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Seroprevalence fo Anaplasma marginale  in dairy cattle and, studies on the dynamics
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Abstract:  Sera of 708 animals (cows, heifers and calves) from 13 dairy herds in the Londrina region of Paraná,  Brazil,
were tested for antibodies to Anaplasma marginale by a competitive ELISA assay (cELISA). Ten 2 to 20 days old Holstein
calves, from one of the 13 herds studied, were monitored during one year. Blood samples from each calf were collected
monthly and tick burden counting was performed every fortnight. Percentage of infected erythrocytes was established by
Giemsa-stained smears, and sera samples were examined by cELISA to detect antibodies against  A. marginale. In the
13 herds, 92.94% of the animals were seropositive to A. marginale, which indicates that Londrina is an area of enzootic
stability. Among the three animal categories (cows, heifers and calves), the rates were 98.29%, 96.64% and 81.25%,
respectively. Passive transfer of maternal antibodies to calves was demonstrated by cELISA. From ten calves, nine (90%)
were seropositive at the first sampling, revealing colostral antibodies anti-A. marginale. These antibodies remained in
calves for 2 to 3 months. After this period the calves were infected with ticks, and then all of them were seropositive to
Anaplasma. Five  4 to 7 months old calves showed rickettsemia ranging from 0.1% to 3.8%. Two of them were treated with
tetracycline. The rickettsemia and clinical signs of anaplasmosis of these calves were coincident with tick burden
increase.
Key words:  Anaplasma marginale, seroprevalence, dairy cattle, cELISA, tick burden.

Introduction

Bovine anaplasmosis is an economically important
disease caused by the Anaplasmataceae Anaplasma
marginale, and has a widespread distribution in areas
with tropical-to-temperate climates (RISTIC, 1968).  A.
marginale is transmitted to cattle biologically by ticks
and mechanically by biting flies and fomites (HAWKINS

Resumo: Soros de 708 animais (vacas, novilhas e bezerros) oriundos de 13 propriedades leiteiras da região de
Londrina, Estado do Paraná, Brasil, foram testados para a presença de anticorpos contra Anaplasma marginale pelo
teste ELISA competitivo (cELISA). Dez bezerros recém nascidos, pertencentes a um dos 13 rebanhos utilizados no
levantamento sorológico, foram monitorados durante um ano. De cada bezerro foram colhidas amostras de sangue
mensalmente e a cada quinze dias foi realizada a contagem de carrapatos. A porcentagem de eritrócitos parasitados foi
determinada pela coloração de Giemsa em esfregaços sanguíneos e as amostras de soros foram submetidas ao
cELISA para a detecção de anticorpos contra A. marginale. Dos animais dos rebanhos, 92,94% foram soropositivos
para A. marginale indicando que a região de Londrina é uma área de estabilidade enzoótica. Nas três categorias de
animais estudadas (vacas, novilhas e bezerros) as taxas de soropositivos foram de 98,29%, 96,64% e 81,25%,
respectivamente. Nove dos 10 bezerros (90%) foram positivos pelo cELISA logo após o nascimento, o que demonstra
a transferência de anticorpos colostrais. Os níveis de anticorpos colostrais foram detectados até o segundo e o terceiro
mês de idade com um decréscimo neste período. Os níveis de anticorpos contra A. marginale voltaram a crescer nos
meses seguintes, após os animais se infestarem com o Boophilus microplus, quando todos eram positivos. Cinco
bezerros com idades entre quatro e sete meses apresentaram rickettsemias detectáveis pela coloração de Giemsa,
variando de 0,1% a 3,8%, sendo que dois destes animais foram tratados com tetraciclina. Estas rickettsemias e os
sinais clínicos apresentados por estes bezerros foram coincidentes com o aumento do número de carrapatos sobre os
animais.
Palavras-chave: Anaplasma marginale, soroprevalência, bovinos leiteiros, cELISA, infestação por carrapato.

et al., 1982; ZAUGG et al., 1986; AGUIRRE et al., 1988).
The infection becomes patent microscopically 2 to 6
weeks post-transmission, depending on the number of
organisms transmitted and the virulence of the isolate.
At peak infection the rickettsemia levels exceed 109

infected erythrocytes per ml and the clinical signals
developed are severe anemia, fever, weight loss and
death.  Following acute anaplasmosis, repetitive cycles
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of rickettsemia ranging from approximately 102.5 to 107

infected erythrocytes per ml characterize the persistent
infection (ERIKS et al., 1993; KIESER et al., 1990;
FRENCH et al., 1998). Persistently infected cattle
remain carriers with low levels of rickettsemia, which
can not be detected microscopically, serving as a
permanent source of infection for susceptible cattle
(ZAUGG et al., 1986; KUTTLER, 1984; SWIFT; THOMAS,
1983).

The identification method commonly used to confirm
acute anaplasmosis is the microscopic examination by
Giemsa stained blood smears, by which can be only
detected levels over 106 infected erythrocytes per ml
(GALE et al., 1996). Nested-PCR (nPCR) can reveal
carrier cattle by amplification of A. marginale DNA, and
serological reactions detect A. marginale- specific
antibodies in serum.

The performance of four serological tests for the
detection of antibodies against A. marginale (Rapid
Conglutination Test - RCT, Immunofluoerescence
antibody test (IFA), enzyme linked Immunosorbent
assay) (Araújo et al., 1998) and a competitive ELISA
(cELISA) based on the A. marginale recombinant protein
MSP5 and its monoclonal antibody (mAb) ANAF16C1
(Knowles et al., 1996) was evaluated by Marana et al.
(1998) with 237 bovine sera.  When the tests were
analyzed individually, the cELISA showed the lowest
percentage of discrepancy (4.9%) as compared to
indirect ELISA (10.4%), IFA (23.0%) and RCT (28.2%),
showing that cELISA test was the most specific and
sensitive of them.

A previous study about prevalence of anaplasmosis
infections in dairy cattle in Londrina, Paraná, by cELISA
test, showed that the epitope on MSP-5 defined by mAb
ANAF16C1 is conserved within A. marginale in this
region (VIDOTTO et al., 1998).

The present study, using a larger number of sera
from three animal categories, shows a more accurate
prevalence for A. marginale, by the cELISA test and,
evaluation of the A. marginale natural infection in a dairy
herd from the Londrina region.

Material and Methods
Sera samples and animals

This study was carried out in Londrina county
situated in northern Paraná, in Southern Brazil (23o08’
47 W; 23o 55’ 46 S, 576m) with an average temperature
of 22oC and an average annual pluviometric rainfall of
1876mm (Instituto Agronômico do Paraná – IAPAR,
1998). A total of 708 sera from 13 Holstein pure and
crossbred herds (208 calves, 149 heifers  and 351 cows)
were randomly selected for testing, during January-April
1998. Blood samples were collected, from the jugular
vein, using disposable needles for each animal. Sera
were separated, then removed from the clotted blood
samples and stored at -20oC until to be used.

One of the 13 herds studied, showed 100% of cows

seropositive for A. marginale and was chosen to study
the dynamics of the natural infection, by monitoring of
ten Holstein calves, age ranging from 2 to 20 days old,
at fortnight intervals, during one year from April 1997 to
March 1998. Calves received the colostrums immediately
after birth and then they were separated from their dams
at one to two days of age and fed artificially in individual
places, until being turned out to pasture, when they
were between two-three months old.

Blood samples were collected monthly from each calf
into two tubes, one containing ethylenediaminetetraacetic
acid (EDTA) anticoagulant and the other without it.
EDTA-blood samples were used to make thin blood
smears. Non-EDTA blood samples were token to
perform cELISA. The rickettsemia observed by
microscopic examination of Giemsa-stained blood
smears was calculated according to the Instituto
Interamericano de Cooperation para la Agricultura (IICA)
(1984). Every two weeks half body counts of standard
female Boophilus microplus ticks (>4.5mm) were carried
out according to Wharton & Roulston, 1970. Calves
received acaricide treatments according to the farm
management practices schedule considering tick
infestation. Clinical signs and treatments that had
occurred to calves during the experimental study were
recorded.

rMSP5-cELISA
The test was performed as previously described

(Knowles et al., 1996), based on the recombinant major
surface protein 5 (rMSP5) conserved among Anaplasma
sp. Two negative male Holstein calves raised at an
isolation area of Londrina State University Veterinary
Hospital, persistently negative by IFA and nPCR, were
included as negative controls and a sera pool of A.
marginale infected animals from Londrina region was
used as positive controls. Reactions were stopped with
25 mL of 2N NH

2
SO

4
, and optical density at 492 nm

(OD
492

) was determined with microplate reader. The
percentage of inhibition (PI) for the test sera was
calculate relative to the negative control serum using
the formula: PI = 100 – (100 x test serum absorbance/
negative control absorbance). The cutoff point selected
to discriminate between negative and positive sera was
25% inhibition.

Statistical analysis

The Chi-square test (FLEISS, 1981) was used in the
prevalence survey, to compare the positive sera
percentages among the animal categories studied with
a p<0.01 level of significance.

Results and Discussion

Of 708 serum samples tested, from three animal
categories, 658 (92.9%) were positive to A. marginale
antibodies by the rMSP5-cELISA assay (Table 1). The
sera tested presented PI between 5% and 100%, with
the most part over 70% (Fig. 1). These values show
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that the mojority of animals (74.0%) had high levels of
antibodies against A. marginale. Considering the three
animal categories in separete, the statistical analysis
showed association between animal ages and reactivity
to A. marginale. Calves exhibited a lower frequency of
seropositive (81.2%) than heifers (96.6%) and cows
(98.3%). These results suggest that calves should be
more exposed to A. marginale infection than other animal
categories.

In a previous study with 410 sera samples collected
in 1991-1992 from Londrina, the prevalence for cows
was 87.5%, varying from 78.2% to 93.9% among 12
herds (VIDOTTO et al. 1998). The seroprevalence rate
for A. marginale found in Londrina, in both studies, is in
agreement with other rates (86.5% to 98.0%) found
throughout the country: Minas Gerais (RIBEIRO; REIS,
1981), Mato Grosso do Sul (MADRUGA et al., 1985),
Bahia (ARAUJO et al., 1995; ARAUJO et al., 1998) and
Rio Grande do Sul (DALAGNOL et al., 1995). Considering
the criteria defined by Mahoney and Ross (1972), all
these regions studied are areas of enzootic stability. In
such conditions (high prevalence rates) the herds

Table 1 – Seroprevalence rates for Anaplasma marginale
in dairy herds from the Londrina region of Paraná State,
Brazil, by cELISA assay.

(p< 0.01)

Animals Reactive
sera

Non-reactive
sera

Total

Cows 345
(98.29%) a 6 (1.71%) 351

Heifers
144

(96.64%) a 5 (3.36%) 149

Calves
169

(81.25%) ab 39 (18.75%) 208

Total 658 (92.94%) 50 (7.94%) 708

maintain high levels of antibodies against A. marginale
all over the year and outbreaks of clinical disease rarely
occur. However, there are some particular situations,
such as low tick load, lack of rain and arid regions,
where the prevalence rates are lower, characterizing
areas of enzootic instability (OLIVEIRA et al., 1992;
ARTILES et al., 1995).

In this work, passive transfer of maternal antibodies
to calves was demonstrated by the rMSP5-cELISA.
From ten calves, nine were seropositive on the first
month with ages varying from 2 to 20 days old, showing
colostral antibodies anti-A. marginale rMSP5 transfers
(Table 2). Only one 15 days old calf (number 527) was
negative and remained serologically negative until 135
days old. In the following month, this calf became
infected, showing 0.1% of rickettsemia by Giemsa stain.
At this time it was counted 24 adult ticks fixed on it and
one month later the rickettsemia was increased to 3.8%
and the animal presented clinical signs of anaplasmosis.

Figure 1 – Frequency distribution of rMSP-cELISA
percent inhibition values for 708 dairy cattle from
Londrina, Paraná State, Brazil.
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Animals number (ages)

Months/ 526 (15) 527 (15) 528 (14) 529 (11) 530 (03) 531 (10) 532(02) 533(06) 534 (06) 998 (20)

Samples G C T G C T G C T G C T G C T G C T G C T G C T G C T G C T

A/1 st - + 0 - - 0 - + 0 - + 0 - + 0 - + 0 - + 0 - + 0 - + 0 - + 0
M/2 nd - + 0 - - 0 - + 0 - + 0 - - 0 - + 0 - + 0 - + 0 - + 2 - + 0
J/3 rd - + 0 - - 0 - + 0 - + 6 - - 0 - + 0 - - 0 - - 2 - + 2 - + 2
J/4th - - 4 - - 0 - - 4 - + 8 - - 2 - + 8 - - 20 - - 6 - + 16 - - 8
A/5th - + 4 0,1* + 24 - - 4 - + 6 - - 18 - + 14 - - 12 - + 12 - - 32 - - 10
S/6th 0,2 + 24 3,8 + 0 - + 20 - + 34 - - 0 - + 8 - + 4 - + 0 - - 2 - + 6
O/7th - + 16 - + 0 - + 8 2.0 + 2 - + 4 - + 2 - + 10 - + 4 - + 4 - + 0
N/8th - + 40 - + 0 - + 4 - + 4 2,8* + 2 - + 10 - + 8 - + 52 - + 66 - + 2
D/9th - + 8 - + 10 + + 0 - + 0 - + 0 - + 16 - + 8 - + 22 - + 34 - + 106
J/10st - + 40 - + 12 - + 20 - + 0 - + 22 - + 6 - + 4 - + 14 - + 22 - + 38
F/11nd - + 22 - + 14 - + 20 - + 46 - + 6 - + 2 - + 0 - + 2 - + 2 - + 2
M/12 rd - + 0 - + 4 - + 2 - + 2 - + 12 - + 8 - + 14 - + 60 - + 54 - + 60

G = Giemsa stained smears (rickettsemia); C = competitive ELISA and T= total tick counting
- = Negative results; + = positive results; ( ) = calves age in days at their first blood sample collection

* Calves, which were treated with tetracycline during rickettsemia

Table 2  – Results of monthly samples collections during 12 months, from April 1996 to March 1997, analyzed by
Giemsa stain and cELISA, from Holstein calves in Londrina County, Paraná State, Brazil.
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The transferred colostral antibodies level decreased
at 2nd sampling, when the animals had about two months
until the 4th sampling and, after the 6th month all calves
had high A. marginale antibody levels, corresponding
to the ticks’ presence (Fig. 2 and 3). Similar data were
found by Herrero et al. (1998) that found 79% of the
calves with post colostral antibodies at birth, by cELISA
assay, decreasing to 13% at first month. Madruga et
al. (1987), monitoring beef calves from birth until 210
days old, detected decreasing of colostral antibodies
against A. marginale on 47th day.  The passive transfer
of colostral antibodies from the dams was also
demonstrated experimentally in heifers infected with A.
marginale during gestation period (SWIFT et al., 1978).

Detection of the B. microplus on the calves occurred
for the first time at the 2nd month (calf 534 showed two
ticks) and next, at the 3rd month (calves 529, 533 and
998, had six, two and two ticks, respectively). All the
calves had tick burden counting recorded and increased
around the 4th and 5th month (Table 2, Fig. 3).

None of the calves presented clinical disease until
the fifth month after birth, indicating that colostral
antibodies may have an important role on protecting
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Figure 2 – Frequency distribution of rMSP5-cELISA
percent inhibition by sera of ten calves during a period
of 12 months, in an A. marginale-infected herd, in
Londrina, Paraná State, Brazil.

Figure 3 – Mean frequency of tick burden on Holstein
calves during a period of 12 months, beginning in April
1997, in Londrina, Paraná State, Brazil.
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them against A. marginale infection during the first four
months after birth. Additionally, the ticks started to
appear on the calves around the 2nd and 3rd months, but
the tick burden increased significantly only in the 5th

month after birth, when rickettsemia was detected for
the first time. Rickettsemia detectable by Giemsa
stained slide smear occurred in four calves (526, 527,
529 and 530). Two calves (527 and 530) showed clinical
signs of anaplasmosis and they had treatment with
tetracycline during rickettsemia. All cases of
anaplasmosis with recorded rickettsemia occurred from
the fifth to eighth months after birth, coinciding with the
higher tick burden coutings. A. marginale infection
usually becomes patent microscopically 20 to 40 days
post rickettsia inoculation (RISTIC, 1981). In this
experiment the tick burden increased between 15 and
30 days before the detection of rickettsemia and the
appearance of clinical signals of anaplasmosis (Table
2). These facts together, strongly suggest an horizontal
transmission of A. marginale by B. microplus, after the
calves are turned out to pasture. Furthermore, the calves
showed low levels of antibodies from the third to the fifth
months and then increased significantly remaining high
until the end of the experiment.
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