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Levels of natural resistance to Boophilus microplus
(Acari: Ixodidae) in Carora breed bulls
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Abstract: Boophilus microplus infestation is one of the most serious limitations to cattle industry in tropical regions,
even though bovines show natural resistance to ticks. This resistance was evaluated in Cross-bred Carora Bulls (CCB)
a tropicalized dairy breed from Venezuela. Seven CCB were experimentally infested with B. micropius larvae, “Mozo”
strain, they were considered tick-naive because they had never been infested with ticks. The mean inoculum size applied
on each bull was 6 477 larvae. After life cycle was completed adult female body weight (BW), egg mass weight (EW),
egg hatching rate (%EH), and reproductive index (RI) were recorded. Results revealed a high variability in the levels of
resistance to B. microplus. Thus, one animal showed greater resistance (Dunnett, p< 0.05) for the analyzed parameters
in contrast with three non-resistant bulls. The others had moderate resistance. The trait “resistance” should be included
togheter with other traits often used in genetic selection of cattle.
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Ticks, in particular Boophilus microplus
Canestrini, 1887, are the most important
ectoparasites of cattle in the tropics and sub-
tropical regions, not only due to the direct dam-
age these arthropods cause on cattle herds, but
also for the transmission of diseases such as
babesiosis, anaplasmosis, theileriosis and cow-
driosis. On this century, tick control has been
mainly carried out by chemical methods apply-
ing specific acaricides on parasitized cattle.
Nonetheless, tick control by chemicals is
expensive, most of these acaricides are harmful
for the environment, they are often detected in

milk and meat of treated animals, and its exces-
sive and empirical use has led to the develop-
ment of tick resistance to these chemicals
(Nufez et al. 1982). Field reports from all con-
tinents are indicating that tick resistance to aca-
ricides is alarmingly increasing, therefore, the
main objective of chemical control is not been
achieved in the tropics nor in other regions
(Solomon 1983, Roush 1993). In Venezuela, the
acaricide resistance situation is also similar, and
therapeutic failures after acaricide treatments
are well documented (Coronado & Mujica
1997). Thus, other effective methods in tick
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control must be used if we want to fight suc-
cessfully against these ectoparasites, and simul-
taneously to keep an acceptable level of milk
and/or meat production in the tropics. One of
these methods is the use of breeds of cattle
which are either totally resistant or have some
degree of resistance to ticks (Frisch 1981, FAO
1990).

First attempts to evaluate natural resistance
of cattle against B. microplus were made in
Brazil (Villares 1941), using Bos indicus cattle
to promote resistance against B. microplus.
Later studies showed that cattle resistance to
ticks was due to the mounting of a protective
immune response against ticks by bovine hosts,
and this response was heritable for the cattle
progeny (Roberts 1968, Roberts & Kerr 1976).
In addition, it is well known that resistance to B.
microplus varies, not only between individual

bovines, but also from breed to breed, even
in B. indicus (Zebu cattle) as in Bos taurus
(European cattle) herds (Francis & Little 1964,
Roberts 1968). In general, pure or cross-bred
Zebu cattle is worldwide acknowledged as more
resistant to B. microplus and other ticks than
European cattle (B. taurus). The methodology
for studying the levels of host resistance to ixo-
did ticks is well known (Wharton & Norris
1980, Wikel 1996). Briefly, host natural or
acquired resistance to ticks by a cattle breed is
determined after assessing several tick’s feed-
ing and fertility parameters, i.e., reduced
engorgment weight, length of feeding period,
reduction of tick egg production, reduced per-
centage of egg hatching, and egg and larvae
mortality (Wikel 1996). The application of this
methodology and later the genetic selection of
those tick resistant cattle led in several coun-
tries, i.e. Australia, Brazil and some regions in
Africa, to develop tick-resistant cattle breeds
after cross-breeding B. taurus x B. indicus.
Among these cattle breeds developed in the
tropics are the Sahiwal, Belmont Red, Bradford,
Bonsmara, N’Dama and Boran (De Castro &
Newson 1993). Australia has been the most suc-
cessful country in raising breeds of tick-resis-
tant cattle with significant productivity and with
high adaptability to the tropical environment. in

Australia this success is mainly due to the deep
knowledge they have on ecology and popula-
tion dynamics of ticks and because in this con-
tinental island the individual cattle resistance to
ticks has been quantified (Wharton & Norris
1980, De Castro & Newson 1993).

In Venezuela, Lara State, Carora region, a
tropicalized dairy breed is in the process of
developement since 1920 which has been
named Carora, and it was officially accepted as
a breed in 1989 by the Venezuelan Agriculture
and Husbandry Ministry. This breed is the prod-
uct of empirical genetic crosses among Brown
Swiss cattle, indigenous Creole bovines, and
Bos indicus in a minor degree (Herrera 1960,
Meléndez & Forlano 1996). The Carora breed
cattle shows an average milk yield /cow, per
day, of 12 Its., and it shows some levels of resis-
tance to tropical diseases (Herrera 1960).

In 1993 a preliminary assay was conducted
in order to evaluate the levels of tick resistance
by Carora breed heifers and cows naturally
infected with B. microplus. We found a B.
microplus reproductive index (RI) of 38.16%
for Carora cattle whereas Holstein cows showed
a RI of 45.48% (Cerutti et al. 1995). As a con-
tinuation of this previous assay this work was
undertaken with the main objective of assessing
the levels of natural resistance to B. microplus
in seven (7) tick-naive cross-bred Carora bulls
(CCB) which were experimentally infected
with larvae of this tick.

MATERIALS AND METHODS

Experimental animals: Seven (7) CCB
with mean age of 31 months (range: 26 — 45
months) were used in order to evaluate the
degree of natural resistance in this tropicalized
breed against B. microplus. These bulls had
been kept in boxes from birth to adult without
contact with ticks, thus we considered them as
tick-naive bovines. When the experiment start-
ed bulls were located in boxes at the Carora
Artificial Insemination Center (CIAC) since
they had been genetically selected as semen
donors for an Al program. Bulls had a mean
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body weight of 623 Kg (range: 538-774 Kg) at
the beginning of this trial, and they had received
a last mosquicide treatment 35 days ago. Bulls
were housed in individual roofed boxes and
their body temperature was daily checked dur-
ing the whole biological cycle of the tick (21
days). In addition, none insecticide was applied
at CIAC during this period and movement of
other bovines was tight controled.

Tick infestation: The experimental group of
bulls was infested with B. microplus larvae,
“Mozo” strain, which was kindly supplied by
Dr. A. Nari, Instituto Miguel Rubino,
Montevideo, Uruguay. This strain has been kept
at our laboratory through passages in tick-sus-
ceptible calves. Each bull was infested with a
mean inoculum of 6 477 larvae which were 21
day old for the time ticks were applied along the
dorsal line of each bovine. Seventeen (17) days
post infestation (PI) partially fed female B.
microplus were counted on each bull; the
process of counting was performed only on the
right side of each bovine following a known
technique (O’Kelly & Seifert 1969). Later, on
days 21, 22 and 23 PI all adult engorged female
(EF) B. microplus was collected from their
hosts (tick standard lenght used: 4.5 - 8.0 mm)
and brought to the laboratory facilities.

Incubation of B. microplus: Each collect-
ed tick was counted, water washed, dried and
weighted, next a random sample (1.6% -
39.5%) of these ticks (Table 2) were adhered at
masking tape and placed inside an incubator at
27°C + 1I°C and 90% relative humidity (RH)
(Dalgliesh & Stewart 1982). At the end of the
oviposition period each normal egg mass (eggs
with an oily and shinning shell plus an amber
colour) was collected, weighted and placed in
vials sealed with cotton plugs. Vials were
properly identified and placed inside the incu-
bator until the process of larvae hatching
ocurred. A total of four (4) parameters related
to tick’s feeding and fertility were recorded
and later statistically analyzed. These parame-
ters were: adult female tick body weight (BW),
egg mass weight (EW), egg hatching rate
(%EH), and the reproductive index (RI) (RI=
EW/BW x %EH).

Statistical analysis: The four recorded para-
meters were described by their means (), vari-
ance and standard error. Next, a multiple com-
parative study of their variances was conducted
and the significant differences detected were
analyzed using the Dunnett’s test (SAS:
Statistical Analysis System) which led to com-
pare Fc vs Ft (p< 0.0001).

RESULTS

Tick parameters: Boophilus microplus larvae
completed their life cycle in all infested bulls after
21 £ 2 days PI and no clinical signs of tick-borne
diseases were seen in these bovines during the
evaluation period (mean rectal temperature:
38.5°C; range: 38.0°C - 39.6°C). The population
of partially fed female B. microplus counted on
day 17 PI on each bull showed great variations
(range: 63 - 670 ticks) (Table 1). The size of each
larvae inoculum applied to each bovine plus the
percentage of EF B. microplus recovered are also
shown in Table 1 (Note: in tables 1 and 2 each
row of data belongs to each individual bull).

TABLE 1

Larvae inoculum applied per bull, N° of partially fed
female B. microplus counted on day 17 Pl and % of EF B.
microplus recovered from infested
cross-bred Carora Bulls.

Ticks counted

Inoculum size Recovery of

per bull on day 17 PI EF B. microplus
6 150 502 28.15
6375 670 343
6 600 652 10.76
6 075 113 42.03
7 450 290 39.63
7 387 63 15.57
5300 373 32.64

Rows: individual bulls
PI: post infestation
EF: engorged females

A total of 307 EF B. microplus were placed
in incubation, these ticks had a mean BW of
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213.1 mg (range: 179 - 233 mg) (Table 2), and
their pre-oviposition period varied between 2
to 4 days. After 2 weeks of oviposition egg
masses were weighted and variations were
detected in this parameter (Table 2). The
embrionary period lasted 28 days without
noticeable changes. The mean %EH was cal-
culated after stereomicroscopic countings of
a mixture of hatched larvae plus unhatched
eggs from each EF incubated tick, and this
parameter ranged from 14% to 50% (Table 2).
Due to these evident variations in the %EH,
the RI for each EF group of ticks also showed
significant variations among the 7 bulls
(Table 2).

Resistance of CCB to ticks: The compar-
ative analysis of variances of BW, EW, %EH
and RI of collected EF B. microplus showed
significant differences (p < 0.001) between
the means of these parameters. Nevertheless,
when the Dunnett’s test was applied, signifi-
cant differences (Dunnett p <0.05) were only
shown between the mean BW of ticks collect-
ed from bulls 2 and 3. In addition, no signifi-
cant differences (Dunnett p > 0.05) were
detected for the mean BW of ticks from other
bulls (Table 2). Applying the same test, signif-
icant differences (Dunnett p< 0.05) were
observed for the parameter EW of ticks col-
lected from bulls 2, 3, and 7, whereas only for
bulls 3 and 6 were detected significant differ-
ences (Dunnett p< 0.05) for the parameter
%EH (Table 2). Finally, the RI only showed
significant differences (Dunnett p< 0.05) for
bulls 3 and 6 (Table 2).

In summary, CCB 3 showed the highest level
of resistance since it yielded EF ticks with the
lowest mean BW, therefore its EF B. microplus
laid minor egg masses, with the lowest %EH
(14%) and the lowest RI (7.4) (Table 2). In con-
trast, bulls 2, 6 and 7 showed a medium level of
resistance whereas the other three bulls were
considered as non-resistant on the basis of com-
paring their studied tick parameters against
those of bull 3.

TABLE 2

Parameters related to B. microplus feeding and fertility
after ticks completed their life cycle in seven
cross-bred Carora Bulls.

Total EF XBW XEW %EH RI
incubated (n=307) (mg) (mg)

82 230 115 44 24.0
22 182% 97* 44 26.0
29 179* 72%* 14%  7.4*
41 231 123 x50  28.0
49 220 106 47 23.0
50 233 112 28*  14.0*
34 217 99* 41 19.0

*Significant difference(Dunnett p<0.05)

Rows: individual bulls EW: egg mass weight
EF: engorged females % EH: egg hatching rate
BW: tick body weight RI: reproductive index

DISCUSSION

This study has shown that CCB experimen-
tally infested with B. microplus showed great
variability in their natural resistance to this tick,
thus one bull out of seven was statistically
detected as tick-resistant after experimentally
infested, three were non-resistant, and three
showed moderate tick-resistant. This resistance
was evaluated in the lab after a multiple com-
parative analysis of four EF B. microplus para-
meters. As it is well known resistance to B.
microplus varies between individual cattle,
from breed to breed, and among species of cat-
tle. i.e., Bos indicus is more resistant to ticks
than B. taurus (De Castro & Newson 1993).
These statements are in agreement with the
finding that the character “tick resistance” is
inheritable by cattle offspring almost in direct
proportion to the percentage of Zebu cattle pre-
sent in the dam or sire (Arteche 1987). Besides,
this character is rather easy to detect and mea-
sure in the lab since the genetic composition of
bovine hosts has a strong influence on the life
cycle of B. microplus or other ticks (Barriga et
al. 1993). On the basis of our results, we con-
sider that this “strong influence” was detected
and evaluated in CCB due to its genetic origin.
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Carora breed cattle is the product of genetic
crosses among Creole cattle, Bos taurus, and
Bos indicus cattle, consequently any Carora
bovine classified as tick-resistant should have a
greater proportion of B. indicus genes, those
classified as moderate tick-resistant should
probably have an even proportion of B. indicus
and B. taurus genes, and finally those consid-
ered as non-tick-resistant should have a pre-
dominance of B. taurus genes.

The great variability detected for B. microplus
resistance in CCB is important in particular in a
tropical breed in the process of genetic consolida-
tion, since cattle owners and field technicians
should start genetic programs selecting Carora
heifers and bulls, not only on the basis of pheno-
type, milk production and breeding data, but also
including the factor levels of resistance to B.
microplus. In general, it can be stated that the
character tick resistance must be included in a
genetic program of cattle breed ng because it
meets these 4 basic conditions: 1) it has a high
genetic variability, 2) it is inheritable, 3) it is eco-
nomically important and 4) it is rather easy to cal-
culate. The levels of B. microplus resistance were
evaluated through four parameters related to feed-
ing and fertility of this tick, and no relying only
on the EF tick burdens as it is often tested and
recently questioned (Barriga et al. 1995). Finally,
we believe that an effective program of tick con-
trol in the tropics can be accomplished only using
the basic principles of integrated pest manage-
ment, and in particular using tick-resistant cattle.
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