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Summary
Cattle lungworm (Dictyocaulus viviparus) also known as “Husk” is a parasitic bronchitis of cattle.  Infestation causes mild to severe respiratory distress, inappetence, and in severe cases death. 
Typical presentation is in first season grazing cattle on permanent or semi-permanent pasture, typically from July to September. 
However, it can affect all ages of cattle including more recent and frequent incidences in adults.  Outbreaks have also been reported from early May until December. Young animals exposed during their first grazing season are most at risk due to lack of immunity. The cornerstone of developing immunity relies on trickle exposure to a sparse number of larvae which keep the immune system vigilant and prevent clinical disease onset.
This qualitative study considers why lungworm outbreaks have been high over the last three decades and whether there any influences such as stakeholder’s opinions, climate patterns and control techniques. Furthermore, we should understand why outbreaks of lungworm are becoming increasingly more common in adult dairy cows.

To explore further, semi-structured interviews were held in Spring 2022 with 22 stakeholders including 12 dairy farmers, 4 practising Vets, 2 Laboratory based Vets and 4 SQP’s (Suitably Qualified Persons).  All were found to play important roles.

Using thematic analysis and applying grounded theory principles, data collection and analysis were employed. 
Three major themes and subthemes emerged. 

1. Stakeholder’s perceptions and understanding of Dictyocaulus viviparus. 

2. Professional involvement on outbreaks on dairy farms. 

3. Barriers to vaccination and suggested management plans. 

Dairy farmers attitudes to lungworm control are influenced by disease recognition, herd performance and monetary loss/gain. Some are seeking alternative treatment and control options and will accept changes to their management, possibly driven by milk contract restraints or assurance scheme requirements.
It is apparent that communication and engagement can be lacking between farmer, vet and SQP on parasitology in general but especially regarding lungworm. Additional education is undoubtedly required.

Six Barriers to vaccination were identified:

1. Vaccine cost relative to wormers
2. Two dose regime compared with other one-dose products
3. Timing of dosing at Spring turnout
4. Oral administration – handling difficulty/labour issues
5. Vaccine not available early enough in the year
6. Vaccine benefit understanding often lost when Vet, SQP and farmer communication is poor.

[bookmark: _Toc108632294]1.0 Introduction 
[bookmark: _Hlk101439637]Bovine lungworm caused by the nematode Dictyocaulus viviparus has long been recognised as a serious risk to cattle and causes potentially fatal disease. The respiratory condition (McLeonard and Dijk, 2017) caused by lungworm is not only a serious welfare concern but also a notable economic issue (McCarthy, 2020). Understanding of its clinical and economic significance improved hugely in the 1950s (McCarthy, 2020) leading to the development of a live irradicated larval vaccine which was soon a valued control measure (McCarthy and Van Dijk, 2020). 
With the rising popularity of long acting anthelmintics treating both roundworms and lungworms, vaccine use fell in the 1980’s (Matthews, 2008). 
However, despite these innovative anthelmintics and with limited evidence of lungworm anthelmintic resistance in the UK, the number of cases of lungworm reported remains high (Mason, 2022. Pers Comm. Mr C. Mason is the Veterinary Centre Manager of SRUC). There has also been a significant rise in recent years in older dairy cattle (Holzhauer et al., 2011).
The epidemiology is complex, and outbreaks are often extremely unpredictable (McCarthy, 2020). Years differ, with climatic conditions being a major factor. Warm summers with higher-than-average rainfall, or rainfall concentrated in short and intense periods significantly increase incidence (Forbes, 2018).
Furthermore, we are experiencing milder winters allowing lungworm larvae to overwinter on pasture facilitating infestation early in the forthcoming grazing season (Van Dijk, 2004). Over-wintered infective larvae then transmit to spring turnout stock which are often younger animals, with no immunity and well suited to perpetuating the lungworm lifecycle (Timothy, 2020).
Limited larval exposure as youngstock (Taylor, 2010) or in any previous six months period are significant risk factors for clinical disease when the cattle encounter against high pasture larval challenge (Forbes, 2018). Geographical spread of lungworm clinical cases in the UK is not equal, with the wetter and more cattle dense west being overrepresented in the literature (Mason, 2022. Pers Comm. Mr C. Mason is the Veterinary Centre Manger of SRUC).
Lungworm in adult dairy cattle arises from primary lungworm infection or re-infection.  Immunity to lungworm may be short-term. It has been hypothesised (Taylor, 2010) that without seasonal exposure and immune stimulation, cattle of all ages remain vulnerable to clinical lungworm bronchopneumonia. Vaccinated animals when challenged with overwhelming larval numbers can also succumb (Forbes, 2018).  
The changing picture of lungworm prevalence to include adult dairy cattle, has prompted a suggested link with liberal use and over-reliance on preventative anthelmintics (Baxter-Smith, 2021)
We should consider ever changing grazing strategies whereby dairy heifers’ access to pasture is permitted only after they are confirmed pregnant around 16 months old (Shortall, 2022). Such heifers (especially if not vaccinated) will be naïve to larvae when they join the adult milking herd and are then susceptible to clinical lungworm (Baxter-Smith, 2021). 

The objective of this research was to investigate stakeholder’s perceptions towards lungworm control in dairy cattle. Stakeholders including dairy farmers, vets in practice and UK vets working as veterinary centre managers and veterinary investigation officers employed in veterinary investigation centres and veterinary laboratories undertaking post-mortems were interviewed to ascertain their attitudes towards lungworm control. Their current understanding of the epidemiology of lungworm and how they perceive the risk from D. viviparus was explored.
[bookmark: _Toc108632295]

2.0 Literature Review
Cattle lungworm (Dictyocaulus viviparus) is a parasite that causes parasitic bronchitis in cattle.
[bookmark: _Toc108632296]2.1 What is lungworm?
Colloquially known as lungworm, or ‘Husk’ it can affect all ages of cattle with a wide-ranging expression of clinical disease usually in the grazing season (Aiello and May, 2010).
Lungworm has a direct lifecycle as shown in Figure 1.


[image: Lungworm, not just a disease of youngstock - Westpoint Farm Vets]

Figure 1, Lifecycle of Dictyocaulus viviparus is diagrammatic form showing the stages within the bovine and those on pasture (NADIS, 2022).
D. viviparus is prevalent in northwest European countries such as the UK (McLeonard and Dijk, 2017), Netherlands (SaatKamp et al., 1994) and Germany (Schunn et al., 2013)
Larval spread is assisted by the fungus Pilobolus which flourishes in wet and warm conditions, growing naturally on the surface of dung pats. Larval attachment to the spores occurs and when the spores erupt larvae can be propelled up to three metres away on the pasture (McLeonard and Dijk, 2017). In more drought like conditions, the larvae are contained in the dung pat and only released following rainfall.  Hence it is not unusual for clinical outbreaks to occur about three weeks after such a weather pattern giving larvae time to find hosts and mature (Taylor, 2010).
[bookmark: _Toc108632297]2.2 Clinical Signs of Lungworm
Prompt diagnosis and rapid treatment is essential for reducing clinical and welfare effects of lungworm (Holzhauer et al., 2011). Marked inflammatory changes usually occur by day 8 post exposure, when larvae migrate through the lung alveoli.  Mortalities commonly follow by day 15 when thousands of immature worms can cause sufficient inflammatory changes to compromise respiratory function (Timothy, 2020). Common differential diagnoses include Infectious Bovine Rhinotracheitis (IBR) and other pneumoniae of bacterial origin (either primary respiratory or secondary hematogenous spread, often from the liver) (Dorso et al. 2021) (McLeonard and Van Dijk, 2017), 

The symptoms of lungworm range from mild to severe (Elsheikha, 2017). They Include:
· Coughing
· Laboured Breathing
· Neck Outstretched 
· Loss of condition
· Rough coats
· Reduction in milk yield
· Reduction in weight gain
· Off feed
· Nasal Discharge
· Frothy mouths
· Pneumonia
· Death
Animals with a mild burden may only exhibit occasional coughing often exacerbated by moving youngstock or when the adult dairy herd is milked. Such occasions are often the best opportunity for stockmen to suspect lungworm (Elsheikha, 2017). Heavily affected animals will cough at rest with hyperventilation evident. Seriously affected animals may have laboured breathing and spend extended periods with the head and neck outstretched (Holzhauer et al., 2011).
[bookmark: _Toc108632298]2.3 The Financial Impact of lungworm 
Lungworm continues to cause severe disease in all ages of cattle and has a significant effect on animal welfare as well as a major economic impact on UK farm’s (Van Dijk, 2004). 
Financial losses in a severe lungworm outbreak in growing youngstock range from £50 to £100.00 per animal due to weight loss, poor daily weight gain, poor future fertility, and treatment costs. Depressed milk yield in adult dairy cattle can extend to £3.00 per cow per day and additionally there may be an increased calving interval (Small, 2022). The economic loss in young dairy heifers is greater if they fail to reach weight target at the proposed time of serving (Boulton et al, 2017) (Bennett and Ljpelaar, 2005), and of course significantly higher if any deaths occur (Holzhauer et al., 2011). Literature reviews suggest that affected cattle suffer a noticeable loss of body condition up approaching 10% of bodyweight, with typical growing dairy heifers losing 20-40kg (Lloyd, 2017). 
The budgetary impact of lost stock, replacement costs, lost production, and the cost of Veterinary treatment all must be faced, not to mention the emotional impact and burden of carcass disposal (Holzhauer et., 2011). Cost estimates may be conservative at £140.00 per adult cow with an average reduction in milk yield of 4kg/cow/day. This only represents up to 50% of total costs, with the remainder being met through treatments, lab costs, disposal of dead animals and extra inseminations (Holzhauer et al., 2011).
There may also be long term damage to lung tissue and respiratory capacity which leaves susceptibility to secondary diseases and infections, thus reducing the long-term productivity and performance of the animal (McCarthy, 2020).

[bookmark: _Toc108632299]2.4 Long Term Damage to The Animal
[bookmark: _Hlk107571567]Current understanding regarding post patent parasitic bronchitis mortality is limited due to the modest referral rate for necropsy, and any mortality rate quoted will likely be an underestimate (McCarthy, 2020) (Mason, 2022. Pers Comm. Mr C. Mason is the Veterinary Centre Manager of SRUC).
Recovering severe cases will retain tenable respiratory function but with scarring and reduced lung volume leaving animals liable to developing secondary bacterial and viral infection (Lloyd, 2017). 
Even in seemingly recovered animals there can be significant lung damage that will decrease lifetime productivity and profitability due to reduced milk yield and poor fertility which add to the initial veterinary costs (Borsberry, 2012). 
Achieving growth rates in dairy youngstock of 0.8kg/d is very important to the dairy farmer but challenging to achieve, particularly with the long-term damage from lungworm (Archer, 2021). If this target is met heifers can calve at approximately 23-24 months and enjoy herd longevity and enhance herd profitability through improved lifetime milk yield (Boulton et al, 2017). Thus, lungworm outbreaks significantly hit economics and welfare on many dairy farms (Ozols, 2022).
[bookmark: _Toc108632300]2.5 Diagnosis
Cattle at grass showing clinical signs of respiratory disease from June until November often raise suspicion of lungworm. There are numerous tests for lungworm diagnosis in cattle available to clinicians alongside monitoring clinical signs and ascertaining farm grazing history. 
Treatment
Often farmers may treat on first signs of coughing following advice from an R-SQP (registered qualified person) although the R-SQP must not and cannot diagnose. In most cases a few tests may be needed to gain a definitive diagnosis by the Vet (SRUC, 2022).


Table 1 Diagnostic techniques and their uses for cattle lungworm, D. viviparus
	Diagnostic
	Important Points

	Baermann examination of faeces for lungworm L1 larvae. 
	The most common method of confirming lungworm disease, however, the results can take a few days to come back, so the uptake is not always that high due to vet/farmer preference for immediate treatment.

	Serology, determines if any exposure has taken place.
	Antibody titres increase 4-6 weeks following infection and stay elevated for 3-4 months. 

	Eosinophilia 
	Demonstrates a non-specific immune response to parasitic infection.

	Postmortem examination
	Worms may easily be seen in the bronchi and bronchioles (Selman et al., 1977) Diagnosis can also be confirmed from histopathology.

	ELISA bulk milk test no longer commercially available (Mearns, 2022. Pers. Comm. Mrs R. Mearns is the Veterinary Advisor of Biobest).
	Although this test had limitations for lungworm, it was useful for determining exposure in the milking herd  (Klewer et al., 2012) particularly for R-SQP’s and Vets to use, and further engage with the dairy farmers a (Joined up approach). Previous studies have looked and quantified these results in production losses (McCarthy et al., 2019).


                                                                   (APHA, 2021) (Lurier et al., 2018).


Figure 2, A lungworm case diagnosed on an adult dairy cow from a post-mortem at APHA during September 2021 (Van Der Burgt, 2022. Pers Comm. Mrs. G Van Der Burgt is the Veterinary Investigation Officer of APHA).
[bookmark: _Toc108632301]

2.6 Immunity, Treatment (Anthelmintics) and Control
Cattle produce an immune response to lungworm larvae and adult worms, although, this immunity will wane after just a few months (Farm Health, 2018) unless the cattle are re-exposed to a small amount of contamination on pasture.  If exposure is extremely high this may still overcome the cow’s immunity and cause disease (Forbes, 2018).
A dichotomy emerges as exposure can be too low to generate an immune response, yet high exposure can overwhelm the animal. Moderate exposure is the key to optimal immunity (McLeonard and Dijk, 2017).
There is a highly effective vaccine available for cattle in the UK called Bovilis Huskvac      POM-V (MSD animal health), which contains irradiated L3 lungworm larvae. Vaccination is the most reliable method of establishing herd immunity (Noah Compendium, 2022). Huskvac stimulates a solid foundation of immunity at onset of grazing, which may then be maintained in a controlled way by offering cattle grazing on low-level contaminated pasture (McLeonard and Dijk, 2017). 
In this way, vaccination ensures that the level of lungworm on the pasture is prevented from reaching uncontrollable levels thereby lowering the risk of disease (Forbes, 2018).   Huskvac can be administered to cattle from 8 weeks of age utilising two doses orally approximately 4 weeks apart resulting in onset of immunity 2 weeks after the finalisation of the primary course.  The farmer must not turn-out vaccinated animals until two weeks after the 2nd dose of vaccine has been given, furthermore unvaccinated animals should not be mixed with vaccinated animals for 2 weeks after vaccination (preferably not at all). There is the opportunity for the farmer to give a single dose prior to turn out in the second grazing season, this will boost immunity from the previous primary course where natural exposure has not occurred (Noah Compendium, 2022). The vaccine can be given to adult milking cows and is also safe to give when the cow is in calf.  Furthermore, it’s vital to understand that the vaccine can be given when animals are bought-in from lungworm naïve farms.  Immunity should be considered by talking to the vendor regarding the history of their farm.  Any animals that are considered to be naïve should be vaccinated with Huskvac before going into a herd holding carriers (McLeonard and Dijk, 2017).
As with all vaccines, correct storage and administration is key and improper use is a severe risk factor for perceived vaccine failure (MSD, 2020), with some preferring the easier option of pour-on anthelmintics (Matthews, 2008). It’s important that both Vets, SQP’s and farmers understand that vaccination can be used successfully alongside anthelmintic treatments, however, most anthelmintics should not be administered until at least 2 weeks after the second vaccination has been given and immunity been established (Noah Compendium, 2022). Yet to be published data from the VMD, primarily suggests that the active ingredient Ivermectin must not be given within 28 days of the lungworm vaccination being administered.
MSD animal health have a small production window for Bovilis Huskvac plus a short shelf life because of its live contents (Baxter-Smith, 2022. Pers Comm. Dr K. Baxter-Smith is the Veterinary Advisor of MSD Animal Health), so it’s vital that a plan is put in place with the farmers Vet well in advance before turn-out, if this is not undertaken, stock may get turned out before the vaccine is available (Howe, 2022. Pers Comm. Mr R. Howe is a Vet of LLM Farm Vets).

Table 2, Anthelmintics that lungworm (Dictyocaulus viviparus) are susceptible to, however, the list is not exhaustive.
                                                                             
	Active Ingredient
	Route of Administration
	Target stage of the lifecycle
	Persistency of Product (Protection against infection or re-infection of Dictyocaulus viviparus
	Cattle Milk & Meat Withdrawal Period

	Dairy Youngstock
	

	Oxfendazole (Autoworm First Grazer Bolus)
	Pulse Release Oral Bolus
	Pulse Release at Intervals of approximately 3 weeks. The First Dose being released around three weeks after administration. Adult and Immature
	21 Weeks (First Grazer Bolus)
	8 Months Milk & Meat

	Fenbendazole
	Continuous Release Oral Bolus
	Aids in Control
	140 Days
	200 Days Milk & Meat

	Albendazole
	Oral Drench
	Adult
	No Persistency
	60 Hours Milk & 14 Days Meat

	Levamisole
	Injection
	Mature and developing immature forms
	No Persistency
	This product must not be used in cattle producing milk for human consumption. Meat 28 Days

	Levamisole
(Levacide Low Volume)
	Oral Drench
	Mature and developing immature stages
	No Persistency 
	This product must not be used in cattle producing milk for human consumption. Meat 14 Days

	Ivermectin (Ivomec Classic)
	Injection
	L4 & Adult
	28 Days
	60 Days Milk & 49 Days Meat

	Ivermectin (Ivomec Classic)
	Pour-On
	L4 & Adult
	28 Days
	60 Days Milk & 15 Days Meat

	Doramectin
	Pour-On
	L4 & Adult
	42 Days
	2 Months Milk & 35 Days Meat

	Doramectin
	Injection
	L4 & Adult
	35 Days 
	2 Months Milk & 70 Days Meat

	Moxidectin
	Pour-On
	Adult
	42 Days
	6 Days Milk & 14 Days Meat

	Moxidectin
	10% LA Injection
	L4 & Adult
	120 Days
	80 Days Milk & 108 Days Meat

	Lactating Dairy Cows
	

	Eprinomectin
	Pour-On
	L4 & Adult
	28 Days
	Milk Zero Hours. Meat 15 Days

	Eprinomectin
	Pour-On
	L4 & Adult
	28 Days
	Milk Zero Hours. Meat 10 Days

	Eprinomectin
	Injection (Now POM-V (Vet Only)
	L4 & Adult
	14 Days
	Milk Zero Hours. Meat 63 Days


                                                                   (Noah Compendium, 2022).

[bookmark: _Toc108632302]2.7 Observations on Product Usage
It’s essential to understand farmers perceptions, attitudes and practices of anthelmintic usage. Levamisole and Benzimidazole based anthelmintics lack any persistent activity, so, only kill worms present at the time of treatment. If either of these are used then best practice is to move the cattle to clean grazing to prevent immediate reinfestation. Alternatively, the ML based products do feature persistent activity, treat infestation, and prevent re-infestation until effective persistency runs out (Matthews, 2008).  
Another alternative when the farmer sees an outbreak of lungworm is to immediately house the cattle. Unlike for roundworms where selective treatment of animals may take place following weighing of the cattle, best practice for lungworm is to treat all animals with anthelmintic. It is unachievable to distinguish between prepatent and patently affected animals, furthermore, herd or group treatment also lowers the possibility for further pasture contamination (APHA, 2021).
It is also essential to understand the attitudes of Suitable Qualified Persons and ascertain if they contact the farm’s Vet at point of giving advice. Severely affected animals can benefit from NSAID and antibiotic treatments to reduce any secondary infection and inflammation (APHA, 2021).
Over the years Levamisole injection and oral drench have been utilised to treat youngstock with clinical signs of lungworm and then at times retreated again three weeks later. On rare occasions when animals have been treated with an ML (Macrocyclic Lactone) based product, they have deteriorated and even died. The concern being that total destruction of all the larval stages in the animal can increase the clinical signs whereas this does not appear to happen with Levamisole (Matthews, 2008). 
However, there is evidence that oral medicinal products should not be administered to animals with respiratory distress to prevent inhalation of product. 
Furthermore, Levamisole cannot be used in cattle producing milk for human consumption (Noah Compendium 2022).  
Unlike the macrocyclic lactones that are available as easy to apply pour-ons, Levamisole products are only available in oral drenches or injection form. ML group wormers can be highly effective as part of a good preventative control program against lungworm as they have persistent activity, however, this use must be in conjunction with some natural exposure to assist immunity. The ML wormers will cover the animal for the duration of the active period, but the animal cannot build an immunity during that time (Matthews, 2008).
Alternatively, there are pulse release boluses from the 1-BZ group that contain Oxfendazole, which offers extended roundworm and lungworm protection during the grazing season in dairy heifers. This is a useful option alongside the use of Bovilis Huskvac lungworm vaccine, allowing the farm to rotate into an alternative class of anthelmintic (Damory, 2021). Alternatively, there is the continuous release bolus from the 1-BZ group that contains Fenbendazole that aids in the control of lungworm (Noah Compendium, 2022).
Some dairy farmers (McCarthy, 2020) continuously treat for gut worms, thereby also treating lungworm and therefore preventing natural immunity from developing. As a result, cattle remain at risk of lungworm when the wormer activity ends (Baxter-Smith, 2021). 
Anthelmintic resistance to roundworms has been a hot topic in recent years (Kelleher et al., 2020), and there is a risk of increasing the rate of development of resistance with the continuous use of long acting anthelmintics. For this reason, it is vital that the farmer discusses with their animal health advisor the implementation of a parasite plan. It must cover full lungworm control, including grazing management, vaccination and anthelmintics (Baxter-Smith and Simpson, 2020).  Cattle are now moved around the country/Europe more than in previous decades so, freshly purchased animals may be at significant risk of lungworm, particularly if their previous grazing and vaccination history is unknown (McLeonard and Dijk, 2017).
The aforementioned grazing strategy changes afoot and the push for 2-year-old heifer calvings may possibly affect the epidemiology of lungworm (Statham et al., 2021).
Significant numbers of dairy heifers are now housed until they are confirmed pregnant meaning that they have less exposure to lungworm when young. There are more heifer rearing contactors used away from the main farm and more dairy heifers and cows are being purchased from other parts of the UK and other European countries (AHDB, 2022).  These animals may have never been exposed to lungworm previously (Osteras et al., 2007).  
Interestingly, particular groups of animals may spend more time at grass through their first two years of life compared to other groups, depending on when the animal is born. This can affect vaccination protocols as vaccination may then be given to autumn born calves the following spring.  However, spring born calves may go out to grass before an animal is even old enough to have the two doses of vaccine (Forbes, 2018). Similar problems may arise on farms calving all year-round, as, some animals may go out in the autumn for the first time, when the annual vaccine production has ceased, as the vaccine is normally only available from late January until early August (Baxter-Smith, 2022. Pers Comm. Dr K. Baxter-Smith is the Veterinary Advisor of MSD Animal Health). 
So, husbandry changes by UK dairy farmers may have led to more lungworm outbreaks in older dairy heifers and adult cows through lack of natural immunity (Mason, 2022. Pers Comm. Mr C Mason is the veterinary centre manager at SRUC). Further work is needed to understand current dairy farmers attitudes to grazing management.
[bookmark: _Toc108632303]2.8 Stakeholder’s Attitudes to Lungworm Control
It is especially important that dairy farmers, Vets and SQP’s are alert to the threat of lungworm in both youngstock and adult dairy cattle. It is highly pathogenic posing a significant impact on productivity and welfare of cattle.  In northern England and Scotland  anecdotal incidence of clinical cases has increased in recent years (McCarthy, 2020).  Therefore, the implementation of worm control plans on dairy farms should be pivotal.  The preparation of a lungworm master plan before turn-out in late winter and throughout the grazing season is therefore the most likely means of preventing losses and mediocre performance. Planning requires supporting a cautious balance between exposure and immunity, which is vital in the prevention of lungworm (McCarthy, 2020).
There is an emerging trend of farmers, Vets and SQP’s engaging together to formulate herd health plans. Control of Lungworm disease in all ages of cattle fits in snugly here, as the lungworm vaccine is a vet controlled POM-V medicine while the majority of anthelmintics in the UK are prescribed and dispensed by SQP’s. The POM-VPS categorisation of most livestock anthelmintics means they can be prescribed by a SQP with no Vet involvement at all (Baxter-Smith and Simpson, 2020).
In some situations, the farm Vet will be actively involved with herd health planning, yet it will often be the SQP who prescribes and advises on most of the treatment and control of lungworm. Therefore, engaging the farmer, Vet and SQP into a team may be challenging if commercial rivalry exists. There is lots of evidence that this unique joined-up approach works well and is crucial moving forwards (Baxter-Smith and Simpson, 2020).
Drawing on existing work, it is vital we understand dairy client’s behaviour and expectations.
They involve numerous people within their business to enhance and improve productivity and efficiency and will be key to bringing Vets and SQP’s to the table together for herd health discussions (Pyatt et al., 2020). A better understanding of their attitudes and perceptions to how lungworm is controlled on dairy farms now and in future years is needed (Svensson et al., 2019).
Co-operation between Vets and SQP’s can facilitate beneficial knowledge transfer and  may encourage SQP’s to charge for their advice on farm, rather than relying on selling medical products. Reducing un-necessary sales of medicines driven by commercial interests but replaced with fees for advice has to be the route forward (Atkinson, 2010).
[bookmark: _Toc108632304]It is conceivable that a farmer has had a lungworm problem in the last 12 months, treated the animals with product purchased from a merchant’s outlet, had some SQP involvement but the farms vet had not been alerted to the outbreak. Such a potential lack of unified approach is unhelpful for the client long term even if a short-term saving is made. There has to be trust and respect from all three parties so that the dairy farmer has the confidence to invest time and money (Pyatt et al., 2020).
2.9 The Health Plan Is Not Just a Tick Box Exercise
Whilst previous literature has touched on health planning (MSD, 2021), there are few published studies that have explored farmers and Vets’ attitudes to herd health plans and a joined-up approach between the farmer, Vet and SQP.
[bookmark: _Hlk103187129][bookmark: _Hlk103185311]Vets must ensure that lungworm is fully covered within the ‘Herd Health Plan.’ Profound consequences may ensue if its overlooked, as there have been previous financial claims by dairy farmers against Vet practices regarding a delayed diagnosis of lungworm (Van Der Burgt, 2022. Pers Comm. Mrs G Van Der Burgt is the Veterinary Investigation Officer of APHA). Vets and farmers can no longer look at a herd health plan as a tick box exercise to comply with red tractor or the supermarket milk contract. Lungworm should be fully covered with a control plan that includes vaccination, diagnostics available and treatment (VDS, 2021).                                   
Vets should be strong advocates for the lungworm vaccine, Bovilis Huskvac, which is the only vaccine available in the UK for lungworm. It is complex to manufacture and due to its live nature, a delicate vaccine to transfer to end users (Baxter-Smith 2021. Pers Comm. Dr K. Baxter-Smith Veterinary Advisor for MSD Animal Health). There is also the disadvantage of a small duration of early season production, so a plan needs to be put in place in the late winter well before turn-out in the spring. The health plan should be updated on a regular basis ensuring that lungworm is not overlooked. There is an inherent responsibility for Vets and SQP’s to make sure that plans are properly refreshed annually rather than relying on minor edits of historic plans (AHDB, 2022)
Every herd health plan has a short lifespan, and parasitology including lungworm must be discussed at length (VDS, 2021).  Effective herd health plans have evolved as a foundation of good farm animal practice and can be critical in avoiding any future issues (Kaler and Green, 2013)
It is perhaps disappointing that Huskvac (formerly “Dictol”) sales have remained stable at around £1 million yearly, equating to around 230,000 doses. Historic sales post initial launch in the 1960’s and well into the 1990’s, were much higher. When the long-acting macrocyclic lactones group 3 anthelmintic products were brought to market in the mid-90’s, Huskvac sales dropped considerably and have remained lower ever since (Baxter-Smith 2021.  Pers Comm. Dr K. Baxter-Smith Veterinary Advisor for MSD Animal Health).  The ease of pour on wormer application and relatively low cost have significantly challenged Huskvac’s market penetration.
[bookmark: _Toc108632305]2.10 Barriers to Disease Prevention
Motivation and barriers to effective disease control have been identified in UK sheep farmers controlling footrot (Best et al., 2021), and lameness in dairy cattle (Main et al., 2012) mastitis in dairy cows (Down et al., 2016) and also general implementation of sustainable agricultural practices (Rodriguez et al., 2008).
Cost as a major limiting factor has emerged in much of the literature, (Main et al., 2012). On dairy farms, the current milk price will most likely influence farmers decision making as cash flow is key (Barkema et al., 2015). 
The need for good handling facilities is paramount on UK farms, as handling cattle invariably associates a risk of injury particularly when administrating a medicinal product, from kicking, crushing to accidental (HSE, 2012), this also features in the work of (Best et al. 2021) when handling sheep.
The severity of parasitic bronchitis as a cause of serious loss should be made clear to clients and the emphasis shifted away from cost towards the cost benefit of vaccination.
An effective vaccine has been there for dairy farmers for decades, so, why is lungworm within the UK still problematic? (McLeonard and Dijk, 2017). A starting point would be to understand what percentage of dairy farmers are vaccinating for lungworm, and if they are not vaccinating, why not?  We should explore any barriers to vaccination and understand what training and educational needs remain even after 60 years of vaccine availability.
[bookmark: _Toc108632306]2.11 Environmental Impact
Recent studies have explored the negative effects that the ML group of wormers have on the environment (BCVA, 2022).  
It is probable that there is widespread lack of awareness of anthelmintic over-use, stewardship requirements and emerging resistance (Sands and Wall, 2016). There has been renewed interest in the vaccine Bovilis Huskvac from many UK farm animal vets in the last couple of years due to the negative effects of ML products on dung beetles which are essential for pasture health and fly control (Beynon, 2015). (Baxter-Smith, 2022. Pers Comm. Dr K. Baxter-Smith is the Veterinary Advisor of MSD Animal Health), 
[bookmark: _Hlk107567209]Taking a pro-active sustainable approach to prevention, and treating outbreaks promptly, can lessen the negative impact on herd productivity and reduce costs, whilst also improving animal welfare and the environment (McLeonard and Dijk, 2017).
[bookmark: _Toc108632307]2.12 Milk Contracts 
As farm animal health planning has become a mandatory requirement in recent years (Red Tractor, 2020), milk buyers have also pushed best practice, and similar to antibiotic resistance, milk buyers are now looking at anthelmintic resistance and environmental effects. Increasingly, milk contracts require dairy farmers to evaluate their parasite control and this includes the use of the lungworm vaccination (Arla, 2018).
[bookmark: _Toc108632308]2.13 Importance of Quarantine and Carrier Animals
Best practice to avoid introducing lungworm to the farm is to quarantine all incoming replacement stock on arrival, whether adult cattle or calves. Equally farms that introduce naïve replacement stock challenge the balance of the herds immunity. Bought in stock should ideally be vaccinated if the timing of vaccine availability works and the right pasture is available.  These bought in animals may have come from low-risk areas with no exposure to the lungworm parasite (McLeonard and Dijk, 2017).
Up to 20% of cattle may carry and shed larvae. Carrier animals hold onto many infective larvae or adults in the lungs that remain dormant until the next grazing season and these carrier animals are thought to be the seed source of next year’s lungworm (Van Dijk, 2004).  
When naïve cattle are turned out onto land grazed by carrier animals, contamination will often be low until the arrested larvae restart their development and produce patent infections.  Lack of rotation of pasture grazing may lead to substantial pasture build up and contamination (Vercruysse, et al., 1995).
Transmission among cows is most troublesome if animals of different immunity levels are mixed.  An example being when bought-in animals from Europe which have not been exposed to lungworm, enter the herd or heifers join the adult cows (Schunn et al, 2013).
Carrier animals are a different threat as they will not show any clinical disease so potentially posing more problems for the dairy farm.  However, whilst these carrier animals may act as a route of infection of larvae from one grazing season to the next, they may help ensure herd level immune memory (McLeonard and Dijk, 2017).
[bookmark: _Toc108632309]2.14 Gaps in Research
Outbreaks in older cattle may arise if there is a conflict between host immunity and larval challenge.  Reduced vaccination and (or) an excessive or inappropriate use of the ML group of anthelmintics may be detrimental to development of natural immunity (Borsberry, 2012) for all these reasons, outbreaks of lungworm in adult dairy cattle are becoming more common (Holzhauer et al., 2011). Further exploration is needed to understand why the number of outbreaks in adult dairy cows is considerably high. There is also a need for further study into improving quarantine and biosecurity particularly around parasitology, and investigating dairy farmers current management procedures (Maunsell and Donovan, 2008). 
As health planning has become a requirement of health and welfare schemes in recent years, there is a need to continue to explore how this can be more of a success for dairy farmers in the short and long term. A joined-up approach on farm by both the vet and SQP, especially around parasitology is required. More engagement from both is needed in the future to help lungworm getting lost between the vet and SQP (Pyatt et al., 2020). However, for this to happen extra education on parasitology is needed for both vets and SQP’s.
Although some work exists, there are very few studies around anthelmintic usage (in relation to D. viviparus) on dairy farms in the UK and what drives these practices. Particularly with the dairy farmers ever increasing milk contract pressures focusing on rotating anthelmintic groups and only treating when necessary, making farmers more aware of  sustainability, with a focus on anthelmintic resistance and the environment. 
Many studies have reviewed frequency of lungworm cases confirmed annually by Veterinary laboratory and investigation centres. The knowledge gap centres on how farmers deal with outbreaks: treat cattle themselves versus engaging Vets or SQP’s. All this skews the data. Importantly, are diagnostics being used enough? (Charlier et al., 2015).
2.15 Research Hypothesis 
Cost and ease of application would be a significant factor influencing farmers decision making in the control of lungworm on their farm, where-as, non-dairy farmer stakeholders would perceive the reduction in vaccination and an over-reliance, misuse of anthelmintics for lungworm as a significant factor why the UK are seeing a high number of cases reported.
Performance including growth rates and milk yield would be important to dairy farmers and to achieve this, anthelmintics could be overused. Concern for the impact that some anthelmintics have on the environment plus any concerns about anthelmintic resistance would be less of a priority. Conversely stakeholders particularly vets and vet allied practitioners would feel the overuse of anthelmintics in a preventative way is why animals cannot build up immunity during that time.
Vets and para-professionals would feel lungworm is underdiscussed, due to a lack of involvement on farm, where as dairy farmers may feel that they don’t need to receive any more education on lungworm. 

2.16 Aims 
The aims of the study are to analyse the epidemiology of lungworm (history of infection) and the current risk period and to investigate why lungworm outbreaks in dairy cattle have continued to be high over the last three decades (McLeonard and Dijk, 2017) and whether there is any pattern demographically between outbreaks and factors such as stakeholders’ opinions, climate and control techniques. Furthermore, to understand why outbreaks of lungworm are becoming increasingly more common in adult dairy cows (Holzhauer et al., 2011).

3.0 [bookmark: _Toc108632310]Methodology
This study was approved by the Ethics Committee at Harper Adams University Shropshire UK. All invited interviewees including dairy farmers, vets working in practice, SQP’s and vets working in laboratories and veterinary investigation centres were invited for an interview by letter and or a telephone call. All interviewees were provided with a plain language statement (Appendix 1) explaining the purpose of the research and the aims of the study, along with a consent form (Appendix 2), consenting to  recording of the interview and use of any direct anonymised quotes taken from the interviews.
3.1 Study Design
A qualitative research process was used to explore stakeholder opinion and their current understanding of Dictyocaulus viviparus. The methodology was selected as a useful technique to value the attitudes, perceptions and opinions (Saunders et al., 2017) towards lungworm control in dairy cattle and stakeholder current understanding of the epidemiology of lungworm and how they perceive the risk from D. viviparus, while also ascertaining how stakeholder advice and understanding (particularly veterinary) influence the key decision pathways of dairy farmers. Qualitative methodologies have been used before in research looking into farmer opinions and attitudes towards management decisions and disease control on farm (Brennan et al., 2016). Quantitative research, mainly using questionnaires has been carried out regarding management practices (Baxter-Smith and Simpson 2020). However, using a questionnaire was not considered an appropriate research method for this thesis since statistical data cannot describe individual experiences, perceptions and understanding (Rose et al., 2018).
The purposive sampling technique was used for this study this involved selecting interviewees from contacts and acquaintances that the researcher had made within the animal health industry working as an R-SQP (Etikan et al., 2016). Participants were selected by virtue of their knowledge or experience of lungworm in dairy cattle, plus they were selected within the north west so that similar climatic and economic pressures were standard to all and so that in person collection could take place within the researchers time frame. Data saturation was deemed to have been achieved once no new themes emerged from interviews (Urquhart, 2013). For the purposes of this study the final, mixed sample of stakeholders (Table 3) was considered to be a good representation of views on the topic within the time frame available. All dairy farmers interviewed were responsible, or shared responsibilities for making management decisions with the herd. All farms grazed majority of their cattle through some part of the grazing season, with farms running indoor grazing dairy production systems excluded from the data set due to the lifecycle of D. viviparus needing pasture as explained in the section ‘’what is lungworm’’.
An interview guide was developed which included a set of initial and follow up questions consisting of open and closed questions (Appendix 3) following the example set by (O’Keeffe et al., 2016). The open questions allowed interviewees to give opinions and introduce other topics to the discussion which the researcher had not originally considered. The closed questions made the interviewees answer the questions particularly relating to what the researcher was trying to find out. Similar questions were presented to vets, SQP’s and dairy farmers alike, however, the interview language was changed for example the word Lungworm or Husk was used for dairy farmers whilst Dictyocaulus viviparus was used at times for vets and SQPs (Bard et al., 2019). Pilot interviews were conducted with both a vet and dairy farmer to ensure that the questions and language used were correct for each stakeholder group. This allowed for feedback on the order of the questions and how best to conduct the interviews.
[bookmark: _Toc108632311]3.2 Data Collection
Interviews were conducted by the primary researcher (MP), between March and May 2022. MP received training on qualitive interview methodologies at Harper Adams University. Data collection involved conducting 22 qualitive semi-structured interviews, with twenty of them being face to face at the participants place of work, whilst two were conducted by telephone. Face to face semi-structured interviews are well suited to gather rich, detailed data from participants who are asked questions designed to explore their personal experiences, attitudes and perceptions related to a research topic (Tong et al., 2007). Interviews averaged 40 minutes in duration, to investigate, stakeholder’s perceptions of lungworm control in dairy cattle in the UK. Twelve dairy farmers were interviewed from the following counties, Cheshire, Shropshire, Lancashire and North Wales, these farmers were from different dairy farming systems and herd size such as, calving all year round and block calving both in the spring and autumn, rearing their own herd replacements. Further stakeholder participants included, four R-SQP’s, four Vets in practice and two vets working in veterinary investigation centres and veterinary laboratories (Table 3).
Data collection was iterative with interviews being conducted, transcribed by the researcher MP and analysed using NVivo qualitive software (QSR International Limited Cheshire UK)  before the next interview took place. Data collected was anonymised and coded by stakeholder code: for example, dairy farmer has become DF within this study. Using the NVivo qualitive software key themes were identified from the transcripts. All the interviews were audio-recorded using a SONY IC Recorder, with interviewee’s permission which included a signed consent form to facilitate transcription of the discussion post interview, this was only for the benefit of the (MP) researcher, the interviews averaged 40 minutes in length ranging from 20-60 minutes. The files were stored on a password protected laptop.
[bookmark: _Toc108632312]3.3 Data Analysis
Interviews were transcribed directly by MP and stakeholders were coded to preserve confidentiality. All the answers from the interviews were used and put into transcripts and analysed, Qualitive analysis was carried out by MP using the NVivo qualitive software (QSR International Limited Cheshire UK). (Braun and Clarke, 2006) suggest that an accessible method for novice researchers is thematic analysis as it does not require formalised theory generation and can be used within a range of theoretical frameworks, including critical realism. Theoretical thematic analysis was used to identify key themes and patterns from the data, to address the objectives of the research. Transcripts were analysed using continual collation techniques in-accordance with the six key stages of thematic analysis (Braun and Clarke, 2006).
1. MP became familiar with the data by reading the transcripts repeatedly before   coding. 
2. Codes were generated for important themes by MP. 
3. Key themes and themes were identified by MP. 
4. All the themes were reviewed to make sure they reflected the data. 
5. MP defined the themes. 
6. MP wrote-up the themes and sample quotes were used to give additional detail to qualitative themes identified.
Table 3. Summary of Participating Stakeholders 
	Stakeholder/Code (a)
	Occupation
	Calving Pattern if applicable 
	Herd Size (c)
	Age of Interviewee (b)
	Location
	Method

	DF1
	Dairy Farmer
	All year Round
	400 Cows
	30-40
	North Wales
	Face-to-face

	DF2
	Dairy Farmer
	All year Round
	300 Cows
	40-50
	North Wales
	Face-to-face

	DF3 
	Dairy Farmer
	All year Round
	450 Cows
	30-40
	Cheshire
	Face-to-face

	DF4
	Dairy Farmer
	All year Round
	250 Cows
	40-50
	Shropshire
	Face-to-face

	DF5
	Dairy Farmer
	Autumn Block Calving
	400 Cows
	40-50
	Shropshire
	Face-to-face

	DF6
	Dairy Farmer
	Spring Block Calving
	500 Cows
	40-50
	Shropshire
	Face-to-face

	DF7
	Dairy Farmer
	Spring Block Calving
	400 Cows
	50-60
	Lancashire
	Face-to-face

	DF8
	Dairy Farmer
	Autumn Block Calving
	300 Cows
	50-60
	North Wales
	Face-to-face

	DF9
	Dairy Farmer
	Spring Block Calving
	450 Cows
	20-30
	Cheshire
	Face-to-face

	DF10
	Dairy Farmer
	All Year Round
	500 Cows
	20-30
	Lancashire
	Face-to-face

	DF11
	Dairy Farmer
	All Year Round
	450
Cows
	30-40
	Cheshire
	Face-to-face

	DF12
	Dairy Farmer
	All Year Round
	300
Cows
	40-50
	Lancashire
	Face-to-face

	Vet 1
	Vet in Practice
	N/A
	N/A
	20-30
	Shropshire
	Face-to-face

	Vet 2
	Vet in Practice
	N/A
	N/A
	30-40
	Cheshire
	Face-to-face

	Vet 3
	Vet in Practice
	N/A
	N/A
	30-40
	Cheshire
	Face-to-face

	Vet 4
	Vet in Practice
	N/A
	N/A
	40-50
	Lancashire
	Telephone

	SQP 1
	Active R-SQP
	N/A
	N/A
	60-70
	Cheshire
	Face-to-face

	SQP 2
	Active R-SQP
	N/A
	N/A
	40-50
	Shropshire
	Face-to-face

	SQP 3
	Active R-SQP
	N/A
	N/A
	30-40
	Cheshire
	Face-to-face

	SQP 4
	Active R-SQP
	N/A
	N/A
	20-30
	Cheshire
	Face-to-face

	OS 1
	Vet, working in VI centres and laboratories
	N/A
	N/A
	60-70
	Shropshire
	Face-to-face

	OS 2
	Vet, working in VI centres and laboratories
	N/A
	N/A
	50-60
	Scotland
	Telephone



(a) Unique code 
(b) years of age (category)
[bookmark: _Toc108632313](c) Number of milking cows (not including dairy youngstock)



4.0 Research Results and Analysis
The results demonstrated a variety of attitudes towards lungworm and mixed understanding of effective sustainable control in all ages of dairy cattle.  A thematic map to visualize themes and subthemes to show their connection is demonstrated in figure 3.
Figure 3 see next page (Page 21)
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Figure 3. Thematic map displays the connection between the three themes, subthemes emerged throughout thematic analysis of the 22 Interviews.
4.1 Theme 1: Stakeholders Perceptions and Understanding of Dictyocaulus viviparus (Lungworm)
Current knowledge of most stakeholders was substandard. This included Vets in practice, SQP’s and UK dairy farmers:
In general, a high percentage of stakeholders were lacking in knowledge and understanding as expressed in the following direct statements:
‘’Lungworm is not understood as much as it should be as it’s a serious disease’’ DF1
‘’ Lungworm is poorly understood, we need more education’’ DF8
‘’My knowledge of the lungworm parasite is pretty poor’’ Vet 3
Farmers don’t see lungworm as an important disease:
‘’I don’t think we have a full understanding of lungworm; this may be because it’s not a headline disease like Johnes’’ DF6

However, some are saying there is a better understanding, but some room for improvement:
‘’I think issues of lungworm are understood a lot more now than it once was, as the impact lungworm causes is serious and we have had to listen and change our ways, for the last 20 years we have just blanket treated with wormers, the vets just telling us to worm, worm, worm. DF7 

And this improvement is driven by a need to understand, once a dairy farmer has seen an outbreak, they suddenly see lungworm differently:
‘’Lungworm has been a big problem for us on this farm in recent years, particularly in our adult milking cows, so we now understand lungworm well, however, I don’t think it’s understood well within the farming community’’ DF9

Although there was a lot of negativity vets that worked in veterinary investigation centres had an excellent understanding:
‘’I personally have an excellent knowledge of the lungworm parasite and very good product knowledge on anthelmintics that control lungworm’’ OS1
‘’My knowledge of the lungworm parasite is very good, and my knowledge on anthelmintics to control lungworm is excellent’’ OS2

There is an absence of vet involvement on some farms, should the SQP and Vet channels be more joined up? And should vets get more education on lungworm and parasitology in general, when training to become a vet:
‘’I don’t believe that lungworm is understood particularly well within the farming community, my own involvement on farm with lungworm is poor, I don’t feel farmers understand the lifecycle and worming strategies enough, I don’t think worms in general are understood very well by vets and dairy farmers. Vets are not involved with lungworm on farm enough’’ Vet2

Plus, a number of the advisors (SQPs and Vets alike) felt their product knowledge of the anthelmintics that control lungworm was poor:
‘’ I don’t believe farmers, vets or SQP’s are the best at perceiving the risk of lungworm, my knowledge as a vet is very poor on lungworm, it would be 50/50 as to whether I get involved in lungworm control on my client’s farms’’ Vet2
‘’My product knowledge on products to control lungworm is poor’’ SQP 4

Several farms vets’ knowledge of the lungworm parasite is poor along with poor product knowledge:
‘’My knowledge as a vet is very poor on lungworm’’ Vet2
‘’My knowledge of the lungworm parasite is pretty poor, plus my product knowledge on anthelmintics to control lungworm is pretty poor’’ Vet3
It’s not only vets but also lots of SQP’s need a lot more lungworm training, both need to take a lot more interest in parasitology:
‘’I don’t feel SQP’s see lungworm as that serious, my knowledge of the lungworm parasite is below average, plus my product knowledge on wormers that treat lungworm is not great’’ SQP1 
‘’My knowledge of the lungworm parasite is quite poor’’ SQP3
[bookmark: _Toc108632315][bookmark: _Hlk104726091]4.1.1 Subtheme: Passion for Parasitology
However, those professionals and paraprofessionals that did take a real interest in parasitology expressed their current knowledge of the parasite and the products to control it and fully understand the real issues that lungworm pose:
When vets don’t see any commercial advantage in POM-VPS anthelmintic products, they don’t sell/prescribe them, therefore their product knowledge wanes. They may then avoid engaging with the farmer and leave it to the local SQP to deal with:
‘’I feel lungworm is understood pretty well, the parasite is discussed annually between vet and farmer (at the herd health planning), I feel vets and the SQP’s I know perceive lungworm as a big risk, my knowledge of the lungworm parasite such as the epidemiology and lifecycle are very good, however my knowledge on anthelmintics to control lungworm is very poor as we don’t sell any wormers, however I talk to a very good SQP’’ Vet1

Specific farm vets that are interested in parasitology get involved with lungworm strongly on farm, resulting in the vet taking extra steps on farm:
‘’I don’t feel the issues of lungworm is brilliantly understood within the farming community, I feel that vets and SQP’s perceive the risk as variable, my personal knowledge of the lungworm parasite is reasonably good, as is my knowledge on anthelmintics that control lungworm, I would get involved in lungworm on 100% of my dairy client farms’’ Vet4

As with specific vets, certain SQP’s show a real passion and want to understand about the lungworm parasite, and would even take the next step and get involved with parasite control on farm:
‘’I feel lungworm is very variable with how it’s understood within the farming community, some dairy farmers, SQP’s and Vets get the disease, however, some don’t get it at all, I have a pretty good knowledge of the anthelmintics that control lungworm and my knowledge of the lungworm parasite is fairly good, as I would get involved in lungworm control on farm’’ SQP2
It’s important to understand that dairy farmers are time poor and want simple solutions on lungworm control, but presently the quality of advice they are receiving is very variable from both the farmers vet and SQP:
‘’I feel farmers are aware of lungworm and they understand it, however, they are very busy and don’t prioritize worm control, such as preventative strategies, farmers just want simple solutions’’ OS2
I feel SQP’s are very variable in their knowledge and vets don’t get involved enough, some practices are very active others not, there is a massive range in the quality of advice given to the farmer. New graduate vets should have a basic understanding of the life cycle and a good knowledge of vaccines and products’’ OS2

There is a strong feeling that lungworm is not covered enough within the farms herd health plan. Some of this might be due to the lack of interest from vets on parasitology, whilst also there may be a lack of communication from SQP’s to Vets, when advice is being given to a farmer. The importance of good biosecurity is paramount, as purchased animals may be bringing the disease on the farm, furthermore, these fresh animals may be naïve and have never been exposed to lungworm. These animals would not have built up any immunity, then can easily succumb to lungworm when exposed to a heavy challenge on their new farm:
‘’Personally, I don’t think lungworm is understood very well at all within the farming community, It should definitely come up in health planning and I don’t think it always does, lungworm should come up in both parasite control and respiratory disease, Vets think about bacteria and viruses causing respiratory disease and forget about lungworm in my experience. Vets should understand lungworm. Every farmer is different, farmers that have had a problem in the past tend to understand the disease, however others won’t. Most farmers don’t understand immunity and they definitely don’t understand biosecurity. Some SQP’s are good and understand lungworm disease, however not many’’ OS1


[bookmark: _Toc108632316][bookmark: _Hlk104726199]4.1.2 Subtheme: How Dairy Farmers Perceive the Risk
The majority of the dairy farmers in all 4 counties perceived the risk of lungworm as serious on their farm.
On specific farms lungworm is seen in adult dairy cows regularly:
‘’Yes, I feel I’m at a very high risk, as I see lungworm ever year on this farm, particularly in my adult milking herd, especially in cows I buy in, just last September I had about 20% of my adult milking cows coughing’’ DF4

Cattle on rented land always need to be considered differently to that of animals closer to home. It’s completely different pasture:
‘’Lungworm has always been a high risk on this farm, and particular on land that’s rented away from the farm where some of the youngstock go to graze, we always lose one or two animals a year there’’ DF7

Having a post-mortem (PM) done on farm is an extremely valuable diagnostic tool for lungworm.  It will throw significant light on the severity of risk to a currently affected group and help prevent further groups being infested.
‘’The risk of lungworm on this farm is very high, I’ve had it confirmed by postmortems in adult dairy cows over the last two years’’ DF6

Just because lungworm has not been a problem before, that doesn’t mean it won’t be in the future, our climate is changing, farmers grazing strategies are changing all the time, there is more and more housed cattle nowadays, plus any bought-on animals need to be considered a risk:
‘’Lungworm is bad, it’s very serious, it wasn’t a problem, however it is now’’ DF11

Lungworm is a serious risk on dairy farms, however vaccinating with Huskvac can reduce the chances of an outbreak occurring, whilst also it allows new roundworm strategies to be introduced such as monitoring roundworms with faecal egg counts:
‘’Yes, I perceive the risk of lungworm to be very high, so, I vaccinate my youngstock every year. Huskvac is my insurance policy. By vaccinating it also allows me to monitor for gut worm with faecal egg counts, I don’t have to use a lot of preventative wormers. I bought in just a couple of adult cows last year and they both went down with lungworm’’DF5

[bookmark: _Toc108632317]4.1.3 Subtheme: Farmer Observation & Awareness
The majority of dairy farmers and staff felt they could identify the clinical signs of lungworm, such as coughing, laboured breathing, milk yield reduction and associated loss of condition. Others admitted they may not respond quickly enough to prevent death. 
However, they may not have an understanding of subclinical lungworm; it may be present and impacting productivity but might not be obvious. Most employed staff on the farm would spot the signs but some international workers may have never come across the parasite before:
‘’Coughing, weight loss, poor breathing and at times a lack of energy and dirty tails including scour I feel from previous experience are all signs of lungworm, I personally would be able to spot them, although sometimes not quick enough’’ DF6

Coughing, weight loss and milk loss can be easy signs to spot, everybody should always have lungworm in the back of their minds when animals start to cough:
‘’ Coughing, weight loss and a drop in milk yield are sure signs of lungworm, everybody on this farm will spot these signs’’ DF11

Over the last two decades, there has been a lot of Eastern European agricultural workers placed on UK dairy farms, who might not have seen lungworm previously and need some education: 
‘’Signs include coughing and poor condition, the farm manger would spot these signs that’s myself, however I don’t think our staff would, especially some of the workers from eastern Europe’’ DF5

After seeing an outbreak of lungworm, farm owners and staff are always on the lookout for any signs of coughing, as they know it can lead to serious disease:
‘’ Coughing and severe weight loss are signs I’ve seen when we have had an outbreak of lungworm, both myself and our staff could spot these early’’ ’DF12

Educating farm staff is vitally important in controlling lungworm on farm:
‘’ Yes, we all pretty good at spotting signs of lungworm, it’s the importance of having good experienced staff, however, we have to prevent it’’ DF2

[bookmark: _Toc108632318]4.2 Theme 2: Outbreaks of Lungworm and Professional Involvement on Dairy farms Including Herd Health Planning
Lungworm outbreaks have risen over the last three decades, particularly in adult dairy cows.  Control techniques and climate change have played major roles alongside the variable involvement of professionals or paraprofessionals.
Lack of involvement: expressed by Vet 2
‘’My involvement on farm with lungworm is poor’’ Vet 2
‘’Vets are not involved with lungworm on farm enough therefore my knowledge as a vet  is very poor on lungworm’’ Vet 2
‘’It would be 50/50 as to whether I get involved in the lungworm control on my client’s farms’’ Vet 2
‘’I would especially get involved with lungworm when herd health planning; however, my knowledge of the lungworm parasite is pretty poor, and my knowledge of the products to control lungworm is poor, so my involvement on farm is poor’’ Vet 3

However, it emerged there would be some involvement on farm by vets and SQP’s:
‘’Yes, I would get involved in lungworm control on my dairy client’s farm especially in the herd health plan, however, my involvement on farm is generally poor, a lot of the time when we see it it’s just clinical cases which is about 10% of our clients it’s the tip of the iceberg, almost too late’’ Vet 3
‘’Yes, I would get involved in lungworm on farm, and talk to a vets’’ SQP 2
‘’Lungworm is always discussed in the herd health plan, but probably not as much as it should be as we don’t sell any anthelmintics’’ Vet 1
‘’Yes, lungworm control is covered on 100% of my farms in the herd health plan, and I would have a discussion with my clients over appropriate use of anthelmintics’’ Vet 4
Prevention is better than cure, so its important vets get involved:
‘’Vets must make sure lungworm is part of the herd health plan, I get involved with lungworm investigations when it has not been thought about enough, then farmers get caught out, prevention is better than cure, get the cattle immune, build up immunity when they are young’’ OS1

Both vets and SQP’s are involved with controlling lungworm on farm, therefore, would a Vet have any contact with SQP’s about lungworm on one of their clients’ farms?  There appears to be little contact between Vets and SQP’s.  However, on farms where there is a joined-up advisor approach, significant success can follow:
‘’No, I don’t have contact with SQP’s when a treatment to control lungworm is prescribed’’ Vet 2
‘’No, I don’t have any contact with SQP’s when a treatment to control lungworm is prescribed by an SQP’’ Vet 4
‘’I wouldn’t have confidence to talk to a vet about lungworm’’ SQP 3
’Yes, I do have some contact with SQP’s when a treatment to control lungworm is prescribed, however, this is only one SQP, who has an excellent knowledge of lungworm and the products to control it’’ Vet 3
‘’There needs to be more parasite planning done by vets and SQP’s especially a joined-up approach, this is complicated but a lot more needs to be done’’ OS2

Poor knowledge of both the lungworm parasite and product knowledge from both Vets and SQP’s emerged. This can only reduce involvement and appropriate advice on farm:
‘’My product knowledge on anthelmintics to control lungworm is poor’’ Vet 3
‘’There is some vet and farmer engagement about lungworm in the herd health plan’’ Vet 3
‘’I have very poor product knowledge’’ Vet 1
‘’My product knowledge is not great, so I don’t like getting involved when a farmer explains he has lungworm’’ SQP 1

It’s important to understand how stakeholder advice particularly Veterinary and or SQP influences the key decision pathways of dairy farmers, and where they get majority of the advice from.
Qualitative data from the research responses demonstrates that its apparent that dairy farmers get the majority of their advice from SQP’s (69%) and there is much less involvement from their Vet (31%), except when the clients herd health plan is due.  At this point lungworm may still get overlooked.
Data from the interviews suggested that dairy farmers are receiving majority of their advice on lungworm control from the SQP compared to the vet:
‘’I listen a lot to both my SQP and vet, but regarding lungworm it would be 90% SQP and 10% vet’’ DF9
‘’I would get 100% of my advice on lungworm from my SQP’’ DF5

[bookmark: _Toc108632319]4.2.1 Subtheme: Outbreaks of Lungworm and the Age of Animals that it’s Being Seen in, plus Immunity and Naïve Animals
Climatic factors such as warm and wet summers or milder winters need consideration as outbreaks now occur in all ages of dairy cattle. 
Significantly, there has been an increase in cases seen in adult dairy cows.
Of all 12 dairy farmers interviewed, 11 of them had seen lungworm in adult cows in the last two years and this was mainly from non-vaccinated herds.
There was lungworm seen in vaccinated herds, but this was in cows that had been bought in from different counties within the UK and from other European countries:
Expressed by DF 6 ‘’We had a significant outbreak of lungworm in the past two years 2020 and 2021, this was in young first grazing animals of six months of age in July, but we have also had serious cases of lungworm confirmed by a post-mortem over the last two years in adult dairy cows up to seven years old and two-year-old heifers, in fact we had 6 die in total’’ DF6
‘’A lot of the dairy cows that had bad lungworm and some died were in cows bought in from Denmark’’ DF 6
‘’Other milking animals it’s been seen in on this farm are animals from Norfolk’’ DF 6
‘’Lungworm has certainly been seen on this farm, particularly in cows bought in, from various parts of the country, not so much in my own replacements’’ DF 4
‘’We never really had an issue until we started buying cattle in’’ DF 4
‘’ During the last two years we have seen lungworm not only in my first-year grazing animals, but also in my adult cows, normally around the end of July’’ DF8

Diagnostic cases of lungworm seen in adult dairy cows has also risen in recent years at Veterinary laboratories and Veterinary investigation centres:
‘’The reasons I believe outbreaks of lungworm in dairy cattle is becoming more common in recent years is due to the following, not enough immunity, an immunity gap and a lack of vaccine use, cattle are being housed more nowadays, so housing issues, cattle are grazed less, plus Movement of animals around the country, purchased adult replacements that don’t have enough immunity, immunity gap’’ OS2
‘’There is an over reliance of anthelmintics, particularly long-acting anthelmintics, then these cattle are not prepared when they go into the milking herd, personally, I believe it’s switched from being a youngstock disease into a disease that affects all ages of dairy cattle’’ OS2
‘’I personally believe the reasons we are seeing lungworm in adult dairy cows a lot more now than years ago is there are not enough farmers vaccinating, this is possibly down to cost, or the farmers feel they can manage with Ivermectin wormers, although, ivermectin will impact the environment, soil, killing off dung beetles. Adult cattle not being immune, is either they have not had enough exposure as they have been over wormed, or they have been purchased from a herd that hasn’t had any exposure to lungworm, or the farmers biosecurity is poor when they are buying in OS1

Vets in practice are also seeing more cases of lungworm in adult dairy cows, and express these thoughts and reasons:
‘’ Lack of grazing is a major issue, dairy farmers house their cattle more nowadays, then farmers will suddenly decide to put the cattle out especially the milking cows, lungworm is not on their radar, grazing isn’t on their radar’’ Vet 4

Furthermore, from participant data we are now seeing an emergence of outbreaks in second year grazing heifers and freshly first calved heifers.
This could be from a lack of exposure when the animals are young, resulting in a lack of acquired immunity. Enhanced involvement by Vets and SQP’s on farm, giving advice on grazing management, immunity (including vaccination) and advice on anthelmintics (including resistance) can only help.
‘’We saw a major outbreak in September 2021 in our in-calf and first calved heifers in milk that were all around 2 to 2.5 years of age, this was serious as two animals died, plus there was a lot of animals ill, and lot had to be treated twice with Eprinex [Eprinomectin] pour-on’’ DF11
‘’Lungworm has been a problem in both our adult cows and our freshly calved heifers around 2 years of age, we in fact had two heifers die last year’’ DF9
[bookmark: _Toc108632320][bookmark: _Hlk104727435]4.2.2 Subtheme:  Farmers Driven by Growth Rates and Financial Gain
Hitting growth rate targets in youngstock is vital on all dairy farms but especially with those on a block calving system (Spring or Autumn) where a target calving age of 2 years old is crucial. Animals falling out of calving blocks in subsequent years are a costly loss.
Several dairy farmers interviewed agreed that they may over-use anthelmintics from the 3-ML group as they can’t afford for heifers not to grow:
‘’I’ve always relied on pour-on Ivomec [Ivermectin] or Dectomax [Doramectin] wormers to control lungworm in my youngstock as I’m driven by good growth rates, they have to make serving and calving weights’’ DF 1
‘’I worm with an ivermectin pour-on wormer through the grazing season, this is all driven by me wanting good growth rates in my heifers, although I’m also definitely going to vaccinate for lungworm this year’’ D3

[bookmark: _Toc108632321]4.2.3 Subtheme: Long Term Damage and Impact on the Business
A small number of cattle die from post-patent parasitic bronchitis but happily most animals will gradually recover albeit an absolute return to normality can often take months.
The interviews revealed that approximately one or two animals died per outbreak but particularly if treatment was delayed. There was serious farmer concern that even once the animals recovered severe lung damage would impact on youngstock growth rates or quality and quality of milk yield in adult milking animals. Affected youngstock might be less likely to be retained past their second lactation as lungworm contracted earlier in life, had affected fertility and performance.
‘’Lungworm not only impacts my heifer’s growth, but it also impacts the milk yield later in life, and I feel the cows don’t produce the quantity and quality of milk later when they reach the milking herd, this impacts the business considerably’’ DF10
‘’One or two heifers that had lungworm bad last year are still very thin, these must have significant lung damage and will be more susceptible to other diseases later in life, we might even have to cull them, this impacts the business. Our milk yield was low when we had an outbreak last year, and to be honest it’s never really recovered and we are now 8 months later, and some have been treated twice adding further cost’’ DF11
‘’Even after our dairy heifers have recovered from lungworm the growth rates are significantly impacted, very often they won’t make bulling weight, so then these animals won’t calve around 24 months when we want them too. We lost one animal at around 7 months of age and that would have been worth £500.00 at that age then there was treatment costs and loss in growth so this would possibly add up to £1000.00 for that group of heifers’’ DF12
‘’I’ve decided to vaccinate, because lungworm impacts me bigtime, I like my heifers to calve at 23 months of age, we spend so much money on rearing these heifers they have to grow’’ DF 2


[bookmark: _Toc108632322][bookmark: _Hlk104728295]4.3 Theme 3: Barriers to Vaccination, Restrictions to Implementation
Interview data suggest that there are thematic barriers restricting dairy farmers from incorporating the lungworm vaccine, Bovilis Huskvac (£10/head) into the farm’s parasite control plan.
Vaccine awareness was high in all interviewees. A high percentage of stakeholders recognised the issue of overuse of anthelmintics, and some worried stakeholders were starting to make changes. 
Supermarket milk contracts, focus on sustainability and the environment.  They have driven change and best practice, however, there are still barriers to the use of an excellent proven vaccine. 
Out of the 12 participant dairy farmers only 3 vaccinated annually and these farms only started following an outbreak.  In general, they have been very pleased with the results from vaccination, although, 2 of these farms had still seen an outbreak in bought-in adult dairy cows. 
Perhaps more Vet and SQP input on farm about these new farm arrivals could have prevented these occurrences.  
Whilst a couple dairy farmers prioritised the vaccine on their farm:
‘’Following outbreaks of lungworm a few years ago, I would never not vaccinate now, I feel the only barrier is cost, however, I feel its money well spent’’ DF2
‘’There would be a considerable economic impact on this farm if we had an outbreak of lungworm, that’s why I personally vaccinate, I would always vaccinate. As I believe it would affect growth rates in my heifers, conception rates and milk yield in my milking herd’’ DF3

Financial considerations were evident, and it was suggested that anthelmintics are far too cheap compared to the vaccine when cost per dose was considered.  This was a significant discovery:
‘’The barriers to vaccination are for sure the cost, £10.00 for two doses is a lot of money, when I can worm with pour-on wormers all season for a quarter of the price’’ DF1
‘’Cost is big barrier, if it was a one-shot vaccine I would do it, there is too much agro to doing two doses and Ivermectin wormers are so cheap, there is a big difference between the cost of wormer and the vaccine’’ DF8
‘’It’s an expensive vaccine, so there is an initial cost especially in large herds, plus wormers are so cheap’’ DF12
‘’The biggest barrier to using the vaccine is cost, it’s a cash flow problem’’ DF4

Two dairy farmers have stopped vaccination due to monetary reasons. They are now having a problem with lungworm and so should really start using it again:
‘’I really should be using the vaccine as I had a case of lungworm last year in a young calf. Following a bad year with lungworm when I lost 2 animals I started vaccinating, but then stopped because of various barriers mainly due to the cost of the vaccine and housing more cattle’’ DF9
‘’I used to use Huskvac, but it’s another job and plus it’s an expense, it’s very costly compared to the price of Ivermectin wormer’’ DF10

Supermarket milk contracts pressure to reduce anthelmintic usage on farm, aid the environment and enhance sustainability, has meant that some dairy farmers such as these two farms will be vaccinating for the first time in 2022:
‘’I’ve never vaccinated, although lungworm has always been a problem on our rented land, the cost of the vaccine has always stopped me from using it, however, I am this year in 2022, mainly down to my milk contract driving me to do this’’ DF7
‘’I’ve contacted my SQP and Vet to tell them I’m going to use the vaccine this year, as the vet for my Arla Morrisons contract is wanting me to use it, to reduce the amount of wormer applications I’m currently giving’’ DF1

Recent changes in supermarket milk contracts are driving best practice and changing the views of dairy farmers, vets and SQP’s:
Supermarket milk contracts are asking for us to change our ways, as now are the vets and SQP’s that I currently work with’’ DF7 

Once a farmer has had a significant number of animals die from lungworm, then vaccination looks a good saving, as one farmer explained:
‘’The barriers to lungworm vaccination are definitely financial, but I will defiantly use the vaccine going forward as it’s a lot cheaper than losing animals’’ DF6

In addition to vaccine price, mention was made of increased labour costs with the burden of dosing stock with two oral doses of vaccine.  There were also restraints on turn-out times to allow for adequate uptake of the vaccine pre turnout.
‘’It look’s a ball ache [sic] to do, plus their extra labour, and two doses to be given, and you can’t turn out until two weeks after receiving the second dose, this means some of my spring born calves staying in too long, way into the summer. If you’re going to use Huskvac you have to have a parasite plan in place, my vet from my milk contract has asked for this to be done, more expense’’ DF1
‘’If it was a one-shot vaccine I would do it, there is to much agro to doing two doses’’ DF8
‘Time is a big barrier, and also you need a good handling system as it’s not easy to give’’ DF11
‘’Two doses for me is major barrier as it affects turn-out times, its not easy to drench huskvac, it would be a lot easier in injection form’’ DF9

Although it’s their belief that vaccinating with Huskvac is the gold standard, it emerged from interview data that only between 25% and 30% are currently vaccinating. Several non-farmer stakeholders believed there to be lot of barriers to lungworm vaccination:
‘’Cost is the biggest barrier I find when I’m talking to my dairy farmers about the use of Huskvac’’ Vet1
‘’It’s an expensive vaccine compared to other vaccinations, so there is an initial cost, and farmers don’t perceive there is a problem on their farm because they are worming, plus wormers are too cheap compared to the vaccine there is far too much of a difference in cost compared to the cost of a wormer and the vaccination’’ Vet4
‘’Production of the vaccine is poor, we can’t produce enough vaccine early enough in the year, this leads to in-proper use. Furthermore, handling is also a problem, it’s difficult to use its not farmer friendly, with it being in glass bottles. There is too much difference in the price of the vaccine and some wormers especially the active ingredient Ivermectin. We could also do with knowing how much heifers grow in the months of July, August and September with the vaccine compared to heifers not receiving the vaccine’’ Vet2
‘’The cost differential between the vaccine and most anthelmintics is ridiculous, the price of some wormers is pennies compared to the cost of the vaccine, this has to change, i feel we need research and development into a new vaccine, Huskvac has been around for a long time now and it works so well. I believe every breeding dairy female animal should be vaccinated’’ OS2

[bookmark: _Toc108632323][bookmark: _Hlk104729747]4.3.1 Subtheme: Anthelmintics
It’s important to understand the rationale of differing vaccine and anthelmintic strategies for control of D. Viviparus. 
Interview data suggests that the quantity of anthelmintics used on farm is overwhelming compared to vaccination. 
The low prices of the Ivermectin based (ML group) Pour-On wormers are attractive to cost conscious clients.  They consider the cost first and often ignore the longer-term cost benefit to their stock and enterprise.
As mentioned, supermarkets are leading the change here.
‘’I control lungworm on my farm with strategic use of Ivomec Classic [Ivermectin] Pour-On wormer on my youngstock, at 3, 8 and 13 weeks after turnout and then again at housing, this is a simple and cheap’’ DF10
‘’Financial gain is what drives my anthelmintic practice on farm, this is why I use an Ivermectin Pour-On wormer on my dairy heifers, Ivermectin is penny’s here in North Wales, but I totally understand this is bad for the environment, and I could run into trouble with anthelmintic resistance, so I’m looking at using a first grazer bolus in 2022, these will be used next month on this farm’’ DF8
‘’I continue to use Enovex Pour-On [Ivermectin] on my R2’s, second season heifers at grass, as its cheap, and these heifers should have a bit of immunity, however, I use Dectomax [Doramectin] Pour-On on my R1’s first season grazers as it lasts longer, but I am going to use lass wormer hopefully in 2022 as I’m going to vaccinate for the first time, along with undertaking regular faecal egg counts for roundworm’’ DF1

Doramectin Pour-On is also still used significantly, due to dairy farmers being advised to use this active ingredient at turn-out on their youngstock and then again 8 weeks later, this has been convenient and easy to use:
‘’Dectomax [Doramectin] Pour-On is used at turn-out and then around two months later on my R1’s, but it’s going to be used this year alongside the lungworm vaccination, plus ill only worm with Dectomax after a high faecal egg count result, or if my heifers are not growing’’ DF1
‘’Dectomax [Doramectin] Pour-On has been used a lot on all my three farms, because we have been able to use it at turn-out and the 8 weeks later, making it easy to use, this year though in 2022 I’m looking at vaccinating for lungworm, whilst also my SQP is going to be undertaking faecal egg counts for roundworm’’ DF7

Levamisole oral drench has often been the product of choice for anthelmintic treatment of coughing youngstock with lungworm, although a re-treatment may be required as it only kills adult lungworm.  It can’t be used on animals producing milk for human consumption:
‘’Levacide [Levamisole drench] has also worked well, especially when treating lungworm, the other products we use such as Dectomax [Doramectin] and Ivomec [Ivermectin] are ok at preventing lungworm, but if the animals need treating because they are coughing bad then I would always get my staff to treat with Levacide [Levamisole]’’ DF7
‘’I now vaccinate for lungworm and we faecal egg count teat for roundworms, and when needed we will often use a levamisole drench, this I used to treat for lungworm before we started to vaccinate’’ DF12

Oxfendazole boluses have also been used on farm with considerable success in first season growing heifers, particularly alongside Huskvac.
‘’My dad likes using Ivomec [Ivermectin] pour-on because it’s so cheap, but we now use oxfendazole first grazer boluses on my youngstock, and these have worked really well, especially alongside the lungworm vaccination Huskvac, but they are both expensive, so I don’t think we are going to let our youngstock out to grass this year’’ DF9
‘’We have used Autoworm first grazer boluses containing oxfendazole and these are brilliant on my youngstock, although when we bring animals in, these don’t always get treated’’ We are going to vaccinate with Huskvac this year’’ DF6

Participating data shows that long acting moxidectin is also being used on dairy heifers, particularly on first season grazers away from home. These heifers have achieved some excellent growth rates and this strategy can work out significantly cheaper than a bolus.
‘’We have used Cydectin moxidectin 10% LA Injection for a few years now on our heifers, but we house early, so our heifers are only out from May until the end of August, the time that the persistency of the wormer lasts. DF11

11 out of the 12 farmers were having to treat with an eprinomectin pour-on wormer at least once a year for a lungworm outbreak and some will have to retreat for reinfection. A significant quantity of medication involved:
‘’Eprinex [Eprinomectin] pour-on is used on the milking cows at first signs of coughing’’ DF4
‘’We are using more wormer such as Eprinex [Eprinomectin] pour-on, on our dairy cows than we used to, this is because we have to’’ DF6
‘’Yes, farmers especially us are using more wormer because of an outbreak of lungworm, particularly on adult dairy cows and often having to retreat’’ DF11
[bookmark: _Hlk104729264]
[bookmark: _Hlk104729190]4.3.2 Subtheme Grazing Management & Climate Change
Perception of the influences of the above were significant. 
Whilst many farmers continue to graze heifers in traditional ways, especially block calving herds, some have nearly abandoned pasture exposure.  Intensive milking herds with advanced housing facilities, often manage their cattle inside all year round apart from a small window of grazing for dry cows or older heifers aged 15-24 months.  This practice really limits lungworm exposure and diminishes natural immunity.
Conversely some farms are so densely stocked that the grazing becomes dangerously contaminated and acquires “elevated risk” status.  Clean ground is at a premium.
Expressed by several dairy farmers:
‘’We don’t turn-out as many of our dairy replacement heifers now until they pd in-calf, at around 15 months of age, because I want them to grow, and I’ve found their daily live weight gain hasn’t been great out at grass, I want growth rates, and they don’t grow as well outside, and our youngstock that do go out will not go out until we have clean grazing such as silage aftermath’’’’ DF9
‘’We have changed the amount of time our stock are out at grass in recent years, possibly a lot less grazing, especially the high yielders (adult milking cows) these won’t go out much at all, and the low yielders will only go out for a small amount of time. This is because we want more performance milk yield, also our heifers won’t go out much either as we want them to grow more, and we feel they will put more weight on inside, although they will go out for a few months of the year’’ DF11
‘’We haven’t changed our grazing system really, all our youngstock go out to high-risk pasture, although we are going to try to avoid it this year’’ DF6
A change in the epidemiology:
‘’Over the last three decades the epidemiology of lungworm in the UK has changed, I believe we are seeing a lot more lungworm outbreaks due to a lack of herd/animal immunity, there are not enough dairy cattle being vaccinated, not enough up-take of the vaccine. We are seeing a lot mare management practices being changed, such as heifers don’t get turned out to grass until they are in-calf. High yielders don’t go out at all (don’t graze) and a lot more dairy cattle in the UK are housed permently, then some of these animals may be sold and moved to a different location. Years ago, cattle might have been slightly exposed and gain a little bit of immunity before they faced a challenge. Nowadays, these cattle have not had any exposure and then take a big hit, then you see a lot more severe clinical disease. Plus, housing dates have changed over recent years, some come in early now, however some stay out late into the autumn and winter, and there very often isn’t a plan in place for these cattle that are staying out at grass longer’’ OS2

The UK seems to be changing and we are seeing a lot more wet, warm summers and mild winters.  In 2020 and 2021 we experienced a long dry spell early in the summer followed by episodes of wet weather, resulting in the release of masses of infective larvae onto pastures, creating a serious threat to all ages of cattle:
Expressed by OS2 Climate change has also played a significant change to the epidemiology of lungworm, the last two years have been very challenging, particularly when we have had a very dry start to the summer, then heavy summer rain’’ OS2
‘’We will only see the tip of the iceberg though in PM data’’ OS2
‘’Traditionally, lungworm was often diagnosed in the South West and the midlands, however now it’s not as specific as this, it has changed, you can see it at any time any place of the UK, however, there is still a west and east split, the west gets a lot more rainfall and still sees the most outbreaks’’ OS2
‘’Lungworm cases have seen a steady increase particular over the last two years, September 2021 we sore a lot of cases, however, like vets we only see the tip of the iceberg, as I suspect a lot of dead animals won’t get a post-mortem. These cases in September come about after we have had a very dry spell followed by a significant amount of heavy rainfall’’ OS1

4.3.3 Subtheme Farmer Motivation Around Treatment
The three “P” s of productivity, performance and profit always ride high in attitudes compared with sustainability and the environment. Pleasingly, a substantial number of DF interviewees were concerned about anthelmintic resistance as they need their wormers to remain efficacious, whilst the environment was a lower concern: 
Anthelmintic resistance:
‘’Yes, I am worried about anthelmintic resistance, I need the wormers to work’’ DF1
‘’I’m not personally concerned about anthelmintic resistance, however, my heifers need to grow, so the wormer has to work’’ DF2
‘’I am concerned about anthelmintic resistance, and I listen to both my SQP and Vet on this subject’’ DF3
‘’Yes, I’m concerned about anthelmintic resistance, as I need money’’ DF10
‘’Yes, I am concerned about anthelmintic resistance’’ DF8
‘’I think anthelmintic resistance in cattle is an important emerging problem, you can make a difference by doing a parasite plan with your SQP or Vet, my vet that works for my milk buyer is asking me to do this’’ DF12
Environment:
‘’No, I’m not worried about the impact wormers have on the environment, I’m more concerned that I don’t have any coughing animals’’ DF2
‘’No, I’m definitely not worried about the impact wormers have on the environment’’ DF3
‘’No, I am not really worried about the impact some anthelmintics have on the environment, there are a lot worse things going into the environment, I’m certainly not worried about dung beetles, however, my milk buyer is trying to make me understand’’ DF1
‘’No, I’m not concerned about the impact wormers like Ivermectin have on the environment, there are bigger issues’’ DF10
‘’No, I’m not concerned about the impact wormers have on the environment, there are a lot more things that I need to be concerned of’’ DF4

Some of the farms were looking to change their grazing management and their current use of the 3-ML group anthelmintics. Uptake of education by these farmers meant they could see the benefits of the dung beetle aiding reduction of parasitic nematodes and the improvement of land productivity, 
Crucially their milk contract requirements push them to look at their anthelmintic usage, whilst also rotating the wormer groups, and think about the environment:
‘’We need to look after our wormers, we need to be more sustainable’’DF5
‘’I’m not personally worried about the environment, however, I do want to abide by my milk contract and only treat with anthelmintics when needed, this why I’m conducting Faecal egg counts for roundworms during the grazing season and why I’m also vaccinating with Huskvac for lungworm’’ DF5
‘’I’m going to vaccinate for lungworm for the first time in 2022, because my milk contract with Arla Morrisons is wanting me to vaccinate, whilst also undertaking faecal egg counts before treating for roundworms, alongside me monitoring my weights of my youngstock. I don’t really want to do this but it looks like I’m going to have to do it’’ DF1
‘’Yes, I’m also concerned about the impact wormers have on the environment, we should be concerned about the impact Ivermectin’s have on dung beetles, dung beetles do a good job, so, I’m looking at vaccinating and using Autoworm first grazer boluses or the white drench Endospec on my youngstock this year in 2022’’ DF8
‘’Yes, I am worried about the impact some anthelmintics have on the environment, Ivermectin’s are out’’ DF12


5.0 Discussion
This qualitive study explored the attitudes of stakeholders towards lungworm and understanding of effective sustainable control in dairy cattle.  It is obvious that dairy farmers attitudes to lungworm control are influenced by performance, productivity, and financial gain, however, there appears to be a drive for farmers to seek alternative options and change their management. This may be milk contract driven (Arla, 2018)
The future is clear – all stakeholders must work together to counteract the upward surge of outbreaks in all ages of cattle, but particularly adult dairy cows.  
There is often a lack of communication and engagement between farmer, Vet and SQP on parasitology in general but especially on lungworm.  There is a need for extra education for both Vets and SQP’s so they can relay this back to the dairy farmer (Dobbs, 2022) (Pyatt et al 2020).
5.1 Stakeholder’s Perceptions and Understanding of Lungworm
In this report, some dairy farmers perceived lungworm to be a serious disease, however, their understanding of the parasite was inadequate, as was that of some of the Vets working in practice plus prescribing SQP’s. A high percentage of stakeholders don’t prioritise lungworm as much as other headline diseases such as Johnes or BVD (Paton, 2015).
Recent milk contracts have mandated dairy farmers to review their anthelmintic usage and substantiate why they are worming animals. An in-depth parasite plan including vaccination for lungworm is required. They want their farmers to think about sustainability, anthelmintic resistance, and the environment (Arla, 2018). This requires vets and SQP’s who are giving parasite control advice to put develop a bespoke parasite plan for these clients, preferably as a joined-up approach working together (Pyatt et al., 2020).

5.2 Education and Resources
For these plans to be put in place and more importantly, succeed (Tremetsberger et al., 2015), the advisors such as Vets and SQP’s must have sound knowledge of the subject matter (MSD, 2021).
In this study its perceived that a vast number of both Vets and SQP’s not only have a poor knowledge of anthelmintics controlling lungworm, but worryingly have little understanding of the parasite in general. More education is needed to upgrade quality of advice (Vaarst et al., 2007), this will hopefully lead to more vet involvement on farm (Van der Leek, 2015).
Vets often felt they had precious little training on parasitology in the saturated timetable at Vet school and lacked understanding of the distribution channels and medicine classification POM-V versus POM VPS (Noah Compendium, 2022).
Equally, several participating SQP’s felt they didn’t have the knowledge to give good advice on lungworm. Substandard initial training and variable ongoing CPD did not build confidence or interest in the topic. Some dairy farmers also perceived some Vets to be disinterested in providing proactive advice on lungworm.
Enhanced CPD training for both Vets and SQP’s is lacking. Use could be made of peer-to-peer interaction by Vets or SQP’s and even some dairy farmers that have a good understanding and knowledge of the parasite and products to control it. Focused groups of passionate and  knowledgeable people exchanging knowledge (peer learning) has been shown to work extremely well, particularly in the reduction of antibiotics on farm (Vaarst et al., 2007) 
Further education could come from AHDB or pharmaceutical companies. Parasitology, particularly lungworm needs additional focus both in Vet school and the AMTRA training that SQP’s receive.  Unfortunately, a lack of interest in lungworm from the majority of Vets and SQP’s in the UK, may feedback to the dairy farmer who compounds the problem by displaying little interest until a severe outbreak occurs (McLeonard and Dijk, 2017).
5.3 Passion for Parasitology
Where specific Vets and SQP’s show a real passion and keen interest in parasite control, they can educate their clients with a bespoke parasite control plan, review immunity, grazing management, biosecurity, vaccination and the anthelmintics that control lungworm (MSD, 2021).
However, there are hurdles as SQP’s cannot prescribe the POM V lungworm vaccination (Noah Compendium, 2022). Vets generally don’t prescribe many anthelmintics as they feel they cannot compete commercially on these products.  This is where a joined-up approach between Vets and SQP’s certainly would work. It requires an openness with each other and shared passion for the subject (Vaarst et al., 2007). Dairy farmers want simple time efficient solutions with aligned advice from Vet and SQP and no mixed messages (Atkinson, 2010)
This study also finds that biosecurity and quarantine is poorly undertaken by dairy farmers who would benefit from extra education from both SQP’s and Vets (Enticott et al., 2011),
Naïve heifers and adult milking cows are being frequently bought-in and interviewees suggest this is a major problem. Transmission between cows is most troublesome if animals of different immunity levels are mixed (McLeonard and Dijk, 2017). 
Over two thirds of the dairy farmers interviewed receive their advice from their local SQP (working in trade stores and animal health businesses), some farmers perceived Vets to lack specialist lungworm experience above their own and the SQP’s understanding of the subject.  This has also been previously identified as a hurdle to farmer-advisor engagement (VDS, 2021).
Happily, there are some practicing Vets with a good understanding. They are aided by the Veterinarians working in diagnostic laboratories and investigation centres, who boast excellent knowledge of the lungworm parasite, the anthelmintics and vaccine. These allied Vets offer an excellent service and going forward could educate both practising Vets, SQP’s and dairy farmers on poorly understood immunity and biosecurity (Mason, 2022. Pers Comm. Mr C. Mason is the Veterinary Centre Manger of SRUC).
5.4 How Dairy Farmers Perceive the Risk
All participant dairy farmers perceived their risk to be very high on their farms, including four neighbouring counties on the north-west side of the UK, particularly in adult dairy cows, as 11 of the 12 interviewees all had lungworm outbreaks during the past two years, consistent with past studies (Holzhauer et al., 2011). 
Some farmers seek a diagnosis while others do not. Although, this percentage shows that outbreaks have continued to rise annually, the past two grazing seasons 2020 and 2021 have been an extremely high risk, due to wet and warm summers and mild winters. The last two summers have seen a hot spell followed by high rainfall for a considerable number of weeks, this has led to a high number of outbreaks (Mason, 2022. Pers Comm. Mr C. Mason is the Veterinary Centre Manger of SRUC). The winters have been extremely mild, and may have allowed larvae to overwinter on pasture facilitating transmission from year to year affecting animals put out to pasture in the Spring (Crawshaw and Smith, 2003).
Outbreaks of lungworm in bought-in heifers and adult cows (from UK and European herds) are significant, and formed common theme from the interviewees, (Henriksen and Anderson, 1979) (Schunn et al, 2013) and even heifers away on rented land or contract reared heifers. Farmers explained they are not considering the lungworm history of the farms that the animals are coming from, with no conversation from farmer to farmer, and very little involvement by the farmers vet when these animals are arriving (Howarth and Van Winden, 2021). Introducing naïve purchased cattle may interfere with balance of the herds immunity (McLeonard and Dijk, 2017) biosecurity may get touched on within the herd health plan, however, its very often not followed up. The health plan stays in the drawer in the office! (MSD, 2021).
Quarantine and vaccination are rarely considered by farmers, introducing naïve replacement stock may interfere with the balance of the herds immunity (McLeonard and Dijk, 2017). It’s vital that rigorous quarantine protocols are followed through, not only for bought in animals but also for youngstock that are away from the farm on rented land, or where heifers are contract reared, as even low levels of current challenge may cause an outbreak (Forbes, 2018).
5.5 Observation and Awareness
Farmers and stockmen seem confident to recognise clinical lungworm but can sometimes be slow to react (Elsheikha, 2017). Foreign workers are problematic (Szelewa and Poalkowski, 2022).
There is often a high turnover of staff on UK farms (Szelewa and Poalkowski, 2022) and this highlights the importance of having skilled, well-educated staff on farm, while also having consistency when rearing dairy youngstock (Boulton et al., 2017).
5.6 Outbreaks of Lungworm and Professional and Para-Professional Involvement on Dairy Farms Including Herd Health Planning
As highlighted in past studies, outbreaks of lungworm have continued to rise over the last thirty years and particularly in the past two grazing seasons, affecting both adult dairy cows and milking heifers. Bought-in cattle, unvaccinated animals and those with limited pasture larval exposure lack immunity and are vulnerable. Gaining some immunity to lungworm in early rearing, either by vaccination (gold standard) or by allowing a trickle of exposure whilst using anthelmintics only when needed (Forbes, 2018) is critical. 
Forbes would advocate undertaking faecal egg counts for roundworm and treating stock with egg counts exceeding 200 eggs per gram, monitoring weight gain and looking out for clinical signs such as scouring. However, for this to happen there needs to be some social engagement from all stakeholders, especially vets and SQP’s (Dobbs, 2022).
Lungworm is rarely diagnosed by a Vet in practice or diagnostic laboratory investigation centre (Van Der Burgt, 2022. Pers Comm. Mrs. G Van Der Burgt is the Veterinary Investigation Officer of APHA). 
However, in recent years as farm planning has become more of a requirement (Red Tractor, 2020), it’s vital that parasite control is not overlooked, and not just a ‘tick box exercise. By engaging, over lungworm, vets, SQP’s and dairy farmers can all take a major step forward in controlling the parasite so the farmers are not caught out, prevention is better than cure (AHDB, 2022). 
5.7 Outbreaks of Lungworm and the Age of Animals that its Being Seen In and Immunity
Traditionally lungworm was predominantly thought to affect youngstock and cattle in the south-west of England and the midlands, however, it is now well-established right across the UK (McLeonard, and Dijk, 2017), but remains more common in the west.  Even though the overall prevalence of disease has increased, it has become a disease of adult cattle especially adult milking cows differing to the historical presentation of ‘coughing in young cattle in their first season at grass (McCarthy, 2020).  Hypotheses for the changes include:
· Lack of quarantine protocols and biosecurity in replacement bought-in adult cows and milking heifers from various parts of Europe,
· A reduction in vaccine uptake 
· Over-reliance on anthelmintics for roundworm control 
· Changes in grazing management (Forbes, 2018) resulting in an immunity gap, with a substantial proportion of animals immunologically naïve, particularly adult replacements (Mason, 2022. Pers Comm. Mr C. Mason is the Veterinary Centre Manger of SRUC). 
· A considerable number of outbreaks in second year grazing heifers and freshly calved heifers probably from lack of exposure while young.  Potentially through overuse of preventative anthelmintics, a poor uptake of the vaccine or that young dairy heifers are being housed a lot more than historically (Mason, 2022. Pers Comm. Mr C. Mason is the Veterinary Centre Manger of SRUC). 

· Animals are not gaining enough immunity (Van Der Burgt, 2022. Pers Comm. Mrs. G Van Der Burgt is the Veterinary Investigation Officer of APHA). The parasite is thriving more despite a large quantity of anthelmintic’s including long-acting being used through-out the grazing season. It’s now impacting growth rates of calves in their first grazing season and having a major impact on milk yield (Timothy, 2020).

5.8 Farmers Driven by Growth Rates and Financial Gain
Dairy heifers have to grow to the right weight at 14 to 15 months ready for serving, for farmers to calve them at 23 to 24 months of age (Boulton et al., 2017).
Just like with mastitis in dairy cows nearly all dairy farmers are motivated by growth rates and financial gain (Valeeva et al., 2007) (Boulton et al., 2017).  This is even more important on farms with a block calving system as these farms cannot afford for animals to fall out of the block. 
Anthelmintics are probably being overused as many farmers rely on wormers containing Ivermectin, Doramectin and Moxidectin to control both roundworms and lungworm (COWS, 2020). 
Extra education and prescriber involvement will be needed to convince dairy farmers to vaccinate and undertake faecal egg counts for roundworm (and treat only when needed) but also to review their grazing management and use of anthelmintics at housing (Forbes, 2018).
5.9 Long Term Damage and the Impact on the Business
Dairy farmers are motivated by growth rates of their dairy youngstock, however, some of this is down to their drive for financial gain and their business model to succeed (Charlier et al., 2020).
A small number of cattle will die from post-patent bronchitis, and this will have immediate business impact with carcass disposal, labour costs and loss of a valuable replacement heifer. There are also treatment (and re-treatment) costs. The cost of a replacement heifer ranges from approximately £500 for a young animal around 6 months of age through to a milking heifer/cow at around £2,000 (Bland, 2022.  Pers Comm. Mrs E. Bland is a Farm Vet of Lanes Vets). 
In addition, there can be major chronic damage to numerous heifers, and it can take months for animals to return to normality. Furthermore, participating dairy farmers feel that some heifers never recover and even six months later remain thin, are susceptible to other diseases (potentially immunosuppressed), and may have to be culled (McCarthy 2020).
It costs approximately £1500 to rear the animal to the age of 24 months (AHDB, 2022) so replacement cost is significant.  Fertility will also be impacted and very often repeat services are required to get heifers and cows back in-calf (Boulton et al, 2017).  There is also a belief from dairy farmers that milk quality and quantity from an animal following lungworm infection is poorer later in life, resulting in impaired fertility and longevity (Devries and Marcondes, 2020).
5.10 Barriers to Vaccination, Restrictions to Implementation
All stakeholders recognised that routine vaccination in their youngstock would help prevent    lungworm, but when asked if they would be willing to use the vaccine there were common barriers.  Barriers included six common themes, 
1. The cost of the vaccine, vs the cost of wormers, 
2. The disadvantage of it being a 2-dose vaccine compared to a BVD vaccine like Bovela that’s single shot (Noah Compendium, 2022),
3. Dose timing impacts turn out time 
4. The lungworm vaccination is administered orally, this also poses handling system requirements (Grandin, 1997), especially as the vaccine is in glass bottles, 
5. Extra labour is needed.
6. Production challenges impacting time of administration
Cost The cost of the two-dose primary course of the vaccine varies from £10 to £12 depending on practices and location (Howe, 2022. Pers Comm. Mr R. Howe is a Vet of LLM).  Most farmers feel that the initial cost of Huskvac is expensive compared to other vaccines, however those currently vaccinating felt it was money well spent.
Difference Every stakeholder opined on the low price of wormers like Ivermectin pour-ons compared to the cost of the vaccine.  This frustrates most Vets, who feel this must change otherwise it will always be a struggle to implement the lungworm vaccine on farm.
Whilst participating dairy farmers all agreed that wormers were ridiculously cheap some even mention ‘’pennies’’ and as a result often dismissed the vaccine because of this aspect.
However, as anthelmintic resistance has become a major problem in the sheep sector in recent years (SCOPS, 2022) there is concern that this will also become a problem in cattle in future years (COWS, 2020).  Consequently, emphasis must shift towards cost effective growth rates from grass and the opportunity for development of trickle immunity via exposure to larvae on pasture (University of Glasgow, 2018). 
Presently many farmers feel they can blanket treat youngstock all season with anthelmintics for less than a quarter of the price than the vaccine cost.  Pleasingly, the industry is starting to change, and industry groups such as COWS are pushing for both SQP’s and Vets to advise farmers to implement regular faecal worm egg counts for roundworms throughout the grazing season.
Supermarket milk contracts are also driving best practice and influencing farmers to act, reduce their anthelmintic usage and consider vaccinating their youngstock for lungworm.    Vaccination education will be needed as vaccinal oral immunisation is the only real insurance policy available (Cresswell et al., 2013). 
Supermarket milk contracts will continue to strongly advocate vaccinating youngstock.  (Atkinson, 2022.  Pers Comm. Mr O. Atkinson is a Dairy Consulting Vet of Dairy Veterinary Consulting LTD).
Two-doses and Turn-out:
Farmers perceive two doses as a barrier to vaccination with increased time and labour cost.  However, the real issue is the restriction on turn-out times in Spring.  Vaccination fits well for autumn block calving herds, as these calves are old enough to have the vaccine for example in January and February and then be turned out depending on the weather in March (Forbes, 2018).  However, this also depends on whether the vaccine is produced on time, as interview data suggests it is not always available in January, due to manufacturing challenges related to the live contents, production timescale and short shelf life (Baxter-Smith, 2022.  Pers Comm. Dr K. Baxter-Smith is the Veterinary Advisor of MSD Animal Health).
In Spring block calving herds, the animals are often less than 8 weeks old by May and farmers will want to turn them out soonest as stocking rates are now generally high on most dairy farms, and this can lead to other pressure and diseases particularly when housed (Fujiwara et al., 2020)
These calves are often not given the vaccine because they are out at grass before they are old enough for vaccination. The second dose is especially problematic as roundworm treatments overlap. Generally, vaccinating herds will often vaccinate these-spring born animals before their second-year grazing season (Rickard Ballweber, 2022).


5.11 Administration and Handling 
All felt that orally drenching cattle is challenging work and time consuming particularly in older animals (Grandin 1997). This probably explains why bought-in naïve adult cows and milking heifers are not even being considered for vaccination (Hayes et al., 2021). Some farms do not have a crush with a head yoke for drenching cattle easily (COWS, 2020) Huskvac presents in glass bottles, which are easily broken or can injure an animal or operator (One health).
Vets, feel there may be some benefit in pharmaceutical companies bringing out another rival lungworm vaccine after extra research and development (Mason, 2022.  Pers Comm. Mr C. Mason is the Veterinary Centre Manger of SRUC).
A common theme is apparent, that a lot of dairy heifers are not being vaccinated, with many being housed until they are confirmed pregnant at around 16 months of age when vaccination is no longer a viable option (Ridler et al., 2009). 
5.12 Anthelmintic Treatment
Treatment options for lungworm are mainly based on anthelmintics, however supportive treatment by non-steroidal anti-inflammatory and antibiotics may be advised by a Vet (APHA, 2021).
As the vast amount of anthelmintics are purchased from an SQP not linked with a Vet practice, there is a benefit for any SQP to contact the dairy farmers Vet when advising and prescribing an anthelmintic for an outbreak just in case an anti-inflammatory and or an antibiotic is needed (APHA, 2021). 
It is crucial to understand what anthelmintic practices are employed in relation to lungworm on dairy farms, and what drives these actions (Clay et al., 2019).
Principally, all the groups of anthelmintics are licenced against adult lungworm, so a myriad of choices exist with numerous brand names clouding the issue.  Further complexity centres on the route of administration, whether it be by injection, pour-on, oral bolus or drench formulation. Only certain products will treat the L4 stage of lungworm.  Furthermore, there are products that have a persistent duration of activity against infection or re-infection of D. viviparus, such as Dectomax Pour-On containing doramectin (Noah Compendium, 2022).
Interview data suggests that either Ivermectin Pour-On’s or Doramectin Pour-On’s are the usual choices within two months of calving. The injectable formulations of these active ingredients are also widely used.
Farmers favour inexpensive but effective Ivermectin or long acting moxidectin injection. Oxfendazole oral boluses are also being used on farm to control lungworm, particularly on land away from the farm, which is often rented with poor handling facilities. Poor handling facilities along with other psychological barriers that include one health such as personal injury can also influence dairy farmers decisions (Brennan et al., 2016). 
However, it also emerged that Levamisole oral drench has worked well for many years now and is quite commonly used when treating a group of young animals that are showing clinical signs (Matthews, 2008). 
It is highly desirable that advisors such as Vets and SQP’s have a good understanding of all the products available to them for the control of lungworm and just as important is tailoring their advice to the individual farm (Forbes, 2018). 
Eprinomectin is commonly used when there is an outbreak of lungworm in a milking herd, because of its zero milk-withhold.  The topical pour-on solutions are most popular; however, an injectable formulation is available which used to be POM-VPS. However, reclassification as a POM-V offers Vets the chance to become involved. It has a significantly longer meat withdrawal (63 days) compared to the eprinomectin pour-on’s which range from 10 to 15 days, and the persistent activity is also lower than the pour-on’s, all this must be taken into account (Noah Compendium, 2022).
5.13 Grazing Management and Climate Change and Diagnosis
All parties agreed, as previously discussed, that climate and seasonal changes were playing a role in the evolution of lungworm epidemiology. Both practicing Vets and allied Vets working in Veterinary investigation centres and laboratories, acknowledged that they were only seeing the worst cases.  Inevitably many cases go unreported, and farmers will employ multiple treatments to save their stock (Mason, 2022. Pers Comm. Mr C. Mason is the Veterinary Centre Manger of SRUC).
In the past with traditional grazing patterns, most young animals would have experienced some sort of exposure to lungworm but these days many are denied that opportunity (Shortall, 2022). Today those that remain naïve risk facing a massive challenge at some point, and this will result in serious clinical disease (McLeonard and Dijk, 2017).
Modern farming practices evolved to be more profitable for other good commercial reasons invite the downside of reduced larval exposure and alternative commercial losses (Hawkins et al., 2020).
5.14 Farmer Motivation - Supermarket Milk Contracts Drive for Change Including Sustainability, Environment and Dung Beetles
Dairy farmers interviewed felt that there are more principal factors to think about than the environment, and although most want to be sustainable, the environment comes down the list. Practicing and allied Vets took more of a concerned approach. However, dairy farmers may be open to change regarding anthelmintic resistance and can see the benefit in knowing their wormers are working (Forbes, 2018).
Following recent education by engaged Vets and SQP’s and the ever-increasing milk contract pressures on necessary usage and rotation of chemical groups used, vaccinating for lungworm remains the route of choice (Arla, 2018). 
Dairy farmers fundamentally understand the need for change and an increasing percentage can now see the unforeseen consequences of mass preventative use of the macrocylic lactone (3-ML) group on critical tunnelling dung beetles (Sands and Wall, 2016). Past studies show Ivermectin treated dung reduces ryegrass growth by 18% (Sands and Wall, 2016), so dairy farmers must begin to understand the real benefits that the dung beetle offers.
Gold standard is heading towards using the lungworm vaccine plus the oxfendazole bolus on youngstock or undertaking regular faecal egg counts which then inform treatment when needed (Baxter-Smith, 2021).
6.0 Conclusion
There is an increasing concern that lungworm disease is rising in prevalence with management becoming more challenging.
The industry is seeing farm more outbreaks of lungworm in adult dairy cows and two-year-old dairy heifers once they have joined the milking herd. Immunity and lack of exposure plays an important role. It is that youngstock are exposed to a trickle of lungworm from an early age, so that immunity can start to develop when animals are young.
Dairy farmers financial motivation and a need for their youngstock to grow without any parasitic check, has led to an overuse of anthelmintics to control both roundworm and lungworm. However effective knowledge transfer and advice from increasingly well-educated advisors, has meant that more farmers understand the basis of lungworm disease and its prevention and control. This process must continue, especially regarding the implementation of herd health plans. Therefore, vets and SQP’s may well need extra education to familiarise themselves with the parasite and the products available to control lungworm.
In the Research Hypothesis, the researcher felt that vets and paraprofessionals might consider that lungworm is underdiscussed. This can be more apparent with vets due to their potential lack of involvement on farm. Dairy farmers often say that they are adequately educated on Lungworm. The author was surprised about this, as many of them remark that, with the increased importance of lungworm, more information would be beneficial. Unfortunately, the farmers vets were often reluctant to discuss the issue in depth.
Vaccination programmes are an important element in a comprehensive well-planned herd health control strategy and lungworm is entirely preventable by proper use of the Bovilis Huskvac vaccination regime. Vaccination will also potentially reduce the need to use as much precious anthelmintic. Alongside faecal egg counting for roundworm and regular stock weighing, all these measures should reduce the development of further anthelmintic resistance in helminth populations.
During the last three decades the epidemiology of lungworm in the UK would appear to have changed. Increased prevalence is an emerging scenario, possibly due to a lack of herd/animal immunity. Vaccination sales have stayed relatively stable over recent years, so there is probably a lower than optimal uptake of the lungworm vaccine. Management practices, including grazing and housing have also changed significantly, with youngstock being housed a lot more than they once were. It is more usual for them to graze at pasture for only a few months of the year, with the same trend seen in the milking portion of the herd. Some herds in the UK are now housing permanently or zero graze. Hence the now common usage of the term ‘’immunity gap.’’ Heifers are often ill prepared immunologically upon entering the main herd. So, with cattle having less parasitic exposure, when they do come under heavy challenge, there can be widespread morbidity and significant mortality.
Moreover, there is the effect of an ever-increasing movement of replacement animals to consider. This is a national and European trend and only serves to increase the introduction of potentially naïve milking dairy heifers and adult cows into UK herds, with the obvious implications for the balance of herd immunity.
Quarantine and biosecurity protocols, as outlined in Red Tractor and herd health plans may lack full implementation. Consequently, even low levels of existing challenge can cause an outbreak. Vaccination is often not practiced when incoming stock join the existing herd.
Lungworm vaccination uptake continues to face certain barriers. The scarcity and quality of on-farm labour for cattle handling, two-dose regime and price continue to feature. The commercial sensitivity is key, as frequent reference is made to the cost differential between anthelmintics and the vaccine. These attitudes can result in the perfect storm of low immunity, high challenge, over-used anthelmintics and resultant serious losses. 
Increased pressure from supermarket milk contracts for environmental and resistance reasons may eventually reduce anthelmintic usage in favour of more considered management and vaccine usage.
Recommendations
The study shows that the quality of advice varies from practice to practice and even within each practice.  Whilst farmers might talk to the SQP more, is the advice given good enough by these SQP’s?  This study shows this is questionable.
The researcher would recommend extra education on parasitology for both qualified and unqualified Vets and SQP’s. More CPD on lungworm and the role of immunity to be added in the future to avoid “Husk” becoming a headline disease like BVD.

A joined-up parasitological approach by both Vets and SQP’s in the herd health plan is key.
Currently there is substantial evidence of lungworm advice falling in the gap between vets and SQP’s. Both channels could be encouraged to engage a lot more.

Regarding quarantine and biosecurity, our dairy farmers need to pay rigid attention to where they source their cattle. This applies to all potential disease ingress, not just lungworm.
An influx of milking cows/heifers from any source is a signal to follow strict biosecurity guidelines but especially when buying from naïve herds in the UK or especially other European countries. The researcher would recommend more engagement between, vets and dairy farmers when replacement stock are brought onto farm.

More farmer awareness on sustainability.

The human populations perception of farming is changing, people want to know how the food that they are eating, or drinking is produced.

Mass prophylactic treatment of groups of animals with long acting anthelmintics must change. This is often the main driver of resistance in parasitic worm populations. Continuing such practices will ultimately create long term welfare problems in the future.

I would recommend that pharmaceutical companies and stakeholders such as Vets and SQP’s alongside groups such as BVA and AHDA consider how to manage the retail price of some very affordable pour-on and injectable anthelmintics, particularly ones with the active ingredient, Ivermectin.
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Plain Language Statement

1. Introduction to the Research Study
· The research working title is Analysing stakeholders’ perceptions of Dictycaulus viviparus: An exploration of attitudes towards lungworm and understanding of effective, sustainable control in dairy cattle
· The research is being conducted by Mark Pass, a Veterinary Pharmacy MSc student at Harper Adams University.
· Mark Pass can be contacted at 05382900@live.harper.ac.uk 

2. Invitation paragraph
Following a personal telephone call, you are being invited to take part in a research study. Before you decide it is vital for you to understand why the research is being undertaken and what it will entail. I advise you to take some time to read all the information on this sheet very carefully, and discuss with your colleagues if you feel its necessary. Please feel free to ask me if there is anything you are unsure of or if you would like more information on a specific topic. Please take your time to consider if you wish to take part.
In advance thank you for reading this.
3. What is the purpose of the study?
This project seeks to investigate how those who are involved in raising and keeping dairy cattle view lungworm, controlling lungworm and what effects it might have. Stakeholders include ‘’dairy farmers and their current understanding of lungworm on their farm’’ and how they perceive the risk from D. viviparus. Other stakeholders include vets in practice and their attitudes towards lungworm control.
[bookmark: _Hlk92097631]The aim of the study is to also analyse the epidemiology of lungworm (history of the infection)? 
Combining this information, the overall aim is to investigate why lungworm outbreaks have risen annually over the last three decades and whether there is any pattern demographically between outbreaks and factors such as stakeholders’ opinions, climate and control techniques. Furthermore, to understand why outbreaks of lungworm are becoming a lot more common in adult dairy cattle. 
Your experience as a UK dairy farmer, vet in practice or a member of staff from UK Veterinary Investigation Centre or laboratories is very important to helping us address our research questions and also important for UK bovine health and welfare too.
4. Why have I been chosen?
You have been chosen to be part of this interview process due to your knowledge and experience while also being a contact or an acquaintance that the researcher has made within the animal health industry working as an R-SQP (animal medicines advisor) for the Willows Vet Group. 
5. Do I have to take part?
It is your personal choice to decide if you wish to take part or not. If you should decide to participate, you are still free to withdraw at any time and without giving a reason.
If you refuse to take part or withdraw from the research after it has been started, this will not jeopardise any professional relationship you have with the researcher in any way.
6. What will happen to me if I take part?
· Participants will be required to be available for a face-to-face interview. However,  however, if there are any Covid-19 lockdown restrictions local or national then interviews will take place virtually either by Microsoft Teams or Zoom.
· You will be asked a range of initial and follow up questions, and we are especially interested in your thoughts, opinions, knowledge and experience’s  towards controlling lungworm in cattle.
· The Interview will take approximately 30 minutes.
· The Interview will be audio recorded to allow the researcher to collect data that will be used and put into transcripts and analysed. Only the transcriptor will hear the audio before it is put into writing.
· Interviews will take place during late winter and the spring of 2022.

7. Will my taking part in this study be kept confidential?
· All information which is obtained from yourself throughout the course of the research will be kept strictly confidential. All data collected will be anonymised such as the first dairy farmer that’s interviewed will become DF1 within the study. The first vet for example will become V1 and any other stakeholders interviewed will be identified as S1. All information will have your name and address removed so that you cannot be recognised from it and no one will hear your voice.
· Any data obtained will be analysed solely by the researcher.
· All data will be stored on a password university protected laptop, in accordance with UK data protection legislation and will only be accessible by the researcher and used when needed and then the data deleted by the researcher once the study is completed.

8. What will happen to the results of the research study?
· All the data obtained and the results from the research will be published as part of the MSc Veterinary Pharmacy research project and may at a later date be published in a veterinary journal.
· The MSc Veterinary Pharmacy research project is to be published in July 2022.
· Your name or address will not appear in any publication.
· All data collected from each interview will be destroyed within three years from the initial date of collection.

9. Who has reviewed the study?
The Harper Adams Ethics committee has reviewed the project.

10.  Please Contact for Further information
 Mark Pass 
05382900@live.harper.ac.uk


Appendix 2: Interview Consent Form
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Interview Consent Form
Analysing stakeholders, perceptions of Dictyocaulus viviparus:
An exploration of attitudes towards lungworm and understanding of effective, sustainable control in dairy cattle
Researcher: Mark Pass
Interview Participant:
Thank you for agreeing to be interviewed as part of this research project about stakeholder’s perceptions towards lungworm control in cattle. This project seeks to explore why lungworm outbreaks have risen annually over the last three decades and whether there is any pattern demographically between outbreaks and factors such as stakeholders’ opinions, climate and control techniques. Furthermore, to understand why outbreaks of lungworm are becoming a lot more common in adult dairy cattle.
Your, knowledge and experience as a stakeholder within the animal health industry is very important to helping us address our research questions and also vital for bovine health and welfare.
This consent form is required for the research team to make sure that you understand the reason for your involvement, while also giving you the freedom to ask any questions that you feel are necessary.
Please see below specific points on the research project and regarding consent:
· The interviews will usually take approximately 30 minutes in duration.
· The interviews will hopefully be a face-to-face. However, if there are any Covid-19 lockdown restrictions local or national then interviews will take place virtually either by Microsoft Teams or Zoom.
· You will be asked a range of initial and follow up questions, and we are especially interested in your thoughts, opinions, knowledge and experience’s towards controlling lungworm in cattle.
· As a participant you will have the chance to ask any questions which you may have about the project.
· The Interview will be audio recorded to allow the researcher to collect data that will be used and put into transcripts and analysed.
· All information which is obtained from yourself throughout the course of the research will be kept strictly confidential. All data collected will be anonymised, and your name and address will not occur in any publication.
· You give consent for the researcher to use any of the anonymised quotes in the researcher’s thesis and any other research publications which come from the research.
· All data will be stored confidentially on a password university protected laptop, in accordance with UK data protection legislation and will only be accessible by the researcher and used when needed and then the data deleted by the researcher once the study is completed.
· If at any time you wish to retract your consent and data, please contact the researcher, within seven days of the interview taking place. 
If you would like any more information, please don’t hesitate to contact the researcher directly.
I give my consent to participate in the above study.
Name:
Organisation:
Signature:
Date:


Appendix 3: Interview Questions for Stakeholders
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Questions for dairy farmers: DF
	Initial question
	Follow up questions

	How are issues of Dictyocaulus viviparus (Lungworm) control understood and discussed within the farming community?
	How do you perceive the risk from D. viviparus on your farm?
If not, why not?


	Did you see an outbreak of lungworm last year?
	If so, what age group of animals did you see lungworm in? and at what time of year did you see it?


	Which animals were affected? Was it first year grazing animals, pregnant dairy heifers or adult cows?
	Did you have any deaths associated with lungworm?
Were they confirmed by post mortem or was it suspected?

	What clinical signs do you think lungworm causes?
	Would you and your staff be able to spot the signs?

	How are D. viviparus impacts, both economic and welfare, understood by key stakeholders? Such as dairy farmers, vets, SQP’s and other stakeholders like vet allied practitioners
	How does lungworm impact your business?

	What are the practices of anthelmintic employed (in relation to D. viviparus) on dairy farms and what drives these practices?
	How do you control lungworm on your farm?
What strategy do you use to control lungworm, would you usually use short acting wormers such as oral drenches, long-acting wormers, pour-on, injection or boluses? Vaccination? Combination of worming and vaccination? or nothing?
What are the barriers to implementing parasite control strategies?


	What levels of awareness do farmers and other stakeholders, have of the issues of anthelmintic over-use, stewardship and resistance?
	What are your views on anthelmintic resistance?
Are you worried about the impact some anthelmintics have on the environment?


	How does stakeholder advice and understanding (particularly Veterinary and or RAMA) influence the key decision pathways of dairy farmers?
	Who would you get your advice from regarding the control of lungworm?

	Understanding farmers grazing management, have they changed this dramatically over the last few years?  
	Would your animals go out to contaminated ‘high risk’ pasture or would they go out on to clean grazing?


	What secondary health issues are you seeing in your cattle after associated lungworm disease, as the weakening of the immune system also allows secondary bacterial infections
	What could the cost of a lungworm outbreak be on a farmer’s herd?
Initial costs?
Longer term costs?
Hidden costs?
After a dairy heifer as recovered from lungworm, are growth rates impacted? Would a dairy heifer still make her serving and calving dates?

	Both anthelmintic and antibiotic resistance are hot topics of discussion presently, are farmers using more of these because of an outbreak of lungworm?
	What are your thoughts on preventative anthelmintics for lungworm and their current rate of use?
Are there still too many preventative anthelmintics being used to control lungworm, rather than farmers looking at their grazing patterns and the environment?
Are you using a long-acting anthelmintic to control lungworm? If so, which product?


	Are farmers vaccinating with Bovilis Huskvac?
	If not why not, what are the barriers?



Questions for vets, and SQP’s (where applicable):
	Initial question
	Follow up questions

	How are issues of Dictyocaulus viviparus (Lungworm) control understood and discussed within the farming community?
	How do you feel that farmers and SQP’s  perceive the risk of lungworm?
What is your knowledge of the lungworm parasite?
What would your product knowledge be like on anthelmintics that control lungworm?
Would you get involved in lungworm control on your dairy client’s farms? 
If so what percentage of farms?
Has there been too much reliance on preventative wormers?

	How many farms under the care of your practice had an outbreak or cases of lungworm last year?
	What age group of dairy animals did you see lungworm in?
Was is it first year grazing animals, pregnant dairy heifers or adult cows?

	How are D. viviparus impacts, both economic and welfare, understood by key stakeholders?
	What economic and welfare impact does lungworm have on your farms?

	What are the practices of anthelmintic employed (in relation to D. viviparus) on dairy farms and what drives these practices?
	Would you get involved in controlling lungworm on farms under the care of your practice.
Would you have a discussion with your clients over the appropriate use of anthelmintics? Taking into account gutworm control, incorporating vaccination and also grazing management.


	What levels of awareness do farmers and other stakeholders, have of the issues of anthelmintic over-use, stewardship and resistance?
	Would you have regular conversations with your clients about anthelmintic resistance? And the impact that some anthelmintics have on the environment?
Are milk buyers contract requirements taken into account?

	How does stakeholder advice and understanding (particularly veterinary and or RAMA) influence the key decision pathways of dairy farmers?
	What is the perceived direction of travel in relation to control, treatment and prevention of D. viviparus among vets?

	Would you get involved in parasite planning on your farms under your care?



	What is your opinion on anthelmintic resistance?
Do you have contact with RSQP’s (RAMA) when a treatment to control lungworm is prescribed?


	How many of your dairy clients are vaccinating with Bovilis Huskvac?

	What do you believe are the barriers to lungworm vaccination on farms under your care?

	Why do you believe we are seeing cases of lungworm rising annually in the UK?
	Outbreaks of lungworm in adult dairy cattle are becoming more common, what are your thoughts on this?



Questions for other stakeholders (Vet, working in VI centres and laboratories): OS
	Initial question
	Follow up questions

	How are issues of Dictyocaulus viviparus (Lungworm) control understood and discussed within the farming community?
	How do you feel that farmers, vets and SQP’s perceive the risk of lungworm?

	Over the last three decades the epidemiology of lungworm in the UK has changed, why do you believe lungworm outbreaks have rapidly increased since 1990? 

	How significant issue do you think it is?

	How many cases of lungworm using postmortem data have you seen in recent years?
	Have you seen an increase in cases year on year?

	In your opinion, do you feel vets and farmers are familiar with the diagnostics that are available to them, such as the Baermann Larvae in faeces technique, ELISA, Haematology and Postmortem examination.
	What patterns have you seen regards to the uptake of diagnostics in recent years?

	Traditionally, lungworm disease was most often diagnosed in the south west and the midlands, is this still the case?
	Which area’s/counties have been ‘hotspots’ for lungworm disease in recent years?

	How are D. viviparus impacts, both economic and welfare, understood by key stakeholders?
	What would the economic losses be in a  severe lungworm outbreak in growing dairy cattle? And adult dairy cattle?

	Outbreaks of lungworm in adult dairy cattle are becoming more common in recent years, what do believe is the reason for this?
	Have you seen more outbreaks in adult dairy cattle in the last decade compared to the previous decade?

	Would you receive cases from dairy farms that have a good level of lungworm control in place and or farms that have poorly controlled strategies?
	Can you describe your typical interaction over lungworm cases with both vets and farmers?

	Despite a good vaccine having been available for many years now, and no resistance of lungworm to any of the frequently used anthelmintics officially been reported, why does lungworm disease remain a serious threat to animal welfare?
	What level of reliance has there been on preventative wormers? 
What changes would you recommend?
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