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a  b  s  t  r  a  c  t

Cyathostomins  (small  strongyles)  are  ubiquitous  in grazing  horses  and are  known  pathogens  as cause
of  larval  cyathostominosis.  As  part  of  their  life  cycle,  cyathostomin  larvae  invade  the  mucosal  walls  of
the  large  intestines  and  undergo  encystment.  Newly  ingested  third  stage  larvae  are  known  to undergo
arrested  development  and  this  can  lead to an  accumulation  of  encysted  burdens  over  the course  of  a  graz-
ing season.  It is believed  that  the  host  immune  system  plays  a significant  role  in triggering  this  arrestment.
Little  is  known  about  the development  and progression  of  larval  stages  in  foals  that  are not  expected  to
mount  a pronounced  immune  response  to  ingested  cyathostomin  larvae.  This  study  evaluated  counts
of encysted  larvae  measured  in  37  foals.  The  foals  were  born  in  2013,  2014,  and 2015  into  a  parasitol-
ogy  research  herd  kept  without  anthelmintic  intervention  and  were  humanely  euthanatized  between  50
and 293  days  of  age  as  part  of an  ongoing  parasite  transmission  study.  A mucosal  digestion  technique
was  performed  to enumerate  encysted  early  third  stage  (EL3)  and late  third  stage/fourth  stage  (LL3/L4)
larvae  in  the  cecum,  ventral  colon  and  dorsal  colon.  Counts  were  analyzed  statistically  to evaluate  the
influence  of  foal  age,  sex,  and seasonality  on  the counts.  Total  counts  as  well  as  LL3/L4  counts  were  signif-
icantly  higher  during  the grazing  season  (March–November).  Three  defined  age  groups  (>100,  100–200,
>200  days)  did  not  have  statistically  different  counts.  Male  foals  had significantly  higher  total  counts
compared  to females,  and  this  has not  been  reported  before.  The  study  found  that  41%  of  the  recovered
larvae  were  EL3s,  but  no  indication  of arrested  development  of  these  was  observed.  This indicates  that
cyathostomin  infection  in  foals  progresses  in a manner  substantially  different  from  mature  horses.

©  2017  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Equine cyathostomin parasites (small strongyles) are truly ubiq-
uitous in grazing equines across the world. Virtually all horses are
exposed to infective free-living third stage larvae during the graz-
ing season and some degree of infection is inevitable. The group
of cyathostomin parasites consists of 14 genera and 50 described
species (Lichtenfels et al., 2008). Of these, 8 genera and 40 species
are described infecting horses (Lichtenfels et al., 2008). As a com-
mon  feature, all newly ingested free-living third stage larvae (L3),
invade the mucosa and submucosa in the walls of the cecum, ven-
tral colon and dorsal colon and undergo encystment (Love et al.,
1999). In the encysted stage, parasitic larvae develop through the
fourth or fifth larval stage (L4, L5) and then migrate back to the
intestinal lumen as young pre-adults. Arrested development has
been described to occur at the early third larval stage (EL3) (Eysker
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et al., 1984), and the number of arrested EL3s tends to increase
with age as a result of a presumed host immune response mounted
towards the invading larvae (Chapman et al., 2003). Early work has
documented that cyathostomin larvae can remain arrested for at
least two years (Gibson, 1953; Smith 1976a,b), which can explain
this observed accumulation. In recent decades, cyathostomin con-
trol has been compromised by an increasing number of reports of
anthelmintic resistance to commonly used products and there are
no new pharmaceutical products expected in a foreseeable future
(Peregrine et al., 2014). Thus, these parasites continue to pose a
potential threat to equine health and they are becoming increas-
ingly difficult to control.

While infection rates with cyathostomin parasites are very
high, morbidity rates are generally considered low, as most horses
exhibit no signs of disease or discomfort. However, cyathostomin
parasites are known as cause of the disease syndrome termed larval
cyathostominosis, which is regarded as a serious condition when it
occurs (Love et al., 1999). This disease is characterized by an acute
typhlo-colitis caused by a massive and synchronous emergence of
encysted L4 larvae from the large intestinal walls. The clinical pre-
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sentation of horses with larval cyathostominosis is characterized
by a profuse watery and sometimes bloody diarrhea, pronounced
dehydration, hypoproteinemia, and ventral edema. The case fatality
rate of confirmed cases has been reported as high as 50% (Reid et al.,
1995). Predisposing factors include young age (1–4 years of age)
and anthelmintic treatment during off-season months (Reid et al.,
1995), and it can be speculated that an accumulation of encysted
larvae must play a role as well. However, this is poorly understood.

Foals are generally considered particularly susceptible to par-
asite infection because of their young age and yet undeveloped
immune system. However, the dynamics and progression of
cyathostomin parasite infection are not well described in this age
group. One previous study performed in a small cohort of foals
kept without anthelmintic treatment has documented existence of
encysted cyathostomin larvae, but suggested that arrested devel-
opment and a resultant accumulation of EL3s did not occur within
the first year of life (Tolliver et al., 2015). It has been reported
that EL3s comprise about 60–70% of the encysted burden in 2–5-
year-old ponies, whereas the proportion of EL3s was about 35% in
yearlings (Chapman et al., 2003). Another study suggested that pre-
vious exposure to cyathostomin infection plays an important role in
the induction of the arrested development (Chapman et al., 2002).
Work in mature horses has also illustrated that the overwhelm-
ing majority of encysted larvae are found in the cecum and ventral
colon, whereas the dorsal colon is much more sparsely populated.
For example, one study reported less than 2% of larvae recovered
from the dorsal colon (Reinemeyer and Herd, 1986). The distribu-
tion of encysted larvae between large intestinal compartments has
not been described in foals.

The aim with the present study was to analyze counts of
encysted mucosal cyathostomin larvae from a population of foals
born into a university research herd over a three-year period. The
goal was to specifically evaluate the effects of season and age on
mucosal larval counts.

2. Materials and methods

2.1. Horses

This study used retrospective mucosal worm count data gath-
ered from necropsies conducted on 37 mixed light breed horse foals
born in the years 2013–2015. These foals were born into a para-
sitology research herd maintained at the University of Kentucky,
which has not received anthelmintic treatment since its establish-
ment in 1979 (Lyons et al., 1990). Horses are kept outside on a
10 ha pasture year-round and diet consisted of grass hay which was
either timothy or orchard grass and pasture containing clover, blue
grass and various species of weeds. Supplemental feed given twice
a day included whole oats and pellets consisting of oats, alfalfa
meal, corn, molasses, soy bean products, plain salt, CaCo3, vita-
min  A and E and selenium. Salt and mineral blocks were available
ad libitum. The adult population size has ranged between 20 and
30 horses during the study ears. Throughout the three-year period,
foals were euthanatized and necropsied at varying ages between
50 and 293 days to investigate parasite transmission patterns in
young horses. The climate in Central Kentucky is temperate with
a distinct seasonality. Grazing seasons usually start in March or
April and extend through October. The research conducted has been
conducted under approval from the University of Kentucky’s Insti-
tutional Animal Care and Use Committee (IACUC) under protocol
number 2012-1046.

The study population is presented in Table 1. Of the 37 foals,
11, 13, and 13 were born in 2013, 2014, and 2015, respectively.
Twenty-three were colts (males) and 14 were fillies (females).

Table 1
Demographic description of the study population.

Foal ID Sex Date of birth Necropsy date Agea

30.1 M Feb 12, 2013 Jul 11, 2013 149
40.1 M Mar  4, 2013 Aug 20, 2013 169
50.1 M May  13, 2013 Jan 14, 2014 236
51.1 F Mar  24, 2013 Sep 23, 2014 183
63.1 F Apr 2, 2013 Nov 24, 2013 236
65.1 M Jun 26, 2013 Apr 15, 2014 293
260.1 F May  28, 2013 Mar  18, 2014 294
261.1 M Apr 25, 2013 Dec 10, 2013 229
39.1 M Apr 17, 2013 Oct 16, 2013 181
40.1 M Sep 2, 2013 Feb 11, 2014 162
41.1 M May  16, 2013 Jul 8, 2013 53
30.2 F Jan 24, 2014 Sep 17, 2014 236
50.2 M May  4, 2014 Jan 13, 2015 254
51.2 F Apr 1, 2014 Oct 22, 2014 204
61.2 M May  12, 2014 Jan 27, 2015 260
62.2 M Mar  12, 2014 Aug 13, 2014 154
63.2 M Apr 23, 2014 Nov23, 2014 214
66.2 M Jun 12, 2014 Mar 25, 2015 286
72.2 F May  17, 2014 Mar  11, 2015 298
73.2 M May  12, 2014 Feb 26, 2015 290
260.2 F Jun 3, 2014 Mar  19, 2015 289
261.2 M Apr 28, 2014 Dec 15, 2014 231
39.2 F Apr 12, 2014 Nov 11, 2014 213
40.2 F Aug 27, 2014 Apr 1, 2015 217
30.3 M May  15, 2015 Aug 4, 2015 80
50.3 M Jun 2, 2015 Oct 21, 2015 141
61.3 F Jun 15, 2015 Nov 10, 2015 148
62.3 M Apr 7, 2015 May  27, 2015 50
63.3 M Apr 16, 2015 Jul 8, 2015 83
65.3 M Apr 1, 2015 May 27, 2015 56
66.3 F Jun 1, 2015 Sep 9, 2015 56
72.3 F May  1, 2015 Jul 8, 2015 68
83.3 M Jul 6, 2015 Oct 21, 2015 107
260.3 F May  29, 2015 Sep 9, 2015 103
261.3 M May  17, 2015 Aug 4, 2015 79
39.3 M Jun 4, 2015 Nov 10, 2015 159
40.3 F Aug 1, 2015 Dec 11, 2015 132

a Age at necropsy given in days.

2.2. Mucosal digest method

The entire cecum, ventral colon and dorsal colon were rinsed,
blotted dry, and weighed separately on a verified laboratory bal-
ance. The gross weights of the three organs were recorded, and a
longitudinal, haustral section, comprising approximately 5% of each
organ’s gross weight, was  excised from the wall of each of them.
The mucosa and submucosa of each 5% segment were removed by
scraping and digested in pepsin/HCl acid at 37 ◦C with constant agi-
tation for approximately two hours (Eysker et al., 1984; Monahan
et al., 1995). A 4% aliquot of the digested mucosa was examined at
40X for enumeration of larval cyathostomins. Tissue larvae were
classified either as early third stage larvae (EL3), or late third stage
or fourth stage larvae (collectively designated as LL3/L4) using mor-
phological criteria (Reinemeyer and Nielsen, 2013). Estimates of
the mucosal larval populations of each organ were calculated by
multiplying each counted larva with a factor of 500.

2.3. Statistical analyses

Statistical analyses were performed using SAS 9.3 computer
software (SAS Institute, Cary, NC, USA). All mucosal larval counts
were log-transformed to achieve normal distribution of the data.
In one set of analyses, mixed linear models were constructed for
analyzing the relationship between log-transformed worm counts
(EL3, LL3/L4, and total counts) and sex, birth year, birth month,
quarter of euthanasia (1–4), grazing season (March-October or
November-February), and foal age at necropsy (0–100, 100–200,
>200 days). In another set of analyses, mixed linear models
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