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by Anaplasma phagocytophilum, a gram negative, obligatory
intracellular bacterium, member of Anaplasmataceae family,
included in the Rickettsiales order. Little is known about the
disease, transmission dynamics, genetic diversity and prevalence
in Minas Gerais state, Brazil. This work aimed to do a serosurvey
using indirect immunofluorescent assay (IFA) test and evaluation
of buffy coat smears, and nested polymerase chain reaction (PCR)
as diagnostic methods, to determine the disease situation in horses
from two manga‑larga marchador breeding farms located in
the municipalities of Ataléia e São Vicente de Minas, in Minas
Gerais state. It was found that 76% (131/172) of the animals
were considered reactive for IFA test, and the total of 12.8% was
positive at buffy coat smears analysis. At PCR analysis, it was found
1.94% of the samples positive to the infection. Those samples were
sequenced and showed 96% of similarity to A. phagocytophilum
from a Ixodes ricinus tick. There is a high frequency of animals with
the evidence of contact to A. phagocytophilum on the two evaluated
properties in this study, which was proved by positiveness in PCR
analysis. New researches must be carried out to better understand
the epidemiologic and clinical dynamic of the disease in the state
of Minas Gerais.
polymerase chain reaction; Anaplasmataceae.

bactéria gram‑negativa, intracelular obrigatória, membro da família
Anaplasmataceae, incluída na ordem Rickettsiales e denominada de
Anaplasma phagocytophilum. Pouco se sabe sobre a doença, sua dinâmica
de transmissão, diversidade genética e prevalência em Minas Gerais, Brasil.
Este trabalho teve por objetivo realizar o levantamento sorológico utili‑
zando a reação de imunofluorescência indireta, avaliação direta de capa
leucocitária e nested reação em cadeia da polimerase (PCR) como métodos
diagnósticos, a fim de avaliar a situação da doença em dois haras de cria‑
ção de cavalos manga‑larga marchador localizados nas cidades de Ataléia
e São Vicente de Minas, no estado de Minas Gerais. Foi encontrada pre‑
valência de 76% (131/172) de animais reativos para a reação de imuno‑
fluorescência indireta, quando todos os animais das duas propriedades e
das duas coletas foram agrupados, e 12,8% dos animais foram positivos
na avaliação da capa leucocitária. A reação de imunofluorescência indireta
detectou 1,94% das amostras como positivas para o agente. Essas amostras
foram submetidas ao sequenciamento de nucleotídeos, e foi observada
similaridade de 96% com A. phagocytophilum proveniente de carrapatos
Ixodes ricinus. Existe alta prevalência de animais positivos para a infecção
por A. phagocytophilum, o que foi provado pela positividade dos animais
à PCR. Novas pesquisas devem ser conduzidas a fim de entender a dinâ‑
mica epidemiológica e clínica da doença no estado de Minas Gerais.
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INTRODUCTION

protocol no. 167/2013. The use of all the animals’ samples
was approved by their owners, that signed a consent term.

Equine granulocytic anaplasmosis (EGA) is caused by an oblig‑
atory intracellular bacterium known as Anaplasma phagocytophilum. Based on molecular analysis, the agent of the Human
Granulocytic Ehrlichiosis, Ehrlichia equi, and Ehrlichia phagocytophila were regrouped to an only species: Anaplasma phagocytophilum (DUMLER et al., 2001; VON LOEWENICH et al., 2003).
First description of equine infection was in 1969, in
California State, United States of America (GRIBBLE, 1696;
STANNARD et al., 1969), and in human beings in 1994, also in
the United States (BAKKEN et al., 1994). Cases of the infection
in equines were described in Germany (VON LOEWENICH
et al., 2003), and serological evidences of the infection were
described in Brazil (SALVAGNI et al., 2010), Denmark
(HANSEN et al., 2010), Spain (DE LA FUENTE et al., 2005)
and Switzerland (PUSTERLA et al., 1999).
In Brazil, EGA is considered an emerging disease, and little
is known about its epidemiology, pathology and transmission.
In a clinical and serological survey in central‑west region of Brazil,
SALVAGNI et al. (2010) found prevalence of 65% of positiveness
in enzyme‑linked immunosorbent assay (ELISA) test. Despite that,
no samples from those horses were considered positive by evalu‑
ation of the buffy coat smear or nested PCR (nPCR).
The disease is characterized by hyperthermia, anorexia,
depression, limb edema, ataxia and low mortality. Inclusions body
in neutrophils, leucopenia, thrombocytopenia and mild
anemia are the most prevalent hematological alterations
(GRIBBLE, 1969; SALVAGNI et al., 2010).
EGA diagnose can be performed by clinical signs inter‑
pretation and intracytoplasmic inclusions on neutrophils
(STANNARD et al., 1969; DE LA FUENTE et al., 2005;
SALVAGNI et al., 2010). Serologic methods like ELISA, indi‑
rect immunofluorescent assay (IFA) test, and polymerase chain
reaction (PCR) — conventional and real time — are used as
diagnostic methods (DE LA FUENTE et al., 2005; HANSEN
et al., 2010; SALVAGNI et al., 2010). IFA test is considered a
good diagnostic test if some care are taken to avoid cross‑reac‑
tion false negative (ZIMMERMAN; CRISMAN, 2008).
This paper aimed to make a serosurvey using IFA test, buffy
coat smears evaluation and nPCR as diagnostic methods, with the
purpose of evaluating the epidemiologic situation of the disease in
two manga‑larga marchador breeding farms at the municipalities
of Ataléia and São Vicente de Minas, Minas Gerais state, Brazil.

Collection sites and periods
The experiment was performed during two distinct seasons (rainy
and dry) in two properties located in Ataléia and São Vicente
de Minas, in north‑west and south regions of Minas Gerais.
Both have well defined seasons: April to September, dry sea‑
son; and October to March, rainy season.
São Vicente de Minas is located at south region of Minas Gerais
state and belongs to Andrelândia microregion. City seat is at the
altitude of 962 meters and its geographic position is 21º42’46”
south latitude and 44º26’38” west latitude. Ataléia is located in
Minas Gerais’ north‑west region and belongs to the microregion
of Teófilo Otoni. City seat is at the altitude of 264 meters and its
geographic position is 18º02’38” south latitude and 41º06’36”
west latitude. Both properties, located in the referred cities, will be
mentioned as property 1 and property 2 along the paper.

Sample calculation and studied population
Samples collection was calculated accordingly with the Pan American
Zoonoses Center formula (Equation 1) (CEPANZO, 1973):
n = p × (100‑p) z2 / (d × p/100)2(1)
In which:
n = number of individuals to study (number of samples);
p = expected prevalence;
z = 95% confidence degree.
d = expected error.
Considering the expected prevalence (p) of 64.9%
(GAVIÃO PRADO et al., 2011), the expected error (d) of
15% and the 95% confidence degree (z) of 1.96, at least
92 samples should be used.
Eighty‑four animals were studied at property 1: 40 at the first
visit, and 44 at the second one. At property 2, 88 animals were
studied: 43 at the first visit, and 45 at the second one. Both prop‑
erties are manga‑larga marchador breeding farms. Distribution
accordingly with sex is demonstrated at Table 1. Because they

Table 1. Animal distribution accordingly with property, season
of the year and sex.
Property 1

MATERIAL AND METHODS

Sex

This experiment was conducted accordingly with ethical con‑
cepts and precepts after approval at Comissão de Ética no Uso
de Animais (CEUA) of Federal University of Minas Gerais
(Universidade Federal de Minas Gerais — UFMG), under
2

Property 2

Summer
(%)

Winter
(%)

Summer
(%)

Winter
(%)

Female

52.50

52.27

86.05

68.89

Male

22.50

29.55

6.98

13.33

Castrated male

25.00

18.18

6.98

17.78
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were farms designated to breeding, buying and selling animals,
it was not possible to precise how many animals and which of
them were evaluated at the first and, again, at the second visit.

used for molecular analyses using the nPCR technique, as rec‑
ommended by SILAGHI (2012).

Statistical analyses

Material collection,
processing and evaluation
Blood collection was made by jugular venipuncture, after
contention and local antisepsis with 70% alcohol. Two tubes
were collected, one without anticoagulants and other with
ethylenediamine tetraacetic acid (EDTA).
EDTA tube blood was used to make buffy coat smears. With
the help of a microhematocrit centrifuge, microtubes were cen‑
trifuged, and buffy coats were removed after breaking the micro‑
tubes. Buffy coat smears were made in glass microscope slides.
Then, they were colored using modified Romanowski method
and analyzed using light microscopy, under 100× magnification,
to look for intracytoplasmic inclusions of A. phagocytophilum in
neutrophils. The sample was considered positive if no inclusion
had been seen, independently of the percentage of infected cells.
After clot retraction, tubes without anticoagulants were
centrifuged at 3,000 rpm, for 5 minutes. Serum obtained was
frozen at ‑20ºC, in six 0.5 mL aliquots.
IFA tests slides, with 12 wells, were previously prepared at
Protozoology Laboratory of the Institute of Biological Sciences of
UFMG., with an Ixodes scapularis tick cell line (IDE8) kept A. phagocytophilum antigen and fixed using cold acetone. Antigens fixation
and fabrication technique was adapted from AGUIAR et al. (2007).
After technique standardization, serum samples were diluted
at 1:160 proportions in buffered phosphate saline 1× (PBS 1×),
that was considered the cut off for the analyses, and, then, pipetted
to slides wells. Serum reacted with slides antigens for 30 minutes,
in moist chamber, at 37ºC. After that, slides were washed three
times, first and second times with PBS 1×, and the last one with
distilled water. After each lavage, slides were submersed in PBS
1× and distilled water, respectively, for 3 minutes.
Slides were dried at room temperature. Afterwards, it was pipet‑
ted the fluorescein isothiocyanate (FITC) Anti-horse IgG conjugate
(whole molecule) to fluorescein isothiocyanate (FITC) antibody pro‑
duced in rabbit (Sigma‑Aldrich, St. Louis, Missouri, United States),
previously diluted in Evans blue, at 1:160 proportion. First reaction
was repeated, as described before. At last, slides were covered with
alkaline glycerin and cover slip and evaluated at an epifluorescence
microscope. Samples were considered positive if fluorescence were
present at 1:160 dilution, as it was the cut off. As positive control,
it was used an IFA and PCR positive serum sample, and as nega‑
tive control it was used PBS 1×. After trial, positive samples were
diluted again at 1:320, 1:640 and 1:1,280 proportions.
Among all the 172 used samples for serological and eval‑
uation of buffy coat smears, 103 were randomly chosen: 84
from property 1 (40 from the first collection, and 44 from
the second one); and 19 from property 2 (nine from the first
collection; and 10 from the second one). Moreover, they were

Data was recorded using Microsoft Excel and analyzed by
statistical program Statistical Analysis System (SAS, 2003).
IFA tests results were used to A. phagocytophilum seropreva‑
lence calculi. Non‑parametric data were submitted to Log(x+1)
transformation and percentages to arcsin x transforma‑
tion. Even though, data was still non‑parametric. So, mean
values were compared by Wilcoxon test (two means) or by
Kruskal‑Wallis test (three or more means). Proportional vari‑
ables were compared by χ2 test.
Prevalence was calculated by the formula (Equation 2):
Number of total cases / total studied population

(2)

And the cumulative incidence was calculated by the
formula (Equation 3):
New cases / initial population at infection risk

(3)

RESULTS AND DISCUSSION
In the visits, ticks parasitizing horses were found. They were
collected, and a tick pool was made from each property, dur‑
ing each visit, and infestation was properly documented for
each animal. Frequency of infested animal accordingly with
the period of the year and property is summarized at Table 2.
At property 1, in summer, from all the five infested horses,
nine adult females and two ingurgitate nymph of Dermacentor
(Anocentor) nitens were identified. In the winter, 12 Dermacentor
(Anocentor) nitens ingurgitate females, four males and two
ingurgitate females of Rhipicephalus (Boophilus) microplus and
one Amblyomma cajennense male were seen.
At property 2, in summer, 23 animals were found parasit‑
ized, and it was possible to identify six ingurgitated and three
non‑ingurgitated Amblyomma cajennense females, one Rhipicephalus
(Boophilus) microplus ingurgitated female and two ingurgitated
Table 2. Frequency distribution accordingly with reactiveness to
indirect immunofluorescent assay (IFA) test at cut‑off titer (1:160),
property and season of the year, in an Anaplasma phagocytophilum
serosurvey in two regions of Minas Gerais state, Brazil.
Property 1

Property 2

IFA Test

Summer
(%)

Winter
(%)

Summer
(%)

Winter
(%)

Reactive

62.50

77.27

88.37

75.56

Non‑reactive

37.50

22.73

11.63

24.44
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Dermacentor (Anocentor) nitens females. During the winter visit,
three adult females and one ingurgitated nymph of Rhipicephalus
(Boophilus) microplus and one Dermacentor (Anocentor) nitens
ingurgitated adult female (Figs. 1 and 2) were identified.
Both properties had “dirty” pasture with some shrubby
vegetation that facilitates ticks maintenance in pasture. In the
sun free, humid and optimal temperature, female ticks can do
their oviposition, and the environment guarantees protection
to the new born larvae (TORRES et al., 2012).
There was significant difference (p<0.05) between year season
and the number of parasitized animals in property 1: infestation
was bigger during the winter season. There was also difference
(p<0.05) between the number of parasitized animals between
properties during summer; it was observed that in property 2
there was a larger number of parasitized animals. No strategi‑
cal control is made in none of the properties to lower the tick
number. Control is only made when adult ticks are seen on the
horses. This data justifies the occurrence of so many horses pre‑
senting ticks during the visit and the difference between proper‑
ties, since property 1 has a more intense work with horses, making
it possible to observe any infestation sooner than in property 2.
Distribution of positive and negative animals at IFA test,
accordingly with property and season of the year, is found in Table 3.
It was found 76.16% (131/172) of positive animals when all
the animals were grouped and analyzed independently of the prop‑
erty and visit. Property 2 had 88.37% (38/43) of positive animals at
IFA test in 1:160 dilution. There was no difference in distribution
of positive and negative animals between properties (p=0.0531).
There was no difference (p>0.05) in frequency of positive and
negative animals between first and second visit in each property.

Positive samples were diluted, and titration of each animal
was studied. One sample from property 1 was lost, not being
possible to evaluate. Table 4 shows the distribution of titration
of positive IFA test animals, according with property and visit.
The most prevalent titration was 1:320 (43.08%), when data
was analyzed without considering property or season of the year.
Property 1, during summer, presented a higher percentage of ani‑
mals with titers — of 1:1280 (16.67%) —, but, in total, only

Figure 2. Tick infestation in perianal region in a horse from property 1.
Table 3. Distribution of tick infested animals in each property,
in summer and winter, in Minas Gerais, Brazil.
Season of the year – % (n)
Summer

Winter

Property 1

Bb

12,50 (5/40)

36,36 (16/44)a

Property 2

53,49 (23/43)A

35,56 (16/45)

*Means followed to different letters, capitals in column and minuscule
in lines are statistic difference (p<0.05), by χ2 test.

Table 4. Frequency distribution of indirect immunofluorescent
assay (IFA) test reactive samples, accordingly with property,
season of the year and titration, in an Anaplasma phagocytophilum
serosurvey, at two regions of Minas Gerais, Brazil.
Property 1
Titration

Figure 1. Equine pinna showing ticks’ infestation.
4

Property 2

Rain
(%)

Drought
(%)

Rain
(%)

Drought
(%)

1:160

25.00

23.53

28.95

14.71

1:320

37.50

41.18

44.74

47.06

1:640

20.83

32.35

13.16

23.56

1:1280

16.67

2.94

13.16

14.71
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11.54% of the animals presented that titer. There was no difference
between properties and titration, nor between visits and properties.
At property 1, there was no difference between first and
second collection, and most of the animals that were positive
showed a titer of 1:160 or 1:320, which can be explained by
the constant presence of the agent in the property.
At property 2, despite the no significance (p>0.05), there was
reduction on the number of positive animals at IFA test. Due to a
high flux of animals, ever entering or leaving the property, some ani‑
mals that were considered positive at the first evaluation could not
be there at the second evaluation. And, just arrived animals could
have not developed sufficient antibodies to be detected at the test.
From the total of 171 evaluated buffy coat smears, intracy‑
toplasmic inclusions (Fig. 3) that suggested A. phagocytophilum
infection in 22 were found. These numbers correspond to half
of the percentage found by GAVIÃO PRADO et al. (2011) in
a survey performed with 57 draft horses in metropolitan region
of Belo Horizonte, Minas Gerais. BUTLER et al. (2008), when
evaluated buffy coat smears from six naturally infected horses,
found five positive animals. That data is different from values
found in this work. Results are summarized in Table 5.
Intracytoplasmic inclusions can be visualized only dur‑
ing the acute phase of the disease. During the collections, no
animal showed any signs of EGA. Although, some feverish
horses were observed, due to other causes such as strangles and
theileriosis. It was expected that animals with intracytoplasmic
inclusions showed, at some point, clinical signs of the disease.
The absence of clinical signs in these animals could be due to
three factors: other concomitants diseases, low pathogenic‑
ity of the agent, and protective IgG titers against the agent.
Only two samples (1.94%) from property 1 (one from
collection 1 and one from collection 2) were nPCR posi‑
tive to A. phagocytophilum through the msp4 gene analysis
(Fig. 4). After nucleotide sequencing, both samples showed

P

C+

Figure 3. Circulating neutrophil showing intracytoplasmic inclusion,
suggestive of Anaplasma phagocytophilum, in 1,000 × magnification.

Table 5. Frequency distribution of the presence of intracytoplasmic
inclusions in buffy coat smears, accordingly with properties
and season of the year, in an Anaplasma phagocytophilum
seroprevalence survey, at two Minas Gerais state’s regions, Brazil.
Property 1
Buffy coat

Property 2

Summer
(%)

Winter
(%)

Summer
(%)

Winter
(%)

Positive

2.50

20.93

18.60

8.89

Negative

97.50

79.07

81.40

91.11

A+

500 pb
250 pb

P: Standard, molecular weight 1 Kb; C+: positive control, obtained after DNA extraction from a cellular cultivation of A. phagocytophilum;
A+: positive sample; two last gutters as filled with the white reaction from first and second reactions, respectively.

Figure 4. 1% agarose gel showing a positive sample to Anaplasma phagocytophilum.
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96% of similarity to A. phagocytophilum from I. ricinus tick
(access number GenBank: HQ661156.1) (data not published).

CONCLUSION
There is high prevalence of IFA positive animals to
A. phagocytophilum infection in both studied properties

in this work. Besides, it was possible to observe that animals
that had intracytoplasmic inclusions did not show any
signs of the disease.
It is clear, after bibliographic survey and this
research, that EGA is still an underdiagnosed disease in
all Minas Gerais state and Brazilian territory. New inves‑
tigations are necessary to understand epidemiologi‑
cal dynamics and clinical features of the disease in Minas
Gerais.
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