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Introduction
Circumstantial evidence in numerous municipalities of Antioquia 
now indicates that resistance of Riphicephalus (Boophilus) 

microplus (Canestrini) to almost every class of commercially 
available chemical acaricide is likely widespread in this part 
of Colombia. Surveys of multiple farms claiming treatment 
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AbstrAct: Two distant Antioquian cattle farms where systemic and topical acaricides had previously failed to control infestations by Rhipicephalus 
(Boophilus) microplus were studied. An initial in vivo study was conducted using single subcutaneous injections with a long-acting formulation of ivermectin 
(630 µg/kg). Injections were made at 3-month intervals on animals at each farm to evaluate the therapeutic and persistent efficacy of ivermectin against 

 
citronella (208 ppm + 10 ppm, respectively) was shown to be less efficacious than the name-brand amitraz product. Products containing the organophos-
phate chlorpyrifos or trichlorfon exhibited intermediate efficacies of approximately 60% at the Tarso farm. We conclude that at these two locations, there 
is a high degree of resistance to many of the acaricides available in Colombia and confirm suspicions that ivermectin is no longer able to eliminate tick 
infestations.
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R. microplus. Body tick counts and reproductive parameters of semi- or fully engorged females ($5 mm) were assessed at 10-day intervals, and since no 
negative control group could be included, values were compared against those for day 0. Although there was an overall reduction of 50%–75% in tick num-
bers that persisted for 30–40 days, it was not significantly different at one of the farms and not enough to afford protection from severe infestations. The 
engorgement weight and egg mass weight of ticks from treated animals were significantly lower throughout the 50-day posttreatment period. Egg hatch 
was not significantly reduced posttreatment and remained at levels of 80%–90%. A random selection of 9 out of 28 commercial formulations of ivermec-
tin sold in Colombia were analyzed by High Performance Liquid Chromatography (HPLC). All were within the expected labeled concentration (±15% 
deviation) of 1% and 3.15% ivermectin except for one. A popular unregistered injectable widely used in both farms and labeled as “natural pyrethrin”, was 
found to contain 10.5% ivermectin. An adult immersion test was conducted to evaluate the efficacy of topical acaricides to recommended concentrations 
of five commercial products and/or their combinations. Efficacy was determined by comparing the reproductive index of each treated group to that of the 
control group. Cypermethrin (150 ppm) was completely ineffective at both farms. Amitraz (208 ppm) exhibited low and intermediate efficacies of 14% and 
56%. The combination of amitraz (100 ppm) and cypermethrin (150 ppm) was less efficacious than the amitraz alone. A generic product based on amitraz + 
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failures reveal common practices known to accelerate the 
development of parasite resistance. Of particular concern has 
been the misconception by farmers and veterinarians that 
animals should be free of all parasites, resulting in decades 
of frequent and indiscriminate use of any antiparasitic on a 
prophylactic basis to every animal in the herd, neglecting 
the basic concept of preserving the population in refugia. 
Although treating the entire herd with acaricide has been 
a successful strategy in the R. microplus and Rhipicephalus 
(Boophilus) annulatus eradication programs that eliminated 
these ticks from the USA, parts of Argentina, and Australia, 
it is unconceivable to strive for eradication in tropical countries 
like Colombia with an ideal climate for tick survival and no 
geographical barriers to prevent tick migration using the cur-
rent tick control technologies available. Therefore, the concept 
of preserving a portion of the population in refugia is pivotal 
to delay the evolution of resistance in Colombia. In addition 
to the lack of strategic control plans, label recommendations 
have been poorly observed, particularly with the preparation 
and application of topical acaricides with backpack sprayers, 
which has been the most common method for tick control in 
Antioquia. In small-scale dairy farms, it is common to find all 
family members handling backpack sprayers and making overly 
diluted formulations that result in under-dosing. Acaricides 
have been rarely rotated and are only changed when control 
was unsatisfactory or completely failed. Lack of government 
regulation or an education policy to restrict cattle movements 
within tick-infested areas, has likely contributed to the spread 
of resistance to remote areas of the country.

Although the perception that control failure seems to be 
widespread, it may be unfounded and partly caused by improper 
dosing of acaricides. Consequently, confirmation of resistance 
must be based on dose-response bioassays and/or assessment 
of the field efficacy of acaricides, for which various methods 
have been widely adopted and approved by the Food And Agri-
culture Organization (FAO)1 and World Association for the 
Advancement of Veterinary Parasitology (WAAVP).2 The stan-
dard in vitro bioassays recommended through the FAO guide-
lines for testing resistance to acaricides in R. microplus are the 
larval packet test (LPT) and the adult immersion test (AIT). 
Although, it is still difficult to predict field acaricide efficacy 
based on these in vitro resistance bioassays, they can certainly 
diagnose resistance before control failures are obvious. The LPT 
is laborious, and modifications like the larval immersion test 
(LIT) have proved better at discriminating between resistant 
and susceptible strains against macrocyclic lactones.3,4 In fact, 
numerous reports using the LIT have been recently published 
that demonstrate R. microplus resistance to ivermectin in other 
Latin American countries, including Mexico,5,6 Uruguay,7 and 
Brazil.3,8 To complement the above in vitro assays, field studies 
using the WAAVP guidelines were used simultaneously to con-
firm a reduction in therapeutic efficacy and protective period.2

In Colombia, at least 20 pharmaceutical companies are 
selling different formulations of ivermectin. Oversight of 

formulation practices falls under the INVIMA (Instituto 
Nacional de Vigilancia de Medicamentos y Alimentos) 
jurisdiction, and final approval for registration of veterinary 
drugs is under the ICA (Instituto Colombiano Agropecuario) 
authority. Unfortunately, scarce resources to implement qual-
ity monitoring systems of manufacturing practices and surveil-
lance on sales of veterinary drugs has created a market prone 
to fraud and the presence of unregistered products. The use of 
products with suspect ingredients and/or concentrations is an 
added problem to be considered when diagnosing and con-
fronting the appearance of resistance to antiparasitic drugs. In 
addition, most producers simply rely on information available 
at agrochemical shops to choose the most convenient product 
and method of application. The drive to sell products in search 
of perceived benefits despite real needs has undoubtedly led 
to poor decisions by the producers and overuse of most acari-
cides, consequently shortening their lifespan.

The main objective of this study was to corroborate 
far mers´ claims of lost efficacy to ivermectin and other common 
topical commercial products by using in vivo trials and AIT. 
Additionally, several Colombian-registered ivermectin for-
mulations were analyzed to validate labeled concentrations.

Materials and Methods
Ivermectin analysis. A random selection of nine com-

mercial ivermectin formulations was purchased at a local 
agrochemical shop from Colanta, which is the largest retail-
ing company throughout Antioquia. They were sent, together 
with a popular unregistered injectable product known as 
Ivercyt, to the Veterinary Diagnostic Laboratory at Iowa 
State University to validate labeled concentrations. Samples 
were diluted in methanol and analyzed by High Performance 
Liquid Chromatography (HPLC) against standards accord-
ing to a method approved by the Association of Official Agri-
cultural Chemist.9

selection of farms. Two farms (Tarso and San Jeronimo) 
where producers experienced treatment failure after using 
one or several products containing ivermectin were visited on 
separate occasions within days of dosing to substantiate fur-
ther investigation. On each occasion, ticks were taxonomi-
cally identified as R. microplus, and a clear lack of efficacy was 
observed. The Tarso farm raises a highly selected Brangus 
breed imported from Texas, and comprising about 250 head. 
The San Jeronimo farm is a small family-run mixed dairy 
operation that is representative of common management prac-
tices in the area. The farm comprises 30 lactating cows along 
with their respective calves and includes mix crosses of Sim-
mental, Normandy, and Holstein breeds.

Field studies. Field studies were initiated in June of 2013. 
The criterion for inclusion of an animal in the study was the 
presence of $40 ticks of standard 5- to 8-mm adult female 
ticks prior to treatment, as recommended by the WAAVP for 
natural field conditions.2 Animal identification was by ear tat-
toos at Tarso and by individual names at San Jeronimo. A long-
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acting formulation of 3.15% ivermectin (Ivomec GOLD®, 
Merial Saude Animal Ltda, Paulinia, Brazil) was adminis-
tered at the recommended dosage of 630 µg/kg subcutane-
ously. Commercial lot numbers were as follows – Tarso: batch 
number BC165/11, expiration 04/2014; San Jeronimo: batch 
number BJ253/11, expiration 07/2014. Prior to this study, the 
animals were treated on an ad hoc basis with a popular unreg-
istered product containing 10.5% ivermectin (Table 1) at Tarso, 
and with topical motor oil at San Jeronimo. Unfortunately, 
farmers did not agree to have a negative control group; there-
fore, efficacy could not be determined. Between 6 and 8 AM, 
cattle were immobilized in individual chutes, and all ticks were 
counted on day 0 (prior to treatment) and days 10, 20, 30, 40, 
and 50 posttreatment. Ticks were counted by removing them 
from the animals when they were $5 mm in length, at which 
point they were considered to be semi- or fully engorged and 
should complete engorgement within the following 24 hours 
(“Standard Females”10). The animals were managed similarly 
throughout the study period and removed from the study when 
tick burden was clearly affecting their well-being. In October 
of 2013, 3 months following the initial treatment in June, a sec-
ond injection of ivermectin with commercial Ivomec GOLD®, 
belonging to the same commercial lot numbers as stated above 
for each farm, was administered to the same animals.

Preparation of ticks and assessment of reproductive 
parameters. For each tick collection, the largest six engorged 
female ticks collected from every treated animal were pooled 
together and transported in cardboard boxes with fresh grass 
to the Veterinary Parasitology Laboratory of the University 
of Antioquia for processing within 24 h. Upon arrival to the 
laboratory, ticks were washed with distilled water, dried on 
paper towel, weighed, and fixed dorsally with double-side 
sticky tape to Petri dishes. They were then incubated at 28 °C 
and 95% relative humidity to allow for oviposition. The 
egg mass deposited after 20 days was gently removed and 
weighed. Twelve milligrams of eggs that were laid within 
the first 3–4 days from every tick were transferred into 
5-mL sterile vacutainer tubes. By using a stereoscope, it had 
been previously determined that 300 eggs weighed 12 mg, 
so hatchability was based on the number of larvae arising 
from 12 mg of eggs. The tubes were plugged with cotton 

caps to allow air and moisture exchange and maintained 
in the incubator. Eclosion of larvae occurred after approxi-
mately 27 days after the initial oviposition, and the tubes 
were checked daily to determine the first day of larvae hatch. 
A constant number of 3–5 ticks were found in every group 
of 30 that would not lay eggs or would have less than 50% 
eclosion rates. These were removed for the calculation of 
mean egg weights and hatchability as they would confound 
the reproductive parameters of the large majority of ticks. 
In order to calculate percent hatch, all larvae were removed 
from the tubes with distilled water, transferred with a paint 
brush to a white sheet of paper, and then counted manually 
by immobilizing them to a sticky tape.

Adult immersion test. Engorged ticks were collected 
directly from animals in March 2014 and transported to the 
laboratory in cardboard boxes with fresh grass to provide 
humidity. Within 24 hours of their collection, they were 
washed three times with distilled water, weighed, and allo-
cated to groups of $30 ticks that were equally distributed by 
weight, discarding any damaged ticks and those below 100 mg. 
Unlike the FAO1 protocol, which recommends 30 minutes of 
immersion to labeled dilutions of the commercial products, the 
modifications suggested by several authors of using a 5-minute 
immersion time in a final volume of 50 mL was followed to 
facilitate comparison with their studies.11–13 The control group 
was exposed to water. Table 1 provides a list of the topical 
commercial products used for the AIT.

After 5 minutes of immersion, the ticks were dried with 
adsorbent paper, weighed, and fixed dorsally with double-side 
sticky tape to sterile Petri dishes (10 ticks per plate). They were 
then incubated at a temperature of 28 °C and 95% relative 
humidity for a period of 20 days. After 20 days of incubation, 
the egg mass of each individual tick was weighed, and approxi-
mately 12 mg of the eggs oviposited during the first 3–4 days 
of oviposition were collected and placed into sterile vacutainer 
tubes plugged with cotton. The tubes were incubated for 
another 2 weeks, and the fertility of each tick was determined 
as described in “Preparation of ticks and assessment of repro-
ductive parameters.”

To estimate the efficacy of each acaricide, the index of 
reproduction (IR) was calculated according to the following 

Table 1. Trade names and active ingredients of topical acaricides used to expose Riphicephalus microplus using an ait.

TRAdE NAME (MANUfACTURER) ACTivE iNgREdiENT bATCh No. (ExPiRATioN) fiNAL CoNCENTRATioN (PPM) 

ganabaño (novartis) Cypermethrin 15% 003–11/E (08/2014) 150 ppm

triatox (schering-Plough) Amitraz 12.5% 31112b (11/2016) 208 ppm

ganabaño + triatox Cypermethrin + Amitraz above products 150 ppm Cypermethrin + 100 ppm  
Amitraz

Impacto (Aurofino) Chlorpyrifos 25% + Cypermethrin 15% 031/13 (05/2016) 312 ppm Clorpirifos + 187 ppm  
Cypermethrin

Citraz (Kirovet) Amitraz 20.8% + Citronella 1% Cit040913 (09/2016) 208 ppm Amitraz + 10 ppm  
Citronella

Neguvon Powder (Bayer) Trichlorfon 97% H130214r (02/2015) 10000 ppm (=1%)
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formula, as recommended by FAO1 guidelines. The IR 
estimates the number of larvae produced per female exposed 
in the bioassay:

IR = (egg mass weight/female weight) ×% hatch.

Percent control was calculated according to Drummond 
et al.14 as follows:

% control = [(Σ IR control − Σ IR treatment)/ 
             Σ IR control] × 100.

Treatments were considered effective with no indication 
of resistance when the efficacy (% control) was $90%. To assess 
the modified AIT, also recommended in the FAO guidelines, 
ticks were examined at 7 days posttreatment. Treated females 
that did not oviposit or produced a small infertile egg mass 
were considered dead.

data analysis. Statistical analyses were performed using 
SPSS v-10 software. For the in vivo studies, data on female 
reproductive parameters were analyzed using a Student’s 
t-test and differences considered significant when P , 0.05. 
Tick counts were log transformed prior to analysis in order to 
achieve normality and equality of variances. Percent egg hatch 
was subjected to arcsine transformation and comparisons per-
formed upon the transformed data. For the in vitro studies, the 
differences between the reproductive parameters of each aca-
ricide tested and the control group were subjected to one-way 
analysis of variance (ANOVA) with subsequent application of 
the Tukey test for post hoc comparisons. Homoscedasticity 
(Levene’s test) was checked for each data group in order to 
verify the assumption required by ANOVA. When variances 
between groups were not similar, a nonparametric Kruskal–
Wallis test was used to compare medians between groups.

results
Ivermectin analysis of commercial formulations. The 

analysis of ivermectin in 9 of 28 randomly selected com-
mercial preparations sold at the largest agrochemical retail-
ing company throughout Antioquia is shown in Table 2. The 
results show that, except for one brand, all products contained 
ivermectin that matched labeled concentrations (±15%) of 1% 
and 3.15%. An unregistered injectable product known as Iver-
cyt and marketed as a natural pyrethrin (with allegedly no 
withdrawal times for milk or sacrifice) was found to contain 
10.5% ivermectin. This product is sold illegally at some agro-
chemical shops and by private veterinarians.

Field studies with ivermectin. The reproductive para-
meters and total body counts of ticks collected from animals 
treated with ivermectin on the first trial are shown in Table 3. 
Prior to treatment, there was a large variation in the numbers 
of ticks observed on treated animals (40–300 mature ticks 
per animal). In spite of the limitation of not having a control 
group to determine efficacy, ivermectin was unable to elimi-
nate the initial infestation in any of the treated animals, and 

although it seemed to reduce the initial infestation at both 
sampled farms, the trend was not significantly different at the 
San Jeronimo farm (Table 3).

At the Tarso farm, there was a significant reduction in all 
posttreatment counts, but the greatest reduction was observed 
at day 60 when the effect of ivermectin would be greatly 
diminished due low concentration in the blood. Therefore, it 
is likely that factors determining the natural variation in tick 
infestations played a major role in lowering body burdens.

Treatment of test animals with ivermectin significantly 
reduced female body weights throughout the study period 
(Table 3). In fact, the loss in engorgement weight at 10 days 
posttreatment was almost 45% from the initial weights at both 
farms. The decrease in female weights resulted in reduced ovi-
position (Fig. 1). Hatch rates were between 80% and 90% at 
most time intervals, except for days 10 and 50 at the Tarso 
farm. This coincided with the lowest observed body and egg 
mass weights. Regardless of the time interval and farm, it 
was observed that low-weight females were associated with 
a higher number of nonlaying females and generally a lower 
hatch rate.

The observed tick burdens, particularly at Tarso, var-
ied throughout the year with periods of relatively few ticks 
present on the animals when no treatments were necessary. 
Inversely, there were time periods when very high numbers 
of fully engorged females were observed on animals at both 
farms. Therefore, the authors acknowledge the need for a 
large negative control group if the efficacy of ivermectin, or 
any other acaricide, is going to be determined in the future 
under field conditions. During the second field trial, the tick 
numbers were very high at Tarso during the month of October 
(Fig. 2A). At this time, the administration of ivermectin to 
six animals with .300 ticks per animal was followed by total 
tick body counts of 79 ± 19 at 10 days postadministration 
(Fig. 2B). In the 10-day posttreatment interval, the severe 
infestation found within this group of 27 head resulted in four 
animals with rectal temperatures $41 °C, severe subcutaneous 
abscesses and associated myiasis in five animals (Fig. 2D–E), 
and extensive areas of ulcerated, bleeding, and purulent skins 
in three animals (Fig. 2F). The mean (±standard deviation 
[SD]) weights (mg) of 30 ticks collected from these animals 
at day 0 and 10 were significantly different (P . 0.05) with 
values of 131 ± 37 and 81 ± 20, respectively. The mean (±SD) 
egg mass weight (mg) was also significantly different between 
day 0 (60 ± 23) and day 10 (30 ± 12). However, no difference 
was observed in egg hatch rate at day 0 (87% ± 20%) and day 
10 (86% ± 12%).

At San Jeronimo, the second ivermectin administration 
was administered when animals had a mean (±SD) tick body 
count of 86 ± 42. At 10 days postinjection, the mean (±SD) 
body tick count was 52 ± 36 and did not differ statistically 
(P = 0.16) from day 0. The mean (±SD) weights (mg) of 30 
ticks collected from these animals were significantly dif-
ferent (P , 0.01) between day 0 (193 ± 37 mg) and day 10 
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(97 ± 34 mg) posttreatment. The mean (±SD) egg mass weight 
was significantly different between day 0 and 10 (91 ± 19 versus 
36 ± 22 mg). Percent hatch was unchanged by ivermectin from 
day 0 (93 ± 7) to day 10 postinjection (91 ± 10).

Adult immersion test. The reproductive parameters 
and mortality of engorged ticks collected from both farms in 
March 2014 and exposed to topical commercial acaricides is 
shown in Table 4. Parameters for the control ticks (exposed 

Table 2. Ivermectin concentrations in some injectable formulations available in Colombia.

CoMMERCiAL  
NAME

MANUfACTURER bATCh No. ExPiRATioN  
dATE

REgiSTRATioN  
NUMbER iCAa

CoNCENTRATioN (%)

LAbEL MEASUREd  
(±S.d)

ivomEC Merial Saúde Animal Ltd.  
Paulinia, Brazil

BE314/11 11/2016 1727-DB 1.0 0.85 (0.05)

Exend genfar s.a. villa rica, Cauca, 
Co

041012 10/2015 3800-DB 1.0 0.95 (0.04)

res-vet merca vet ltd., medellin,  
Co

26–06–12 06/2015 8264 3.15 3.47 (0.18)

Provimec Biovet S.A., Funza, CO Pvmo30511 05/2015 4496-DB 1.0 1.07 (0.08)

Vimec L.A. Vicar S.A, Bogota, CO VL3K5121 11/2015 4778-DB 1.0 0.84 (0.08)

ivegan Erma S.A., Cali, CO 0024637 11/2017 3939-DB 1.0 1.02 (0.10)

Kaput L.A. Lab-vet, Bogota, CO 23–04 04/2015 6187 1.0 1.17 (0.07)

Ivervem laboratorios v.m. ltd.,  
Bogota, CO

3485 08/2013 3854-DB 1.0 0.37 (0.08)

iverbest Callbest Ltd., Bogota, CO 10120902 09/2015 6297-mv 3.15 3.84 (0.45)

ivercyta Unknown Unregistered Label claima 10.5 (0.2)

Notes: aThe product label falsely claims this is a “natural pyrethrin” that is effective as an endectocide and leaves no chemical residues after its parenteral 
administration. The recommended treatment is 1 mL/50 kg body weight subcutaneously (=dosage of 2.1 mg/kg body weight).

Table 3. Tick counts and reproductive parameters of Riphicephalus microplus collected from cattle treated with Ivomec GOLD® at two 
Antioquian farms with suspected treatment failures.

dAYS PoST-TREATMENT PARAMETER EvALUATEd TARSo
(N = 6 ANiMALS)

SAN JERoNiMo
(N = 5 ANiMALS)

0
10
20
30
40
50
60

Tick counts 105 ± 76
26 ± 21*
27 ± 21*
66 ± 44*
82 ± 46* (1 out)a

35 ± 19*
12 ± 7*

120 ± 102
68 ± 36ns
41 ± 34ns (1 out)a

36 ± 12ns
82 ± 65ns (2 out)a

108 ± 52ns
nD

0b

10
20
30
40
50

Female weight (mg) 133.4 ± 25.4
77.1 ± 19.4*
78.2 ± 17.7*
80.5 ± 18.0*
93.9 ± 35.0*
60.9 ± 37.4*

200 ± 53
114 ± 32*
88 ± 31*
102 ± 29*
102 ± 24*
164 ± 35*

0
10
20
30
40
50

Egg mass weight/tick (mg) 64.0 ± 15.7
24.4 ± 19.4*
27.4 ± 12.4*
32.8 ± 11.0*
40.5 ± 20.0*
24.4 ± 20.8*

104.5 ± 31.4
45.5 ± 18.8*
36.5 ± 16.3*
48.2 ± 16.1*
45.9 ± 14.3*
78.5 ± 22.2*

0
10
20
30
40
50

Hatchability (%) 82.7 ± 14.0
68.2 ± 20.0*
84.2 ± 16.4ns
75.2 ± 18.3ns
79.6 ± 15.6ns
64.3 ± 22.4*

82.1 ± 9.6
91.6 ± 9.2*
89.3 ± 10.7*
77.9 ± 11.8ns
87.7 ± 13.2ns
84.3 ± 13.9ns

Notes: At each time point, the six largest ticks collected from each treated animal were pooled. Reproductive parameters represent the arithmetic mean (±sD) of 30 
ticks. aNumber of animals removed from study due to poor health related to high tick burden. bInitial female weights were different between farms: Tarso had applied 
Ivercyt 19 days before; San Jeronimo used motor oil (mixed with amitraz at a 1% final concentration) topically with a brush to manage Riphicephalus microplus. 
*Means differ significantly (P . 0.05) from day 0 by Student’s t-test. 
Abbreviations: ns, nonsignificantly different from day 0; ND, not determined.
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neither product produced an efficacy above 90%, which is the 
threshold considered by FAO for no resistance. Cypermethrin 
(150 ppm) was totally ineffective at lowering egg production 
or percent hatch, which resulted in complete lack of efficacy on 
ticks from either farm. The lack of efficacy, as measured by the 
IR, was also reflected at 7 days postexposure with only four 
dead of 69 exposed ticks, a value similar to those of the con-
trol group. Amitraz at the recommended label concentration 
(208 ppm) had low (14%) and intermediate (56%) efficacies on 
ticks collected from the San Jeronimo and Tarso farms, respec-
tively. The combination of cipermethrin (150 ppm) and half 
the usual concentration of amitraz (100 ppm) was not as effi-
cacious to ticks collected from both farms than amitraz alone 
at 208 ppm. A generic product containing amitraz (208 ppm) 
and citronella (10 ppm) had an even lower efficacy of 44% on 
the Tarso ticks. The two compounds with the highest efficacy 
were the organophosphates chlorpyrifos and trichlorfon. Both 
produced approximately 60% mortality. Of the two parame-
ters that determine the IR, fecundity was the most affected by 
most products. The fertility of eggs laid by each tick observed 
was typically normal or essentially zero with very few inter-
mediate observations. However, for trichlorfon and to a lesser 
extent chlorpyrifos, a large number of ticks laid eggs in which 
half hatched and the other half did not. With respect to 
mortality observed at 7 days posttreatment, a tendency for a 
greater number of dead ticks increased in direct correlation 
with efficacy of the compound. However, a larger study is 
needed to establish whether there is a good correlation of aca-
ricide efficacy as measured by IR and mortality at day 7.

discussion
The objective of this study was to investigate producer concerns 
at two locations in Antioquia, Colombia, where a long-acting 
systemic acaricide containing ivermectin and several topical 
acaricides of other chemical classes were no longer able to 
eliminate R. microplus infestations from cattle. This percep-
tion was confirmed in this study through the administration 
of Ivomec GOLD® to R. microplus–infested cattle on two 
separate occasions 3 months apart. The observed reduction in 
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figure 1. Scattergram showing the correlation (Pearson r = 0.93) between female tick weight and egg mass produced from ticks collected at Tarso 
(n = 188).

figure 2. massive infestation by R. microplus in the perineal and groin 
area of a Brangus bullock at the Tarso farm observed on the day (A) of 
application with Ivomec GOLD and 10 days later (B). infestation by  
R. microplus on the brisket of a bullock (C). secondary cutaneous lesions 
due to R. microplus infestation showing: subcutaneous abscess in the 
brisket (D), myiasis (E), and extensive areas in the perineal region with 
purulent, exudative and ulcerated skin (f).

to water) were similar to values expected for healthy ticks, 
with an egg mass production corresponding to 40%–50% of 
their body weights, and fertility of eggs laid in the first days 
of incubation being approximately 90%. When comparing the 
IR of ticks exposed to different acaricides to the control group, 
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standard females 10 days postinjection was approximately 45% 
and 75% at San Jeronimo and Tarso farms, respectively. In a 
study conducted at the USDA Agricultural Research Service 
(ARS) Cattle Fever Tick Research Laboratory in Edinburg, 
Texas, USA, the therapeutic efficacy of Ivomec GOLD® was 
shown to be 99.9% against all stages of ivermectin-suscepti-
ble R. microplus at the time of treatment.15 Furthermore, the 
protective period against larval reinfestation was shown to be 
14 days, if a level of control at $99% was desired, and dropped 
to 70.4% 28 days posttreatment. Considering that R. microplus 
require at least 18 days on a host to complete development, 
Davey et al.15 concluded that cattle could be treated with Ivo-
mec GOLD® at intervals of 31 days, without risk of having 
viable ticks detach from infested animals. In the present field 
study, fecund ticks were present at 10 days posttreatment, and 
in some animals, body counts were even higher than before the 
administration. However, without a negative control group, it 
was impossible to calculate the degree of efficacy and dynamic 
fluctuations in tick populations under natural conditions could 
have played a role in lowering total body counts. In any case, 
these results are most worrisome when compared to those of 
a field study conducted in the Mexican tropics that included 
a negative control group.16 In their study, the therapeutic and 
persistent efficacy of Ivomec GOLD® was 95% at 56 days post-
treatment and consistent with the prolonged effect claimed on 
the pro duct label of approximately 75 days.

Ivermectin treatment significantly reduced female 
engorge ment weights and egg production. In fact, the engorge-
ment weights were approximately 60% of those recorded before 
treatment at both farms. This result was similar to that reported 
by Lopes et al.17 using experimentally controlled conditions. 
Therefore, even though ticks are surviving ivermectin treat-
ment that is expected to kill 100%, there remains a distinct 
deleterious effect not overcome by resistance mechanism(s). The 
initial mean engorgement weights observed were very differ-
ent between Tarso (133 mg) and San Jeronimo (200 mg). This 
difference could be attributed to previous treatments of the 
unregistered Ivercyt product containing 10.5% ivermectin at 
the Tarso farm (19 days before the onset of the study) and topi-
cally applied engine oil at the San Jeronimo farm (used on an as-
needed basis). The application of motor oil has been reported to 
be the most common method used for tick control by resource-
poor farmers in South Africa.18 A study that compared total 
tick burdens of cattle treated with engine oil with an untreated 
control group showed it to be 15%–65% efficacious and an 
inexpensive method of tick control.19 However, the effect was 
shown to be transient and almost certainly required direct con-
tact between the oil and the tick to achieve good results.

The results of the AIT showed that the maximum 
efficiency that could be achieved with any product or com-
bination was only intermediate (50%–60%) at reducing the 
reproductive capacity of exposed engorged females. Similar 
studies in Brazil reported that farmers normally start reporting 
acaricide resistance when the in vitro efficacy, as determined 

by the AIT, has fallen by 50% or more.13 In another similar 
study conducted in dairy farms in Venezuela, it was found 
that increasing the treatment concentrations above the manu-
facturer’s recommendations for cypermethrin or amitraz did 
not increase efficacy of these acaricides when treatment at the 
labeled rate produced 17% and 50% control, respectively.20 
Therefore, although the practice is common, producers should 
realize that increasing treatment concentrations of products 
will not necessarily get better results. In the present study, 
cypermethrin (150 ppm) was completely devoid of efficacy, and 
when combined in the mixture with half the usual concentra-
tion of amitraz (100 ppm), the efficacy of the combination was 
lower than that of amitraz at its recommended 208 ppm con-
centration. This is an interesting finding as the combination 
of cypermethrin and amitraz has been shown to have greater 
efficacy against R. microplus resistant to these compounds.21 
Furthermore, their study showed that when piperonyl butoxide  
was incorporated in the cypermethrin–amitraz mixture, 
a synergistic effect was attained reaching a field control efficacy 
against ticks in the Mexican tropics of 95% that persisted for 
28 days. Acaricide resistance is so common in Brazil that most 
newly marketed products now contain a combination of active 
compounds. Often up to three active ingredients of different 
chemical families are used to control acaricide-resistant ticks 
in Brazil.11,12 More research into the potential benefits of mix-
tures on the control of R. microplus in Antioquia, Colombia, 
is needed.

The generic amitraz product (Citraz) used at recom-
mended concentration by the manufacturer should have been 
as efficacious as the name-brand amitraz product (Triatox) 
since they both contained concentrations of 208 ppm ami-
traz, plus 10 ppm exposure citronella on the generic. The 
results showed a much lower efficacy for this generic product 
despite having the citronella, and results with ticks from other 
farms (data not shown) suggest even worse performance than 
expected. Several Brazilian studies showed that dilutions of 
citronella oil with concentrations above 25,000 ppm are neces-
sary to lower the reproductive parameters of ticks.22,23 There-
fore, it is unlikely that a citronella concentration of 10 ppm 
would have any adverse impact. In this study, no chemical 
analysis was conducted on any of the topical products tested. 
Therefore, the possibility that the concentration of the active 
ingredients were inadequate cannot be ruled out. This type 
of analysis is essential for making comparisons on products 
carrying the same active ingredients especially when generic 
products are used.

A combination of factors at the farms sampled has driven 
the evolution of resistance to ivermectin and other acaricides. At 
Tarso, the unregistered product containing 10.5% ivermectin 
has been applied for years at a dosage of 2100 µg/kg body 
weight, creating selection pressure on the tick population. 
Interestingly, the Tarso herd contained 20 Zebu along with the 
main herd of Brangus animals. The Zebu breed is known to 
be highly resistant to R. microplus. Ideally, these Zebu animals 
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should be spared from any treatments to preserve part of the 
susceptible population in refugia. Clearly, the use of registered 
and unregistered acaricides, together with a lack of proper 
guidance on best management practices in this farm, as well 
as many others in Colombia, are key factors that have contrib-
uted to the appearance of resistance in R. microplus. Regulatory 
authorities should implement programs to control the sale 
of veterinary drugs and discourage the use of unregistered 
products. In spite of the large number of registered generic 
ivermectin drugs available in Colombia, HPLC analysis of a 
random selection (Table 1) showed that ivermectin concen-
trations met label claims. Although this does not necessarily 
imply bioequivalence of the available formulations to the pat-
ented Ivomec®, it is clear that failure to control tick infesta-
tion at these Colombian farms can be attributed to genuine 
ivermectin resistance and not to a poor quality of the drugs 
available. Government should prioritize the establishment 
of diagnostic laboratories with adequate staff and finances to 
provide science-based knowledge to assist producers to make 
informed rational decisions regarding the management of 
R. microplus. Finally, residues of chemical acaricides in animal 
products are a concern that is yet to be considered by regulatory 
authorities in Colombia. At present, the only tests performed 
are for the detection of antimicrobial residues in milk, which is 
left to the discretion of the dairy companies.24

In conclusion, the present study has confirmed popular 
claims that ivermectin is no longer capable of eliminating tick 
infestation from some Antioquian cattle farms. Integrated 
approaches to parasite control are needed as multiresistant 
strains of R. microplus are now present in the region. These 
programs may include changes in current farming practices 
and could include the use of resistant cattle breeds, pasture 
vacation periods, adjustments to the plant composition of pas-
tures, and introducing biodiversity back into these tropical, 
but mostly monoculture paddocks.
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