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Abstract

The purpose of this work was to identify, critically assess, and summarize available data from primary research about
the anthelmintic resistance of injectable macrocyclic lactones in cattle. Meta-analysis was performed to estimate the
pooled Odds Ratio and 95% Confidence Intervals. Of the 1504 abstracts screened for eligibility, 80 were deemed relevant
for full publication review. Thirteen publications were included in the qualitative synthesis and assessed for systematic
bias. Only five studies were included in the quantitative analysis because they showed a low risk of producing biased
results in all the parameters. The forest plot indicated four studies that discuss anthelmintic resistance (P<0.05), while
only one study did not discuss anthelmintic resistance (P<0.05). The pooled estimate showed 0.59 (95% Confidence
intervals: 0.08, 0.47) times higher odds for studies that report anthelmintic resistance than for studies reporting efficacious
anthelmintic treatment, with significant and substantially low heterogeneity (7=25%). Anthelmintic resistance to
injectable macrocyclic lactones is a reality. There are need to improve methodological reporting in studies, which is a
problem for investigations that involves systematic review and meta-analysis (SR-MA).
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Resumo

O objetivo deste trabalho foi identificar, avaliar criticamente e resumir os dados disponiveis da literatura primdria
sobre resisténcia anti-helmintica a lactonas macrociclicas injetdveis em bovinos. Uma meta-anilise foi realizada para
estimar o “Odds Ratio” e Intervalos de Confianca (95%). Dos 1504 resumos selecionados para elegibilidade, 80 foram
considerados relevantes para a revisio completa da publicacdo. Treze publicagoes foram incluidas na sintese qualitativa,
as quais foram avaliadas quanto ao viés sistemdtico. Apenas cinco estudos foram incluidos na andlise quantitativa
porque apresentaram um baixo risco de produzir resultados tendenciosos em todos os parAmetros. O gréfico de
floresta indicou quatro estudos que apresentaram resisténcia anti-helmintica (P <0,05), enquanto um nio apresentou
(P <0,05). A estimativa combinada mostrou uma maior probabilidade de publica¢des de estudos que relatam resisténcia
anti-helmintica no valor de 0,59 (95%: 0,8, 0,47) do que estudos relatando tratamento anti-helmintico eficaz. Os dados
apresentaram baixa heterogeneidade (I* = 25%). A resisténcia anti-helmintica a lactonas macrociclicas ¢ uma realidade.
H4 a necessidade de melhorar a metodologia dos estudos, pois é um problema para os trabalhos que envolvem revisoes
sistemdticas e meta-analises (RS-MA).

Palavras-chave: Anti-helminticos, nematédeos, ivermectina, moxidectina.

Introduction

Gastrointestinal nematodes (GINs) cause economic losses
in livestock, especially when raised in extensive grazing systems
(DEMELER et al., 2009). GINs are very common and their
pathology negatively affects the health and welfare of infected
animals, resulting in production losses (GEURDEN etal., 2015).
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Their pathology affects growth in young animals, decreases milk
production in adult dairy cows (RAVINET et al., 2016), causes
gastrointestinal disorders, impairment of animal development,
production losses, high costs of anthelmintics drugs and, in extreme
cases, may result in death (CEZAR et al., 2008).
Broad-spectrum anthelmintic drugs have been the primary
alternative to combat and control gastrointestinal infections
for almost 40 years (GEURDEN et al., 2015). These drugs
are divided into three main groups: benzimidazoles (BMs),
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imidazothiazoles (IMs) and macrocyclic lactones (MLs). MLs are
widely used to control GINs in cattle, and this common practice
has led to the development of anthelmintic resistance (AHR).
Anthelmintic resistance to ivermectin was first reported in 1988,
seven years after it was launched on the market (VAN WYK &
MALAN, 1988). AHR to moxidectin (LEATHWICK, 1995),
doramectin (BORGSTEEDE et al., 2007) and eprinomectin
(LOVERIDGE et al., 2003) were also reported years after they
came onto the market. In New Zealand, Argentina, Brazil, the
United States and Belgium, a prevalence of AHR against MLs has
been reported, especially by Cooperia spp. (GRAEF et al., 2013).

In cattle herds, the preferred route of administration of
anthelmintic drugs is via injection, because of its easy application
and handling of the animals. However, comparisons of routes of
administration (LEATHWICK & MILLER, 2013; REINEMEYER
& CLEALE, 2002) have shown that this type of management can
influence AHR (LEATHWICK & LUO, 2017).

In recent years, several studies have focused on investigating
the anthelmintic resistance of injectable MLs. While all these
studies may provide valuable information, they sometimes
describe contradictory findings. For example, some studies have
described Cooperia spp. as resistant to MLs (CONDI et al.,
2009; SUTHERLAND & LEATHWICK, 2011), while others
consider MLs effective (RODRIGUEZ-VIVAS, et al., 2014).
This clearly indicates the need for better evidence regarding
the anthelmintic resistance of MLs administered via injection
around the world.

One way to qualify and quantify such findings is through
systematic review (SR) and meta-analysis (MA), which allow for the
analysis and systematization of information. This type of procedure
combines the findings of several studies to make a reproducible

Table 1. Definitions of interventions considered in this review.
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summary of their data (LOVATTO et al., 2007), providing the
most substantive clinical evidence (MOHER et al., 2010), based
on defined methods that guide the search and inclusion criteria
(SARGEANT et al., 2006). A SR involves the critical assessment
of sources of systematic bias that may influence the interpretation
of results (HIGGINS et al., 2011).

The aim of this SR-MA was to identify, evaluate, and summarize
primary literature reporting on the anthelmintic resistance of MLs
injected into cattle. The rationale for this study was to generate
information to help researchers make evidence based decisions
regarding new directions for research into MLs and their routes
of administration.

Materials and Methods

Research question, definitions, and protocol

This systematic review was conducted to ascertain the
anthelmintic resistance of macrocyclic lactones administered via
injection. The population species was defined as young cattle,
i.e., calves, and buffalo were excluded. The interventions that
involved AHR are listed in Table 1, adapted from Falzon et al.
(2014).

Anthelmintic resistance was determined based on 7 vivo fecal
egg count reduction tests (FECRT), necropsy examinations, 77
vitro larval development assays, or egg hatching assays; artificially
induced infections were excluded. Relevant comparators were
publications that reported one or more groups receiving treatment
only with macrocyclic lactones in different dosages. All the search
terms are listed in Table 2.

Acronym

Definition

Under-dosing: This occurs when the cattle receive less than the optimal anthelmintic dosage. This may occur for various reasons,
including inaccurate weight estimation, or incorrect method of administration

Route of administration: Anthelmintic drugs can be administered orally, pour on or subcutaneously.

Long-acting/persistent anthelmintic drugs: Anthelmintic drugs that have a persistent action, either because of their lipophilic

nature, or because of their formulation.

Timing of anthelmintic treatment: The timing of treatment relative to certain stages of production or management stages.

Mixed-species grazing: Simultaneous grazing of cattle with other species.

Rotational grazing: The practice of moving grazing livestock between pastures (often called paddocks) as needed or on a regular basis.

Interventions

count monitoring or clinical signs.

Strategic treatment: Anthelmintic treatments of the group that are aimed at identified potential periods of risk based on fecal egg

Pasture management: Grazing management strategies that reduce reliance on anthelmintics by decreasing the cattle’s exposure to

parasite burdens on pasture.

Rotation of anthelmintics: Changing the drug class used on the farm every one to two years.

Drench-and-shifi: Treating the animals with anthelmintics, and then moving them immediately to pasture considered as free of,

or with a low level of, contamination with gastro-intestinal nematodes, to reduce risk of re-infection.

Drench gun calibration: Emptying of the drench gun into a graduated measure device and adjusting to ensure that the drench

gun is delivering the correct amount of anthelmintic drug.

Source: adapted from Falzon et al. (2014).
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Table 2. Population and outcome search term strings used for the final search in the systematic review.

Acronym

Search string

Population

Outcome

(“cattle” OR “calves”) (“beef” OR “dairy”)

(anthelmintic OR “macrocyclic lactone®” OR ivermectin OR moxidectin OR doramectin OR abamectin) AND

(gastrointestinal OR internal) AND (parasite OR nematode OR worms OR worming) AND (resistance OR
resistant) AND (efficacy OR effectiveness) AND (faecal egg count reduction test OR FECRT) AND (route of
administration” OR “injectable formulation”) AND (“natural infections”)

Literature search Sl’ﬂll’fg}l

An electronic search with specific search terms was developed
and implemented between February and May 2017 (Table 2).
A systematic literature search was conducted in PubMed (Medline),
Web of Science, and Academic Google, for publications made
available through the State University of Ponta Grossa by the
CAPES portal (Periodicos da CAPES). The research period was
from 1996 to 2016. A manual search of reference reviews was
conducted on the development of AHR in cattle SUTHERLAND
& LEATHWICK, 2011). The data were extracted from tables
listing results.

Studly inclusion criteria and screening

A single investigator independently screened all the publications
by title and abstract, followed by a full text evaluation of relevant
publications. After the studies were identified, they were carefully
evaluated as to their quality and importance. In this step, an
analysis was made of the information contained in each study
regarding experimental design, treatments and analyzed data.
The main criterion for inclusion of the articles in the meta-analysis
was the percent reduction in egg output following anthelmintic
treatment in cattle to enable an analysis of the resistance to these
drugs. No limits were applied for language, and non-English
papers were translated.

Inidially, abstracts that did not mention percent reduction
values, articles involving other animal species, and studies that used
homeopathic products were excluded. Then, after selecting the studies
considered eligible, those that did not use MLs (imidazothiazoles,
benzimidazoles, benzoylphenylurea, salicylanilides/ substituted
phenols and combinations), studies involving adult cattle (more
than 15 months old), studies that used more than one route of
application (injectable and oral; injectable and pour on) and
studies that used drug combination were excluded.

Qualitative and quantitative data extraction

A'single independent investigator extracted the data and inserted
them into a Microsoft Excel (2010) spreadsheet. Extracted information
included: (i) study characteristics (author, year, periodical, country
and institutional affiliation); (ii) farm characteristics (beef or dairy
cattle); (iii) animal characteristics (age, breed, type, number of
animals in each treatment); (iv) type of outcome measurement
(percent reduction (FECRT)), (v) anthelmintic dosage and route of
administration, (vi) active ingredient used (ivermectin, moxidectin
or doramectin), and (vii) gastrointestinal parasite species.

Methodological assessment of bias

Risk of systematic bias was assessed independently by one
investigator in all the relevant full-text publications, and separate
guidelines were considered for experimental studies. Domains
considered for the experimental trials included: (i) random sequence
generation; (ii) random allocation concealment; (iii) blinding of
outcome assessmeng; (iv) incomplete outcome data; and (v) selective
reporting (HIGGINS et al., 2011). Each of these domains was
classified as having a low, high, or unclear risk of producing biased
results, following pre-set definitions (CARVALHO et al., 2013).

Meta-analysis

Studies were included in the quantitative summary providing
they met all the following criteria: (i) low risk of producing
biased results; (if) AHR measured using a methodology defined
a priori in our protocol. The forest plot was created as proposed
by Neyeloff et al. (2012), using Microsoft Excel (2007). The plot
containing the six studies gave a graphical representation in which
each square represented a study, with confidence intervals of effect
size at 95% represented by the horizontal lines. The central line
represented no difference between the interventions and separated
the graph into studies that reported anthelmintic resistance to
drugs (left side) and efficacy of drugs (right side). Horizontal lines
crossing the central tendency line indicated no difference between
interventions (P>0.05). The last line of the graph presented the
summarized value. Statistical heterogeneity was assessed using the
P statistic, which describes the proportion of total variation across
studies that is attributable to heterogeneity (inter-study variation)
rather than chance (intra-study variation), and the magnitude
was interpreted as low (£<25%), medium (/=25 to 50%), or
high heterogeneity (72>50%) (HIGGINS et al., 2003). Analyses
were performed to determine whether certain publications had
substantial impact (weight %) and Odds Ratios.

Results

Literature search, abstract, and full-text screening

'The electronic database search provided a total 0f 2914 citations.
After the exclusion of duplicates and screening of titles and
abstracts, 1504 citations remained. After this step, only 80 full-text
publications were evaluated further for relevance; of these,
13 were included in the risk of systematic bias assessment and
data extraction (Figure 1).
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Inclusion through database
1504 abstracts after de-
Screening duplication
1504 abstracts screened 1424 abstracts excluded
Eligibility 80 full-text publications 67 full-text publications
aszessed for eligibity excluded because:
"U' -drug combination (n=1)
-used another anthelmintic
13 publications chemical group (n=34)
included in qualitative -i].;mu['ﬁc.iemlinfur;:m “;i}““
svmthesis about animal age (n=.
Included ) -adult cattle (n=4)
- artificial infection (n=7)
—— = -more than one method of
5 stud.les.mcluded in application (n=18)
quantitative synthesis (meta-
analysis)

Figure 1. Flow diagram following PRISMA guidelines (Moher et al., 2010), showing the total number of records identified and the number
of records filtered at each stage of the selection process from the systematic review and meta-analysis.

Risk of systematic bias and data extraction

Thirteen publications were included in the risk of bias. The main
characteristics considered for the experimental trials are described
in Table 3 and include: (i) country, (ii) reported risk and protective
factors, (iii) anthelmintic drug, (iv) outcome measurement, (v) type
of GIN recovered, and (vi) route of administration.

The studies included in the systematic review were carried out
in Mexico (n=3), Brazil (n=3), Chile (n=2), Cuba (n=1), Canada
(n=1), Belgium (n=2), Germany (n=1) and United Kingdom (n=1).
Fourteen risk and protective factors were described: frequency
of treatment (n=6), mixed-species grazing (n=2), climate (n=3),
location (n=4), farm type (n=06), last dewormed (n=4), season
grazing (n=2), average temperature (n=1), pasture rotation (n=1)
and rotation between anthelmintics (n=1). The anthelmintic
drug classes investigated included only the macrocyclic lactones
ivermectin (n=9), doramectin (n=2) and moxidectin (n=5).
Anthelmintic resistance was determined using only a FECRT
(n=13). The route of administration was only injectable (n=13)
in different doses, 0.2 mg/Kg (n=11), 1 mg/Kg (n=1) and not
specified (n=1). Parasite species investigated included Cooperia
spp- (n=12), Trichostrongylus spp. (n=7), Haemonchus spp. (n=7),
Ostertagia spp. (n=5), Oesophagostomum spp. (n=1), Strongyloides
spp. (n=1), Bunostomum spp. (n=1), Trichuris spp. (n=1) and
Nematodirus spp. (n=1).

Table 4 summarizes the bias classifications for the studies included
in the SR. Unclear (i.e. not reported, or unable to assess) or low
risk of selection bias based on random sequence generation were
found in (5/13) and (8/13) of the studies, respectively. Unclear,
high or low risk of performance bias based on random allocation
concealment were identified in (5/13) and (1/13) and (7/13) of
the studies, respectively. Unclear, high or low risk of performance
bias based on blinding of outcome assessment were identified in
(2/13) and (4/13) and (7/16) of the studies, respectively. High or
low risk of performance bias based on incomplete outcome data
were identified in (1/13) and (12/13) of the studies, respectively.
All the observational studies were found to have a low risk of
detection bias on selective outcome reporting.

Meta-analysis

Only studies that presented low risk of selection bias based
on random sequence generation, random allocation concealment,
blinding of outcome assessment, incomplete outcome data and
selective outcome reporting were included in the quantitative
synthesis (n=5). The studies selected here were published between
1992 and 2012: (i) Condi et al. (2009); (ii) Canul-Ku et al.
(2012); (iii) Geurden et al. (2004); (iv) Ranjan et al. (1992) and
(v) Sievers and Fuentealba (2003). The outcome was calculated
based on the number of sample sizes and the number of events,
where the sample sizes were the total number of cattle treated



v. 28, n. 1, jan.-mar. 2019 Anthelmintic resistance of macrocyclic lactones in cattle 63

Table 3. Descriptive characteristics of the 13 observational studies included in the systematic review.

Study Risk and protective factors Anthelmintic =~ Outcome Route of
Country Type of GIN recovered .. .
(author and year) reported drug measurement administration
Alonso-Diaz et al. Mexico Climate; farm type; last Ivermectin FECRT Cooperia sp.; Injectable
(2015) dewormed Haemonchus sp.; 0.2 mg/Kg
Strongyloides sp.; and
Oesophagostomum sp.
Arantes et al. (1995) Brazil Not specified Ivermectin FECRT Haemonchus Injectable
placei; Trichostrongylus 0.2 mg/Kg
axei; T colubriformis;
Bunostomum
phlebotomums;
Cooperia punctata;
Oesophagostomum
radiatum
Canul-Ku et al. Mexico Climate; location; average Ivermectin FECRT Haemonchus sp.; Injectable
(2012) temperature; farm type; Ostertagia sp.; 0.2 mg/Kg
frequency of treatment Trichostrongylus sp.;
Cooperia sp.

Condi et al. (2009) Brazil Farm type; mixed-species Moxidectin FECRT Cooperia sp.; Injectable
grazing; frequency of Oesophagostumum sp.; 0.2mg/Kg
treatment; rotation of Trichuris sp.

anthelmintic drug
El-Abdellati et al. ~ Belgium and ~ Frequency of treatment; Macrocyclic FECRT Cooperia oncophora Injectable
(2010) Germany season grazing Lactone Not specified
Geurden et al. Belgium season grazing Moxidectin FECRT Ostertagia sp.; Cooperia Injectable
(2004) sp.; Trichostrongylus sp.; 1mg/Kg
Oesophagostomum sp.

Llorens et al. (2014) Cuba Last dewormed Ivermectin FECRT Haemonchus sp.; Injectable
Trichostrongylus sp.; 0.2 mg/Kg

Bunustomun sp.;.
Mena et al. (2008) Mexico Mixed-species grazing; last Ivermectin FECRT Cooperia sp.; Injectable
dewormed Oesophagostomum sp.; 0.2 mg/Kg

Haemonchus sp.
Rangel et al. (2005) Brazil Farm type; climate; location;  Moxidectin; FECRT Cooperia sp. and Injectable
last dewormed; frequency of  ivermectin Haemonchus sp. 0.2 mg/Kg

treatment; species grazing and
doramectin

Ranjan et al. (1992) Canada Farm type Moxidectin FECRT Ostertagia sp.; Injectable
Trichostrongylus sp.; 0.2 mg/Kg

Cooperia sp. and

Nematodirus sp.
Sievers & Chile Farm type and location Ivermectin; FECRT Cooperia sp.; Injectable

Fuentealba (2003) doramectin Ostertagia sp.; and 0.2 mg/Kg

and Trichostrongylus sp.
moxidectin
Sievers & Alocilla Chile Farm location and frequency ~ Ivermectin FECRT Ostertagia sp.; Injectable
(2007) of treatment Cooperia sp. and 0.2 mg/Kg
Trichostrongylus sp.
Stafford & Coles United Frequency of treatment and ~ Ivermectin FECRT Cooperia sp. Injectable
(1999) Kingdom pasture rotation 0.2 mg/Kg
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Table 4. Methodological quality assessment for risk of systematic bias (classified as low, high or unclear) of the 13 publications included in

the systematic review.

Study Random sequence Random allocation Blinding of Incomplete Selective outcome
(author and year) generation concealment outcome assessment outcome data reporting
Alonso-Diaz et al. (2015) Unclear Unclear High Low Low
Arantes et al. (1995) Low Unclear Low Low Low
Canul-Ku et al. (2012) Low Low Low Low Low
Condi et al. (2009) Low Low Low Low Low
El-Abdellati et al. (2010) Low Low Unclear High Low
Geurden et al. (2004) Low Low Low Low Low
Llorens et al. (2014) Unclear Unclear High Low Low
Mena et al. (2008) Unclear Low High Low Low
Rangel et al. (2005) Unclear Unclear Unclear Low Low
Ranjan et al. (1992) Low Low Low Low Low
Sievers & Fuentealba (2003) Low Low Low Low Low
Sievers & Alocilla (2007) Low High Low Low Low
Stafford & Coles (1999) Unclear Unclear High Low Low
Study Weight 0Odds Ratio
IV, Random, 95%Cl
Condi et al. (2009) 4.39% 0(0; 0y |
Camul-Ku et al. (2012) 15.38% 0.23(0.13; 0.59) —
Geurden et al. (2004) 12.08% 0.54(0.22: 1.31) i
Ranjan et al. (1992) 2.19% 2(0: 0) "
Sievers et al. (2003) 65.93% 0.20(0.03: 0.46) "
Total (95%CL) 0 5 Yy >
o 100% 0.59(0.08; 0.47)
2 -1 0 1 2

Figure 2. Forest plot of five studies included in a meta-analysis evaluating the association between studies with anthelmintic resistance in

cattle and the studies with efficacy of anthelmintic drugs.

with anthelmintic drugs, and the events were the number of
samples whose percent efficacy was higher than 95%, since a drug
is considered effective when the percent reduction is higher than
95% after treatment (ARESKOG et al., 2013). The forest plot
(Figure 2) shows four studies with AHR (P<0.05), and only one
study without AHR (P<0.05). The last line of the graph shows
the summarized value (MA). The pooled estimate indicated 0.59
(95% CI: 0.08, 0.47) times higher odds of studies with AHR
than of studies reporting the efficacy of anthelmintic treatment,
with significant and substantially low heterogeneity (72 = 25%;
test for heterogeneity).

Discussion

This SR-MA enabled us to identify and summarize the published
evidence currently available in studies aimed at discovering AHR in
cattle. A low level of significant heterogeneity was observed in the

pooled estimate. This was expected, since all the studies included in
the MA were experimental ones, involving similar characteristics;
for example, all the studies included on the meta-analysis used
macrocyclic lactone as the anthelmintic drug, administered via
injection only to young cattle — the research population, and the
diagnostic tool employed to determine AHR was the FECRT.
Observational studies should not be included in a MA, given
that they are subject to several systematic biases (LEAN et al.,
2009). A minimum of ten studies per meta-analysis for regression
is usually recommended (HIGGINS et al., 2003). However,
in this meta-analysis we were unable to carry out subgroup or
meta-regression analysis because of the limited number of studies
involved in our quantitative analysis.

The route of administration most commonly found in this
SR was injection, so it was used as the selection criterion for the
inclusion of articles in the meta-analysis. This route is often used
mainly because it is easy to administer and requires infrequent
application in animals that may be difficult to handle. Therefore,
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the injectable and pour-on products of the ML family are the
most widely used in cattle (SUTHERLAND & LEATHWICK,
2011). Studies on horses and sheep comparing different
routes of administration of anthelmintics have demonstrated a
correlation with anthelmintic eficacy (GOKBULUT etal., 2010;
LLOBERAS etal., 2012). Leathwick & Miller (2013) showed the
efficacy and plasma profiles of the ML moxidectin administered
to cattle by the oral, injection and pour-on routes, demonstrating
that the mean efficacy of these treatments can differ significantly.
Even with the high bioavailability provided by the injectable
route, this meta-analysis revealed a high probability of finding
studies that showed anthelmintic resistance against gastrointestinal
nematodes using macrocyclic lactones as the anthelmintic drug.
AHR against commercially available classes of drugs administered
via different routes is an emerging problem throughout the world
(DEMELER et al., 2009).

Most of the studies included in this SR and MA reported
using a dosage of 0.2mg/Kg (ALONSO-DIAZ et al. 2015;
ARANTES etal., 1995; CANUL-KU et al., 2012; CONDI et al.,
2009; LLORENS etal., 2014; MENA etal., 2008; RANGEL et al.,
2005; RANJAN etal., 1992; SIEVERS & FUENTEALBA, 2003;
SIEVERS & ALOCILLA, 2007; STAFFORD & COLES, 1999).
Correct dosing in the application of anthelmintic drugs may prevent
the development of AHR (LESPINE et al., 2012), but farmers
sometimes treat animals at dose rate below those recommended
by the manufacturer. Suboptimal dosing (LEATHWICK & LUO,
2017) and underdosing (MACIEL et al., 1996) of anthelmintic
drugs will lead to the development of AHR in cattle. The application
of mean doses with standard deviations in order to calculate the
general change in gene frequency showed that resistance occurred
more often due to lower mean doses and higher variability of
dosing (LEATHWICK & LUO, 2017).

Macrocyclic lactones are broad-spectrum endectocides widely
used in domestic animals (GEARY, 2005). AHR to MLs is
widespread around the world in cattle herds (KAPLAN, 2004).
The MLs available for application in cattle are presented in different
formulations, with different active ingredients, concentrations and
associations, and the predominant anthelmintic found in this SR
and MA was ivermectin. The nematode genus Cooperia was the
one most frequently identified in this study, and the resistance
of this genus to ivermectin is relatively common and widespread
(KAPLAN & VIDYASHANKAR, 2012). This finding has been
reported by several authors in Argentina (SUAREZ & CRISTEL,
2007), and in New Zealand, where most cases of resistance to
ML involve this genus (SUTHERLAND & LEATHWICK,
2011). Because of this parasite’s low pathogenicity (COOP etal.,
1979), insuflicient importance has been given to its AHR, which
may have led to high levels of resistance (SUTHERLAND &
LEATHWICK, 2011). Ostertagia spp. have been reported in
many studies. This genus is considered highly pathogenic, so
farmers should be particularly careful to employ effective cattle
deworming strategies.

The method used in all the studies selected for SR and MA
was FECRT. It was used as a criterion of inclusion because it is
considered relatively easy to perform (MAINGI etal., 1998), and
most of the studies adopted this technique. Another benefit of
FECRT is the high correlation between the worm burden and
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the values obtained through this method (BRICARELLO et al,,
2007). However, the necropsy test is also reported in many
studies (YAZWINSKI et al., 2013; VERCRUYSSE et al., 2000;
LOPES etal., 2013), although it involves numerous steps and is only
performed after the death of an animal (COUMENDOUROS et al.,
2003). This demonstrates that the use of the simpler and cheaper
method (FECRT) may be more feasible, but there is currently no
agreement about the preferred method for the diagnosis of AHR
(FALZON et al., 2014).

Conclusions

The results of this SR-MA provide synthesized evidence that
anthelmintic resistance to injectable MLs is a reality in several
continents, highlighting the difficulties of controlling gastrointestinal
nematodes in cattle. This SR-MA also found marginal evidence to
support the statement that articles reporting on this methodology
may have reached the point of saturation, as demonstrated by our
findings. Lastly, we argue for the need to improve methodological
reporting in studies, which is a problem that has also been reported
by many authors whose work involves SR-MA.
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