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1. Introduction

Babesia is a protozoan parasitic in mammalian red blood cells. It belongs to the
genus Babesia. It was first discovered by the Romanian scientist Babes in 1888
from the diseased bovine red blood cells [1]. More than 100 species have been
discovered since 1957. Yugoslavia reported the first case of human infection with
Babesia [2]. Thousands of human infections have been reported around the
world. With the development of diagnostic and detection techniques, cases of
zoonotic Babesia have increased year by year in the America, Europe and new
cases have been discovered in Asia and other places, and the disease has gradu-

ally become a worldwide human new parasitic disease.
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It is currently recognized that four species of Babesia can infect humans,
namely B. microti, B. divergens, B. duncani and B. venatorum. There are also
three unidentified species of Babesia that are also infected with humans. They
are CA strains, MO strains found in the United States, and KO strains similar to
those found in Korea, B. ovine [3]. In China, Babesia infections are rare. In the
past 30 years, only 10 cases have been reported in China [4]. However, the pre-
vention and treatment of Babesia are urgent, and the domestic research on Ba-
besia is still in the initial stage, this paper summarizes the research status of Ba-
besia in recent years by summarizing the research reports on Babesia in terms of
morphology, life history, pathogenesis, epidemiology, diagnosis and treatment of

Babesia in China.

2. The Morphology of Babesia

The morphology of Babesia under light microscopy is very similar to that of
Plasmodium falciparum. Its morphology is teardrop-shaped, ring-shaped, round,
pear-shaped, rod-shaped or amoebic. The most typical is the Maltese cross, 4
pear-shaped. The tip of the merozoite usually forms a cross, which is a characte-
ristic form of Babesia and an important morphological marker that distinguishes
it from Plasmodium. According to the size of the worm, Babesia can be divided
into two types: large worms and small worms. The large worms are 2.5 - 5.0 um
long, which exceeds the red blood cell radius. The small worms are 1.0 - 2.5 um
long and smaller than the red blood cell radius [5].

3. The Life History of Babesia

The life history of Babesia requires two hosts for ticks and vertebrates. In the
sputum, completing gamete reproduction, followed by spore proliferation in the
vertebrate body, it is parasitic in red blood cells, and the fissure is proliferated.
Some merozoites form gametophytes, and the initial development of sexual re-
production begins, and then gradually develop into female and male gameto-
phytes. Female and male gametophytes further develop into gametes in the scor-
pion, male and female gametes combine to form zygotes, and then develop into
zygote, which can enter the blood and lymph of sputum, by replicating and in-
vading various organs of sputum [6].

When an infectious biting host with mature sporozoites in the salivary gland
sucks blood, the sporozoite enters the host with saliva, and the sporozoite enters
the bloodstream and invades the red blood cells and develops into a trophozoite,
which can be doubled in red blood cells for asexual reproduction. Form 2 or 4
worms. Individual or paired worms in red blood cells are often arranged at cha-
racteristic angles, with pointed ends being opposite. Finally, the red blood cells
rupture, the worm body is released and can invade the new red blood cells and
replicate, thus starting a new life history [7].

4. The Disease Caused by Babesia

The clinical manifestations of Babesiasis are similar to malaria. The main fea-
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tures of intermittent fever, splenomegaly, jaundice and hemolysis can cause ren-
al dysfunction, and severe cases can cause death. As a new parasitic disease, the
pathogenic mechanism of Babesia is gradually becoming a hot research topic. It
can be confirmed that Babesia is parasitic on mammalian red blood cells. Studies
have shown that rod-like proteins and micro-line apical membrane antigens play
a crucial role in the invasion of red blood cells by Babesia [8] [9], which are se-
creted by rods and microfilaments, respectively, in which the microfilament se-
creted protein plays an adhesion role in the actin-myosin complex, which ad-
heres to the host cell, allowing the worm to enter the host cell, and then The re-
lated lipids and proteins secreted by the rods work together to form nanoworm
vacuoles, and the rod-shaped proteins play a key role in the invasion of the
worms, and are the main virulence factors of the parasitic protozoa. At present,
there are many pairs of Babesiabovis, Babesia ovine, Babesiagibsoni, Babesiabi-
gemina, Oriental Babesia (Studies on RAP such as Babesiaorientalis), Babesia-

microti and Babesiamotasi-like [10].

5. The Prevalence of Babesia

Babesia is parasitic in mammalian red blood cells and is mainly transmitted by
mites and bites. It can also be transmitted through blood transfusions and
through the placenta. The host of Babesia is very extensive, and a variety of li-
vestock and wildlife animals can be infected, becoming pathogen carriers and
important sources of infection. Babesia is a zoonotic parasitic disease [11] [12].

Some rodents are important hosts of Babesia and play an important role in the
long-term preservation, spread and prevalence of Babesia in nature. Rodents can
infect voles, Babe, Baba, and Duncan. The squirrel, the squirrel, the yellow-breasted
rat, the brown rat, the brown-backed rat, the black-lined squirrel, and the
white-bellied rat can naturally infect the hamster Babe. Bovine subfamily is the
natural host of many Babesia, a Babesia can be infected by a variety of cattle, and
a cow can also infect a variety of Babe. Some sheep subfamilies can also be used
as hosts for Babesia. In addition, canines, equines, and porcine animals can be
infected with Babe [5]. Humans are also important hosts for Babesia, and the
United States is the country that reports the most Babesia. The susceptible pop-
ulation of Babesia is the elderly, the history of spleen resection, the weakened
immune system, the severe disease of the liver or kidney, and the farmers, herd-
ers and forestry workers who are often in contact with mites [13]. Most cases of
infection with Babesia have a history of exposure to sputum. There are many
kinds of aphids that transmit Babesia, mainly tiny calves, scorpion hard scor-
pion, long-horned blood scorpion, sulcus hard scorpion, blood red-headed scor-
pion scorpion, shoulder-shoulder hard scorpion, forest scorpion scorpion,
grassland scorpion and scorpion Bloody. Different species transmit different
Babesias. For example, tiny Burdock can transmit Babesia, Babesia and Mabba,
and the scorpion can transmit Babesia, Babesia, Bigba beetle, hunter Babe, voles
Babe and Babe [5].
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6. Diagnosis of Babesia
6.1. Microscopic Examination of Blood Smear

A blood smear was prepared from the peripheral blood of the patient, and
Giemsa staining or Wright’s staining was used, and then the hamster Babesia
worm was searched under a microscope. Under the light microscope, 1 - 6
worms can be seen in the red blood cells, and the size of the worms is generally
1.5 - 2.5 um [14]. The morphology of the larvae of Babesia is very similar to that
of Plasmodium falciparum, and its shape is teardrop-shaped and ring-shaped.
Shaped, round, pear-shaped, rod-shaped or amoeba-like, the most typical is the
Maltese cross. However, due to the low detection rate of blood smears, the mor-
phology and size of the early ring-shaped trophozoites of Babesia larvae are sim-
ilar to those of erythrocytes in the erythrocytes such as Babesia and Plasmodium,

so the diagnosis method is not very accurate [15].

6.2. Animal Inoculation Separation Method

The whole blood of the patient was inoculated into the hamster by the abdomin-
al cavity (the hamster was a sensitive host of the hamster Babesia), and the peri-
pheral blood smear was monitored for 6 weeks after the inoculation, and the
pathogen appeared at about the second to fourth weeks. Animal vaccination
method is sensitive, 300 pathogens can be found in about 1ml of blood, but this
method is time-consuming and expensive, and is more suitable for retrospective
diagnosis and auxiliary diagnosis, such as post-treatment review, long-term la-

tent infection, etc., diagnosis [16].

6.3. Indirect Fluorescent Antibody Test (IFAT)

The basic principle of IFAT is to combine the unlabeled antigen (or antibody)
for detection with the corresponding antibody (or antigen) in the sample to be
tested to form an antigen-antibody complex, and then add fluorescein-labeled
anti-human immunoglobulin or other The second antibody binds to form a flu-
orescent immune complex, which can display bright green fluorescence under a
fluorescence microscope, thereby indirectly determining the antibody (or anti-
gen) present in the sample to be tested. IFAT is currently the most widely used
serological method for diagnosing Babesia in voles. The United States has ap-
plied it as a routine detection technique to the clinical diagnosis of voles Babesia
[17] [18].

6.4. Enzyme-Linked Immunosorbent Assay (ELISA)

The basic principle of ELISA is to adsorb a known antigen or antibody on the
surface of a solid phase carrier, so that the enzyme-labeled antigen-antibody
binding reaction is carried out on the surface of the solid phase, and the un-
bound enzyme-labeled biomolecule is removed by washing, and then the color-
ing agent is added. Color, qualitative and quantitative analysis of the antibody or

antigen are to be tested by the presence or absence of color reaction. However,
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the sera of the patient were detected by ELISA using the existing antigen. The
results showed that Babesia and Plasmodium falciparum still had some
cross-reaction, so that the specificity was low, and it was still necessary to find a

more specific antigen for specific detection [14].

6.5. Molecular Biology Diagnostic Technology (PCR)

The outstanding advantages of molecular biology technology are high sensitivity
and specificity, suitable for detection of insects with low infection rate, and are
widely used in the detection of Babesia. Polymerase chain reaction (PCR) ampli-
fies the target gene in large amounts, and then analyzes the amplified product by
gel electrophoresis, sequencing analysis or probe hybridization. In addition,
nested PCR, semi-nested PCR, real-time quantitative PCR, hot-start PCR, real-time
fluorescent PCR and other derivative technologies developed on the basis of
conventional PCR reactions further improve the sensitivity and specificity of de-
tection [19]. The conventional PCR procedure was as follows: Babesia 18 s rRNA
primer, upstream primer: 5-AATACCCAA-TCCTGACA-CAGGG-3’; down-
stream primer: 5-TTAAATACGA-ATGC-CAAC-3’. PCR reaction system 50
uL: pre-mixed Tapu enzyme 25 uL, 10 umol/L upper and lower primers each 2.0
uL, DNA template 10 uL, double distilled water 8 uL. PCR amplification condi-
tions: 94°C for 5 min; 94°C for 30 s, 60°C for 40 s, 72°C for 40 s, a total of 35
cycles; 72°C for 5 min. 5 uL of the amplified product was spotted on 1.5% aga-
rose, electrophoresed on a gel for 45 min, and finally observed by a gel imaging
system [20]. In addition, nested-PCR (nested-PCR) uses two pairs of primers in
the inner and outer sides to perform two rounds of amplification reactions, so
that the target fragment can be amplified from a small amount of template,
which further improves the sensitivity of detection compared with ordinary
PCR. Based on the product sequences amplified by the outer primers Babl and
Bab4, Persing et al. designed the inner primers Bab2 and Bab3, increased the
number of cycles to 50, and performed a second round of amplification under
the same reaction conditions. It is 154 bp. Through two rounds of amplification,
the sensitivity is increased to 3% x 100% worm density, which is 10 times higher
than that of ordinary PCR [21].

7. Treatment of Babesia

At present, the chemical drugs that control Babesia are mainly divided into two
categories, which are directed against the medium hard palate or against Babesia
itself. Commonly, therapeutic drugs used are clindamycin, quinine, atovaquone
and azithromycin, but there are still no specific drugs, and there are also prob-
lems such as drug resistance, drug side effects, etc. Therefore, it is necessary to
find alternative therapies and novel candidate vaccine molecules. RAP is an ideal
candidate vaccine target and needs further study [10]. For people infected with
Babesia, most asymptomatic people do not need treatment; those with symp-

toms should rest in bed, pay attention to nutrition; those with fever can be
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treated with physics and drugs, and those with anemia or hemolysis can give
blood transfusion; in patients with renal failure, hemodialysis therapy is feasible,
and transfusion therapy is feasible for critically ill patients [19]. The zoonosis
caused by Babesia is second only to malaria, and research on the disease in Chi-
na’s parasitology community is on the rise. China looks forward to working with

researchers around the world to face the challenges of the disease.
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