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Aktuell parasitologisk forskning  
resistens, refugia & riktad behandling

Johan Höglund
BVF, Sektionen för parasitologi

Sveriges lantbruksuniversitet (SLU)

2006	&	2007	
90	flockar	
VBZ-res	=	2	
IVM-res	=	0	

2013	
Riktad	us	av	
11	flockar	
6	IVM-res	

Akut	försämrat	resistens-läge?	

Anthelminika	resistens	(AR)		
När	vissa	individer	tolererar	doser	
som	dödar	majoriteten	av	övriga	

maskindivider	inom	samma	
populaHon		

=	Överlevnadsfördel	

Läkemedelsresistens	(AR)	
	-	många	frågor	-	

Kan	AR	
kontrolleras?	

	

Vad	är	
orsaken	Hll	

AR?	

Hur	
snabbt	
utvecklas	

AR?	

Vilka	är	de	
prakHska	

konsekvenserna?	

Vad	orsakar	AR?	
•  Hög	behandlingsfrekvens	

•  Ensidig	använding	av	eR	och	samma	preparat	
•  Underdosering	och	hög	risk	för	återinfekHon	

•  Få	“frilevande”	parasiter	=	Litet	refugium	
–  Västra	Australien	

•  milda	våta	vintrar	och	heta	torra	sommrar	



16-10-10	

2	

•  Nedärvs	
•  Ingen	reversion	
•  Sidoresistens	är	inte	en	fråga	

– MulHpel	resistens	kan	förekomma	

•  Hög	geneHsk	diversitet	
– Anlag	för	resistens	finns	“allHd”	i	populaHonen	

AR	=	gene>k	
	

Resistensutveckling	

MoBaglig	
Resistent	

Resistensutveckling	

MoBaglig	
Resistent	

Resistensutveckling	

MoBaglig	
Resistent	

Bevis	för	selek>on?	
	

Normalt	5-8	generaHoner	

Gradvis	ökande	dosering	och	inga	parasiter	i	refugium	

Parasiter	i	refugium?	

•  Ej	exponerade	för	avmaskningsmedlet		
•  Den	fri-levande	delen	livscykeln		

–  Ägg	och	larver	som	finns	på	betet	vid	behandlingsHllfället	

•  Ju	större	andel	desto	långsammare	sker	
resistensutvecklingen	
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Refugia-overlooked as perhaps the most potent 
factor concerning the development of anthelmintic 
resistance 

J.A. VAN WYK 

Department of Veterinary Tropical Diseases, Faculty of Veterinary Science, University of Pretoria 
Private Bag X04, Onderstepoort, 0110 South Africa 

ABSTRACT 
VAN WYK J.A. 2001. Refugia-overlooked as perhaps the most potent factor concerning the devel-
opment of anthelmintic resistance. Onderstepoort Journal of Veterinary Research, 68:55-67 
Anthelmintic resistance involving particularly the gastro intestinal nematodes of small rum inants is 
escalating globally, to the extent that in certain countries, such as South Africa, it has already reached 
alarming proportions, and is affecting practically all the anthelm intics. 
In th is paper it is argued that the high levels of resistance in nematodes of veterinary importance in-
dicate that the drugs have been used incorrectly. It is suggested that the phenomenon of refugia plays 
a much more important ro le in the selection of anthelmintic res istance than other phenomena that 
are more frequently investigated and recommended for counteracting it, such as reduced drenching 
frequency and avoiding under-dosing. While refugia is commonly mentioned in passing in most pa-
pers on anthelmintic res istance, it is, almost without exception , not incorporated in the final controll 
management proposals. 
On the strength of the conclusions arrived at in the present paper strategies such as the drench-and-
move system in which all the animals in a flock are drenched before they are moved to pastures 
contain ing few or no worms in refugia, and the system of strategic drenching on safe pastures should 
be condemned and never recommended. If such strategies are indeed unavoidable, the farmer should 
be warned that the farming system would probably not be sustainable even in the short term, in view 
of the generally high levels of resistance already present in most of the important sheep-producing 
regions. Farmers should be educated to consider refugia above all else when designing worm man-
agement programmes. 
Finally there seems to be too much complacency concerning the possibility that anthelmintic resist-
ance may also escalate in cattle , eventually to reach the proportions that it has in sheep. 
Keywords: Anthelmintic resistance, cattle, gastrointestinal nematodes, refugia, sheep 

INTRODUCTION 
In 1985, after anthelmintic resistance in sheep nema-
todes had started to escalate in South Africa, Van 
Wyk said: " ... unless we use [the anthelmintics] to 
better advantage we may find ourselves in the situ-

ation where we no longer have effective remedies 
available for worm control:' At the time, some helmin-
thologists regarded the statement as alarmistic (Van 
Wyk 1990a). Nevertheless, the phenomenon has 
progressed globally to reach" ... alarming proportions 
throughout the world and [to threaten] the future vi-
ability of continued small ruminant production in 
many countries" (Waller 1999). 

1 E-mail: janvw@moon.ovi.ac.za 
Accepted for publication 9 January 2001-Editor 

In recent surveys in South Africa, in which a lenient 
method was used to analyze the results of faecal egg 

55 

Scientifi c Article

Brave or gullible: Testing the concept that leaving susceptible parasites 
in refugia will slow the development of anthelmintic resistance

TS Waghorn*§, DM Leathwick*, CM Miller* and DS Atkinson*

 New Zealand Veterinary Journal 56(4), 158-163, 2008 158

Veterinary Parasitology 186 (2012) 2– 9

Contents lists available at SciVerse ScienceDirect

Veterinary  Parasitology

jou rn al h om epa ge: www.elsev ier .com/ locate /vetpar

Refugia-based  strategies  for  sustainable  worm  control:  Factors
affecting  the  acceptability  to  sheep  and  goat  owners

R.B.  Besier ∗

Animal Health Laboratories, Department of Agriculture and Food Western Australia, 444 Albany Highway, Albany WA 6330 Australia

a  r  t  i c  l  e  i n  f  o

Keywords:
Refugia
Nematode control
Targeted treatment
Sheep
Goats

a  b  s  t  r  a  c  t

Sustainable  nematode  management  programs  aim  to  minimise  animal  production  loss  and
prevent  parasitic  disease,  without  increasing  the level  of  anthelmintic  resistance.  Resis-
tance management  strategies  are  now  largely  based  on  the  “refugia”  concept,  by  which
populations  of  nematodes  not  recently  exposed  to  treatment  are  deliberately  allowed  to
survive.  Progeny  from  the  unselected  parasites  provide  a source  of  less-resistant  worms
which can dilute  resistant  worms  surviving  anthelmintics,  and  hence  reduce  the  rate  of
resistance  development.  This  can  be achieved  by  either  modifying  strategic  treatment  regi-
mens  to ensure  the  survival  of  infective  worm  larvae  on  pasture,  or  by  avoiding  treatments
to individual  animals  identified  as  best  able  to cope  with  parasites.  These  strategies  include
“targeted  treatment”  (based  on  estimates  of  worm-burdens)  and  “targeted  selective  treat-
ment”  (based  on indications  of parasitic  effects).  However,  the departure  from  conventional
anthelmintic  approaches  represents  a major  conceptual  challenge  to  many  livestock  own-
ers.  Factors  that  may  affect  the  wide  adoption  of  refugia  strategies  include  the increased
risk of parasitism  and production  loss,  the  effectiveness  of reducing  the development  of
resistance,  the practicality  of implementation,  and  the  direct  effects  on costs  and  labour
efficiency.  The  acceptance  of  particular  strategies  is  likely  to vary  considerably  according
to environmental  effects,  nematode  species,  animal  production  aims  and resource  avail-
ability.  However,  recent  indications  that  comparatively  small  changes  to  present  practices
can provide  substantial  refugia  benefits  suggest  that  appropriate  resistance  management
approaches  can  be developed  for  different  situations.

Crown Copyright ©  2011 Published by Elsevier B.V. All rights reserved.

1. Introduction

The importance of anthelmintic resistance management
strategies in nematode control recommendations for live-
stock has been recognised for many years, in response to
evidence of an increasing prevalence and severity of resis-
tance (Besier and Love, 2003; Kaplan, 2004; Wolstenholme
et al., 2004). Numerous studies have contributed to the
theoretical basis to the development of resistance, and
the major causal factors are well understood (Prichard

∗ Tel.: +61 8 98928470; fax: +61 8 98928564.
E-mail address: brown.besier@agric.wa.gov.au

et al., 1980; Sangster and Dobson, 2002). Changes to
anthelmintic usage practices that impose significant selec-
tion pressure for resistance are essential to preserve the
effectiveness of anthelmintics currently in use, and also to
avoid the rapid development of resistance to newly intro-
duced anthelmintics.

In recent years, the refugia concept has been identi-
fied as a fundamental principle in resistance management.
This proposes that to reduce the selection pressure for
resistance in a population of nematodes, resistant worms
surviving anthelmintic treatment must be diluted by the
establishment of infective larvae from a non-resistant
source to reduce the relative contribution of resistant par-
asites to subsequent generations (van Wyk, 2001; Besier,

0304-4017/$ – see front matter. Crown Copyright ©  2011 Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.vetpar.2011.11.057

Andel	i	refugia?	

≈80%	
Photo:	J	Höglund,	SLU	 Photo:	J	Höglund,	SLU	

Hur	stor	andel	krävs	för	aB	undfly	
AR?	

From	Pech	et	al.	2009	
Korrekta	antaganden?	

Prak>ska	konsekvenser?	 Prak>ska	konsekvenser?	

LarvsmiBa	(refugia)	är	en	riskfaktor	för	
utveckling	av	klinisk	parasi>sm	
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Riktade	(selek>va)	avmaskningar	

FEC-based	

DWG	
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Species of GIN

Haemonchus is a very prolific egg producer and is associated with rapid changes in the environment
of pasture infectivity.  If this species is predominant, the FEC can change very quickly, as can the level of
disease in the lambs.  Furthermore, even within the 3 week pre-patent  period of the parasite, lambs can
become very anaemic - before egg levels change significantly.  Generally we do not know which type of
parasite is contributing to the FEC.  In summary, there is tremendous variation in the daily output of eggs
depending on the parasite, and variation in the pathogenicity of different worm species.  Larval culture
and identification of GIN species can be done in specialized laboratories, although that service is not
routinely provided in central Canadian diagnostic laboratories.  A technique utilizing peanut agglutinin
with a fluorescent dye is used in some laboratories to stain and identify the proportion of eggs which are
of the haemonchus type.

Infection from Previous Season
4Sheep that grazed the previous summer may have a significant hypobiotic load of L  Teladorsagia that

are sitting in the abomasal walls waiting for more favourable climate conditions before developing to
4adults.  In the spring, the massive re-emergence of these L  can be associated with significant disease -

often called Type II “Ostertagiasis”.  The sheep have diarrhea and bottle jaw along with a negative FEC as
4the L 's have not yet reached the adult egg-producing stage.   We have also seen a similar phenomenon

with Haemonchus, when large #’s of arrested larvae emerge causing anaemia and sometimes death in
ewes in the spring before going to pasture.

Grazing Heavily Infested Pastures
Naive sheep and lambs that graze very heavily infested pastures, may experience disease due to

Teladorsagia and Trichostrongylus before the pre-patent period is complete.  Like Type II disease, these
animals will have watery diarrhea and bottle jaw with some deaths - along with a very low FEC.

Individual Variability in FEC
It has been shown that approximately 30% of lambs are responsible for 70% of the total egg

production.  This means that there is tremendous animal-to-animal variation in egg output - also called
over-dispersion of the values.  If means (averages) are used to determine how infected a group of sheep
are, there is a great risk of underestimating the level of infection.  An
example:  3 faecal samples have a count of 1,000 epg and 6 faecal samples
have a value of 50 epg, this gives a mean value of 330 epg.  In this example,
if a cut-point of 500 epg is used, it might result in a decision not to treat
when treatment should have been performed.   Factors that should also be
taken into account are the clinical condition of the sheep, as outlined
below.

Clinical Changes in the Sheep

Diarrhea / Dag Scores

Faecal consistency (formed pellets, soft pellets, liquid diarrhea) may
reflect parasite load, but some parasitic infections (e.g. acute
haemonchosis) do not always exhibit diarrhea.  Diet type also greatly
influences faecal consistency- with lush grass causing diarrhea so
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a b s t r a c t

Refugia-based drenching regimes have been widely recommended to slow development of anthelmintic
resistance but there are few comparisons between different treatment approaches in the UK. The impact
of four ivermectin treatment regimes on drug efficacy, lamb body weight and nematode contamination
during a 154 day grazing season were evaluated in a consecutive five year field study. Regimes were
whole-flock treatment every 4 weeks (NST), targeted selective treatment (TST) based on individual per-
formance, strategic whole-flock treatments at pre-determined times (SPT) or whole-flock treatment
when clinical signs were apparent (MT). Mean numbers of ivermectin drenches administered per season
were 4.0, 1.8, 2.0 and 1.4 for NST, TST, SPT and MT groups, respectively. The mean anthelmintic efficacy
(AE) for each treatment group was based on faecal egg count reduction post-treatment employing a boot-
strap sampling based algorithm. Mean AE was 95–98% for all groups in 2006 and mean AE (95% confi-
dence limits) for NST declined to 62% (55%, 68%) in 2010. In comparison, AE for TST, SPT and MT in
2010 were 86% (81%, 92%), 86% (83%, 90%) and 83% (78%, 88%), respectively. Body weight in TST and
SPT was similar to NST in all years (p > 0.05), however MT lambs were lighter than NST in 2006–2008
(p 6 0.04). Tracer lamb worm burdens was lowest in NST but was not significantly different between
other groups. Overall, both the TST and SPT regimes appeared to maintain animal performance and con-
serve anthelmintic efficacy compared with a neo-suppressive anthelmintic treatment regime.

! 2013 Australian Society for Parasitology Published by Elsevier Ltd. All rights reserved.

1. Introduction

Anthelmintic resistance in ovine gastrointestinal nematodes is
widespread throughout livestock production areas worldwide,
and now threatens the sustainability of sheep production in many
countries (Jackson and Coop, 2000; Kaplan, 2004; Pomroy, 2006;
Molento et al., 2011). Although the effects of nematode infections,
and the problem of anthelmintic resistance, have been known for
some time, there is a limited number of studies that have investi-
gated the effect of timing and frequency of drench administration
throughout the season on the development of anthelmintic resis-
tance and lamb weight gain (Waghorn et al., 2008, 2009; Leath-
wick et al., 2012). Prichard et al. (1980) advised that regular
suppressive drenching strategies, with the same drug family,
would select strongly for anthelmintic resistance. Furthermore,

the same authors hypothesised that this approach would be more
likely to select for resistance than a ‘strategic’ programme of 2–3
drenches per year. In contrast, other authors reported that treat-
ment frequency alone may not be a suitable indicator for the rate
of resistance development, especially if adult ewes were also
drenched (Leathwick et al., 1995, 2006a).

Regardless of the anthelmintic treatment regime implemented,
the importance of the provision of a nematode population in refu-
gia has been highlighted as a major determinant of the speed at
which anthelmintic resistance may develop (Prichard et al., 1980;
Van Wyk, 2001). Consequently, anthelmintic treatment regimes
that provide for a population in refugia can be anticipated to assist
with slowing the development of resistance within a given popula-
tion. Several studies have shown that either more effective target-
ing of anthelmintic use or part-flock drenching approaches
(targeted selective treatment, TST), using a variety of indicators,
can reduce the number of drenches administered with little or
no negative effects on productivity (reviewed by Van Wyk et al.,
2006; Besier, 2008; Kenyon et al., 2009) and provide benefits in
terms of slowing the development of resistance in both the short

2211-3207/$ - see front matter ! 2013 Australian Society for Parasitology Published by Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.ijpddr.2013.02.001
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different groups and corresponding 95% confidence intervals were
used to compare the efficacy between each pair of groups.

To determine the effect of the treatment decision for lambs in
the TST group on subsequent (4 weeks later) treatment deci-
sions, a generalised liner mixed model was fitted to the data
on the incidence of subsequent drenching, assuming that the
data followed a Bernoulli distribution. The logit function of the
probability of incidence of drenching was modelled as a linear
predictor of possible explanatory variables. The model included
the most recent treatment decision, cumulative number of
drenches, year, time and their interaction effects as fixed effects
and lamb as a random effect. Data from the years 2007 to 2010
were used.

Finally, different variables on the worm burden data in tracer
lambs were analysed using generalised linear mixed models
assuming Poisson distribution and log link function. The model in-
cluded paddock as a random effect and year, season and treatment
along with their possible interaction as fixed effects. An over-dis-
persion parameter was estimated and fitted in the model to ac-
count for variability in excess of that expected from Poisson
distributed data.

All statistical analyses were carried out using R software version
2.13.2 (R Development Core Team 2011).

3. Results

3.1. Anthelmintic drenches administered

The mean number of anthelmintic drenches administered per
individual lamb during the experimental period for each treatment
group and each year are given in Table 1. The NST group received
four drenches in all years on days 56, 84, 112 and 140. SPT lambs
consistently received two drenches per year as per the trial proto-
col. MT lambs received three drenches in 2006 on days 56, 112 and
140 and one treatment in subsequent years on day 140 in both
2007 and 2008 and on day 98 in both 2009 and 2010. For the
TST group, there was no statistically significant increase in the
mean number of drenches administered from 2006 to 2009 (ran-
ged from 1.6 to 1.9). However, more treatments were administered
on average in 2010 compared with 2006 only (p = 0.002). Overall,
the reduction in the mean number of drenches administered to
TST lambs compared with NST lambs varied from 60% in 2007 to
45% in 2010.

The mean percentage of TST lambs drenched at each sampling
time was 25.9% (ranging from 5% to 68.7%). There was no obvious
pattern for the timing of these drenches from year to year (data
not shown). The frequency of the number of drenches adminis-
tered to individuals within the TST group is shown in Table 2.
Overall on average, 3.1%, 23.9%, 61.6%, 11.0% and 0.5% of lambs
required 0, 1, 2, 3 and 4 treatments, respectively. Four drenches
were only administered in 2009, when this was required by one
lamb.

3.2. Efficacy of ivermectin treatment

The median FEC (minimum, maximum), at day 56 for the 5 years
of the trial is shown in Table 3, to give an indication of the parasite
challenge experienced by the lambs in each group when the TST ap-
proach was implemented. In the year 2010, the overall observed
mean pre and post-treatment FEC for MT, NST, SPT and TST groups
were (359,45), (116,33), (287,42) and (231,36) respectively sug-
gesting an overall anthelmintic efficacy of 87%, 71%, 86% and 84%
for those groups. However it should be noted that these estimates
were purely based on the observed raw data across all time points
without taking into account the underlying uncertainty and vari-
ability in the data. The predicted mean overall efficacy for each treat-
ment regime for each year is given in Fig. 1 and henceforth the
expression ‘mean efficacy’ in this paper indicates the predicted
mean overall efficacy. The model used to estimate the mean efficacy
value for each group does not take into account the full extent of the
effects of variability and uncertainty on estimates of pre-treatment
egg counts and hence the confidence intervals presented in Fig. 1 are
likely to be conservative. Results showed a similar mean efficacy of
95–98% for all groups in 2006 followed by a decline in the mean effi-
cacy in all groups which was more pronounced in the NST regime
where mean efficacy was around 60% from 2009 onwards. The mean
efficacy in the NST group was statistically significantly (p < 0.05)
lower than the other three groups from 2007 onwards. Mean efficacy
for the MT regime remained above 97% until 2010, when the mean
efficacy declined to 83%, and was significantly higher (p < 0.05) than
the NST, SPT and TST regimes from 2007 until 2009. For the SPT, the
mean efficacy remained above 93% until a decline to 73% in 2009 fol-
lowed by recovery to 86% in 2010. In comparison, the mean efficacy
in the TST regime remained above 92% until 2008 and above 82%
from 2009 onwards. There was no evidence that the mean efficacies
in TST and SPT regimes were statistically different during the study.

3.3. Body weight

The mean body weight of all lambs at day 0 was 12.64 ± 0.08 kg.
The interaction effect of year and group was statistically significant

Table 1
Mean number of drenches administered per lamb for each group per year.

Group Year

2006 2007 2008 2009 2010

NST 4.0 4.0 4.0 4.0 4.0
TST 1.8 1.6 1.9 1.7 2.2
SPT 2.0 2.0 2.0 2.0 2.0
MT 3.0 1.0 1.0 1.0 1.0

As varying numbers of drenches were administered to lambs in the TST group, the
data from this group was analysed with a linear mixed model to estimate the mean
number of drenches, which showed that the corresponding 95% lower and upper
confidence limits were ±0.2 drenches.

Table 2
Percentage of TST lambs that required varying numbers of drenches for each year.

Number of drenches administered Year/percentage of lambs drenched

2006 2007 2008 2009 2010

0 4.2 6.3 0 5 0
1 16.7 35.4 25 27.5 15.0
2 79.2 54.2 59.4 65.0 50.0
3 0 4.2 15.6 0 35.0
4 0 0 0 2.5 0

Table 3
The median FEC at day 56 (minimum and maximum), the beginning of the
experimental period.

Group Year/FEC (minimum, maximum)

2006 2007 2008 2009 2010

NST 58.5
(6.0, 369.0)

63.0
(3.0, 702.0)

30.0
(2.0, 144.0)

36.0
(9.0, 135.0)

81.0
(2.0, 234.0)

TST 54.0
(3.0, 450.0)

45.0
(0.0, 360.0)

81.0
(2.0, 432.0)

81.0
(23.0, 450.0)

145.5
(4.0, 612.0)

SPT 90.0
(18.0, 1035.0)

171.0
(3.0, 792.0)

73.5
(0.0, 270.0)

54.0
(9.0, 180.0)

67.5
(2.0, 468.0)

MT 265.5
(24.0, 1512.0)

27.0
(0.0, 621.0)

54.0
(2.0, 261.0)

78.0
(0.0, 369.0)

94.5
(3.0, 666.0)
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u  NST	=	whole-flock	treatment	every	4	weeks		
u  TST	=	targeted	selecHve	treatment	based	on	individual	performance	
u  SPT	=	Strategic	whole-flock	treatments	at	pre-determined	Hmes	
u  MT	=	Whole-flock	treatment	when	clinical	signs	were	apparent		
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BetessmiBa	

Haemonchus	contortus	
•  Exempelvis	

–  2000	ägg	per	hona	och	dag	
–  100	honmaskar	per	tacka	
–  50	tackor	

•  100	miljoner	ägg	på	betet		
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10 % av den betesgrupp du vill undersöka, men inte färre än sex djur. Skulle du ha mer än 200 djur i en betesgrupp är det
oftast fullt tillräckligt med prov från 21 individer.

Efterföljande rådgivning ingår och vid behov hjälper vi dig också med recept på lämpligt avmaskningsmedel.
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Träckprov	
Mag-	och	tarmmaskar	

•  Äggutskiljningen	(EPG)	
NÄR?	och	VARFÖR?	

Kärt		barn	har	många	namn	
Metod	 Träck	

(g)	
Vätska	
(ml)	
	

Spädning	
D	

Volym	
(ml)	
V	

Detek>on		
(epg)	
D/V	

McMaster	 3			 42	 1:15	 0.3		 50	

FECPAC	 1:1	 45	Hll	230	 1:11	 1.1	 10	

Mini-
FLOTAC	 5	 45	 1:10	 2*	 5	

FLOTAC	 10			 90	 1:10	 10*	 1	
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veterinary  fecal  flotation  methods  and  factors  influencing
their  accuracy  and  use—Is  there  really  one  best  technique?
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a  b  s  t  r  a  c  t

The  principle  of  fecal  flotation  is  based on  the ability  of  a solution  to  allow  less  dense  mate-
rial  (including  parasite  elements)  to  rise  to the  top. However,  there  are numerous  factors
that  will  influence  the  accuracy  and use  of  such  a theoretically  simple  technique.  Whether
or  not centrifugation  is used  appears  to  have  an  impact  on  the  ability  to detect  some  para-
sites, but  not  others.  Using  a  flotation  solution  with  a  relatively  high  specific  gravity  favors
the simultaneous  flotation  of the diagnostic  stages  of  many  different  parasites  while,  at the
same  time, making  recognition  of some  more  difficult  because  of distortion  as well  as  the
amount  of  debris  in the  preparation.  Dilution  methods  tend  to be  less accurate  because  they
require extrapolation;  however,  they  are quicker  to perform,  in  part,  because  of the cleaner
preparation.  Timing  is a critical  factor  in  the  success  of all flotation  methods,  as is  technical
ability  of  the personnel  involved.  Thus, simplicity,  low costs  and time  savings  have  gener-
ally  favored  gravitational  flotation  techniques  (including  the  McMaster  technique  and  its
modifications).  How  accurate  the  method  needs  to be is dependent  upon  the  purpose  of  its
use  and  choice  of  method  requires  an understanding  of  analytical  sensitivity  and  expected
levels  of egg  excretion.  In some  instances  where  the  difference  between,  for example,  0
and  50  eggs  per  gram  is insignificant  with  regards  to management  decisions,  less accurate
methods  will  suffice.  In others,  where the  presence  of a parasite  means  treatment  of the
animal  regardless  of  the  numbers  of eggs  present,  methods  with  higher  analytical  sensi-
tivities  will  be required,  particularly  for those  parasites  that  pass few eggs.  For  other  uses,
such as  the  Fecal  Egg  Count  Reduction  Test, accuracy  may  become  critical.  Therefore,  even
though recommendations  for standardized  fecal  flotation  procedures  have  been  promoted
in  the  past,  it is  clear  that  the  factors  are  too  numerous  to  allow  for  the recommendation  of
one, or even  a few,  procedures  for all  purposes.

© 2014  Elsevier  B.V.  All  rights  reserved.

1. Introduction

In 1878, Grassi, Parona and Parona demonstrated that
hookworm disease in humans could be recognized by

∗ Corresponding author. Tel.: +1 970 297 5416; fax: +1 907 297 0320.
E-mail address: lora.ballweber@colostate.edu (L.R. Ballweber).

finding the parasite eggs in a fecal smear (Rockefeller
Foundation International Health Board, 1922; Koutz, 1941).
Although the simple fecal smear was  used for many years
for many gastrointestinal parasites, and continues to be
in use today, it is considered crude at best and often pro-
vides false negative results. Continually driven by the focus
on hookworms in humans, better methods for the detec-
tion of parasite eggs in feces were further investigated

http://dx.doi.org/10.1016/j.vetpar.2014.05.009
0304-4017/© 2014 Elsevier B.V. All rights reserved.
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Before	I	came	here	I	was	confused	
about	this	subject.	Having	listened	
to	your	lecture	I	am	sBll	confused.	
But	on	a	higher	level	

Enrico	Fermi			


