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Abstract

The aim of this work was to determine the presence of ivermectin anthelmintic resistance in gastrointestinal parasitic nematodes
in young cattle naturally infected in the state of Campeche, Mexico. This research was performed based on a survey of sanitary
management to 35 cattlemen for the selection of suspicious herds with anthelmintic resistance problems. Calves from six to 12
months age were selected because no anthelmintic treatment had been given for at least 60 days and because they showed
more than 200 eggs per gram of feces (epg) before treatment. Two groups of calves from seven to 13 each were randomly chosen;
control group received no treatment, and treated group received ivermectin at a dose of 0.2 mg per kg of body weight, sub-
cutaneously. Fourteen days after treatment, the epg number was determined and infective larvae genera were taxonomically
identified. Data were analyzed using RESO program for anthelmintic resistance. The results indicated a concerning problem of
ivermectin anthelmintic resistance in the evaluated cattle of five ranches with levels higher than 60%. The nematode genera
identified before treatment were: Cooperia spp, Haemonchus spp and Oesophagostomum sp, and after treatment Cooperia spp
still remained in five ranches, followed by Oesophagostomum sp and Haemonchus spp for two of the evaluated ranches. This
research shows, for the first time in the state of Campeche, anthelmintic resistance in young cattle, as well as presence of gastro-
intestinal nematodes resistant to ivermectin.
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Resumen

El objetivo del presente trabajo fue detectar resistencia a ivermectina en nematodos gastrointestinales en bovinos jovenes infec-
tados naturalmente en Campeche, México. El trabajo se llevd a cabo con base en una encuesta de manejo sanitario realizada a
35 ganaderos para la seleccién de hatos sospechosos de problemas de resistencia antihelmintica. Becerros de seis a 12 meses
de edad fueron seleccionados debido a que no habian recibido tratamiento antihelmintico en un periodo minimo de 60 dias y
porque presentaron cuentas parasitarias mayores de 200 huevos por gramo de heces (hpg), antes del tratamiento. Se formaron
dos grupos de bovinos al azar, de siete a 13 animales cada uno; el grupo testigo no recibié tratamiento, y grupo tratado recibio
0.2 mg por kg de peso de ivermectina, via subcutdnea. Catorce dias después del tratamiento, se determiné el nimero de hpgy se
identificaron los géneros de larvas infectantes. Los datos se analizaron en el programa RESO para resistencia antihelmintica. Los
resultados indicaron serios problemas de resistencia a ivermectina en el ganado vacuno evaluado en cinco ranchos con niveles
mayores de 60%. Los nematodos identificados antes del tratamiento, Cooperia spp, Haemonchus spp y Oesophagostomum sp, y
después del tratamiento fueron Cooperia spp en los cinco ranchos, seguido por Oesophagostomum sp y Haemonchus spp para dos
de los ranchos evaluados. Este trabajo muestra evidencia, por primera vez en Campeche, de resistencia a ivermectina en bovinos
jovenes, asi como presencia de tres géneros de nematodos gastrointestinales resistentes a ivermectina.
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Introduction

he cattle livestock production is one of the

main protein sources obtained from animals in

Mexico, and most of these herds are localized
in extensive tropical regions of the country. Livestock
production in such regions is seriously affected by
gastrointestinal nematodes (gin) that cause damage
on the abomasal and intestinal mucosa, which finally
affect the absorption of nutrients and cause decreas-
ing of the body weight. Currently, the use of chemical
drugs known as “anthelmintics” is the only method of
control used against these parasites, and their use is
mainly required in tropical regions where the high
prevalence of parasites is threatening the animal
health. On the other hand, the benzimidazole, imi-
dazothiazole and macrocyclic lactones are families
of anthelmintics that have been considered as the
major chemical products with efficacy against gin in
ruminants. Nevertheless, the toxic effect of anthelm-
intics and their use will depend on the susceptibility
of the target parasite, as well as environmental fac-
tors and health programs to prevent such parasitosis.
The efficacy of anthelmintics can change due to the
development of anthelmintic resistance in the para-
sites against such compounds; this phenomenon has
mainly developed in small ruminants.? In contrast, the
anthelmintic resistance in cattle has been less studied,
but in the last seven years some countries have noti-
fied the presence of resistance against ivermectin in
gin in cattle.>

The ivermectin is an anthelmintic compound that
belongs to the macrocyclic lactone family, which for
long time has shown to be an excellent product into
the anthelmintic market due to its high nematicidal
effect and its broad spectrum activity. In Mexico, about
50% of the livestock production is mainly localized in
tropical areas, in which cattle is continuously exposed
to gin and animals can easily acquire gin infection
and other types of parasites.” In some regions, the
use of anthelmintics is part of the regular husbandry
procedure against parasites; however, the screening of
anthelmintics efficacy should also be established look-
ing for suitable strategies which might prevent anthel-
mintic resistance problems.

The big concern about the continuous anthelm-
intic resistance spreading in livestock farms in Mexico
has motivated the performance of the present research
work. This study was aimed to identify the presence of
anthelmintic resistance in gin against ivermectin in
cattle in the State of Campeche, Mexico. This work
was carried on in a subtropical region at the Escar-
cega municipality in Campeche, Mexico.® A survey
was applied to 35 cattle-herds to select young calves
considered as the most susceptible animals to acquire
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Introduccién

I ganado vacuno es una de las principales

fuentes de proteina de origen animal en

México, gran parte de este ganado se localiza
en regiones tropicales. La producciéon ganadera en
estas regiones es afectada por nematodos gastroin-
testinales (ngi) que danan la mucosa del abomaso
e intestinos, ademds de que afectan la absorcién de
nutrimentos y repercuten en la ganancia de peso. En
la actualidad, el uso de medicamentos quimicos cono-
cidos como “antihelminticos”, es el inico método de
control de esas parasitosis y su utilizaciéon es indis-
pensable sobre todo en regiones tropicales donde la
alta prevalencia de parasitos pone en riesgo la salud
del ganado. Asimismo, los antihelminticos derivados
de los bencimidazoles e imidazotiazoles y las lactonas
macrociclicas han sido considerados como los com-
puestos quimicos de mayor efectividad en contra de
ngi en rumiantes. Sin embargo, el efecto toxico de
los antihelminticos y su uso dependera de la suscep-
tibilidad del pardsito blanco del medicamento, asi
como de factores ambientales y programas de salud
que tengan como propésito prevenir tales parasitosis.'
No obstante, la eficacia de los antihelminticos podria
cambiar debido al desarrollo de resistencia en los
parasitos hacia dichos compuestos; este fenémeno se
ha presentado principalmente en pequenos rumian-
tes.? En cambio, el problema de resistencia en bovinos
habia sido menos estudiado, pero en los ultimos siete
anos en algunos paises se han notificado problemas
de resistencia a ivermectina en ngi de bovinos.”*

La ivermectina constituye un compuesto antihel-
mintico que forma parte de la familia de lactonas
macrociclicas, la cual a lo largo de muchos anos ha
gozado de excelente reputacion en el mercado de los
antihelminticos por su alta efectividad nematicida y
su amplio espectro de accién. En México, aproxima-
damente 50% de la produccién ganadera se localiza
en dreas tropicales, ello favorece la infeccion por ngi
y otra clase de parasitos.” El uso de antihelminticos
en algunas regiones forma parte de los programas de
desparasitacion; sin embargo, también se deberia dar
seguimiento a la eficacia de dichos compuestos con el
fin de buscar estrategias que prevengan problemas de
resistencia antihelmintica.

Debido al interés por prevenir la diseminacién de
resistencia antihelminticay con base en laimportancia
dela ganaderia en México, el objetivo del presente estu-
dio fue identificar posibles problemas de resistencia a
ivermectina en ngi en ganado bovino en Campeche,
México. El trabajo se realizé en la region subtropical
de Escarcega, Campeche,6 donde se aplic6 un cuestio-
nario a 35 explotaciones bovinas para la seleccién de
animales jovenes, porque son los mds susceptibles a



a parasitic nematode infection. Questions such as use
and frequency of anthelmintics and other parasitic
products and commercial brand in use were included.
Also, additional information was investigated such as
if cattlemen followed the manufacturer recommenda-
tions dose according to the animal weight, as well as
the number of calves, grazing time, type of the feed-
ing supplement, age and breed.

The evaluation of the anthelmintic resistance
was carried on in gin naturally infected sheep, using
the fecal egg count reduction test, cited by Coles et
al” and also by the international guide of anthelm-
intic evaluation,® which considers the use of six to 15
infected cattle with 200 eggs per gram in feces, which
did not received treatment for the last 60 days. The
faecal egg counts reduction test determined the per-
centage of gin in feces previous and post anthelmintic
treatment throughout the McMaster technique.

Two hundred and four cattle samples were ana-
lyzed from six to 12 months-old- age calves, which did
not receive treatment 60 days previous to the anthelm-
intic evaluation to avoid any residual drug effect. The
results showed only 104 calves (50.98%) with parasitic
infection similar or higher than 200 ¢pg, remaining
52 animals in each of the control and treated groups,
respectively. The evaluation of the anthelmintic resis-
tance was carried on in five ranches, denominated as
R1, R2, R3, R4 and R5.

In each ranch, two groups of animals were con-
sidered: 1) Control, which received only water and
2) Treated, with 0.2 mg of ivermectin per kg of body
weight applied by subcutaneous via*. Seven to 13 calves
were used per group, previous positive diagnosis to
gin. The number of epg was determined by McMas-
ter technique at day cero and 14 after the ivermectin
treatment.® Moreover, gin larvae genus was identified
by glass culturing vessel technique.9 Data were ana-
lyzed using the RESO software program.1

Results of the evaluation were considered using
the following citeria: resistant, if the reduction of epg
percentage was lower than 95% and if the low limit of
the confidence interval was lower than 90%, and sus-
picious, if only of one of these criteria was observed."®
The results show the presence of anthelmintic resis-
tance in calves from the five evaluated ranches (Table
1). The gin larvae genera identified previous treat-
ments were: Cooperiaspp, Haemonchus spp and Oesopha-
gostomum sp in the five ranches. In contrast, different
results were observed among ranches after treatments,
Cooperia was the dominant genus identified in the five
ranches, followed by Haemonchus and Oesophagostomum
in R4 and R1, respectively.

In this context, data obtained from the applied
survey to 35 cattlemen showed that ivermectin was the
most used product (65%.9), followed by levamisole

nematodiasis. Se incluyeron preguntas acerca del uso
y frecuencia de los productos antihelminticos y otros
desparasitantes, nombre comercial del desparasitante
que se emplea, y se pregunt6 al ganadero si aplicaba
la dosis conforme al peso de los animales, ademas del
namero de animales jévenes, tipo de pastoreo, tipo de
complemento alimenticio, edad y raza.

La evaluacion de la resistencia antihelmintica
se realizé en campo, utilizando la prueba de reduc-
ciéon de huevos en heces, citada por Coles et al.,” asi
como por la guia internacional para la evaluacion de
antihelminticos,® que consiste en usar de seis a 15 bovi-
nos infectados con 200 huevos por gramo de heces y
sin haber recibido tratamiento antihelmintico en 60
dias. La prueba de reduccién de huevos en heces con-
siste en determinar el porcentaje de huevos de ngi en
heces antes y después del tratamiento antihelmintico,
a través de la técnica de McMaster.

Se analizaron 204 muestras de bovinos de seis a 12
meses de edad que no habian sido tratados con anti-
helminticos durante 60 dias anteriores al ensayo, para
evitar algun posible efecto residual; de éstos, s6lo 104
(50.98%) cumplieron con las cargas parasitarias igua-
les o mayores de 200 hpg, quedando un total de 52
animales para los grupos testigos y tratados, respecti-
vamente. La evaluacion de resistencia antihelmintica
se realiz6 en cinco ranchos, a los que se denominoé R1,
R2,R3, R4y Rb.

En cada rancho se incluyeron dos grupos de ani-
males: 1) Testigo, que recibié agua como placebo y 2)
Tratado, al que se le aplicaron 0.2 mg de ivermectina
por kg de peso via subcutanea.* Se utilizaron de siete
a 13 becerros por grupo, que habian sido previamente
diagnosticados como positivos a ngi. El namero de
hpg fue determinado durante los dias cero y 14 pos-
teriores al tratamiento con ivermectina, por la técnica
de McMaster.""® Asimismo, se identificaron los géneros
de ngi por el método de cultivo de larvas en tarro.’
Los datos obtenidos se analizaron con el programa
RESO.!

Los criterios de evaluacion fueron: resistente, si el
porcentaje de reduccién de hpg es menor de 95% v si
el limite inferior del intervalo de confianza es menor
a 90%; y sospechoso, si se observa s6lo uno de los dos
criterios."® Los resultados sefialan problemas de resis-
tencia antihelmintica en becerros de cinco ranchos
(Cuadro 1). Los géneros de ngi identificados antes del
tratamiento fueron: Cooperia spp, Haemonchus spp y
Oesophagostomum sp para los cinco ranchos. En contra-
parte, se observaron diferencias entre ranchos, pos-
teriores al tratamiento; el género predominante para
los cinco ranchos fue Cooperia, seguido de Haemonchus
y Oesophagostomum para R4y R1, respectivamente.

*lvomec, Laboratorios Merial, lote NDO 2300, México.
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Cuadro 1

PROMEDIO DE HUEVOS DE NEMATODOS GASTROINTESTINALES ELIMINADOS POR g DE
HECES OBTENIDOS EN BOVINOS DE CINCO RANCHOS EN ESCARCEGA, CAMPECHE,
ANTES Y DESPUES DEL TRATAMIENTO CON IVERMECTINA, INTERVALO DE CONFIANZA
AL 95%, PORCENTAJE DE REDUCCION DEL NUMERO DE HUEVOS DE NEMATODOS
GASTROINTESTINALES Y DIAGNOSTICO DE RESISTENCIA ANTIHELMINTICA
MEAN OF GASTROINTESTINAL NEMATODE EGGS PER g OF CATTLE FECES OBTAINED
FROM FIVE RANCHES IN ESCARCEGA, CAMPECHE, BEFORE AND AFTER TREATMENT
WITH IVERMECTIN, 95% CONFIDENCE INTERVAL, GASTROINTESTINAL NEMATODE EGG
REDUCTION PERCENTAGE AND ANTELMINTHIC RESISTANCE DIAGNOSIS

Pre-treatment

Post-treatment

95% of I.C. of

I’IlTJ?:g:I’ tl;é?g{é:: epg* epg* confidence re((i)/l:)ccgon Diagnosis
Cx Tr Te Tr Low Upper
1 10 370 575 920 185 43 93 80 R
2 7 350 329 464 29 86 97 94 R
3 10 705 456 505 35 83 97 93 R
4 12 100 1000 1421 233 37 96 84 R
5 13 1484 996 881 350 1 84 60 R

I. C. = Confidence Interval; epg = eggs per gram of feces; * = arithmetic mean; Cx = control group; Tr = treated group

R = anthelmintic resistance

(27.3%) and febendazole (6.8%), between anthel-
mintic treatment periods from four to six months.
Moreover, animals were grazing all year; 43% of the
cattlemen moved animals from one to another grass-
land. This study was performed from May to August
2006, and it had favorable meteorological conditions
for nematode parasites such as heavy rains at evening
and night with a mean of 568.46 mm per month and
temperature around 27.27°C to develop gin stages to
infect grazing cattle, mainly young cattle.
Anthelmintic treatments are nowadays the unique
method of control against gin,in Mexican cattle herds
and macrocyclic lactones such as ivermectin have
shown broad-spectrum of activity against different
parasites. Unfortunately, the results of the present
research show evidence of the presence of anthel-
mintic resistance in nematodes against ivermectin
in cattle in Mexico, which is a concerning problem
mainly because of the importance of cattle in the
livestock production. Similar results were notified
in 2001 in Argentina, showing 13% of gin ivermec-
tin resistance in cattle,® which increased at 92% in
2004." Although, the origin of the anthelmintic resis-
tance against ivermectin in cattle nematodes in that
country was unknown, Fiel et al’® suggests that the
frequency of treatments and the long persistence of
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En este contexto, los datos de la encuesta aplicada
a 35 ganaderos senalan que ivermectina es el producto
de mayor uso (65.9%), seguido de levamisol (27.3%)
y de febendazol (6.8%), aplicados en periodos de
cuatro a seis meses entre tratamientos. Ademas, los
animales se encontraron en pastoreo todo el ano;
43% de los productores realizaba rotacién de potre-
ros. El presente trabajo se realizé de mayo a agosto de
2006, cuando las condiciones climaticas fueron lluvias
abundantes en tarde y noche con promedio mensual
de 568.46 mm y temperatura promedio de 27.27°C,
lo cual indicaba condiciones favorables para el desa-
rrollo de estadios evolutivos de ngi para la infestaciéon
de bovinos en pastoreo, afectando principalmente al
ganado joven.

El tratamiento antihelmintico es, a la fecha, el
principal método de control, y las lactonas macroci-
clicas han mostrado amplio espectro de accién contra
diferentes tipos de pardsitos, dentro de las cuales se
encuentran las ivermectinas. Infortunadamente, el
problema de resistencia a ivermectina se observé en
ganado vacuno de México, lo cual es preocupante
debido a la importancia de esta especie en la produc-
cién ganadera. Similares resultados fueron notificados
en 2001 en Argentina, con 13% de resistencia a ngi en
bovinos,” lo cual incrementé a 92% en 2004." Aunque



the therapeutic activity are the main causes. In addi-
tion, Gasbarre ¢t al.!! identified ivermectin resistance
problems on infected cattle with gin in North Amer-
ica, suggesting the incorrect anthelmintic dose as the
cause of anthelmintic resistance.

In Escarcega, the lack of record books with infor-
mation related to the preventive and control manage-
ment programs and also the excessive use of ivermectin
were identified as the main problems of ivermectin
resistance in the five evaluated herds, causing parasite
resistance to this compound. Moreover, the reduction
in the anthelmintic efficacy of ivermectin could moti-
vate farmers to increase the frequency of treatments
to compensate such low efficacy. In similar way, the
use of common pastures was a non recommended hus-
bandry procedure, since contaminated pastures are
the feeding source with gin resistance to ivermectin.

In this sense, this study showed similar data to
the Argentina and North America reports identify-
ing Cooperia spp as the main resistant genus, which
was markedly different in small ruminants, where H.
contortus is the main genus with multiple anthelmintic
resistance."'” The results obtained in the present study
show, for the first time, the presence of anthelmintic
resistance to ivermectin in gin in cattle in Mexico.

A screening of herds from regions under risk of
anthelmintic resistance in Mexico and also the estab-
lishment of adequate deworming programs is highly
recommended. Special attention in the use of the
right doses of chemical drugs in relation to the body
weight of the animals and the recommendations of
the anthelmintic manufacturer are very important
and should also been considered. The search of new
alternatives of parasitic control, different to chemical
compounds must be promoted in order to at least,
partially replace the use of drugs for parasite control.
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