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and clinical implications of anthelmintic resistance
in gastrointestinal nematodes in goats
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Objective—To determine prevalence of resistance to
all anthelmintics that are commonly used to treat gas-
trointestinal nematodes (GINs) in goats.

Design—Prospective study.
Animals—777 goats.

Procedure—On each farm, goats were assigned to 1
of 5 treatment groups: untreated controls, albenda-
zole (20 mg/kg [9.0 mg/ib], PO, once), ivermectin (0.4
mg/kg [0.18 mg/lb], PO, once), levamisole (12 mg/kg
[5.4 mg/Ibl, PO, once), or moxidectin (0.4 mg/kg, PO,
once), except on 3 farms where albendazole was
omitted. Fecal samples were collected 2 weeks after
treatment for determination of fecal egg counts
(FECs), and percentage reductions were calculated
by comparing data from anthelmintic-treated and
control groups. Nematode populations were catego-
rized as susceptible, suspected resistant, or resistant
by use of guidelines published by the World
Association for the Advancement of Veterinary
Parasitology.

Results—Resistance to albendazole was found on 14
of 15 farms, and resistance to ivermectin, levamisole,
and moxidectin was found on 17, 6, and 1 of 18 farms,
respectively. Suspected resistance to levamisole and
moxidectin was found on 4 and 3 farms, respectively.
Resistance to multiple anthelmintics (albendazole and
ivermectin) was found on 14 of 15 farms and to alben-
dazole, ivermectin, and levamisole on 5 of 15 farms.
Mean overall FEC reduction percentages for albenda-
zole, ivermectin, levamisole, and moxidectin were 67,
54, 94, and 99%, respectively.

Conclusions and Clinical Relevance—Anthelmintic
resistance in GINs of goats is highly prevalent in the
southern United States. The high prevalence of resis-
tance to multiple anthelmintics emphasizes the need
for reexamination of nematode control practices.
(J Am Vet Med Assoc 2003;223:495-500)

Gastroimestihal nematode (GIN) parasites are the
single greatest problem for the health and produc-

tivity of goats in the southern United States. A 7-year
review (July 1993 to July 2000) of clinical cases at
Auburn University Veterinary Medical Teaching
Hospital in Alabama found that parasite control was
the primary reason that 70% of sheep and 91% of goats
were examined and treated by hospital clinicians."
Although many species of parasites contribute to the
overall problem of gastrointestinal parasitism,
Haemonchus contortus is the most prevalent, pathogen-
ic, and economically important.’> During the past 40
years, the primary means of controlling H contortus has
been the frequent administration of anthelmintics.
Unfortunately, intensive use of and virtual total
reliance on anthelmintics for control of GINs has led to
worldwide development of anthelmintic-resistant
nematode populations, which is recognized globally as
the single greatest problem for §razing small ruminant
production.’ In South America® and South Africa,’ the
prevalence of resistance to anthelmintic drugs has
reached alarming proportions and threatens the future
viability of small ruminant production.

During the past 35 years, numerous case reports
and studies on the prevalence of anthelmintic resis-
tance have been published from countries throughout
the world. In contrast, there have been few publica-
tions on anthelmintic resistance in the United States.
The first reports of anthelmintic resistance in the
United States were against phenothiazine® (1957) and
thiabendazole (TBZ; 1964) in H contortus in sheep.""
In 1988, resistance to 3 different benzimidazole
anthelmintics (TBZ, fenbendazole [FBZ], and meben-
dazole) was reported in a herd of dairy goats in
Pennsylvania,” and in 1990, the first report” of resis-
tance to ivermectin (IVM) in the United States was
made in a herd of Angora goats in Texas. A few years
later, resistance to levamisole (LEV) was reported in
this same Texas herd." A second report® of resistance
to IVM in H contortus in sheep was made in 1994 in
Louisiana, and in 2000, resistance to multiple
anthelmintics (IVM, LEV, and FBZ) was reported in a
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goat herd in Virginia.'® In a recent report," resistance to
IVM, doramectin, albendazole (ABZ), morantel, FBZ,
and a combination of IVM and ABZ was reported in
Georgia in a study involving 90 Spanish meat goats and
40 Nubian cross goats in 2 selected herds.

When making broadly applicable recommenda-
tions on parasite control, it is not the sporadic occur-
rence of resistance that is important but rather the
prevalence of such resistance. As already noted, there
have been several published reports of individual-farm
occurrences of anthelmintic resistance in the United
States; however, the prevalence of anthelmintic resis-
tance against the 3 major groups of anthelmintics
(macrocyclic lactones, benzimidazoles, and imidazoth-
iazoles) remains unknown. To date, the only study® of
prevalence of anthelmintic resistance in GINs reported
in the United States was published more than 10 years
ago, before the recent worldwide increase of nema-
todes that are resistant to multiple anthelmintics. That
study, performed on sheep production units in North
Carolina, reported resistance to FBZ in 6 of 13 flocks,
with H contortus being the predominant species. No
resistance was reported against LEV, pyrantel pamoate,
or IVM; however, the cutoff values used in the study
for establishing resistance were very conservative.
Considering the present global problem of lack of
anthelmintic efficacy against GINs of small ruminants,
the recent reports of resistance to multiple
anthelmintics from the southern United States, and the
high frequency of anecdotal reports of treatment fail-
ure, it is important that the prevalence of resistance in
GINs of goats be studied in the southern United States.
The purpose of the study reported here was to deter-
mine the prevalence of resistance to all anthelmintics
that are commonly used to treat GINs in goats.

Materials and Methods

Goats—Seventeen goat farms in Georgia and 1 goat farm
in South Carolina were included in this study of which 15
were meat producers and 3 were combined meat and dairy
producers. Criteria used to select farms were > 50 goats and
verbal commitment of cooperation by the owner. Eight farms
were selected from a pool of 57 farms that responded to a farm
management and parasite control questionnaire sent to dairy

and meat goat producers, and 10 additional farms were select- -

ed by other means. All 10 of these farms also completed ques-
tionnaires. Farms were located in 13 counties throughout
Georgia, with representative farms from all physiographic
regions of the state including the northern mountainous, cen-
tral piedmont, and southern coastal plain regions (Fig 1). An
additional farm was in the southern coastal region of South
Carolina. Numbers of goats per farm varied from 50 to 565.
All goats used in this study were not treated with an
anthelmintic for at least 4 weeks before pretreatment fecal col-
lection. This was done to assure that goats were infected with
sufficient GIN burdens to perform the study and that the
infections were indicative of the overall nematode population
in the individual farm habitat, unbiased by recent treatment.
Management of farms was not altered; all goats grazed on pas-
ture and were given feed containing supplements as per nor-
mal procedures for each individual farm. Ten breeds of goats
were on the selected farms; 64% of all goats for which breed
information could be obtained were Boer or Boer crosses.

Experimental protocol—The fecal egg count reduction
(FECR) test was conducted according to guidelines estab-
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Figure 1—Map of Georgia and South Carolina indicating the
location (black dot) by county of 1 or more farms that participat-
ed in a study of anthelmintic resistance of gastrointestinal
nematodes in goats.

lished by the World Association for the Advancement of
Veterinary Parasitology (WAAVP) for evaluating the efficacy
of anthelmintics in ruminants.” Fecal samples were collected
2 to 10 days before treatment, and fecal egg counts (FECs)
were performed by use of a modified McMaster technique
with a sensitivity of 50 eggs/g® Goats with FECs < 200
eggs/g were excluded from the study, and when sufficient
young or female goats were available, mature bucks were also
excluded. On each farm, all goats that were included in the
study were stratified by sex, ranked by pretreatment FEC,
and blocked into groups of 5 such that the 5 female (or male)
goats with the highest FECs were in the first block, the next
5 highest in the second block, and so on. Within each block,
goats were randomly assigned to 1 of 5 treatment groups:
untreated controls, ABZ' (20 mg/kg [9.0 mg/lb], PO, once),
IVM" (0.4 mg/kg [0.18 mg/lb], PO, once), LEV® (12 mg/kg
[5.4 mg/lb], PO, once), or moxidectin’ (MOX, 0.4 mg/kg
[0.18 mg/lb], PO, once). Because none of these anthelmintics
have a label approval for goats, doses were selected on the
basis of data in the anthelmintic pharmacologic literature,
which indicates that goats metabolize drugs much faster than
sheep or cattle, resulting in decreased bioavailability? At
the doses used in this study (1.5 to 2X the label dose for
sheep), all 4 of the anthelmintics are highly effective against
susceptible isolates of GINs of goats.

Ten goats were assigned to each treatment group; how-
ever, the overall mean number of goats tested per group was
8.9 because certain goats were removed from the study. The
most common reasons for removing goats from the study
were life-threatening parasite burdens that required immedi-
ate treatment (with an anthelmintic other than that of their
assigned treatment group) and goats not present on the days
of treatment or posttreatment sampling. When it was neces-
sary to remove a goat from the study, the other goats in the
same 5-goat treatment allocation block were also removed to
keep the treatment groups balanced and remove any bias that
might be introduced into the data set. All anthelmintics were
stored at approximately 22°C except LEV, which was stored
at 4°C after preparation (from powder). All anthelmintics
were administered orally into the pharynx by use of separate
syringes for each anthelmintic. Immediately before treat-
ment, all goats were weighed with a digital portable scale,
and doses were calculated according to body weight. Ten to
14 days after treatment, fecal samples from all goats were col-
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lected per rectum and stored at 4°C until FECs were per-
formed. For each farm, cultures of nematode larvae were
prepared from pooled feces of goats in the control group.
Infective larvae (ie, L3 stage) were recovered, and genus of
the larvae was identified.”

Statistical analyses—Mean percentage reductions in
FEC were calculated for treatment groups on each farm by
use of a computer program® on the basis of the formula

FECR = 100[1-XvXc]%

where Xt and Xc are the arithmetic mean eggs per gram in the
treated (1) -and nontreated control (c) groups, respectively.
This program also calculated 95% confidence intervals.
Results were interpreted according to the WAAVP guidelines;
resistance was present if the FECR was < 95% and the lower
95% confidence limit was < 90%; if only 1 of these 2 criteria
was met, resistance was suspected.

Results

Gastrointestinal nematodes resistant to ABZ were
found on 14 of 15 farms, with mean FECR of 64%
(median, 70%; range, 0 to 88%) on farms with resis-
tance (Fig 2). Tests for resistance to IVM, LEV, and
MOX were performed on 18 farms. Resistance to IVM
was detected on 17 farms, with mean FECR of 42%
(median, 36%; range, 0 to 93%). On 3 of the farms,
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Figure 2—Mean percentage reduction in fecal egg counts
(FECs) in goats on farms with anthelmintic resistance after treat-
ment with albendazole (ABZ; n = 15 farms), ivermectin (IVM;
18), levamisole (LEV; 18), and moxidectin (MOX; 18).
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Figure 3—Percentage of Haemonchus (squares), Trichostrongylus
(triangles), and Oesophagostomum (inverted triangles) third-stage
larvae (L3) recovered from larval cultures from pooled feces from
goats that were not treated with anthelmintics (controls) on 18
farms. One hundred larvae from each culture were identified to
genus.

IVM was completely ineffective in reducing FEC (0%
reduction). Levamisole resistance was found on 6
farms, with mean FECR of 84% (median, 89%; range,
58 to 93%). Suspected resistance to LEV was found on
4 additional farms, all with a 97% reduction in num-
bers of eggs. Resistance to MOX was found on 1 farm
(mean FECR, 94%), and suspected resistance was
found on 3 farms (mean FECR, 96%).

Resistance to multiple anthelmintics (ABZ and
IVM) was found on 14 of the 15 farms where both of
these drugs were tested simultaneously, and resistance
to ABZ, IVM, and LEV (representing all 3 groups of
anthelmintics tested) was found on 5 of 15 farms. Only
1 farm had parasites that were fully susceptible to all
anthelmintics tested. The overall mean reductions in
FEC on all farms for each treatment group were 67
(ABZ), 54 (IVM), 94 (LEV), and 99% (MOX). Larvae
recovered from cultures of nematode larvae from
pooled feces revealed that H contortus (73%) and
Trichostrongylus colubriformis (27%) were the predom-
inant species, accounting for > 99% of all L3 larvae
(Fig 3). Low numbers of Oesophagostomum larvae were
seen on a few farms. On the basis of larval recoveries,
H contortus was the major species on all farms but 3,
and H contortus accounted for > 80% of all Ls larvae on
half the farms.

Discussion

Results of this study indicate that an extremely
serious situation for nematode parasite control is
emerging in goats in the southern United States.
Gastrointestinal nematodes that are resistant to multi-
ple anthelmintics are highly prevalent, and the situa-
tion appears to be rapidly worsening. Resistance to
both IVM and ABZ was found on 14 of 15 farms, with
mean FECR of only 42 and 64%, respectively.
Levamisole was much more effective; however, resis-
tance or suspected resistance was still found in GINs
on 10 of 18 farms. Although the overall efficacy of LEV
remains fairly high against GINs of goats, LEV has only
rarely been used as an anthelmintic in goats in the
southern United States. Of the 18 farms, only 6 had
used LEV in the past 5 years. Of those 6 farms, 4 had
used LEV in only 1 of the past 5 years, and 2 farms had
used LEV in 2 of the past 5 years. Parasites on both
farms with a history of use of LEV for 2 of the previous
5 years had resistance to this anthelmintic, and 1 of the
these farms had the lowest efficacy for LEV of any farm
in this study (FECR, 58%).

Resistance to MOX was found in GINs on 1 farm,
and suspected resistance was found in GINs on 3
farms. However, we suspect that the farm with nema-
todes resistant to MOX may have had resistance
because of technical error, since only 1 of 9 treated
goats had a positive FEC result (= 1 egg on McMaster
slide [> 50 eggs/g]) following treatment. When con-
ducting on-farm studies where experimental condi-
tions are not highly controlled, it is not inconceivable
that on rare occasions, an animal is misidentified or a
sample is incorrectly labeled. However, we believe that
if any technical errors were made in this study, they
were few in number. Rare technical errors should have
little impact on a study such as this, because
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anthelmintic efficacy studies are designed with the
knowledge that nematode burdens and FECs vary
greatly among animals. To compensate for this varia-
tion, FECR calculations are made on the basis of group
means, and in this study, virtually all treatment groups
had 8 to 10 goats. A rare data error would have little
impact on the results from most farms; only in an
instance such as this, where FECs were 0 in all goats
but 1, would such an error have a major impact on the
interpretation of the data. We have no evidence that an
error was made on that farm and are only speculating
on the basis of the results. The 3 farms with suspected
resistance to MOX that had multiple goats with FEC of
> 50 eggs/g after treatment are high cause for concern,
because MOX has only recently been used as an
anthelmintic in goats. In this study, 9 of 18 farms had
used MOX in the past 1 to 2 years. Three of the 4 farms
that had GINs resistance or suspected resistance to
MOX are included in these 9. The reduction in efficacy
of MOX on these farms is a strong warning of what can
be expected in the future if nematode control practices
are not changed. Ivermectin was the most commonly
used anthelmintic, with all farms reporting frequent
use during the past 5 years.

The findings of this study suggest that the recent
individual-farm reports of GINs that are resistant to
multiple anthlemintics in Texas," Virginia,' and
Georgia'” were not isolated occurrences. The goat
industry is a regional enterprise with goats being con-
stantly sold and moved across state lines (with their
parasites). Considering the differences in breeds, man-
agement styles, and topographies represented by the 18
farms in this study and the fact that the 3 physio-
graphic regions of Georgia (mountains, piedmont, and
coastal plain) are representative of those topographies
found throughout the southeastern United States, it is
likely that the results of this study are representative
for the entire southeastern United States. These data
emphasize the need for development and implementa-
tion of novel and sustainable methods of nematode
control to minimize anthelmintic use, thus, protecting
and preserving the efficacy of the few anthelmintics
that remain effective.

The market for anthelmintics in host species that
are plagued by resistance (horses, sheep, and goats) is
perceived by the pharmaceutical industry as being too
small to sustain the great costs associated with a drug
discovery program.” Therefore, it is extremely unlike-
ly that new anthelmintics with novel modes of action
will be developed and marketed in the foreseeable
future.” The present situation dictates that we must
balance our goal of maximizing goat productivity with
the reality that effective long-term control of H contor-
tus in goats will only be possible if anthelmintics are
used intelligently with prevention of resistance as a
goal. To address this issue, a concept referred to as
smart drenching has been introduced, whereby knowl-
edge regarding host physiology, anthelmintic pharma-
cokinetics, parasite biology, dynamics of the genetic
selection process for resistance, and the resistance sta-
tus of nematodes on the farm are used to develop
strategies that maximize the effectiveness of treatments
and decrease selection for anthelmintic resistance.”

It is important for farmers to know the efficacy of
the different anthelmintics available for treatment on
their farms. Performing a FECR test on the farm or
sending a composite fecal sample to a laboratory capa-
ble of performing an in vitro larval development assay'
can provide this information. Once the resistance sta-
tus is known, it is important to only use anthelmintics
with good efficacy and to ensure that a correct dose is
administered. Because visual estimation is an unreli-
able method to estimate body weight, it is recom-
mended that all goats be weighed before treatment
(this is also important to prevent toxicosis with lev-
amisole). If weighing individual goats is not feasible,
doses should be assigned to all goats on the basis of the
weight of the heaviest goats within the same age group.
Goats are often treated as if they were sheep; however,
differences in metabolism and pharmacokinetics
between goats and sheep require that a higher dose be
used in goats than in sheep.” In general, goats should
receive twice the dose recommended for sheep, except
for LEV, where 1.5X the sheep dose should be given
because of potential toxicosis.”” It is important to note
that all of these usages are extralabel, and although the
FDA does allow limited extralabel use of drugs, this is
an exclusive privilege of the veterinary profession.

Efficacy of anthelmintics is directly related to the
duration of contact between anthelmintic and parasite.
To ensure sufficient anthelmintic-parasite contact time,
it is important that the full dose lodges in the rumen.
Administering a drench to the buccal cavity, rather
than into the pharynx and esophagus, can stimulate
closure of the esophageal groove with a large amount
of the drench bypassing the rumen.® Duration of
anthelmintic availability as it flows to more distal sites
of absorption is largely dependent on the flow rate of
the digesta.” Because rumen volume typically remains
constant, there is an inverse relationship between feed
intake and digesta residence time. Restricting feed
intake for 24 hours before treatment slows digesta flow
and increases anthelmintic availability and efficacy.
Increasing the duration of contact between
anthelmintic and parasite can also be accomplished by
repeated dosings 12 hours apart. In a recent study,'® the
efficacy of FBZ increased from 50% when administered
as a single dose to 92% when 2 doses were adminis-
tered 12 hours apart. Other recommendations include
improving pasture management, reducing stocking
rates, and making improved use of areas used for
browsing. These recommendations reduce the concen-
tration of infective larvae on the pasture and subse-
quent need for treatment.

Rate of selection for anthelmintic resistance is sig-
nificantly affected by the proportion of selected-to-uns-
elected nematodes.”” The unselected population
referred to as refugia provides a pool of genes sensitive
to anthelmintics, which dilutes the frequency of resis-
tant genes and slows the evolution of resistance.
Parasitologists now believe that 1 of the major factors
responsible for the development of anthelmintic resis-
tance is the common practice of treating all animals in
a herd at 1 time, which leaves no nematodes in refu-
gia.” However, nematode burdens are not evenly dis-
tributed; an overdispersed pattern exists in which a
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small percentage of the animals harbor most of the par-
asites.®” Drenching only those goats that require
anthelmintic treatment will greatly reduce the selection
for resistance by maintaining a large refugia and pro-
vides a means to improve overall genetic resistance of
the herd by culling goats requiring repeated treat-
ments. Implementation of selective treatment for H
contortus has been prevented by lack of a simple and
reliable field test for anemia. However, a clinical on-
farm system® was recently developed in South Africa
for classifying animals into treatment categories on the
basis of the level of anemia.* Results of evaluation tri-
als" in South Africa have indicated that use of this sys-
tem in sheep can reduce the number of anthelmintic
treatments given by up to 90%.

On the basis of the findings of this study, use of
ABZ (or other benzimidazole anthelmintics) and IVM
cannot be recommended for the control of GINs in
goats in the southern United States unless first proven
effective. For ABZ or FBZ, restricting feed intake for 24
hours before treatment or use of a repeated dosing
method may increase the efficacy of these drugs suffi-
ciently to make them useful. However, the increase in

efficacy that results from this treatment method would °

probably not be long lived in areas where high levels of
resistance are already present. In other areas of the
country where levels of benzimidazole resistance may
be lower, this strategy could substantially increase the
effective life span of these anthelmintics. Levamisole
and MOX continue.to have good to excellent efficacy
and are the anthelmintics of choice for goats with clin-
ical haemonchosis. However, it is important not to
assume that these anthelmintics will remain effective.
Neither LEV nor MOX has been used extensively in
goats in the United States; therefore, selection for resis-
tance has been low. Furthermore, IVM and MOX are
closely related anthelmintics that have the same or
similar mechanisms of action and resistance. Results of
dose-titration studies”* have indicated that similar
resistance ratios (dose required to kill resistant nema-
todes-to-dose required to kill susceptible nematodes)
exist for IVM and MOX, proving that resistance to 1 of
these anthelmintics confers resistance to the other.
Therefore, nematodes resistant to IVM are technically
also resistant to MOX; however, the higher potency of
MOX against H contortus results in treatment doses
that remain capable of killing nematodes that have
become resistant to IVM. Unfortunately, if MOX is
overused, this efficacy can be expected to be short-
lived.

Goat owners can use all the best management and
GIN control strategies and still have highly resistant
nematodes in their herds if newly purchased goats were
already infected with them. Therefore, it is important
to institute a rigid treatment and quarantine program
for all new goats introduced to the herd. All newly
acquired goats should be dewormed with MOX and
LEV on arrival and held in drylot confinement for 14
days. Fourteen days after treatment, a fecal floatation
or FEC should be performed, and goats should only
enter the herd if no nematode eggs are found.

This study provides evidence that the problem of
anthelmintic resistance in GINs of goats is much more

severe than is commonly recognized. The principal
reasons for this discrepancy between perception and
reality are that frequent treatments with marginally
effective anthelmintics and rotation between effective
and ineffective anthelmintics can often conceal resis-
tance. Resistance is only recognized once efficacy of
treatment decreases below an important threshold level
that results in death of goats after treatment. The cur-
rent paradigm of parasite control that relies on fre-
quent treatment of all goats with anthelmintics
requires little thought or analysis and is, therefore, easy
for producers to understand and implement. In con-
trast, strategies that aim to reduce anthelmintic use
require a greater depth of understanding of parasite
epidemiology and host-parasite dynamics. Therefore,
successful implementation of a smart drenching
approach to parasite control will only be possible if
small ruminant veterinarians take an active and leading
role in the education of goat producers.

*Valbazen 11.36% suspension, Pfizer Animal Health, Eaton, Pa.

*Ivomec sheep drench 0.08% solution, Merial, Iselin, NJ.

‘Levasol soluble drench powder, Pitman-Moore Inc, Mundelein, Il1.

dCydectin pour-on for cattle, 5 mg/mL, Fort Dodge Animal Health,
Fort Dodge, lowa.

‘Cameron A. RESO fecal egg count reduction analysis spreadsheet.
Available at: www.sheepwormcontrol.com. Accessed May 5,
2003.

'DrenchRite larval development assay, Bioniche Animal Health,
Armidale, New South Wales, Australia. US source: Department of
Medical Microbiology and Parasitology, College of Veterinary
Medicine, University of Georgia, Athens, Ga.

f!FAMACHA, Livestock Health and Production Group of the South
African Veterinary Association, Pretoria, South Africa. US source:
RM Kaplan, Department of Medical Microbiology and Parasitology,
College of Veterinary Medicine, University of Georgia, Athens, Ga.
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