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Abstract  
 

Infestations of ectoparasites are known to cause significant welfare issues, production and 

economic losses within livestock herds globally either directly by causing irritation and 

skin damage to the animal or indirectly through the transmission of pathogens and 

diseases. In order to effectively target and control ectoparasite infestations within 

livestock herds, good knowledge and awareness of the types of ectoparasites that are 

present on individual farms and the risks associated with infestations are essential. This 

study aimed to investigate the prevalence of two major ectoparasites, lice and ticks, and 

the tick-borne pathogens Anaplasma phagocytophilum and Babesia divergens in cattle 

farms in Ireland. Moreover, we aimed to investigate how these parasites are managed on 

cattle farms and farmers’ attitudes and perceptions regarding the importance of 

ectoparasites and their control.  

 

Following a thorough review of the literature (chapter 1), we investigated the prevalence 

of lice on 18 cattle farms, the methods that were used to control louse infestations and the 

presence of insecticide-tolerant lice (chapter 2). The results showed that while lice were 

common on the cattle farms, infestations were generally well managed. However, we also 

found indications that insecticide resistance, particularly to the synthetic pyrethroid 

chemical class, was present on some farms.  The 3rd chapter describes a blanket-dragging 

survey of 53 cattle farms across the country carried out to determine the prevalence of the 

hard tick Ixodes ricinus on farmland and tick-infection rates with the ruminant pathogens 

A. phagocytophilum and B. divergens. Our results suggested that an improvement of 

grazing on farms in Ireland in recent decades may be attributable to a reduction in tick 

numbers. Moreover, laboratory analysis of questing ticks collected from farms showed 

that considerably more ticks were infected with A. phagocytophilum than B. divergens. 

However, interestingly, data collected from farmer questionnaire surveys on the incidence 

of the tick-borne diseases associated with these pathogens showed the exact opposite. 

 

Whilst Irish farmers were generally well informed with regard to the occurrence of lice 

and ticks in their herds, more work is required to publicize the emergence of 

ectoparasiticide resistance and to develop guidelines for the sustainable management of 

ectoparasites. 
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1.1  Introduction 
 
Cattle are affected by a wide range of ectoparasites including flies, lice, mites and ticks. 

Whilst low levels of ectoparasite infestation often cause only mild irritation and are 

otherwise harmless to cattle, heavier infestations can impact growth rates and other 

aspects of cattle productivity, resulting in significant economic losses to cattle producers 

worldwide (Pérez de León et al. 2020). Furthermore, some species of ectoparasites that 

infest cattle are known to transmit disease, either directly or through ectoparasite-borne 

pathogens.  According to Pérez de León and colleagues’ (2020) review of cattle 

ectoparasites, several of these diseases and pathogens transmitted by cattle ectoparasites 

are zoonotic and are listed as notifiable by the World Health Organization (WHO).  

For the purpose of this literature review, and this research project, the ectoparasites of 

cattle that are of primary focus are lice and ticks.  

 

1.2  Lice 

 
1.2.1      Biology of Cattle Louse Species  
 
 
Lice are small, wingless, dorso-ventrally flattened ectoparasites known to infest mammals 

and birds (Lapage, 1968). They have a segmented body, usually consisting of 3 segments; 

the head, thorax and abdomen as well as three pairs of legs and a pair of short antennae 

(Taylor et al. 2007). Each leg usually has one or two claws which allows the lice to grip 

to the hairs or feathers of their host (Lapage, 1968). Their eyes are vestigial or absent 

(Taylor et al. 2007).  

Lice of domestic cattle belong to the order Phthiraptera under phylum Arthropoda and 

are traditionally classified into 3 suborders; Anoplura, otherwise known as the sucking 

lice, Amblycera and Ischonera, also known as the chewing lice (Deplazes et al. 2016). In 

veterinary literature the suborders Amblycera and Ischonera are often referred to as the 

Mallophaga and in this literature review the word Mallophaga will be used to describe 

these suborders. Anopluran lice have highly specialized mouthpieces that allow them to 

pierce the skin of their host in order to suck and feed on the blood and tissue-fluids 

whereas mallophagan lice have mouthpieces adapted for chewing on epithelial material, 

scabs, and the outer layers of hair shafts. Furthermore, the legs of anopluran lice terminate 

in a specially adapted projection known as the tibial spur which enables them to cling to 

the hair (Wall and Shearer, 1997). It is important to note, however, that particularly 
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among poultry lice, differentiation between chewing and sucking lice based on the 

morphology of the mouthparts alone can be misleading. Therefore, the differentiation of 

species from these suborders should be based on other structural features rather than their 

mouthpieces (Lapage, 1968).  

All species of lice have the ability to reproduce by sexual reproduction however Bovicola 

species reproduce mainly by parthenogenesis, a phenomenon in which an egg can develop 

into an embryo without being fertilized by sperm (Lapage, 1968). Matthysse (1946) 

demonstrated this by isolating female B. bovis lice throughout their lifecycle and 

observing that these females still laid viable eggs that hatched into nymphs at the same 

rate as females that were not isolated from males. Parthenogenesis is thought to help 

maintain population numbers and may explain why male louse numbers within 

established populations of lice can be significantly lower than female numbers (Lapage, 

1968). 

Biting and sucking lice have a hemi-metabolic life cycle (Deplazes et al. 2016), i.e. larvae 

are structurally similar to adult lice and have similar feeding methods however they are 

smaller in size with less sclerotized and chitinised bodies. (Lapage, 1968). Lice hatch 

from the egg as nymphs and undergo three ecdyses before becoming fully grown adults 

(Lapage, 1968). The length of the egg-to-adult lifecycle varies between species (Deplazes 

et al. 2016).   

There are currently 5 known species of lice of domestic cattle (Taylor et al. 2007), 

Bovicola bovis, Linognathus vituli, Solenopotes capillatus, Haematopinus eurysternus, 

Haematopinus quadripertusus. All species other than B. bovis belong to suborder 

Anoplura (Lapage, 1968). A breakdown and comparison of the attributes of each species 

of lice are presented in table 1.1. 
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Table 1.1: A comparison of attributes of cattle louse species (Deplazes et al. 2016; Lapage 1968; Taylor et al. 2007) 

Species Body 
length 

Colouring  
 

 

Gross Morphology Locations of 
parasitism on 
the host 

 No. eggs 
laid by 
female  

Egg to adult life 
cycle (weeks) 

Bovicola bovis 1.5-2mm Reddish brown 
with 5-8 dark 
transverse bands 
across the 
abdomen.  

Large, anteriorly rounded head that is 
wider than the thorax. Eyes present.  
Thin legs that terminate in a small 
claw. 

The poll, 
forehead, 
neck, 
shoulders, 
back & rump. 
Occasionally 
the tail. 

1 every 2 
days  

2-3 

Linognathus 
vituli 

2.5-3mm Bluish-black.  Long, slender, pointed head. No eyes 
or ocular points. Poorly developed or 
absent thoracic sternal plate. The 
mid- and hind legs are similarly sized 
and are longer than the forelegs. 
Each leg ends in a large claw 

The head, 
neck and 
dewlap.  

1 per day  2-3 
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Solenopotes 
capillatus  

1.25mm-
1.75mm 

Bluish Small pointed head with a short 
rostrum. Eyes and ocular points 
absent. Distinct thoracic sternal plate. 
Mid- and hind legs are longer than 
the forelegs, all ending in a large 
claw. The presence of abdominal 
spiracles that project from each 
segment of the abdomen are unique 
to this species.  

The neck, 
head, 
shoulders, 
dewlap, back 
and tail.  

1-2 per 
day  

5 

Haematopinus 
eurysternus  

3.4-4.8mm  Yellow/greyish 
brown head & 
thorax. Blue-grey 
abdomen with a 
dark stripe on 
either side of the 
abdomen. 

Short pointed head and a broad body. 
Eyes are absent but distinct ocular 
points are present behind the 
antennae. All 3 pairs of legs are 
equal in size and end in a large claw 
that feature a tibial spur and tibial 
pad. Highly chitinised paratergal 
plates projecting from both sides of 
the abdomen  

The poll, base 
of the horns, 
inside the 
ears, around 
the eyes and 
nostrils. 
Sometimes 
found on the 
tail.  

1-4 per 
day  

2-3 
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Haematopinus 
quadripertusus 

4-5mm  Similar to H. 
eurysternus  

Similar in appearance to H. 
eurysternus. Can be distinguished 
from H. eurysternus by its well-
developed thoracic sternal plate and 
highly sclerotised paratergal plates 
on abdominal segment 2/3 to 
abdominal segment 8.  

The tail and 
perineum. 
More 
common on 
Bos indicus & 
Bos indicus X 
Bos taurus 
hybrids than 
Bos taurus.  

1-6 per 
day  

2-3 
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1.2.2 Prevalence of Cattle Louse Species 
 

At present, there is no published scientific data on the prevalence of cattle louse species 

across multiple cattle herds in Ireland, however in one study conducted by Oormazdi and 

Baker (1977), 4 species of cattle lice, S. capillatus, B. bovis, L. vituli and H. eurysternus, 

were identified in one Dublin-based cattle herd, with S. capillatus being the most common 

species of lice identified in the herd, infesting 18.9% of animals. In the UK, it has been 

commonly reported in the literature that Bovicola bovis is the most prevalent species of 

lice infesting cattle, with previous herd prevalence’s of 48-68% being reported 

(Titchener, 1983; Milnes and Green, 1999). Similar figures have been reported in Iceland 

and New Zealand, where the herd prevalence of B. bovis has been reported as 50% and 

58% respectively (Eydal and Richter, 2010; Chalmers and Charleston, 1980a). In 

Norway, researchers have reported a high prevalence of B. bovis, with one study reporting 

a herd prevalence of 96% (Nafstad and Grønstøl, 2001a). 

L. vituli is the second most common species of cattle lice in the UK, with one group of 

researchers detecting L. vituli in 56% of herds (Titchener, 1983). L. vituli is also relatively 

common in Norway, as reported in one study who found L. vituli lice in 39% of herds 

(Nafstad and Grønstøl, 2001a). In New Zealand, Chalmers and Charleston (1980a) found 

that the incidence of L. vituli infestations was more common than that of B. bovis, with 

79% of herds being infested with L. vituli. In Iceland, Eydal and Richter (2010) did not 

identify L. vituli in any animals from the 10 farms sampled in their study.  

The prevalence of S. capillatus in the UK has been reported to be relatively low. In a 1983 

study, Titchener reported the herd prevalence of S. capillatus across 100 cattle herds in 

Scotland to be 7% (Titchener, 1983). In Iceland, the herd prevalence of S. capillatus has 

been recorded as 40% (Eydal and Richter, 2010) while in Norway, Nafstad and Grønstøl 

(2001a) did not find this species in any of the 33 herds they examined. Similarly, in a 

New Zealand study, S. capillatus was not detected (Chalmers and Charleston, 1980a). 

Craufurd-Benson (1941) noted that S. capillatus may be more common than expected as 

its smaller size might lead to it being harder to detect compared to other louse species.  

In the UK, reports on the herd prevalence of H. eurysternus are varied. The FAO (2004) 

reported the herd prevalence of this species to be 2.5%, whilst Titchener (1983) identified 

H. eurysternus on 11% of farms sampled. However, Milnes and Green (1999) did not 

detect H. eurysternus on 24 different farms in the UK. Similarly, Nafstad and Grønstøl 

(2001a), Eydal and Richter (2010) and Chalmers and Charleston (1980a) did not identify 

H. eurysternus in any of the herds they sampled in Norway, Iceland and New Zealand.  
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1.2.3 Epidemiology of Cattle Lice   

 

There are a number of factors that influence levels of louse infestations in cattle. Firstly, 

as with most livestock lice, seasonality has a major influence on louse populations in 

cattle (FAO, 2004). Apart from H. quadripertusus which is commonly found in warmer 

climates, louse populations begin to increase in early autumn, peaking in late winter or 

early spring and declining in late spring (Taylor et al. 2007). Louse populations survive 

throughout the summer months on ‘carrier’ animals in numbers that are often low enough 

to go undetected (FAO, 2004). The winter peak in louse numbers may be influenced by 

factors such as crowding of animals in winter housing (Matthysse, 1946), temperature 

and humidity within the haircoat of the animal (Matthysse, 1946), decreased nutritional 

status of animals during winter months (Matthysse, 1946), increased hair density (FAO, 

2004) and poor coat condition (Lamson, 1918). Craufurd-Benson (1941) attributed 

increases in louse numbers within cattle herds in the UK in the winter months to changes 

in light intensity, however in New York, Matthysse (1946) found that greatest increases 

in louse populations occurred when days were beginning to lengthen and light intensity 

was increasing and therefore concluded that light intensity and population increases do 

not correlate and that the increase in skin temperature that coincides with sunlight and 

higher light intensities in the summer months is probably the most limiting factor on louse 

populations.  

Lamson (1918) reported that some breeds of cattle are more susceptible to infestations of 

lice than others, such as Holstein cattle which have drier, less oily skin than other breeds. 

Lamson also noted that Jersey cattle have quite oily skin and are particularly resistant to 

louse infestations. However other researchers have disagreed with Lamson’s findings, 

stating that no breed of cattle is more susceptible to louse infestations than others 

(Babcock and Cushing, 1942). While published scientific evidence on whether particular 

breeds are more susceptible to louse infestations in general is lacking, it has been reported 

in the literature that certain species of lice tend to prefer to parasitize certain breeds of 

cattle, for example, H. eurysternus most commonly parasitize beef stock whilst L. vituli 

are more commonly found on dairy cattle (Matthysse, 1946). A 1980 study in New 

Zealand also reported a higher prevalence of L. vituli on dairy cattle and also found that 

B. bovis were more commonly found on beef stock (Chalmers and Charleston, 1980a).  

The age of the animal may also be a limiting factor on louse infestation levels in cattle 

herds. A number of researchers have found younger cattle to be more susceptible to louse 

infestations and higher louse burdens than mature cattle (Chalmers and Charleston, 
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1980a; Milnes and Green, 1999). At species level, H. eurysternus and S. capillatus have 

been reported to commonly infest mature animals while L. vituli is mostly found on 

younger stock (Matthysse, 1946; Thomas, 2020).  

According to Craufurd-Benson (1941) the health of the animal may have an influence on 

the incidence of louse infestations in cattle, with animals in poor health typically being 

more susceptible. While the literature lacks solid scientific evidence as to why animals in 

poor health harbor worse louse infestations than healthier animals, it has been suggested 

that it may be a result of a reduced feed intake and or poor coat quality (Craufurd-Benson, 

1941).  

 
1.2.4 Clinical and Economic Impact of Louse Infestations  

 

Irritation caused by the presence and feeding of cattle lice in the coat of the animal results 

in itching and rubbing on fences, gates and any other object available to them, 

subsequently causing skin damage (FAO, 2004). Indirect skin damage resulting from 

inflammatory or allergic skin responses are often seen too, particularly with B. bovis 

infestations, which cause skin reactions resulting in significant hair loss, more so than any 

other species of cattle lice (Matthysse, 1946).  

While the most common clinical sign of a heavy louse infestation is skin damage, it has 

been noted that blood loss resulting from sucking louse infestations can cause anemia 

(Ammelounx, 1980; Mehrotra and Singh, 1986) which in some cases can be fatal (Lasisi 

et al. 2010; Otter et al. 2003). Furthermore, sucking lice have also been identified as 

potential vectors for a number of biological pathogens, including Anaplasma marginale, 

Rickettsia spp., Brucella abortus, Coxiella burnetiid and Bartonella spp. (Hornok et al. 

2010; Neglia et al. 2013; Guitérrez et al. 2014). 

While cattle lice cause obvious irritation and restlessness, reports on their impact on 

livestock production are conflicting. Some authors have dismissed the impact of lice on 

cattle production having found no significant differences in live-weight gain of animals 

with and without lice (Scharff, 1962; Kettle, 1974; Cummins and Graham, 1982; 

Chalmers and Charleston, 1980b). while others have found that the live-weight gain of 

animals is affected by louse burden (Matthysse, 1946; Gibney et al. 1985;). In terms of 

milk production, a small number of authors have reported that infestations of lice can 

cause lower milk yields (Matthysse, 1946; Fadok, 1984; Loomis, 1986) however the 

literature lacks published scientific evidence to back up these claims. The actual cost of 

the possible production losses caused by lice in cattle is not reported in the literature.  
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Skin damage caused by louse infestations can have a significant impact on hide and 

leather quality (FAO, 2004). Lice cause blemishes on the hides known as ‘light spot and 

fleck’, which appear near the end of the tanning process when almost the full costs of 

processing the hides have been incurred (Coles et al. 2003). In a 2001 Norwegian study, 

light spots and flecks were identified on 75.8% of hides from 28 herds, with the highest 

frequency of hide damage being seen in late winter and early spring, highlighting the 

impact louse infestations can have on hide quality (Nafstad and Grønstøl, 2001b). 

Information on the economic impact of lice on the leather industry in Ireland is lacking 

however it has been estimated that damage to hides caused by lice costs the leather 

industry in the UK approximately 15-20 million pounds per annum (Coles et al. 2003).  

  

1.2.5  Methods of Diagnostic Sampling 

 

Diagnosis of louse infestations in livestock herds in vivo by visual inspection of the coat 

of the animal has been achieved by a number of researchers (Colwell et al. 2001; Milnes 

et al. 2003; Campbell et al. 2001) however experts suggest that in order to accurately 

diagnose the infestation and to identify louse species present, samples should be taken 

from the coat of the animal for microscopic examination. In the literature, methods for 

collecting lice from the coat of the animal chiefly involve combing or grooming animals 

in preselected sites that are based on known predilection sites of lice (e.g the head, the 

lateral neck, the front leg, the posterior back and rump and the upper part of the tail) using 

a standard louse detection comb (Eydal & Richter, 2010; Mencke et al. 2004; Larsen et 

al. 2005). Other studies describe collecting hair that had been clipped from the animal as 

a method of obtaining louse samples (Sands et al. 2016). With regards to sampling for 

lice in sheep, considering the coarseness of the wool, the preferred method for collecting 

lice is by suction using an aspirator and vacuum pump or a pooter rather than grooming 

the animal (Levot, 2012; James & Callander 2012). A number of researchers have 

reported that introducing some form of a heat source to the body of the animal such as a 

hot water bottle, electric blanket or spotlight can increase the numbers of lice collected 

from the animal (Levot, 2008; Crawford et al. 2001; Jazayeri, 2004).   

Once removed from their host, lice cannot survive in the environment for more than a 

number of days (Crawford et al. 2001). However, a number of studies have described 

methods to successfully maintain louse colonies in vitro. For example, Ellse and 

colleagues (2012) reported than more than 80% of a colony of B. ocellatus lice survived 

when maintained at 20ºC for 3 days. Other researchers have also described successful in 
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vitro maintenance of B. ovis lice at 36.5°C and 65% RH (James & Callander 2012) and 

B. bovis at 35°C and 75% RH (Sands et al. 2015).  

Information on the survival of Anopluran lice in vitro is limited and somewhat 

conflicting. Matthysse (1946) was unable to rear any sucking lice in an artificial 

environment however Deplazes et al. (2016) and Lapage (1968) both state that sucking 

lice can survive away from their host for 4-7 days.   

Whilst other researchers have highlighted the importance of temperature and humidity 

when maintaining louse colonies in vitro, Crawford and colleagues (2001) also noted the 

importance of providing lice with a suitable food source for their survival in vitro. They 

reported that, in the case of B. ovis lice, the provision of freshly shorn or frozen thawed 

wool to the lice resulted in better louse survival rates in vitro than lice that were provided 

with ‘scoured’ or ‘degreased’ wool. Provided with unscoured wool, the maximum 

survival period of adult female B. ovis lice was 28 days. Crawford and colleagues also 

noted that in their study, variations in humidity within the range of 65-82% had no effect 

on the survival rate leading them to conclude that humidity was less important than 

temperature (4°C-36.5°C). 

 

1.2.6 Treatment and Control of Louse Infestations 

 

In Ireland, there are two chemical classes licensed to control lice in cattle; synthetic 

pyrethroids (SPs) and macrocyclic lactones (MLs). Synthetic pyrethroids, which are 

commercially available in pour-on and spot-on formulations and are typically applied 

topically to the topline of the animal and are subsequently distributed cutaneously across 

the entire skin surface of the animal. SPs are contact insecticides that act on the voltage-

gated sodium, chloride and calcium channels, GABA-gated chloride channels, nicotinic 

ACh receptors and intercellular gap junctions of the ectoparasite causing hyperexcitation 

of the neurons resulting in tremors, incoordination and seizures, leading to the death of 

the parasite (Gupta & Crissman, 2013).  

Macrocyclic lactones, which are available in pour-on and injectable formulations, are 

systemic endectocides which treat both internal and external parasites. Similar to SPs, 

ML pour-on formulations are topically applied to the topline of the animal whereas 

injectable MLs are administered subcutaneously. As MLs are systemic in nature, the 

active ingredient must be ingested by the parasite in order for it to be effective (Rugg and 

Thompson, 1993). Once ingested, MLs act on ectoparasites by targeting the glutamate-

gated chloride channels, causing them to irreversibly open resulting in parasite death 
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(Lopes et al. 2014). ML pour-on formulations have been reported to be effective against 

sucking lice for 42 to 80 days post treatment and chewing lice for 42 to 126 days post 

treatment (Colwell, 2002; Lloyd et al. 2001; Skogerboe et al. 2000). With regards to 

injectable formulations of MLs, it is commonly noted that injectable MLs are generally 

not effective against chewing lice (FAO, 2004; Cleale et al. 2004) however some studies 

have observed injectable MLs to control Bovicola bovis infestations albeit it for a more 

limited time period than in sucking lice populations (Watson et al. 1996; Colwell, 2002). 

Injectable MLs have been reported to control sucking lice infestations in cattle from at 

least 14 days (Titchener and Purnell, 1996) up to 133 days post treatment (Cleale et al. 

2004). 

How a farmer chooses a louse treatment product depends largely on the type enterprise 

they are running (beef or dairy), the withdrawal time of the product and the administration 

method of the product. Table 1.2 compares the suitability of different commercially 

available louse treatment products in Ireland for beef and dairy cattle and their withdrawal 

times from meat, offal and milk produced for human consumption.  

 

 

Table 1.2: Target animals and withdrawal times of commercial louse treatment 

products licensed for use in Ireland. (Agridirect, 2019). 

Formulation Commercial 

product 

example 

Administration 

method 

Target 

animals 

Meat/offal 

withdrawal 

time 

Milk 

withdrawal 

time  

1% Abamectin Abacare® Pour-on Beef and 

non-

lactating 

dairy cattle.  

35 days  N/A 

0.5% 

Doremectin 

Dectomax® Pour-on Beef and 

non-

lactating 

dairy cattle  

35 days  N/A 

1% Doremectin Dectomax® Subcutaneous 

injection  

Beef and 

non-

lactating 

dairy cattle 

70 days N/A 
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0.5% 

Eprinomectin 

Zeromectin® Pour-on Beef and all 

dairy cattle 

28 days.  0 days 

2% 

Eprinomectin 

Eprecis® Subcutaneous 

injection 

Beef and all 

dairy cattle 

63 days 0 days 

0.5% 

Ivermectin 

Animec ® 

 

Pour-on Beef and 

non-

lactating 

dairy cattle 

28 days N/A 

1% Ivermectin Animec® Subcutaneous 

injection 

Beef and 

non-

lactating 

dairy cattle 

49 days  N/A 

0.5% 

Moxidectin 

Cydectin® Pour-on Beef and all 

dairy cattle  

14 days 6 days 

1% Moxidectin Cydectin® Subcutaneous 

injection  

Beef and 

non-

lactating 

dairy cattle.  

108 days N/A 

12.5% Amitraz Taktic® Spray/dip Beef and all 

dairy cattle 

4 days  4 days 

2.5% 

Cypermethrin 

Ectospec® Pour-on Beef and all 

dairy cattle. 

10 days  12 hours 

0.75% 

Deltamethrin 

Butox® Pour-on Beef and all 

dairy cattle.  

18 days  12 hours 

1% 

Deltamethrin 

Spot on® Spot-on Beef and all 

dairy cattle. 

17 days  0 days 

1% Flumethrin Bayticol® Pour-on Beef and all 

dairy cattle. 

5 days  10 days 

 

 

With increasing concerns over the development of insecticide resistance and growing 

consumer demands for residue-free meat and dairy products, recent research has focused 

on developing natural alternatives to commercial chemical louse treatments.  

There have been a number of studies investigating the use of biological pathogens to 

control louse infestations in livestock. In one study, Briggs and colleagues (2006) 
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investigated the efficacy of the fungal pathogen Metarhizium anisopliae against Bovicola 

bovis infestations. M. anisopliae is widely known to be entomopathogenic in nature and 

has been previously demonstrated to be effective against ticks (Kaaya et al. 1996) and 

mites (Brooks and Wall, 2001). This effect appears to be mediated by direct contact as 

placement of P. ovis mites onto surfaces treated with M. anisopliae for 24-hours resulted 

in a 73% mortality rate (Brooks and Wall, 2001). With regards to lice, the results of Briggs 

et al. (2006) study suggested that M. anisopliae may be beneficial as a strategic seasonal 

louse treatment when applied in early winter whilst louse burdens are low. Field studies 

carried out in 1992 by Drummond and Pinnock reported a 97% decrease in B. ovis 

numbers in sheep 6 weeks after treatment with Bacillus thuringiensis (Reviewed by 

Levot, 1995). Similar to M. anisopliae, B. thuringiensis is known to be entomopathogenic 

in nature, however, in order for it to be effective, toxic insecticidal crystalline proteins 

known as Cry proteins that are produced by the bacterium must be ingested by the target 

parasite (Sansinenea, 2012). Other studies on non-chemical alternatives to treating louse 

infestations in livestock have focused on the use of essential oils in the control of louse 

infestations. According to Ellse and Wall (2013), physical contact with the oil as well as 

exposure to the oil’s vapours has a toxic effect on the ectoparasitic nervous system. 

Moreover, the hydrophobic nature of essential oils has also been suggested to block the 

respiratory spiracles of ectoparasites causing death by suffocation (Ellse and Wall, 2013). 

A number of essential oils, including lavender, tea-tree, peppermint, eucalyptus and clove 

bud oils have been reported to cause high levels of mortality in the donkey chewing louse 

B. ocellatus (Talbert and Wall, 2011; Ellse et al. 2013). It has also been reported that both 

B. ovis lice and eggs are highly susceptible to exposure to tea tree oil (James and 

Callander, 2012). With regard to sucking lice, Khater and colleagues (2009) reported that 

camphor, onion, peppermint and chamomile essential oils all had significant louscidal 

and ovicidal efficacy against the buffalo louse Haematopinus tuberculatus. An in vitro 

study by Candy et al. (2018) on the efficacy of various essential oils on the human head 

louse Pediculus humanus capitis reported that clove oil and Yunnan verbena oil were 

most effective in controlling head lice infestations. 

The guidelines for resistance management and parasite control in ruminants published by 

FAO (2004) highlight that while chemical control strategies are central in the control of 

louse infestations, the way in which farmers use these treatments also plays a major role 

in the control and treatment of lice. There are three strategies farmers may use when 

considering treating their herd for lice; (i) ad hoc/opportunistic treatments, (ii) curative 

treatments and (iii) strategic treatments.  
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Examples of ad hoc or opportunistic treatments include the use of ML products that treat 

both internal and external parasites, treating animals for louse control while performing 

other general management procedures such as dehorning, changing pastures etc. or 

deciding when to treat their herd for lice based on the availability of time, personnel, basic 

infrastructure and louse treatment products. While this strategy is less labour-intensive 

which can be beneficial for part-time farmers, re-infestation is common (FAO, 2004). 

Farmers who opt for a curative treatment strategy treat animals from the herd who are 

presenting with signs of high levels of louse infestation. While this strategy reduces the 

need to gather the entire herd for treatment, ultimately reducing time and labour input, it 

is often an inefficient treatment strategy as louse infestations are still maintained within 

the herd at low or moderate infestation levels and re-infestation is likely to occur. 

Furthermore, a single curative treatment may not be effective against louse eggs, 

increasing the chance of re-infestation. (FAO, 2004).  

Treating all animals in a herd for louse infestation at housing in autumn and during the 

summer, when louse numbers are low, are methods of strategic treatment of a herd. While 

labour-intensive, this strategy ultimately aims to completely eradicate lice from the herd 

as animals are being treated when louse numbers are low. In order for this approach to be 

successful, all new stock must be treated appropriately and quarantined before being 

introduced to the herd. (FAO, 2004).  

The general management of a herd is also an important factor to consider when 

controlling louse infestations. Ely & Harvey (1969) reported that when cattle were on a 

high plane of nutrition with a high average daily gain, they were less likely to experience 

high levels of louse infestation. Moreover, as lice are spread rapidly by direct contact, 

overcrowding also results in higher levels of louse infestation (Matthysse, 1946). It is 

therefore important for farmers to consider stocking densities when controlling louse 

infestation levels during winter housing (Bowman, 2003).  

 

1.2.7     Development of Insecticide Resistance in Livestock Lice 

 

Defined as ‘a reduction in the susceptibility of a parasite to the insecticide when it is used 

at the recommended concentration and according to all of the recommendations for its 

use’ (FAO, 2004), insecticide resistance is becoming an increasingly important challenge 

in global agricultural production (Sternberg and Thomas, 2017; van den Berg et al. 2012). 

To date, insecticide resistance has been reported in almost 600 species of arthropods (Bass 

and Field, 2011).  
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Insecticide resistance develops mainly through genetic inheritance, whereby individuals 

in a population that have a higher tolerance to an active ingredient than other individuals 

survive and breed successfully while avoiding the effect of an insecticide treatment 

(Deplazes et al. 2016). Selection for resistance is driven by a number of factors including 

frequent use of insecticide treatments, use of only one drug class as an insecticide 

treatment over a long period of time, treating parasites with sub-lethal doses and the 

availability of refugia of the population (FAO, 2004). Refugia are sites where parasites 

are not exposed to an insecticide treatment and limited availability of these sites have 

been known to promote insecticide resistance (Deplazes et al. 2004). Moreover, it has 

been suggested that, as lice spend their entire life cycle on the host there is less of an 

opportunity for them to seek refugia thus increasing the probability of resistance 

development (FAO, 2004). Generally, the genetic inheritance of resistance to insecticides 

occurs at a slow rate, often over many generations, so that by the time a reduced efficacy 

of an insecticide treatment is noticed, the frequency of homozygous resistance individuals 

is high and increasing exponentially (FAO, 2004). The presence of parthenogenesis in 

some species of lice (e.g. B. bovis) complicates the situation further as it facilitates 

immediate vertical transfer of resistant genes (Ellse et al. 2012). 

There are 2 main mechanisms by which insecticide resistance occurs in lice. The first 

involves upregulation of metabolic enzymes such as oxidases or hydrolases that act on or 

detoxify the insecticide whilst the second mechanism is due to a single point mutation of 

the insecticide target site within the louse nervous system making it less sensitive to the 

insecticide (Jazayeri, 2004). Previously reported examples of target-site resistance in 

arthropods include the mutation of the acetylcholinesterase enzyme active site which 

results in organophosphate resistance and voltage-gated sodium channel mutation causing 

pyrethroid resistance (Bass and Field, 2011).  

Resistance to active ingredients belonging to the same chemical class that have the same 

mode of action is known as class resistance (Taylor et al. 2007) or side resistance 

(Junquera, 2018). This type of resistance is common in pyrethroid, organophosphate and 

carbamate insecticides (Taylor et al. 2007). Cross-resistance occurs where a population 

develops resistance to different drug classes that have similar mechanisms of action 

(Taylor et al. 2007), while multiple resistance describes a louse population that is 

resistance to two or more chemical classes with different mechanisms of action (Junquera, 

2018).  
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There have been many reports of insecticide resistance occurring in livestock lice 

populations across a number of chemical classes. Table 1.3 shows the range of these 

insecticide resistance reports and the louse species in which resistance has been reported.  

 

Table 1.3: Reported insecticide resistance in lice of livestock (Adapted from FAO, 

2004) 

Louse Species Host Insecticide Resistance 

Bovicola ovis Sheep Triflumuron (James et al. 

2008 

  Diflubenzuron (James et al. 

2008).  

  Cypermethrin (James et al. 

1993; Levot et al. 1995) 

  Alphacypermethrin (Levot 

et al. 1995) 

  Deltamethrin (Levot et al. 

1995) 

  Cyhalothrin (Levot et al. 

1995).  

  Diazinon (Levot et al. 1994) 

  BHC (Barr and Hamilton, 

1965) 

  Dieldrin (Barr and 

Hamilton, 1965) 

  Aldrin (Barr and Hamilton, 

1965).  

Bovicola bovis Cattle Deltamethrin (Sands et al. 

2015) 

Haematopinus eurysternus   Cattle Γ BHC (FAO, 1991) 

  DDT (FAO, 1991) 

Linognathus vituli Cattle DDT (FAO, 1991) 

Bovicola ocellatus Donkey Permethrin (Ellse et al. 

2012) 
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  Cypermethrin (Ellse et al. 

2012)  

 

1.2.8     Managing the Development of Insecticide Resistance in Livestock Lice 

 

The emergence of insecticide resistance in louse populations has the potential to have a 

major impact on the profitability of livestock systems. Therefore, in order to mitigate the 

emergence of this resistance, experts recommend that treatment strategies based on 

Integrated Pest Management (IPM) techniques should be implemented by farmers in 

order to reduce the use of insecticides within livestock herds (FAO, 2004). Ideally, these 

strategies should include  (i) responsible use of insecticides, such as only treating animals 

when lice are present and avoiding ‘blanket-treating’ entire herds, (ii) following 

manufacturers application guidelines and ensuring product is applied by the 

recommended application technique at the correct dosing rate using a calibrated 

applicator that is in good working order, (iii) rotation or alternation of insecticides of 

different chemical classes upon each sequential treatment and (iv) quarantining all new 

stock for at least 21 days, observing quarantined stock for louse infestation and treating 

infested stock with an appropriate insecticide (FAO, 2004).  

The general management and husbandry of animals may also play a role in the 

management of louse infestations in livestock herds.  In one study, shearing sheep resulted 

in a 35.7-66.3% reduction in mean louse counts (Pinnock, 1994). In cattle, clipping hair 

at the time of peak louse infestation effectively controlled numbers of B. bovis lice for up 

to 4 months but failed to sufficiently reduce infestations with S. capillatus lice (Allen and 

Dicke, 1953). In donkeys hair clipping only controlled B. ocellatus during the warmer 

summer months but had no effect during the winter months, when louse burdens are at 

their highest (Ellse et al. 2014). 

As mentioned previously in this review, the use of non-chemical treatments such as 

essential oils, funguses and bacteria to control louse infestations in livestock also have a 

role to play in resistance management within louse populations, however more work is 

required to determine their functionality within livestock herds.  

As well as serving as a method to combat emerging resistance in louse populations, the 

implementation of IPM techniques with respect to louse control may also lead to 

significant savings in chemical and labour costs. For example, in one study carried out in 

New Zealand, two sheep farms who implemented IPM techniques to manage flystrike 
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and louse infestations saw reductions in farm input costs of 27% and 57% respectively 

(Cole and Heath, 1999).  

 

1.2.9     Methods for Assessing Insecticide Efficacy in Lice 

 

The FAO (2004) guidelines on resistance management and parasite control in ruminants 

list three protocols that are recommended for detecting insecticide resistance in lice of 

ruminants. The first protocol is an in vitro contact bioassay protocol developed by Levot 

and Hughes (1990). Whilst this method is appropriate for assessing efficacy of contact 

insecticides such as synthetic pyrethroids and organophosphates which do not require 

ingestion to be effective (FAO, 2004) some researchers suggest that this method may not 

be appropriate for evaluating the efficacy of systemic insecticides such as MLs (Rugg and 

Thompson, 1993).  

The in vitro contact bioassay involves allowing lice to move freely on a surface that has 

been treated with the active drug that is being tested. In the original protocol pure cotton 

impregnated with various concentrations of an active drug and controls was used, in the 

case of Levot and Hughes (1990) the pyrethroid cypermethrin. The impregnated cotton 

cloths were then placed in a petri dish, 10 adult lice (B. ovis in this case) were transferred 

onto each cloth and placed in an unilluminated incubator at 34ºC and 80% relative 

humidity for 16 hours. More recently researchers have opted for slightly longer 

incubation times of 24 hours (Singh et al. 2015; Sands et al. 2015). This protocol has been 

used successfully in a number of sheep louse insecticide susceptibility studies including 

Levot (1994), Levot et al (1995), Levot (2008), Levot (2012) and Jazayeri (2004). Other 

researchers (Ellse et al. 2012, Sands et al. 2015 & Singh et al. 2015) have adapted the 

protocol to test for pyrethroid tolerance in B. ocellatus, B. bovis and H. tuberculatus lice 

respectively using either 90mm Whatman No.1 filter paper as the surface (Ellse et al. 

2012; Sands et al. 2015) or layered sterile petri dishes (Singh et al, 2015).  

Following incubation, lice are microscopically examined to determine louse mortality 

rate at each acaricide concentration and relevant controls (FAO, 2004). In the original 

bioassay protocol (Levot and Hughes, 1990) louse mortality was assessed only after the 

full incubation period of 16 hours whereas more recent protocols recommend assessing 

louse mortality periodically during the incubation time. For example, Sands et al. (2015) 

examined lice for mortality at 15 minutes, 1, 2, 3, 4- and 24-hours post incubation. 

According to Sands et al (2015), dead lice are those that show obvious signs of desiccation 
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as well as a lack of movement in the antennae, legs, abdomen or mouthparts even when 

stroked with a dissection needle.  

Levot & Hughes (1990) state in their protocol that each concentration of the insecticide 

and each control should be duplicated to ensure test viability however a number of studies 

have opted to triplicate their bioassays (Jazayeri, 2004; Sands et al. 2015). Tests are only 

considered valid if the mortality rate in the negative controls is less than 30% (FAO, 

2004). According to FAO recommendations (2004), survival of ≥1 louse at insecticide 

concentrations of 5mg/l or greater can be taken as an indication of resistance.  

A ‘field lice test kit’ developed by the Elizabeth Macarthur Agricultural Institute in 

Australia resembles the in vitro laboratory bioassay whereby lice are removed from 

animals and placed onto an acaricide-treated substrate placed within a specimen tube that 

is then incubated in a warm environment for 30 minutes (FAO, 2004). The lice are then 

examined for signs of mortality. While this field bioassay provides farmers with quick 

results on acaricidal efficacy, the FAO (2004) note that the field bioassay is affected by 

environmental conditions. Therefore, results should only be used as a guide and validated 

by a full in vitro laboratory bioassay. 

Insecticide efficacy can also be evaluated in vivo in the field by comparing louse burdens 

of treated and untreated animals (Holdsworth et al. 2006). In order to accurately evaluate 

insecticide efficacy, lice on selected louse predilection sites on the treated and untreated 

animals should be counted pretreatment, on day -1 or day 0, on day 7 post treatment and 

weekly thereafter until day 56 (8 weeks) (Holdsworth et al.  2006). Treated and untreated 

animals should be penned separately and care should be taken to ensure the manufacturers 

application recommendations are followed, the dosing gun is correctly calibrated and 

animals are correctly dosed according to their weight (Holdsworth et al. 2006; FAO, 

2004). Percent louse reduction can be evaluated using either Abbotts formula (1925) or 

the Henderson-Tilton formula (1955). According to Holdsworth and colleagues (2006), 

any treatment with a ‘louse management claim’ can be considered fully effective when it 

decreases louse populations by 95% within 90 days of treatment.  
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1.3 Ticks 
 
1.3.1   Biology of tick species  
 
Ticks belong to the order Metastigmata (referring to the location of the stigmata, or 

respiratory openings behind the 4th pair of legs) and are obligate blood sucking parasites 

of mammals, birds and reptiles (Deplazes et al. 2016). In total, there are approximately 

900 species of ticks recorded worldwide (Deplazes et al. 2016). A full breakdown of the 

order Metastigmata is shown in Table 1.4.  

 

Table 1.4: Families, subfamilies and genera belonging to the Order Metastigmata 

(adapted from Deplazes et al. 2016). 

Family 

• Subfamily 

Genus 

• Subgenus (no. 

species) 

Ixodidae 

• Ixodidae Ixodes (ca. 250) 

• Haemaphysalinae Haemaphysalis (165) 

• Rhipicephalinae Rhipicephalus (80) 

• Boophilus (5) 

Dermacentor (35) 

• Hyalomminae Hyalomma (25) 

• Amblyomminae Amblyomma (140) 

Argasidae 

• Argasinae Argas (56) 

• Omithodorinae Carios (88) 

Ornithodoros (37) 

Otobius (2) 

 

 

Of the three families of ticks belonging to the order Metastigmata, most ticks reported in 

Ireland to date belong to the Ixodidae, or hard tick family with the exception of 2 species 

of soft ticks, A. vespertilionis & O. maritimus (Zintl et al. 2017). Of the ca. 700 species 

of Ixodidae, only a small number of species have been recorded in Ireland, including the 

most abundant castor bean tick or Ixodes ricinus, the hedgehog tick Ixodes hexagonus 
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and the dog tick Ixodes canisuga as well as a number of species found primarily on 

wildlife including Ixodes trianguliceps, Ixodes verspertilionis, Ixodes frontalis, Ixodes 

lividus, Ixodes rothschildi, Ixodes unicavatus and Ixodes uriae (Zintl et al. 2017). For the 

purpose of this review, the Argasidae and Nuttalliellidae families are not relevant and 

therefore will not be further discussed. Due to its abundance in Ireland, and the fact that 

it serves as the vector for a number of pathogens of medical, veterinary and economic 

importance in livestock production systems, this study is chiefly focused on Ixodes 

ricinus.  

 

Ixodes ricinus 

Ixodes ricinus, more commonly known as the sheep tick or the castor bean tick, derives 

its name from the similarity of the engorged female to the seed of the castor bean plant. 

There are 3 developmental stages; larva, nymph and adult which are similar in appearance 

though markedly different in size, (Jacobs et al. 2016).  

The adult male is black/reddish brown in colour (due to the scutum covering the entire 

dorsum) and is approximately 2-3mm long (Taylor et al. 2007). In adult females, which, 

when unfed, measure approximately 3-3.6mm in length, the scutum covers only a small 

part of the dorsum, revealing the orange/red posterior part of the body. Once fully 

engorged, the size of the female increases to approximately 1cm in length and the body 

appears light grey in colour. Nymphs of I. ricinus measure approximately 1.3-1.5mm with 

a black scutum and a grey alloscutum (Deplazes et al. 2016). Both adult and nymphs ticks 

have 8 legs. The larval instar are commonly described as ‘seed ticks’ or ‘pepper ticks and 

measure approximately 0.5mm when unfed. They are yellowish in colour, have only 3 

pairs of legs and do not possess stigmatal plates (Deplazes et al. 2016). In contrast to the 

other life cycle stages, who respire through the spiracle, respiration occurs through the 

cuticle in I. ricinus larvae (Deplazes et al. 2016)  

I. ricinus is a 3-host tick meaning each lifecycle stage feeds on a different host individual. 

It has a large host range including mammals, avians and reptiles. Each developmental 

stage feeds just once with the length of each blood meal and preferred host differing 

between lifecycle stage (Deplazes et al. 2016). Larvae feed for 2-8 days, typically on 

small mammals such as rodents, nymphs feed for 4-10 days on slightly larger hosts, such 

as birds, squirrels or rabbits while adults females feed for up to 13 days on large mammals 

including sheep, deer or cattle (Taylor et al. 2007). Adult males rarely feed (Zintl et al. 

2017). When seeking a host, I. ricinus position themselves on various types of vegetation 

with the front pair of legs outstretched ready to attach to potential hosts as they brush past 
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them, a behaviour known as ‘questing’ (Zintl et al. 2017). I. ricinus larvae climb 

vegetation up to a height of 20cm, nymphs up to 50cm and adults up to 80cm in order to 

quest for potential hosts (Deplazes et al. 2016). Mating takes place prior to feeding either 

on (Jacobs et al 2016) or off the host (Gray, 1987). In one previous study by Gray (1987), 

it was suggested that off-host fertilization rates may be associated with high tick densities 

in certain vegetation types such as bracken. After fertilization and ingestion of the blood 

meal, the engorged female falls off the host, deposits up to 3000 eggs on plant debris and 

subsequently dies (Deplazes et al. 2016). Larvae, nymphs and adults can survive without 

a blood meal for 13-19 months, 24 months and 21-31 months respectively and the full 

life cycle takes between 2 to 5 years (Taylor et al. 2007).  

The threshold temperature for tick activity is approximately 7-10°C and is somewhat 

dependent on the climatic conditions of where the tick originated from. In Ireland, I. 

ricinus activity begins in spring and peaks in early summer followed by steady levels of 

activity until autumn (Zintl et al. 2017). This is contrasting to continental Europe, where 

there are typically two peaks of activity, one in spring/early summer and another one in 

autumn.  

Ixodes ricinus is highly sensitive to humidity and requires a relative humidity of over 80% 

in order to survive in the environment, restricting its distribution to areas of 100mm or 

more rainfall annually (Donnelly & Mckellar, 1970). The tick is most commonly found 

in moist microhabitats, such as low-lying land or herb and shrub layers of forestry and 

woodland. While improved pastures do not appear to provide adequate humidity levels 

for I. ricinus to survive, it can be found on open hill and rough grazing pastures in Ireland 

(Gray, 1987). Information on I. ricinus prevalence in Ireland is predominantly based on 

the incidence of tick-borne diseases such as bovine babesiosis and Lyme borreliosis 

which suggest that the west and north-west coast Ireland, parts of Co. Wicklow and areas 

along the River Shannon are the most prevalent areas for tick-borne diseases and therefore 

have the highest numbers of ticks. This was confirmed by a pilot field survey carried out 

in 2017 (Zintl et al 2017). 

 

1.3.2 Tick-borne diseases in Irish livestock production systems 
 
I. ricinus is undeniably one of the most important vectors of pathogens of both veterinary 

and medical importance (Zintl et al. 2017). Difficulties in the diagnosis of these diseases 

prior to the onset of clinical signs, as well as the costs associated with clinical treatment 

of tick-borne diseases (TBD), implementing tick prevention and control strategies such 

as pasture management, routine treatment of animals using acaricides, and measures 



 24 

aimed at inducing immunity in animals against TBDs including vaccination regimes or 

exposure of younger animals to tick-heavy pastures present significant economic 

challenges to livestock producers (Dantas-Torres et al. 2012). In Ireland, a number of 

TBDs have been identified within livestock production systems, each of which are listed 

below in table 1.5 along with their causative agents. Below is a review of the clinical 

manifestations, treatment and prevention of each of these diseases, their occurrence in 

Ireland and their impact on livestock production. 

 

Table 1.5: Tick-borne diseases of livestock in Ireland (adapted from Deplazes et al. 

2016) 

Infectious agent Pathogen type Clinical manifestation in 

livestock 

Anaplasma 

phagocytophilum 

Gram-negative bacteria 

(Rickettsia) 

Bovine/ovine granulocytic 

anaplasmosis (Tick-borne 

fever) 

Babesia divergens Apicomplexan protozoa Bovine babesiosis (Redwater 

fever) 

Louping ill virus Flavivirus Ovine encephalomyelitis 

 

Anaplasmosis 

Anaplasma phagocytophilum, formerly known as Ehrlichia phagocytophila is the most 

common tick-borne pathogen of animals (Zintl et al. 2017). This gram-negative rikettsial 

bacterium was first distinguished from the louping-ill virus by Macleod (1932) and was 

first reported as the cause of tick-borne fever in sheep by Gordon & colleagues (1932). 

The species that is known today as A. phagocytophilum, was only created by Dumler et 

al in 2001, who merged all rickettsial bacteria that infect granulocytes including Ehrlichia 

phagocytophilum and Ehrlichia equi into a single species based on the homology of the 

16S rRNA gene and a number of other gene loci. It is important to stress, however, that 

the species contains different strains that differ markedly with regard to their host 

specifity and geographical distribution. A. phagocytophilum is transmitted trans-stadially 

through each I. ricinus developmental stage, meaning the pathogen has the ability to 
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persist from an infected larva right through the adulthood (Reviewed by Zintl et al. 2017). 

A. phagocytophilum primarily infects the granulocytes, chiefly the eosinophils and 

neutrophils, of an infected individual. During peak bacteremia up to 90% of granulocytes 

can be infected (Woldehiwet, 2006).  

Infection of livestock with A. phagocytophilum results in granulocytic anaplasmosis, also 

known as tick-borne fever, which is characterized by pyrexia, anorexia, weakness and 

respiratory problems. Furthermore, A. phagocytophilum has been associated with 

significant reductions in milk yield in dairy cows (Tuomi, 1976) abortion in pregnant 

ewes and cows and temporary sterility in male animals (Woldehiwet & Scott, 1993; Stuen 

et al., 2013) Infected individuals are also more susceptible to other infectious and tick-

borne diseases such as louping ill, tick pyaemia, listeriosis and pastueurellosis 

(Woldehiwet, 1983). This increased susceptibility of co-infected animals is probably due 

to the ability of A. phagocytophilum to adversely affect the phagocytotic and bactericidal 

activity of neutrophils, by inhibiting phagosome-lysome function and delaying apoptosis 

(Woldehiwet, 2006).  Unless associated with severe coinfections, tick-borne fever rarely 

results in mortality (Woldehiwet, 1983).  

As with all tick-borne diseases, prevention of tick-borne fever is typically achieved 

through controlling tick populations either by pasture management or through the use of 

acaricides on livestock (Woldehiwet, 2020). While there are no commercially available 

vaccines that induce immunity against tick-borne fever in livestock, it has been 

recommended to deliberately expose naïve animals to infection and treat them with a 

short-acting antibiotic such as oxytetracycline prior to the onset of clinical disease in order 

to induce immunity before exposing them to tick-heavy pastures (Woldehiwet, 2020).  

There is a lack of information on the prevalence of tick-borne fever and A. 

phagocytophilum on farms in Ireland. In 2017, Zintl and colleagues published 

information on the presence of A. phagocytophilum in ticks collected by blanket dragging 

from a number of geographical sites across Ireland and in engorged ticks collected 

directly from hosts. A. phagocytophilum was detected in 5 out of 26 sites samples 

(Farmland n=2, Marsh/bog n=2, Forestry n=1) and in 67% of ticks collected from sheep 

(n=6) and 83% of ticks collected from cattle (n=7). This high prevalence of A. 

phagocytophilum validified anecdotal information from both farmers and vets on the 

increasing incidence of tickborne fever (Zintl et al. 2017) 
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Bovine babesiosis 

Babesia divergens, the causative agent of bovine babesiosis or redwater fever, was first 

named Piroplasma divergens by M’Fadyean and Stockman in 1911 (Zintl et al. 2003). In 

contrast to A. phagocytophilum and the louping ill virus, this pathogen is transmitted 

transovarially from the adult female I. ricinus to her offspring, persisting as far as the 

second-generation larval stage even in the absence of re-infection (Donnelly & Peirce, 

1975). B. divergens acts by invading the erythrocytes of their hosts, multiplying within 

the cells causing widespread erythrocyte destruction. This erythrocyte destruction results 

in hemoglobinuria which is often the first clinical sign of the disease noticed by the farmer 

(Zintl et al. 2003). The disease spectrum ranges from subclinical infections associated 

with anorexia and anaemia and a mild fever followed by recovery to severe clinical 

disease characterized by high temperatures, increased respiratory and heart rates, 

anorexia, decrease in rumination, depression and weakness as well as high parasitemia 

(30-45% and over) (Collins et al., 1970; Gray and Murphy, 1985; Purnell, 1981). 

Mortality (which may be as high as 10% in some cases) (Gray and Harte, 1985) is usually 

as a result of cardiac failure or renal and hepatic insufficiency (Zintl et al. 2003). 

Currently, the only available treatment for bovine babesiosis in Europe is imidocarb 

dipropionate (Imizol; Schering Plough). In more severe cases, blood transfusion is also 

recommended (Zintl et al. 2003).  

With regard to the epidemiology of B. divergens, a phenomenon known as inverse age 

resistance has been described, whereby stock aged less than 9-12 months of age are as 

susceptible to infection by B. divergens as adult animals but resistant to disease (Joyner 

and Donnelly, 1979). Animals that recover from infection with B. divergens become 

immune, however in the absence of reinfection, this immunity is often short-lived (Joyner 

and Donnelly, 1979).  

Records on the incidence of bovine babesiosis in Ireland over the last 40 years show a 

steady decline in the incidence of the disease, from 1.7% in the 1980s resulting in 

economic losses of approximately €7.6 million per year to 0.6% in 2013 (Zintl et al. 

2014). This decline has been largely attributed to the improvement of rough pastures that 

contain high tick densities (Zintl et al. 2017). As already mentioned, cases are most 

common in the west and northwest of the country and the Shannon river catchment (Zintl 

et al. 2014) coinciding with rougher, unimproved pasture types that are often associated 

with high tick densities and are typical for these areas (Zintl et al. 2017). 
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Louping ill 

Louping ill, also known as ovine encephalomyelitis, is caused by a flavivirus thought to 

have developed from a common ancestor of the tick-borne encephalitis virus 

approximately 800 years ago (Zintl et al. 2017). It was the first arthropod-borne virus to 

be isolated in Europe (Greig et al. 1931) and was first reported by Macleod & Gordon 

(1932) to be transmitted by I. ricinus. Similar to A. phagocytophilum and B. divergens, 

the louping ill virus is transmitted trans-stadially in the tick (Jeffries et al. 2014) 

Clinical manifestation of louping ill is biphasic, with the first viremic phase of the disease 

often going undetected by the farmer due to its non-specific nature (Jeffries et al. 2014). 

In contrast, the second ‘neuroinvasion’ stage of the disease, where the virus has entered 

the central nervous system is associated with neurological signs such as depression, 

muscle tremors, panting, lack of coordination and recumbency (reviewed by Zintl et al. 

2017). Mortality rates range from 5% to 60%, depending on the age, breed and previous 

exposure status of the infected animal (Jeffries et al. 2014). According to Jeffries and 

colleagues (2014), recently weaned lambs grazing tick-infested pastures are most 

susceptible to louping ill, due to the lambs natural decrease in maternal-derived antibodies 

following weaning. While louping ill is primarily a disease of sheep it can also occur in 

various other livestock species including cattle, pigs, horses and goats (Zintl et al. 2017). 

In fact, of 3 cases of louping ill reported in cattle in Dartmore, UK, one died within hours 

of onset of clinical signs (Twomey et al. 2001) 

While there is currently no treatment for louping ill, young stock can be protected for 2 

years with a single subcutaneous vaccination containing inactivated louping ill virus 

grown in cell culture (Louping-Ill vaccine, MSD Animal Health) (Jeffries et al. 2014). 

Little is known about the prevalence of louping ill in livestock in Ireland. In 2012, Barrett 

and colleagues reported an animal level seroprevalence in sheep from the north west of 

Ireland submitted for routine post-mortem examination to be 8.5% however infection 

levels in other parts of the country with fewer ticks are likely to be much lower.  

 

1.3.3 Field methods for collecting Ixodid ticks 
 

Traditional tick collection methods include direct collection from infested hosts, blanket 

flagging or dragging and the use of carbon dioxide-baited traps. The efficacy of each of 

these collection methods greatly depends on the tick species in question, developmental 

stage, host seeking behavior and habitat type (Gherman et al. 2012).  
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The collection of engorged ticks from animals as a method of tick collection has been 

widely reported in the literature. Generally large livestock animals such as sheep and 

cattle are used to collect mature ticks (Milne 1943; Barnard, 1981) and smaller rodents 

such as mice to collect immature stages (Main et al. 1982; Ginsberg and Ewing, 1989; 

Falco and Fish, 1992). While this technique provides a good indication of the risk of both 

human and animal encounters with ticks in an environment, it is considered impractical 

and costly (Gray, 1985). Because three-host ticks spend the majority of their lives living 

freely in the environment, it has also been argued that for these species this method may 

lead to an underestimation of tick abundance (Dantas-Torres et al. 2013). Finally, since 

different species of tick have different preferred hosts, the collection of engorged ticks 

from animals may lead to a bias in tick species records (Dantas-Torres et al. 2013).  

Blanket flagging and dragging are the most commonly used methods of tick collection in 

the field. Both methods are similar in that they mimic host movement and stimulate host-

seeking behaviour in the ticks (Gherman et al. 2012). Each method involves pulling a 

piece of white cotton fabric over an area of vegetation for a set time or distance and then 

recording the number of ticks collected on the cotton sheet (Gray and Lohan, 1982). 

Dragging involves pulling the cotton fabric over vegetation at ground level while flagging 

involves passing the fabric over higher vegetation (50-100cm above ground level) 

(Dantas-Torres et al. 2013). It has been suggested that the former is more suitable for 

collecting I. ricinus larvae which tend to seek out smaller mammals and are therefore 

more abundant at ground level, while the latter may preferentially collect nymphs and 

adults which typically quest for medium/large sized animals and therefore tend to climb 

higher on vegetation (Tack et al. 2011). In a comparative study of the flagging and 

dragging methods for tick collection, Dantas-Torres and colleagues (2013) concluded that 

flagging was generally the most efficient method of collecting adult Ixodes ricinus ticks.  

Variations of the dragging/flagging methods have also been recorded in the literature. 

Ginsberg and Ewing (1989) described the technique of ‘walking samples’. This collection 

method involves an ‘investigator’ wearing light colored trousers, walking through a 

habitat and collecting any ticks that attach themselves to their clothing. They reported that 

while the ‘walking sampling technique’ was efficient in collecting adult I. dammini ticks, 

it failed to collect immature stages of I. dammini.  

Another variation of the dragging/flagging techniques involves the use of as a ‘strip 

blanket’ designed to prevent ticks from being dislodged after attachment to the blanket 

(Tack et al. 2011). Gray and Lohan (1982) reported the strip blanket method to be the 

most efficient method for collecting I. ricinus ticks from heather, bog, bracken and short 
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grass. However, in a comparative study of strip-blanket and standard blanket dragging 

using the entire cotton sheet, Tack and colleagues (2011) found that the latter resulted in 

significantly more I. ricinus ticks being collected.  

Another technique for collecting ticks in the field involves the use of carbon dioxide-

baited traps. According to Gherman and colleagues (2012), carbon dioxide acts as a 

kairomone, a type of semiochemical typically secreted by potential hosts, attracting ticks 

and stimulating questing behavior. Originally designed by Wilson et al. (1972), the traps 

consist of a piece of dry ice placed inside a box surrounded by masking or carpet tape. 

Ticks move towards the carbon dioxide emitted by the dry ice and are trapped by the tape. 

This method has been used successfully to collect various ixodid species and life cycle 

stages (Wilson et al. 1972; Gray, 1985, Ginsberg and Ewing, 1989; Falco and Fish, 1989). 

It is particularly well suited to areas with rough vegetation where there is a risk of reduced 

efficacy of flagging or dragging (Gray 1985).  

Recently, a fourth method for tick collection was described in the literature which 

combines the use of carbon dioxide trapping and flagging leading to a significant increase 

in the number of ticks collected compared to an unenhanced, standard cotton flag 

(Gherman et al. 2012).  

 

1.3.4 Methods for screening ticks for the presence of tick-borne diseases.  
 

Traditionally, the detection of TBPs in vitro was chiefly achieved by a serological 

approach, through the use of immunofluorescent antibody tests (IFAT) which detect 

antibodies against specific TBPs (Gray et al. 1992). Today, researchers tend to adopt more 

sensitive and direct approaches to detecting TBPs and by far the most commonly used 

method to screen ticks for the presence of TBPs is PCR, whereby primers are designed 

based on known sequences of TBPs (Cabezas-Cruz et al. 2018). 

The advantages of PCR based diagnostic methods for detecting TBPs in vitro include 

high test sensitivity and scalability as well as quick test results. Furthermore, real-time 

PCR allows for the quantification of the pathogen load in a tick sample (Henningsson et 

al. 2015). However, where researchers aim to screen the same sample for a large number 

of pathogens, the amount of DNA available may be limited (Bonnet et al. 2014).  

In the last decade, the development of next-generation sequencing (NGS) technologies 

has revolutionized tick research by facilitating the rapid screening of tick isolates for all 

bacterial, viral and protozoan pathogens in a single assay (Greay et al. 2018). 

Furthermore, NGS has enabled researchers to detect unknown TBPs thus, removing the 
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sampling bias that is present in PCR based diagnostic methods as well as facilitating 

‘reversed discovery of disease’ where pathogens are detected in ticks prior to their 

identification in human or animal patients (Greay et al. 2018).  

Although NGS technologies have successfully been used to identify both known and 

unknown TBPs, care needs to be taken when interpreting results as bacteria from soil, 

plants, skin and the laboratory environment commonly contaminate NGS studies 

resulting in skewed or misinterpreted results (Greay et al 2018).  

 

1.3.5 Treatment and control of Ixodes ricinus in livestock 
 
In order to reduce the incidence of tick-borne disease within livestock herds, tick 

populations can be controlled by a variety of methods. Traditionally, the control of ticks 

in livestock herds relied heavily on the use of chemical acaricides, however in recent 

times acaricide resistance in ticks has been observed across a number of chemical classes 

with resistance to synthetic pyrethroids and organophosphates being most commonly 

reported (Kunz and Kemp, 1994; FAO, 2004). Therefore, new, more sustainable methods 

of tick control such as pasture management, breeding tick- resistant breeds of cattle and 

the production of tick vaccines are being developed (FAO, 2004).  

The use of chemical acaricides is probably the most common form of tick control used 

by farmers (Zintl et al. 2003). These treatments typically belong to two chemical classes, 

the synthetic pyrethroids (e.g. deltamethrin, flumethrin, cypermethrin), organophosphates 

(diazinon) and macrocyclic lactones (ivermectin, doramectin) and are commercially 

available in various formulations including pour-on (e.g. Butox), spot-on (e.g. Spotinor), 

injectables (e.g. Closamectin) oral drenches (e.g. Flukiver) and immersion dips (e.g. 

Ectoflits) (Agridirect, 2020). There are a number of different treatment strategies farmers 

can adopt when treating livestock with acaricides in order to mitigate or eradicate an 

established tick population within a habitat.  

Some farmers opt to implement a ‘tick-eradication’ program, whereby all animals are 

treated with acaricides at intervals that are short enough to ensure there is a constant 

residual effect in place in order to target all parasitic stages of the tick life cycle. However, 

this method of eradication may increase the risk of acaricide resistance developing within 

tick populations and may also increase the incidence of tick-borne disease outbreaks 

occurring within the herd (FAO, 2004).  

Opportunistic treatment of livestock with acaricides based on farmer or additional labour 

availability, weather conditions or to coincide with other management practices for which 

animals are gathered such as dehorning or weaning is significantly less labour intensive 
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than suppressive or strategic treatment practices and may result in a higher number of 

naturally immune calves, however the intervals between opportunistic treatments are 

often too long to effectively control entire tick lifecycles (FAO, 2004). 

Strategic tick control programs are probably the most practicable approach to tick control 

work whereby animals are treated with acaricides at the time of greatest of greatest tick 

exposure during a defined tick season (Zintl et al. 2003).  

Pasture or grazing management can be used to compliment the use of acaricidal 

treatments in livestock herds, reducing the amount of treatments required throughout a 

tick season and in turn reducing costs and labour requirements on farms and reducing the 

risk of the development acaricidal resistance in ticks. Pasture management is particularly 

effective against 3 host ticks such as I. ricinus as they spend 90% of their lifecycle in the 

environment. Methods such as clearing scrub, improving drainage of pastures and 

improving rough pastures can lead to reductions in suitable tick habitats on farms thus 

decreasing tick numbers (Zintl et al. 2014). Implementing rotational grazing across 

paddocks has also shown to control tick numbers, by reducing the availability of 

vertebrate hosts from pastures for ticks to feed on. However, this grazing method requires 

access to a lot of land as pastures must be left free of livestock for 6-7 months in order to 

kill tick larvae and nymphs and up to 15 months to eradicate adult ticks (Seifert, 1996). 

Furthermore, ticks may engorge on other hosts visiting the land (such as deer, birds and 

rodents) or be imported from surrounding land. In addition, forage quality will be 

compromised as a result of leaving pastures ungrazed for such long periods (Hüe and 

Fontfreyde, 2019). Grazing cattle in rotation or alongside sheep has also shown to reduce 

tick burdens on cattle if they have been treated prior to grazing new pastures (FAO, 2004) 

Genetics can also play a role in the control of ticks in livestock herds. It is widely known 

that Bos indicus breeds have much higher resistance to R. mircoplus ticks than Bos taurus 

animals (Ralph, 1989) however information on resistance in cattle breeds against 2 or 3-

host ticks such as I. ricinus is extremely limited. Breeding tick resistance into a herd will 

increase the overall resistance of the herd, resulting in lower tick numbers on pastures 

(FAO, 2004). 

Tick vaccines have the potential to be the most sustainable and cost-effective forms of 

tick control (Willadsen, 1994). However, to date the only tick vaccines that are on the 

market are only effective against 1-host ticks, specifically Rhipicephalus microplus, 

where extended residence on the same host allows enough time for the host immune 

response to exert a protective effect. More research is required in this area in order to 

produce vaccines that are effective against other tick species (FAO, 2004).  
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Chapter II: The Prevalence and Control of Lice in Cattle 
Herds in Ireland 
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2.1 Abstract 
 

Pediculosis in cattle causes significant itching, irritation and stress to the animal, often 

resulting in skin damage and poor coat condition. The control of bovine pediculosis in 

Ireland is achieved predominantly by the use of commercial insecticides belonging to one 

of two chemical classes, the synthetic pyrethroids and the macrocyclic lactones. In recent 

years, pyrethroid tolerance has been reported in a number of species of livestock lice. The 

aims of this study were to evaluate the prevalence of lice and the levels of louse control 

in Irish cattle herds. The louse control measures used by cattle farmers and their opinions 

on the efficacies of commercial products were investigated. Finally, the efficacy of 

deltamethrin and ivermectin on Bovicola bovis lice collected from four cattle herds was 

assessed.  

 

Lice were detected in 16 (89%) out of 18 herds visited. Two species of lice, Bovicola 

bovis and Linognathus vituli were identified.  The study found that farmers rely on a broad 

spectrum of commercial louse management products that are both synthetic pyrethroid 

and macrocyclic lactone based and that they observed efficacy problems with 

deltamethrin-based products in particular.  In vitro contact bioassays showed evidence of 

deltamethrin tolerance in B. bovis collected from 4 farms. The results of this study provide 

new data on the species of lice infesting cattle in Ireland and on the prevalence and control 

of louse infestations across Irish cattle herds. Furthermore, our study provides new 

evidence that pyrethroid-tolerant populations of B. bovis lice are emerging in Ireland, 

adding to existing reports of insecticide tolerance occurring globally in livestock lice. 
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2.2 Introduction 
 

Lice, belonging to the order Phthiraptera, are small, wingless, dorsoventrally flattened 

arthropods with prominent tarsal claws specially adapted for clinging to the hair of their 

host (Jacobs et al. 2016). Infestations of lice, also known as pediculosis, occurs globally 

and is more common in cattle than any other domestic animal (Urquhart et al. 1987). 

Whilst light infestations of lice in cattle often go unnoticed and are not usually considered 

to be of clinical importance, heavier infestations cause pruritis, which in turn leads to hair 

loss and skin damage resulting from the skin being scratched, rubbed and licked in order 

to relieve irritation (Taylor et al. 2007). The resulting restlessness and stress caused by 

pediculosis has also been reported to lead to decreased appetite, decreased weight gain 

(Matthyse, 1946; Gibney et al. 1985) and decreased milk yields in cattle (Matthyse, 1946, 

Fadok, 1984). Skin damage caused by pediculosis can also result in poor quality leather 

hides and significant economic losses to the producer (Coles et al. 2003).  

 

The species of lice that infest cattle globally are Bovicola bovis, a chewing louse species, 

two sucking lice species belonging to the genus Haematopinus; Haematopinus 

eurysternus, Haematopinus quadripertusus, and two species of sucking lice belonging to 

other genera; Linognathus vituli and Solenopotes capillatus. Data on the herd prevalence 

of louse infestations and the cattle louse species that are present have been published for 

a number of European countries including Sweden, Iceland, Norway, England and 

Scotland (Christensson et al. 1994; Eydal and Richter, 2010; Nafstad and Grønstøl, 

2001a; Milnes and Green, 1999; Titchener, 1983). On cattle farms in the UK, the 

prevalence of louse infestations in cattle herds has been reported as approximately 75%-

80%, with B. bovis and L. vituli being reported as the most prevalent species (Milnes and 

Green, 1999; Titchener 1983). The only report on the prevalence of cattle lice from the 

Republic of Ireland was published by Oormazdi and Baker (1977), who investigated a 

single herd of adult cattle in a Dublin-based abattoir. Upon visual inspection of animal 

hides, they found that S. capillatus was the most prevalent species (18.9%), followed by 

B. bovis (16.3%), L. vituli (5.9%) and H. eurysternus (3.7%). Scientific data on the 

prevalence of louse infestations and species amongst multiple herds across the Republic 

of Ireland is, at present, not available.  

 

Control of bovine pediculosis in Ireland is achieved primarily through the use of 

commercial ectoparasiticides that are available in various formulations and typically 
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comprise of one of two classes of insecticide: synthetic pyrethroids such as cypermethrin, 

deltamethrin and flumethrin or macrocyclic lactones such as doramectin, ivermectin and 

moxidectin (Briggs et al. 2006). In recent years, concerns have been raised globally over 

the development of insecticide resistance in louse populations of livestock due to the 

widespread use of ectoparasiticides in agricultural production. To date, insecticide 

resistance has been reported in Bovicola ovis, Bovicola ocellatus, Haematopinus 

tuberculatus and Haematopinus suis (Levot et al. 1995; Ellse et al. 2012; Singh et al. 

2015; Müller and Bülow, 1988). In 2015, Sands and colleagues published the first reports 

of deltamethrin tolerance in Bovicola bovis in the UK, where they found evidence of 

resistance to deltamethrin in two groups of lice collected from cattle farms in Scotland 

and Wales.  

 

The overall aims of this study were to assess the prevalence of louse infestations, the 

species that are present and the levels of louse control in a number of Irish cattle herds. 

Moreover, preferred louse management product of farmers and their opinions on the 

efficacies of such products were investigated. Finally, the efficacy of two active 

ingredients of the most commonly purchased commercial louse management products, 

deltamethrin and ivermectin, on B. bovis lice collected from four cattle herds was 

assessed.  
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2.3 Materials and Methods  
 

2.3.1 Farm Recruitment  
 

Participating farms were recruited opportunistically and included 17 beef and 1 dairy 

enterprises. Of these 10 farms who were participants in two unrelated observational 

studies organized by Teagasc, 4 farms that were recruited with the help of MSD Animal 

Health, 2 farms that were recruited with the help of various staff members in the UCD 

School of Veterinary Medicine and 2 farms who were contacted privately. Prior to 

sampling it was not known if the participating farms were likely to have lice or not. 

Information on the locations and the herd-sizes of the participating farms are provided in 

table A (appendix A). Each herd was sampled once, with the exception of farm 1, which 

was sampled on multiple occasions as discussed below in section 2.3.7.  

 
2.3.2 Lice Collection, Identification and Storage 
 

Between January 2019 to March 2019 and November 2019 to March 2020, farm visits 

were conducted on each of the recruited farms in order to collect louse samples. The 

number of animals selected for sampling on each farm was influenced by the 

opportunistic nature of our sampling, as often our sampling coincided with a date when 

the farmer was putting animals through the crush for other reasons such as anthelmintic 

treatment. Therefore, the numbers of animals sampled on each farm differed and ranged 

from 20-65 animals (5-100% of each herd). Animals were restrained in the crush and, 

using a fine-tooth plastic headlice comb (Duralon, Cumbria, UK), samples were collected 

from 5 documented predilection sites of both sucking and chewing lice: the wither, 

shoulder, topline, flank and the rump/tail area (Lapage, 1968). At each site a 5 inch2 area 

was combed 15 times. The combings including lice, bovine skin scurf, hair and other 

debris were collected in a 100mm diameter polystyrene petri dish (Corning Inc, Corning, 

NY). A new petri dish and plastic comb was used for each animal. Samples were 

transported to the laboratory and maintained in an unilluminated incubator (Memmert 

constant climate chamber HPP110, Memmert GmbH + Co.KG, Germany) at 30°C and 

75% relative humidity (RH). 

Lice were examined under a dissection microscope at 1.5X magnification and identified 

to species, sex and lifecycle stage using the taxonomic keys provided by Lapage (1968). 

From each farm, all adult female Bovicola bovis lice were pooled and maintained at 30°C 

and 75% RH until further use.  
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2.3.3 Structured Interviews with Participating Farmers 
 

Prior to sampling, a structured interview was carried out with each farmer. In the 

interview, farmers were asked about the incidence of louse infestations in their herd, their 

use of commercial louse control products and whether they thought they were effective. 

A list of the questions is provided in Table 2.2.  

 

Table 2.1: Questions posed to farmers in the structured interview on lice 

Question Asked 

Have you treated your cattle for lice in the 

last 8 weeks? 

If yes, when did you treat them and what 

product did you use?  

Have you in the past had problems with louse 

infestations or the efficacy of louse 

management products?  

 

 

2.3.4 Classification of Farm Louse Control 
 

Based on the number of lice collected on each farm and the date of last louse treatment, 

the efficacy of the louse control measures implemented on the farm was estimated as 

follows: 

 

1) Adequate Control: Farms where <50 lice were collected, <50% of the sampled 

animals were positive for lice and animals had been treated for lice within the 8 weeks 

prior to the sampling visit 

2) Moderate Control: Farms where approximately 50-100 lice were collected,  ≥50% or 

more of the sampled animals were positive for lice and animals had been treated for lice 

in the 6-8 weeks prior to the sampling date (it was accepted that the persistent efficacy 

period of the most recent louse treatment was due to expire) 

3) No Effective Control: Farms where >100 lice were collected, ≥90% of the sampled 

animals were positive for lice and animals had been recently treated for lice 2-4 weeks 

prior to sampling date.  
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Only farms that had treated their animals with a commercial product that carried a louse 

control claim within 8 weeks of the sampling date were included in this analysis 

(Holdsworth et al. 2006).  

 

2.4.5 Analysis of Online Discussion Group Responses  
 

Responses from an online farmers’ discussion group were analyzed to identify the most 

commonly used louse management treatments for cattle and whether the farmers felt they 

were effective.  

Facebook (http://www.facebook.com) was used to locate a suitable discussion forum and 

the group ‘Irish Farming Discussion Group’ was chosen due to its large number of 

members and contributors (>39,000 members, >50 posts per day). A search for 

discussions on the topic of lice within the group was conducted by searching for ‘lice’ in 

the groups search bar. Out of 50 posts that emerged 12 were included in the analysis with 

the remainder deemed irrelevant to this study. Based on their content the posts were split 

into two groups and analyzed separately; 11 posts (posted between October 2017 and 

March 2020) were separate discussions where farmers expressed their opinions on what 

the best chemical treatments for managing louse infestations in cattle were. The responses 

on these posts were pooled and of the total 274 responses, 159 were considered valid. 14 

of the valid responses were omitted from the analysis as they were considered duplicate 

answers from the same author across different posts, leaving 145 valid responses. Of these 

valid responses, 141 respondents recommended one type of chemical treatment for 

managing lice in cattle and 4 respondents recommended two different chemical 

treatments resulting in 149 recommended treatments across the 145 valid responses. For 

the purpose of the analysis, these treatments were grouped based on their active 

ingredient. 

The remaining post was a discussion on the efficacy of commercially available 

deltamethrin-based spot-on products for treating lice in cattle. Of the 68 responses on this 

post, 43 were considered valid for analysis. Responses to this post were grouped as either 

‘Yes- I have had problems with the efficacy of deltamethrin based spot-on products when 

treating lice on cattle’ or ‘No- I have not had problems with the efficacy of deltamethrin 

based spot-on products when treating lice on cattle’ 
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2.3.6 In Vitro Contact Bioassay to Detect Insecticide Resistance in the Cattle Chewing 
Louse Bovicola bovis  
 

In vitro contact bioassays were used to assess the susceptibility of adult female Bovicola 

bovis to the synthetic pyrethroid deltamethrin and the macrocyclic lactone ivermectin 

using a modified version of the standardized protocol developed by Levot & Hughes 

(1990). 

Briefly, a stock solution of 50mg/ml deltamethrin was prepared by dissolving 250mg of 

99.9% deltamethrin (Pestanal® analytical standard, product no. 45423, Sigma-Aldrich®, 

USA) in 5ml of 99% acetone (ACROS Organics™, New Jersey, USA). A stock solution 

of 35mg/ml ivermectin was prepared by dissolving 1g of 89.2% ivermectin 

(Pharmaceutical Secondary Standard; Certified Reference Material, product no. 

PHR1380, Sigma-Aldrich®, USA) in 25.5ml of 99% acetone. Stock solutions were stored 

at -20°C for up to three months.  

Dilutions of 10mg/ml and 5mg/ml deltamethrin and 5mg/ml and 2.5mg/ml ivermectin 

were prepared in acetone from each stock solution. The highest concentrations used in 

the bioassays were equal to the concentration of each active ingredient in commercial 

products used to treat cattle lice. 99% acetone was used as a negative control and 2.5% 

tea tree oil (Optima® Australian tea tree) diluted in 99% acetone was used as a positive 

control (Sands et al. 2015).  

0.5ml of each dilution was pipetted onto 55mm diameter filter paper (Whatman No. 40, 

GE Healthcare, Little Chalfont, UK) placed in 55mm diameter glass petri dishes. Each 

petri dish was then placed in a fume hood for 30 minutes to allow the acetone to evaporate.  

Once the filter papers had dried, 10 adult female Bovicola bovis lice were randomly 

selected and, using a forceps, placed onto each treated filter paper. The lids were replaced 

and the petri dishes returned to the incubator at 30°C and 75% RH. Observations and 

records of louse mortality were made at 30 minutes, 1, 2, 3, 4 and 24 hours from the start 

of the incubation period. Louse mortality was assessed by removing each petri dish from 

the incubator and viewing the lice under 1.5x magnification. Lice were considered dead 

when there was no movement of the legs, mouthpiece, antennae or abdomen even when 

probed with a forceps. Bioassays for each insecticide were performed in triplicate. 

As a control, Bovicola equi lice were collected from a patient in the University College 

Dublin (UCD) Veterinary Hospital and a deltamethrin contact bioassay was performed 

following the same protocol as described above. 
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2.3.7 Site Visits to Assess Insecticide Resistance on a Farm  
 

In order to assess the efficacy of ectoparasiticide treatment in vivo and to validate the 

results of the in vitro bioassays, one of the recruited cattle farms (‘Farm 1’) was sampled 

on a number of occasions coinciding with louse treatment dates from January 2019 to 

February 2019 and again in January 2020. This farm was selected because it was within 

easy driving distance of UCD and the herd managers were happy to facilitate the study.   

The herd consisted of 65 8-10-month-old beef heifers that had been purchased from 

various sources in the 2-3 months prior to sampling. History of louse treatment prior to 

sampling was not known. Animals were treated for lice by the farm manager using a louse 

control product of their own choice, a deltamethrin-based pour-on. Samples were taken 

from each animal according to the sampling protocol described in section 2.3.2 on four 

separate dates, recorded as the number of days post-treatment for lice, beginning on ‘day 

0’ (i.e. the day of first louse treatment on that farm): day 0, day 20, day 27 and day 21. 

Additional louse treatments were administered on day 27 of the sampling period.  

In January 2020, the animals from farm 1 were resampled for lice. Animals had been 

treated for lice by the farm manager prior to the sampling date with the same deltamethrin-

based pour-on. Animals had been treated for lice in two separate groups, one 21 days 

prior to the sampling visit and the other 7 days prior to the sampling visit  

Combings were transported to the laboratory and analyzed as described in sections 2.3.2 

and 2.3.3. All samples where lice were present were counted as a positive sample.  

 

2.3.8 Data Analysis  
 

For the in vitro bioassays, the percentage mean louse mortality at the various insecticide 

concentrations and the 2 controls was calculated for each observation time point as 

follows:  

 
!".$%&$	()*%	)+	,%-..	/	!".$%&$	()*%	)+	,%-.0		/	!".$%&$	()*%	)+	,%-.1	

12  × 100 

  

The standard errors around the percentage mean louse mortalities at each time point were 

calculated by hand (Moore and McCabe, 1988). Graphs showing the percentage mean 

louse mortality rates ± the standard error over 24 hours were plotted using Prism 8 for 

macOS (Version 8.4.2). For each bioassay, the number of lice surviving at 1% and 0.5% 

deltamethrin were compared to those in acetone control at the 24-hour timepoint using 
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one-way ANOVA (Prism 8 for macOS). Dunnett’s multiple comparisons test was used 

for post-hoc analysis. The results of the ivermectin bioassay were not statistically 

analyzed. In order to facilitate a more general comparison, the 24-hour mean louse 

mortalities of both the deltamethrin and ivermectin bioassays were also corrected using 

Abbott’s formula (Abbott, 1925). 
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2.4 Results  
 

2.4.1 Farm Prevalence of Louse Infestations and Species 
 

Table A (Appendix A) provides a detailed breakdown of the results of the farm visits to 

assess louse prevalence and control. Of the 18 farms that were visited, lice were detected 

in 16 (89%), with 49% (335) of 682 animals being positive for lice. The percentage of 

sampled animals that were positive for lice on each farm ranged from 10% to 100%.    

2 species of lice were identified, the chewing louse Bovicola bovis and the sucking louse 

Linognathus vituli. 88% of infected animals were infested only with B. bovis and 5% only 

with L. vituli. Mixed infestations of both B. bovis and L. vituli were found in 7% of 

animals (Fig. 2.1)  

 

 

 

Figure 2.1: The prevalence of cattle louse species in Irish cattle herds (n=335) 

 

 

2.4.2 Structured Interviews with Participating Farmers 
 

100% of the participating farmers stated that they treat their cattle for lice each year at 

least once during the winter housing period. 15 (83%) of the participating farmers had 

treated their cattle for lice in the 8 weeks prior to the sampling visit. A detailed breakdown 

of the products used and the timing of treatment prior to the sampling visit on each farm 

is given in table A (Appendix A).  

Two farms (farm 8 and farm 13) had used two different louse management products on 

their cattle while the remaining 13 farms had used just one louse management product, 

adding up to a total of 17 louse management products used across the 15 farms (Fig. 2.2). 

The use of deltamethrin-, ivermectin- and cypermethrin-based products was common and 

B. bovis
L. vituli
Mixed Infestation
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these three active ingredients were equal in popularity across the 15 farms (29.4% each), 

while doramectin-based products were used on just 1 farm (5.9%). One farmer (farm 16) 

had opted to use a diazinon-based sheep dip product to treat his cattle for lice as he found 

products licensed for use in cattle to be ineffective.  

 

 

Figure 2.2: Active ingredients of louse treatment products used on participating farms 

(n=17) 

 

14 (78%) of farmers reported no problems with louse infestations within their herd or 

with the efficacy of commercial louse management products. Responses of the 4 farmers 

who had experienced issues with products efficacy are summarized in table 2.3.  

 

Table 2.2: Responses from participating farmers regarding problems with louse 

infestations/efficacy of louse treatment products 

Farm 

number 

Problems with lice and/or efficacy of louse management products? 

1 ‘Animals usually need 2 to 3 treatments’ with Butox® (deltamethrin) in 

order for lice to be controlled but farmer did not consider this a problem as 

such.  

2 No 

3 No 

4 No 

5 No 

6 No 

7 No 

8 Previous problems with Spot-On® (deltamethrin), found it to be very 

ineffective  

Deltamethrin
Ivermectin
Cypermethrin
Doramectin
Diazinon
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9 Previous problems with Dectomax® (doramectin). Last year, animals 

required 2 to 3 treatments in order to control lice. Uses spot-on on older, 

calving cows and finds it very effective.  

10 No 

11 No 

12 No 

13 No 

14 No 

15 No 

16 Previous problems with efficacy of cattle louse treatments (Didn’t specify 

what products), now opts to treat cattle for lice with a diazinon-based sheep 

dip 

17 No 

18 No 

 

2.4.3 Control of Louse Infestations on Farms  
 

As animals on 3 of the 18 participating farms had not been treated within 8 weeks of the 

sampling visit, these farms were disregarded from the analysis of louse control on farms. 

Of the remaining 15 farms, 60% were considered to have ‘Adequate Control’ of lice on 

their farms, 20% were considered to have ‘Moderate Control’, and 20% were deemed to 

have ‘No Effective Control’ over louse infestations on their farms (Fig. 2.3) 

 

 

 

 
Figure 2.3: Levels of louse control on farms 

 

Adequate Control
Moderate Control
No Effective Control
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2.4.4 Analysis of Online Discussion Group Responses  
 

Dataset 1 

A total of 149 louse treatment recommendations were made by 145 respondents across 

the 11 online discussion forum posts included in the first dataset. The most commonly 

recommended method of treating lice in cattle was the use of calcium hydroxide (27.5%) 

followed by ivermectin-based products (18.79%), deltamethrin-based products (18.12%), 

amitraz-based products (16.1%) and sheep dips (without specification of the active 

ingredient) (13.4%). Other less commonly recommended products included 

cypermethrin, alpha-cypermethrin, flumethrin, doramectin, eprinomectin and 

moxidectin-based products (Fig.2.4).  

 

Figure 2.4: Popularity of various louse treatments amongst cattle farmers (n=149) 

 

Dataset 2 

Of the 43 valid responses included in dataset 2, 95% found that deltamethrin-based spot-

on products did not effectively control lice in their herds, with only 5% reporting that the 

use of these products resulted in effective control of lice in their herd (Fig. 2.5) 
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Figure 2.5: Farmer opinions of the efficacy of deltamethrin based spot-on products 

(n=43) 

 

2.4.5 In Vitro Contact Bioassay to Detect Insecticide Resistance in the Cattle Chewing 
Louse Bovicola bovis 
 

Deltamethrin contact bioassay 

In vitro contact bioassays used to assess the susceptibility of cattle lice to deltamethrin 

were performed using Bovicola bovis lice collected from 4 farms (farm 1, farm 8, farm 9 

and farm 14). The percentage mean louse mortalities (without Abbott’s correction) 

recorded at seven different time intervals over 24 hours (0, 0.5, 1, 2, 3, 4 and 24 hours) 

for each farm bioassay are shown in figure 2.6.  The mean louse mortality rates in the first 

4 hours of each of the bioassays for both 1% and 0.5% deltamethrin was relatively low, 

ranging from 0%- 13.3%.  

On farm 1, the overall ANOVA results showed that there was a significant difference in 

the 24-hour louse mortalities between all of the experimental groups (1% deltamethrin, 

0.5% deltamethrin, acetone & tea tree oil controls) (F= 13.84, P= 0.0016, df=3). Analysis 

of Dunnett’s multiple comparisons post-hoc test showed that there was no statistical 

difference between the 24-hour mean louse mortalities in the 1% deltamethrin assay and 

the acetone control (P=0.1667) however there was a significant difference between the 

24-hour mean louse mortalities of the 0.5% deltamethrin and the acetone control assays 

(P=0.0126).  

On farm 8, there was a significant difference between mean louse mortalities in all of the 

groups (F= 5.207, P= 0.0276, df= 3) however post-hoc analysis showed that there was no 

significant difference in the mortalities of both, the 1% and 0.5% deltamethrin groups and 

the acetone control at 24 hours (P=0.0924; P=0.4564).  

On farm 9 there was also a significant difference in the mean mortalities between all 

experimental groups (F= 24.31, P= 0.0002, df= 3). The mean louse mortalities at both the 

Problems with efficacy of 
deltamethrin based spot-on 
products
No problems with efficacy of 
deltamethrin based spot-on 
products
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1% deltamethrin (P=0.0003) and 0.5% deltamethrin (P=0.0054) assays were statistically 

different from that of the acetone control. 

Similar results to farm 9 were observed on farm 14. There was a significant difference in 

the mortalities between all of the experimental groups (F= 19.00, P= 0.0005, df=3) and 

post-hoc analysis showed that the 24-hour mean louse mortalities of the 1% (P=0.0031) 

and 0.5% (P=0.0284) deltamethrin assays were significantly higher than the acetone 

control.  

Exposure of Bovicola equi lice to 1% and 0.5% deltamethrin for 24 hours resulted in 

100% mortality at both concentrations of deltamethrin (Fig. 2.7).  

In order to facilitate a more general comparison with published figures, louse mortality 

rates after 24 hours of continuous contact with filter paper impregnated with deltamethrin 

were corrected using Abbott’s formula. At 1% deltamethrin, the percentage mean louse 

mortality rates following Abbott’s correction were calculated as 33.34% (± 8.6%), 

65.22% (± 8.7%), 95.45% (± 3.8%) and 66.67% (± 8.6%) in farms 1, 8, 9 and 14 

respectively. At 0.5% deltamethrin the corrected values were 61.9% (± 8.9%), 34.78% (± 

8.7%), 59.09% (± 9%) and 44.4% (± 9.1%) for farms 1, 8, 9 and 14 respectively (Table 

2.4).  
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Figure 2.6: The mean mortality of Bovicola bovis lice prior to Abbotts correction (± 

SE) collected from four farms (a-d) placed in continuous contact with 1% deltamethrin 

(●), 0.5% deltamethrin (■), 99% acetone control (✕) and 2.5% tea tree oil control (▲) 

over 24 hours 
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Figure 2.7: The mean mortality of Bovicola equi lice (± SE) placed in continuous 

contact with 1% deltamethrin (●), 0.5% deltamethrin (■), 99% acetone control (✕) and 

2.5% tea tree oil control (▲) over 24 hours. 

 

 

Table 2.3: The 24 hour Mean Louse Mortality (%) for 1% and 0.5% deltamethrin 

before and after Abbotts correction  

Farm 

Number 

1% deltamethrin  

24 hour mean 

louse mortality 

(%) (Before 

Abbott’s 

correction) 

1% deltamethrin 

24 hour mean 

louse mortality 

(%) (After 

Abbotts’s 

correction)  

0.5% 

deltamethrin 24 

hour mean louse 

mortality   (%) 

(Before Abbott’s  

correction) 

0.5% 

deltamethrin 24 

hour mean louse 

mortality   (%) 

(After Abbott’s 

correction)  

Farm 1 53.3% 33.34% 73.3% 61.90% 

Farm 8 73% 65.22% 50% 34.78% 

Farm 9 96.67% 95.45% 70% 59.09% 

Farm 14 70% 66.67% 50% 44.44% 
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Ivermectin contact bioassay 

Bovicola bovis lice collected from one farm (farm 9) were subjected to an in vitro contact 

bioassay to assess their susceptibility to the macrocyclic lactone ivermectin. The 

percentage mean louse mortalities (prior to Abbott’s correction) over 24 hours are 

graphed below in figure 2.8. After 24 hours of continuous contact the percentage mean 

louse mortality rates (prior to Abbott’s correction) 0.5% and 0.25% ivermectin resulted 

were 53.3% and 33% respectively. Similar to the deltamethrin bioassays, the 24-hour 

mean louse mortalities for both concentrations of ivermectin were corrected for control 

using Abbott’s formula. Following correction for control using Abbot’s formula, the 24-

hour percentage mean louse mortalities were calculated to be 41.67% (±9%) for 0.5% 

ivermectin and 16.67% (±6.8%) for 0.25% ivermectin (Table 2.5).   

 

 

Figure 2.8: The mean mortality of Bovicola bovis lice (± SE) placed in continuous 

contact with 0.5% ivermectin (●), 0.25% ivermectin (■), 99% acetone control (✕) and 

2.5% tea tree oil control (▲) over 24 hours. 
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Table 2.4: The 24 hour Mean Louse Mortality (%) for 0.5% and 0.25% ivermectin 

before and after Abbotts correction 

Farm 

Number 

0.5% ivermectin  

24 hour mean 

louse mortality 

(%) (Before 

Abbott’s 

correction) 

0.5% ivermectin 

24 hour mean 

louse mortality 

(%) (After 

Abbotts’s 

correction)  

0.25% ivermectin 

24 hour mean 

louse mortality   

(%) (Before 

Abbott’s  

correction) 

0.25% ivermectin 

24 hour mean 

louse mortality   

(%) (After 

Abbott’s 

correction)  

Farm 9 53.34% 41.67% 33% 16.67% 

 

 

2.4.6 Site Visits to Assess Insecticide Resistance on Farms 
 

Cattle from farm 1 were sampled on 5 occasions during two winter periods, 4 times 

between January 2019 and February 2019 (winter 1) and once in January 2020 (winter 

2). 

 

Winter 1 

Figure 2.9 provides a breakdown of the prevalence of lice within farm 1 pre- and post-

treatment during winter 1. 

On day 0, prior to any louse treatments being administered, lice were present on 52% of 

animals in the herd. A deltamethrin-based pour-on was used to treat all animals for lice 

on this date. On day 20 post-treatment, 88% of animals were positive for lice and on day 

27 post-treatment, 91% of animals were positive. On this date (day 27), the farm manager 

treated all animals a second time using the same deltamethrin-based product as used 

previously on day 0. On day 21 (21 days after the second louse treatment), lice were 

present on 62% of animals (Fig. 2.9) 
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Figure 2.9: The prevalence of lice pre- and post-treatment in winter 1 (n=65) 

(*indicates treatment dates) 

 

Winter 2 

Of the 65 animals that were sampled for lice from farm 1 in winter 1, 51 were available 

for resampling in winter 2. At the time of the visit animals had been treated for lice as 

follows: 36 animals had been treated 7 days before the sampling visit (group 1) and 15 

animals had been treated 21 days prior to the sampling date (group 2). All animals had 

been treated with the same deltamethrin-based pour-on that had been used in winter 1.  

Lice were present on 64% of animals in group one and 73% of animals in group 2 (Fig. 

2.10). The overall prevalence of lice on farm 1 on the date of sampling was calculated to 

be 67%.  
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Figure 2.10: The prevalence of lice pre- and post- treatment in winter 2 (n=51) 
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2.5 Discussion  
 

To our knowledge, our study is the first to report on the prevalence of louse infestations, 

louse species and the emergence of insecticide-tolerant populations of lice in multiple 

Irish cattle herds. Moreover, our study provides important information on trends in louse 

control in Irish cattle herds.  

 

Our results suggest that seasonal infestations of lice within cattle herds in Ireland are quite 

common as lice were present on 89% of farms and on 49% of animals in our study. This 

herd prevalence of lice was similar to others reported in the UK (75-80%) (Milnes and 

Green, 1999; Titchener, 1983), Sweden (93%) (Christensson et al. 1994) and Iceland 

(70%) (Eydal and Richter, 2010). Moreover, analysis of the level of control of louse 

infestations within herds indicated that 60% of farms had adequately controlled the 

numbers of lice within their herd. This observation suggests that although the incidence 

of lice is common amongst Irish cattle herds, the majority of farms are able to control the 

numbers of lice to levels below that of any clinical importance.  

Two species of lice were identified in the present study, the chewing louse Bovicola bovis 

and the sucking louse Linognathus vituli, with B. bovis being, by far, the most prevalent. 

These results coincide with previous reports from the UK where B. bovis has also been 

reported to be the most prevalent species of cattle lice (Titchener, 1983; Milnes and 

Greene, 1999, Milnes et al. 2003). While only two species of cattle lice were identified 

in our study, a previous study conducted by Oormazdi and Baker (1977), identified four 

species of lice in a group of cattle in a Dublin-based abattoir; the chewing louse Bovicola 

bovis and the sucking lice Solenopotes capillatus, Haematopinus eurysternus and 

Linognathus vituli with S. capillatus being the most common louse species within this 

herd. Previous studies in the UK, Norway and Denmark also identified S. capillatus 

within cattle herds albeit in small numbers, while the species was found to be abundant 

in Icelandic cattle herds (Eydal and Richter, 2010). According to Craufurd-Benson 

(1941), the prevalence of S. capillatus in cattle herds is commonly underreported due its 

small size. Furthermore, the face and head of the animal, which has been identified as a 

common predilection site of S. capillatus (Craufurd-Benson, 1941; Milnes et al. 2003), 

was not examined in our study because it was not possible to restrain the head of the 

animals appropriately during this study. Therefore, it is possible that the presence of S. 

capillatus was missed in our study. 
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In our study, all farmers stated that they treat their cattle for lice at least once during the 

winter housing period each year. This result is contrasting to that of a postal survey of 

UK dairy farmers conducted by Milnes and Green (1999) where just 17.6% of 1,040 

respondents stated that they routinely treat their cattle for lice, although Milnes and Green 

noted that there was a possibility that the wording of the question may have led to the 

participating farmers misinterpreting the question as ‘treating for lice if they are seen’. In 

addition to the significantly larger sample size, the UK study also dates back to 1999.  

Therefore, the higher number of cattle farmers reporting routine louse control in our study 

may suggest there has been an increase in the level of awareness of the impacts that heavy 

infestations of lice can have on animal welfare and production.  

 

Results of both the structured interviews and the analysis of online discussion forum 

responses showed that farmers rely on a wide range of commercial ectoparasiticides 

including both synthetic pyrethroid (SP) and macrocyclic lactones (ML). Ivermectin-

based products were the most commonly used ML and deltamethrin-based products were 

the most commonly used SP. This is in agreement with recent market research on the 

purchasing trends of pyrethroid-based products in Ireland which highlighted 

deltamethrin-based products are the most commonly purchased ectoparasiticide (Kynetec 

VetTrak Data MAT June 2020). Whilst the popularity of deltamethrin-based products 

was evident in our study, our results also indicated that a number of farmers were 

experiencing efficacy problems with deltamethrin-based products. In Australia, the 

popularity of pyrethroid-based products amongst sheep producers in the 1980’s and 

1990’s resulted in largescale emergence of pyrethroid-tolerant colonies of B. ovis lice 

across the country (Levot. 2000) Based on these observations, is possible that the 

popularity of deltamethrin-based products amongst Irish cattle farmers coincides with an 

overuse and subsequent reduced efficacy. 

Our data also showed that some farmers rely on non-licensed methods such as calcium 

hydroxide for the control of lice. Calcium hydroxide, more commonly known as hydrated 

lime, is a high pH chemical that is typically added to livestock bedding in order to control 

bacterial numbers within livestock housing (Hogan et al. 1989; Gleeson, 2013). The 

control of ectoparasites in livestock by means of topical application of hydrated lime has 

not been demonstrated previously however lime sulphur, a substance formed by 

combining hydrated lime with sulphur in water, is a traditional ectoparasiticide used to 

control mite infestations in guinea pigs (McDonald et al. 1980), cats (Malik et al. 2006) 
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and horses (Paterson and Coumbe, 2009). According to the HPRA website there are no 

veterinary medicinal products containing lime sulphur registered in Ireland (HPRA, 

2020).  

The use of sheep dip to control lice in cattle was also popular amongst farmers in our 

study. In Ireland, commercial sheep dips contain one of two active ingredients: the 

synthetic pyrethroid cypermethrin or the organophosphate diazinon, the latter of which is 

not licensed for use in cattle in Ireland. Of the 13.4% of respondents in the online 

discussion group who recommended the use of sheep dip none specified the active 

chemical in their product of choice. One farmer who participated in the on-farm site visits 

in our study confirmed that the sheep dip he used to control louse infestations in his cattle 

was diazinon-based and that when considering product efficacy, this product was superior 

to those that were licensed for use in cattle. It is likely that diazinon is more effective 

against cattle lice because, so far, they have been less exposed to it.  

 

The results of the deltamethrin in vitro contact bioassays conducted in our study showed 

evidence of deltamethrin-tolerance in B. bovis lice on all four farms. To our knowledge, 

these are the first reports of deltamethrin tolerance in B. bovis lice in Irish cattle herds. 

Previously Sands and colleagues (2015) published similar reports of deltamethrin 

tolerance in B. bovis lice in the UK. Synthetic pyrethroid tolerance in vitro has also been 

reported in a number of different species of chewing lice of livestock including 

cypermethrin, alphacypermethrin and deltamethrin tolerance in the ovine chewing louse 

B. ovis (James et al. 1993; Levot et al. 1995), and cypermethrin and permethrin tolerance 

in the donkey chewing louse B. ocellatus (Ellse et al. 2012).   

Published information on the minimum concentration of synthetic pyrethroids required 

to kill lice in livestock is somewhat conflicting. With regard to in vitro contact bioassays 

to assess insecticide tolerance in lice, FAO (2004) guidelines state that ‘the survival of 

one or more louse at 5mg/l (0.0005%) or greater is taken as an indication of resistance’. 

However, Boray et al. (1988) reported the minimum synthetic pyrethroid concentration 

required to kill B. ovis lice to be 0.5ppm or 0.00005%, a concentration slightly less than 

that reported by the FAO. Nevertheless, in our study, B. bovis lice from 3 farms tolerated 

exposure to 1% deltamethrin and B. bovis lice from all 4 farms tolerated exposure to 0.5% 

deltamethrin, both of which are significantly greater concentrations than those specified 

by the FAO (2004) or Boray et al. (1988). Considering that the dispersal of a commercial 

louse management product through the coat of an animal is non-uniform, as demonstrated 

in sheep (Kettle et al. 1983; Johnson et al. 1995) and donkeys (Ellse et al. 2012), Sands 
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and colleagues (2015) previously argued that the concentrations of deltamethrin that B. 

bovis are exposed to in in vitro bioassays are probably considerably higher than the 

concentrations that the lice are likely to be exposed to in vivo. This non-uniform dispersal 

of louse management products through the coat can result in the exposure of lice to sub-

lethal concentrations which in turn can contribute to the emergence of pyrethroid-tolerant 

louse populations (Ellse et al. 2012). Furthermore, the ability of Bovicola spp. to 

reproduce by parthenogenesis is also strongly considered to be a major contributor to the 

rapid emergence of insecticide resistance in Bovicola lice (Ellse et al. 2012).  

Because misapplication of products can result in inaccurate results when conducting 

insecticide efficacy tests in vivo (Ellse and colleagues, 2012) insecticide efficacy testing 

in vitro is generally considered more reliable. In the study by Sands and colleagues 

(2015), a commercial 1% deltamethrin pour-on product was used to assess B. bovis 

tolerance in vitro which, when undiluted, led to high levels of louse mortality. However, 

the authors attributed the high mortality rate to the suffocation of the lice by the caprylic 

triglyceride excipient rather than the susceptibility of the lice to deltamethrin. As we used 

laboratory-grade deltamethrin without oily excipients the louse mortality rates we 

reported were unequivocally due to the drug. Repeat visits of one farm (farm 1) before 

and after treatment with a deltamethrin-based pour-on confirmed the bioassay results. 

In contrast, B. equi lice were found to be fully susceptible to deltamethrin. Similar results 

were reported in an in vivo study conducted in a group of horses infested with B. equi in 

France which found a 98% and 100% reduction in B. equi numbers at 7 and 15 days after 

the application of a 1% deltamethrin-based pour-on, respectively (Castilla-Castaño et al. 

2017). To our knowledge, there are currently no commercial deltamethrin-based louse 

management products licensed for use in horses in Ireland (HPRA, 2020) which probably 

accounts for the high susceptibility of B. equi lice to this ectoparasiticide. 

At first glance, the results of the ivermectin bioassay provide evidence of high levels of 

ivermectin tolerance in the B. bovis lice collected from farm 9. This was apparently 

confirmed by the farm manager who reported previous problems with the efficacy of a 

doramectin-based pour-on, although treatment with an ivermectin-based pour-on resulted 

in a visible improvement. 

In fact, previous researchers have suggested that contact bioassays such as that used in 

our study are not suitable for assessing ML efficacy in vitro as ML’s are slow acting 

compounds which are generally more effective on lice through ingestion rather than by 

contact with the chemical (Rugg and Thompson, 1993). They recommended that contact 

bioassays for ivermectin (and other MLs) should ideally be conducted for longer periods 
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of time than pyrethroid contact bioassays (approximately 48 hours) and should 

incorporate a food source, such as hair or skin scurf, for the results of the bioassay to be 

valid. It is therefore likely that the results of the ivermectin bioassay are not a true 

reflection of the ivermectin tolerance in this B. bovis population. In future studies, the 

efficacy of ivermectin should be tested in vivo by assessing louse infestations before and 

after treatment, while in vitro bioassays should include a food source.   

 

It must be stressed that this study was biased with regard to the study participants, as 

neither the participating farmers in the on-farm louse sampling nor those on the online 

discussion forums were selected randomly and they cannot be considered as 

representative of the entire population of cattle farmers in Ireland. Therefore, future 

studies including a larger, more representative sample size are warranted in order to 

confirm our results and to get a better understanding of the level of ectoparasiticide 

tolerance in Irish cattle lice. Furthermore, this study chiefly focused on beef herds. As 

dairy cattle are mostly of a different breed (i.e. Holstein rather than Charolais) which have 

a different coat and are managed in a different way from beef cattle, it is likely that their 

infection level with lice are also different. Therefore, future studies incorporating 

representative numbers of both beef and dairy herds are warranted. Nevertheless, this is 

the first study on the prevalence of lice, ectoparasiticide use and the emergence of drug-

tolerance in lice collected Irish cattle herds. As B. bovis deltamethrin-tolerance was 

observed in all four of the farms that bioassays were conducted in, it is possible that 

resistance of B. bovis also applies to other pyrethroids and at a much larger scale 

throughout the Irish cattle population.  
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Chapter III: The Distribution and Prevalence of Ixodes ricinus 
and its Associated Ruminant Pathogens Anaplasma 
phagocytophilum and Babesia divergens on Irish Cattle Farms 
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3.1 Abstract  
 

Ixodes ricinus is an important vector of a number of pathogens of both medical and 

veterinary importance. In Ireland, Anaplasma phagocytophilum and Babesia divergens, 

the causative agents of anaplasmosis and babesiosis, are the most important tick-borne 

pathogens affecting cattle. The aims of this study were to evaluate the prevalence of 

Ixodes ricinus and its infection rate with A. phagocytophilum and B. divergens on cattle 

farms across the Republic of Ireland. Trends in the use of ectoparasiticides to control ticks 

and farmer knowledge of the presence of ticks and tick-borne diseases on their farms were 

also investigated 

 

During the Summer of 2018 and 2019, 53 cattle farms were sampled for the presence of 

ticks. In total, 1,119 I. ricinus ticks were collected from 17 (32%) farms. Ticks were 

commonly found on rough pastures and near shrubbery on farmland and rarely on 

improved pastures. Structured interviews with farmers revealed that the majority of 

farmers knew whether ticks were present on their land and only treated their livestock for 

ticks where necessary. Out of 700 nymphal ticks collected from farms, 258 (36.9%) were 

positive for A. phagocytophilum and 14 (2%) for B. divergens respectively. The results 

of our study confirms anecdotal evidence that the improvement of agricultural land has 

resulted in a decline of tick populations on farmland in Ireland. Whilst molecular analysis 

indicated that the prevalence of A. phagocytophilum in questing ticks was much higher 

than B. divergens, anecdotal information from the participating farmers suggested the 

opposite.   
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3.2 Introduction  
 

Ixodes ricinus, also known as the castor bean tick or the sheep tick, is the most common 

species of tick in Europe and is an important vector of a number of biological pathogens 

of both medical and veterinary importance (Lejal et al. 2019). I. ricinus is a three-host 

tick known to parasitize a wide range of hosts including birds, reptiles and both small and 

large mammals (Taylor et al. 2006). Although known to parasitize many different hosts, 

I. ricinus ticks are known to spend approximately 90% of their 2-5-year life span free-

living in the environment (Zintl et al. 2017). The distribution of I. ricinus in the 

environment is greatly influenced by the physical conditions of the habitat, most notably 

moisture and humidity levels (Medlock et al. 2008). Because of this, I. ricinus are 

typically found in specific habitat types such as woodland, rough/unimproved pastures 

and damp, low-lying land (Zintl et al. 2014). In the UK, field studies of the presence of 

Ixodes ricinus on arable farmland found that the presence of I. ricinus within field margins 

adjacent to woodland areas and hedgerows was significantly higher than margins adjacent 

to arable land (Medlock et al. 2020). 

 

Information on the distribution of I. ricinus in Ireland is limited. Blanket dragging results 

of a pilot study conducted by Zintl et al. (2017) and reports on the incidence of bovine 

babesiosis and Lyme borreliosis have shown that I. ricinus is most prevalent in the west, 

north west and the River Shannon catchment areas of Ireland (Mckeown & Garvey, 2009; 

Zintl et al. 2014). Whilst this study did include some farmland sites, it focused specifically 

on farms which had reported problems with ticks and provided no information on the 

farm prevalence of ticks. Moreover, no attempts were made to investigate the distribution 

of ticks between different habitats on the same farm (Zintl et al. 2017).  

 

A number of tick-borne diseases have been reported within Irish livestock production 

systems, as listed previously in table 1.4. The most notable tick-borne diseases affecting 

cattle are bovine babesiosis, more commonly referred to as ‘redwater fever’ and 

anaplasmosis, or ‘tick-borne fever’. The occurrence of these diseases within cattle herds 

can have significant economic impacts on the producer as a result of veterinarian 

intervention in clinical cases, animal production losses and fatalities. Furthermore, the 

routine use of acaricides and appropriate pasture management to control tick numbers 

(and in turn reduce the incidence of tick-borne disease) has to be budgeted for (Dantas-

Torres et al. 2012). Reports on the incidence of bovine babesiosis in Ireland over the last 
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40 years indicate a decline in the incidence of the disease from 1.7% in the 1980s to 0.6% 

in 2013 (Zintl et al. 2014). In the UK similar reductions in the incidence of bovine 

babesiosis have also been observed (Vaughan, 1988). While it is difficult to determine 

exactly what the cause of this reduction is, factors such as the improvement of agricultural 

grazing, climate change and changes in cattle production systems have all been suggested 

as possible reasons (Zintl et al. 2014). Unlike bovine babesiosis, reports on the incidence 

of anaplasmosis in Ireland are limited. The pilot study published in 2017 by Zintl and 

colleagues reported that A. phagocytophilum, the causative agent of anaplasmosis was 

present in 5 out of 26 sites where ticks were collected. Moreover, it was detected in 67% 

and 83% of engorged ticks collected from sheep and cattle respectively. The high 

prevalence of A. phagocytophilum observed in this study was supported by anecdotal 

evidence from farmers and veterinarians on the incidence of anaplasmosis in Irish 

livestock production systems.  

 

The aims of this study were to investigate the prevalence of I. ricinus on cattle farms 

across the Republic of Ireland and the distribution of I. ricinus within habitats on 

farmland. All ticks collected on farms were screened for the presence of B. divergens and 

A. phagocytophilum. Tick prevalence data and infection rates with TBPs were compared 

against information provided by farmers of the presence of ticks and the incidence of tick-

borne disease on their farm. 
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3.3 Materials and Methods 
 

3.3.1 Farm Recruitment 
 

Overall, 53 farms (5 in 20181 and 48 in 2019) distributed across the Republic of Ireland 

took part in this study. This included 28 farms which also participated in an unrelated, 

observational study organized by Teagasc Moorepark, 7 farms which were recruited with 

the help of MSD Animal Health Ireland and 6 farms that were recruited with the help of 

Teagasc Athenry. An additional 9 farms were contacted privately and 2 farms were 

recruited by a veterinary practitioner based in the west of Ireland because there were 

problems with tick-borne diseases (TBDs) on these farms. Finally, one farmer who was 

concerned about tickborne diseases contacted us directly and asked to be included in the 

tick survey. Participating farms included 29 dairy farms, 4 dairy contract-rearers, 2 mixed 

dairy contract-rearing and sheep enterprises, 15 beef farms and 3 mixed beef and sheep 

enterprises. According to a predictive map for the presence of Ixodes ricinus in Ireland 

(Zintl et al. 2020) (Fig.3.1) 32 of the participating farms were located in areas predicted 

to be suitable for ticks. With exception of the 3 farms which had experienced problems 

with TBDs in the past, the incidence of ticks and tick-borne pathogens on the selected 

farms was not known. This was done in order to avoid bias.  

 

 

Figure 3.1: A predictive map of Ixodes ricinus distribution in Ireland (Zintl et al. 2020) 

 
1 These farms were visited by an undergraduate student, Sorcha Brosnan during a summer student project 
in 2018 
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3.3.2 Structured Interviews with Participating Farmers 
 

During 2019, a structured interview was carried out with each farmer where participants 

were queried about the presence of ticks and TBDs on their farm, both at present and in 

the past. In addition, they were asked about any preventative measures that are being used 

to control ticks and TBDs on the farm. A list of the questions that were asked during the 

interviews is provided in Table 3.1. 

 

Table 3.1: List of questions asked in the tick structured interview 

Question Asked 

Do you ever notice any ticks attached to your 

livestock? 

Do you have issues with tickborne diseases 

on your farm? If yes, which one(s), when did 

these problems occur and how often? How 

were infections confirmed?  

Do you treat your livestock against ticks? 

If yes which products do you use and at what 

time of the year do you use them? 

Do you think that (some) tick treatments are 

less effective than they were in the past?  

If yes, what products do you think have 

reduced efficacy? 

Any further comments/observations? 

 

3.3.3 Tick Collection and Species Identification 
 

All field visits were carried out between May and August 2018 and April and July 2019. 

On each farm at least 3 different habitats were sampled. A list of the different types of 

habitats that were identified on the farms is listed in Table 3.2. Questing ticks were 

collected using the standard flagging method described by Gray (1985) whereby a 1x1m2 

cotton sheet attached to a pole was swept over vegetation at approximately 50-100cm 

above ground level. 35 5-meter sweeps were conducted per sampling site (Medlock et al. 

2018). 
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Overall, 323 sites were sampled on the 53 farms. On each site the GPS coordinates and 

altitude (m) were recorded using a GPSMAP® 64 (Garmin®, Kansas, USA) and relative 

humidity (%) and temperature (°C) were recorded using a digital temperature and 

humidity meter (Draper®. Hampshire, UK). The habitat and vegetation types within the 

sampling area were also noted. 

 

Table 3.2: List of habitat types on farmland sampled for the presence of I. ricinus 

Habitat 

Edge of Woodland 

Inside Woodland 

Edge of Path 

Edge of Cattle Roadway 

Hedge Between Pastures 

Hedge Between Pasture and 

Roadway 

Middle of Pasture- Rough or 

Improved 

Edge of River/Stream/Waterbody 

Stone Walls/Stone Ditch  

 

After each 5m2 sweep, flags were checked for ticks and any nymphal or adult ticks that 

were attached to the flag were collected using watchmaker forceps (Samco Watchmakers 

Forceps, No. 4, E010/04, Samco, UK) (Fig 3.2) and stored in 1.5ml tubes labelled with 

the site number. Each collection tube contained a blade of grass to provide humidity to 

the collected ticks. In the laboratory, the number of ticks collected per site was noted and 

the ticks were morphologically identified to life cycle and species level using the 

taxonomic keys provided by Hillyard (1996).  
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Figure 3.2: A nymphal tick being collected from a flag using forceps 

 

3.3.4 Tick DNA Isolation 
 

Prior to DNA isolation, the collected ticks were killed and surface sterilized by 

submersion in 70% ethanol for 5 minutes followed by immersion in distilled water for 5 

minutes. Subsequently ticks were blotted dry on tissue paper and stored at -80°C. 

Only nymphal ticks were included in the PCR analysis. DNA isolation was performed 

using the QIAGEN QIAamp® DNA Mini Kit over two days as follows.  

 

Day 1 

Using forceps, individual nymphs were placed into 2ml screw cap micro tubes (Sarstedt™ 

Cat No. 72.694.006, Sarstedt™, Germany) containing six 2.8mm stainless steel beads 

(Precellys® Montigny-le Bretonneux, France). Following addition of 200μl of Dulbeccos 

Modified Eagle Medium (DMEM) supplemented with 10% calf serum (Sigma-Aldrich®, 

USA) the samples were homogenized at 5000rpm for 30 seconds four times with a 1-

minute break between each run using the MagNA Lyser Instrument (Roche, Rotkreuz, 

Switzerland). 

Following homogenization, 200μl of lysis buffer (provided with the QIAGEN QIAamp® 

DNA Mini kit) were added to each tube. The tubes were then vortexed for 5 seconds and 

centrifuged for 1 minute at 960rcf. The mix was transferred from the 2ml micro tube into 

a 1.5ml Eppendorf tube (Eppendorf® microtubes 3810X mfr no. 0030 125.150, 

Eppendorf AG, Hamburg, Germany). 20μl of the digestion enzyme proteinase K was 

added, the samples were vortexed for 15 seconds and then centrifuged at 8000rpm for 30 
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seconds. Subsequently tubes were incubated overnight at 56°C and 100rpm in a shaking 

incubator. 

 

Day 2 

Samples were removed from the shaking incubator and DNA was extracted as per the 

manufacturers’ recommendations (QIAGEN GmbH, Hilden, German). Extracted DNA 

was stored at -20°C until further use.  

 

3.3.5 TaqMan PCR Analyses  
 

DNA extracted from individual ticks was analyzed using 3 separate TaqMan PCR assays. 

The first assay, which detected the DNA of I. ricinus acted as a method of species 

confirmation as well as a control for successful DNA extraction. The other 2 TaqMan 

PCR assays were used to screen the tick DNA extracts for the presence of A. 

phagocytophilum and B. divergens. The primers and probes used in the TaqMan assays 

were optimized by Zaid (2020) from protocols designed by Michelet et al (2014) and are 

listed below with their targets and product lengths (Table 3.3). 
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Table 3.3: List of targets genes/sequences, primers & probes used in the TaqMan PCR Analyses 

Species Target 

Gene 

Primers/Probes Sequence Length of 

product 

(bp) 

Ixodes ricinus ITS2 Ix_ri_ITS2_F 

Ix_ri_ITS2_R 

Ix_ri_ITS2_P 

5’CGAAACTCGATGGAGACCTG 

5’ATCTCCAACGCACCGACGT 

FAM-

TTGTGGAAATCCCGTCGCACGTTGAAC-

BHQ1 

77 

Anaplasma 

phagocytophilum 

Msp2 An_ph_msp2_F 

An_ph_msp2_R 

An_ph_msp2_P 

5’GCTATGGAAGGCAGTGTTGG 

5’GTCTTGAAGCGCTCGTAACC  

FAM-

AATCTCAAGCTCAACCCTGGCACCAC-

BHQ1 

77 

Babesia 

divergens 

Hsp70 Bab_di_hsp70_F 

Bab_di_hsp70_R 

Bab_di_hsp70_P 

5’CTCATTGGTGACGCCGCTA 

5’CTCCTCCCGATAAGCCTCTT 

FAM-

AGAACCAGGAGGCCCGTAACCCAGA-

BHQ1 

83 
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TaqMan PCR reactions were carried out in a total reaction volume of 20μl, with each well 

of the PCR plate (FrameStar® 96 Well Semi-Skirted PCR Plate, ABI® FastPlate Style, 

4titude, UK) containing 1.2μl each of the forward and reverse primers (5μM), 0.4μl of 

the respective probes (5μM), 10μl of 2x FastStart Universal Probe Master (ROX) (Roche 

Diagnostics GmbH (Mannheim, Germany), 2.2μl of nuclease-free water (Ultrapure™ 

DNase/RNase Free Distilled Water, Invitrogen™, MA, USA) and 5μl template DNA. All 

TaqMan PCR assays were performed in an Applied Biosystems® 7500 Fast Real-Time 

PCR System (ThermoFisher, MA, USA). Cycling conditions were as follows: 10 minutes 

at 95°C followed by 40 cycles of 15 seconds at 95°C and 1 minute at 60°C. 

 

qPCR assays for the detection of I. ricinus DNA were performed singly, i.e. without 

replicate, while the screens for A. phagocytophilum and B. divergens were performed in 

duplicate. For the I. ricinus and A. phagocytophilum assays, a 410bp synthetic construct 

which included binding sites for the respective primers and probes (Zaid, 2020) was used 

as the positive control. For the B. divergens TaqMan assay, the positive control consisted 

of DNA extracted from stored in vitro cultures of B. divergens. Nuclease-free water was 

used as the negative control in all assays.  

For the A. phagocytophilum and B. divergens assays, samples were considered positive if 

there was amplification in both replicates, with at least one replicate having a Ct value of 

≤ 37. Duplicates that gave rise to a single amplification with a Ct value of ≤  37 were 

repeated. Repeated samples that gave rise to amplification with a Ct value of  ≤  37 in at 

least one of the replicates were considered positive. The plate set-up for the duplicate 

screening of pathogens is shown in figure 3.3. 
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Figure 3.3: Example layout of A. phagocytophilum and B. divergens TaqMan PCR 

plate 

 

3.3.6 Data Analysis  
 

A map of the locations of farms in Ireland where ticks were present and absent was created 

using ArcMap 10.7 (ArcGIS ESRI, Redlands, CA) by plotting the GPS coordinates of 

each farm using WGS84 (World Geodetic System 1984). 

All data was stored in Microsoft Excel (Microsoft Excel for Mac, 2020). All calculations 

were made by hand, including the 95% confidence intervals surrounding the prevalence 

of I. ricinus within habitats on farms and the prevalence of A. phagocytophilum and B. 

divergens in ticks (Moore and McCabe, 1988).  
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3.4 Results  
 

3.4.1 Prevalence of Ixodes ricinus on Irish cattle farms  
 

Of the 53 farms sampled, 17 (32%) were positive for the presence of ticks, with a range 

of 1-461 ticks collected per farm. A total of 1,119 ticks were collected from 47 sites across 

the 17 farms including 1,047 nymphs, 40 adult males and 32 adult females (Table 3.4). 

All ticks were identified by morphology as Ixodes ricinus. 

 

Table 3.4: Number of nymphs, adult male and adult female ticks collected on farms in 

2018 and 2019 

Location Farm 

Type 

Year n 

(nymphs) 

n 

(males) 

n 

(females) 

Cavan Dairy 2019 26 0 0 

Galway Dairy 2019 58 2 0 

Kerry Dairy 2018 74 2 0 

Dairy 2018 449 7 5 

Beef 2018 175 14 12 

Beef 

& 

Sheep 

2018 50 6 7 

Laois Beef 2018 11 1 0 

Leitrim 

 

Beef 2019 54 1 5 

Beef 2019 4 2 0 

Beef 2019 3 0 0 

Limerick Dairy 2019 50 1 0 

Longford Beef 2019 3 0 0 

Mayo Beef 2019 83 4 3 

Beef 2019 1 0 0 

Beef 

& 

Sheep 

2019 2 0 0 

Offaly Beef 

& 

Sheep 

2019 3 0 0 
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Tipperary Dairy 2019 1 0 0 

  Total 1047 40 32 

 

Farms where ticks were present were mostly located in the mid/southwest and midlands 

areas of Ireland (Fig. 3.4). All 17 farms where I. ricinus ticks were collected had been 

predicted to be suitable for ticks according to the spatial model (Figure 3.1) published by 

Zintl et al (2020). These represented 53% of the total of 32 farms where I. ricinus had 

been expected to be present.  

 

 
Figure 3.4: The presence and absence of ticks on farms sampled in 2018 and 2019 

(n=53) 

 

Habitat type was recorded for all 88 of the sampled sites on 16 of the 17 farms where 

ticks were found. Due to operational issues, habitat types were not recorded for the sites 

sampled on farm 17 and therefore farm 17 was not included in this analysis. Data on the 

presence of ticks in different habitat types across the 16 farms is presented in table 3.5.  
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Ticks were frequently found in rough, un-improved pastures, with ticks being present in 

73% of the 15 sampled habitats classed as ‘The middle of rough pasture’. Ticks were 

collected in 62.5% of habitats classed as ‘Shrub bordering rivers/streams/waterbodies’, 

59% of habitats classed as ‘Hedgerows, stone walls and ditches between fields’. 50% of 

habitats classed as ‘Inside woodland’ and ‘Shrub bordering paths, internal farm roadways 

and other roadways’ respectively and 33% of habitats classified as ‘The edge of 

woodland’. Ticks were least frequently found in the middle of improved, well maintained 

pastures, with 17% of the total sampled ‘Middle of improved pasture’ habitat sites being 

positive for ticks.  

 

Table 3.5: The prevalence of I. ricinus in different habitat types on farmland.  
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Habitat type 
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Farm 1  100%  

(n=2) 

0% 

(n=1) 

67% 

(n=3) 

100% 

(n=1) 

N/A N/A 100% 

(n=1) 

Farm 2  100% 

(n=1) 

0% 

(n=1) 

75% 

(n=4) 

N/A N/A 0% 

(n=1) 

N/A 

Farm 3  0% 

(n=1) 

0% 

(n=1) 

N/A 0% 

(n=1) 

100% 

(n=1) 

N/A 0% 

(n=3) 

Farm 4  N/A 0% 

(n=1) 

0% 

(n=1) 

N/A 100% 

(n=1) 

0% 

(n=1) 

0% 

(n=1) 

Farm 5  0% 

(n=1) 

N/A 50% 

(n=4) 

100% 

(n=1) 

0% 

(n=1) 

N/A N/A 
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Farm 6  100% 

(n=1) 

0% 

(n=1) 

100% 

(n=1) 

0% 

(n=1) 

N/A N/A N/A 

Farm 7  100% 

(n=1) 

N/A 33% 

(n=3) 

N/A N/A N/A N/A 

Farm 8  N/A 0% 

(n=1) 

100% 

(n=1) 

N/A 0% 

(n=1) 

N/A 100% 

(n=1) 

Farm 9  N/A N/A 0% 

(n=1) 

100% 

(n=1) 

N/A N/A 25% 

(n=4) 

Farm 10  50% 

(n=2) 

N/A 50% 

(n=2) 

0% 

(n=1) 

N/A N/A 100% 

(n=1) 

Farm 11  N/A 0% 

(n=1) 

0% 

(n=1) 

100% 

(n=1) 

0% 

(n=2) 

N/A N/A 

Farm 12  0% 

(n=1) 

0% 

(n=1) 

50% 

(n=2) 

N/A N/A N/A 0% 

(n=1) 

Farm 13  100% 

(n=1) 

50% 

(n=2) 

100% 

(n=2) 

100% 

(n=1) 

N/A 100% 

(n=1) 

100% 

(n=1) 

Farm 14  N/A 100% 

(n=1) 

100% 

(n=2) 

N/A N/A 100% 

(n=1) 

100% 

(n=1) 

Farm 15  100% 

(n=2) 

N/A N/A N/A N/A N/A 100% 

(n=1) 

Farm 16  100% 

(N=2) 

0% 

(n=1) 

N/A N/A N/A N/A 100% 

(n=1) 

Total (% 

Positive; 95% 

CI) 

73%  

(48-

98%) 

(n=15) 

17%    

(-7-

41%) 

(n=12) 

59%  

(40-

79%) 

(n=27) 

62.5%  

(22-

103%) 

(n=8) 

33%  

(-16-

84%) 

(n=6) 

50% 

(-30-

130%

) 

(n=4) 

50% 

(23-

77%) 

(n=16) 

 

3.4.2 Structured Interviews with Participating Farmers 
 

Structured interviews with participating farmers revealed that the majority of farmers 

(66.7%) never noticed ticks on their livestock while 12 farmers (26.7%) reported 

sometimes seeing ticks on their livestock. The remaining 3 farmers (6.7%) said they 

frequently observed ticks on their livestock (Fig. 3.5). Moreover, most farmers indicated 

that the incidence of TBDs in their herds had decreased (Table 3.6) with 35.6% of farmers 
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stating they used to have cases of babesiosis years ago but only 13% of farmers reporting 

cases in the last 12 months. The reported incidence of tick-borne fever (TBF) was 

generally lower than babesiosis and the apparent decline less pronounced, with 8.9% of 

farmers reporting having cases of TBF within their herd years ago and 7% of farmers 

having observed cases of TBF in the last 12 months.  

 

 
Figure 3.5: Farmer observations on the presence of ticks on their livestock (n=45) 

 

Table 3.6: Farmer responses on the incidence of tick-borne disease within their herd 

(n=45) 

 Have you had any cases of 

tick-borne disease in your 

herd in the last 12 months 

Have you had any cases of 

tick-borne disease in your 

herd in the past (>12 

months ago) 

Yes, Babesiosis 

(B. divergens) 

13.0% 35.6% 

Yes, Tick-borne Fever 

(A. phagocytophilum) 

7.0% 8.9% 

No 80.0% 55.6% 

 

Comparison of the questionnaire survey responses and blanket dragging results (Table 

3.7) showed that on farms where no ticks were detected by blanket dragging, 26 (57.8%) 

farmers reported never seeing ticks on their livestock while 9 (20.0%) farmers said they 

do regularly observe ticks on their animals. On farms where ticks were collected by 

blanket dragging, 6 (13.3%) farmers did regularly observe ticks on their livestock while 

4 (8.9%) farmers reported never seeing ticks attached to their animals. With regard to the 

on-farm incidence of TBDs, on farms where no ticks were collected by blanket dragging, 

Frequently sees ticks
Sometimes sees ticks
Never sees ticks
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6 (13.3%) of farmers said they had observed cases of TBDs in the previous 12 months 

while 29 (64.4%) had not. On farms where ticks were collected by blanket dragging, 3 

(6.7%) farmers had had cases of TBDs in their herd in the 12 months prior to sampling 

and 7 (15.6%) of farmers had not. 

 

Table 3.7: A comparison of on-farm tick sampling results and farmer questionnaire 

survey responses (n=45) 

Blanket 

Dragging 

Results 

Questionnaire Surveys  

Do you see ticks on your 

livestock? 

TBDs present within the herd 

in the last 12 months? 

Yes No Yes No 

Ticks collected 6 (13.3%) 4 (8.9%) 3 (6.7%) 7 (15.6%) 

No ticks 

detected 

9 (20.0%) 26 (57.8%) 6 (13.3%)  29 (64.4%) 

 

9 farmers (20%) reported that improving pasture quality, either through mechanical 

removal of scrub or rough grazing or by completely reseeding rough pastures, resulted in 

an observed reduction in ticks numbers and the incidence of TBDs on their farm. 5 (33%) 

of farmers who observed ticks on their livestock reported routinely treating their livestock 

for ticks with a commercial acaricide.  

 

3.4.3 TaqMan PCR Analyses 
 

A total of 700 nymphs were screened by TaqMan PCR for the presence of A. 

phagocytophilum and B. divergens including 283 collected from farms in 2019 and 417 

collected from farms in 2018. Of the total number of ticks screened, 258 (36.9%) were 

positive for A. phagocytophilum and 14 (2%) were positive for B. divergens (Table 3.8).  
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Table 3.8: The prevalence of A. phagocytophilum and B. divergens in nymph Ixodes 

ricinus ticks collected from farmland in 2018 and 2019. 

Location Farm 

Type 

Year No. 

nymphs 

collected 

on farm 

No. ticks 

screened for A. 

phagocytophilum 

& B. divergens  

No. ticks positive 

for A. 

phagocytophilum 

(%) (95% CI) 

No. ticks 

positive 

for B. 

divergens 

(%) 

(95% 

CI) 

Cavan Dairy 2019 26 26 20 (76.9%) 0 (0%) 

Kerry Dairy 2018 74 73 8 (11.0%) 0 (0%) 

Dairy 2018 449 160 81 (50.6%) 13 (8.1%) 

Beef 2018 175 125 98 (78.4%) 0 (0%) 

Beef 

& 

Sheep 

2018 50 48 9 (18.8%) 0 (0%) 

Laois Beef 2018 11 11 1 (9.1%) 0 (0%) 

Leitrim 

 

Beef 2019 54 54 17 (31.5%) 0 (0%) 

Beef 2019 4 4 2 (50.0%) 0 (0%) 

Beef 2019 3 3 1 (33.3%) 0 (0%) 

Limerick Dairy 2019 50 47 3 (6.4%) 1 (2.1%) 

Longford Beef 2019 3 3 1 (33.3%) 0 (0%) 

Mayo Beef 2019 83 83 13 (15.7%) 0 (0%) 

Beef 2019 1 1 0 (0%) 0 (0%) 

Beef 

& 

Sheep 

2019 2 2 0 (0%) 0 (0%) 

Offaly Beef 

& 

Sheep 

2019 3 3 3 (100%) 0 (0%) 

Tipperary Dairy 2019 1 1 1 (100%) 0 (0%) 

  Total 1047 700 258 (36.9%) 

(33.4-40.4%) 

14 (2%) 

(1-3%) 
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3.5 Discussion  
 

To our knowledge, this is the most extensive survey of the prevalence of I. ricinus and its 

associated ruminant pathogens Anaplasma phagocytophilum and Babesia divergens on 

farmland in Ireland conducted to date. The study also provides novel information on 

farmer awareness of ticks and TBPs. 

 

In our study, I. ricinus was identified on 17 (32%) of farms. As expected, all of the farms 

that were positive for ticks were located in the western and midlands areas of the country, 

confirming previous reports on the higher prevalence of ticks (and tick-borne diseases) in 

these areas (Zintl et al. 2017; Zintl et al. 2014; Mckeown & Garvey, 2009).  

According to a predictive map of the distribution of I. ricinus in Ireland (Zintl et al. 2020), 

ticks were expected to be present on 32 of the participating farms in our study. In actual 

fact, ticks were detected on only 53% (17) of these farms, with high abundances of ticks 

being observed on only 8 farms. This may be a reflection of the poor predictive power of 

the published maps. On the other hand, it is worth noting that just over 50% of the 

participating farms were active dairy enterprises, which are generally considered to have 

less fragmented, better quality and better managed pastures than beef enterprises. It is 

possible therefore that the inclusion of a large number of dairy farms in the study accounts 

for the low prevalence of ticks we observed. In Ireland, the ever-declining profitability of 

beef farming along with the abolition of milk quotas in 2015 has seen a large number of 

beef farmers transitioning to dairy (IFA, 2020). The continuation of this trend over the 

coming years could see a significant increase in the improvement of agricultural land in 

Ireland and in turn a reduction in the incidence of ticks and tick-borne diseases on farms. 

It has previously been speculated that the decline of bovine babesiosis in Ireland over the 

last 40 years may be due to decreasing tick numbers caused by the clearance of rough 

pastures and general improvement of farmland over time (Zintl et al. 2014). Interestingly, 

in our study, a number of farmers reported a reduction in the numbers of ticks attached to 

livestock and the incidence of tick-borne disease on their farms coincident with the 

removal of rough pastures and the improvement of pasture management practices over 

the years. An analysis of the tick distribution in different habitats showed that they were 

commonly found in rough, unimproved pastures and around areas of shrub and 

hedgerows dividing pastures whilst relatively low numbers of ticks were found in areas 

of improved and well managed pastures. This was expected based on previous reports in 

the literature that this species is common in areas of rough, unimproved vegetation (Zintl 
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et al. 2014; Medlock et al. 2020). These results agreed well with reports published by 

Medlock and colleagues (2020) who found that on arable land, ticks most commonly 

occurred in the field margins beside unmanaged areas such as hedgerows and woodland 

in comparison to the field margins adjacent to managed arable land.  

It is of course possible that we failed to collect ticks on some of the farms even though 

they were present, considering that only a small subset of habitats was sampled on each 

farm and that each farm was visited just once. Suboptimal weather conditions on the date 

of the visit could have also impacted the detection of ticks, considering that the activity 

of I. ricinus is determined by environmental parameters such humidity, moisture and 

temperature (Donnelly and McKellar, 1970). Nevertheless, our findings might indicate 

that in agricultural settings, the improvement and stringent management of grazing 

pastures may play a vital role in a reduction of tick populations and subsequent incidence 

of tick-borne disease on farms.  

Comparison of the blanket dragging results and the results of the structured interviews 

showed that farmer knowledge on the presence of ticks on their farmland was accurate 

in 71% of all cases. These results suggest that farmers in Ireland have a good awareness 

of the presence of ticks on their farms. Interestingly, many of the farmers stated that 

they did not routinely treat their animals for ticks, even those who observed ticks on 

their livestock, indicating that they did not consider them to pose a major risk to their 

livestock.  

 

The results of the TaqMan PCR analysis indicated that 258 (36.9%) nymphal ticks were 

positive for A. phagocytophilum. Whilst this finding agrees with Zintl and colleagues 

(2017) who also reported a high prevalence of A. phagocytophilum in questing ticks in 

Ireland, it is considerably higher than prevalence rates reported in questing ixodid ticks 

in other European countries such as Portugal (4%), Germany (8.7%), Belarus (4.2%) and 

Estonia (1.7%) (Santos et al. 2004; Silaghi et al. 2012; Katargina et al. 2012). It is 

important to note that the protocol used to screen DNA isolates for TBP in our study 

recommended that samples that were positive according the TaqMan PCR should be 

confirmed by conventional PCR and sequencing (Michelet et al. 2014). However due to 

COVID-19 restrictions It was not possible to conduct these follow up experiments. 

Moreover, Michelet and colleagues do not provide a cut off Ct value for the TaqMan PCR 

analysis above which amplifications should be considered ‘false positive’. As many of 

the samples that were considered to be positive in our study had Ct values of between 35 

and 37, it is possible that these samples were in fact false positives.  
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In our study, the prevalence of B. divergens in 700 questing nymph ticks was 2% which 

is comparable to figures published for a number of countries in Europe, such as Sweden 

(0.2%), Poland (0.2%), Norway (0.9%) and Lithuania (2%) (Karlsson and Andersson, 

2016; Wójcik-Fatla et al. 2015; Radzijevskaja et al. 2008). In contrast in Belgium, B. 

divergens was not detected in any of the 625 questing ticks collected on pasture, despite 

bovine babesiosis being endemic in the sample area (Lempereur et al. 2012).  

Over the last 40 years, the incidence of bovine babesiosis has declined considerably in 

Ireland, from approximately 1.7% of the national herd and 30% of farms being affected 

in the 1980’s to just 5% of farmers reporting cases in 2013 (Zintl et al. 2014). A previous 

study failed to detect B. divergens in any ticks collected from 13 farmland sites across 

Ireland (Zintl et al 2017). These findings together with the present study suggest that the 

prevalence of B. divergens in questing ticks on farmland is relatively low. As there is no 

comparable data available on the prevalence of B. divergens in questing ticks on farmland 

prior to our study, it is not clear whether the reduced prevalence of bovine babesiosis in 

Ireland is due to reduced tick infection rates or reduced absolute numbers of ticks that are 

infected at a stable rate.  

 

The results of the structured interviews indicated that in the 12 months prior to sampling 

the observed incidence of bovine babesiosis (13%) was higher than the incidence of tick-

borne fever (TBF) (7%). With regards to the TaqMan PCR analysis of the presence of the 

causative agents of these two TBD’s, A. phagocytophilum and B. divergens, in questing 

ticks on farmland, the prevalence of A. phagocytophilum was much higher than the 

prevalence of B. divergens. Considering that the clinical signs of TBF (weakness, fever 

and a drop in milk yield) are quite unspecific, an accurate diagnosis of the disease based 

on clinical signs alone is difficult in comparison to babesiosis, where the occurrence of 

hemoglobinaemia and hemoglobinuria, from which the disease gets its common name 

‘redwater fever’, is a clear indication of clinical babesiosis. It must be stressed, of course, 

that the prevalence of the 2 TBPs it ticks is unlikely to directly translate to prevalence 

rates of the 2 diseases in life stock as other factors such as relative tick exposure and 

susceptibility to infection and disease also play an important role. Moreover, the proviso 

regarding the specificity of the A. phagocytophilum TaqMan PCR should be born in mind. 

Nevertheless, these results may indicate that a proportion of cases of TBF on cattle farms 

go unnoticed by the farmer. 
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The results of our study confirm previous anecdotal evidence that the incidence of ticks 

and tick-borne diseases on farmland in Ireland is declining. Moreover, our study 

provides new evidence that farmers in Ireland have a good awareness of ticks and 

TBDs. Considering the recent trends in the improvement of agricultural land in Ireland, 

it is probable that the continuation of the removal of rough pastures will lead to a further 

decline in tick populations and the incidence of tick-borne disease within Irish livestock 

herd. Future studies encompassing a larger sample size are warranted in order to 

confirm our results and our speculations around the continued decline in tick 

populations. Moreover, further research focusing on farms that consist of predominately 

unimproved, poorer quality pastures such as on beef and sheep enterprises are also 

needed to determine the prevalence of ticks and tick-borne diseases on such farms. 
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Chapter IV: General Discussion 
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Cattle are affected by a wide range of ectoparasites including lice, ticks, mites and flies. 

At present, little is known about the true production and economic losses associated with 

ectoparasite infestations within livestock herds, however such infestations undoubtably 

pose significant animal welfare concerns. Whilst some ectoparasites such as lice and 

mites are harmless when present in small numbers, heavy infestations cause significant 

irritation, skin damage and stress to the animal. Other hematophagous ectoparasites, such 

as ticks, flies and certain species of lice, can also cause anemia as well as acting as vectors 

to a number of harmful pathogens and diseases. Ectoparasites of livestock are typically 

controlled by the use of topically applied commercial insecticides, however concerns 

have been raised in recent years over their overuse and consequent emergence of 

insecticide-tolerant ectoparasite populations on farms. In order to tackle the emergence 

of resistant populations of ectoparasites, experts have recommended that the use of 

insecticides on farms should be significantly reduced and replaced by integrated pest 

management where possible. In order to implement such approaches, detailed information 

of the ectoparasites, their epidemiology and biology and the levels of infestation that are 

present on individual farms is required.  

 

This study aimed to investigate the prevalence and the levels of control of lice and ticks 

on cattle farms in Ireland and to better understand farmer perceptions towards the risks 

associated with infestations with these ectoparasites. The general consensus amongst 

farmers was that seasonal infestations of lice within cattle herds are somewhat inevitable 

yet manageable and that lice generally do not pose any major risks to the health and 

wellbeing of their cattle. As a matter of fact, our survey indicated that infestations of lice 

were well managed on the majority of farms. However, insecticide resistance was 

detected in the cattle lice populations on several farms and coincided with a decline in the 

physical condition of the animals, highlighting the importance of the emergence of 

insecticide tolerant species of lice from an animal welfare point of view.  Future research 

is warranted in order to determine how common insecticide resistance is on Irish farms 

and what its economic impacts are.  

 

In recent years, there has been a strong focus on educating cattle farmers on the risks and 

the management of the emergence of resistant population of endoparasites such as 

parasitic nematodes and flukes. The same attention has not been given to insecticide 

resistance in ectoparasites. For example, in our study, a number of farmers noted 

problems with the efficacy of certain commercial louse management products but often 
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attributed these problems to the products being of poor quality rather than the possibility 

of insecticide resistance. This observation is not surprising, considering that insecticide 

susceptibility testing for ectoparasites is somewhat limited in comparison to 

endoparasites, where laboratory tests such as the faecal egg count reduction tests are 

easily accessible, providing farmers with accurate information on the occurrence of 

endoparasite resistance on their farm.  

It is evident that the emergence of insecticide resistance needs to be better publicized. 

However, providing advice on how to avoid resistance development remains a significant 

challenge, particularly with regard to obligate parasites such as lice. Firstly, when 

implementing integrated pest management strategies, the official advice is to use non-

chemical treatment alternatives where possible. However, there are very few non-

chemical alternatives available to manage infestations of lice in comparison to other 

ectoparasites such as ticks, who can be targeted within the environment by means of 

pasture and grazing management. Secondly, current advice on how to manage resistant 

louse populations is quite conflicting and confusing. For example, the FAO (2004) 

guidelines state that in order to reduce the incidence of insecticide resistance in lice, 

farmers should avoid an annual ‘blanket treatment’ of the entire herd in order to avoid 

unnecessarily treating un-infested animals. However, in the same document it is also 

noted that by only treating the animals that are presenting with clinical signs of lice 

infestation, an effective reduction of overall louse populations within the herd is unlikely, 

as lice from untreated animals will spread to treated animals, re-establishing the 

infestation and necessitating subsequent treatments. Moreover, rotation between chemical 

classes to avoid resistance development is challenging due to the limited number of 

chemical classes that are licensed to treat cattle lice both in Ireland and abroad. Therefore, 

implementing this strategy is difficult and its effectiveness is limited, particularly when 

resistance to one chemical class has already occurred.  

 

With regards to ticks, local knowledge on whether they were or were not present on the 

farm was generally accurate. In fact, in many cases, farmers were able to point out the 

exact areas on their farms where ticks were occurring.  

The use of chemicals to treat tick infestations within cattle herds was uncommon amongst 

farmers in our study, with only a small number opting to use commercial ectoparasiticides 

to target ticks in particular, all of whom had noted the presence of ticks on their land 

previously. Moreover, many of the farmers in our study attributed a reduction in the 

numbers of ticks and cases of tick-borne diseases to an improvement of pasture quality, 
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rather than through the use of ectoparasiticide treatment. Whilst we did not conduct any 

insecticide susceptibility testing on the ticks collected in our study, it is possible that due 

to discrepancies in management strategies as well as differences in their biology, the 

occurrence of insecticide resistance is much lower in ticks than in lice present on the 

farms.  

Farmer knowledge of ticks is not only important in order to effectively control tick 

populations themselves, but also in order to mitigate the incidence of tick-borne diseases 

within livestock herds. In our study we screened 700 questing Ixodes ricinus nymphs 

collected from farmland for the ruminant tick-borne pathogens Anaplasma 

phagocytophilum and Babesia divergens and calculated the prevalence of these pathogens 

to be 36.9% and 2% respectively. However, as we were unable to confirm the TaqMan 

results using conventional PCR, these results should be taken with caution. Also, there is 

little comparable published data on the prevalence of these pathogens in ticks in Ireland. 

Future studies are therefore warranted in order to confirm our results and to provide 

farmers with more accurate information on the prevalence of these pathogens on farmland 

in Ireland. 

 

The results of this study provide new information on the prevalence and control of lice 

and ticks amongst Irish cattle herds and on farmer opinions and awareness of these 

ectoparasites and the risks that they pose to cattle production. Based on the observations 

made in our study, a number of recommendations can be made for future work on the 

management of ectoparasites within livestock herds both in Ireland and abroad.  

 

• In order to reduce the reliance of farmers on chemical treatments for treating 

infestations of lice, non-chemical alternatives should be made available. Future 

studies are warranted in order to evaluate the viability and functionality of non-

chemical treatments such as funguses and essential oils for treating infestations of 

lice in cattle.  

• Clearer advice on how cattle farmers can sustainably control infestations of lice 

while also mitigating the emergence of insecticide tolerant louse colonies within 

livestock herds needs to be compiled and made publicly available. 

• The management of cattle during the winter housing period should be considered 

holistically. Overcrowding of animals within sheds should be avoided where 

possible and new stock should be quarantined and treated appropriately for lice. 

During treatment, care should be taken to ensure the correct dose is given by 
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following the manufacturers guidelines, checking that the dosing gun is calibrated 

correctly and treated animals according to their weight. Some farmers in our study 

noted that shaving the backs of their animals in conjunction with treating animals 

with an ectoparasiticide was beneficial in controlling louse numbers, however 

more scientific evidence is required in order to fully determine the effectiveness 

of this strategy.  

• Routine ectoparasiticide susceptibility testing, similar to what is available for 

endoparasites of livestock should be developed. This will not only allow for a 

better understand of the levels of ectoparasite insecticide resistance occurring on 

the farm but could also serve to improve productivity.  

• Pasture management appears to play an important role in the management of ticks 

and tick-borne diseases on farms. This can be conducted either by mechanically 

removing rough pastures (which are known to provide suitable tick habitat) or by 

fencing off areas of pasture where tick numbers are highest, restricting the 

accessibility of these areas to grazing animals.  
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Appendix A  
 

Table A: Results of louse sampling farm visits  
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1 Meath Suckler 

beef 

200 10/01/2019 Butox 

(Deltamethrin) 

0 weeks 65² 34 (52%) 52% 31 1 2 

30/01/2019 3 weeks 65² 57 (88%) 88% 53 0 4 

06/02/2019 4 weeks  65² 59 (91%) 91% 56 0 3 

27/02/2019 3 weeks 65² 40 (62%) 40% 40 0 0 

09/01/2020 3 weeks 15² 11 (73%) 67% 11 0 0 

1 week 36² 23 (64%) 20 1 2 

30/01/2020 1 week 36³ 21 (58%) 58% 21 0 0 

2 Kildare Suckler 

beef 

150 29/01/2019 Animec 

(Ivermectin) 

4 weeks 20 2 (10%) 10% 2 0 0 
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3 Meath Dairy Unknown 31/01/2019 Spotinor 

(deltamethrin) 

4 weeks 30 0 (0%) 0% 0 0 0 

4 Meath Suckler 

beef 

160 13/02/2019 Spotinor 

(deltamethrin) 

8 weeks 25 22 (88%) 88% 13 1 8 

5 Limerick Dairy 

calf to 

beef 

400 15/11/2019 Dectomax 

(Doramectin) 

6 weeks 42 9 (21%) 21% 7 2 0 

6 Carlow Dairy 

calf to 

beef 

200 27/11/2019 None None 32 18 (56%) 56% 18 0 0 

7 Waterford Dairy 

calf to 

beef 

300 28/11/2019 None None 45 6 (13%) 13% 0 6 0 

8 Meath Dairy 

calf to 

beef 

260 03/03/2020 Deltanil 

(Deltamethrin) 

12 weeks 6 6 (100%)  91% 6 0 0 

3 weeks 26 25 (96%) 25 0 0 

Ivomec 

(Ivermectin) 

11 weeks 11 8 (73%) 8 0 0 
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9 Offaly Suckler 

beef 

300 11/12/2019 None None 36 36 (100%) 100% 36 0 0 

10 Clare Suckler 

beef 

320 16/12/2019 Lineout 

(Ivermectin) 

5 weeks 54 0 (0%) 0% 0 0 0 

11 Clare Suckler 

beef and 

dairy 

calf to 

beef 

350 17/12/2019 Ivermectin (No 

product name) 

7 weeks 41 29 (71%) 71% 20 3 6 

12 Offaly Organic 

Suckler 

beef 

280 28/01/2020 Liceban 

(cypermethrin) 

8 weeks 52 33 (63%) 63% 27 1 5 

13 
 

Meath Suckler 

beef 

400 30/01/2020 Closamectin 

(ivermectin and 

closantel)  

1 week 17 6 (35%) 31% 6 0 0 

Spot-on 

(Deltamethrin) 

1 week 9 5 (56%) 4 1 0 
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14 Laois Suckler 

beef and 

dairy 

calf to 

beef 

750 04/02/2020 Ectospec 

(cypermethrin) 

4 weeks 40 38 (95%) 95% 38 0 0 

15 Cork Suckler 

beef and 

dairy 

calf to 

beef 

350 13/02/2020 Ectospec 

(cypermethrin) 

12 weeks 24 0 (0%) 10% 0 0 0 

6 weeks 11 0 (0%) 0 0 0 

2 weeks 4 4 (100%) 4 0 0 

16 Cavan Suckler 

beef 

18 05/03/2020 Sheep dip 

(diazinon) 

6 weeks 18 3 (17%) 17% 2 1 0 

17 Leitrim Suckler 

beef 

18 05/03/2020 Ectospec 

(cypermethrin) 

2 weeks 18 2 (11%) 11% 0 2 0 

18 Mayo Bull beef 100 13/03/2020 Unknown Unknown 11 3 (27%) 25% 3 0 0 

Ectospec 

(cypermethrin) 

8 weeks 9 2 (22%) 2 0 0 

¹ Herd size included animals from 0 months and above 
² Group of 65 heifers selected for repeat sampling (51 remaining in winter 19/20 due to cull) 
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³ 36 new animals purchased winter 2019  
⁴ Animals positive for lice groupwise 
⁵ Animals positive for lice from herd sampling cohort  
 


