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Abstract

The protective efficacy of an inactivated vaccine from Anaplasma marginale that was cultured in tick cells (IDE8) 
for use against bovine anaplasmosis was evaluated. Five calves (Group 1) were inoculated subcutaneously, at 21-day 
intervals, with three doses of vaccine containing 3 × 109 A. marginale initial bodies. Five control calves received saline 
solution alone (Group 2). Thirty-two days after the final inoculation, all the calves were challenged with approximately 
3 × 105 erythrocytes infected with A. marginale high-virulence isolate (UFMG2). The Group 1 calves seroconverted 
14 days after the second dose of vaccine. After the challenge, all the animals showed patent rickettsemia. There was 
no significant difference (p > 0.05) between the Group 1 and 2 calves during the incubation period, patency period 
or convalescence period. All the animals required treatment to prevent death. The results suggest that the inactivated 
vaccine from A. marginale produced in IDE8 induced seroconversion in calves, but was not effective for preventing 
anaplasmosis induced by the UFMG2 isolate under the conditions of this experiment.
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Resumo

Foi avaliada a eficácia de uma vacina protetora para Anaplasma marginale cultivada em células de carrapato (IDE8) 
para uso contra a anaplasmose bovina.  Cinco bezerros (Grupo 1) foram inoculados por via subcutânea com três doses, 
intervalados de 21 dias, de vacina contendo 3 × 109 corpúsculos iniciais de A. marginale inicial. Cinco bezerros do 
grupo controle receberam apenas solução salina (Grupo 2). Trinta e dois dias após a inoculação final, todos os bezerros 
foram desafiados com aproximadamente 3 × 105 eritrócitos infectados com isolado de A. marginale alta virulência 
(UFMG2). Os bezerros do Grupo 1 soroconverteram-se 14 dias após a segunda dose da vacina. Após o desafio, todos os 
animais mostraram riquestsemia patente. Não houve diferença significativa (p > 0,05) entre bezerros do Grupo 1 e 2 em 
período de incubação, período de patência, ou período de convalescença. Todos os animais necessitaram de tratamento 
para prevenir a morte. Os resultados sugerem que uma vacina inativada de A. marginale, produzida em IDE8, induz 
soroconversão em bezerros, mas não é eficaz na prevenção de anaplasmose induzida pelo isolado UFMG2 nas condições 
deste experimento.
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Introduction

Bovine anaplasmosis affects the health of livestock produced 
worldwide. This disease is caused by intra-erythrocytic rickettsia 
due to Anaplasma marginale, which is transmitted in South America 
by Rhipicephalus (Boophilus) microplus and hematophagous flies 

(GUGLIELMONE, 1995). Most areas of Brazil have climatic 
conditions that are favorable for development of these vectors 
throughout the year, thus enabling transmission of A. marginale 
to calves that are more resistant to infection. This defines areas 
of enzootic stability, in the southeastern region (RIBEIRO et al., 
1984; SOUZA et al., 2000, 2001) and northeastern region 
(BARROS et al., 2005), where outbreaks of anaplasmosis in adult 
cattle have not generally been observed.
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However, in some areas of northeastern Brazil (OLIVEIRA et al., 
1992) and in the southern region (ARTILES et al., 1995), the 
climatic and ecological conditions are not favorable for tick and 
fly development in all seasons. In these areas, most adult cattle 
do not encounter A. marginale infection when immature and are 
vulnerable to outbreaks with a high mortality rate. This characterizes 
an area of enzootic instability (GUGLIELMONE, 1995). Even in 
a stable area, measures for vector control and for reducing contact 
between calves and vectors may be adopted, thereby fostering the 
development of an unstable situation with serious consequences.

In areas that are endemic for anaplasmosis, control measures are 
not intended to prevent infection but to reduce the occurrences of 
clinical cases and animal mortality due to acute rickettsemia and 
subsequently diminished blood packed cell volume (PCV). In areas 
of enzootic instability, administration of antibiotics or inoculation 
of calves with live vaccine has been used (RIBEIRO et al., 2003). 
However, adult cattle with no prior exposure are highly susceptible 
to developing clinical disease, even when inoculated with a sample 
of low virulence. Preventing mortality among these animals in 
an area that is endemic for anaplasmosis is a major challenge.

Inactivated vaccines from A. marginale were used in the United 
States until 1999 (KOCAN et al., 2000). Their withdrawal from 
the market was related to the difficulty in purifying rickettsia, the 
need for A. marginale-free calves for production of antigen, the 
frequency of booster applications and difficulty in standardizing 
the vaccine (KOCAN et al., 2000). With the development of 
A. marginale cultures in embryonic cells of the tick Ixodes scapularis 
(IDE8) (MUNDERLOH et al., 1994), several of these issues have 
been resolved. The observation that immunization with inactivated 
organisms derived from tick cultures induces protective immunity 
against challenge with A. marginale (DE LA FUENTE, 2002, 
2003) shows that this is a promising control measure.

The aim of the present study was to evaluate the protective 
capability of an inactivated vaccine, produced with A. marginale 
cultured in embryonic cells of Ixodes scapularis (IDE8), among 
calves that were experimentally challenged with a highly pathogenic 
A. marginale isolate.

Material and Methods
The IDE8 cells were maintained in vials containing 5 mL of 

L-15 medium (Sigma) at pH 7.2, supplemented with 5% fetal 
bovine serum (FBS) (Sigma), 10% tryptose phosphate broth 
(Sigma), 0.1% bovine lipoprotein concentrate (LBC) (Sigma), 
0.1% L-glutamine and 0.1% antibiotic (penicillin/streptomycin) 
(MUNDERLOH et al., 1994). The temperature was maintained 
at 30 °C (±2 °C). The medium was changed every week and 
culturing was carried out every 14 days.

1. Preparation of inactivated vaccine from 
Anaplasma marginale

Culturing of Brazilian strains of A. marginale in IDE8 cells was 
described previously (BASTOS et al., 2009). Briefly, monolayers 
of IDE8 cells were inoculated with blood containing UFMG1 and 
UFMG2 isolates from A. marginale that had been cryopreserved in 
liquid nitrogen. Approximately 14 days after inoculation, colonies 

of A. marginale were observed in cytospin cell smears stained 
with Giemsa. Subsequent infection was produced by transferring 
infected cells to uninfected cells. Infected IDE8 were maintained 
with L-15B medium supplemented with MOPS and held at 34 °C.

When the level of infection reached 70 to 80% of the cells, 
they were harvested and centrifuged at 9000 g for 15 minutes at 
4 °C. The pellet that formed was homogenized and incubated 
with trypsin for 20 minutes at 37 °C. After addition of sterile 
PBS, the cells were disrupted mechanically and centrifuged at 
2300 g for 5 minutes at 4 °C. A. marginale initial bodies in the 
supernatant were quantified in a hematimetric chamber and the 
volume was adjusted to 2 mL. Each dose contained approximately 
1.5 × 109 A. marginale initial bodies of each isolate. The antigen 
was inactivated by adding β-propiolactone at a concentration 
of 0.4% at 4 °C for 30 minutes. Subsequently, the antigen was 
emulsified in oil adjuvant (Emulsigen®, MVP Laboratories, USA) 
at a ratio of 20:80 (v:v). The emulsion was prepared by shaking 
the reagents in a vortex device for approximately 5 minutes, at 
room temperature.

2. Experimental animals

Ten male Friesian calves were kept in a tie stall barn from birth 
and were sprayed once a week with deltamethrin (Butox, Chemo), 
in order to keep them free of ticks and biting flies. Blood samples 
were collected every week for preparation of Giemsa-stained 
smears to detect A. marginale infection. The packed cell volume 
(PCV) was determined using microhematocrit, and antibodies to 
A. marginale, Babesia bovis and B. bigemina were detected using 
the indirect fluorescent antibody test (IFAT) (IICA, 1987). At the 
start of the experiment, all the calves were approximately 90 days 
old and had been declared to be free of A. marginale infection.

Five calves were randomly assigned to each of two groups. 
Group 1 was vaccinated with the inactivated vaccine from 
A. marginale, and Group 2 (controls) was treated with saline. For 
immunization, the calves were inoculated with three subcutaneous 
doses of the vaccine at intervals of 21 days. Group 2 was injected 
with saline emulsified in oil, on the same schedule.

All the calves were challenged with 3 × 105 erythrocytes infected 
with a blood stabilate that had been infected with an UFMG2 
isolate of A. marginale, 32 days after the final vaccination.

3. Monitoring of the experimental groups

Calf infections were monitored by examining blood smears 
under a microscope and assessing the PCV every day after the 
onset of infection. The calves were examined daily for clinical 
signs, including body temperature and heart and respiratory rates. 
The calves’ rickettsemia levels were measured from blood smears 
stained with Panoptic (Laborclin, Paraná, Brazil); 40 microscopic 
fields were counted (IICA, 1987). The PCV was measured using 
microhematocrit from blood samples collected in EDTA tubes 
from the jugular vein.

Calves showing clinical signs and a PCV lower than 10% were 
treated with enrofloxacin at a dose of 7.5 mg kg–1 of body weight 
in a single dose. The clinical parameters, rickettsemia levels and 
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PCV of each calf were analyzed. The first day when the PCV was 
found to be less than 10% was designated day zero, and subsequent 
data was referenced to this day. The incubation period (IP) was 
defined as the interval from the day of challenge-exposure to the 
day of infection onset. The patent period (PP) was measured 
from the day when A. marginale was first detected to the day of 
enrofloxacin treatment, and the convalescent period (CP) was 
from the treatment day to the day when the PCV returned to 
26% (MEYER et al., 1995).

This study was approved by the Ethics Committee for Animal 
Experimentation (CETEA/UFMG, Belo Horizonte, MG, Brazil), 
under protocol nº 41/06.

4. Humoral immunity

Blood samples were collected in EDTA tubes, before the first 
vaccination and 14 days after each vaccination. The blood was 
centrifuged at 1500 g for 10 minutes, and the plasma was harvested 
and frozen at –20 °C. Total IgG for A. marginale was measured by 
means of IFAT, using serial double dilutions of plasma samples. 
Samples were considered positive when fluorescence was produced 
at dilutions ≥1:40 (IICA, 1987)

5. Statistical analysis

In relation to rickettsemia and PCV, the experimental design 
consisted of a completely randomized split plot (SAMPAIO, 
2007), with five repetitions of each treatment (five calves). The 
plots were composed of the vaccinated and control groups and 
the subplots were composed of the numbers of days in the disease 
patency and convalescence periods. The Fisher test was used to 
compare the mean PCVs. The rickettsemia data did not adhere 
to the principles of normality and homogeneity, and treatment 
means were therefore compared using the Kruskal-Wallis test 
(SAMPAIO, 2007). For IP, PP and CP data, the experimental 
design was randomized, consisting of two treatments (groups) and 
five repetitions (calves). The Fisher test was used to compare means 
between the groups for PP and CP. The incubation period did not 
show normal distribution and homogeneity of variance and was 
also analyzed using the Kruskal-Wallis test (SAMPAIO, 2007).

Results

1. Seroconversion
The animals immunized with inactivated vaccines from cell 

culture-derived A. marginale (Group 1) seroconverted with a 
titration of 320, 14 days after the second dose of vaccine. The 
unvaccinated group remained seronegative until the challenge, 
thus showing the absence of natural transmission of anaplasmosis 
during the experiment. On the day of challenge the mean antibody 
titer was 1280.

2. Incubation period, patency period, and 
convalescence period

All the animals in both groups showed patent rickettsemia 
following the challenge with the UFMG2 isolate. There was no 
significant difference (p > 0.05) between Group 1 and 2 during the 

IP, PP or CP (Table 1). The average IP was 20 days, the PP ranged 
from 10.4 to 12.3 days, and the CP ranged from 7.0 to 9.3 days.

3. Evaluation of rickettsemia

Calves in Group 1 developed a low levels of rickettsemia, 
but this was not significantly different from Group 2 (p > 0.05) 
(Table 2). The rickettsemia levels were evaluated by means of 
blood smears during the PP and CP (days -6 to 12), and showed 
their maximum values until the day of lowest hematocrit (day 
0). Thereafter, the rickettsemia level showed a rapid decline from 
day 1 to day 4, when it stabilized (Table 2).

4. Packed cell volume

When the PCV levels were evaluated using the Fisher test, no 
significant differences (p > 0.05) were detected between Groups 1 
and 2. Prior to day -6, the animals showed average PCV, within 
normal limits (between 30 and 35%) (data not shown). During 
the PP (from day -6 to day 0), Groups 1 and 2 showed similar 
decreases in PCV, reaching a minimum value of 10% on day zero, 
when they were treated. On the next day, the PCV began to recover, 
reaching normal limits (PCV ≥ 26%) around day 11 (Table 3).

Discussion

One of the biggest barriers to the production of inactivated 
vaccine from A. marginale using blood from experimentally 
inoculated animals is the presence of erythrocyte stroma, which 
results in neonatal isohemolytic anemia in calves after they ingest 
colostrum from immunized dams (DENNIS et al., 1970). Culturing 
of A. marginale in tick cells has eliminated this factor and opened 
up new avenues for developing inactivated vaccine.

In this experiment of the present study, animals inoculated 
with inactivated vaccine from A. marginale cultured in IDE8 
showed a rapid humoral immune response, thereby confirming 
the observations of Kocan et al. (2001), de La Fuente et al. 
(2002) and Garcia-Garcia et al. (2004a). It has been found that in 
isolates of A. marginale grown in IDE8, surface antigens (MSPs) 
are conserved (BARBET et al., 1999) and that the protective 
response to infection is linked to the MSP-specific antibody levels 
(TEBELE et al., 1991). In addition, the adjuvant used in vaccine 
preparation for the present (Emulsigen®) has the potential to elicit 
higher levels of humoral antibodies, more rapid onset of immunity 

Table 1. Mean values (days) for incubation period (IP), patency period 
(PP) and convalescence period (CP), among animals immunized with 
cell culture-derived Anaplasma marginale after challenge with the 
UFMG2 Anaplasma marginale isolate.

Group IP1 PP2 CP2

Vaccinated 20.0A 10.4A 7.0A

Control 20.0A 12.3A 9.3A

1Means with same superscript are similar according to the Kruskal-Wallis test 
(p > 0.05). 2Means with same superscript are similar according to the Fisher 
test (p > 0.05).
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and enhanced protection, compared with conventional adjuvants 
(HISZCZYNSKA-SAWICKA et al., 2010).

Although seroconversion took place among the vaccinated 
calves, the antibodies were not able to prevent clinical anaplasmosis 
or to reduce its effects. The vaccinated animals showed a clinical 
picture similar to that of the control group, and the IP, PP and CP 
were also similar. Presence of antibodies does not signify effective 
protection against anaplasmosis in animals, since administration of 
immune serum from donors with high titers of antibodies has not 
been shown to protect animals against challenge with A. marginale 
(GALE et al., 1992). Immunity against anaplasmosis involves not 
only humoral immunity but also a Th Type 1 cell immune response, 
together with production of interferon gamma (IFNg), interleukin 
(IL) 2 and IL12, which are able to reduce the clinical effects of the 
disease (BROWN et al., 1998; DE LA FUENTE et al., 2002).

Through inoculation with A. marginale initial bodies, all surface 
antigens are exposed to the host’s immune system. Five major 
surface proteins of A. marginale have been characterized: MSP1, 
MSP2, MSP3, MSP4 and MSP5. MSP1 has been implicated 
in induction of protective immunity in mice immunized with 
A. marginale (PALMER et al., 1986). MSP1 is composed of two 
structurally unrelated proteins, MSP1a and MSP1b, which have 
been shown to be involved in adhesion of rickettsiae to host 
cells. However, proteins MSP1a and MSP1b produced during 
multiplication of rickettsia in tick cells may vary from those in 
the erythrocytes of cattle. The amount of MSP1a in samples of 
A. marginale in erythrocytes is higher than when grown in tick cells 
(GARCIA-GARCIA et al., 2004a; KOCAN et al., 2004), unlike 
MSP1b, which shows no change in production whether derived 
from erythrocytes or tick cells. Animals immunized with antigens 
of A. marginale cultured in IDE8 cells show a predominantly 
humoral response against MSP1b, while mice immunized with 
antigens from infected erythrocytes develop a response against 
MSP1a (KOCAN et al. 2001; DE LA FUENTE et al., 2002). 
This suggests that regulation of the expression of MSP1a in 
erythrocytes may result in production of molecules that do not 
form complexes with MSP1a and MSP1b, thereby increasing the 
chance of transmission to ticks when they feed on infected bovine 
erythrocytes (GARCIA-GARCIA et al., 2004b).

In addition to involvement in adhesion, infection and 
transmission of A. marginale to ticks, MSP1a also contributes 
towards immune protection of cattle (PALMER et al., 1986; 
McGAREY et al., 1994; DE LA FUENTE et al., 2003). Brown et al. 
(2001) found that the response to CD4+ T cells preferentially 
recognized the carboxyl terminal of MSP1a in cattle immunized 
with purified MSP1 complex, which provided protection after 
challenge with the homologous isolate of A. marginale. The 
animal protection in the present study may have been insufficient, 
because the A. marginale used was derived from IDE-8 tick cell 
cultures, and therefore the MSP1a production was insufficient 
for an effective Th1 response.

Genome sequencing and proteomic analysis on A. marginale 
membrane proteins have identified a variety of other surface antigens 
(AGNES et al., 2011, DARK et al., 2011), including in Brazilian 
isolates (VIDOTTO et al., 2008; GUEDES JUNIOR et al., 
2010). Nonetheless, although all these studies were conducted 
using A. marginale from infected cattle blood, no information on 
the influence of in vitro cultivation in tick cells on these proteins 
has been produced.

Another factor that may be associated with the failure of the 
inactivated vaccine to prevent clinical disease is the isolate used 
in the challenge. The UFMG2 isolate has been demonstrated to 
present high virulence, causing clinical disease in young and adult 
animals with an incubation period of 21 days (BASTOS et al., 
2010). However, challenge with a single dose of a high concentration 
of erythrocytes from a virulent isolate does not mimic natural 
infections in which animals are continuously exposed to low 
concentrations for long periods of time (PACHECO et al., 
2004). Success in using inactivated A. marginale vaccine grown 
in tick cells, with low-virulence isolates as the challenge, has been 
reported. The control animals showed a reduction in PCV, but not 
to less than 20% (KOCAN et al., 2001; DE LA FUENTE et al., 
2002). In the present experiment, all the animals inoculated with 
the UFMG2 isolate developed severe anemia and, when the PCV 
reached 10%, were treated to ensure survival.

We conclude that inactivated vaccines derived from culturing 
A. marginale in embryonic cells of Ixodes scapularis induced 
seroconversion in calves, but were not effective for preventing 
the anaplasmosis induced by challenge using the UFMG2 isolate 

Table 3. Packed cell volume of animals immunized with cell culture-derived Anaplasma marginale and challenged with the UFMG2 
Anaplasma marginale isolate.

Groups
Days

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6 7 8 9 10 11 Mean
Vaccinated 27.3 26.5 24.8 19.3 15.7 13.3 10.5 12.8 14.0 16.0 17.0 18.8 20.4 21.6 21.6 22.2 23.5 26.3 19.5A

Control 27.4 25.6 22.0 20.4 19.2 16.2 13.6 16.2 16.8 18.4 20.6 22.4 21.5 22.8 25.0 24.3 26.3 26.8 21.4A

Day 0: day of lowest PCV.

Table 2. Mean rickettsemia values (%) among animals immunized with cell culture-derived Anaplasma marginale and challenged with the 
UFMG2 Anaplasma marginale isolate.

Group
Days

–6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6 7 8 9 10 11 12 Mean
Vaccinated 0.8 1.4 5.8 8.7 10.2 7.4 8.9 4.0 0.3 0.7 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 2.5A

Control 0.1 2.7 3.5 9.2 8.2 10.3 10.4 4.6 0.9 0.5 0.1 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8A

Day 0: day of lowest PCV.
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under the conditions of this experiment. Studies using A. marginale 
isolates of lower virulent for challenge in vaccinated animals, 
or using changes to the composition of the inactivated vaccine 
should be conducted.
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