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Loop-mediated isothermal amplification assay for the detection of Ehrlichia canis  
DNA in blood samples from dogs#
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RESUMEN

La bacteria rickettsia Ehrlichia canis es el agente etiológico de la ehrlichiosis monocítica canina, una de las más importantes enfermedades 
caninas transmitidas por garrapatas. En este estudio, un ensayo de amplificación isotérmica de ADN mediada por asas (LAMP) se desarrolló para la 
detección del ADN de E. canis usando iniciadores LAMP enfocando el operón groESL. Se produjeron reacciones a 60°C por 60 min y los resultados 
se visualizaron por electroforesis en gel. Se obtuvo una exitosa amplificación al usar ADN plasmídico conteniendo un fragmento del operón groESL y 
ADN extraído de muestras de sangre que dieron positivo para E. canis vía PCR en tiempo real. La especificidad de amplificación fue confirmada por la 
enzima de restricción EcoRI de sitios internos en iniciadores LAMP y no se observó ninguna reactividad cruzada con muestras de sangre positivas para 
Babesia spp., otro agente patógeno común transmitido por garrapatas. El alto costo de análisis de ácido nucleico es uno de los inconvenientes para su 
uso a gran escala como pruebas diagnósticas rutinarias. El ensayo LAMP para E. canis desarrollado aquí es una alternativa interesante para PCR, una 
vez que no requiere un termociclador programado y, consecuentemente, reduce costos para el laboratorio clínico veterinario. 
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SUMMARY

The rickettsial bacterium Ehrlichia canis is the etiological agent of canine monocytic ehrlichiosis, one of the most important canine tick-borne 
diseases in the world. In this study, a loop-mediated isothermal amplification (LAMP) assay was developed for detection of E. canis DNA using LAMP 
primers targeting the groESL operon. Reactions were performed at 60°C for 60 min and the results were visualized by gel electrophoresis. Successful 
amplification was obtained using plasmid DNA containing a fragment of the groESL operon and DNA extracted from blood samples that tested positive 
for E. canis by real-time PCR. The specificity of amplification was confirmed by EcoRI restriction of internal sites in the LAMP primers and no cross-
reactivity with blood samples positive for Babesia spp., another common tick-borne pathogen, was observed. The high cost of nucleic acid tests (NAT) 
is one of the disadvantages for their large-scale use as routine diagnostic tests. The E. canis LAMP assay developed here is an interesting alternative to 
PCR since it does not require a thermocycler, thus reducing costs for the veterinary clinical laboratory.
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INTRODUCTION 

The pet dog population has increased tremendously 
in the world and parasitic diseases are a major health 
concern. In tropical countries, the infection of dogs with 
Ehrlichia canis is one of the most common diseases in 
veterinary practice, probably because the vector tick 
Rhipicephalus sanguineus is common in rural and urban 

areas (Aguiar et al 2007, Dantas-Torres 2008a). Dogs may 
develop canine monocytic ehrlichiosis (CME) 8 - 20 days 
after infection. The disease can appear in its acute, sub-
clinical, or chronic form (Harrus and Waner 2011, Sko-
tarczak 2003, Vieira et al 2011). In the acute form, dogs 
present fever, depression, lethargy, anorexia, lymphade-
nomegaly, splenomegaly, mucosal pallor, conjunctivitis, 
and ocular discharge. Thrombocytopenia and leukopenia 
are common laboratory findings of this phase. After the 
acute phase, dogs may enter the subclinical phase that 
is characterised by the absence of evident clinical signs 
other than mild thrombocytopenia, which can last 40 - 
120 days to years. A matter of concern is the progression 
of CME to the chronic form, which is characterised by 
the presence of physical and hematological signs similar 
to those seen during the acute phase.
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CME is a multisystemic disease with clinical signs 
overlapping other infections, theerfore its diagnosis can 
be improved by using specific diagnostic tests combined 
with physical and hematological evaluation (de  et al 
2011, Harrus and Waner 2011, Nakaghi et al 2010). Blood 
smears for the detection of morulae, serology, cell culture, 
and PCR are common tests used. The search for morulae 
may allow a reasonable sensitivity of detection during the 
acute phase of infection but not during the other phases 
of the disease (Harrus and Waner 2011, Woody and Hos-
kins 1991). Serological tests are criticized since they may 
produce false-positive results due to cross-reactions with 
other species or with antibodies from previous infections 
whose titers can remain high for long periods of time 
even after treatment (Harrus et al 1998). Moreover, false-
negative results are observed during the acute phase of 
infection due to low antibody titers (Nakaghi et al 2008). 
Currently, NAT such as PCR, nested PCR and real-time 
PCR are considered to be the most sensitive and specific 
tests for the detection of E. canis and other hemoparasites 
(Harrus and Waner 2011, Nakaghi et al 2010), but their 
routine use in veterinary practice is difficult due to their 
high cost and because these tests are time consuming.

Loop-mediated isothermal amplification (LAMP) is 
a low-cost and rapid isothermal DNA amplification tech-
nique since it does not require the use of a thermocycler 
and the results can be directly visualized in the test tubes 
(Mori and Notomi 2009, Notomi et al 2000). In classical 
PCR, specificity is limited to the recognition of two re-
gions in the target DNA, to four regions in nested PCR, 
and to three in TaqMan probe-based real-time assays. 
In LAMP assays, specificity is increased by the use of 
two sense and two reverse primers, called FIP, F3, BIP 
and B3, which recognize six regions in the target DNA. 
This technique has been successfully applied to the de-
tection of different pathogens, including the rickettsial 
agents Ehrlichia ruminantium and Anaplasma ovis (Ma 
et al 2011, Nakao et al 2010). In this study, a LAMP 
assay was developed for the detection of E. canis while 
its sensitivity and specificity were evaluated using plas-
mid standards and genomic DNA extracted from blood 
samples of dogs with clinical signs of CME that tested 
positive for E. canis DNA by real-time PCR. 

MATERIAL AND METHODS

CLINICAL SAMPLES AND DNA EXTRACTION

EDTA-anticoagulated blood samples from four dogs 
with a clinical suspicion of ehrlichiosis, which tested po-
sitive for E. canis DNA by real-time PCR, were used for 
the LAMP assays. One dog negative for E. canis DNA 
and one dog positive for Babesia canis DNA were used 
as negative and specificity controls, respectively. DNA 
was extracted from 200 µl blood using the NucleoSpin 
Blood kit (Macherey-Nagel, Germany).

REAL-TIME PCR

The real-time TaqMan PCR assay was based on the 
detection of the E. canis heat shock operon groESL, with 
the primers and probe targeting a 175-bp region of the co-
rresponding DNA sequence (bases 443 to 617, GenBank 
Accession No. U96731). The IX Master Mix (Roche 
Real-Time PCR Mix) was used for the reaction, with the 
final volume of 25 µl containing 200 nM of the forward 
primer ECGROTQFWD (5’-GCGAAAGTTATAGA-
AGAA-3’) and of the reverse primer ECGROTQREV 
(5’-CACCATTAGCGGAAATAG-3’) and 100 nM of the 
ECGROPROBE probe (5’-FAM-TGAAACGTGAAA-
TACTATCTGAAGA-BQH1-3’). PCR and fluorescence 
detection were performed using the Stratagene Mx3000P 
system (Stratagene, La Jolla, CA). The thermal cycler 
program was set at 95°C for 10 min, followed by 40 
cycles of 95°C for 15 s, 60°C for 20 s, and 72°C for 20 
s. The same procedure was used for the detection of B. 
canis in blood samples using BABF 5’-CACMGTVCA-
GGARGACAT-3’ and BABR 5’-CRGCRATTTCCTT-
CATCT-3’ as primers and BABPROBE 5´-CY5-CCATT-
CAAGGTCATCAACGGTG-BHQ1-3’ as the probe. The 
primers and probe targeted a DNA region corresponding 
to  the B. canis group heat shock protein 70 (bases 240 to 
394, GenBank Accession No. AB248735).

LAMP PRIMERS AND REACTION

The LAMP specific primers for E. canis were desig-
ned to target the groESL operon of the parasite using a 
LAMP primer designing software (PrimerExplorer V4, 
Eiken Chemical Co., Japan)1. The 379-606 region of the 
GenBank sequence U96731 was used as a reference (ta-
ble 1). Previously sequenced PCR fragments of the stu-
died region obtained in our laboratory from blood sam-
ples of dogs and sequences deposited in GenBank, were 
aligned with the ClustalX program (Larkin et al 2007) in 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 http://primerexplorer.jp/elamp4.0.0/index.html

Table 1. Nucleotide sequences of LAMP primers used for the 
detection of E. canis.
 Secuencias de nucleótidos de los iniciadores de LAMP utili-
zados para la detección de E. canis.

Primer Sequence (5’–3’)a

GROF3 TCAGAGTGCTTCTCAGTGTA

GROB3 GGAAATAGTAGCAACTTGAGC

GROFIP CCAGCAGCTTTAGCTTTAGAAACTgaattC-
GATAAAGTTGGTGATGGAAC

GROBIP GGTGTACTTAAAGCTAAAGAGGCTGaat-
tCCTCAGATAATACCTCACGC

a Letters in italics in the FIP and BIP primer sequences indicate EcoRI 
restriction sites.
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order to identify sequence conservation. An EcoRI res-
triction site was also created in the FIP and BIP primers 
for subsequent restriction analysis of the LAMP products 
(table 1). Each LAMP reaction mixture contained 1 µl 
extracted DNA, 20  pmol of each FIP and BIP primer, 
5 pmol of each F3 and B3 primer, 0.5 mM of each dNTP, 
and 1X ThermoPol reaction buffer (20 mM Tris-HCl, 10 
mM KCl, 10 mM (NH

4
)

2
SO

4
, 2 mM MgSO

4
, 0.1% Triton 

X-100, pH 8.8). The final volume was adjusted to 19 µl 
with autoclaved ultrapure water and the mixture was in-
cubated at 95°C for 2 min, followed by incubation in ice. 
After the addition of 8 units Bst DNA polymerase large 
fragment (New England Biolabs, UK), the reactions were 
incubated at 60°C for 60 min and subsequently at 80°C 
for 10 min to terminate the reaction. A 10 µl aliquot of 
each reaction was used for electrophoresis on 2.5% agaro-
se gel in Tris-acetic acid-EDTA (TAE) buffer and visuali-
zed under UV light after staining with ethidium bromide. 
 
DETECTION THRESHOLD AND SPECIFICITY OF THE 
LAMP ASSAY

The sensitivity of the assay was evaluated using a clo-
ned fragment of the groESL operon encompassing the 
region amplified by the LAMP reaction. Plasmid DNA 
concentrations were measured with the Genequant 1300 
system (GE Healthcare, US) and the corresponding copy 
numbers were calculated. The plasmid was diluted to 
contain 105 copies/µl and 10-fold serial dilutions were 
then prepared. One microliter was used in each reaction 
mixture to evaluate the detection threshold of the assay. 
The LAMP products were digested with EcoRI to con-
firm the cross-reactivity of the amplifications. Cross-re-
activity was also evaluated using genomic DNA extrac-
ted from a blood sample positive for B. canis infection. 

RESULTS AND DISCUSSION

In the present study, we successfully developed a 
LAMP assay for the detection of E. canis. This test was 
based on the amplification of a fragment of the groESL 
operon, which has been shown to be a useful target for 
development of PCR-based assays for the detection of 
different Anaplasmataceae species (Inokuma et al 2002, 
Sumner et al 1997, 2000). The sequence specificity and 
conservation of this region within species and among di-
fferent strains are enough to guarantee reliable results for 
its application in epidemiological studies or as a diagnos-
tic tool involving samples of different geographic orig-
ins (Sumner et al 1997). Initially, the LAMP reactions 
were performed at 55° and 60°C using plasmid DNA 
(105 copies per reaction) for 60 and 120 min. The best 
results, indicated by the typical ladder pattern after elec-
trophoresis on agarose gel, were obtained by incubation 
at 60°C for 60 min. Using this parameters, the sensitivi-
ty of LAMP was determined by analyzing 10-fold serial 

dilutions of plasmid DNA (starting from 104 copies) that 
contained the E. canis heat shock operon groESL. The 
LAMP assay had a detection limit of 1 copy of plasmid 
DNA (figure 1). The assay was then tested for the detec-
tion of E. canis DNA with clinical samples obtained from 
six dogs with a suspicion of ehrlichiosis seen at a priva-
te clinic in the city of Ribeirão Preto, Brazil. Real-time 
PCR confirmed the infection of four dogs with E. canis, 
one dog was infected with B. canis, and one dog was not 
infected with either of these parasites. The four samples 
that previously tested positive by Real-time PCR were 
also positive for E. canis DNA and the other two samples 
were negative (figure 2). This experiment also showed 
that no nonspecific amplification was observed for water 
samples used as negative controls, DNA from uninfec-
ted blood, and DNA from blood samples infected with B. 
canis. Correct amplification of the target sequence was 
also confirmed by comparison of undigested LAMP pro-
ducts and products digested with EcoRI and analyzed by 
agarose gel electrophoresis (figure 3). When combined 
with clinical findings and serological tests, Nucleic Acid 
Tests (NAT) are a valuable diagnostic tool for the detec-
tion and identification of parasites (Dumler and Valsama-
kis 1999). While classical PCR assays need specialized 
equipment, LAMP assays can be performed in a water 
bath, eliminating the need for a thermocycler, and opti-
mized for visualization of results directly with a naked 
eye, dispensing the use of gel electrophoresis (Mori and 
Notomi 2009). There is a positive impact in the reduction 
of investments costs for a veterinary clinic when setting 
up NAT based diagnostics. Moreover, results can be ob-

    1            2           3            4            5            6            7   
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Figure 1. Representative electrophoretic agarose gel showing 
the result of LAMP assay for sensitivity using  10-fold serial 
dilutions of plasmid DNA containing the E. canis groESL ope-
ron. Lanes 1-5, from 104 to 1 copies; Lane 6, negative water 
control; Lane 7, 100 bps DNA ladder (Fermentas).
 Gel electroforético de agarosa representativo del resultado 
de ensayo de LAMP para la sensibilidad, usando 10-veces diluciones 
seriadas de ADN de plásmido que contiene el operón groESL de E. 
canis. Carriles 1-5, 104 a 1 copias;  carril 6, el control negativo de agua; 
carril 7, escalera de DNA de 100 pbs (Fermentas).
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tained within 1 h and with further development, i.e. using  
additional loop primers, the reaction incubation period 
can be further reduced (Nagamine et al 2002). On the 
other hand, in order to avoid cross contamination by ex-
cessive manipulations of samples and reactions, it will be 
interesting to develop standard reaction mixtures where 
it would only be necessary to add the test sample. Never-
theless, the assay developed here specifically amplified 
E. canis DNA and did not result in nonspecific amplifi-
cation in a negative sample or a sample infected with B. 
canis, in agreement with the results of the real-time PCR 
assay. The sensitivity of the assay, which was established 
using 10-fold serial dilutions of plasmid DNA containing 
a fragment of the groESL operon, was 1 copy of plasmid 
DNA. This sensitivity can be compared to that reported 
for other LAMP assays developed for Anaplasmataceae 
(Ma et al 2011, Nakao et al 2010) and other studies have 
demonstrated the higher sensitivity of the method when 
compared to PCR (Alhassan et al 2007, Cho et al 2006, 
Ma et al 2011, Matovu et al 2010).

In summary, the E. canis LAMP assay developed in 
this study is a rapid, straightforward and low-cost NAT that 
can be installed in veterinary laboratories. Once a larger 
scale study is conducted to validate it as a diagnostic test, 
it may improve the diagnosis of CME, a common disea-
se in tropical countries that shows overlapping symptoms 
with other diseases that are endemic in these regions such 
as babesiosis and leishmaniosis (Dantas-Torres 2008b). 
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Figure 3. Representative electrophoretic agarose gel showing 
the result of restriction digestion of LAMP product  with Eco-
RI. Lane 1, 100 bps DNA ladder (Fermentas); Lane 2, EcoRI 
digest of LAMP product from a E. canis positive sample; Lane 
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 Gel electroforético de agarosa representativo de el resultado 
de la restricción de el producto de LAMP  com EcoRI. Carril 1, esca-
lera de DNA de 100 pbs (Fermentas); Carril 2, restricción com EcoRI 
de el producto de LAMP de una puebla positiva de E. canis; Carril 3, 
producto de LAMP no digerido de una muestra positiva de E. canis.
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