeficient (SCID) mice have a genetic mutation that results in impaired
VDJ rearrangement. As a result SCID mice have a functional defect in both mature B cells and T
cells. SCID mice deficient in B and T cells, and nude mice deficient in T cells develop a persistent
parasitemia in response to B. microti infection [25,29]. However, the ability of SCID mice to control
parasitemia has also been shown to depend on the genetic background of the mice [25]. Another
study in BALBC mice showed that CD4 T cells, but not CD8 T cells, were important for resolution of
B. microti primary infection [33]. This study evaluated the immune response to the B microti KR-1
strain and found that cell mediated immunity was critical for protection but found little role for B
cells using JHD-null mice. Protection by cell mediated immunity did not require IFN-y as IFN-y-/-
mice were able to clear infection although they did develop higher parasitemia than WT mice.

Studies to date indicate that host and parasite genotype might play a significant role in the
severity as well as resolution of Babesia spp infections and that the Babesia strain or clade has a
signficant impact on resistance/susceptibily and immune cells and factors that contribute to the
outcome of infection. There clearly appears to be an important conribution of mouse genotype to
the severity of infection with the WA1 Babesia strain that is related to the B. duncani-like parasites
[34,35]. Mice of the C57BL lineage were resistant to the WA1 strain of Babesia developing parasitemia
levels less than 5% and survival greater than 90%. B cell deficient MuMT mice in the C57BL6 genetic
background showed only a small increase in parasitemia (increased from 5% to 9%) and all mice
survived suggesting a minimal role for B cells in protection. The results for CD4-/- mice in the C57BL6
background challenged with WA1 parasites was similar to that for MuMT mice. Host genetics also
impact the whether the absence of T and B cells in mice with the SCID mutation results in increased
susceptibilty. The SCID mutation in the C3H mouse background had little impact on the
susceptibility of C3H mice to WA1 infection as both WT and SCID mice were susceptible [25]. The
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SCID mutation in the C57BL6 mouse background did not impair the resistance of C57BL6 mice to
WAL infection indicating B and T cells were not required for protection against the WA1 parasite
strain in C57BL6 mice. In contrast, the SCID mutation in the BALBC background dramatically
impaired the ability of the moderately susceptible BALBC mouse strain to control infection. These
studies using the WA1 B. duncani-like strain suggest that host genotype may play a critical role in the
requirement of innate versus adaptive immunity in the control of B. duncani-like parasites as well as
in the susceptibility and resistance to the parasite.

Studies also suggest that host genotype impacts B. microti infection but perhaps not to the same
degree as the WA1 parasite strain. Our previous study with B. microti showed that host genotype
impacted peak parasitemia levels in C3H, BALB/c and C57BL6 mice but all three mouse strains were
able to resolve infection over a similar longitudinal time frame [23]. An earlier study that examined
the impact of mouse genotype on susceptibilty to B. microti showed that C3H mice reached higher
peak parasitemia levels than BALB/C, C57BL6, CBA, and CF1 outbred mice with the other mouse
strains showing different degrees of susceptibilty [36].

Advanced age is strongly associated with disease severity in human babesiosis [8]{Menis, 2015
#9263;Menis, 2012 #8801. Surprisingly little is known about the mechanisms that underlie age-
associated susceptibility to babesiosis. However, a study using a clinical isolate (RM/NS strain) of
B. microt showed DBA/2 mice were highly susceptible to infection compared to C57BL6 and BALB/C
mice. The study also showed that age-dependent susceptibility was evident for DBA/2 mice but not
C57BL6 or BALB/C mice. Thus more studies are needed to determine the degree to which the
increased susceptbility of individuals with increasing age to B. microti is impacted by host genetics as
well as the immune and non-immune mechanisms that underlie the increased susceptibility with age.

Only one previous study to our knowledge directly addressed whether mice that resolved
infection with B. microti are resistant to rechallenge. The previous study addressed rechallenge of
BALB/C mice with B. microti (Munich strain) [31]. Antibody neutralization of CD4 T cells, CD8 T cells
and IFN-y showed that CD4 T cells and IFN-y but not CD8 T cells were important for protection
against primary infection and rechallenge infection with B. microti. In contrast, immune sera was not
protective suggesting either B cells were not important for protection or that immune sera did not
include sufficient levels of anti-Babesia antibodies to confer protection. In contrast to our current study
that showed IFN-yR deficient mice both cleared primary B. microti infection and were resistant to
rechallenge, their study of IFN-y deficient mice, in the BALB/c genetic background, were unable to
clear primary infection and were unable to control rechallenge infection if parasites were killed
during primary infection with drug treatment followed by rechallenge with parasites.

Conclusions

Our results suggest that no one aspect of the immune system is solely responsible for adequate
protection against reinfection with B. microti. Our data along with other studies show that CD4 T cells
make an important contribution to both primary and rechallenge infection with B. microti. Our study
also suggests that antibody might play an important role in protection against reinfection, while only
playing a limiting role in the primary immune response. These data reopen a debate into the
importance of B cells and antibody in the control of B. microti infection especially given the
susceptibility of individuals treated with Rituximib and other agents that impair B cell function to
persistant babesiosis as well as babesioris refractory to current therapies [19,20,37,38]. Our studies
focused on primary infection and the response to rechallenge infection with B. microti in C57BL6 mice.
Future studies are needed to evaluate the degree to which host genotype impacts the outcome of
infection with B. microti as well as other species such as B. duncani and B. duncani-like species. Future
studies examining immune and non-immune mechanisms that underlie disease severity in response
to Babesia microti and other Babesia species are needed to evaluate the potential impact of both host
genotics and parasite genetics on the the pathophysiology and immune response during human
babesiosis.
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