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1Animal Biotechnology Division, Centro de Ingenierı́a Genéticay Biotecnologı́a, Ave. 31; 159 &
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Abstract. Boophilus microplus has developed resistance against a range of chemical acaricides

which has stimulated the development of alternative methods such as vaccination against ticks.

In Cuba, the Bm86-based recombinant vaccine GavacTM has been successfully used in a number

of controlled laboratory and field trials in cattle against B. microplus. In this paper, we have

evaluated GavacTM in a large scale field trial wherein 588,573 dairy cattle were vaccinated with

the aim to reduce the number of acaricidal treatments. It was found that the number of

acaricidal treatments could be reduced by 87% over a period of 8 years (1995–2003). Prior to

the introduction of the vaccine, 54 clinical cases of babesiosis and six fatal cases were reported

per 1000 animals. Six years later, the incidence of babesiosis was reduced to 1.9 cases per 1000

cattle and mortality reduced to 0.18 per 1000. The national consumption of acaricides in Cuba

could be reduced by 82% after the implementation of the integrated anti-B. microplus control

program.

Introduction

Tick infestation due to Boophilus microplus constitutes a major problem for
cattle in tropical and subtropical regions, affecting productivity and includes
the risk to contract babesiosis and anaplasmosis. The conventional control
method is the use of chemical acaricides that has only partially been successful,
due to the development of resistance and chemical residues in milk and meat.
These drawbacks have lead to alternative approaches to tick control, such as
the use of host resistance and vaccine development to induce an immunological
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response against tick infestation (Johnston et al. 1986; Willadsen and Jongejan
1999; Mulenga et al. 2000).

A protective concealed antigen Bm86 has been identified from the gut of
semi-engorged adult female ticks (Willadsen and Kemp 1988; Willadsen et al.
1989) and produced by recombinant DNA technology (Rand et al. 1989;
Turnbull et al. 1990; Rodriguez et al. 1994). Two vaccines, GavacTM and
TickGARDTM, containing the recombinant Bm86 antigen have been regis-
tered. GavacTM was released in 1993 in Cuba and subsequently in several Latin
American countries (Rodriguez et al. 1995a, b), whereas TickGARDTM was
released in 1994 on the Australian market (Willadsen 1995). Several field trials
conducted in Cuba, Colombia and Mexico were successful in controlling tick
populations using GavacTM against Boophilus ticks (Rodrı́guez et al. 1995a, b;
de la Fuente et al. 1998; Fragoso et al. 1998; Redondo et al. 1999; de la Fuente
et al. 2000).

Babesia bovis is the main cause of bovine babesiosis in Cuba and is trans-
mitted by B. microplus. Although live attenuated Babesia strains can be used
for vaccination (Callow 1977), this method has not been implemented in Cuba.
As a result, the main method to control babesiosis has been the use of chemical
acaricides. However, in an integrated control strategy, recombinant vaccines
against ticks can be combined with chemical tick control to minimize the
number of chemical treatments.

In this paper, we present the results obtained with the long-term application
of an integrated strategy to control B. microplus ticks on cattle in Cuba and the
reduction in the incidence of bovine babesiosis.

Materials and methods

Experimental design

A total of 588,573 Friesian-s-Holstein cattle distributed over a large number
of dairy farms located in 14 provinces of Cuba were included in the inte-
grated control program using GavacTM. More than 3 million head of cattle,
mainly crossbred Bos indicus cattle, were not vaccinated. The predominantly
Friesian cattle were chosen for their relatively high susceptibility to tick
infestation and tick-borne pathogens. All dairy farms were maintained under
standard production conditions, whereby cattle were grazing on pasture and
provided with supplementary feeding. Morbidity and mortality due to bab-
esiosis was recorded during 5 years (1989–1994) prior to the onset of the
vaccination program and continued for 9 years (1995–2003) when GavacTM

was administered. Clinical diagnosis of B. bovis was performed as described
in the FAO Practical Field Manual for Tick and Tick Borne disease control
(FAO 1984).
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Acaricides

Organophosphorate (Esteladon, CIBA–Geigy, Switzerland), Amidine (Bobit-
raz, Bayer, Germany) or Pyrethroid (Bayticol, Bayer, Germany) were used to
treat the animals. The animals were treated if the infestation level was higher
than 10 adult ticks per animal. The number of acaricidal treatments was re-
corded at each farm by veterinary assistants. The average period between
chemical acaricidal treatments was calculated before and after the application
of the integrated control program with GavacTM.

Vaccination

Vaccination against ticks was performed using GavacTM (Heber Biotech S.A.,
Cuba). Animals older then 1 month of age were vaccinated according to the
instructions from the producer. The vaccination protocol consisted of three
injections: one in the first week, another 4 weeks later and the third one during
week seven. Animals received a booster inoculation every 6 months (Rodrı́-
guez, et al. 1994, 1995a, b).

Ticks

Tick infestation rates were determined by counting adult female Boophilus ticks
every 7 days on 20% of the animals randomly selected on each farm where the
integrated control program was implemented (Rodriguez et al. 1995a; Re-
dondo et al. 1999).

Serology

Sera from 20% of vaccinated cattle in randomized farms were collected before
each immunization. Sera were stored at �20 �C until tested. The level of
antibodies against Bm86 antigen was determined by ELISA as described by
Triguero et al. (1999).

Statistical analysis

The frequency of acaricidal treatment before and after the introduction of the
integrated control with GavacTM against B. microplus was compared using
Student’s t-test. The mortality and morbidity caused by B. bovis recorded
before and after the introduction of the vaccine was determined by Wilcoxon
signed-ranks test.
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Results and discussion

The application of integrated control with GavacTM in different farms dis-
tributed throughout the country has significantly increased the interval be-
tween acaricide treatments by an average of 171 ± 75 days (Table 1). The
number of acaricide treatments was reduced by 87% after introduction of the
integrated control with GavacTM in this period (Table 1).

In farms with more resistant Bos indicus type cattle, control of B. microplus
without GavacTM was used (applying treatments only when tick counts were
higher than 10 fully engorged females per animal). This strategy also resulted in
an increase in interval between acaricidal treatments by an average of 71 days
and therefore, acaricidal usage in these farms was decreased by 68%. However,
the frequency of acaricidal treatments in farms with the integrated control was
significantly lower as compared with farms without GavacTM (p < 0.001). In
Table 1 examples are given where the increase in the interval between treat-
ments were dramatic (Sancti Spiritus, 362 days; Camaguey, 266 days; just to
mention a few). The effect of GavacTM on the reproduction capacity of B.
microplus had been demonstrated by some authors (Rand et al. 1989; Rodri-
guez et al. 1994; Redondo et al. 1999; Willadsen and Jongejan 1999). This effect
of GavacTM can significantly reduce the B. microplus populations on the pas-
tures. Therefore, in GavacTM integrated control areas the interval of the

Table 1. Average period between chemical acaricide treatments (days) with or without the use of

Gavac.

Locations Integrated

control +

GavacTM

Acaricide

treatments

reduction (%)

Acaricides

only**

Acaricide

treatments

reduction (%)

Total no. of

vaccinated

cattle

Pinar del Rı́o 203 91 86 79 20,000

C. Habana 130 86 – – 15,000

La Habana 70 74 – – 108,665

Matanzas 204 91 73 75 26,000

Cienfuegos 112 84 95 81 24,000

Villa Clara 130 86 40 54 10,000

Sancti piritus 362 95 122 85 6000

Ciego de Avila 106 83 91 80 8000

Camagüey 266 93 52 65 222,818

Las Tunas 248 93 65 72 62,000

Holguı́n 160 89 70 74 25,500

Granma 144 87 91 80 21,000

Santiago de Cuba 163 89 87 79 25,891

Guantánamo 120 85 25 27 11,073

Isla de la Juventud 145 87 30 39 2626

Mean ± SD 171 ± 75a* 87 71 ± 28b 68

Total 588,573

*A different letter indicates a statistical significance (p < 0.001).

**More than 3 million head of cattle, mainly crossbred Bos indicus cattle, were not vaccinated.
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chemical acaricide treatments was increased significantly with respect to areas
without the vaccine (Table 1).

Before the implantation of the integrated program, tick control was aimed at
total eradication of B. microplus. Therefore, the average period between
chemical acaricide treatments was 18 days. The introduction of integrated
control in 1995 with the criteria of treating cattle when the infestation level was

Figure 1. The reduction of the national acaricide consumption in metric tons before 1986 and

after implementation of the integrated control program in 1995 against B. microplus.

Figure 2. Arithmetic average of serum anti-Bm86 titers (mean ± SE) of vaccinated bovine from

eight dairy farms in Habana province. Serum anti-Bm86 titers were determined in the animals

employing an ELISA test (Triguero et al. 1999). The time of the three vaccination shuts are

indicated by arrows (j.).
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higher than 10 adult ticks per animal allowed the reduction of the number of
chemical acaricide treatments per year.

The national consumption of chemical acaricide was reduced gradually after
the introduction of the integrated program from 380 metric tons (1987–1997)
to less than 70 metric tons (2002, Figure 1).

Figure 3. Morbidity (a) and mortality (b) due to babesiosis before and after the integrated control

program for B. microplus was implemented. Triangles represent area with Gavac and the square

represent area with chemical acaricide treatment only. Arrow indicated the initiation of the inte-

grated control program.
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ELISA was used to confirm that cattle had responded to the vaccine
(Triguero et al. 1999). In all cases a typical antibody response against Bm86
antigen was found as reported elsewhere (Rodriguez et al. 1995; de la Fuente et
al. 1998; Redondo et al. 1999). For example, antibody titers of cattle in Hol-
guin province after the third vaccination were 6747 ± 259. Although, anti-
body titers were variable, all animals tested responded to the vaccine. The
antibody titers of vaccinated bovine showed an antibody kinetic against Bm86
like the anti-Bm86 kinetics reported by others (Rodriguez et al. 1994, 1995a, b;
Redondo et al. 1999) of GavacTM vaccination (Figure 2).

The morbidity caused by B. bovis was significantly reduced after the intro-
duction of the integrated program (Figure 3). In areas with GavacTM the
morbidity was significantly reduced (p < 0.05) as compared with the regions
with acaricide only (Figure 3). Apparently, the integrated control program
correlated with a reduction in the number of cases due to babesiosis. A possible
explanation is that before vaccination was introduced there was a strict acar-
icide application protocol. By doing so, an endemically unstable situation was
created because too few ticks were allowed to ensure transmission of babesia.
An increase in acaricide interval most likely led to a larger number of ticks
surviving to ensure transmission of the parasite.

In conclusion, the effect of GavacTM on the control of ticks in successive
generations and a reduction in Babesia infection after field use of GavacTM as
reported elsewhere (Rodriguez et al. 1995; de la Fuente et al. 1998) is confirmed
in the present study. The integrated approach of acaricides and GavacTM

contributed to improved animal health, reduction of costs and diminished the
potential negative impact of acaricides on the environment.
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