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INTRODUCTION

Babesia bovis and Babesia bigemina in conjunction with Ana-
plasma marginale are intraerythrocytic pathogens that are re-
sponsible for the most prevalent and costly tick-borne diseases 
(TBDs) of cattle worldwide [1]. The Brazilian cattle industry 
estimates that losses reach about 500 million US dollars annu-
ally, according to data from Ministry of Agriculture, with these 
agents [2].

B. bovis and B. bigemina belong to the phylum Apicomplexa, 
Order Piroplasmid, and are the causative agents of bovine ba-
besiosis in Latin America, where the only known vector is the 
host tick Rhipicephalus (B.) microplus [3]. Cattle suffering from 
babesiosis show massive destruction of erythrocytes because 
of the multiplication of hemoparasites inside these cells [4] 
with high morbidity and mortality worldwide [5]. 

A. marginale, is an intraerythrocytic rickettsia from family 
Anaplasmataceae [6] responsible for important economic 
losses in cattle in tropical and subtropical areas throughout 
the world, including Latin America [7]. Anaplasmosis can also 

be transmitted by bloodsucking flies, horseflies, and mosqui-
toes [8]. A. marginale infection in the clinical signs consist of 
hemolytic anemia, jaundice, dyspnea, tachycardia, fever, fa-
tigue, lacrimation, salivation, diarrhea, frequent urination, an-
orexia, and abortion, which in some cases can lead the animal 
to death in less than 24 hr [9]. 

The state of Santa Catarina in Southern Brazil has presented 
several outbreaks of TBD but without an efficient differential 
diagnosis. This lack of information on the causative agent of 
TBD causes small farmers use incorrect drugs for treatment of 
the disease. The aim of this work is to assess what are the caus-
ative agents of TBD in 1 outbreak in Santa Catarina, using the 
multiplex PCR. We report here the first molecular detection of 
A. marginale, B. bovis, and B. bigemina from cattle in Southern 
Brazil.

MATERIALS AND METHODS

Description of an outbreak
From November 2010 to March 2011, a total of 33 bovine 

blood samples were collected from Ponte Alta Municipality, 
Santa Catarina, Brazil, where an outbreak of tick-borne disease 
occurred. Samples were collected at 3 different properties of 
beef cattle from Limousin and Charolais bred with ages be-
tween 8 months and 4 years. Three animals showed characteris-
tic clinical signs of tick-borne diseases, and other samples were 
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collected from animals of the aforementioned properties. The 
properties had the presence of Rhipicephalus (B.) microplus ticks.

Sample size determination
The determination of the sample size was based on statisti-

cal and epidemiological concepts, considering the population 
of cattle in Ponte Alta Municipality of 16,200 animals. The 
minimum number of samples (n=28) was calculated based 
on consideration of the disease prevalence of 10% TBD, using 
the proposal methodology by De Canno Roe [10], for an infi-
nite population (n), with 95% reliability.

Extraction of DNA
DNA was extracted from whole blood using phenol-chloro-

form method. Briefly, 200 µl of whole blood was mixed with 
lysis buffer (10 mM Tris pH 7.4, 10 mM NaCl, 25 mM EDTA, 
1% SDS) with 100 µg/ml of proteinase K (Sigma, St. Louis, 
Missouri, USA) and incubated at 42˚C for 12 hr. Subsequently, 
3 washes with phenol, phenol-chloroform (1:1), and chloro-
form, respectively, were performed, centrifuging to 14,000 g 
for 10 min and removing the supernatant. The DNA was pre-
cipitated with isopropanol and then washed with 70% etha-
nol. The tubes were placed in an oven at 37˚C until complete 
evaporation of the alcohol. The resulting DNA was eluted in 
50 µl of Milli-Q water-free DNAse and stored at -20˚C.

Multiplex PCR conditions
PCR amplification was carried out on genomic DNA ex-

tracted from cattle blood samples, and analyzed by multiplex 
PCR for the screening of B. bovis, B. bigemina, and A. marginale.

Briefly, PCR assay was performed in a total volume of 25 µl 
containing 80 ng of the genomic DNA and 8.5 pmoles of each 
primer pair (Table 1); 1U Taq DNA polymerase, GoTaq® Hot 
Start Polymerase (Promega; Madison, Wisconsin, USA), 0.2 
mM dNTPs, 25 mM MgCl2, 5 μl buffer (5X Green GoTaq® 
Flexi buffer (Promega) and ultra-pure water to make the final 
volume. Amplification involved a hot start of 5 min at 95˚C, 

followed by 35 cycles of 1 min at 95˚C, 1 min at 58˚C, 1 min 
at 72˚C, and a final extension step of 10 min at 72˚C.

The amplified PCR products were subjected to electrophore-
sis on 2% agarose gel stained with ethidium bromide, visual-
ized under UV light, and photographed in trans-illuminator 
apparatus. The amplicons molecular sizes were estimated by 
including a 100 bp ladder standard (Ludwig Biotecnologia, 
Porto Alegre, Brazil). DNA positive controls of A. marginale, B. 

bigemina, and B. bovis were kindly provided by Dr. Luciana Bri-
to Gatto, Embrapa Porto Velho, RO and Dr. Odilon Vidotto, 
UEL, PR. Negative control was distilled water.

Sequencing
Purified PCR products were then ligated into the p-GEM T 

easy® vector (Promega) and cloned by transformation into 
DH5 α Escherichia coli calcium competent cells. Single picked 
colonies were grown overnight, and plasmids were purified us-
ing the QIAGEN plasmid purification kit (QIAGEN, Hilden, 
Germany). To confirm plasmids contain the correct insert, be-
tween 1 and 2 µg DNA was purified from positive colonies 
and sequenced by a commercial sequencing service (ACTGene, 
Porto Alegre, Brazil). All high quality DNA sequences (Phred 
P20) were analyzed using the Phred/Phrap/Consed package 
[11]. The identity of the sequences were confirmed with the 
BLAST tool (www.ncbi.nlm.nih.gov/blast) [12].

RESULTS

Thirty-three blood samples from Ponte Alta Municipality, 
Santa Catarina, Brazil were examined for infection with A. 

marginale, B. bigemina, and B. bovis using multiplex PCR meth-
od. A summary of the results is shown in Table 2. When the 
samples were assayed using multiplex PCR, 3 and 5 animals 
were found to have single infections with A. marginale and B. 
bigemina, respectively. Further 1, 2, and 12 animals had dou-
bled infections with B. bigemina/B. bovis, A. marginale/B. bovis, 
and A. marginale/B. bigemina, respectively. Three animals had 

Table 1. Oligonucleotide primer sequences used in multiplex PCR

Pathogen       Primer Sequence (5´-3´) Amplicon size (bp) References

Babesia bigemina BiIA
BiIB

CAT CTA ATT TCT CTC CAT ACC CCT CC
CCT CGG CTT CAA CTC TGA TGC CAA AG

278 pb [30]

Babesia bovis BoF BoR CAC GAG GAA GGA ACT ACC GAT GTT GA 
CCA AGG AGC TTC AAC GTA CGA GGT CA

356 pb [31]

Anaplasma marginale 1773F
2957R

TGT GCT TAT GGC AGA CAT TTC C
AAA CCT TGT AGC CCC AAC TTA TCC

1,000 pb [32]
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multiple infections with the 3 organisms, and 7 were negative. 
As shown in Table 3, B. bigemina is the most prevalent agent 
(63.6%) followed by A. marginale (60.6%). An example of the 
results obtained using multiplex PCR on field samples is illus-
trated in Fig. 1.

The identity of the amplicons was guaranteed by sequencing, 
demonstrating identity with sequences deposited in GenBank, 
respectively, with 93% (DQ501244.1) to A. marginale, 99% 
(AF027149) to B. bovis, and 83% of (S45366) for B. bigemina.

DISCUSSION

In this study, multiplex PCR was used for the first time to 

detect TBD agents in cattle blood samples from an outbreak 
occurred in Santa Catarina, Brazil. The multiplex PCR showed 
high specificity for use in epidemiological studies as described 
[13-16].

The state of Santa Catarina is in enzootic stability for TBD 
[17], since the distribution of A. marginale and Babesia sp. were 
closely associated with the presence of the cattle tick R. (B.) 
microplus which is highly prevalent in Santa Catarina state [18] 
and by the high level of seroprevalence for Babesia sp. [19]. 
However, due to climatic factors, the study area can be consid-
ered in some periods of the year in enzootic instability [20].

The prevalence of TBD agents in Southern Brazil are mainly 
based on serological analysis [2,21,22]. In the state of Santa 
Catarina, only 2 papers were published, and they demonstrat-
ed high seroprevalence to B. bigemina and B. bovis [23,24]. In 
the same region, no studies were conducted on the prevalence 
of A. marginale. Despite knowledge of the circulation of TBD 
agents, to date, no work on molecular analysis was conducted 
in the state of Santa Catarina.

The results obtained using the field samples clearly indicate 
the prevalence of mixed infections in the field, so the multi-
plex PCR will facilitate the assessment of risk factors associated 
with TBD and this is important for improved design and im-
plementation of cost-effective control strategies in endemic 
and non-endemic regions [25]. Multiplex PCR results ob-
tained from field samples showed that 54.5% of animals were 
co-infected with 2 or 3 parasites, while 24.2% were infected 
with only 1 species. In Turkey [16], it was found that 24% of 
animals were co-infected with A. marginale and/or B. bovis, and 
a prevalence of 12% dual infection with B. bovis and B. bigemi-

Table 2. Multiplex PCR test on field bovine blood samples

No. of PCR positive animals
No. of PCR negative animals Total no. of animals

Am Bbi Bbo Am/Bbi Am/Bbo Bbi/Bbo Am/Bbi/Bbo

Multiplex PCR 3 5 0 12 2 1 3 7 33
Percentage (%) 24.2 (n=8) 54.6 (n=18) 21.2 100

Am, Anaplasma marginale; Bbi, Babesia bigemina; Bbo, Babesia bovis.

1 2 3 4 5

1,000 →

356 →
278 →

bp 6 M 8 9

Fig. 1.  Analysis of mPCR products by agarose gel electrophore-
sis. M, 100 bp molecular size marker; lanes 1, 8, and 9, positive 
mPCR controls; lane 6, negative mPCR control (distilled water); 
lanes 2-3 (B. bigemina/B. bovis), 4 (B. bigemina/A. marginale), 
and 5 (B. bigemina/A. marginale), template DNA. Arrows indicate 
278, 356, and 1,000 base pair amplicons, respectively, for B. bi-
gemina, B. bovis, and A. marginale) generated using primer sets 
described in materials and methods.

Table 3. Blood samples from 33 cattle using specific PCR amplification and number of samples showing simultaneous specific PCR 
amplification of 2 or 3 of the targeted micro-organisms

Detection of pathogen DNA Co-detection of pathogen DNA

Number of animals infected/ number of samples (%) Number of animals infected/ number of samples (%)

Am Bbi Bbo Am/Bbi Am/Bbo Bbi/Bbo Am/Bbi/Bbo

20/33 (60.6) 21/33 (63.6) 6/33 (18.2) 12/33 (36.4) 2/33 (6.1) 1/33 (3.0) 3/33 (9.1)

Am, Anaplasma marginale; Bbi, Babesia bigemina; Bbo, Babesia bovis.
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na was observed in single PCR in Egypt [26]. Comparisons 
with other data are not possible due to the lack of researches 
using multiplex PCR for detection of these pathogens.

Of the 3 tick-borne diseases investigated in the present 
study, B. bigemina and A. marginale were found to be most 
prevalent with 63.6% and 60.6% prevalence rate, respectively. 
The low infection rate for B. bovis (18.2%) infections in cattle 
was related with low parasitemia during the acute phase of the 
disease, a feature of these agent [27]. Cattle that survive initial 
infection and also calves partially resistant to this disease re-
main persistently infected [28] with very low parasite levels 
that are sufficient for transmitting infection to ticks. Such cattle 
are potentially an important factor in the maintenance of B. 
bovis in endemic areas as well as a suspect source for introduc-
tion and spread of the disease to non-endemic areas where 
competent vectors are present [29]. These results highlight the 
situation in Santa Catarina where, although infection with A. 
marginale and B. bigemina appears to be the main risk, there is 
also a clear risk of co-infection between the 3 pathogens. 

In conclusion, we could confirm that in Santa Catarina, like 
other states in Southern Brazil, the 3 TBD pathogens are circu-
lating and knowledge of these data should be available to pro-
ducers and government agencies.
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