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ABSTRACT.- Lima D.H.S., Vinhote W.M.S,, Ubiali D.G., Soares P.C., Cordeiro M.D.,, Silva ].B,,
Fonseca A.H. & Barbosa ].D. 2019. Experimental infection by Anaplasma marginale in
buffaloes and cattle: clinical, hematological, molecular and pathological aspects. Pesquisa
Veterindria Brasileira 39(9):700-709. Faculdade de Medicina Veterinaria, Instituto de Medicina
Veterinaria, Campus de Castanhal, Universidade Federal do Par4, Rodovia BR-316 Km 61,
Castanhal, PA 68741-740, Brazil. E-mail: danillo.lima@ifpa.edu.br

The study aimed to evaluate and compare the clinical, laboratory and pathological aspects of
buffalo and bovine experimentally infected with AmRio 2 strain of Anaplasma marginale. Four
Murrah buffaloes and four crossbred cattle were used in the experiment, which two animals
of each species were splenectomized. Strain AmRio 2 of A. marginale was inoculated in all
experimental animals. Clinical exams, Packed Cell Volume (PCV), blood counts, blood smears,
rickettsemia, necropsy and histopathology were performed in all cases. Semi-Nested-PCR
(snPCR) for the msp5 and snPCR for the msp1a target gene for identification of A. marginale
in blood samples from animals was done. From positive samples for msp1a snPCR, samples
were analyzed for the amino acid sequences of this gene. Two splenectomized cattle presented
apathy, pale mucous membranes, jaundice, hyperthermia, and severe anemia. The remaining
experimental animals did not show clinical signs. The rickettsemia in all animals was less
than 1%. The mean PCV of the splenectomized cattle was below 20% at two-time points
after infection. On the blood count, the main changes were observed in splenectomized
calves and were characterized by a decrease in red blood cells, hemoglobin, PCV and platelets
(p <0.05). All animals presented leukocyte elevation by increased lymphocytes, however,
with no significant difference. The average prepatent period was two days in all the animals.
The average incubation period in cattle that became ill was 25.5 days, and death occurred, on
average, 63 days after inoculation of the strain. The necropsy findings were characterized by
pale carcass, ascites, enlarged liver, distended gallbladder, and thick bile. Histopathological
findings included infiltration of macrophages and lymphocytes in various organs, hepatic
sinusoidal dilatation, and necrosis of the large intestine. In snPCR for the msp5 gene, 100%
of the animals were positive in at least one evaluation. And in the snPCR for the infection
of the mspla target gene was also found in all animals in at least one sample evaluated.
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However, sequencing revealed only five animals, including the bovine which died, with a
similarity of the amino acid sequences with AmRio 2 strain of A. marginale. It is concluded
that the splenectomized cattle died due to anaplasmosis caused by the inoculated strain and
the buffalo were more resistant compared to cattle. Buffaloes can be an alternative to cattle
rearing in areas with a high occurrence of clinical cases of anaplasmosis.

INDEX TERMS: Experimental infection, Anaplasma marginale, buffaloes, cattle, clinics, hematology,
molecular aspect, pathology, anaplasmosis, calves, AmRio 2 strain, clinical signs, PCR, bacterioses.

RESUMO.- [Infec¢do experimental de Anaplasma marginale
em biifalos e bovinos: aspectos clinicos, hematoldgicos,
moleculares e patoldgicos.] O estudo teve como objetivo avaliar
e comparar os aspectos clinicos, laboratoriais e patoldgicos de
bufalos e bovinos infectados experimentalmente com estirpe
AmRio 2 de Anaplasma marginale. Para isso, foram utilizados
quatro bubalinos Murrah e quatro bovinos mesticos, sendo
dois animais de cada espécie, esplenectomizados. Estirpe
AmRio 2 de A. marginale foi inoculada em todos os animais.
Foram realizados exames clinicos, hematdcrito, hemograma,
esfregaco sanguineo com avalia¢do de riquetsemia, necropsia e
histopatologia, além de, Semi-Nested-PCR (snPCR) para o gene
alvo msp5 e snPCR para o gene alvo mspla para identificacdo de
A. marginale nas amostras de sangue dos ruminantes. A partir
das amostras positivas na snPCR msp1a, foram selecionadas
amostras para andlise das sequéncias de aminodacidos deste
gene. Dois bovinos esplenectomizados apresentaram apatia,
mucosas palidas, ictericia, hipertermia e anemia severa.
O restante dos animais ndo apresentou sintomatologia
clinica. A riquetsemia em todos os animais foi menor que
1%. A média do hematdcrito dos bovinos esplenectomizados
esteve abaixo de 20% em dois momentos apds infecgdo.
Ao hemograma, as principais alteracdes observadas foram
nos bovinos esplenectomizados e caracterizaram-se por
reducdo de hemacias, hemoglobina, hematdcrito e plaquetas
(p<0,05). Todos os animais apresentaram elevacido de
leucécitos por aumento de linfocitos, porém, sem diferenca
significativa. O perfodo pré-patente médio foi de dois dias
em todos os animais. O periodo de incuba¢do médio nos
bovinos que adoeceram foi de 25,5 dias e estes morreram
em média 63 dias apods inoculagao da estirpe. Os achados
de necropsia caracterizaram-se por carcaca palida, ascite,
aumento de vglume do figado, vesicula biliar distendida e
bile espessa. A histopatologia, verificou-se infiltracdo de
macroéfagos e linfocitos em diversos 6rgdos, dilataciao dos
sinusoides hepaticos e necrose do intestino grosso. A snPCR
para o gene msp5, revelou 100% dos animais positivos em
pelo menos um momento de avaliagdo. E na snPCR para o
gene alvo mspla também verificou-se infecgdo em todos os
animais em pelo menos uma amostra avaliada. Entretanto,
o0 sequenciamento revelou apenas cinco animais, incluindo
os bovinos que morreram, com similaridade das sequéncias
de aminoacidos com estirpe AmRio 2 de A. marginale.
Conclui-se que os bovinos esplenectomizados morreram em
virtude de anaplasmose provocada pela estirpe inoculada
e os bubalinos foram mais resistentes em comparagio aos
bovinos. Finalmente, os bufalos podem ser uma alternativa
a criacdo de bovinos em areas com alta ocorréncia de casos
clinicos de anaplasmose.

TERMOS DE INDEXACAO: Infeccdo experimental, Anaplasma
marginale, bifalos, bovinos, clinica, hematologia, aspecto molecular,
patologia, anaplasmose, bezerros, estirpe AmRio 2, sinais clinicos,
PCR, bacterioses.

INTRODUCTION

Anaplasma marginale is an obligate intracellular bacterium.
It can be biologically transmitted by ticks, and mechanically
transmitted by hematophagous dipterans, infected blood
in photites, and also transplacental (Aubry & Geale 2011,
Grau et al. 2013). This rickettsia causes a condition called
anaplasmosis, which is endemic in tropical and subtropical
areas, and result in considerable economic loses for the beef
and dairy industries worldwide (Kocan et al. 2015).

Anaplasmal cattle may present fever, weight loss, abortion,
lethargy, jaundice, and often death mainly of animals over
two years of age (Kocan et al. 2003). Buffaloes present with
lack of appetite, depression, ruminal atony, jaundice, pale
mucous membranes (Srivastava & Ahluwalia 1974, Reddy
et al. 1988), weakness, anorexia, tachycardia and difficulty
in breathing (Vatsya et al. 2013).

Despite the confirmed presence of this rickettsia in buffalo
herds (Silva et al. 2014a, 2014b, 2014c, 2015), there is little
knowledge about the development of anaplasmosis in this
species. Furthermore, there is no research that simultaneously
evaluates the pathogenicity of A. marginale in cattle and
buffaloes and compares the effects of the disease between
the two species. This fact is relevant because buffaloes play
an important role as reservoirs for A. marginale, serving as a
source of infection for cattle when raised in the same location
(Sharma 1987, Silva et al. 2014c). This situation is frequently
observed in some regions of the state of Parg, especially in
Marajé Island, which has the largest herd of buffaloes in
Brazil (IBGE 2016).

Based on this, the present study aimed to evaluate and
compare the clinical, laboratory and pathological aspects of
buffaloes and experimentally infected cattle with AmRio 2 strain
of A. marginale (Genbank: KM023771).

MATERIALS AND METHODS

Study location. The experiment was developed at the “Instituto
Federal do Para, Campus Rural de Marabd”, (IFPA-CRMB) (5°33’44.5”S
and 49°06’01.1”"W), Maraba, Par4, Brazil. The study period took place
from January to May 2017, when the daily averages of environmental
conditions consisted of 26.1°C temperature, 91.3% relative humidity
and 8.7mm rainfall. Data collected by the hydrometeorological
station located at IFPA-CRMB.

Animals and handling. This study was approved by the Animal
Use Ethics Committee under protocol number 2134171215 registered
in December 2015.

We used four buffalos (Bubalus bubalis) of the breed Murrah
and four crossbred cattle (Bos taurus x Bos indicus) with average
age of 10 months, male, not castrated, and average weight of 148kg.
Two animals of each species were splenectomized.
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The animals were raised in two different environments at
different times of the experiment. At first, they were separated by
species and kept in two screened stalls, with a maximum number of
four animals per stall. The food was based on Brachiaria brizantha
cv. Marandu, 21% crude protein food (0.5kg/animal/day), mineral
salt (40g/animal/day) and water as needed. Then, the animals were
raised on B. brizantha cv. Marandu.

Since the animals came from anaplasmose endemic regions, we
performed semi-nested PCR (snPCR) before the experiment and
verified that the animals were positive for Anaplasma marginale.
Therefore, 160 days before the beginning of the experiment,
the animals were treated with imidocarb dipropionate, 5mg/kg
subcutaneously, single application and long-acting oxytetracycline,
20mg/kgintramuscularly, three times, 48 hours apart. Fifteen days
after treatment, we performed an snPCR and verified that two
bovines not splenectomized were still infected by a native strain of
A. marginale. Thus, 65 days before rickettsia inoculation, we applied
asecond treatment on all animals using the above-mentioned drugs
and doses. However, only non-splenectomized cattle remained
positive in two snPCRs performed at weekly intervals between blood
samples. These animals came from the same state, where there was
a history of clinical cases of anaplasmosis in calves. Nevertheless, we
decided to maintain these two cattle in the experiment due to the
difficulty in obtaining negative animals for A. marginale in the region.

All animals were bathed with 12.5% amitraz at a dilution of
20ml in 101 of water and 2.51 dose of mixture/animal; we sprayed
15% cypermethrin into the environment at the dilution of 20ml in
201 of water and 101 dose of the mixture/well twice, with 21 days
apart in both treatments.

Experimental design. Four buffaloes (two non-splenectomized
and two splenectomized) and four cattle (two non-splenectomized
and two splenectomized) were inoculated with AmRio 2 strain of
A. marginale (Baéta et al. 2015). We performed periodical clinical
examinations, hematocrit blood samples, blood count and blood
smear with rickettsemia evaluation to verify the infection and
the possible development of anaplasmosis in the studied animals.
We performed necropsy in the dead animals, collected samples and
performed histopathological exam. We also performed molecular
analysis for the identification of A. marginale using Semi-Nested
PCR (snPCR) with the animals’ blood samples.

The experiment was divided in two phases. In the first, the
ruminants remained for 30 days in screened pens. The aim was to
evaluate and describe the clinical changes more carefully. In the
second, the ruminants were remained for 58 days in paddocks.
This phase aimed to evaluate, in a larger chronological space, the
occurrence of anaplasmosis in experimental animals and a possible
occurrence of genetic diversity of the AmRio 2 strain of A. marginale.

Inoculation of AmRio 2 strain of Anaplasma marginale.
The inoculum used for application to animals was the AmRio 2 strain
of A. marginale, kept in culture of embryonic Ixodes escapularis tick
cells (strain IDE8) (Baéta et al. 2015). The inoculum was prepared
from a culture with a percentage of infection higher than 70%,
evaluated by cytocentrifuge smears under optical microscope
(Olimpus®). Upon observation of the smear and confirmation of the
minimum infection value, the inoculum vials were rinsed inside the
laminar flow using a sterile Pasteur pipette (Kasvi®). Subsequently,
the cell media was transferred to a curved needle syringe and then
discarded in sterile beaker. The medium contained in the beaker was
transferred in the volume of one (1) mL to three (3) mL syringe with
40 x 12mm needle for inoculation in animals, which was performed
through the jugular vein.
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Clinical examination. Clinical examination was performed
according to Dirksen et al. (1993) to verify rectal temperature (RT),
heart rate (HR), respiratory rate (RR), ruminal movements (MR),
mucosal staining, lymph node size and behavior. Physiological
parameters were obtained by daily clinical examinations 20 days
before starting the study. And the means obtained in these tests
were parameters for comparison with the data obtained after the
rickettsia inoculation.

After inoculation, clinical examinations were performed from
DO (day of inoculation) to D30 in the morning, once a day, during
the animals’ stay in the pens. Temperature was measured with
a digital thermometer twice a day, with an average interval of
12 hours between measurements. From the moment the animals
started being raised on paddocks, they were observed daily for
behavior, food and water intake and clinical examinations, as well
as temperature measurements, performed once a week. We used
previously described values as standard values for cattle (Dirksen
et al. 1993) and buffaloes (Moraes Junior et al. 2010).

Hematological and parasitological evaluation. We collected
blood samples for blood count, manual hematocrit and blood
smear once a week for 30 days before the start of the experiment.
The averages obtained in this period constituted the values before
inoculation, which were considered as control. From the inoculation,
for blood count, blood samples were collectedin D7,D14, D21, D28
and D48 through the jugular vein, with the aid of a vacutainer system.
The samples were packed in tubes with EDTA (Ethylenedeamine
Tetra Acetic Acid), which were taken to a commercial laboratory
located in Marab4, Par4, where they were routinely processed in
BC-2800Vet® device (Shenzhen Mindray Bio-Medical Eletronics®,
Germany) and the reference standards adopted were those described
by Jain (1993) for cattle and Abd Ellah et al. (2014) for buffaloes.
For the purpose of analysis of hematocrit results, only the results of
the manual technique were used, disregarding the values obtained
in the automated technique.

Manual hematocrit and rickettsemia evaluation were performed
inD2,D5,D7,D9,D12,D14,D16,D19,D21, D26, D28 (period in the
stalls), D35, D42, D48, D56, D60 and D70 (period in the pasture).
The hematocrit was performed according to the specifications of
Thrall etal. (2007). Blood smears were performed using a commercial
kit (Instant-Prov®) for fixing and staining. The prepared slides
were analyzed under a light microscope with a 100x objective
and 10x eyepiece, in immersion oil. Rickettsemia was obtained
by visualizing 40 microscopic fields to calculate the percentage of
infected red blood cells. Animals were considered positive when
presenting 20.01% of infected red blood cells.

In parallel to blood sampling for hematocrit, blood smear and
rickettsemia, snPCR scans were performed by analysis of the genes
msp5 and msp1a of the AmRio 2 strain of A. marginale.

Necropsy and histopathology. During necropsies of two animals
we collected several organs, which were stored in 10% buffered
formaldehyde and sent to the “Setor de Anatomia Patolégica” (SAP)
of the “Universidade Federal Rural do Rio de Janeiro” (UFRR]), where
they were submitted to histopathological routine tests, cut into 5pm
and stained with hematoxylin and eosin (HE).

DNA extraction. DNA samples were extracted from 200ul of
animal blood using the protocol described by Sambrook & Russel
(2001). We added to the samples 20ul Proteinase K (20mg/mL) and
200ul digestion buffer (20mM Tris-HCl, 20mM EDTA, 400mM NacCl,
1% Sodium Dodecyl Sulphate and 10mM CaCl2). After homogenizing
the sample by inversion, it was incubated at 56°C overnight. DNA
extraction was started with the addition of 460ul chloroform,
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vigorous homogenization and subsequent addition of 240pl of
protein precipitation solution (3M potassium acetate, 11% glacial
acetic acid). After homogenization, the mixture was centrifuged at
maximum speed for 10min. At the end of centrifugation, the aqueous
portion was transferred to a microcentrifuge tube containing 700pl
of cold isopropanol for DNA precipitation. The total DNA precipitate
was centrifuged at maximum speed for 4min. The supernatant was
discarded, and the formed pellets were washed twice with 1mL cold
absolute ethanol and 70% alcohol at full speed for 2min. The pellets
were oven dried at 56°C for 15min. Then the DNA was rehydrated
with 100ul TE 1X at 56°C for 1 hour and stored in a freezer until
testing was performed.

snPCR for target genes msp5 e mspla. For screening
of positive and negative animals, snPCR was performed with
the Amar primers msp5 eF (5’GCATAGCCTCCGCGTCTTTC 3’),
Amar msp5 iF (5TACACGTGCCCTACCGAGTTA 3’) and Amar
msp5 eR (5'TCC TCG CCTTGGCCCTCAGA 3’), previously described by
Torioni de Echaide etal. (1998) and optimized by Singh etal. (2012).
The first reaction was performed with the primers eF and eR, and
the second reaction used the primers iF and eR. The reactions were
performed in a thermal cycler (Bio Rad T100™) with the following
conditions: Polymerase activation at 95 °C for 5min, initial denaturation
at 94°C for 1 min, annealing at 58°C for 1min, extension at 72°C for
1min (35 cycles), final extension at 72°C for 5min.

In the first reaction the final volume of the mixture was 25ul,
consisting of 15.55ul of ultrapure water, 0.2pl of Taq polymerase
(5U/uL), 0.5uL of each primer (10pmol), 2uL of DNTP (2.5mM),
0.75uL of Mg (50mM), 2.5pL of buffer (10X) and 3pL of DNA. In the
second reaction, the quantities were similar except for the volume
of ultrapure water, which was 16.55uL and the added volume of one
microliter of PCR product from the first reaction.

The snPCR msp5 positive samples were selected for evaluation
of the msp1a gene for strain differentiation in the positive animals.
These samples were selected on random collection days so that all
animals were evaluated at least one day. Thus, snPCR was performed
with the primers 1733F (5-TGTGCTTATGGCAGACATTTCC-3"),
3134R (5’-TCACGGTCAAAACCTTTGCTTACC-3") and 2957R
(5-AAACCTTGTAGCCCCAACTTATCC-3’) for the target gene mspla
(Lew etal. 2002). The reaction was performed under the following
conditions: initial denaturation at 94°C for 4min, 35 cycles at 94°C for
30 seconds, 55°C (60°C second reaction) at 1min and 72°C at 2min
followed by an extension final at 72°C for 7min. The first and second
reactions were made with the final volume of the 25ul mix with the
reagents at the same concentrations described in the snPCR above.
SnPCR products were analyzed on 1.5% agarose gel stained with
ethidium bromide. Running time was 90min, 80V and intensity 160.

Sequencing of the mspla gene in Anaplasma marginale.
Molecular identification of the AmRio 2 strain was performed by
sequencing fragments of the A. marginale msp1a gene obtained from
snPCR. The fragments were purified with ExoSAP-IT® PCR (USB®)
and sequenced by the Sanger method in DNA ABI 3730 Sequencer
(Applied Biosystems, Life Technologies®). The generated sequences
were compared to data published using NCBI Nucleotide BLAST.

Statistical analysis. Initially data were described by means
and means of standard error and were tested for distribution
normality using the Kolmogorov-Smirnov test. Variables that did
not meet the normality assumptions were submitted to logarithmic
transformation (log10) or square root [RQ (X + 1/2)]. Then, the
data were submitted to analysis of variance (ANOVA). When the
ANOVA F test was significant, the contrast was averaged by the least
significant difference (d.m.s.) of the Student-Newmn-Keuls test at

5% probability (p=0.05). For the variables analysis, we used the
procedure “General Linear Model” (GLM) of the statistical program
“Statistical Analysis System” (SAS 2009).

RESULTS

Clinical, hematological and parasitological aspects

Two splenectomized cattle (Cattle 3 and 4) presented
anaplasmosis at different times. Cattle 3 presented clinical
alterations on the 9th day after infection (PID), which were
characterized by apathy, decreased appetite, slight mucosal
pallor, pasty feces, mean RT 39.8°C, hematocrit 15% and 1%
red blood cells infected with Anaplasma marginale corpuscles
in the blood smear (Fig.1A). This animal spontaneously
recovered in two days, confirmed by the absence of clinical
signs and return of hematocrit to 25%. However, the patient
had recurrence in the 60th PID and had no appetite, poor body
score (Fig.1B), sialorrhea, whitish ocular mucosa (Fig.1C),
mild jaundice, evident tachycardia, ruminal and intestinal
atony, TR of 40°C, faecal stools (Fig.1D), some with mucus
and blood streaks, 8% hematocrit and countless A. marginale
inclusion corpuscles within red blood cells. This animal was
treated with long-acting oxytetracycline, 20mg/kg, 30%
(5ml) intravenously and 70% (13ml) intramuscularly, three
times, 24 hours apart; imidocarb dipropionate, 5mg/kg
subcutaneously, single application; blood transfusion (about
700ml of donor heifer blood) and fluiodotherapy (11 of 0.9%
saline plus 500ml of vitamin complex). Eleven days later, the
hematocrit returned to 25% and the animal had no clinical
symptoms. However, after 19 days of treatment, the animal
again presented symptoms more intensely described above
and died. Cattle 4 presented 20% of hematocrit and countless
inclusion corpuscles of A. marginale in the 42nd PID. Two days
after hematocrit spontaneously returned to 26%. However,
at D46 the animal had mild apathy, faecal stools and mean
RT of 39.7°C, and died the next day.

An individual animal overview of the clinical and
parasitological aspects is presented in Table 1. Regarding the
means of RT when compared to values before inoculation,
except for non-splenectomized buffaloes, the groups presented
high RT during the whole evaluation period after inoculation
of A. marginale strain AmRio 2, but with values within the
normal reference range for the species. Only splenectomized
cattle showed febrile peaks during the experiment (Fig.2).
The hematocrit average of splenectomized cattle was below
the values before inoculation and reference for the species in
D9 and D60. Splenectomized buffaloes had a mean hematocrit
below the values before inoculation and near the lower limit
of the reference value for the species in D2 and D7. (Fig.3).

Cattle and buffalo blood count values are described in
Tables 2 and 3, respectively. Both groups of buffaloes did
not present alterations that differed statistically. However,
we observed leukocyte elevation in these animals due to
lymphocyte increase, when comparing the values before
and after inoculation of the AmRio 2 strain of A. marginale.
Despite the increase in white cells, the values remained within
the reference range for the species (Abd Ellah et al. 2014).

As for cattle, the non-splenectomized group presented
an increase in MCV with a statistical difference (p<0.05),
and the splenectomized group presented a decrease in red
blood cells, hemoglobin, platelets and an increase in MCV
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Fig.1. Experimental infection with AmRio 2 strain of Anaplasma marginale in cattle and buffalos. (A) Cattle 3 blood smear with presence
of A. marginale corpuscles in PID 9. (B) Cattle 3 showing apathy and severe weight loss at 60th PID. (C) Cattle 3 with pale left ocular
mucosa. (D) Cattle 3 with recently obtained rectal-shaped stools.

Danillo H.S. Lima et al.

b.

D)

Table 1. Clinical symptomatology, post-infection day (PID) of clinical change, mean frequency of blood smear infection, mean
rickshaemia, days of higher levels of rickettsemia, and recovery of buffalo and cattle experimentally infected with AmRio 2
strain of Anaplasma marginale

Animal sympctl(l)Irlri(;:Jlogy PID Blood smear (%) Rle?E/tOS)emla Days :if:}li:egt}tlse;ﬁ:els of Recovery

Cattle 1 No - 47 0.73 D2 (4%); D21 -

(non-splenectomized) (Uncountable)

Cattle 2 No - 27 0.26 D2 (1%) -

(non-splenectomized)

Cattle 3 Yes 9th and 60th 38 0.62 D2 (6%); D60 First, spontaneous.

(splenectomized) (Uncountable) Second, with treatment.
Then death.

Cattle 4 Yes 42nd e 46th 23 0.38 D2 (4%); D42 First, spontaneous.

(splenectomized) (Uncountable) Then death.

Buffalo 1 No - 33 0.80 D2 (Uncountable) -

(non-splenectomized)

Buffalo 2 No - 47 0.27 D5 (2%) -

(non-splenectomized)

Buffalo 3 No - 27 0.53 D2 (6%) -

(splenectomized)

Buffalo 4 No - 27 0.60 D2 (Uncountable); D5 -

(splenectomized)

after pellet inoculation with rickettsia. Red blood cell and
platelet values in this latter group were above the reference
range (Jain 1993) even before inoculation.

In both groups of cattle, we also observed an increase in
leukocytes due to elevation of lymphocytes after inoculation,
but without statistical difference. The values remained at
the reference limit in non-splenectomized cattle, whereas

Pesq. Vet. Bras. 39(9):700-709, September 2019

(6%)

in splenectomized cattle the average lymphocyte count after
inoculation was slightly above the reference level (Jain 1993).
The pre-patent period (PPP), based on blood smear, was
two days in all animals except Buffalo 2, which was of five
days. The average incubation period (PI) in the sick cattle was
25.5 days and these animals died on average 63 days after
inoculation of the Amrio 2 strain of A. marginale.



Experimental infection by Anaplasma marginale in buffaloes and cattle: clinical, hematological, molecular and pathological aspects 705

—o— Non-splenectomized cattle

=&~ Non-splenectomized buffaloes

40.5

40,0

395

39.0

Temperature (°C)

385
38.0

375

%Y)

Splenectomized cattle
== Splenectomized buffaloes

R T S N - S PO L - T TP N . S R AN S SR AN
@00QQQNQN,Q’»QNQ'»Q'\.Q'»Q%QMQ&Q@<o4\

AU

Day before and after infection

Fig.2. Mean rectal temperature (RT) values in buffalo and cattle
before and after experimental infection with strain AmRio2 of
Anaplasma marginale. From D48 (1), in splenectomized cattle,
the values correspond only to the results of Cattle 3, due to the

death of Cattle 4.
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Fig.3. Mean hematocrit values in buffalo and cattle before and after
experimental infection with strain AmRio2 of Anaplasma marginale.
From D48 (1), in splenectomized cattle, the values correspond
only to the results of Cattle 3, due to the death of Cattle 4.

Table 2. Mean values, mean standard error and significance of buffalo blood count before and after experimental infection
with AmRio 2 strain of Anaplasma marginale

Buffaloes
Variables Unit Non-splenectomized Splenectomized
Before After Before After
Red blood cells x10°/pl 7.80+0.42 8.13+0.23 8.33+0.11 8.11+0.17
Hemoglobin g/dl 11.68+0.44 12.23+0.41 11.33+0.25 11.20£0.25
ACV* fL 44.83+1.17 44.84+0.86 39.92+0.70 41.13+0.26
MCHC** % 33.77+0.21 33.58+0.10 34.13+£0.28 33.60+0.10
Platelets x103/pl 414.96+53.11 285.20+28.57 659.38+52.21 579.60+30.30
Leukocytes /ul 6862.50+1247.73 9292.00+1360.10 12762.50+931.26 14539.00+1171.76
Rods /ul 61.75+£17.76 124.20+27.95 123.63+11.15 208.20+48.12
Segmented /ul 2641.25+287.55 2949.80+687.18 5334.50+899.14 2393.60+911.04
Lymphocytes /ul 3824.50+860.61 5791.30£674.36 6841.38+767.10 9247.60+947.10
Eosinophils /ul 72.38+26.38 165.50+97.10 43.63+28.42 200.80+65.91
Monocytes /ul 165.63+31.59 264.60+41.67 389.50+111.10 400.60+67.71

* ACV = Average corpuscular volume, ** MCHC = mean corpuscular hemoglobin concentration. Absence of different lowercase letters on the same line
indicates that there was no significant difference (p>0.05) within each group (non-splenectomized and splenectomized).

Table 3. Mean values, mean standard error and blood count significance of cattle before and after experimental infection by
AmRio 2 strain of Anaplasma marginale

Cattle
Variables Unit Non-splenectomized Splenectomized
Before After Before After

Red blood cells x10°/pl 8.40+0.21 7.85+0.21 10.51+0.482 8.00+0.09°
Hemoglobin g/dl 11.05+0.26 11.40£0.31 12.11+0.70° 10.48+0.09°
ACV* fL 38.85+0.58° 43.00+0.91° 37.70+0.51° 39.12+0.66*
MCHC** % 34.03+0.43 33.94+0.19 34.43+0.77 33.58+0.08
Platelets x10%/ul 619.88+6.44 568.50+23.90 1845.13+£269.38° 1110.80+86.31°
Leukocytes /ul 7587.50+396.54 8487.00+904.53 9300.00+669.38 10357.00+803.62
Rods /ul 59.13+£19.84 84.90+9.05 74.38+24.93 103.60+8.04
Segmented /ul 2630.00+406.67 2427.50+477.27 2208.05+274.17 2307.80+376.02
Lymphocytes /ul 4394.63+447.31 5364.40+£402.22 6546.63+944.89 7551.70+429.80
Eosinophils /ul 107.75+22.95 324.20+192.76 96.00+£48.10 70.30£11.21
Monocytes /ul 251.38+25.84 260.50+16.85 327.13+43.65 323.60+34.87

* ACV = Average corpuscular volume, ** MCHC = mean corpuscular hemoglobin concentration. Lowercase letters on the same line indicates that there
was no significant difference (p>0.05) within each group (non-splenectomized and splenectomized)
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Necropsy and histopathology findings

Necropsy of both cattle revealed pale carcass, ascites,
increased liver with rounded edges, full and distended gallbladder
with thick bile, moderate jaundice and accumulation of dry
stools in the rectum.

Histopathological analysis revealed moderate number of
lymphocyte and mild macrophages infiltration into the heart,
liver and kidney (Fig.4). Lymph nodes revealed histiocytic
infiltration on the center of follicles. We also observed
marked and diffuse hepatic sinusoid dilation, as well as
diffuse cholestasis.

SnPCR for target genes msp5 and mspla

All animals on DO were negative for A. marginale AmRio2
target gene msp5, except non-splenectomized cattle, which
remained positive even with treatment before starting the

Fig.4. Experimental infection with strain AmRio 2 of Anaplasma
marginale in buffaloes and cattle. Cattle 4 kidney with periglomerular
lymphocytic infiltrate. HE, bar = 50pm.

study (Table 4). Positive animals were found to be more
frequent from the time animals were raised on pasture (D35).
Splenectomized cattle presented a higher average frequency
of infection (50%) than spleen-free buffaloes (25%), and
Buffalo 4 presented its first positive snPCR only two months
after inoculation.

With the exception of Cattle 1 and 2 (non-splenectomized)
and Buffalo 4 (splenectomized), during the period they
remained in the stalls, there was considerable variation
in the dynamics of infection, where animals detected as
positive in one day did not necessarily continue the status
in the following days.

The evaluation of the target gene msplarevealed a similar
result to that found in DO in the analysis of the msp5 gene.
This confirmed that the animals were really negative at the
beginning of the experiment, with execution of unsplenectomized
cattle. On the following days, all samples selected for msp1a
screening were positive at least one time.

Sequencing of mspla gene in Anaplasma marginale

From the samples selected for sequencing, it was found
that five animals (Cattle 2, 3 and 4; Buffalo 2 and 3) presented
amino acid sequences (a 8 f B F) compatible with AmRio 2
strain of A. marginale.

DISCUSSION

In the present study, none of the buffaloes presented clinical
signs of anaplasmosis, which differs from the findings of Sharma
(1987) and Reddy et al. (1988) in experimental studies and
those reported by Srivastava & Ahluwalia (1974) and Vatsya
etal. (2013) in natural cases. These studies were developed
in India and no report was found on experimental infection
of Anaplasma marginale in buffalo in Brazil. Therefore, our
research is the first to simultaneously compare several aspects
of anaplasmosis in cattle and buffalo experimentally infected
with A. marginale strain AmRio 2 in this country.

Only splenectomized cattle showed clinical signs of the
disease, which corroborate those described by Lopes et al.
(2016), Silvestre et al. (2016) and Aktas & Oziibek (2017).

Table 4. Dynamics and frequency of infection with strain AmRio2 of Anaplasma marginale through Semi-Nested PCR for msp5 gene in
experimentally infected buffaloes and cattle as a function of animal blood collection in stalls (DO - D28) and in pasture (from D28)

DO D2 D5 D7

D9 D12 D14 D16 D19 D21 D26 D28 D35 D42 D48 D56 D60 D70

Frequency

Cattle 1 + + + + + + + + +
(intact)

Cattle 2 + + + + + + + + +
(intact)

Cattle 3 - + - - - . - -
(splenectomized)

Cattle 4 - + - - - - - +
(splenectomized)

Buffalo 1 - - - - - - - ¥
(intact)

Buffalo 2 - - - - - - - +
(intact)

Buffalo 3 - - - - - + - ¥
(splenectomized)

Buffalo 4 - - - - - - - R
(splenectomized)

+ Positive animal, - negative animal.

Pesq. Vet. Bras. 39(9):700-709, September 2019

+ + + + + + - + + 94% (17/18)
+ + + + + + + + + 100% (18/18)
- + + + + + + + + 50% (9/18)
" " + + + Death 50% (7/14)
+ - + + - + + + 39% (7/18)
. e .- 22% (4/18)
- . + - + + + + - 39% (7/18)
L L .+ 11% (2/18)
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On the other hand, other experimental studies have reported
mild clinical signs of anaplasmosis in splenectomized calves
(Doyle et al. 20164, Silvestre et al. 2016).

The frequency of positive animals for blood smear
evaluation was similar between buffaloes (33.5%) and cattle
(33.7%), as well as the mean values of rickettsemia in both
buffaloes (0.55%) and cattle (0.50%). In general, the peak of
rickettsemia in both species occurred in the 2nd PID. These
findings differ from those verified by Reddy et al. (1988),
who reported 8.5% of rickettsemia at the 29th PID in buffalo
calves, and those reported by Gale et al. (1996), who found
2% to 34% of parasitized red blood cells with peaks between
12th to 24th PID in Hereford calves.

In the present study, two days of PPP and 25.5 days of
PI were observed. Santos (2016) reported four-day PPP for
A. marginale strain AmRio 1. According to Kocan et al. (2010),
the PI can range from 7 to 60 days. The evolution of the clinical
condition until the death of splenectomized cattle lasted on
average 63 days and this shows that the strain presented high
pathogenicity for this group.

Regarding temperature, only splenectomized cattle
presented hyperthermia. This finding is in agreement with
that verified by Silvestre et al. (2016), who observed fever of
up to 40.2°C in experimentally infected cattle.

Marked changes were observed in splenectomized cattle
for the manual hematocrit evaluation, which presented values
below 15%, similar to that verified by Gale et al. (1996) and
Lopes et al. (2016). On the other hand, non-splenectomized
cattle and buffaloes, as well as splenectomized buffaloes, did
not present significant changes in hematocrit, contrary to
what was reported by Reddy et al. (1988) in buffaloes with
spleen (20.6%).

Regarding the variables analysis on the erythrogram, both
buffalo groups did not show any significant differences before
and after inoculation. These data differ from those found ina
case of natural infection by Vatsya etal. (2013). In relation to
cattle, the alterations observed were greater in splenectomized
animals, which were characterized by reduction of red blood
cells, hemoglobin and platelets. The non-splenectomized cattle
presented only increase of MCV. Doyle et al. (2016a) also
reported a reduction in red blood cell count and hemoglobin
concentration in splenectomized cattle.

Based on the white blood cell count, although not statistically
significant, both non-splenectomized and splenectomized
buffaloes and cattle showed elevation of leukocytes due to
an increase in lymphocyte count, a change also reported
by other authors (Doyle et al. 20164, Silvestre et al. 2016).
The decrease in red blood series elements is related to the
decreased lifetime of red blood cells in the circulation caused
by extravascular erythrophagocytosis due to the presence of
rickettsia in the circulation (Massard et al. 1998). In relation
to lymphocyte elevation, it probably represents an antigenic
stimulation in response to A. marginale (Brown 2012).

Splenectomized animals had a high platelet count when
compared to non-splenectomized animals of both species.
However, when comparing the moments before and after
inoculation, there was a decrease in the number of platelets in
all groups evaluated. These results resemble those of Doyle et al.
(2016b), who observed a significant decrease in platelets in
splenectomized and intact cattle in the days after infection.
Normally, up to one third of platelets are sequestered by the

spleen (Randolph et al. 2010) and with surgical removal of
this organ storage is impaired, which probably influenced
the platelet values found in the present study. Transient or
persistent thrombocytosis may also occur in asplenic humans
(Sumaraju et al. 2001, Resende & Petroianu 2002).

The death of splenectomized cattle may be related to the
greater susceptibility of these animals due to the absence
of the spleen, as splenectomy impairs the formation of M
immunoglobulins that appear at the beginning of the immune
response (Klaus & Jones 1968). In contrast to cattle, buffaloes
showed no clinical alteration. Therefore, it is suggested that
buffaloes were more resistant when compared to cattle with
respect to the strain evaluated in this study. In a similar study
with Babesia bovis, Benitez et al. (2018) also observed that
buffaloes did not show clinical symptoms and suggested that
these animals had the ability to eliminate or significantly reduce
circulatory hemorrhomas by an innate immunity mechanism.

Necropsy findings of splenectomized cattle were similar
to those found in animals with anaplasmosis. According to
Coetzee et al. (2005), these findings include severe anemia,
jaundice, hepatosplenomegaly, petechial haemorrhages in
the heart and pericardium, flabbiness and pallor of the heart.
Histopathology revealed inflammatory process characterized
by mononuclear cell infiltration into various organs. In addition,
there was dilation of the liver sinusoids and cholestasis. These
findings were similar to those described by Santos (1967).

Over 10 weeks of snPCR evaluation for the msp5 target
gene, there was a very variable infection dynamics, in which
positive animals on one day did not necessarily continue
their status on the following days. Animals that survive
acute infection of A. marginale develop persistent infections
characterized by low-level cyclic rickettsemia (Kieser et al.
1990, French et al. 1999).

Still on the snPCR for the msp5 target gene, the
non-splenectomized cattle started the positive experiment
even after treatment against A. marginale. Based on sequencing,
we found that these animals were infected with a native
strain of this rickettsia. It is believed that the drugs used
were not able to sufficiently reduce the amount of bacterial
DNA in the bloodstream of animals to levels undetectable by
snPCR. The rest of the animals responded to the treatment
and started the snPCR negative search. When evaluating
Table 4, the highest frequency of infection was at the time
animals were on pasture. Two hypotheses may support this.
The first, the animals came into contact with native strains of
A. marginale from the moment they went to pasture, which
contributed to a greater detection in snPCR for msp5 gene,
presentin several Anaplasma species and used for serological
and molecular screening studies (Torioni de Echaide et al.
1998, Bacanelli et al. 2014). The second, over time, the AmRio
2 strain increased the number of DNA copies in the circulatory
current of the ruminants and, consequently, contributed to a
higher sensitivity of the molecular examination and this can be
supported by the fact that this time (pasture period) includes
the period when rickettsemia increases (2 to 6 weeks after
infection), in which levels of 10° or more bacteria per milliliter
of blood can be verified by quantitative PCR (Futse etal. 2003,
Han et al. 2010). The last hypothesis is the most likely.

In the comparative analysis of the snPCR result for msp5
gene among splenectomized animals, cattle presented a
significantly higher average frequency of infection than
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buffaloes. Other studies also reported that buffaloes had lower
values (Silva et al. 201443, 2014b) compared to the observed
in cattle (Bacanelli etal. 2014). A splenectomized buffalo was
positive only 60 days after inoculation. It is likely that this
animal had low rickettsemia in the period prior to the 60th
PID, which possibly influenced the detection sensitivity of
A. marginale DNA copies by msp5 snPCR.

From the positive samples in the msp5 gene evaluation,
random animal samples were selected to be tested by msp1a
target gene snPCR and 100% of the positive samples were
found on at least one evaluation day. This indicates that the
AmRio strain 2 actually caused infection in the animals,
except in non-splenectomized cattle (Cattle 1 and 2), since
they started the experiment positive for A. marginale. The fact
that they were snPCR-positive for the mspla gene may be
related to the native strain in which these animals housed.

Despite the positive results observed in snPCR, analysis of
the amino acid sequences based on the mspla gene revealed
that only five ruminants (Cattle 2, 3 and 4; Buffalo 2 and 3)
showed similarity with A. marginale strain AmRio 2 tandem
repeat sequence (o 3 § B F), as described first by Baéta et al.
(2015). In these individuals it was possible to prove the infection
by the strain under study. In the remaining animals (Cattle 1;
Buffalo 1 and 4), the non-presentation of A. marginale AmRio2-like
strain should be further investigated in future studies.

CONCLUSIONS

Blood smear and snPCR showed that AmRio 2 strain of
Anaplasma marginale caused infection in experimentally
infected buffalo and cattle. Based on the association of clinical,
parasitological, histopathological and molecular findings, it
was concluded that two splenectomized cattle died due to
anaplasmosis caused by this strain.

Under the conditions of this experiment, buffaloes were
more resistant to anaplasmosis than cattle, as they showed
no relevant clinical and laboratory alterations after rickettsia
inoculation.

According to our research data, buffaloes may be an
alternative to raising cattle in areas with high frequency of
clinical cases of anaplasmosis.
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