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Sheep production in Mexico represents an economically important livestock activity, which is developed under 

different production systems, depending on the region of the country where the production unit is located. Sheep 

farming, like other livestock activities, has limitations associated with infectious diseases, such as parasitic dis-

eases caused by gastrointestinal nematodes, which have a negative impact by generating high mortality rates and 

reducing productive and reproductive parameters. The basic control strategy is based on the use of anthelmintic 

drugs derived from benzimidazole, macrocyclic lactones and imidazothiazoles, currently, the effective use of this 

type of drugs is threatened and restricted by the increase in populations of resistant gastrointestinal nematodes 

(Haemonchus spp., Cooperia spp., Oesophagostomum spp., Trichostrongylus spp., Teladorsagia spp., Chabertia 

spp., Ostertagia spp., and Nematodirus spp. The purpose of this review was to analyze the current situation of 

resistance to anthelmintics in gastrointestinal nematodes in sheep in different regions of Mexico, in order to show 

their resistance, distribution and prevalence. 
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In  

La producción de ganado ovino en México, representa una actividad pecuaria importancia económica, que se 

desarrolla bajo diferentes sistemas de producción, dependiendo de la región del país donde se encuentre la unidad 

de producción. La ovinocultura como otras actividades pecuarias presentan limitaciones, asociadas a enfermeda-

des infecciosas, como las parasitarias, causadas por nematodos gastrointestinales, que impactan de forma negativa, 

al generar altas tasas de mortalidad y disminuir parámetros productivos y reproductivos. La estrategia básica de 

control se sustenta en el uso de fármacos antihelmínticos derivados del bencimidazol, lactonas macrocíclicas e 

imidazotiazoles, actualmente, el uso eficaz de este tipo de fármacos se ve amenazado y restringido por el aumento 

de poblaciones de nematodos gastrointestinales resistentes (Haemonchus spp., Cooperia spp., Oesophagostomum 

spp., Trichostrongylus spp., Teladorsagia spp., Chabertia spp., Ostertagia spp., y Nematodirus spp.) distribuidos 

en el territorio nacional. La presente revisión tuvo como propósito analizar el panorama actual de la resistencia a 
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antihelmínticos en nematodos gastrointestinales de ovinos en las diferentes regiones de México, con la finalidad 

de evidenciar su resistencia, distribución y prevalencia. 
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Introduction 

 

Sheep farming is one of the most important livestock 

activities in the world, due to the production of meat 

for human consumption, constituting an important 

source of nutrients such as proteins, vitamins, miner-

als, etc1. 

In Mexico, the climatological characteristics allow 

the implementation of different sheep production 

systems, according to the geographical regions of the 

country, even in adverse weather conditions, which 

prevent the practice of other livestock activities2. 

Environmental factors, such as climate, humidity, 

season and region play an important role in the avail-

ability of vegetation, which can be used as a forage 

resource to reduce feed costs, however, they are a de-

termining factor in the prevalence of parasitosis in 

sheep production units (PU), favoring their develop-

ment and permanence in the available pastures3. 

Parasitosis in sheep represents one of the main sani-

tary problems worldwide, directly affecting young 

animals, limiting their growth and, in adults, their 

productivity4. Gastrointestinal nematodes (GIN) gen-

erate limitations in animal health and production, 

since these parasites present biological characteris-

tics, such as high prolificacy, adaptability and re-

sistance to adverse climatic conditions, which favor 

their high prevalence5. 

In most PUs, the use of anthelmintic drugs (AH) rep-

resents one of the most effective tools in the control 

of GIN. The appropriate and rational use of these  

 

 

 

drugs allow animals to express their productive po-

tential, avoiding economic losses due to nematodi-

asis. The rapid development of GIN populations with 

AH resistance is a threat that affects the efficacy of 

these drugs as parasite control tools. Therefore, it is 

imperative to monitor the development and spread of 

resistant parasite populations in different parts of the 

world6. 

The high efficacy of chemical AH drugs in parasite 

control promoted their continued use in PUs7. Thus, 

the implementation of chemical control as the only 

strategy resulted in the gradual loss of the AH effect, 

developing parasite populations with anthelmintic re-

sistance (AR)8. 

AR is a generational phenomenon, in which the drug 

decreases its efficacy at concentrations at which it 

normally has an effect on a susceptible parasite pop-

ulation9. The loss of GIN susceptibility to the drug is 

associated with genetic and biochemical modifica-

tions that allow the parasites to survive and transmit 

resistance alleles to their progeny, which represents 

an increase in nematode populations with resistance 

alleles1. 

Based on the above, a literature review on AR in GIN 

in sheep in Mexico was proposed. A search was car-

ried out in the following databases: Google Scholar, 

Redalyc, SciELO and Scopus, considering a publica-

tion period between 1968 and 2020. The keywords 

used were nematodes, AH, resistance. Publications 
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with incomplete data or irrelevant papers were elim-

inated. Full-text documents with information about 

AR in GIN in sheep in Mexico were reviewed and 

analyzed. 

 

Development 

 

Parasitic diseases in sheep. In Mexico, parasitic dis-

eases are among the most frequent and important, 

since they cause biological and economic ineffi-

ciency in livestock systems, affecting productive pa-

rameters10. The causative agents of gastrointestinal 

parasitosis in small ruminants are diverse, so their bi-

ological behavior and effects on the animal depend 

on the parasite involved11. 

A parasitic disease is the consequence of an imbal-

ance between the agent, host and environment, gen-

erating characteristic clinical manifestations. It has 

been documented that the use of antiparasitic drugs 

not only has an impact on parasitosis in the host, but 

also has a negative impact on free-living nematode 

populations, generating an environmental modifica-

tion12. 

In general, parasites that affect sheep are categorized 

into two large groups, i) external parasites and ii) in-

ternal parasites. For the latter group, it is considered 

necessary to carry out periodic sampling of feces, at 

least once a month, to determine the behavior of par-

asitosis and identify the ideal time for the administra-

tion of antiparasitic treatment13. 

Sheep suffer from severe helminth infections, being 

more evident in young animals, due to the lack of de-

velopment of some immunological processes14. One 

of the most pathogenic nematodes, Haemonchus spp. 

migrates in L3 phase to the gastric mucosa walls, and 

from there, it feeds as an adult worm10. Other genera 

such as Cooperia spp., Ostertagia spp., Trichostron-

gylus spp., Teladorsagia spp., and Oesophagosto- 

mum spp., are of similar importance, given their ef-

fect on other sections of the gastrointestinal tract15. 

The order Strongylida has morphological character-

istics such as buccal capsule, reproductive apparatus, 

lobes of the copulatrix bag and the shape of the cuti-

cle ridges, which allow inferring their kinship, in ad-

dition, they have tropism for the abomasum, where 

they establish themselves to feed on the host's blood, 

causing notable anemias in a period of 10-12 days16. 

 

Figure 1 NGI life cycle: morulated egg (1), embryo-

nated egg (2), first instar larva (3), second instar larva 

(4), third instar larva or infective larva (5) and fourth 

instar larva or adult (6) 

 

 

 

The life cycle of nematodes corresponds to the mon-

oxenous type (Figure 1), i.e., it has no intermediate 

hosts. This cycle comprises the following stages: 

morulated egg (1), embryonated egg (2), first instar 

larva (3), second instar larva (4), and third instar 

larva or infective larva (5). 

During this stage, the infective larvae maintain their 

second instar larval cuticle, conferring resistance to 

environmental factors, which allow their survival for 

more than 1 year in pastures. If the temperature and 

humidity conditions are optimal, they move by 

means of hydrotropism, arriving from the soil to the 

tip of the pasture by means of water droplets located 

on the surfaces of the pasture, and are thus ingested 

by a sheep16. 
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After being ingested, the infecting larvae penetrate 

the gastrointestinal mucosa, where they undergo a fi-

nal ecdysis to fourth stage larvae (6), inside the abo-

masal mucosa, in the case of Teladorsagia and 

Haemonchus (6B), or in the small intestine, in the 

case of Nematodirus spp., Trichostrongylus spp. or 

Cooperia spp. Adults located in the target organ live 

an average of 1-3 months, depending on the nutri-

tional status, physiological stage, and immune re-

sponse of each animal17. 

Parasitosis by GIN generally occurs in mixed infec-

tions, mainly associated with climatic regions. As a 

result of the invasion of both the abomasum and in-

testine, a parasitic gastroenteritis is generated, which 

can cause the death of the affected animals, or alter 

animal welfare conditions18. 

Parasitic gastroenteritis in clinical phase is character-

ized by watery diarrhea, opaque coat, anorexia, ane-

mia and general loss of body condition. However, in 

subclinical cases, the effects of GIN are evidenced 

with a negative impact on productive parameters, 

with low milk production, low weight gain, and re-

tarded growth of the animals, without showing the 

characteristic clinical signs19. 

Main nematodes in sheep, according to their geo-

graphical location in Mexico. The southeast of Mex-

ico is characterized by warm climates with a subdi-

vision into warm humid and warm sub-humid, the 

relative humidity and temperature are factors that fa-

vor the development of parasites in PU2. 

González-Garduño et al.20 conducted a study on 242 

animals in a slaughterhouse in the state of Tabasco, 

and found that 57.4 % of the animals were parasitized 

with some genus of parasite. The main nematode spe-

cies identified were Haemonchus contortus in the 

abomasum, Cooperia curticei, Trichostrongylus col-

ubriformis, Strongyloides papillosus and Bunosto-

mum trigonocephalum in the small intestine. Oe-

sophagostomum columbianum and Trichuris ovis in 

the large intestine. The three main ones were: H. con-

tortus, O. columbianum and T. colubriformis with 

average counts of more than 1009, 813 and 335 

adults, respectively. 

López-Ruvalcaba et al.21 analyzed the gastrointesti-

nal contents of 122 sheep from different municipali-

ties of Villahermosa, Tabasco, considering aspects 

such as age, gender, physiological state and month of 

sampling, in the count of total adult nematodes and 

by species. The nematode species reported were: H. 

contortus, T. colubriformis and C. curticei. In addi-

tion, the presence of the cestode Moniezia expansa. 

In sheep from 31 to 36 months of age, the parasite 

loads determined, by GIN count (49±143) were 

lower than in animals of all other ages, concluding 

that the age factor may influence the prevalence of 

this type of parasites. 

Under this scheme, Hernández-Rojas et al.22 ana-

lyzed the prevalence of GIN, as well as the genera 

present in grazing sheep at the beginning of the dry 

season in the upper part of the municipality of Cuet-

zala del Progreso, Guerrero, Mexico, the authors de-

termined a nematode prevalence of 77.63 %, report-

ing the elimination of 595 eggs per gram of feces 

(HPG). The genera of GIN identified were: Haemon-

chus spp., 32 %, Cooperia spp., 30 %, Trichostron-

gylus spp., 17.33 %, Oesophagostomum spp., 13.67 

% and the genus Strongyloides spp., 7 %, concluding 

that grazing sheep at the beginning of the dry season 

presented a high prevalence of GIN, with the pre-

dominant genera being Haemonchus spp., and Tri-

chostrongylus spp. 

In the northern zone of Mexico, parasitosis have a 

behavior linked to the different climatic conditions 

and even less than optimal conditions for their devel-

opment, inferring that the low prevalence of nema-

todes present in sheep is due to a break in the life cy-

cle, as mentioned by Medina et al.23 who determined 

that the season of sampling, as well as the geographic 
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region, influence the prevalence of parasites, the spe-

cies present and the frequency of infected animals. 

There are few reports on the identification of GIN in 

sheep in this area; however, cases of endoparasites of 

bighorn sheep, considered an ecologically important 

species, have been reported in the state of Baja Cali-

fornia Sur, according to León-Frias24 who identified 

5 species of endoparasites, including Skrjabinema 

ovis, a nematode that also has the capacity to infect 

domestic sheep. 

For the central region, some reports have been made, 

such as that of George-Sánchez & Quiróz-Romero25, 

who observed the presence of GIN, pulmonary and 

hepatic in sheep in the municipality of Soltepec, 85 

% of the samples were positive for the protozoan Ei-

meria spp., the species were: E. ovina 45.55 %, E. 

ashata 11.86 %, E. ovinoidalis 8.86 %, E. faurei 5.88 

%, E. parva 7.23 %, E. granulosa 6.96 %, E. pallida 

4. 04 %, E. ninakohlyakimovae 3.39 %, E. crandallis 

2.74 % and E. punctata 1.14 %, the amount of oo-

cysts per gram of feces (OPG) ranged from 498 to 

3333. Regarding nematodes, 68.12 % of the sheep 

were positive for strongyloides, 30 % for S. papillo-

sus, 9.31 % for Trichuris spp., 8.75 % for Nema-

todirus spp., 21.25 % for Dictyocaulus filaria, 5 % 

for Muellerius capillaris and 19.37 % for Fasciola 

hepatica. The average HPG of nematodes ranged 

from 73.75 to 1695.25. The nematode genera identi-

fied were: Haemonchus spp., 40 %, T. axei 25 %, Os-

tertagia spp., 11.7 %, Oesophagostomum spp., 9.7 

%, Cooperia spp., 4.5 %, Bunostomum spp., 2.5 %, 

Nematodirus battus 2 %, Strongyloides papillosus 

1.5 % and Nematodirus spathiger 1 %. 

Soca et al.26 carried out a study in sheep in Villa del 

Carbon, State of Mexico, and identified infective lar-

vae of nematodes, determining that 46 % corre-

sponded to Haemonchus spp., 25 % to Cooperia spp. 

Montalvo-Aguilar & de Gives12 identified the most 

prevalent nematodes in the northeastern region of the 

state of Tlaxcala, sampling 21 herds, identified 

Haemonchus spp., Teladorsagia spp., Trichostron-

gylus spp., Cooperia spp, and Nematodirus spp. 

As evidenced in the studies described above, the 

presence of mixed infections by GIN in sheep is di-

rectly influenced by the climatic conditions prevail-

ing in the different regions, the characteristics of the 

host (age, gender, breed, etc.) and the sanitary man-

agement implemented in each PU, which explains the 

variations in the epidemiological patterns that have 

been reported in the different regions of Mexico27. 

Environmental factors, such as humidity and temper-

ature, govern the geographical distribution, as well as 

the prevalence of infective larvae of GIN. For this 

reason, in areas with tropical climates, mainly in 

summer, an increase in the prevalence of these para-

sites is observed. However, in recent years, the ef-

fects of climate change have generated environmen-

tal alterations that favor the adaptation process of 

GIN and, therefore, their prevalence. The adaptation 

process is associated with the high genetic diversity 

they possess, thus increasing the biotic potential of 

GIN, allowing their survival and dissemination in ge-

ographic areas considered to be at low risk16. 

In regions close to the equatorial zone, such as the 

south-southeast region of Mexico, high temperatures 

and constant humidity favor the development and 

permanence of infective larvae of GIN in pastures 

throughout the year28. On the other hand, cold and 

arid regions have extreme environmental conditions 

that restrict the development of GIN on an annual ba-

sis, thus, the risk decreases as latitude increases. 

Cases of nematodiasis in these regions are of minor 

importance because the favorable conditions for their 

development are brief, preventing their survival for 

prolonged periods29. 

The economic losses associated with nematodiasis 

vary between regions and seasons of the year, de-

pending on the environmental conditions, as well as 
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the efficiency of the parasite control measures imple-

mented in the PU. The economic impact can be di-

rect, causing the death of animals, or indirect, nega-

tively impacting productive or reproductive parame-

ters, such as weight gain, feed conversion and fertil-

ity16. The economic impact on PUs is often exacer-

bated by poor animal feeding and increasing drug re-

sistance30. 

The use of highly effective commercial AH, recom-

mended for parasite control, was aimed at maximiz-

ing herd health, productivity and profitability, and 

although it was successful for several years, nowa-

days increasing levels of resistance are being experi-

enced, which have become generalized in different 

regions of Mexico, mainly due to the mobilization of 

livestock19. 

Resistance of GIN in sheep. Diseases caused by nem-

atodes in sheep PU are associated with various long-

term clinical complications. Infections can occur in 

any area of the body, depending on the target organ; 

in the case of GIN, they affect various organs of the 

gastrointestinal tract30. 

The efficacy of available AH is limited by evolution-

ary, ecological and dietary factors, thus the availabil-

ity and use of AH is restricted and threatened by in-

creasing drug resistance in nematode populations31. 

Three classes of AH are routinely administered in PU 

against nematode infections: benzimidazoles (BZ) 

(mebendazole, fenbendazole and albendazole), mac-

rocyclic lactones (LM) (ivermectin and moxidectin) 

and imidazothiazoles (IMZ) derivatives (levami-

sole)8, against which previous studies have reported 

a decrease in their efficacy. mentioned that the intro-

duction of Pelibuey sheep and their crosses with 

Dorper and Kathadin improve productive parame-

ters, but increase their susceptibility to GIN, leading 

to the frequent use of chemical AH in the south-

southeast region of Mexico. 

Gonzales-Garduño et al.20 when evaluating the in 

vitro and in vivo efficacy of albendazole, levamisole 

and ivermectin, the three main AH used in the control 

of GIN in sheep, observed that levamisole presented 

30 % efficacy against a monospecific strain of H. 

contortus, on the other hand, a mixture of albend-

azole + levamisole, presented 65 % efficacy and iver-

mectin 87 % efficacy. This loss of efficacy is evi-

dence of the degree of resistance that has been grad-

ually generated to different drugs, reducing the ther-

apeutic resources for parasite control. 

Nematodes possess biological and genetic character-

istics that favor the development of AR populations 

such as short life cycles, high reproduction rate, high 

evolution rate and extremely high population sizes, 

producing generational genetic mutations33. 

The gradual emergence of resistance occurs within a 

population in response to chemical exposure exerting 

selective pressure, killing susceptible parasites, but 

allowing others with a degree of resistance to sur-

vive. However, the speed and extent of resistance is 

influenced by other factors, such as the intensity of 

use of drugs from a single family, under- or over-dos-

ing, lack of management in the processing of animal 

feces, as well as government regulation in the sale of 

AH drugs34. 

Table 1 presents cases of AR in Mexico, and shows 

its distribution in the northern, central and southern 

regions of the country, considering a period between 

2003 and 2009, highlighting that the group of AH 

mostly applied throughout the country belong to the 

group of LM, BZ and, to a lesser extent, levamisole 

hydrochloride. The most prevalent genera were 

Haemonchus spp., Cooperia spp., Oesophagosto-

mum spp., and Trichostrongylus spp. The least prev-

alent genera with respect to geographical distribution 

were Teladorsagia spp., Chabertia spp., Ostertagia 

spp., y Nematodirus spp. 
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Mechanisms involved in the development of re-

sistance to anthelmintics. A series of elements are in-

volved, such as increased production of hydrolytic 

enzymes, modification of the active site, decreased 

membrane permeability and increased reflux 

pumps45. 

 

Table 1 Cases of anthelmintic resistance distributed in Mexico 

 

Location Anthelmintic Genres Author 

Yucatán 
Bencimidazoles 

Levamisol 

Haemonchus spp. 
Trichostrongylus spp. 

Oesophagostomum spp. 

35 

Huimanguillo, Tabasco  Bencimidazoles 
Haemonchus spp. 
Ostertagia spp. 

Oesophagostomum spp. 

36 

Campeche  
Bencimidazoles 

Lactonas macrociclicas 
Trichostrongylus 37 

Chiapas 

Albendazol 

Levamisol 

Ivermectina  

Haemonchus contortus 
Cooperia curticei 

38 

Veracruz  Levamisol  

Cooperia spp. 
Haemonchus spp. 

Ostertagia spp. 

Oesophagostomum spp. 

39 

Campeche  

Ivermectina  

Albendazol 

Levamisol 

Cooperia spp. 

Haemonchus spp. 

Oesophagostomum spp. 

40 

Texcoco 
Puebla 

Morelos 

Albendazol 

Closantel 

Cooperia spp. 
Haemonchus spp. 

Teladorsagia spp. 
Oesophagostomum spp. 

Trichostrongylus spp. 

Chabertia spp. 
Nematodirus 

41 

Tabasco 

Bencimidazoles 

Imidazoles 

Lactonas macrociclicas 

Haemonchus spp. 

Trichostrongylus spp. 

Oesophagostomum spp. 

42 

Estado de México 
Albendazol 
Ivermectina  

Cooperia spp. 

Trichostrongylus colubriformis 

Haemonchus spp. 

43 

Huasteca Potosina  

Lactonas macrociclicas 

Bencimidazoles 
Imidazotiazol 

Haemonchus spp. 
Trichostrongylus spp. 

Oesophagostomum spp. 

Cooperia spp. 

44 

The BZ are the first models studied with respect to 

resistance; these AH are a group of broad-spectrum 

drugs used in both humans and animals, especially in 

small ruminants for approximately 40 years46. 

The manifestation of resistance to this group of drugs 

is linked to changes in the gene that encodes the tar-

get receptor (β-tubulin). These act by binding to the 

tubulin of the nematodes, altering the balance of the 

microtubules and causing their depolymerization, 

thus immobilizing and killing the helminth30. 

In the research conducted by Chaudry et al.46, deter-

mined the diversity of β-tubulin resistance mutations, 

BZ of isotype 1, the genetic structure of H. contortus 

from sheep and Haemonchus placei from cattle in the 

southern United States, a low level of genetic differ-

entiation was observed in 6 populations of H. placei 

and 7 of H. contortus analyzed, which allowed infer-

ring that there is a high gene flow between parasite 

populations. It appears that variations in DNA se-

quences differ at the species level in nematodes. 

Thus, characterization of genetic markers to differ 

between genetically close species becomes more 

complex, an example of which is the described codon 

167 in Trichostrongylus circumcincta and not in re-

sistant T. colubriformis47. 

It has been pointed out that the amino acid codons  
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(167, 198 and 200) are important residues in the BZ 

binding pocket, and their effect on drug sensitivity 

has been functionally proven48. 

IMZs act as cholinergic agonists at nicotinic acetyl-

choline receptors of nematode neuromuscular junc-

tions causing depolarization and spastic paralysis. 

Mutations conferring parasite resistance are medi-

ated through the disappearance of acetylcholine re-

ceptors, although physiological mechanisms and the 

formation of polymorphisms are likely to differ 

among resistant parasites49. 

Strains of H. contortus and T. colubriformis resistant 

to levamisole, morantel and pyrantel have been re-

ported, which, although they are different drugs, have 

the same mechanism of action on susceptible hel-

minths50. In this regard, Martin et al.51 suggested that 

the normal function of the levamisole receptor is 

modified, i.e., the active channels of the resistant 

nematodes remain open for a shorter time and thus, 

there is less depolarization and consequently less 

contraction. 

Resistance to levamisole is widely distributed in the 

world and represents a serious problem that limits the 

treatment of helminths. However, resistance to this 

drug is difficult to find in nematodes such as H. con-

tortus, but common in T. colubriformis and Oesoph-

agostomum spp. Therefore, the slow spread of re-

sistance in parasites such as H. contortus can be ex-

plained by the autosomal recessive nature, and possi-

bly determined by more than one gene52. 

Becerra-Nava et al.39 reported that the percentage of 

PU with levamisole-resistant GIN in the state of Ver-

acruz was 34 %, only 3 PU had GIN populations sus-

ceptible to levamisole. The genera that exhibited re-

sistance to the drug were Cooperia spp. the most re-

sistant genus, followed by Haemonchus spp., Oster-

tagia spp., and Oesophagostomum spp. Over the 

years, new drugs were developed to control helmin-

thiasis and replace drugs that had lost their effective- 

ness, which led to the introduction of LM53. 

LM are high affinity agonists on glutamate receptors, 

associated with chloride channels and GABA (γ-ami-

nobutyric acid) receptors, attenuating their activity. 

This causes a concentration of chloride ions, hy-

perpolarization of the nematode neuron and thus 

causes paralysis of the parasite31. 

Chloride channels are composed of 5 protein subu-

nits, 3 subunits a, b and c combine to form the pen-

tamer. GluCl receptors are located mainly in somatic 

muscle cells, pharyngeal pump and uterus, so that ex-

posure of the target parasite to LM affects motility, 

feeding capacity and fecundity54. 

It seems that resistance would be associated with mu-

tations of 2 subunits of the chloride channel in the 

resistant parasite, although in the same species such 

as H. contortus, differences between polymorphisms 

have been reported. Some authors have described the 

role of the GluCl receptor in the development of re-

sistance to LM44. 

As a general rule, long-acting drugs are more likely 

to select for resistance than short-acting drugs, as are 

the most effective drugs, because during the elimina-

tion phase, the parasites are exposed to a gradual de-

crease in the concentrations reached by the drug in 

persistence, which would allow the establishment of 

resistant infective larvae, while susceptible larvae are 

eliminated53. 

Currently, the use of AH continues to be an important 

pillar in the control of parasites, due to its practical-

ity, however, it is imperative that its frequency of use 

has a decrease in the PU. To achieve a decrease in the 

frequent use of AH, it is important to consider that 

the drug may vary according to the category of ani-

mals to be treated, the species of parasites involved, 

time of year, presence or absence of shelter, toxicity, 

drug residues and susceptibility or resistance to the 

drugs in each geographical region56. 

From the ecotoxicological point of view, all drugs  
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represent a risk of contamination for non-target or-

ganisms. AHs are currently not exempt from the risks 

associated with their presence and circulation in the 

environment. Therefore, it is necessary to emphasize 

the negative impact that revolves around anthelmin-

tic therapy30. 

 

Conclusion 

 

AR is a problem that has worsened in the last decade 

worldwide, due to the lack of technological develop-

ment, which has not reduced the use of drugs in the 

control of nematodiasis in sheep. This review allows 

us to assess the current situation in Mexico with re-

spect to the distribution of AR cases in GIN in differ-

ent geographical regions of the country. 

The implementation of the chemical control strategy 

seemed to have solved many of the problems associ-

ated with the control of GIN in PU, using broad-spec-

trum AH such as BZ, LM and IMZ derivatives, 

which during the first decades of use had a remarka-

ble effect in the control of parasitosis. However, in 

the last 10 years there has been a gradual resurgence 

of problems associated with GIN, but now with re-

sistance to drugs used years ago. As a consequence, 

resistance developed through genetic-evolutionary 

mechanisms allows the survival of NGI that have a 

negative impact on animal production, PU profitabil-

ity, food safety and the environment. 

Parasitosis caused by AH-resistant NGI in sheep PU 

are distributed throughout most of the Mexican terri-

tory, with a greater presence in the south-southeast 

region of Mexico, due to the favorable environmental 

conditions of the region (humidity and temperature). 

The most prevalent genera reported are Haemonchus 

spp., Cooperia spp., Oesophagostomum spp., and 

Trichostrongylus spp., and with lower prevalence; 

Teladorsagia spp. 

Currently in Mexico and in the world, integrated par-

asite control should be the strategy of choice to con-

trol infections caused by GIN, limit the development 

of resistance, avoid the circulation of anthelmintics 

that cause damage to non-target organisms, favor an-

imal production and guarantee food safety. 

 

Source of financing 

 

This study was funded by the Universidad Autónoma 

del Estado de Hidalgo. 

 

Conflicts of interest 

 

The manuscript was prepared and reviewed with the 

participation of the authors, who declare that there is 

no conflict of interest that could jeopardize the valid-

ity of the presented results. 

 

Acknowledgments 

 

The authors wish to express their gratitude to the In-

stituto de Ciencias Agropecuarias de la Universidad 

Autónoma del Estado de Hidalgo. 

 

Ethical considerations 

 

The research complied with the ethical standards of 

the information process. 

 

Authors' contribution to the article 

 

Los autores realizaron el levantamiento de la infor-

mación y recopilación bibliográfica, así como revi-

sión y redacción del artículo final. 

 



López-Rodríguez et al.                                                                                                                                            J. Selva Andina Anim. Sci. 

______________________________________________________________________________________________________________ 

125  

Research limitations 

 

The authors point out that there were no limitations 

in the present research work. 

 

Literature cited 

 

1. Hernández-Marín JA, Valencia-Posadas M, Ruíz-

Nieto JE, Mireles-Arriaga AI, Cortez-Romero C, 

Gallegos-Sánchez J. Contribución de la ovinocul-

tura al sector pecuario en México. Agroproducti-

vidad 2017;10(3):87-93. 

2. Vidal-Zepeda R. Las regiones climáticas de Mé-

xico [Internet]. México: Universidad Nacional 

Autónoma de México; 2017 [citado 22 de octubre 

de 2022]. Recuperado a partir de: http://www.pu-

blicaciones.igg.unam.mx/index.php/ig/catalog/ 

book/42 

3. Navarre CB. Epidemiology and control of gastro-

intestinal nematodes of cattle in southern climates. 

Vet Clin North Am Food Anim Pract 2020;36(1): 

45-57. DOI: https://doi.org/10.1016/j.cvfa.2019. 

11.006 

4. Váradyová Z, Pisarčíková J, Babják M, Hodges A, 

Mravčáková D, Kišidayová, et al. Ovicidal and 

larvicidal activity of extracts from medicinal 

plants against Haemonchus contortus. Exp Parasi-

tol 2018;195:71-7. DOI: https://doi.org/10.1016/ 

j.exppara.2018.10.009 

5. Zaragoza-Vera CV, Aguilar-Caballero AJ, Gonzá-

lez-Garduño R, Arjona-Jiménez G, Zaragoza-

Vera M, Torres-Acosta JFJ, et al. Variation in phe-

notypic resistance to gastrointestinal nematodes in 

hair sheep in the humid tropics of Mexico. Parasi-

tol Res 2019;118(2):567-73. DOI: https://doi.org/ 

10.1007/s00436-018-06201-w 

6. Alonso-Díaz MA, Arnaud-Ochoa RA, Becerra-

Nava R, Torres-Acosta JF, Rodriguez-Vivas RI, 

Quiroz-Romero RH. Frequency of cattle farms 

with ivermectin resistant gastrointestinal nema-

todes in Veracruz, Mexico. Vet Parasitol 2015;212 

(3-4):439-43. DOI: https://doi.org/10.1016/j.vet-

par.2015.07.023 

7. Cristel SL, Suarez VH. Resistencia antihelmín-

tica: evaluación de la prueba de reducción del con-

teo de huevos. Rev Investig Agropecu 2006;35(3): 

29-43. 

8. Geary TG, Sakanari JA, Caffrey CR. Anthelmintic 

drug discovery: into the future. J Parasitol 2015; 

101(2):125-33. DOI: https://doi.org/10.1645/14-

703.1 

9. Sangster NC, Gill J. Pharmacology of anthelmin-

tic resistance. Parasitol Today 1999;15(4):141-6. 

DOI: https://doi.org/10.1016/S0169-4758(99)014 

13-1 

10. Serrano-Aguilera FJ, Frontera-Carrión EM, Gó-

mez-Nieto LC, Martínez-Estéllez MAH, Pérez-

Martin JE. Manual práctico de parasitología vete-

rinaria [Internet]. Badajoz: Universidad de Extre-

madura; 2010 [citado 02 de octubre de 2022]. 116 

p. Recuperado a partir de: https://dialnet.unirioja 

.es/servlet/libro?codigo=678331 

11. Silva-Soares SC, de Lima GC, Carlos Laurentiz A, 

Féboli A, Dos Anjos LA, de Paula Carlis MS, et 

al. In vitro anthelmintic activity of grape pomace 

extract against gastrointestinal nematodes of natu-

rally infected sheep. Int J Vet Med 2018;6(2):243-

7. DOI: https://doi.org/10.1016/j.ijvsm.2018.11. 

005 

12. Montalvo-Aguilar X, López Arellano ME, Váz-

quez-Prats V, Liébano Hernández E, Mendoza de 

Gives P. Ivermectin and fenbendazol anthelmintic 

http://www.publicaciones.igg.unam.mx/index.php/ig/catalog/%20book/42
http://www.publicaciones.igg.unam.mx/index.php/ig/catalog/%20book/42
http://www.publicaciones.igg.unam.mx/index.php/ig/catalog/%20book/42
https://doi.org/10.1016/j.cvfa.2019.%2011.006
https://doi.org/10.1016/j.cvfa.2019.%2011.006
https://doi.org/10.1016/%20j.exppara.2018.10.009
https://doi.org/10.1016/%20j.exppara.2018.10.009
https://doi.org/%2010.1007/s00436-018-06201-w
https://doi.org/%2010.1007/s00436-018-06201-w
https://doi.org/10.1016/j.vetpar.2015.07.023
https://doi.org/10.1016/j.vetpar.2015.07.023
https://doi.org/10.1645/14-703.1
https://doi.org/10.1645/14-703.1
https://doi.org/10.1016/S0169-4758(99)014%2013-1
https://doi.org/10.1016/S0169-4758(99)014%2013-1
https://doi.org/10.1016/j.ijvsm.2018.11.%20005
https://doi.org/10.1016/j.ijvsm.2018.11.%20005


Vol. 10 No 2 2023                                                                        Nematodos gastrointestinales en ovinos y su resistencia antihelmíntica 

_______________________________________________________________________________________________________________ 

126 

resistance in gastrointestinal nematodes from na-

turally infected sheep in northern Tlaxcala, Mé-

xico. Téc Pecu Méx 2006;44(1):81-90. 

13. Partida de la Peña JA, Braña Varela D, Jiménez 

Severino F, Ríos Rincón FG, Buendía Rodríguez 

G. Producción de carne ovina [Internet]. Ajuchi-

tlán: Centro Nacional de Investigación Disciplina-

ria en Fisiología y Mejoramiento Animal; 2013 

[citado 20 de octubre de 2022]. 116 p. Recuperado 

a partir de: https://es.scribd.com/document/2277 

88370/SAGARPA-InIFAP-Manual-Produccion-

de-Carne-Ovina 

14. Molento MB, Fortes FS, Pondelek DA, Borges 

Fde A, Chagas AC, Torres-Acosta JF, et al. Chal-

lenges of nematode control in ruminants: focus on 

Latin America. Vet Parasitol 2011;180(1-2):126-

32. DOI: https://doi.org/10.1016/j.vetpar.2011.05. 

033 

15. Roeber F, Jex AR, Campbell AJ, Campbell BE, 

Anderson GA, Gasser RB. Evaluation and appli-

cation of a molecular method to assess the compo-

sition of Strongylid nematode populations in 

sheep with naturally acquired infections. Infect 

Genet Evol 2011;11(5):849-54. DOI: https://doi. 

org/10.1016/j.meegid.2011.01.013 

16. Besier RB, Kahn LP, Sargison ND, Van Wyk JA. 

The Pathophysiology, ecology and epidemiology 

of Haemonchus contortus infection in small rumi-

nants. Adv Parasitol 2016;93: 95-143. DOI: https: 

//doi.org/10.1016/bs.apar.2016.02.022 

17. Aguilar-Marcelino L, Mendoza-de-Gives P, Al-

Ani LKT, López-Arellano ME, Gómez-Rodríguez 

O, Villar-Luna E, et al. Using molecular tech-

niques applied to beneficial microorganisms as bi-

otechnological tools for controlling agricultural 

plant pathogens and pest. In: Sharma V, Salwan R, 

Al-Ani LKT, editors. Molecular Aspects of Plant 

Beneficial Microbes in Agriculture. Massachu-

setts: Academic Press; 2020. p. 333-49. DOI: 

https://doi.org/10.1016/b978-0-12-818469-1.000 

27-4 

18. Kaplan RM. Biology, epidemiology, diagnosis, 

and management of anthelmintic resistance in gas-

trointestinal nematodes of livestock. Vet Clin 

North Am Food Anim Pract 2020;36(1):17-30. 

DOI: https://doi.org/10.1016/j.cvfa.2019.12.001 

19. Charlier J, Höglund J, Morgan ER, Geldhof P, 

Vercruysse J, Claerebout E. Biology and epidemi-

ology of gastrointestinal nematodes in cattle. Vet 

Clin North Am Food Anim Pract 2020;36(1):1-15. 

DOI: https://doi.org/10.1016/j.cvfa.2019.11.001 

20. González Garduño R, Córdova Pérez C, Torres 

Hernández G, Mendoza de Gives P, Arece García 

J. Prevalencia de parásitos gastrointestinales en 

ovinos sacrificados en un rastro de Tabasco, Mé-

xico. Vet. Méx 2011;42(2):125-35. 

21. López-Ruvalcaba OA, González-Garduño R, Oso-

rio-Arce MM, Aranda-Ibáñez E, Díaz-Rivera P. 

Cargas y especies prevalentes de nematodos gas-

trointestinales en ovinos de pelo destinados al 

abasto. Rev Mex Cienc Pecu 2013;4(2):223-34. 

22. Hernández-Rojas S, Gutiérrez-Segura I, Olivares 

Pérez J, Valencia Almazán MT. Prevalencia de ne-

mátodos gastrointestinales en ovinos en pastoreo 

en la parte alta del MPIO. De Cuetzala del Pro-

greso, Guerrero-México. Rev Electrón Vet 2007;8 

(9):1-7. 

23. Medina P, Guevara F, La M, Ojeda N, Reyes E. 

Resistencia antihelmíntica en ovinos: una revisión 

de informes del sureste de México y alternativas 

disponibles para el control de nemátodos gastroin-

testinales. Pastos y Forrajes 2018;37(3):257-63. 

24. León-Frías JM, Alvares Cárdenas S (dir). Identifi-

cación de endoparásitos del borrego cimarrón 

https://es.scribd.com/document/2277%2088370/SAGARPA-InIFAP-Manual-Produccion-de-Carne-Ovina
https://es.scribd.com/document/2277%2088370/SAGARPA-InIFAP-Manual-Produccion-de-Carne-Ovina
https://es.scribd.com/document/2277%2088370/SAGARPA-InIFAP-Manual-Produccion-de-Carne-Ovina
https://doi.org/10.1016/j.vetpar.2011.05.%20033
https://doi.org/10.1016/j.vetpar.2011.05.%20033
https://doi.org/10.1016/bs.apar.2016.02.022
https://doi.org/10.1016/bs.apar.2016.02.022
https://doi.org/10.1016/b978-0-12-818469-1.000%2027-4
https://doi.org/10.1016/b978-0-12-818469-1.000%2027-4
https://doi.org/10.1016/j.cvfa.2019.12.001
https://doi.org/10.1016/j.cvfa.2019.11.001


López-Rodríguez et al.                                                                                                                                            J. Selva Andina Anim. Sci. 

______________________________________________________________________________________________________________ 

127  

(Ovis canadiensis weemsi) y de la cabra doméstica 

(Capra hircus) en zonas borregueras de Baja Ca-

lifornia Sur, mediante copromicroscopía [tesis 

maestría]. [Baja California Sur]: Centro de Inves-

tigaciones Biológicas del Noreste; 2014 [citado el 

11 de diciembre 2022]. Recuperado de: https:// 

dspace.cibnor.mx:8080/handle/123456789/433 

25. George-Sánchez S, Quiróz-Romero H. Frecuencia 

de parásitos gastrointestinales, pulmonares y he-

páticos en ovinos de la Magdalena Soltepec, Tlax-

cala, México. Vet Mex1993;24(3):195-8. 

26. Soca M, Roque E, Soca M. Epizootiology of gas-

trointestinal nematodes in young bovines. Pastos y 

Forrajes 2005;28(3):175-85. 

27. Greer AW, Van Wyk JA, Hamie JC, Byaruhanga 

C, Kenyon F. Refugia-based strategies for parasite 

control in livestock. Vet Clin North Am Food 

Anim 2020;36(1):31-43. DOI: https://doi.org/10. 

1016/j.cvfa.2019.11.003 

28. Dorny P, Symoens C, Jalila A, Vercruysse J, Sani 

R. Strongyle infections in sheep and goats under 

the traditional husbandry system in peninsular Ma 

laysia. Vet Parasitol 1995;56(1-3):121-36. DOI: 

https://doi.org/10.1016/0304-4017(94)0065 7-x 

29. Rinaldi L, Catelan D, Musella V, Cecconi L, 

Hertzberg H, Torgerson PR, et al. Haemonchus 

contortus: spatial risk distribution for infection in 

sheep in Europe. Geospat Health 2015;9(2):325-

31. DOI: https://doi.org/10.4081/gh.2015.355 

30. Zajíčková M, Nguyen LT, Skálová Stuchlíková L, 

Matoušková P. Anthelmintics in the future: cu-

rrent trends in the discovery and development of 

new drugs against gastrointestinal nematodes. 

Drug Discov Today 2020;25(2):430-7. DOI: https: 

//doi.org/10.1016/j.drudis.2019.12.007 

31. Kotze AC, Prichard RK. Anthelmintic resistance 

in Haemonchus contortus. History, mechanisms 

and diagnosis. Adv Parasitol 2016;93:397-428. 

DOI: https://doi.org/10.1016/bs.apar.2016.02.012 

32. Vilaboa Arroniz J, Bozzi R, Díaz Rivera P, Bazzi 

L. Conformación corporal de las razas ovinas Pe-

libuey, Dorper y Kathadin en el estado de Vera-

cruz, México. Zootecnia Trop 2010;28(3):321-8. 

33. Sargison ND. Keys to solving health problems in 

small ruminants: Anthelmintic resistance as a 

threat to sustainable nematode control. Small Ru-

min Res 2016;142:11-5. DOI: https://doi. org/10. 

1016/j.smallrumres.2016.02.021 

34. Organización Mundial de Sanidad Animal. Uso 

responsable y prudente de los fármacos antihel-

mínticos para contribuir al control de la resistencia 

a antihelmínticos en las especies ganaderas herbí-

voras [Internet]. Paris: Orga-nización Mundial de 

Sanidad Animal; 2020 [citado 22 de julio de 

2022]. 40 p. Recuperado a partir de: https://bulle-

tin.woah.org/?officiel=08-1-3-2022-1_anthelmin-

tic&lang=es 

35. Torres-Acosta JF, Villarroel-Álvarez MS, Rodrí-

guez-Arévalo F, Gutiérrez-Segura I, Alonso-Díaz 

MÁ. Diagnóstico de nemátodos gastro-intestina-

les resistentes a bencimidazoles e imidazotiazoles 

en un rebaño caprino de Yucatán, México. Rev 

Biomédica 2003;14(2):75-81. DOI: https:// 

doi.org/10 .32776/revbiomed.v14i2.344 

36. González-Garduño R, Torres-Hernández G, Nun-

cio-Ochoa MGJ, Cuéllar-Ordaz JA, Zermeño-

García ME. Detection of anthelmintic efficiency 

in nematodes of hair sheep using the faecal egg re-

duction test. Livest. Res Rural Dev [Internet]. 

2003 [citado 5 de octubre de 2022];15:88. Recu-

perado a partir de: https://www. lrrd.cipav.org.co/ 

lrrd15/12/gonza1512.htm 

https://doi.org/10.%201016/j.cvfa.2019.11.003
https://doi.org/10.%201016/j.cvfa.2019.11.003
https://doi.org/10.1016/0304-4017(94)0065%207-x
https://doi.org/10.4081/gh.2015.355
https://doi.org/10.1016/j.drudis.2019.12.007
https://doi.org/10.1016/j.drudis.2019.12.007
https://doi.org/10.1016/bs.apar.2016.02.012
https://bulletin.woah.org/?officiel=08-1-3-2022-1_anthelmintic&lang=es
https://bulletin.woah.org/?officiel=08-1-3-2022-1_anthelmintic&lang=es
https://bulletin.woah.org/?officiel=08-1-3-2022-1_anthelmintic&lang=es


Vol. 10 No 2 2023                                                                        Nematodos gastrointestinales en ovinos y su resistencia antihelmíntica 

_______________________________________________________________________________________________________________ 

128 

37. Torres-Vásquez P, Prada-Sanmiguel GA, Már-

quez-Lara D. Resistencia antihelmíntica en los ne-

mátodos gastrointestinales del bovino. Rev Med 

Vet 2007;(13):59-76. 

38. González-Garduño R, López-Arellano ME, 

Ojeda-Robertos N, Liébano-Hernández E, Men- 

doza-de Gives P. Diagnóstico in vitro y en campo 

de resistencia antihelmíntica en nematodos gastro-

intestinales de pequeños rumiantes. Arch Med Vet 

2014;46(3):399-405. DOI: https://doi.org/10.4067 

/S0301-732X2014000300008 

39. Becerra-Nava R, Alonso-Díaz MA, Fernández-

Salas A, Quiroz RH. First report of cattle farms 

with gastrointestinal nematodes resistant to le-

vamisole in Mexico. Vet Parasitol 2014;204(3-

4):285-90. DOI: https://doi.org/10.1016/j.vetpar. 

2014.04.019 

40. Muñiz-Lagunes A, González-Garduño R, López-

Arellano ME, Ramírez-Valverde R, Ruíz-Flores 

A, García-Muñiz G, et al. Anthelmintic resistance 

in gastrointestinal nematodes from grazing beef 

cattle in Campeche State, México. Trop Anim 

Health Prod 2015;47(6):1049-54. DOI: https://doi. 

org/10.1007/s11250-015-0826-3 

41. Alcalá-Canto Y, Ocampo-Camberos L, Sumano-

López H, Gutiérrez-Olvera L, Tapia-Pérez G. An-

thelmintic resistance status of gastrointestinal 

nematodes of sheep to the single or combined ad-

ministration of benzimidazoles and closantel in 

three localities in Mexico. Veterinaria México OA 

2016;3(4):2-11. DOI: https://doi.org/10.21753/ 

vmoa.3.4.374 

42. Herrera-Manzanilla FA, Ojeda-Robertos NF, 

González-Garduño R, Cámara-Sarmiento R, To-

rres-Acosta JFJ. Gastrointestinal nematode popu-

lations with multiple anthelmintic resistance in 

sheep farms from the hot humid tropics of Mexico. 

Vet Parasitol Reg Stud Reports 2017;9:29-33. 

DOI: https://doi.org/10.1016/j. vprsr.2017.04.007 

43. Mondragón-Ancelmo J, Olmedo-Juárez A, Reyes-

Guerrero DE, Ramírez-Vargas G, Ariza-Román 

AE, López-Arellano ME, et al. Detection of gas-

trointestinal nematode populations resistant to al-

bendazole and ivermectin in sheep. Animals 

2019;9(10):775. DOI: https://doi.org/10.3390/ani 

9100775 

44. Santiago-Figueroa I, Lara-Bueno A, González-

Garduño R, López-Arellano ME, de la Rosa-

Arana JL, Maldonado-Simán EJ. Anthelmintic re-

sistance in hair sheep farms in a sub-humid tropi-

cal climate, in the Huasteca Potosina, Mexico. Vet 

Parasitol Reg Stud Reports 2019;17:100292. DOI: 

https://doi.org/10.1016/j.vprsr.2019.100292 

45. Moreno MC, González ER, Beltrán C. Mecanis-

mos de resistencia antimicrobiana en patógenos 

respiratorios. Rev Otorrinolaringol Cir Cabeza 

Cuello 2009;69(2):185-92. DOI: https:// 

doi.org/10.4067/S0718-48162009000200014 

46. Chaudhry U, Redman EM, Kaplan R, Yazwinski 

T, Sargison N, Gilleard JS. Contrasting patterns of 

isotype-1 β-tubulin allelic diversity in Haemon-

chus contortus and Haemonchus placei in the 

southern USA are consistent with a model of lo-

calized emergence of benzimidazole resistance. 

Vet Parasitol 2020;286:109240. DOI: https://doi. 

org/10.1016/j.vetpar.2020.109240 

47. Silvestre A, Cabaret J. Mutation in position 167 of 

isotype 1 β-tubulin gene of Trichostrongylid nem-

atodes: ¿Role in benzimidazole resistance? Mol 

Biochem Parasitol 2002;120(2):297-300. DOI: 

https://doi.org/10.1016/S0166-6851(01)004 55-8 

48. Avramenko RW, Redman EM, Melville L, Bart-

ley Y, Wit J, Queiroz C, et al. Deep amplicon se-

https://doi.org/10.4067%20/S0301-732X2014000300008
https://doi.org/10.4067%20/S0301-732X2014000300008
https://doi.org/10.1016/j.vetpar.%202014.04.019
https://doi.org/10.1016/j.vetpar.%202014.04.019
https://doi.org/10.21753/%20vmoa.3.4.374
https://doi.org/10.21753/%20vmoa.3.4.374
https://doi.org/10.1016/j.%20vprsr.2017.04.007
https://doi.org/10.3390/ani%209100775
https://doi.org/10.3390/ani%209100775
https://doi.org/10.1016/j.vprsr.2019.100292
https://doi.org/10.1016/S0166-6851(01)004%2055-8


López-Rodríguez et al.                                                                                                                                            J. Selva Andina Anim. Sci. 

______________________________________________________________________________________________________________ 

129  

quencing as a powerful new tool to screen for se-

quence polymorphisms associated with anthel-

mintic resistance in parasitic nematode popula-

tions. Int J Parasitol 2019;49(1):13-26. DOI: 

https://doi.org/10.1016/j.ijpara.2018.10.005 

49. Matthews JB. Anthelmintic resistance in equine 

nematodes. Int J Parasitol Drugs Drug Resist 

2014;4(3):310-5. DOI: https://doi.org/10.1016/j. 

ijpddr.2014.10.003 

50. Dirección de Producción y Salud Animal. Resis-

tencia a los Antiparasitarios: Estado Actual con 

Énfasis en América Latina [Internet]. Roma: Or-

ganización de las Naciones Unidas para la Agri-

cultura y la Alimentación; 2003 [citado 12 de oc-

tubre de 2022]. 56 p. Recuperado a partir de: 

http://www.fao.org/3/y4813s/y4813s.pdf 

51. Martin F, Dube F, Karlsson Lindsjö O, Eydal M, 

Höglund J, Bergström TF, et al. Transcriptional 

responses in Parascaris univalens after in vitro 

exposure to ivermectin, pyrantel citrate and thia-

bendazole. Parasit Vectors 2020;13(1):342. DOI: 

https://doi.org/10.1186/s13071-020-04212-0 

52. Dorny P, Claerebout E, Vercruysse J, Sani R, 

Jalila A. Anthelmintic resistance in goats in pen-

insular Malaysia. Vet Parasitol 1994;55(4): 327-

42. DOI: https://doi.org/10.1016/0304-4017 

(94)90073-6 

 

 

 

 

 

 

 

 

53. Barone CD, Wit J, Hoberg EP, Gilleard JS, Zar-

lenga DS. Wild ruminants as reservoirs of domes-

tic livestock gastrointestinal nematodes. Vet Para-

sitol 2020;279:109041. DOI: https:// doi.org/10. 

1016/j.vetpar.2020.109041 

54. Redman E, Queiroz C, Bartley DJ, Levy M, Av-

ramenko RW, Gilleard JS. Validation of ITS-2 

rDNA nemabiome sequencing for ovine gastroin-

testinal nematodes and its application to a large-

scale survey of UK sheep farms. Vet Parasitol 

2019;275:108933. DOI: https://doi.org/ 10.1016/ 

j.vetpar.2019.108933 

55. Suárez VH, Olaechea F, Rossanigo CE, Romero 

JR, Rossanigo CE, editores. Enfermedades parasi-

tarias de los ovinos y otros rumiantes menores en 

el cono sur de América [Internet]. La Pampa: Ins-

tituto Nacional de Tecnologia Agropecuaria; 

2019. 297 p. DOI: https://doi.org/10.13140/RG. 

2.1.5061.5280 

56. Anziani OS, Fiel CA. Resistencia a los antihel-

mínticos en nematodos que parasitan a los rumian-

tes en la argentina. Rev Investig Agropecu 

2015;41(1):34-46. 

______________ 

 

Editor's Note: 

Journal of the Selva Andina Animal Science (JSAAS). All statements expressed in this article 

are solely those of the authors and do not necessarily represent those of their affiliated or-

ganizations, or those of the publisher, editors, and reviewers. Any product that may be eval-

uated in this article, or claim that may be made by its manufacturer, is not guaranteed or 

endorsed by the publisher. 

https://doi.org/10.1016/j.ijpara.2018.10.005
https://doi.org/10.1016/j.%20ijpddr.2014.10.003
https://doi.org/10.1016/j.%20ijpddr.2014.10.003
http://www.fao.org/3/y4813s/y4813s.pdf
https://doi.org/10.1186/s13071-020-04212-0
https://doi.org/10.1016/0304-4017%20(94)90073-6
https://doi.org/10.1016/0304-4017%20(94)90073-6
https://doi.org/%2010.1016/%20j.vetpar.2019.108933
https://doi.org/%2010.1016/%20j.vetpar.2019.108933
http://dx.doi.org/10.13140/RG.2.1.5061.5280
http://dx.doi.org/10.13140/RG.2.1.5061.5280

