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Abstract: Theileria equi is one of the aetiological agents responsible for EP and is transmitted by ticks to horses, mules, donkeys and
zebras. Clinical signs are often nonspecific and can easily be confused with other pathologies. Although acute, sub-acute and chronic
forms have been described, the most common situation in equines is that of asymptomatic carrier, characterized by undetectable or
extremely low parasitaemia and lack of clinical signs. Identification of the parasitic agent, as well as the immunity acquired as a result
of infection can be done by direct and indirect methods such as molecular and serological methods. This study aims to identify the
most commonly used diagnostic methods of EP with the highest specificity and sensitivity and the fewest limitations. In order to
achieve the aim of this study, a systematic database search was carried out, resulting, after a preliminary selection, in a total of 97
publications considered eligible. It was concluded that molecular diagnostic methods can overcome many of the limitations of tradi-
tional methods and are essential to identify and distinguish genotypes of T. equi. Nonmolecular diagnostic methods may lack sensi-
tivity and specificity, but they are still widely used and useful to support clinical and epidemiological research.
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1. Introduction

Equine piroplasmosis (EP) is a disease of Equidae caused by Theileria equi, Theileria
haneyi and Babesia caballi [1,2] transmitted by ticks to horses, mules, donkeys and zebras.
Infected animals can remain carriers for long periods of time and act as sources of infection
for tick vectors. Introducing carrier animals into an area where tick vectors exist can lead
to an epizootic spread of the disease. Transplacental transmission of T. equi from carrier
mares to their foetuses has also been shown [3]. Although acute, sub-acute and chronic
forms have been described, the most common situation in equines is that of asymptomatic
carriers. In the chronic form, animals show a dry symptomatology such as decreased ex-
ercise tolerance, while the carrier stage is characterized by undetectable or extremely low
parasitaemia and lack of clinical signs [4].

Identification of the parasitic agent can be done by direct methods, blood or stained
DOI10.52331/cvi.v27i2.37 organ smears during the acute phase of the disease and by molecular and serological

methods in carrier animals, low parasite burden makes detection extremely difficult [5].
The sensitivity of microscopic examination of blood smears and smears of lymph
node needle aspirates is low, so that false negative results are regularly observed [6]. The
most important feature is that this method is only useful in detecting infected erythrocytes
in the acute phase of the disease.
- Several serological tests have been developed to increase the sensitivity of the diag-
nosis, especially in those carrier horses that show no clinical signs. These tests include the
complement fixation test (CFT), indirect immunofluorescence assay (IFA), Western blot
(WB) and competitive enzyme-linked immunosorbent assay (cELISA) [5].

The CFT test depends on complement activation during the specific antibody-anti-
gen interaction. Infected horses seroconvert on CFT approximately 8 to 11 days after in-
fection, and titters begin to decline at 2 to 3 months [7,8]. CFT is a very specific test, but is
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not sensitive in chronic or inapparent phases of infection, mainly because some antibodies
produced during these phases of infection do not bind complement [9].

IFAT is thought to be more sensitive than CFT during chronic infection. However,
the need to dilute serum to improve specificity in IFAT performance reduces sensitivity.
IFAT is often used as an adjuvant test to help analyse CFT results [5]. Sensitivity and spec-
ificity of CFT and IFAT for T. equi were reported differently, thus a sensitivity between
47% and 63% was reported for CFT and 89-96.6% for IFAT, and specificity was between
94-96% for both [10].

A method recommended and approved by the OIE for international testing for eq-
uine piroplasmosis is cELISA, which is considered the most sensitive test for the detection
of chronic or inapparent T. equi [11,12].

The cELISA technique described by commercial kit manufacturers involves binding
of primary monoclonal antibodies to antigen-coated plate, binding detected using horse-
radish secondary peroxidase (HRP). The presence of the HRP marker of the secondary
antibody is quantified by the addition of an enzyme substrate and subsequent develop-
ment of the color product. A poorly developed colour is due to inhibition of binding of
the primary monoclonal antibody to the solid phase antigen and indicates the presence of
T. equi antibody in the serum sample. [12].

Polymerase Chain Reaction (PCR) is a widely used method to rapidly make millions
or billions of copies (full or partial copies) of a given DNA sample. In conventional PCR,
after amplification, PCR products or amplicons are run on agarose or PAGE gels to detect
the presence or absence of DNA amplification. But in Real Time PCR, amplification is
monitored after each PCR cycle. Nested PCR is a modification of PCR that was designed
to improve sensitivity and specificity and involves the use of two primer sets and two
successive PCR reactions [13,14]. The basic principle of multiplex PCR is the same as that
of conventional PCR, except that multiple primer pairs are required in the same reaction.
Primers can be specifically combined with the corresponding DNA template, and more
than one DNA fragment will be amplified simultaneously in a single reaction [15].

The PCR technique is one of the OIE recommended methods for the diagnosis ofEP,
suitable for: infection-free equine population, infection-free individual animal, contribu-
tion to eradication measures, confirmation of clinical cases, prevalence of infection-sur-
veillance. Several PCR diagnostic protocols are currently available, some of which are rec-
ommended by the World Organisation for Animal Health [5].

Unlike molecular diagnostic methods, serological tests have limited sensitivity and
specificity. PCR help to identify asymptomatic carriers and can identify a low parasi-
taemia of up to 0.017 % for T. equi [16,17]. Application of PCR assays, targeting EMA-1
gene, BC-48 gene and 18S ribosomal RNA (rRNA) gene, demonstrated a higher level of
analytical sensitivity and specificity than serological and microscopic detection.

2. Materials and Methods

To achieve the aim of this study, a systematic multi-stage search of Pubmed and Science Direct data-
bases was conducted to identify all eligible studies.

The keywords "equine piroplasmosis”, "PCR", "molecular diagnosis", "Theileria equi", "blood smear",
"cELISA" were entered. Articles were selected from the period 2012 to 2022 and had as subjects the diagnosis
by molecular methods and description of new protocols for molecular diagnosis of T. equi, identification of
parasites by direct microscopy and serological methods.

The key terms "equine" and "equine piroplasmosis" allowed the identification of studies in both horses
and donkeys.

After selecting papers based on titles and abstracts, studies were further analysed by detailed examina-
tion of the full text. Articles that were included in the study had to meet all of the following criteria:

(i) original research articles based on molecular diagnostic techniques, direct microscopy and serologi-
cal methods;

(ii) study conducted between 2012 and 2022;

(iii) the diagnostic method must be clearly specified.
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The research resulted in 478 articles, which were subsequently checked to determine whether they met
all the proposed criteria as well as to eliminate duplicates. After a preliminary screening of the studies per-
formed a total of 97 publications were considered eligible.

From 266 articles results following the introduction of the keywords molecular diagnostic and PCR, 32
were aimed at the determination of EP by molecular methods and 4 articles presenting the development and
validation of a new molecular diagnostic protocol for EP (fig. 1).

Regarding the identification of parasite species by direct microscopy, a total of 7 articles were identified.

Serological diagnostic methods are frequently used in EP diagnosis, thus following the primary search
in the two databases a total of 202 published articles were identified and based on the selection criteria 54
articles were considered eligible (fig. 2).

3. Results

One of the main objectives of this analysis was to identify the most commonly used diagnostic method
with the highest specificity and sensitivity and the fewest limitations.

266 studies
identified
32 articles with 36 studies 4 articles on the
molecular reviewed development and
diagnostic study for validation of a new
design eligibility PCR protocol

Figure 1. Selection process of studies using molecular diagnostic methods

Of the 36 articles studied, 14 authors used nested PCR, 11 conventional PCR, 6 Real Time PCR and 5
Multiplex PCR as molecular diagnostic methods.

Following the analysis of the 4 articles based on the development and validation of a new molecular
di-agnostic protocol, it was concluded that 2 articles aimed to develop a new Real Time PCR protocol, one
conventional PCR and one nested PCR.

The primers and probes, in the case of Real Time PCR, used were selected by the authors according
to the targeted genes, namely 185 rRNA as well as BC48 (B. caballi) and EMA-1 (T. equi) genes.

Table 1. Primers and probe used in the articles studied

No Primers Probe Refer-
ence
GTAATTCCAGCTCCAATAG
1 AAAGTCCCTCTAAGAAGC [18]
TTCGTTGACTGCGCTTGGCG
CTAAGAAGCGGAAATGAAA
2 TCGAAGACGATCAGATACCGTCG [19]
TGCCTTAAACTTCCTTGCGAT
GAAAYTGCGAATGGCTCATTAM
3 CACCGGATCACTCGATCGGTAGG [19]
GGATAACCGTGSTAATTSTAGGGC
GTGTGTACAAAGGGCAGGGACG
4 5'-TCGAAGACGATCAGATACCGTCG-3’ [20]

5'- TGCCTTAAACTTCCTTGCGAT-3'
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GCATCCATTGCCATTTCGAG
TGCGCCATAGACGGAGAAGC

AATGTTGAGCAAGTCCTTCG
TTAGTAGAACAAAGCAACGGC
5' GGT TGA TCC TGC CAG TAG T-3
5 TTG CGA CCA TACTCC CCC CA-3’
5'- GTCTTGTAATTGGAATGATGG-3'
5-TAGTITATGGTTAGGACTACG-3'
5-TCGACTTCCAGTTGGAGTCC-3’
5-AGCTCGACCCACTTAT CACC-3'
5- ATTGACCACGTCACCAT CGA-3
5-GTCCTTCTTGAGAACGAGGT-3'

5- CTGACTACAAGGTYGTATAC-3
5-TGTCGTCACTTAGTAAAATAGA -3

5'- AAGCCATGCATGTCTAAGTATAAGCTTTT-3'
5'- GAATAATTCACCGGATCACTCG-3'
5“- TTCGTTGACTGCGCTTGGCG-3*
5“-CTAAGAAGCGGAAATGAAA-3
5’- TCGAAGACGATCAGATACCGTCG-3/,
5-CTCGTT CATGATTTAGAATTGCT-3’
5-TGCCTTAAAC TTCCTTGCGAT-3’

5 -CGA TCC CCT ATC AGC C-¥
5 -TCCTTA GAT AGA TGG TGT TGG-3’

5 -GCG GTG TTT CGG TGA TTC ATA-3
5 -TGA TAG GTC AGA AACTTG AAT GAT ACA TC-3’

TCG ACT TCC AGT TGG AGT CC
AGCTCGACCCACTTATCAC
ATT GAC CAC GTC ACC ATC GA
GTC CIT CTT GAG AAC GAG GT

5 - CCGTGC TAA TTG TAG GGC TAA TAC A-3'
5 -GCT TGA AAC ACT CTARTT TTC TCA AAG -3

5" CCA TACAACCCACTAGAG 3/,
5" CTGTCATTTGGGTTTGATAG 3/,
5 GACAACAGAGAGGTGATT 3/,
5 CGTTGAATGTA ATGGGAAC 3’

TeEMAT1-P 6-FAM-
TTCTCCGTCTATGGCGCA-
MGBNFQ

5 -TTC TGG TGT TGA CAA
CAT GACTACTG-3

5 -AAA TTA GCG AAT CGC
ATGGCT T-¥

[21]

[22]

[23]
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202
identified
studies

54 reviewed
for eligibility

36

18 used
CELISA

two or more
methods

Figure 2. Selection process of studies using serological diagnostic methods.

Of the 54 articles identified based on serological diagnostic methods, 18 used cELISA as the diagnos-
tic method and 36 achieved the aim of the study by at least two diagnostic methods, one of which was
cELISA.

Identification of parasite species by direct microscopy was identified as one of the diagnostic meth-
ods used in 7 articles. In one study it was used as the only method, while in 6 articles it was used together
with ELISA or PCR.

4. Discussion

T. equi, one of the main pathogens causing EPhas previously been subclassified into a number of clades
based on sequence diversity of the 185 SSU rRNA gene. Current methods for clade-level genotyping of T.
equi are laborious, PCR products must be generated, purified and sent for Sanger sequencing, and the pres-
ence of multiple allelic types in samples requires an additional molecular cloning step [22]. The 185 rRNA
gene is a widespread target because nucleotide substitution rates are low and there is no evidence of lateral
gene transfer between genetic lines [31]. Despite these facts, it can be observed that variable regions of this
gene are often used for phylogenetic studies, in particular the 185 rRNA gene of T. equi, which has shown a
high degree of sequence heterogeneity in different regions of the world [34].

After a primary infection with T. equi animals remain infected and become asymptomatic carriers with
fluctuating levels of parasitaemia, a lifelong stage. Because parasitaemia levels fluctuate throughout the life-
time of the animal, the sensitivity of the duplex qPCR assay could be further improved by serial testing of
initial cELISA positive/ qPCR negative tests [25].

In Romania, the first study using PCR on EP prevalence was conducted by Gallusova et al. in 2010-
2012, which resulted in a prevalence of 25.4% for both piroplasma species from 18 localities inside and out-
side the Danube Delta [35].

It is important to note that different genotypes of T. equi (referred to as A-E) circulate in Europe, which
may ultimately explain some differences in prevalence between countries, even though no link between
genotype and virulence has been established so far [36].

In a study by Ribeiro et al. (2013), a 52% prevalence for T. equi infection was detected following PCR
examination of 25 blood samples collected by jugular vein puncture and splenic puncture, respectively. The
results of the study showed that 20% of the animals examined were positive in splenic puncture but negative
in venous blood, while 28% were positive in jugular vein blood but negative in splenic puncture. Asympto-
matic horses did not show parasitaemia but had infected erythrocytes in the spleen [37].

Development and validation of a new qPCR diagnostic protocol targeting the EMA-1 gene for T. equi
and18S RNA for B. caballi was performed by Lobanov et al. (2018) demonstrating 100% specificity. In com-
parison, the samples under study were examined by both duplex qPCR and ELISA. Different results were
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obtained for B. caballi by the two methods respectively 7.9% by qPCR and 58.6% by ELISA, which can be
explained by the fact that B. caballi is eliminated after a period of time [25].

A study by Vieira et al. (2017) showed that 13.33% of seronegative tested animals were positive by
PCR and 7.8% with negative PCR result were positive by ELISA. In this study, 7 horses were positive for
T. equi by ELISA and negative for T. equi by nPCR. These are likely to be chronically infected carrier animals
in which parasitaemia is below the detection threshold of molecular diagnostic techniques. A low and long-
lasting parasitaemia could stimulate the immune system in animals that maintain serum antibodies at de-
tectable levels [26].

Camino et al. (2019) performed a comparison between results obtained by several diagnostic methods
namely cELISA, Real Time PCR, microscopic examination and haematological and biochemical screening.
The study was carried out on 140 equines with specific clinical signs of EP and reported a prevalence of 9%
by microscopic examination, while by cELISA and PCR the prevalence was 50.7% and 42.9% respectively
[38].

Another study conducted in Iran by Abedi et al. (2019) on 106 apparently healthy horses resulted in a
prevalence of 3.77% by direct microscopy and 50.94% by PCR.

Salinas-Estrella et al. (2022) compared in a study the results obtained by nPCR and duplex qPCR con-
cluding that there was a relatively low concordance between nPCR and duplex qPCR for both piroplasma
species and that it is also important to repeat the tests in serologically positive and molecularly negative
animals and vice versa [39].

Ybatiez et al. (2018) used blood smear, immunochromatographic test (ICT) and PCR as diagnostic
methods for 105 Philippine horses, resulting in 23 animals positive for T. equi by ICT, 26 by PCR and no
positive animals after examination of blood smears [24].

The cELISA technique is one of the most commonly used diagnostic methods in the diagnosis of EP
being able to identify both carrier stage and acute infections, it is also simpler and less expensive than mo-
lecular techniques, but can still give false negative or false positive reactions, having a sensitivity of 95% and
specificity of 99.5% [10].

Because seropositive animals in an asymptomatic population are not an indicator of recent or active
infection, several authors have also tested seropositive samples by molecular methods to confirm or refute
the presence of the piroplasm genome [40-46].

The use of direct microscopy as one of the diagnostic methods was identified in 7 of the articles re-
viewed. Positive results were presented in 4 studies [47,48,49] while for 3 articles the authors reported that
no parasites were identified by this method [50,51,52].

The smear, from blood or lymph node, is a traditional method of agent identification in infected ani-
mals, but it is increasingly less used due to low specificity. The percentage of erythrocytes and leukocytes
infected, in the clinical phase of the disease, with clinically expressed T. equi is between 1 and 5%, making
identification on smear difficult [47].

Microscopic examination of smears is classified by the OIE as not suitable for testing the infection-free
equine population and for use in contributing to eradication measures. This method is suitable in very lim-
ited circumstances for testing an individual infection-free animal, but is recommended with limitations for
clinical confirmation of cases of EP [5].

5. Conclusions

Identification of the parasitic agent or infection can be done by direct methods, blood or lymph node
smears during the acute phase of the disease, and by molecular and serological methods when in carrier
animals the low parasite load makes detection extremely difficult.

Although some diagnostic methods may lack sensitivity and specificity, they are still widely used and
useful to support clinical and epidemiological research.

Of all available serological methods, ELISA is the technique with the highest sensitivity and specific-
ity, suitable for studying the prevalence of T. equi infections in equine populations. Serological methods are
more sensitive compared to other diagnostic methods (clinical examination and direct microscopy) used,
but even these techniques have limitations, e.g. they are not able to differentiate between current and previ-
ous infections.

Molecular diagnostic methods can overcome many of the limitations of other techniques and are es-
sential to identify and distinguish genotypes of T. equi.
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