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Abstract

Babesiosis is a new worldwide parasitic disease caused by hemoprotozoan
parasites of the genus Babesia, which is parasitic on erythrocytes of humans,
and other vertebrates, and transmitted via ixodid ticks. Babesiamicroti is the
main pathogenic agent of human babesiosis and is prevalent all over the
world, including Europe, Asia, Africa, South America, North America and
Australia. The United States has the highest number of cases. Babesiosis is
mainly distributed in Northeast China, followed by southwest China. As a
new insect-borne infectious disease, the disease poses a serious threat to hu-
man health, but the research foundation is relatively weak and should be paid
more attention to. In this paper, the prevalence, transmission, distribution of
babesiosis at home and abroad, and laboratory diagnosis are reviewed. The
related research focus of babesiosis mainly includes the screening of diagnos-
tic antigens of babesiosis and the interaction mechanism between Babesia and
host and other pathogens.

Subject Areas

Epidemiology, Internal Medicine

Keywords

Babesiosis, Tick-Borne, Babesiamicroti, Prevalence, Laboratory Diagnosis

1. Introduction

Babesiosis is a tick-borne hematotropic parasitic and zoonotic disease, caused by
Babesia species in humans, livestock, and animals worldwide [1]. The first con-
firmed case of human babesiosis is reported in 1957. Subsequently, new cases of
babesiosis are reported all over the world including Europe, Asia, Africa, South
America, North America and Australia, while the United States still has the
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highest number of reported cases of babesiosis. The four identified babesia spe-
cies definitively confirmed that infect humans so far are Babesiamicroti, B.
divergens, B. duncani, and B. venatorum [2]. B. microti is the main etiologic
agent of human babesiosis and is endemic in the northeastern and the upper
Midwestern United States. After infection of Babesia, patients are usually
asymptomatic or show mild malaria-like symptoms, such as chills, high fever,
sweating, headaches and anorexia. Babesia can also lead to hemolytic anemia
and platelet loss in patients. But in people with severe low immunity, such as
splenectomized and HIV-infected patients, and people who have respiratory
failure, organ dysfunction or coma, a series of fetal symptoms can easily occur
and even cause death [1]. Babesiosis is diagnosed by identification of parasitemia
on blood films stained with Giemsa, detection of babesia DNA by PCR, or sero-
logical rapid diagnosis in acute and convalescent sera.

2. Transmission

Babesia species within erythrocytes are known to be piroplasms, which can be
transmitted by blood transfusion via ixodid ticks that have distinct geographical
distributions based on the presence of their competent natural animal hosts,
which include rodents, cattle and deer. It happens when the hosts have a tick bite
or blood transfusion with infected blood, or even congenitally during pregnancy
[3]. The Babesia species of human-infected babesiosis reported in China includ-
ing B. venatorum and B. microti, the vectors are Haemaphysalislongicornis,
Rhipicephalushaemaphysaloides, and Ixodespersulcatus. Whereas B. microti is
the main species of human babesiosis in United States, followed by B. duncani.
The vector is Ixodesscapularis. And the host is rodent such as deer and
white-hoofed mice. In Europe, Cattle are the main hosts of babesiosis, and deer
moths can also serve as storage hosts. B. divergens is the main babesia species
and it is mainly transmitted by Ixodesricinus [4]. Babesiosis is globally distri-
buted, the population is generally susceptible, and it happens more frequently in

summer and autumn [5].

3. Laboratory Diagnosis
3.1. Diagnosis of Pathogeny

3.1.1. Microscopic Examination

The parasitemia can be detected by Microscopic examination during the acute
phase of the disease, and it persists in the infected animals during the recovery
phase. Blood films stained with Giemsa show better detection of parasites and
clearer structure display. After staining, Up to 6 insects can be found in one
erythrocyte with irregular elongated shape, and the sizes ranging from 1.5 to 1.9
um, In B bovis-infected animals, parasites in peripheral blood are usually
present in parasitemia below 1% of infected erythrocytes. However, in imprints
or impression smears made from brain tissue parasitemia are as high as 90% of

the infected erythrocytes [6]. This occurs because of the marked sequestration of
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infected erythrocytes in the microvascular beds of the brain, kidney and adrenal
glands, particularly in splenectomized animals [7]. The characteristic morphol-
ogy of B.bovis and B. microtiis pairwise merozoites, which is difficult to distin-
guish under the microscope. The morphology of the early annular trophozoites
of the B. microti are similar to those of the Plasmodium falciparum in red blood
cells, therefore, it is easy to be misdiagnosed. The phenomenon of missed diag-
nosis is easy to occur due to the parasemia is generally less than 1% in the early

stage of infection.

3.1.2. Animal Inoculation and Separation

Studies have shown that the persistence of the low parasitemia in infected ani-
mals may be detectable by the inoculation of infected blood into splenectomized
animals [8]. The most sensitive animal model in lab is Mongolian gerbilwhich
shows acute and fetal babesiosis after the infected blood inoculation. However,
animal inoculation is not suitable for diagnostic purposes, as the procedure can
take weeks, so it is discouraged if other methods are available. Nevertheless, this

method is not recommended for clinical diagnosis because its long cycle [9].

3.2. Diagnosis by Immunology

3.2.1. Indirect Fluorescent Antibody Test (IFAT)

IFAT is the most widely used detection technology presently. The florescent
techniques and the immunological assays are both needed. BmSA1, Bm94, and
Bm5-1-1 are the main antigens available for serological rapid diagnosis. Howev-
er, generally speaking, the sensitivity and specificity of IFAT is not enough. For
example, BmSA1, although it is highly sensitive, it is mostly used for serological
diagnosis of infected animals, the antigen has not been evaluated for the diagno-
sis of babesiosis in human. In addition, the specific analysis shows that there is a
high cross reaction between the B. bovis and B. bigemina, and also with other

Plasmodium falciparum [10].

3.2.2. Enzyme-Linked Immunosorbent Assay

Enzyme-Linked Immunosorbent Assay (ELISA) is more specific when testing a
large number of serum samples. Recently, the ELISA established by recombinant
antigen for the detection of specific antibodies in serum has improved the speci-
ficity of the method and reduced the non-heterosexual binding. Generally
speaking, ELISA has replaced the IFAT as the preferred diagnostic serological
test in a diagnostic laboratory. A competitive ELISA (cELISA), based on the abil-
ity of serum antibody to inhibit a monoclonal antibody (Mab) binding was in-
strumented. In recent years, it has been found that the rod body and microsomes
can release secretions during the invasion of host red blood cells, that is, the
rhoptry associated protein (RAP). This conserved RAP genes have been found in
several species, such as B. bovis, B. divergens, B. divaricans, B. oriental and B.
gibberelli. Tt is suggested that the gene plays an important role in the invasion,
and can also be used for species identification and classification. A purified re-

combinant B. bovis RAP-1 C-terminal construct was used as antigen, and the
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inhibition of binding of MADb to RAP-1 specific epitope by serum antibodies was
measured to detect positive cattle [11]. Furthermore, BmSA1 could be effectively
detected by double antibody sandwich ELISA in the early stage of infection of
hamster with 100%specificity, and the minimum detection limit was 2.5 ng/ml.
BmSAL1 is one of the best diagnostic antigens in the literature [12].

3.2.3. Immunochromatography

Serological tests have several restrictions for the diagnosis of bovine babesiosis,
as laboratory materials, appropriate equipment and trained personnel are usual-
ly required, in addition to being labor intensive and time-consuming. Those li-
mitations apparently are solved in part by the development of the immunoch-
romatographic test (ICT), also known as lateral flow test or strip test. The ICT is
a nitrocellulose membrane-based immunoassay which does not require any in-
strument, is rapid and sensitive. In addition, it has a great advantage for use in
clinical and field application directly in the farms. An evident advantage is that
results are provided in less than 15 min. [13] Another study, using an ICT to
detect antibodies of B. bovis and B. bigemina both individually and in a dual ICT
using serum from bovine samples collected in the field, showed a kappa coeffi-
cient > 0.7 when compared to the ELISA [14].

3.2.4. Immunohistochemical Assay

The basic principle of the immunohistochemical assay is that the specific an-
tibody labeled with the color-developing agent is in-situ combined with the
antigen in infected animals, after the coloration, the antigen in the tissue is po-
sitioned. Researchers use this method to detect formalin-fixed and paraf-
fin-embedded tissue and blood smears derived from 12 B. microti-infected
monkeys and 7 B. microti-infected patients. Results indicate B.microtiis detect-
able in the red blood cells in the heart, spleen, liver and blood smear of the
monkeys and the human, showing a potential technique for the diagnosis and

the pathogenesis of the babesiosis.

3.3. Diagnosis of Molecular Biology

3.3.1. Polymerase Chain Reaction (PCR)

Babesial infections are difficult to detect because of the low number of parasites
in peripheral blood. Therefore, DNA-based molecular methods have been de-
veloped with great advantages, such as high analytical sensitivity and specificity
rates. Analytical sensitivity assays showed detection of as low as 100 fg of para-
site 18s rDNA equivalent to 0.0000001% of infected erythrocytes. A colorimetric
B. bigemina DNA probe was utilized in an epidemiological survey, which al-
lowed to detect parasitemias as low as 0.001%. Thus, this assay turned out good

to detect asymptomatic carriers in the field [15].

3.3.2. Nested-PCR
Nested-PCR is a two-round amplification reaction with two pairs of primers on

the inner and outer sides, so the target fragment can be amplified from a trace
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template, which further improves the sensitivity and specificity of detection
compared with ordinary PCR. A heterotrophic nested-PCR is constructed to not
only detect the Babesia effectively, but also sequence the amplification products.
RAP-1, spherical body protein 2, and spherical body protein 4 of B. bovis have
confirmed to be an effective tool for epidemiological investigations in healthy,
persistently infected carriers [16] [17]. Nonetheless, the higher false positive is
caused due to the sample can be easily polluted during the two-round amplifica-

tion.

3.3.3. Real-Time PCR

Real-Time PCR is a method which combines fluorescence labeling probe tech-
nique with PCR technique to quantify parasite nucleic acid. The quantity of am-
plified product is measured in real time by continuously monitoring the change
of fluorescence signal intensity during exponential amplification. Less amount of
the initial template is required for this method comparing to conventional PCR.
The disadvantage is that it is not suitable for ordinary laboratory, as it needs ex-
pensive fluorescence microscope and higher expertise skills. A quantitative PCR
(qPCR) used for field surveys is discovered. Findings verify that qPCR is more
sensitive than direct microscopy (100% vs. 10% positivity, respectively) in the

detection of B. bovis.

3.3.4. Loop-Mediated Isothermal Amplification (LAMP)

The amplification of DNA can be synchronized with the detection of products
using LAMP and there is no need for expensive equipment or complex opera-
tion step. The amplification results can be observed directly with the naked eye,
which is very suitable for the promotion of ordinary laboratories. LAMP allows
detection and discriminates between B. bovis and B. bigemina species with high
sensitivity [18]. Therefore, the establishment of LAMP diagnostic technology for
babesiosis will have a great application prospect, especially for the identification

of carrier animals with very low parasitaemia.

4. Babesiosis in the World

Infections with Babesia species generally follow regional distributions. The
United States has the largest number of reported cases of babesiosis in the world,
especially in the northeastern coastal areas of Massachusetts, New York, Con-
necticut and Rhode Island, which are the main prevalent areas. Data released by
the Centers for Disease Control and Prevention in 2016 shows that 5542 sus-
pected and confirmed cases of babesiosis occurred in the United States from
2011 to 2014. 82% cases occurred in June to August [19].

The first case of babesiosis is reported in France in 1976. Up to now, more
than 60 cases of babesiosis have been reported in Europe, of which nearly 50
cases were reported before 2013 and more than 10 cases after 2013. Although the
total number of Babesiosis cases is not large, there is a trend of sporadic and di-

verse species. The cases were mainly distributed in Italy, Germany and Sweden
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[20].

Africa is a severe malaria prevalent area, babesiosis is easy to be misdiagnosed
or missed because Babesia species and Plasmodium are similar in shape in the
red stage. Nearly 30 cases of Babesia infection have been reported in Africa,
which diversely distributed in Tanzania, Mozambique, Egypt, and South Africa.
The species of babesiosis in human has not been completely determined [21].

The babesiosis cases in Australia and Asia is sporadic and the Babesia species

are multiple.

5. Babesiosis in China

Babesiosis is rarely reported in China. In 1982, Li Jinfu discovered the first case
of human babesiosis in Yunnan Province. So far, more than 150 cases of human
babesiosis have been reported in China, which are widely distributed in
north-west, north-east, eastern China, Southern China, and southwestern prov-
inces. The province with the highest incidence of Babesia infection in China is
Heilongjiang Province in the north-east region. A total of 120 cases of babesiosis
or hidden infection have been reported in this province. The second biggest epi-
demic regions are Chongging and Yunnan Province with more than 20 cases are
reported. A total of 6 cases are reported in eastern China. There are various spe-
cies of Babesia infection, which include B. divergens, B. microti, Babesia sp.
XXB/Hang Zhou and other unidentified species [22].

6. Summary

Babesiosis is an important zoonotic disease distributed all over the world. Babe-
sia was first found in bovine red blood cells. In the middle of the 20th century,
human cases of babesiosis were diagnosed in China and Yugoslavia subsequent-
ly. The United States is the country with the largest number of reported cases in
the world. Although Chinese researchers have previously described the characte-
ristics of babesiosis, the researches on babesiosis are focused on the field of vete-
rinary medicine, while less work has been carried out on the screening and re-
lated scientific research of babesiosis in population. Presently, the mechanism of
invasion of host cells and the induction of host immune response need to be
further studied. In the future, we can use bioinformatics to predict and analyze
the database of babesiosis based on genomics, proteomics, metabolomics, etc. In
addition, high throughput screening system of protein chip is capable of detect-
ing potential pathogenic molecules, analyzing the interaction between host and
parasites, evaluating their potentiality as new diagnostic antigen, invasion target
and vaccine design potential, so as to provide reference for screening the field

diagnosis of babesiosis and developing the vaccine.
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