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Abstract
Lungworm is the most important parasite of farmed red deer (Cervus elaphus) in New
Zealand. Because of the morphological similarity between deer-derived and cattle-derived
lungworm, it has been assumed that the lungworm infecting red deer is Dictyocaulus
viviparus, the lungworm which causes "husk' in cattle.

This programme has used light microscopy, electron microscopy, molecular
techniques, cross-infection studies and immunisation to re-examine the issue of species
identification of lungworm affecting farmed red deer and to study the pathological and
immunological responses of deer to experimental challenge with lungworm derived from deer
and cattle.
Dictyocaulus larvae were isolated from properties on which the host of interest was

the sole species grazed. The larvae were cultured and used to infect multiplier animals. Larvae
were then cultured from the multiplier animals for use in trials.
Examination of adults using light microscopy revealed differences between deerderived lungworm and cattle-derived lungworm but these were hard to quantify. Using
scanning electron microscopy the. two could be clearly differentiated, the mouthparts of cattle
origin lungworm were circular, those of deer origin lungworm elongate. Molecular analysis of
the ITS-2 region confirmed a difference between the two lungworm isolates. The ITS-2
sequence of the lungworm derived from cattle matched that of Dictyocaulus viviparus. The
sequence of the ITS-2 of lungworm derived from red deer matched that of D. eckerti,
described from fallow deer (Dama dama). Single strand conformation polymorphism (SSCP),
a high resolution mutation detection method, provided a technically simple method of
differentiating lungworm derived from many hosts, including cattle and red deer.
In a cross-infection trial D. viviparus infections established in cattle, whereas deer

derived lungworm did not. Red deer developed patent infections whether chall~nged with deer
lungworm or D. viviparus. There were significant differences in the course of the infections,
the host responses and the associated pathology.
Huskvac, an irradiated larval vaccine available for use in cattle in Europe, was trialled
in red deer in New Zealand. A group of cattle were used as a control to ensure the efficacy of
the vaccine under local conditions. Huskvac protected cattle against a D. viviparus challenge.
Red deer were afforded a degree of protection, in that patency was delayed by several days in
vaccinated animals, larval output was lower and fewer adults established in the lungs.
Although protection was irrespective of species challenge, some aspects of the host response
differed according to the challenge species.
11

The lungworm specific to red deer in New Zealand is not D. viviparus. It is probably
D. eckerti, according to the current classification. Cross-infection does however occur and
D. viviparus causes pathology in red deer, therefore contamination of pastures by grazing

cattle is not recommended. As vaccination with Huskvac provided a degree of protection in
red deer it is possible that vaccination using irradiated D. eckerti larvae may be more
effective.
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Chapter 1 - Introduction

Introduction

"The desire to stock the mountain country of New Zealand with large game, so that
the Britons delight in going out to kill something might be satisfied has led to the
introduction of no fewer than nine kinds of deer"

Thomson (1921)

The first red deer to arrive in New Zealand were landed in Nelson in 1851,
(Thomson 1921; Wodzicki 1951) a gift from Lord Petrie of Thomdon, Essex. A further
stag and two hinds arrived in Nelson in 1861, and in 1862 a stag and two hinds were
liberated in the Wairarapa. Between 1862 and 1910 a further eighteen liberations were
recorded in the South Island and eight in the North Island. In addition the Wellington
Acclimatisation Society liberated fawns in their district annually from 1900 - 1910
(Wodzicki 1951).
The majority of the cervids released in New Zealand were red deer (Cervus elaphus
scoticus) with more than 250 animals being imported and over 1000 liberated. About a third

were shipped direct from Britain (English deer parks and the Scottish Highlands), the
remainder were bred from British stock in Australia (Thomson 1921). Red deer established
readily from small numbers and spread rapidly despite hunting. They are now widespread
throughout most of the high country and forests of the main islands of New Zealand. The
adaptation of red deer to New Zealand habitats was so successful that the need to control their
numbers was recognised as early as 1906 (Thomson 1921). By the early 1920s the numbers of
deer were causing concern, deer were displacing livestock in some areas and damaging
pastures and crops. Bounty schemes were introduced to control deer and then hunters
employed on a wage, but until the early 1960s just the skins were the main

s~leable

product.

The New Zealand venison industry originated in 1958-59 with a series of successful trial
export shipments of red deer venison to Europe. Initially all carcasses were supplied by
hunters and sold at roadside depots operated for processing companies (Challies 1985). By the
late 1960s hunting from helicopters was commonly practised throughout the high country of
the South Island and commercial hunting led to a reduction in deer numbers in most parts of
their range.
The farming of deer behind fences became legal in 1969. The majority of the early
stock was captured in the wild by helicopter crews and transported to farms. The deer industry
expanded steadily, adapting traditional sheep and cattle husbandry to deer farming. The New
2
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Zealand Deer Farmers Association held its first AGM in 1975 and today New Zealand is the
largest producer and exporter of farmed venison in the world. In 2001, venison exports alone
are estimated to be worth over $272 million and there has been an 14% increase in the
national herd in the past year (MAF 2001).

"The Cervidae have inevitably taken their parasites with them".
(Watson and Charleston 1985)

Although methods of deer farming and production differ from country to country
parasite control has always featured as a management problem, even under extensive systems.
The literature spans New Zealand (eg Mason 1981;Wilson 1981;Watson and Charleston
1985; Wilson et al. 1997; Mackintosh and Mason 1985; Mackintosh et al. 1997), Australia
(eg. Presidente 1984), Sweden (eg Nilsson 1971; Hoglund 1999), Germany (eg Bienioschek
et al. 1996) United Kingdom (eg Corrigan et al 1980; Corrigan 1985; Connan 1998) Russia
(eg Skrjabin 1931;Boev 1957) E. Europe (eg Drodz 1965; Drodz 1967; Lepojev et al. 1999)
and America (eg Prestwood and Pursglove 1981; Bates 2000; Foreyt 2000).

Dictyocaulus has been recognised as the single most important nematode parasite of
red deer on farms in New Zealand (Charleston 1980; Gladden 1981; Mason 1985; Mackintosh
and Mason 1985). However the high stock values and the low numbers of deer available have
meant that, until the present, no controlled slaughter trials have been conducted to elucidate
the epidemiology and pathology of lungworm in New Zealand red deer. Indeed, until the
present, the literature in New Zealand rarely differentiates between the lungworm of cattle

(Dictyocaulus viviparus), and that of deer (Dictyocaulus sp.). Controversy has raged for
nearly a century over the identification of a number of species of Dictyocaulus, particularly
those described from cervids. The controversial species of lungworm are morphologically
very similar and until the advent of scanning electron microscopy and molecular parasitology
the tools available to resolve the arguments were limited.

Outbreaks of clinical lungworm infection in farmed red deer in New Zealand usually
occur in young animals approaching their first autumn I winter and the most severe outbreaks
usually occur on highly stocked intensively managed properties (Charleston 1980). It is often
difficult to diagnose lungworm infection in red deer pre-mortem as animals rarely cough, a
classic symptom in cattle; they simply lose condition and die. On post-mortem the trachea and

3
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bronchi are often packed with worms and death appears to be caused by blockage of the
trachea and bronchi (Charleston 1980).
Lungworm infection in farmed red deer can be controlled by the use of anthelminthics
(eg Wilson and Collier 1981; Mason 1985; Mackintosh and Mason 1985; Mackintosh et al.
1985; Bowie et al.1987; Mackintosh et al. 1987; Lancaster and Andrews 1991; Rhodes 1993;
Waldrup et al. 1997; Audige et al. 1998). However breakdowns in drench programmes do
occur, with the subsequent death of animals. Blanket drench programmes, in addition to
increasing the potential for deveiopment of resistance in the parasite, are becoming
unacceptable as a management tool. Overseas markets are demanding 'chemical free meat'
and with increasingly sophisticated technology it is possible both to identify contaminants and
to trace the source. A telephone survey of organic venison producers identified control of
lungworm as the most pressing problem on conversion (Johnson unpubl.data). Lungworm
control is clearly an important issue for all farmers, but there are few alternative options
available. An irradiated larval vaccine, comprising third stage D. viviparus larvae, is available
for cattle in the UK but had not been tested in red deer in New Zealand until this study.
However the production of the vaccine is labour intensive and requires the sacrifice of a large
number of calves. In addition, the vaccine has a short shelf life and vaccinated stock require
continual natural challenges to maintain immunity. Therefore there is an urgent requirement
for the development of a recombinant vaccine. But central to the undertaking of vaccine
research is the ability to accurately identify the species of Dictyocaulus employed,
irrespective of developmental stage.
It is assumed that the lifecycle of the species of Dictyocaulus infecting red deer,

currently identified as D. eckerti (see chapter 3), is similar to that of D. viviparus, the
lungworm infecting cattle. The Dictyocaulids, members of the order Strongylida are classified
as being members of the super family Trichostrongyloidea. The adults are slender, whitish
nematodes up to 8 em long and are found in the bronchi and trachea of affected animals.
Dictyocaulus species have a direct lifecycle, first stage larvae (L1) passing from the host in

the faeces and developing through to the infective third stage (L3) on the pasture, from
whence they are ingested by a grazing host. (Fig. 1.1) Development from L1 through to L3
occurs over a period of 5-10 days under suitable conditions of temperature and humidity
(Urquhart et al.1973). After ingestion by a susceptible host the larvae migrate through the gut
wall to the mesenteric lymph nodes where a moult takes place. The fourth stage larvae (L4)
then travel to the lung via the thoracic duct and pulmonary circulation arriving approximately
7 days after ingestion. (Urquhart et al.1973). The L4s break through the alveoli and a further
moult takes place in the bronchioles. The fifth stage larvae (L5), maturing into reproductive
4

Chapter 1 - Introduction
adults, migrate towards the bronchi and trachea. Suggestions as to the pre patent period vary,
3-4 weeks (Urquhart et al. 1973), 21 - 30 days (Anderson 1992), 22 days (Soulsby 1968).
Eggs laid by the females hatch immediately and the first stage larvae are coughed up,
swallowed and pass through the gut to exit in the faeces.
Larvae may over-winter on the pasture (eg Urquhart et al. 1973; Jorgensen 1980;
Oakley 1982) or may be carried in a hypobiotic state from one season to the next (eg Urquhart
et al. 1973; Oakley 1982; Barth and Preston 1987). Connan (1998) suggested that larvae of
the species of Dictyocaulus infecting red deer in England may over-winter both in the pasture
and in the hypobiotic state in carrier animals. Many farms carry both cattle and deer and often
the animals are grazed interchangeably on paddocks as part of a pasture management
programme. Prior to this study there was little information as to possible cross-infection
between cattle and deer in New Zealand and limited information on alternative lungworm
control strategies.
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Proposed lifecycle (as currently accepted) of Dictyocaulus species specific to
red deer.

L3 are ingested with herbage and pass along the gut and through the gut wall.
L3 moult to L4 in the mesenteric lymph nodes.
L4 travel to the lungs via the thoracic duct and pulmonary circulation.
L4 moult to L5.
L5 migrate towards bronchi and trachea and mature into reproductive adults.
Eggs produced by females hatch immediately. L1s are coughed up and swallowed.
L1s pass along digestive tract and out in faeces.
L1 develops through L2 stage to infective L3.
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Research aim and chapter outline

The aim of this research project was to determine the species of Dictyocaulus infecting
red deer in New Zealand and to answer two key questions. Firstly, if there was indeed a
separate species of Dictyocaulus infecting red deer, did it also infect cattle and did the
pathology of the disease differ between cattle and red deer? Secondly, could red deer be
protected using the irradiated larval vaccine available for cattle in Europe? By elucidating the
species of lungworm in red deer and monitoring all the trials, data has been collected which
may be used in the development of a recombinant vaccine to protect against Dictyocaulus
infection in farmed cervids. It should be noted that it was impossible t.O include a na1ve
control group in the trials described in Chapters 4 and 5 due to the prohibitive costs of hand
rearing fawns. This in no way compromises the results obtained but means that comparisons
cannot be made between the infected and totally na1ve animals.
Chapter 2 describes the collection and culturing of Dictyocaulus species used
throughout the research period and includes a note on hand rearing experimental animals. The
methods used to elucidate the species of lungworm infecting red deer in New Zealand are
described in Chapter 3. Single strand conformation polymorphism was used for the first time
to delineate species of lungworm from several hosts and the applicability of this method to
various facets of lungworm research is discussed briefly. Chapter 4 describes the trial
undertaken to discover whether the lungworm specific to red deer in New Zealand infects
cattle and whether red deer are susceptible to Dictyocaulus viviparus. The development of
irradiated larval vaccines and the use of Huskvac, the irradiated larval vaccine available for
cattle in Europe, as a vaccine in red deer are described in Chapter 5. Throughout both trial
periods all the experimental animals were blood sampled on a weekly basis. The results of the
differential counts are presented in Chapter 6. Conclusi'ons and suggestions for areas of
further research are presented in Chapter 7.

Ethics approval was obtained from the AgResearch Animal Ethics Committee for the
Cross Infection (P482) and Huskvac trials (P487).
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Methods of isolation and culture of parasites
Introduction

Two major lungworm trials were conducted between November 1999 and July 2001.
Both trials were carried out at AgResearch Invermay, a research facility located on the Taieri
Plain near Mosgiel, South Island New Zealand (Fig. 2.1).
The first trial examined whether Dictyocaulus of cattle origin could infect red deer and
conversely whether Dictyocaulus of cervine origin could infect cattle. The second trial tested
the efficacy of Huskvac, a commercially available vaccine for cattle in Europe, in red deer in
New Zealand. Infective lungworm larvae of known provenance were required for both trials.
Lungworm were sourced from three farms on the Taieri Plains. D. viviparus used in the first
trial (Chapter 4) were sourced from a dairy farm in the south of the Taieri plain; those used in
the second trial ( Chapter 5) were sourced from a mixed farm in the north.(Fig. 2.2) All deer
origin lungworm were sourced on the 'flat' farm at AgResearch Invermay ( Fig. 2.2).
First stage larvae (L1) were collected from infected animals and extracted using the
Baermann method, first described in 1917, and the mostly frequently used method of
extracting Dictyocaulus spp. from infected faeces (Rode and 1¢rgensen 1989). The method,
originally used to extract hookworm (Ancylostoma) larvae from soil samples, has since been
used as a method of collecting nematodes from soil, vegetation and faeces (Duffy et al. 1999).
It was used, with modifications, for all the larval extractions performed for this study.

'Multiplier' animals were used in both trials to build up the numbers of first stage larvae
available for culture. The animals were hand reared with the experimental animals under
parasite free conditions and then housed separately. They were infected with third stage larvae
as they became available from the field and monitored for patency. First stage larvae were
then collected from them and cultured for the relevant trial.
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Invermay Agricultural Research Centre

FIGURE 2.1

Map of New Zealand showing location of AgResearch Invermay

FIGURE2.2

Location of farms from which Dictyocaulus were collected
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Sampling for Dictyocaulus

Faecal samples were tested for the presence of Dictyocaulus Ll larvae using a
modification of the method described by Thienpont et al. (1986). A lOg faecal sample was
placed in a tissue, which was then folded and immersed in the water in a Baermann funnel.
Funnels were held at 25°C for 22 hours, after which the first 10 ml from each funnel was run
into a test tube. The test tubes were then stored at 4°C to allow the larvae to settle to the
bottom. After 3 hours the supernatant was removed and the fluid remaining in the bottom of
the tube was poured into a watch glass marked with a grid. The watch glass was placed on the
stage of a dissecting microscope and left for 1 minute to allow the larvae to settle. All the
larvae were counted, using the grid as a guide.
Although both cattle and deer origin Dictyocaulus were cultured in the same laboratory
extreme care was taken to ensure no cross contamination occurred. The racks holding
the Baermann funnels were clearly labelled and divided into two groups at opposite ends of
the bench. Cattle samples were always run in cattle funnels, deer samples in deer funnels.
Cattle samples were always set up first, the benches and equipment were then cleaned down
and dried and the deer samples set up.

Sourcing the parasites- Cattle origin Dictyocaulus (D. viviparus).

Discussion with local veterinary surgeons indicated that virulent parasitic bronchitis was
not often encountered in calves on the Taieri plains. Letters were sent to thirty local dairy
farmers asking if they recalled having a lungworm problem in their herd. In the letter it was
explained that lungworm although widespread was not generally a serious animal health
problem in cattle in New Zealand. It was also explained that occurrence of lungworm on their
farm was in no way a reflection of their farm management. The proposed cross infection
study was explained and farmers were asked if they had heard any of their calves coughing.
They were also asked if they would be willing to allow faecal samples to be taken from any
coughing calves. An addressed, reply paid envelope was included with the letter but no replies
were received.
After the complete failure of the first approach a local farmer was approached directly an associate having heard his calves cough while visiting him on another matter. The calves
were faecal sampled and low levels of D. viviparus recorded. The calves appeared clinically
healthy and were only heard to cough gently on exertion. The farm was located in the south of
the Taieri Plain (Figure 2.2) and had been a family dairy farm since it was developed. Deer
had never been seen on the property. The farmer's calves were sampled twice a day for a
14
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period of two weeks; however the larval counts were low and decreasing. It became obvious
that not enough infective larvae were going to be harvested from the farm to infect the
multiplier calves and have a reserve in case the infection did not hold. With the farmers
permission it was then decided to take a parasite nai've calf, originally raised as a multiplier
calf, and graze it on the pasture at the dairy farm occupied by the infected calves. The calf
was checked carefully twice daily and faecal sampled from Day 21 post tum out. D. viviparus
larvae were found in the faeces from Day 24 post turnout. Samples were collected twice daily
from the calf for a period of 3 weeks. The calf was then drenched, returned to Invermay and
turned out to graze.
The following year the dairy farmer's son took over the management of the farm and
drenched all the calves, the drench was effective, and all the calves were negative for both
lungworm and gastro-intestinal nematodes. The later-born calves, which had not yet been
drenched were sampled but were negative. An organic farmer was then approached and
agreed to allow his calves to be sampled. The calves were older than those on the dairy farm
f

and proved to be negative. A farmer with a small mixed farm on the North Taieri plain was
then approached. He raised calves each year in a shed and then turned them out to graze at 10
weeks of age. The calves had been turned out for approximately 8 weeks when sampled.
Lungworm larvae were found in the faecal samples, as were eggs of gastro-intestinal
nematodes. The fa,_rrner agreed to allow access to the calves twice daily for five days; they
were then drenched as the levels of gastro-intestinal nematodes were unacceptably high.

Sourcing the parasites - deer origin Dictyocaulus

On the Invermay 'hill' deer farm, hinds are weaned in groups from late February
onwards. Faecal samples were taken from randomly selected calves during weaning, a
minimum of 10 calves from each weaning group being sampled. All were negative. Two
factors may well have contributed to this state, Firstly the animals on the hill farms are
drenched regularly; it is possible that the drenching programme, which has been in place over
a number of years, has lowered the numbers of infective larvae available in the pastures.
Secondly the fawns' intake of pasture, therefore exposure to infective larvae prior to weaning,
is probably lower than post weaning when they are reliant solely on pasture for their nutrition.
It was known from previous work that the pastures on the 'flats' deer farm (Figure 2.2)

harboured Dictyocaulus. Cattle have not been grazed on this farm for at least 15 years. A
small group of hinds being used in another study were calved and kept there. Positive faecal
samples were collected from the calves over a period of two weeks.
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Collecting and culturing the parasites
Faecal samples were taken directly from an animal's rectum in an effort to keep
contamination by free-living nematodes to a minimum. A fresh glove was used to collect each
sample to prevent cross contamination between animals. Samples were collected from cattle
in llitre pots and from deer in 100ml sample jars.
To culture large numbers of infective larvae, the L1s were extracted from the faeces by
spreading a thin layer of faecal material on top of a tissue-lined sieve, which was then placed
in a tub. The tub was filled with water to a level that just reached the faeces; care was taken
not to trap air between the tissue and the water. The larvae were left for 18 hours at 25°C. The
sieves were then removed and the water was poured from the tub through a 500!1m sieve into
a bucket. Any large pieces of extraneous material remained on the sieve. The contents of the
bucket were poured through a 2811m sieve, which retained the larvae. They were then washed
off the surface of the sieve using the minimum amount of water. The larvae, in approximately
300ml of water, were placed in conical flasks held at room temperature, out of direct sunlight,
and gently aerated. After six days the larval suspension was poured into a large test tube and
held at 4 °C overnight. The supernatant was drawn off the top of the tube leaving the L3s in
the sediment. The L3s were resuspended in a small amount of water and counted before
storage. The larvae were stored at 4°C in tissue culture flasks placed in a horizontal position,
with the lid loosened.
To ensure that no cross contamination occurred sieves, tubs and buckets were colour
coded and only used for either deer samples or cattle samples. Cattle samples were always

,,

set up first, the area cleaned down and dried and then the deer samples were set up.

Cleaning the larval cultures
Cultures obtained using the methodology above contained viable third stage lungworm
larvae (L3). However, they also contained detritus that was small enough to pass through the
initial sieves and clouded the cultures. The larvae remained viable when stored for short
periods with the additional material but were difficult to count.
In an effort to produce cleaner cultures, the larvae and the solution in which they had
been cultured, were placed in large tissue-lined kitchen sieves resting in funnels. The funnels
had short lengths of hose and clips attached to them, essentially a large Baermann's apparatus.
The funnels were held at 25°C for 22 hours before being run down. All the fluid from the
funnels was collected and left to sediment in large test tubes for four hours at 4°C before the
supernatant was removed. The larvae were then resuspended in clean water and stored as
described above.
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On considering the relative motility of first stage and third stage larvae, first stage
larvae having been observed to be much more active and motile, it was decided to alter the
cleaning process. Larvae produced for the second trial were cleaned prior to the culture stage.
After the Lls were extracted from the faecal material and had been washed off the final sieve,
they were set up in the large kitchen sieves as described above. The cleaned larvae were
resuspended in approximately 300mls of clean water and cultured as previously described.
Inserting the cleaning phase before the culture period rather than after it resulted in a
higher clean L3 recovery rate. Again sieves and funnels used in the cleaning process were
colour coded and used solely for the same species of Dictyocaulus throughout.

Problems with bulk extraction of D. viviparus
The bulk method of extracting larvae resulted in large numbers of deer origin L3s but
smaller numbers of cattle origin L3' s. In an attempt to improve extraction rates it was decided
to modify the method for cattle faeces.
Firstly an adaptation of the 'Weybridge' (MAFF 1986; Keith Hunt pers. comm.) method
of extracting larvae was tried. Faeces were spread in a layer approximately lcm thick on
plastic trays (30cm x 15cm) with a small lip. A sheet of glass was cut to the correct size so
that it fitted into the lip and sat approximately 5mm above the faeces. The trays were placed
on a bench out of direct sunlight and maintained at room temperature. Each day the glass was
lifted and the faecal matter misted with water. From Day 6 through until Day 9, after the
commencement of culture, water was run gently across the surface of the faecal matter and
collected in a bucket. The underside of the glass was also gently washed and the washings
collected in the bucket. The washings were poured through a 500f-1m sieve to remove any
large pieces of extraneous matter and then through a 28f-1m sieve. The larvae were washed off
the surface of the 28f-1m sieve, collected, sedimented as described above and counted.
Although larval recovery was better using this method the cultures were filled with
fungal spores. These spores could not be removed by sieving and in many cases obscured the
larvae making enumeration difficult.
As it was imperative to collect large numbers of D. viviparus, and bulk extraction
methods from cattle faeces were resulting in low recovery rates, it was decided to set up the
bulk faecal samples in individual Baerrnann's units. The samples were set up as described
above (Sampling for Dictyocaulus) but 20-30g of faeces was used rather than lOg. If samples
of faeces greater than 30 -40g were used larval extraction was not as efficient as when
samples of 10 -30g were used. The individual funnels were run down, pooled, sieved, cleaned

17

Chapter 2- Parasite Culture
and cultured as described above. The L3 recovery rate was higher from cattle faeces treated in
this manner and the cultures were also cleaner.

Multiplier animals

First stage larvae obtained from the donor hosts in the paddock were cultured through to
third stage larvae using the methods described above. The L3s were then used to infect
'multiplier' hosts housed in isolation pens in the parasitology unit. Donor hosts in the field
carried mixed infections of lungworm and other nematodes. As the Baermann method relies
on lungworm larvae being motile and swimming free of the faecal mass before the other
nematode eggs hatch, there is always a danger of contamination. It is preferable therefore to
have pure infections in multiplier animals, which also have the advantage of being used to
handling and of being easily accessible. From the week prior to infection until enough larvae
had been collected the animals were given bi- weekly intramuscular injections of
Dexadreson®V (Chemavet, Pharmco (NZ) Ltd), an aqueous solution of dexamethasone
(5mg/rnl), a corticosteroid, which acts to depress the animals immune system and thus
improve output of larvae. Deer were given a dose of 0.5mls and cattle l.Oml per animal, the
injections were given in the neck. In the second year the doses were given daily rather than
twice weekly in an effort to increase larval production. The steroids were used for short
periods of time and the animals suffered no observable ill effects. The calves developed a
slight pot-bellied appearance towards the end of the daily treatment but this disappeared
within a week of discontinuing the steroid injections. The multiplier animals were given
trickle infections of 10- 500L3s, of the appropriate species, as they became available, over a
period of two weeks. Once the infections became patent faeces were collected three times a
day. The animals became habituated to the process within a very short period of time and
would produce a sample on appearance of the pot.

Discussion
Several factors may have contributed to the difficulties experienced in extracting
D. viviparus L1s from bulk samples of cattle faeces. D. viviparus L1s derived from cattle
when examined under the microscope appear less motile and less active than deer derived
L1s, this observation was confirmed by M. Taylor (Parasitologist, Labnet). Thus D. viviparus
L1s may not be as able to swim out of a faecal mass as easily as deer origin L1s.
Taylor (1951) notes that D. filaria L1s of are found in the mucoid coat around the pellet
and Anderson and Verster (1971) state that the L1s leave the faecal pellet immediately on
18
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contact with water. Deer faecal pellets resemble those of sheep whereas cattle faeces are
produced in a mass. Because cattle faeces are produced in bulk lots rather than in small pellets
there must be relatively less mucoid coat per gram of cattle faeces, therefore the movement of
larvae from cattle samples out to the surrounding environment via the mucous-water interface
may be correspondingly slower. Perhaps it is for this reason that, as an additional means of
dispersal in the field, D. viviparus utilises Pilobolus fungi; the larvae ascending to the
sporangia of the fungus and being flicked out into the pasture as a sporangium bursts.
Pilobolus does, however, play a role in the dispersal of Dictyocaulus sp. infecting deer. Elk in

Yellowstone National Park have been shown to pass Pilobolus in their faeces (Foos 1997) and
it has been suggested that Pilobolus is an important transfer mechanism for lungworm larvae
from dung to forage in the park. Pilobolus species occur in New Zealand (Belll983) but have
not been specifically recorded in red deer faeces. Cervids in New Zealand are host to many
coprophilous fungi so it is highly likely that Pilobolus would be present should red deer
faeces be examined
Trying to culture larvae directly from faeces in trays was difficult. Corrigan et al. (1988)
commented "incubating faeces for 5-7 days resulted in few larvae, much fungal growth and
the hatching of gastro-intestinal worm eggs".
There are few reviews of methodology for extracting lungworm to be found in the
literature. Most methods are scattered through papers and many are incompletely described,
"a modified Baermann's" being a common description. In addition, workers in Europe are
able to access L3s directly from Intervet, the company that produces lungworm vaccine for
cattle, and do not have to personally culture L3s for their experiments. The method of larval
culture used by Intervet is confidential.
Rode and J¢rgensen (1989) studied the effects of storage time and temperature on
success of extraction of D. viviparus, D. filaria and D. arnfieldi larvae from host faeces.
Unfortunately, they did not work with D. eckerti but they did show that the responses of the
species of Dictyocaulus that they used differed, under the same experimental conditions.
When faeces stored at either 4°C or l6°C for 24 hours 20% less D. viviparus larvae were
harvested than when the samples were processed immediately. Storage at 20°C led to losses of
40% after lOhrs and 60% after 24 hours. D. filaria was also badly affected by storage; at all
three temperatures overall losses of 30-40% being recorded. Storage at 4°C appeared not to
have any effect on recovery of D. arnfieldi even after 48 hours but storage at l6°C and 20°C
led to losses of 50% after 24 hours and 80% after 48 hours. Cremers (1981) also found that
the storage of cattle faeces containing D. viviparus larvae at room temperature greatly reduced
the yield from the sample.
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It was presumed that larval losses would occur when samples containing deer origin

Dictyocaulus were stored, thus all samples were processed immediately. If for some reason

this was not possible the samples were stored at 4°C for as short a period of time as possible.
Rode and J¢rgensen (1989) also noted differences in the time taken for larvae to emerge
from the faecal mass. Few D. viviparus larvae had emerged during the first 10 hours of
Baermannisation whereas 80% of D. filaria larvae were recovered within 4 hours. The rate of
emergence of deer origin Dictyocaulus larvae has not been studied but as larvae were
extracted from host faeces successfully using the method developed for D. viviparus it was
decided to standardise the extraction methodology for both species during this study.
Anderson and Walters (1973) studied the effects of temperature and light on the
mobility of Dictyocaulus viviparus larvae in an effort to optimise larval extraction from
faeces. Twenty-gram samples of calf faeces were set up in a Baermanns and maintained at
temperatures of 5, 10, 15, 20, 25, 30, 35, 40, 45 and 50°C. Samples were taken from the
funnds at 4, 8, 12, 16, 20, 24, 48, 72 and 96 hours after set up and the number of motile
Dictyocaulus recorded. The authors found the optimum temperature for the extraction of

larvae was 25°C with the largest numbers of larvae being extracted between 8 and 20 hours
after set up. At 20°C the largest numbers of larvae were extracted between 12 and 24 hours.
Larval extraction was not good at extremes of temperature; only a few larvae remained alive
after 96 hours at low temperature (5-l0°C). No live la..-vae were recorded at high temperatures
(50°C). The authors also noted that 9% less larvae were coliected in the Baermann if they
were set up in the dark than if they were in a lighted room.
The Baermann method in the Anderson and Walter's (1973) experiment differed from
the method used in the present study in two ways; the tissue containing the faecal sample was
placed on a wire mesh in the funnel and a petri dish was placed over the funnel to prevent
evaporation. It was assumed that neither of these modifications would alter the applicability
of the conclusions (re temperature and motility) to our experiments, as the set up of the
Baermanns was otherwise the same. It was decided to hold the larvae at 25°C and to run the
cultures down after 22 hours as the timing would both maximise larval extraction and make
for smooth running of the culture process.

A note on the hand reared trial animals

Hand reared parasite na'ive animals were used in all the trials. Rearing and caring for
animals occupied 7 months of the year. Calves for both trials were bought at 3 days old from
the local calf sale. They were reared using the AgResearch Poukawa system and weaned at 8
weeks of age. After weaning the calves were fed cattle nuts daily and they had access to ad lib
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silage. For each trial the deer fawns came from two sources, a number from the AgResearch
farms and a number from a Landcorp farm in Te Anau, South Island, New Zealand. The
fawns were between 1 and 7 days old when they were obtained. They were given colostrum
and then fed milk replacer (Anlamb) four times a day for the first two weeks, decreasing to
three times daily and then twice daily by week 8. Lucerne hay was available from week 2 and
calf nuts were fed from week 3. By week 10 the fawns were being given milk once a day and
were eating hay and nuts, they were weaned on week 12. They were gradually changed over
to a diet of nuts and silage for the rest of the trial period.
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Distinguishing between species of Dictyocaulus

Introduction

When the genus Dictyocaulus was first erected by Raillet et Henry in 1907 it contained
four species of large lungworm infecting herbivorous ruminants. The type species was
D. filaria (Rudolphi 1809), a lung nematode from sheep and goats; the other three species

were D. viviparus (Bloch 1782) from cattle, D. arnfieldi (Cobbold 1884) infecting donkeys
and horses and D. noerneri from roe deer (Railliet et Henry 1907).
According to Durette-Desset et al. (1988), D. noerneri was originally described by Carl
Norner in 1881, as a lung nematode from roe deer (Capreolus capreolus). Dougherty (1946),
when reviewing the genus, states that Nomer described the lungworm from roe deer and
called it Strongylus filaria, which was changed to D. noerneri by Raillet and Henry when the
genus Dictyocaulus was raised. Skrjabin et al. (1954) confirm this view but add that it was
also described from the lungs of Cervus elaphus.
Despite its inclusion in the genus as a specific lung nematode infecting roe deer, the
existence of D. noerneri has been hotly debated in the literature, as has the existence of a
separate species of lungworm infecting cervids.
Following the erection of the genus Dictyocaulus a number of new lungworm were
described. Those found in cervids included D. hadweni, reported by Chapin (1925) from wild
ruminants (Bison bison, Alces americanus, Cervus canadensis) in North America and D.
eckerti, the lungworm infecting reindeer (Rangifer tarandus) described by Skjabin (1931). In

1942 Koffman recorded D. bisonis from the wisent or European bison (Bison

~ison

bonansis).

Dougherty (1946), reviewing the genus, quotes from Dikmans (1935) suggesting that
D. hadweni is a synonym for D. viviparus. Dikmans had apparently reached this conclusion

after studying a large number of specimens from several North American ruminants including
white tailed deer (Odocoileus virginianus). He concluded that there was no morphological
difference between the specimens thus they were all to be classified as D. viviparus.
Dougherty (1946) also examined Koffman's description of D. bisonis and concluded that it
did not differ from D. viviparus. He then dismissed D. noerneri on the grounds that it had
been improperly described and the description that existed clearly matched D. viviparus.
Dougherty concludes that, according to reported spicule length and morphology D. noerneri,
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D. hadweni and D. eckerti are synonyms for D. viviparus. "there are four acceptable species
of Dictyocaulus to date .. .. D. filaria ... D. viviparus... D. magnus and D arnfieldi ...

D. viviparus in cattle and bison (sub family Bovinae) and many deer like ruminants".
Skrjabin et al. (1954) reviewed the literature, particularly Skrjabin's earlier studies of
the lungworm infecting camels, reindeer, axis deer, Altai maral deer, Manchurian wapiti and
roe deer. They dismissed D. noerneri as a 'species inquirenda ', as only one spicule
measurement was given (0.281mm) and it was incompletely described. They noted that
Chapin (1925) had recorded the spicules of D. hadweni as 0.25 - 0.30mm long but did not
draw them clearly. Skrjabin had originally described D. eckerti from the lungs of reindeer
from the Tobolsk tundra in 1931 in answer to an earlier report by Romanovich in 1915 (given
in Skrjabin et al. 1954) that suggested that reindeer were parasitised by D. viviparus. Skrjabin
showed that this was incorrect and provided a list of differences between D. eckerti and

D. viviparus. In brief he concluded that cervical papillae are present in D. eckerti as is a
buccal capsule. He also suggested that the form of the end of the dorsal ray differs m

D. eckerti as does the spicule size, 0.29 - 0.31mm compared to 0.195 - 0.215mm m
D. viviparus.
Boev (given m Skrjabin et al. 1954) describes a lungworm from maral deer in
Kazakhstan, which he calls D. hadweni. The spicules measured 0.201 - 0.260mm and it
approximated Chapin's description of D. hadweni. Skrjabin had in 1934 examined more
lungworm from reindeer from a range of sites in the Arctic and concluded that all were

D. eckerti. He also examined lungworm derived from Altai maral and Kazakhstan maral and
concluded they too were D. eckerti. Therefore he concluded D. eckerti was synonymous with

D. hadweni, and that D. hadweni was probably synonymous with D. noerneri, but as
D. noerneri was incompletely described the name D. hadweni should be maintained.
Dougherty (1946) had also decided that D. hadweni and D. eckerti were synonymous
with D. viviparus so the debate was becoming polarised. Interestingly Skrjabin et al. (1954)
quote Lyubimov et al. (1950) as noting that they could find no distinctive characteristics
between D. hadweni and D. viviparus but when observations as to the possibility of reciprocal
infections were made, when cattle and deer were kept together, the identity of the separate
species was confirmed. Skrjabin et al. (1954) suggest that Chapin originally gave the name

D. hadweni to parasites of bison and that various American authors had unified the lungworm
derived from bison and cattle therefore the lungworm from deer should be either D. noerneri
or D. eckerti, and as D. noerneri was incompletely described, the lungworm derived from
cervids was D. eckerti. The argument is a little weak as the Americans had disposed of all
lungworm derived from cervids as D. viviparus and not simply those derived from bison, but
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the Russians had at least recognised that another species existed, even if as some authors
agreed it was difficult to differentiate. Interestingly Skrjabin et al. (1954) present a table of the
measurements of D. eckerti taken from various animals and by various authors; two
measurements are from reindeer and one from maral. Skrjabin's original spicule length
measurement for reindeer lungworm is given as 0.29 - 0.3lmm, a measurement from
Takhistov is quoted as 0.23 - 0.30mm. Boev' s measurements of lungworm from maral are
quoted as 0.204 - 0.260mm with one exceptional case of 0.340mm. All measurements fall
within an overall range.
In 1961, Swietlikowski examined the genus again and states "the present day opinions
on morphology and taxonomy of some species of the genus Dictyocaulus Railliet et Henry
1907 are contradictory". Swietlikowski (1961) examined 41,000 specimens from cattle, 7
from Cervus elaphus, 8 from Capreolus capreolus and a number from Rangifer tarandus,
loaned from the Soviet helminth collection. He concluded that Skrjabin's 1931drawings of the
spicules in D. eckerti resemble those of D. viviparus and his 1934 drawings are not typical,
therefore he falls in with Dougherty (1946) and concludes they are one and the same species,
but he does note that the two classical structures used in taxonomy, the bursa copulatrix and
the shape and length of the spicules are more variable than previously admitted. However, he
then qualifies his conclusion by stating that studies on the systematics of the genus should not
be based on morphological examination of adult specimens!
Hugonnet et al. (1980) examined lungworm derived from roe deer (Capreolus
capreolus) in France and recorded spicule length as 224-254).lm; whereas spicule length in
D. viviparus was 195-215J..Lm. They concluded from morphological examinations that the

species found in roe was not D. viviparus and therefore identified it as D. eckerti.
In 1988 workers in both France and England examined the genus again. Durette-

Desset et al. (1988) accepted that two species of lungworm existed in cattle and roe deer and
stated that the two species were morphologically distinguishable, as the shape and thickness
of the buccal ring is characteristic, although they are difficult to tell apart. In lungworm
deriving from roe deer (Capreolus capreolus) the buccal ring is kidney shaped 12- 14 ).liD
high and thick in en face view. In D. viviparus the buccal ring is triangular in shape,
22-25 ).liD high and thin in en face view. They argue that the name D. noerneri has
precedence over D. eckerti as the lungworm of cervids but do suggest that perhaps the
lungworm infecting roe deer may differ from that infecting reindeer, in which case
D. noerneri should be applied to lungworm deriving from European cervids and D. eckerti to

lungworm deriving from reindeer.
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Gibbons and Khalil (1988) also undertook an extensive review of the genus in an
attempt to define which species were valid. They examined specimens of D. viviparus
collected from cattle in the United Kingdom and measured 20 specimens. They concluded
that the oral opening of D. viviparus is circular and the buccal capsule walls obvious when
viewed en face. Males measured from 26.5 - 44mm long with a spicule length of 0.223 0.259mm and females measured from 29 - 59mm. Specimens of D. eckerti were examined
from fallow deer (Dama dama), red deer (Cervus elaphus), sika deer (Cervus nippon) and hog
deer (Axis porcinus). The oral opening of all specimens was found to be elongate and the
buccal capsule to have thick walls that were generally prominent in en face view. A cephalic
vesicle can generally be noted in specimens classified as D. eckerti. They note that the
specimens from Hog deer had a more circular oral opening than the other specimens.
Measurements of ten males and ten females indicated that males varied in length from 1244mm with a spicule length of 0.180 - 0.245mm and females measured from 20- 59mm.
Jansen and Borgsteede (1990) examined lungworm from reindeer, red deer and roe deer
and concluded that they were all D. eckerti. They differed from D. viviparus in the shape of
the buccal capsule, D. eckerti having a thick walled capsule, D. viviparus a thin walled one.
Gibbons and Hoglund (2002) proposed an additional species of Dictyocaulus infecting
roe deer in Sweden, D. capreolus. The new species differs from D. eckerti in the length of the
buccal capsule, 0.008- 0.0238mm in females and 0.008-0.0234mm in males whereas Durette
- Desset et al. (1988) report the buccal capsule of D. eckerti collected from roe deer to be
0.012- 0.014mm. Divina et al. (2000) developed specific molecular probes for Dictyocaulus
species found in moose and roe deer in Sweden; the proposed new species was bound only by
the Dictyocaulus. sp. probe and not by a probe specific for D. eckerti. Gibbons and Hoglund
also dispose of D. noerneri as an incompletely described species and consider it 'incertae

sedis' and therefore describe the new species described from roe deer as D. capreolus.

Historically nematodes have been identified primarily on the basis of morphological
features, supported by data such as the host they infect, pathology caused, or geographical
prevalence, but frequently morphological identification is difficult. In the case of certain
species of Dictyocaulus the literature reveals that there can be serious limitations to
identification using morphological characteristics alone. Where morphology is of limited
value for the identification of parasites, DNA technology provides an alternative means
(reviewed by McKeand 1998; Gasser and Newton 2000), provided an appropriate DNA target
region is employed. Different genes evolve at different rates, the region chosen must display
enough sequence variation to allow the identification of the parasite under investigation. For
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the purposes of species identification, sequence differences in the target region must exist
between the species, but there should only be a low level of variation within members of the
same species. If the aim is to explore intraspecific variation, the target region should display a
significant level of variation within the members of the species under scrutiny. A number of
studies have demonstrated that the sequence of the second internal transcribed spacer (ITS-2)
of ribosomal DNA provides good genetic markers for the species-specific identification of
parasitic nematodes of the order Strongylida (e.g. Hoste et al. 1995; Newton et al. 1998;
Chilton and Gasser 1999; Conole et al. 1999; Hung et al. 1999; Dallas et al. 2000).
Intraspecific variation in these sequences is usually low compared to the higher levels of
interspecific variation. Some species do, however, exhibit higher levels of intraspecific
variation due to the presence of indels or microsatellites in different ITS-2 paralogues (Conole
et al. 2001; Gasser et al. 2001).
Various PCR-based methods, including sequencing, restriction fragment length
polymorphism (RFLP) and species-specific PCR, have been employed in an attempt to
characterise and differentiate species of lungworm (Schneider et al. 1996; Epe et al. 1997;
Samson-Himmelstjerna et al. 1997; Hoglund et al. 1999; Divina et al. 2000).
Epe et al. (1995), in the first attempt at differentiating lungworms using DNA
technology, used random amplified polymorphic DNA PCR (RAPD-PCR) to compare
genomic DNA isolated from D. viviparus, D. filaria, D. arnfieldi a.11d D. eckerti. The
D. eckerti harvested from fallow deer, were confirmed as fitting the morphological

description for D. eckerti prior to analysis. DNA was extracted from each species using
QIAamp kits (the full method is given in Epe et al. 1995) and 28 random primers were used
(Operon technologies). PCR was carried out as follows; 2 min 94°C, 15 min 33°C, 15 min
72°C for 1 cycle; 1 min 94°C, 1 min 33°C, 1 min 72°C for 45 cycles. PCR fragments were
then electrophoresed on a 2% agarose gel. A coefficient of similarity was calculated using the
total number of amplified bands and the number of common bands

b~tween

species.

Unfortunately, the gels presented were not very clear but differences were visible in both
banding patterns and numbers of common bands between species. 165 bands were produced
for D. viviparus and 181 for D. eckerti, of these 56 were common, generating a similarity
coefficient of 32%. It is notable that D. eckerti had the highest similarity coefficient with
respect to D. viviparus, D. filaria being 26% and D. arnfieldi 21%. A single isolate of
D. viviparus was subjected to the protocol 5 times and a similarity coefficient calculated of

95%; the similarity coefficient for two geographically separated German isolates of D.
viviparus was 93.4% With a similarity coefficient of only 32 % the authors were able to
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conclude that D. eckerti was indeed a separate species and not an isolate of D. vzvzparus
occurring in cervids.
The group then examined the ITS-2 region of the ribosomal DNA of the four species
used above to further clarify the genetic relationships between them (Schneider et al. 1996).
DNA was extracted using the QIAamp kit and the ITS-2 region of each species amplified
using the primers NC-1 and NC-2. The conserved oligonucleotide primers NC-1 (5'ACGTCTGGTTCAGGGTTGTT-3') and NC-2 (5' TTAGTTTCTTTTCCTCCGCT-3') were
derived from the 5.8S and 28S sequences of the free living nematode Caenorhabditis elegans
and had been used previously to successfully amplify the ITS-2 region from single worms and
eggs of strongylids (Gasser et al. 1993). PCR was carried out as follows; 3min 94°C for 1
cycle, 1 min 92°C, 1 min 5SOC, 1 min 72°C, for 35 cycles followed by a single incubation at
72°C. The product was digested with five different restriction enzymes and the fragments
separated on a 1% agarose gel. All four species had a unique banding pattern for each enzyme
used, indicating that D. eckerti differed from the other species of Dictyocaulus under
consideration.
Epe et al. (1997) then sequenced the ITS-2 region of the four species of Dictyocaulus.
Extraction and amplification was as above and the PCR products were separated on a 2%
agarose gel, eluted and cloned before sequencing. A 454 base pair product (bp) was obtained
for D. viviparus and a 481 bp product for D. eckerti, a sequence similarity of 76.7% was
calculated. D. arnfieldi had a sequence similarity to D. viviparus of 53.5% and D. filaria had
a sequence similarity of 52.9%. Intraspecific variation in D. viviparus was calculated to be
between 0 and 1.5% and in D. eckerti to be between 0.6- 3.3%. The three papers produced by
the Hanover group using three different methods (described above) clearly indicated that
D. eckerti from fallow deer was indeed a separate species to D. viviparus from cattle.

Utilising the differences in sequence between D eckerti and D. viviparus the group then
designed specific primers to differentiate the two but, unfortunately, the protocol required two
primers and two different annealing temperatures (Samson-Himmelstjerna et al. 1997).
In 1999 Hoglund et al. compared the ITS-2 regions of adult lungworm collected from
cattle, moose (Alces alces) and roe deer (Capreolus capreolus) in Sweden. DNA was
extracted using the QIAamp kit and the primers NC-1 and NC-2 were used but the PCR
conditions differed markedly from those used by the Hannover group - initial denaturation
was at 94°C for 2 mins followed by 30 cycles of 45secs 94°C, 20secs 5SOC, 30secs 72°C, the
final extension was prolonged for 5 minutes. DNA was extracted from 3 adult worms from
each of the hosts in question and after purification was sequenced automatically. A 455bp
sequence from cattle lungworm was found to be virtually identical to that described by Epe et
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al. (1997) for German cattle lungworm. 474bp sequences were derived for both moose and
roe deer lungworm. All six sequences from moose and roe deer lungworm were identical but
they differed from the ITS-2 sequence of D. eckerti from fallow deer as described by Epe et
al. (1997). A sequence identity of 66.5% was calculated between the Swedish cervid
lungworm ~nd D. eckerti and an identity of 69% between D. viviparus and the Swedish cervid
lungworm. The level of intraspecific variation calculated by Epe et al. (1997) for D. eckerti
was 0.6 -3.3%. The sequence variation between lungworm derived from moose and roe in
Sweden and lungworm derived from fallow in Germany is clearly in excess of this.
Divina et al. (2000) examined the differences between cervid lungworms and those
derived from cattle in greater detail. A morphological study produced variable results; for
example on measuring the thickness of the buccal capsule wall most cattle derived specimens
were in the thin category and most roe derived specimens were in the thick category but the
moose origin specimens were intermediate. Molecular analysis by Hoglund et al. (1999) had
suggested that lungworm derived from roe and moose were the same species; however they
only examined 3 worms in the initial analysis. The length of the buccal capsule of bovid
derived lungworm was lower than that previously reported for cattle; the lengths for moose
origin fitted those given by Durette- Desset et al. (1988) for D. noerneri and the lengths from
roe origin lungworm were larger. The study exemplifies the problems of the morphological
analysis of certain dictyocaulids. The ITS-2 region of the ribosomal DNA of each sample
from each host was amplified using the methods of Hoglund et al. (1999) and then probed
using specifically designed oligonucleotide probes. The probe OP108 (5'- GAA GAC GAT
ATA AGG CAG-3') specific for D. viviparus bound solely to the cattle lungworm ITS-2, the
probe OP 110 (5' TAA GAA CGG CGG TAA TAT -3') (Dictyocaulus sp.) bound to roe and
moose derived lungworm and the probe OP 109 (5'- TAG CAG TAC ACA TAC ATA -3')
specific for D. eckerti bound solely to moose derived samples. The PCR linked hybridisation
assay clearly differentiated between lungworm samples of bovine and cervid origin and
suggested that more than one species of dictyocaulid may be parasitising cervids in Sweden.
Although valuable, the techniques described above do not always allow the accurate
analysis of sequence variation in PCR products. In addition some of them can be relatively
laborious and time consuming to perform, particularly when the analysis of large numbers of
samples is required.
Such limitations may be overcome by employing high-resolution mutation scanning
methods (Gasser 1997; Gasser and Zhu 1999; Kristensen et al. 2001), which rely on the
physical properties of DNA for the separation of molecules of the same or very similar size.
Single-strand conformation polymorphism (SSCP) is one such method, which is finding
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increased applications to problems in parasitology (Gasser and Chilton 2001). SSCP is
technically simple and has the potential to separate DNA fragments differing in sequence by a
single nucleotide. SSCP relies on the fact that the electrophoretic mobility of a single-stranded
DNA molecule in a non-denaturing gel is dependent upon its size and structure - its
conformation. The single stranded molecule of DNA takes on a secondary and tertiary
structure (conformation) as a result of base pairing between the nucleotides on each strand;
conformations will differ depending upon the length of the strand and the number of base
pairing locations in it. Conformations are also highly dependent upon primary nucleotide
sequence, as a mutation at a particular site in the primary sequence can significantly change
the base pairing possibilities for the molecule. If the conformation of the molecule alters, its
electrophoretic mobility alters. The principk of SSCP is illustrated in Fig. 3.1
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illustration of the principles of SSCP adapted (with permission) from Gasser
and Zhu (1999).

The mutation detection rate of SSCP can vary; it is affected by electrophoresis
temperature, gel composition and most importantly, amplicon size and electrophoresis time.
Zhu and Gasser (1998) showed in a study on the ascaridoid nematodes that SSCP could detect
nucleotide variations in amplicons of 530bp, the ITS-2 of the various Dictyocaulus species
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produces amplicons of approximately 450 - 490 bp so SSCP is likely to detect any variation
both among and within species.
In this study, examination of specimens using scanning electron microscopy indicated
the presence of two species. Initial examination of the ITS-2 regions of lungworm derived
from cattle and lungworm derived from red deer suggested that the two species were indeed
different. Multiple bands, indicative of the presence of microsatellites were noted in the
samples derived from red deer. SSCP analysis was used as a more sensitive method of
characterising the two species.
In addition, SSCP was tested as a tool for identifying separate species amongst
morphologically similar lungworm.
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Materials and Methods

Light microscopy
Forty specimens (20 of each species comprising 10 males and 10 females) were
thoroughly washed in distilled water and left in alcohol overnight. They were then mounted in
lactoglycerol (one third lactic acid, one third glycerol, one third distilled water). The coverslip
was supported on each side by strips of good quality writing paper to prevent the specimens
from being damaged, as lungworm are delicate. The coverslips were then sealed with acrylic
nail varnish. One month later the specimens were photographed using a Leica DC 200 digital
camera mounted on a Leica DMRE microscope using a 40X Pl Apo objective. Images were
captured using Leica DC 200 imaging software.

Scanning electron microscopy
Lungworm were fixed in formalin after harvesting, until preparation for scannmg
electron microscopy (SEM). In preparation for SEM the heads and tails of the worms were
removed and fixed in 2.5% glutaraldehyde in 0.1M cacodylate buffer and left overnight. They
were then rinsed in 0.1M cacodylate buffer for 10 minutes and the procedure repeated 3 times.
The samples were post fixed in 1% osrr..ium tetroxide in O.lM cacodylate buffer for 1 hour
and then rinsed in 0.1M cacodylate buffer for 10 minutes, the rinsing was repeated 3 times.
The samples were then dehydrated by taking them through the following stages:

50% ethanol
70% ethanol
85% ethanol
95% ethanol
100% ethanol

1x
1x
1x
1x
3x

10 min
10 min
lOmin
10 min
15 min

Following dehydration the samples were critical point dried in liquid C0 2 for 3 hours and
mounted on aluminium stubs before being sputter coated with gold! palladium.The specimens
were examined using a Cambridge Stereo Scan 360 Scanning Electron Microscope (lOkV
accelerating voltage).
Some mouths appeared to have debris/ partially ingested material in them; these were
not photographed as the ingested material may have induced distortion. Horizontal and
vertical measurements were taken of each mouth and a ratio was calculated to measure the
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'roundness' or 'ovalness'. The rounder the mouth the closer the horizontal: vertical ratio is to
one.

Molecular techniques
Four lungworm of deer origin and four of cattle origin were used for the initial analysis
of the ITS-2 region. For the SSCP analysis of inter and intra specific variation and sequencing
a total of 159 individual adult dictyocaulids were collected from the lungs of different species
of host from different geographical regions. Each isolate (nematodes from a particular host
and geographical region) was designated as a particular operational taxonomic unit (OTU) as
shown in Table 3. 1.

Extraction of DNA
The nematodes had been thoroughly washed in physiological saline upon collection and
stored in ethanol at either 4°C or -20°C.
Individual nematodes were placed in eppendorf tubes containing 100!-ll of extraction
buffer (20rnM Tris - HCl, pH8, 50rnM EDTA,1% w/v sodium dodecyl-sulphate,0.5!lg/!ll
proteinase K (Boehringer-Mannheim)).The worms were then incubated for 12 hours at 3TC.
After incubation the tubes were checked to ensure that digestion was complete, vortexed and
centrifuged briefly at 1200xg.
The DNA was purified directly over a spm column (Wizard

TM

DNA Clean - up,

Promega). 100!-ll of digest was mixed with 500!-ll of the resin provided, vortexed and
incubated at room temperature (22-24°C) for 1 minute. It was passed through the column
using a syringe; the column was then washed with 2 ml 80% isopropanol (using the same
syringe) and centrifuged to remove any residual propanol. The column was then transferred to
a fresh tube and the DNA eluted by the addition of 30 Ill of hot water (70°C), incubation for 1
minute at room temperature and centrifugation for 20 seconds (1200 xg). The eluted DNA
was then transferred to fresh, labelled tubes.
DNA was prepared from host (red deer, cattle, sheep and goat) muscle using the same
method.
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TABLE 3.1.

Origin, numbers and codes (OTU designation) of dictyocaulids used for
SSCP analysis.

Isolate or 'operational

Host

taxonomic unit' (OTU)

NZ Inverrnay 1

OTU1/1

Number of
specimens

Red deer

60

(Cervus elaphus)

NZ Inverrnay 2

OTU1/2

Red deer

20

(Cervus elaphus)

NZ Timaru

OTUl/3

Red deer

6

(Cervus elaphus)

NZMilton

OTU1/4

Red deer

6

(Cervus elaphus)

South Australia

OTU2

Wapiti

10

(Cervus elaphus sp.)

Canada

OTU3

White tail

3

(Odacaileus
virginianus)

Canada

OTU4

Woodlands caribou

1

(Rangifer tarandus
tarandus)

Total number of cervid samples 106
NZ Sth. Taieri plain OTU5/1

Cattle

10

(Bas taurus)

NZ Nth. Taieri plain OTU5/2

Cattle

15

(Bas taurus)

Sweden

OTU 5/3

Cattle

10

(Bas taurus)

Total number of bovid samples 35
Australia

OTU6

Sheep (Ovis aries)

10

Canada

OTU7

Muskox

8

(Ovibas maschatus)
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Amplification of DNA - PCR protocol SSCP
The ITS-2 plus flanking sequences were amplified using the primers
NC-1 (forward: 5'-ACGTCTGGTTCAGGGTTGTT-3') and
NC-2 (reverse 5' TTAGTTTCTTTTCCTCCGCT-3') (Gasser et al. 1993).
In the initial analysis of the ITS-2 the primers were not endlabelled.

Endlabelling of primers NC-1 and NC-2
The components for endlabelling (given in Table 3.2) were mixed and the tube
incubated for 2 hours at 3TC and then placed in a heat block at 7o·c for 3 minutes to
inactivate the polynucleotide kinase. 20J..Ll of H 20 was then added to give a 40J..Ll mixture.
Once endlabelled the primers were stored at -2o·c.

TABLE 3.2

Materials required for endlabelling of primers for SSCP.

Component
NC-1 100pmol/J..Ll
NC-2 100pmol/J..Ll
dH20
10xT4 kinase buffer (Promega)
T4 polynucleotide kinase (Promega cat. no. M4101)
y 33P -[ATP] (NEN, Dupont; cat. no. NEG302H)

Volume
5J..Ll
5J..Ll
4J..Ll
2J..Ll
2J..Ll
2)ll

PCR reaction
The components of the PCR reaction mix are given in Table 3.3. The AmpliTaq is not
added immediately, rather just prior to use. 496J..Ll of reaction mix are made up at one time and
stored at-2o·c. This provides enough reaction mix for 19 x 24J..Ll PCR reactions.
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TABLE 3.3

PCR reaction mix

Component

Volume

dH 20

346)ll

lOx buffer (lOmM Tris- HCl pH 8.4, 50mMKCl,

50)ll

1.5 mM MgClz)
dNTP's (25mM of each dATP,DCTP,dGTP,dTTP)

50)ll

MgC1 2 (the final concentration of MgClz is 3.5mM)

30)ll

y33P endlabelled primer mix (250pmol of each primer)

20)ll

AmpliTaq (Perkin Elmer)

4 )ll

NB. In the initial analysis of the ITS-2, unlabeiled primers were used in the reaction
miX.

A 25)ll PCR reaction was performed. After the AmpliTaq had been added to the master
PCR reaction mixture a 24)ll aliquot was taken and a drop of mineral oil added followed by
0.8)ll of genomic DNA. The oil was added to prevent evaporation but was added prior to the
DNA so that there was no chance of the genomic DNA being splashed out as the oil is added.
As each tube was mixed it was placed in a cold block to prevent any reaction from starting.
When all the tubes were prepared they were spun briefly and loaded into a thermocycler.
The PCR for the initial ITS-2 analysis was conducted in a Tetrad PTC-225 under the
following conditions; 94°C for 3 minutes followed by 30 cycles of 94°C for 1 minute
(denaturing), 55°C for 1 minute (annealing), 72°C for 1 minute (extension) followed by a final
extension of 5 minutes.
The PCR for the SSCP protocol was conducted in a 480 thermocycler (Perkin Elmer
Cetus) and the conditions were; 94°C for 5 minutes and then 35 cycles of94°C for 30 seconds
(denaturation), 60°C for 30 seconds (annealing) and 72°C for 30 seconds (extension) followed
by a final extension of 5 minutes at 72°C.
In both experiments host DNA was subjected to the same amplification procedure as the
Dictyocaulid DNA and samples containing no DNA were included in each PCR run.
Prior to SSCP analysis the ITS-2 region was amplified from three species of
metastrongyle. The ITS-2 sequences of Metastrongylus elongatus, M. pudendotectus and
M. salmi from pigs are known to differ in sequence from one another by 2-23% (excluding

microsatellite regions) (GenBank accession numbers. AJ305373-AJ305404) (Conole et al.
2001). Thus they were included to quantify the effectiveness of band separation in SSCP.

37

Chapter 3 - Distinguishing the species
PCR products (5!-Ll) were checked on a 2% agarose gel to determine their quality and
intensity.

Separation of PCR product on agarose

For the initial analysis of the ITS-2 region the PCR products were separated on a 2%
Nuseive agarose gel. The gel was run at 65V for 1.5 hours to ensure good band separation
then stained with ethidium bromide and photographed.

Preliminary DNA sequencing

Both bands from the deer origin lungworm were excised and the DNA purified using
the Concert Gel purification system (GIBCO, BRL) according to the manufacturers
instructions. The top band produced a cleaner product and was sequenced automatically.

SSCP

10!-Ll of PCR product was mixed with 10!-Ll of loading buffer (1 OmM NaOH, 95%
formarnide, 0.05% bromophenol blue and 0.05% xylene cyanole). The tubes were denatured
at 94°C for 2 minutes in a heat block and then snap cooled at -20°C in a freeze block (to stop
the reaction). 1.7 Ill of each sample was then loaded onto a 0.4mm thick, 0.5x mutation
detection enhancement (MDE; FMC, USA) gel matrix and electrophoresed. The <l>X174-Hae
III marker (Promega) end-labelled with [y33P] ATP was used as a reference standard. The
gel was run at 35W for 6 hours using an S2 Life technologies rig maintained at a constant
temperature of 18°C. After electrophoresis the gel was dried onto blotting paper and subjected
to autoradiography (Curix Blue film, Agfa) for 24 hours.

Sequencing of ITS-2

Cycle-sequencing of the ITS-2 amplicons was carried out using the fmol™ kit
(Promega).The primers NC-1 and NC-2 were endlabelled separately; the components of the
mixture are given in Table 3.4. The mixture was incubated at 3TC for 30 minutes and then
the kinase inactivated at 90°C for 2 minutes.
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TABLE3.4

Endlabelling primers for sequencing reactions.

Component

Volume

HzO

4f.Ll

10xT4 kinase buffer (Promega)

1f.Ll

T4 polynucleotide kinase (Promega cat. no. M4101)

1f.Ll

NC-1 or NC-2 100pmol/f.Ll

2f.Ll

y 33P -[ATP] (NEN, Dupont; cat. no. NEG302H)

2f.Ll

2f.Ll of each NTP plus one drop of mineral oil was placed into individual tubes, clearly
labelled A,C,G or T. 4f.Ll of sequencing reaction mixture (Table 3.5) was added to each tube.
The cycling conditions were 94°C for 5 minutes, then 30 cycles of9YC for 30 seconds, 55°C
for 30 seconds, 72°C for 1 minute followed by 5 minutes at 72°C. 3f.Ll of stop solution were
then added to each reaction. 3 f.Ll of sequencing product was loaded into a 5% denaturing gel
(Longranger ™, FMC Bioproducts) and electrophoresed. The gels were then dried onto
blotting paper and subjected to autoradiography (Curix Blue film, Agfa) for 24 hours.
Sequences were read manually.

TABLE3.5

Sequencing reaction mixture.

Component
H20
5x sequencing buffer
Endlabelled primer
Sequencing Taq
Purified PCR product (0.5ng)

Volume
8f.Ll
5f.Ll
2f.Ll
1f.Ll
1f.Ll
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Results

Light microscopy
Simply examining the pictures of the mouth and buccal capsule of both species of
lungworm by eye suggested that there were indeed differences. It was also obvious that in a
number of the specimens the differences were not that large. Based on this evidence and that
of the literature it was decided not to accurately measure the buccal capsule walls in all the
specimens, as the result was unlikely to be clear-cut, but rather to concentrate on more
accurate methods of differentiation. Fig. 3.2 illustrates the observable differences between
D. viviparus and deer origin Dictyocaulus at the light microscope level.

FIGURE3.2

Distinguishing the species by light microscopy

A. Dictyocaulus derived from red deer has a thicker buccal capsule wall.

B. D. viviparus has a thinner buccal capsule wall.
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Scanning electron microscopy

The mouth size ratios calculated for the two species of lungworm are given in Table 3.6
(D. viviparus) and Table 3.7 (deer origin Dictyocaulus).

TABLE3.6

Measurements of the mouth of D. viviparus.
Cattle origin lungworm (D. viviparus)

1

Lateral
measurement
(J.tm)
26.5

Dorsoventral
measurement
(J.tm)
22.3

2

32.4

22.8

1.42

3

28.6

22.1

1.29

4

22.1

16.8

1.32

5

29.1

24.1

1.21

6

32.1

25.0

1.28

7

29.1

24.5

1.19

Worm number

TABLE3.7

Ratio LID

1.19

Measurements of the mouth of deer origin Dictyocaulus
Deer origin lungworm

1

Lateral
measurement
(J.tm)
42.4

Dorsoventral
measurement
(J.tm)
18.4

2

31.2

16.7

1.87

3

39.3

24.2

1.62

4

27.3

15.5

1.76

5

35.8

21.4

1.67

6

31.6

17.0

1.86

7

25.1

14.5

1.73

8

30.2

15.6

1.94

Worm number

Ratio LID

2.3

-

41

Chapter 3 - Distinguishing the species
Analysis of variance of the calculated ratios of mouth size confirmed the observed
differences. Cattle lungworm had a more circular mouth shape than deer lungworm. (1.271 vs
1 .848 SED

= 0.089,

p<0.001). Electron micrographs of two representative specimens are

shown in Fig.3.3.

FIGURE 3.3.

Distinguishing the species using scanning electron microscopy.

A Dictyocaulus derived from deer (x1070) has an elongate mouth opening.
B D. viviparus (x 913) has a circular mouth opening.
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Molecular differentiation
Initial analysis of the ITS-2
Initial analysis of the ITS-2 region suggested that there were differences between

Dictyocaulus derived from deer and D. viviparus (Fig. 3.4). D. viviparus (lanes 2-5) could be
identified by a single clear band whereas deer lungworm was characterised by a multiple band
(lanes 6-9). Both products were approximately 450 bp.

Lanes

FIGURE 3.4

2

3

4

5

6

7

8

9

Agarose gel of the ITS-2 PCR products of D. viviparus and Dictyocaulus of
deer origin.
Lanes 2-5 D. viviparus, Lanes 6-9 Dictyocaulus of deer origin.

Preliminary sequencing of the ITS-2 derived from deer origin lungworm using only
the forward primer indicated that the lungworm was likely to be D. eckerti. The best match
for the sequence was that deposited by Epe et al. (1995) for D.eckerti with a BLAST score of
383 and an E-value of e-104. The next best match was that of D. viviparus (BLAST 83,
Se-14).
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SSCP

Agarose gel electrophoresis showed that the ITS-2 PCR products amplified from
genomic DNA were similar in size for all species examined (450-500 bp.) Agarose gel results
confirmed the specificity of the PCR and conditions, in that there was no background
amplification. All159 samples were therefore used for SSCP analysis.
Five 'screening' gels were run initially, thus all the variation in all the samples was
displayed on a series of gels. An initial screening gel is shown in Fig. 3.5. Each gel was then
examined individually and samples with exactly the same banding characteristics were
identified. Within a group of samples with exactly the same banding patterns the sample that
had the cleanest most intense bands was chosen to be run on another gel. In this manner the
original159 samples were reduced to 17 samples.
An SSCP gel displaying all profiles, representing all of the detectable variation within
and among all of the 7 operational taxonomic units (OTUs) is shown in Fig. 3.6.
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An initial SSCP screening gel showing 3 isolates from New Zealand red deer.

Lane numbers are shown above lanes.
Lanes 1-14, lungworm from OTU 111, Lanes 15- 36lungworm from OTU1/ 2 . Lanes 36, 37, 39-44, lungworm from OTU1/ 3
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SSCP gel displaying sequence variability in the ITS-2 rDNA of
Dictyocaulus species.
Lanes 1-3, Metastrongylus spp. used for band separation control.

FIGURE 3.6

Lane 4, D. filaria, ovine host, Australia.
Lanes 5-6, OTU 5, D. viviparus, bovine host Sweden
Lane 7, OTU 5, D. viviparus, bovine host. New Zealand and Sweden
Lanes 8-14, OTUs 1 and 2, variants of deer origin Dictyocaulus, red deer and
wapiti hosts Australia and New Zealand
Lane 15, OTU 4, host Woodlands Caribou, Canada.
Lanes 16-19, OTU 7, host musk ox, Canada.
Lane 20, OTU 3, host white tail deer, Canada.
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No products were amplified from control samples of DNA from ruminant hosts. The
band separation of the ITS-2 amplicons (differing in sequence by 2-23%) representing
Metastrongylus elongatus, M. pudendotectus and M. salmi from porcine hosts was in

accordance with a previous study (Conole et al. 2001). (Fig. 3.6, lanes 1-3)
The number of SSCP bands varied among some of the samples, but the OTUs could be
clearly distinguished from each other by their SSCP banding patterns. There were differences
in both the position of the bands on the gel and in the number of common intense bands per
OTU (Fig. 3.6). Two to three intense bands were common to all samples representing OTU 1
and OTU 2 (Fig. 3.6, lanes 8-14); two strong bands were common for individuals of OTU 3
(Fig 3.6, lane 20) and three strong bands for OTU 4 (Fig. 3.6 lane 15). There were one to
two strong common bands among individuals of OTU 5 (Fig. 3.6, lanes 5-7) and one for
OTU 6 (Fig. 3.6 lane 4). One to two strong bands were common to all samples of OTU 7
(Fig. 3.6lanes 16-19).
Within each OTU, additional, fainter bands were resolved (Fig 3.6). The display of
more than two clear bands (representing sense and antisense strands) indicated either the
formation of multiple conformers of the single strands of the ITS-2 and /or the existence of
different sequence types within an amplicon. The numbers of variants identified per OTU are
given in Table 3.8
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TABLE 3.8.

Host and designated OTU for group of lungworm, number of samples
analysed per OTU and number of variants identified.

Designated
Host
OTU
OTUl/1
Red deer (Cervus elaphus)

Number of
specimens
60

Number of
variants
5

OTU1/2

Red deer (Cervus elaphus)

20

2

OTU1/3

Red deer (Cervus elaphus)

6

2

OTU1/4

Red deer (Cervus elaphus)

6

1

OTU2

Wapiti (Cervus elaphus sp.)

10

1

OTU3

White tail (Odacaileus virginianus)

3

1

OTU4

Woodlands caribou (Rangifer tarandus

1

1

tarandus)

OTU5!1

Cattle (Bas taurus)

10

1

OTU5/2

Cattle (Bas taurus)

15

1

OUT 5/3

Cattle (Bas taurus)

10

3

OTU6

Sheep (Ovis aries)

10

1

OTU7

Musk ox ( Ovibas maschatus)

8

4

Variation within an OTU, indicated by a slight difference in the positions of some
strong bands on the gel and the presence of additional faint bands, was assessed. Within
OTU 1, for which 92 samples were analysed, 6 variants were identified (Fig 3.6, lanes 8-14).
The samples representing OTU 2 were found to match those of a variant of OTU 1,
indicating that the same species of lungworm occurred in wapiti in South Australia as in red
deer in New Zealand. Three variant profiles were detected within OTU 5 (Fig.3.6, lanes 5-7).
OTU 5 represented bovine origin lungworm from three distinct geographical localities. One
profile, from Swedish cattle, matched that of the New Zealand cattle lungworm. No variation
was detected among the 10 individuals of D. filaria (OTU6) drawn from one host and one
geographical area of Victoria, Australia (Fig 3.6, lane 4). Four variants were detected among
the eight samples, (OTU7), representing lungworm from muskoxen (Fig. 3.6lanes 16-19).
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Sequence analyses

Initial analysis of sequences from representative samples of red deer origin and cattle
origin Dictyocaulus indicated that they were D. eckerti and D. viviparus respectively.
Complete sequences are not yet available for the dictyocaulids used in the SSCP analysis,
initial results from sequencing indicated the validity of SSCP. A further visit to the University
of Melbourne is planned during which it is hoped that the sequences will be completed.

Discussion

The results of this study confirm that there are difficulties in defining members of the
genus Dictyocaulus using easily accessible morphological means. Although some specimens
could be identified using light microscopy it was a time consuming exercise preparing the
samples and considerable skill is required to mount and orientate specimens correctly to get a
clear picture of the buccal capsule. Divina et al. (2000) devised a blind test identifying
lungworm according to buccal capsule wall thickness and despite being familiar with all the
specimens could not accurately identify all the specimens. They also measured the buccal
capsule wall in a number of worms from cattle, roe and moose and found that 6.8% of worms
from cattle, which were expected to have a thin buccal capsule, actually had a thick one. In
roe 6% and in moose 19.5% of lungworm fell into the thin category rather than the expected
thick category. In addition, the buccal capsule measurements from moose lungworm, when
averaged out, did not differ from the measurements from cattle lungworm. Jansen and
Borgesteede (1990) on examining lungworm from cattle, roe deer, red deer and reindeer
allocated them to species according to the buccal capsule wall. They stated that all cattle
lungworm had thin buccal walls and were D. viviparus whereas all cervid lungworm
examined had thicker walls and were D. eckerti. Earlier researchers relied heavily on the
description and measurement of spicules to differentiate between the species: Table 3.9 lists
spicule measurements for putative D. eckerti and D. viviparus.

The table illustrates the

variation in measurements even within D. viviparus. It is interesting that there is a trend for
the spicules measurements of lungworm originating from roe deer (Capreolus capreolus) to
be consistently larger than those from red deer (Cervus elaphus). It is also notable that
measurements for spicule length in D. viviparus span the range of those given from cervid
hosts.
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TABLE 3.9.

Spicule measurements of lungworm derived from various bovid and cervid
hosts reported by various authors.

Lungworm Host and author

Spicule length (mm)

Cattle Skrjabin 1934

0.195-0.215

Cattle Skrjabin 1954

0.224 - 0.272

Cattle Swietlikowski 1961

0.254 - 0.329

Cattle Gibbons and Khalil 1988

0.223 - 0.259

Cattle Durrette -Desset et al 1988

0.240

Cervus elaphus Swietlikowski 1961

0.198 - 0.267

Cervus elaphus I Dama dama

0.180-0.245

Gibbons and Khalil1988
Capreolus capreolus Nemer 1881

0.281

( in Dougherty 1946)
Capreolus capreolus Swietlikowski 1961

0.221 - 0.294

Capreolus capreolus

0.250

Durrette- Desset et al. (1988)
Capreolus capreolus

0.224 -0.280

Gibbons and Hoglund (2002)
Rangifer tarandus Skrjabin 1931

0.29-0.31

Rangifer tarandus Swietlikowski 1961

0.273-0.30

Some of this variation may perhaps be host induced as suggested by Divina et al.
(2000); other workers however reject the hypothesis of host-induced variation (R.Gasser pers.
comm.). It would appear that distinguishing certain species of lungworm using morphological

characteristics alone, at the level of the light microscope, will always be open to debate due to
inherent variation within species.
Scanning electron microscopy proved to be a very good method for morphological
examination; however it is time consuming and expensive. Gibbons and Khalil (1988) used
SEM to display the variation in the longitudinal cuticular ridges in several members of the
genus and thus differentiate them. Gibbons has also used SEM to portray the cephalic region
of two new species D. africanus collected from the bronchi of Tiang (Damaliscus korrigum
tiang) and Hartebeest (Alcelaphus buselaphus) and D.capreolus collected from roe deer and

moose in Sweden (Gibbons and Khalil 1988, Gibbons and Hoglund 2002).
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In our study SEM proved to be a good method of confirming the observations (Gibbons
and Khalil1988) of a difference in mouth shape between deer origin Dictyocaulus and
D. viviparus.

SSCP
This study has demonstrated that PCR-based SSCP, utilizing genetic markers in the ITS2 rDNA, allows the accurate differentiation of a range of lungworms from various ungulate
hosts. On agarose gels, it was not possible to reliably distinguish between any of the
lungworms examined, based solely on the size of the ITS-2 PCR products. However they
could readily be delineated by the significant differences in their SSCP profiles. While the
SSCP analyses indicated that ITS-2 SSCP profiles, characteristic for all individuals of each
OTU, would allow species-specific identification, the presence of additional bands or bands
with differing migration characteristics reflected sequence variation in the ITS-2 within or
among individuals of a species. Irrespective of the variation detected in profiles within an
OTU, it was possible to differentiate among the OTUs based on the SSCP banding profiles
and the positions of the bands on the gels. Importantly, from a diagnostic perspective, there
was a clear delineation between OTU 1 from red deer and OTU 5 from cattle. It was also
obvious that there were considerable profile differences between lungworm derived from
white tail deer, red deer I wapiti and caribou, (OTU1-4), at present all considered to represent
D. eckerti.

The number of variants detected within an OTU probably reflected both sample size and
the grazing history of the land upon which the current hosts were managed. For example
OTU1/1 contained the greatest number of red deer variants; it included the largest number of
samples but also reflected the fact that this particular farm has housed research animals. Many
of these animals have been imported into New Zealand from a wide geographical range, or
have been drawn from many parts of the country and drenching routines have been
intermittent in concordance with various research programmes. One variant was common to
all the deer farms sampled, OTU1/1 contained a further 4 variants. OTU1/2 contained the
common variant and one that matched a variant from OTU111. An additional variant was
identified in OTU1/3, which did not match any other variants in the samples.
Other studies have shown that many strongylid nematodes

(irrespective of

developmental stage) can be identified to species by their ITS-2 sequences and that sequence
microheterogeneity in the ITS-2 reflects population variation within a species (reviewed by
Gasser 1999). Provided the appropriate target region is used PCR coupled SSCP can be used
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effectively for the identification of parasites to species or strains where morphological
characters are unreliable.
Gasser et al. (1998a) used SSCP to overcome the limitations in the identification of
different developmental stages of hookworms. SSCP allowed the unequivocal identification
of seven species. The analyses also allowed the reliable resolution of sequence variation
within some species where multiple individuals were examined.
Bogh et al. (1998) used SSCP to display the genetic variability in mitochondrial DNA
fragments within and among different populations of Schistosoma japonicum from the
Peoples Republic of China. Using fragments encoding the NADH dehydrogenase 1 and the
cytochrome c oxidase sub unit 1 genes, individuals representing different genotypes could be
readily identified based on characteristic SSCP profiles. The same target regions were used by
Gasser et al. (1998b) to display the sequence variation in each of 7 genotypes of
Echinoccocus. Characteristic banding patterns allowed the delineation of each genotype.
Zhang et al. (1999) then screened Echinoccocus species from China and Argentina to
ascertain different genotypes.
Conole et al. (2001) used SSCP to display the sequence variability in the ITS-2 region
of 3 species of porcine lungworm (Metastrongylus spp.). They found that there were marked
differences in the SSCP profiles of each species, allowing accurate identification.
Zhu et al. (2001) used SSCP in a study of ascaridoid nematodes. Their paper emphasises
the role this technique may play in solving problems of morphological identification of
difficult or cryptic but often economically important nematodes.
The SSCP approach provides a powerful analytical tool for studies of the population
biology, genetics and epidemiology of lungworm. Although some lungworm were
successfully differentiated on the basis of their ITS-2 sequences (Epe et al. 1995; Schnieder et
al. 1996; Epe et al. 1997; Sarnson-Himmelstjema et al. 1997; Hoglund et al. 1999; Divina et
al. 2000) SSCP has several technological advantages over many other methods. For example
it employs a single primer set in PCR for all species, high-resolution, qualitative analysis is
carried out directly on denatured PCR products, large numbers of samples can be analysed
using a conventional sequencing rig and the sensitivity of detection of sequence variation in
the electrophoretic gel matrix is high (reviewed by Gasser and Zhu 1999). The approach
overcomes problems of random amplification of polymorphic DNA approaches (Epe et al.
1995) in that PCR is performed specifically at high stringency (60°C), thereby maximizing
reproducibility and reducing the possibility for non-specific co-amplification of extraneous
DNA.
Using PCR-RFLP methodology, in which the restriction enzymes used scan only a sub
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set of the potentially variable nucleotide positions (Schnieder et al. 1996) sequence variation
can go undetected. SSCP has the advantage that it 'scans' the entire length of the ITS-2
amplicon, irrespective of sequence variability within an organism, enabling a direct and visual
display of sequence variation within and among individual nematodes, without the initial need
for sequencing
Direct sequencing of PCR products can detect all the variable positions but does not
allow the separation of different sequence types (alleles). Cloning of products and subsequent
sequencing of inserts can result in the loss of sequence variants and the sequencing of PCR
artefacts can lead to errors in the data. Although nucleic acid sequencing is widely used for
studying genetic variation it is labour intensive and costly, particularly in the case of
population genetics.
The SSCP approach also circumvents the need for using specific oligonucleotide probes
in hybridisation assays (Divina et al. 2000).
The capacity of the PCR to amplify ITS-2 rDNA from single eggs or larvae of
strongylid nematodes (e.g. Gasser et al. 1993; Gasser et al. 1998c; Hung et al. 1999) indicates
that this mutation scanning approach will be useful for the identification of any developmental
stage of Dictyocaulus to the species level.
Whilst lungworms of cervid origin were clearly differentiated from those of bovine
origin by the method, differences were also revealed among lungworms derived from various
species of cervid host. Given the usefulness of ITS-2 in discriminating between species of
strongylid nematode (Hoste et al. 1995; Newton et al., 1998; Gasser et al. 1998a; Chilton and
Gasser 1999; Conole et al. 1999), these findings would indicate that more than one species of
Dictyocaulus may infect cervid hosts and that lungworm may be more host-specific than

previously believed.
To help resolve the arguments over the existence of species either described by purely
morphological methods or putative species from the same host but from different geographic
regions it will be necessary to collect nematodes from both host and geographic locations and
to compare them at one time using a PCR coupled SSCP to display all variation. If variants
can be visualised then, if necessary, they can be confirmed by sequencing.
However, the question of how much variation within a target region confers species
status has not yet been resolved.
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Conclusion
The lungworm infecting red deer in New Zealand is probably D. eckerti as described by
Epe et al. 1997. It has an elongate mouth, a thickened buccal capsule and the ITS-2 sequence
matches that deposited by Epe et al. (1997). However, D. eckerti was originally described
from reindeer. The original species may well be morphologically similar to the D. eckerti
described by Epe et al. in fallow, but the ITS-2 sequences could be different. Analysis of the
ITS-2 sequence from D. eckerti from reindeer will be necessary before the correct
nomenclature for the lungworm of fallow and red deer can be finally decided. At this point in
time however, the specific lungworm infecting red deer in New Zealand should be called
D. eckerti. It is not D. viviparus.
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Will cross- infection occur, with Dictyocaulus species, between cattle and red
deer?

Introduction

Under New Zealand conditions, lungworm (Dictyocaulus viviparus) is not
regarded as a parasite of prime concern to the cattle industry. However, Dictyocaulus
spp. impact greatly upon the deer industry as, in the farmed situation, the parasite has
the potential to cause significant losses. A number of authors from Europe and
America (Nilsson 1971; Winters and Worley 1975; Epe et al. 1997; Divina et al.
2000) have speculated on the role of cervids in contaminating pastures and thereby
spreading Dictyocaulus to cattle. In New Zealand, the important question is whether
bovids spread lungworm to susceptible cervids, as cattle are frequently grazed on deer
paddocks as part of a pasture management strategy.
Several researchers have conducted cross-infection trials in which cattle were
infected with larvae gathered from either wild or captive deer, or deer were infected
with larvae from cattle. These have produced conflicting results, patency occurring in
some studies but not in others (Enigk and Hildebrandt 1965; Presidente and Knapp
1973; Corrigan et al. 1980; Foryet et al. 2000). However none of these studies, with
the exception of that of Bienioschek et al. (1996, have been particularly uniform or
well controlled. In many of the trials the animals were of different ages or they were
not parasite na1ve, and in some trials the animals were already infected with an
unidentified species of lungworm. Often the dose rates differed across the experiment
and in many cases the dose rates were excessive and /or the infectivity of the larvae
was not determined.
Disagreements over the existence, naming and number of species w!thin the
genus Dictyocaulus (Chapter 3) further complicate the interpretation of previous
work. Given the conflicting results, a controlled trial was designed to establish
whether it was possible for cross-infection to occur between cattle and red deer with
either deer origin lungworm or D. viviparus. The animals used in the trial were of
similar age, hand reared from birth in parasite free conditions and infected solely with
Dictyocaulus. Each animal received the same dose of known provenance.
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Materials and Methods
Parasites

Parasites were cultured using the method outlined in Chapter 2.
Dictyocaulus viviparus L1 were collected from 4-5 month old undrenched dairy

calves. The farm has always been stocked with dairy cattle and the farmer has never
seen deer on the property.
Deer origin Dictyocaulus L1 were collected from red deer fawns grazed on the
isolation paddocks on the 'flats' deer farm at Invermay. Cattle had not been grazed on
the deer farm for over 15 years. It is presumed that lungworm was introduced with the
first deer used to stock the farm.

Experimental hosts

Twelve Friesian cross dairy calves (Bos taurus) and twelve red deer fawns
(Cervus elaphus) were hand reared indoors, in separate groups, from 3 days and 1 day

old respectively. They were maintained in parasite-free conditions in a designated
building and were regularly monitored for both gastro-intestinal parasites and
lungworm. At an early age they were offered lucerne chaff and compounded feed nuts
and were gradually weaned onto a diet of high protein feed nuts and silage ad libitum.
The deer had access to exercise pens within the isolation unit during the day. After
weaning the cattle remained in an outdoor pen within the isolation complex.

Experimental infection

One week prior to infection the calves and fawns, now aged between 3 and 4
months, were divided into experimental groups. They were ranked by weight, and
then allocated randomly to a group. They were not allocated according to sex, as the
onset of puberty had not occurred. In female red deer the onset of puberty occurs at
about 16 months of age and is weight related (Fisher and Fennessey 1985). In male
red deer puberty "is a continuous process which begins during the first autumn of
life ... but is more determined by body weight than day length" (Fennessy et al. 1985).
The red deer had an average weight of 51.5kg when dosed with lungworm and 52.5kg
at slaughter. The cattle averaged 178kg at the beginning of the trial and 204kg at the
end. On Day 0 each animal was infected with a dose of 700 L3s of the appropriate
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species as shown in Table 4.1 Each larval dose was poured straight from the culture
flask down the animal's throat.

TABLE4.1

Allocation of parasites and experimental hosts.

Experimental host (n = 6)

Lungworm origin (dose= 700 L3)

Red Deer

Red Deer

Red Deer

Cattle

Cattle

Cattle

Cattle

Red Deer

The animals' rectal temperatures were recorded daily and the groups were
checked for signs of respiratory distress. The animals were weighed and blood
samples taken on a weekly basis. Faecal samples were taken on Days 0, 7, 14 and
daily from Day 19 to Day 34 post infection (pi.) to ascertain the number of Lls
present. The L1 s were extracted from each sample using a modification of the method
described by Thienpont et al. (1986), (Chapter 2). On Day 35 pi., the animals were
slaughtered and the lungs retained. The lungs were removed immediately after
slaughter and examined by a veterinary pathologist (Dr Marjorie Orr) and any gross
pathological changes were noted. The pathologist was not aware at the time from
which treatment category the lungs were drawn. Six (3x 0.5cm) sections were then
taken from defined points around the diaphragmatic lobes of the lung and one from
the bronchus; the sections were preserved in 10% buffered neutral formalin. The lungs
were then dissected and any lungworm present were removed. After dissection the
lungs were roughly chopped and left to soak, at room temperature, in warm saline.
The following morning the lungs were gently agitated in the saline and removed. The
saline was then sieved to retrieve any remaining lungworm.
The species of lungworm recovered from the lungs were confirmed by both
molecular methods and scanning electron microscopy as described in Chapter 3.
The sections remained in formalin for one month; they were then blocked and
stained with Haematoxylin and Eosin using standard methodology. To assess the
pulmonary damage caused by infection with Dictyocaulus six slides from each animal
in each group were examined. Four areas of the lung were identified as being likely to
exhibit pathology associated with Dictyocaulus infestation, the alveoli, the septal
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interstitium, the bronchioles and the bronchi. With respect to the alveolus, six possible
pathological lesions were searched for, Type II hyperplasia (proliferation of Type 11
cells), atelectasis, emphysema, fibrin deposition, hypercellularity and the presence of
infiltrating cells. The interlobular septa were examined for emphysema and cellular
infiltration. The cells infiltrating the bronchi and surrounding tissue were recorded as
were the cells infiltrating the bronchioles and surrounding tissue. The presence and
location of any lymphoid aggregations was noted. The pathological lesions were
scored as follows;

0 - not obvious
1- mild

2- moderate
3- severe

It is recognised that the scoring method is somewhat subjective, however only a small
number of animals were used in the experiment, there were no control deer lungs
available nor is there comparative information in the literature. This method of
scoring did provide an indication of the major differences in pathology. The slides
were scored by Dr Gary Clark, Veterinary Pathologist, Labnet, Invermay.

Statistical analysis
All statistical analysis was done using Genstat 5 Release 4.2.
The larval output and adult lungworm data were log transformed before
analysis. The validity of the results of the adult lungworm count generated by the
ANOV A was checked using a randomisation test available on Genstat.

Results
Larval output
Infections became patent at approximately Day 23 in all groups (Table 4.2).
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TABLE4.2

Onset of patency in the different host: parasite groups.

Host Parasite Combination
i.e. Host species: lungworm species

Onset of patency
- number of animals patent/group on each day
Day 22 post infection

Day 23 post infection

Day 27 post infection

Deer: deer origin lungworm

1/6

6/6

6/6

Deer: D. viviparus

5/6

5/6

6/6

Cattle: D. viviparus

1/6

6/6

6/6

Cattle: deer origin lungworm

0/6

6/6

6/6

However, the pattern of Ll production differed between the four groups
(Fig.4.1) and analysis of variance confirmed that total larval output was significantly
different (p<O.OOl,SED 0.803) between the groups. Cattle infected with deer origin
Dictyocaulus passed low numbers of Lls for a short period. The other three groups

passed Lls for the duration of the trial, but the greatest numbers of larvae were
produced by deer infected with Dictyocaulus of deer origin. Levels of larval output
were stable or increased in the host specific combinations whereas deer origin
Dictyocaulus infecting cattle ceased patency after several days and larval output

decreased in deer infected with D. viviparus. The trends are illustrated in Figure 4.1.
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FIGURE4.1.

Mean (log counts +1) daily patterns of Ll production (larvae per
gram faeces (lpg)) for each host: parasite group (n=6) over the
period of the trial.

The errors shown are the standard errors of the differences of the means. The
scaling on the Y axis shows the geometric means for the data points.

DD deer infected with deer origin lungworm
DC deer infected with cattle origin lungworm
CC cattle infected with cattle origin lungworm
CD cattle infected with deer origin lungworm

Survival of adult worms
Adult worms were recovered from the lungs of all groups on Day 35 postinfection except the cattle infected with Dictyocaulus of deer origin.

Burdens

recovered from the lungs varied significantly (SED 0.670, p<O.OOl) between each
host: parasite combination as shown in Figure 4.2. Deer lungs infected with deer
origin Dictyocaulus contained the greatest numbers of adults at necropsy. Larger
numbers of D. viviparus were found in the cattle lungs than in the deer lungs.
However despite log transformation of the data, the reliability of the ANOV A was
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suspect, as the data did not fit the model well. Therefore the significance of the
differences, between the numbers of adults found in the lungs in each group, was
retested by randomisation using a statistics programme available in Genstat. The
numbers of adult lungworm collected from each host were entered into the Genstat
package. The programme completely randomised the data and ran the analyses again,
in this case 10,000 times. The outcomes obtained in this study were not regenerated
by the programme thus it can be concluded that the differences between the numbers
of adult lungworm found at necropsy were indeed significant.
While the trends themselves are interesting, there is some variation between
animals both with regard to the number of adults in the lung and the number of larvae
produced. To illustrate this further a table of raw data is included in the appendix.
(Table 4.1A)
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DC

DD

Mean (log+ 1) number of adult lungworm in the lungs of each host
group at Day 35 p.i.

The scaling on the Y axis shows the geometric means for the, data points. The
error is indicated by the vertical bars.
CC cattle infected with cattle origin lungworm.
DC deer infected with cattle origin lungworm
DD deer infected with deer origin lungworm.
There were no adults in the lungs of the cattle infected with deer lungworm.
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All the animals gained weight over the period of the trial. Liveweight gain was
similar in both the deer and the cattle groups whether infected by deer origin
Dictyocaulus or D. viviparus. Although an occasional temperature spike was

recorded, there were no significant increases within or between groups. Only one of
the cattle, on one occasion, recorded a temperature 2 degrees above the normal range
of 38.7 - 39°C. The cattle infected with D. viviparus were observed to cough gently
but there were no instances of the classic 'husk' posture as described by Urquhart et
al. (1973) in which the animal stands with its neck straight out and strains for breath.
No coughing was recorded prior to Day 14 pi. but various group members were
observed coughing between Day 14 and Day 24 pi. All the calves infected with
D. viviparus were seen to cough from Day 24 pi. until Day 30 pi., but after Day 30 pi.

only two of the six cattle coughed. Five cattle infected with deer origin Dictyocaulus
coughed very gently and intermittently between Day 14pi. and Day 20pi. The sixth
member of the group was not seen coughing until Day 31 pi. The deer showed no
observable signs of infection by either deer origin Dictyocaulus or D. viviparus.

Gross Pathology

Emphysema was recorded in 9 of 12 sets of deer lungs, 4 infected by deer origin
Dictyocaulus (Figure 4.3) and 5 by D. viviparus (Figure 4.4). In all cases, it affected

from half to the entire lung. Three of the group infected with deer origin Dictyocaulus
had enlarged lungs, they appeared swollen and were noticeably larger than an
uninfected lung, whereas only one animal in the D. viviparus group did. Oedema was
observed in half of the animals infected with deer origin Dictyocaulus but was not
observed in the D. vivparus group. There were no areas of consolidation noted in any
of the deer lungs, but areas ofreddening (1-2cm in diameter) were noted in the
D. viviparus group. Scattered petechiae were observed in 3 sets of lungs in' the deer

origin Dictyocaulus group but not in the D. viviparus group.
The lungs of cattle that had been infected with deer origin Dictyocaulus showed
little evidence of infection (Figure 4.5). Very slight emphysema was noted in 3 of 6
animals. By contrast, emphysema affecting almost the complete lung was recorded in
all of the cattle infected with D. viviparus (Figure 4.6). Of the D. viviparus group only
2 of 6 animals had oedematous lungs and only one had some areas of consolidation.
On opening the lungs of cattle infected with D. viviparus a green mucoid exudate was
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noted in the bronchi and to a lesser extent in the bronchioles, this was not noted in the
lungs of cattle that had hosted deer origin Dictyocaulus group

Histopathology- deer lungs

Mild I moderate peribronchial lymphoid aggregations were noted in 5 of 6
D. viviparus infected animals, none were noted in the deer origin Dictyocaulus

animals but both groups exhibited peribronchiolar lymphoid aggregations. Mild
eosinophilic infiltrations of the peribronchiolar regions were recorded in both groups.
Notably, eosinophilic infiltration of the bronchi was more marked in the D. viviparus
group in comparison to the deer origin Dictyocaulus group, in which infiltration of the
bronchioles was more marked. The most striking difference between the two groups
occurred in the interlobular septa where moderate/severe cellular infiltration was
noted in 6 of 6 D. viviparus infested lungs and only slight infiltration was noted in 2
of 6 animals infected with deer origin Dictyocaulus. The alveoli of the deer origin
Dictyocaulus infected lungs were mildly emphysematous but showed only slight

atelectasis and hypercellularity, whereas the alveoli of the lungs infected with D.
viviparus were not emphysematous but showed mild atelectasis and hypercellularity.

Type II hyperplasia was not noted in either group but a very slight fibrin deposition
was noted in 4 of 6 animals infected with D. viviparus. Interestingly erythrocytes were
noted in the alveoli of the deer origin Dictyocaulus infested lungs. The results of the
histopathological examination of the deer lungs are given in Table 4.3. Figs. 4.7 a,b,
illustrate some of the pathologies recorded.
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FIGURE 4.3 Deer lungs infected with
deer origin Dictyocaulus

FIGURE 4.4

FIGURE 4.5

FIGURE 4.6 Cattle lung infected with
D. viviparus.

Cattle lung infected with
deer origin Dictyocaulus

Deer lungs infected
with D. viviparus.
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TABLE4.3

Histopathological observations on the lungs of red deer that have
been infected with Dictyocaulus spp.

Lesions were scored as 0 no lesion, 0.5 very mild, 1.0 mild, 1.5 mildmoderate, 2.0 moderate, 2.5 moderate- severe, 3.0 severe.
Six sections were examined from each of the six animals in the group infected
with either deer origin Dictyocaulus or D. viviparus. The results were then averaged
across the group to record broad observations.

Host = red deer
Area of
lung
Peribronchi

Pathological lesions
Lymphoid aggregations

Peribronchiole Lymphoid aggregations

Deer
Dictyocaulus

D. viviparus

Pathology
score
0

Pathology
score
1.5

1.5

2.0

0

0.5

Perivascular

Lymphoid aggregations

Peri bronchi

Infiltrations

eosinophil

1.5

1.5

Peribronchi

Infiltrations~ 1ymphocyte

0.5

1.0

Peribronchiole

Infiltrations~

eosinophil

1.0

1.0

Bronchi

Infiltrations - eosinophil

1.0

1.5

Bronchioles

Infiltrations

1.0

0.5

Interlobular
septae

Emphysema

1.0

1.0

Cellular infiltration

0.5

2.5

Emphysema

1.0

0

Atelectasis

0.5

1.0

Hypercellularity

0.5

1.0

Type 11 hyperplasia

0

0

Hyaline membranes/fibrin

0

0

Alveoli

~

~

eosinophil
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Deer lung infected with deer
origin Dictyocaulus showing
erythrocytes in the alveoli.
(X 82.5)

Deer lung infected with D. viviparus
showing clear alveoli.
(x 82.5)

Deer lung infected with deer origin
Dictyocaulus showing little peribronchiolar
lymphoid aggregation.
(x 82.5)

Deer lung infected with D. viviparus
showing large amount of peribronchiolar
lymphoid aggregation.
(x 16.5)

FIGURE 4.7a

Differing pathological lesions observed in red deer lungs infected
with deer origin Dictyocaulus or D. viviparus.

72

Chapter 4- Cross-infection

Deer lung infected with deer origin
Dictyocaulus, no infiltration of the
interlobular septa.
(X 82.5)

Deer lung infected with
D. viviparus showing cellular
infiltration of interlobular septa.
(x 82.5)

FIGURE 4.7b

Differing pathological lesions observed in red deer lungs infected
with either D. viviparus or deer origin Dictyocaulus.
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Histopathology - cattle lungs

A similar degree of peribronchial and peribronchiolar lymphoid aggregations
were noted in both groups but marked differences in eosinophilic infiltrations
occurred. Animals infected with D. viviparus had moderate/ severe peribronchial
infiltrations and mild peribronchiolar infiltrations, whereas those infected with deer
origin Dictyocaulus had

no

obvious

peribronchial

infiltrations

and

slight

peribronchiolar infiltrations. Both groups exhibited mild I moderate peribronchial
lymphocyte infiltrations. Cattle infected with D. viviparus had moderate eosinophilic
infiltrations of the bronchi and severe bronchiolar infiltrations, whereas those infected
with deer origin Dictyocaulus exhibited only slight infiltrations of the bronchi and
bronchioles. Moderate interlobular cellular infiltration was noted in the D. viviparus
infected animals as compared to mild in the deer origin Dictyocaulus infested lungs.
Atelectasis and hypercellularity were moderate in the deer origin Dictyocaulus group
and mild/moderate in the D. viviparus group. Notably all the cattle infected with
D. viviparus exhibited Type II hyperplasia and fibrin deposition in the alveoli,

whereas none was recorded in the deer origin Dictyocaulus group. The results of the
histopathological examination of the cattle lungs are given in Table 4.4. Figure 4.9
illustrates some of the pathologies recorded.
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TABLE4.4

Histopathological observations on the lungs of cattle that have been
infected with D. viviparus or Dictyocaulus of deer origin.

Lesions were scored as, 0 no lesion, 0.5 very mild, 1.0 mild, 1.5 mild - moderate, 2.0
moderate, 2.5 moderate- severe, 3.0 severe.Six sections were examined from each of
the six animals in the group infected with either deer origin Dictyocaulus or
D. viviparus. The results were then averaged across the group to record broad

observations
Host =cattle
Area of lung

Peribronchi

Pathological lesions

Lymphoid aggregations

D. viviparus
Pathology
score
1.5

Deer
Dictyocaulus
Pathology score

1.5

Peribronchiole Lymphoid aggregations

1.0

1.0

Perivascular

Lymphoid aggregations

0.5

0.5

Peribronchi

Infiltrations - eosinophil

2.5

0

Peribronchi

Infiltrations-lymphocyte

1.5

1.5

Peribronchiole Infiltrations- eosinophil

1.0

0.5

Bronchi

Infiltrations - eosinophil

2.0

0.5

Bronchioles

Infiltrations - eosinophil

3.0

1.0

Interlobular
septae

Emphysema

1.0

1.5

Cellular infiltration

2.0

1.0

Emphysema

0.5

0.5

Atelectasis

1.5

2.0

Hypercellularity

1.5

2.0

Type 11 hyperplasia

1

0

Hyaline
membranes/fibrin

1

0

Alveoli

-
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Cattle lung infected with D. viviparus
showing infiltration of the bronchioles.
(x 82.5)

Cattle lung infected with deer origin
Dictyocaulus, no infiltration in the
bronchioles. (x 82.5)

Cattle lung infected with D. viviparus
Showing Type II hyperplasia and fibrin
deposition in the alveoli. (x 82.5)

Cattle lung infected with deer origin
Dictyocaulus, there is no Type II
hyperplasia or fibrin deposition in the
alveoli. (x 82.5)

FIGURE4.8

Differing pathology in cattle lung upon infection with either
D. viviparus or deer origin Dictyocaulus.
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Discussion

Cross-infection
Although other cross-infection studies involving cattle and various species of
deer have been conducted (Enigk and Hildebrandt; 1965; Presidente and Knapp;
1973; Corrigall et al. 1980; Bienioschek 1996; Foryet et al. 2000) the results have
often been inconclusive. The present study used lungworm of known origin in agematched, parasite-naive groups of animals that were large enough to produce
statistically significant results. The control groups of animals, dosed with their
specific parasites, developed patent infections in which larval output was steady or
increased over the period of the trial. Thus, the larval cultures used in this trial were
clearly viable and infective. The dose rate of 700 L3 per animal used resulted in
patent infections in all groups. Deer origin Dictyocaulus burdens (1 07 - 452 adults in
the lungs) were typical of moderate lungworm burdens found in farmed red deer in
this age class (Mackintosh unpubl.data). The cattle dosed with D. viviparus developed
a cough indicative of lungworm infection without the clinical complications of
'Husk'.
Although patency occurred in all combinations of host and parasite, this study
clearly shows host specificity for deer origin Dictyocaulus and D. viviparus. In deer
49% of the experimental challenge dose of deer origin Dictyocaulus were present in
the lungs at Day 35pi., but only 3% of the original D. viviparus dose. Deer infected
with deer origin Dictyocaulus shed significantly greater numbers of L1s than those
infected with D. viviparus and output was increasing. Output of L1s by D. viviparus
infected deer was decreasing by Day 30pi. of the trial. At necropsy, the group of red
deer infected with deer origin Dictyocaulus had a mean of 342 adults in their lungs;
the group infected with D. viviparus had a mean of 20 adults. These results suggest
that D. viviparus did not establish as well as deer origin Dictyocaulus in red deer, and

lor that the infection was being resolved successfully.
No adult deer origin Dictyocaulus were found in the cattle lungs at the end of
the trial, whereas an average of 11% of the D. viviparus experimental challenge dose
had established. Larval production by D. viviparus in cattle increased over the period
of the trial, suggesting that the parasites were well established. By contrast, larval
output by the cattle infected with deer origin Dictyocaulus was minimal, larval
shedding occurred intermittently in various individuals then ceased altogether,
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indicating that the cattle had eliminated the adult deer origin Dictyocaulus from their
lungs.
It would appear that red deer are more permissive of the non- specific lungworm

infection than cattle are. Adult D. viviparus were recovered from the deer lungs at the
termination of the trial whereas no adult deer origin Dictyocaulus were found in the
cattle lungs.
Bienioschek (1996), working with D. eckerti in fallow deer, found a prepatent
period of 24- 26 days, in four parasite-na!ve 11.5-month-old animals. In the present
study deer origin Dictyocaulus became patent in red deer on Day 23 pi. and
D. viviparus on Day 22 pi. Bienioschek's (1996) findings with fallow deer infected

with D. viviparus mirror the results of this study with larval output falling over the
period of the trial and patency occurring between Days 22 and 23 pi.
Cattle infected with deer origin Dictyocaulus developed patent infections on
Day 23 pi. No adults were found in the lungs of this group at necropsy. Bienioschek
(1996) again had similar results with cattle infected with D. eckerti sourced from
fallow deer. Patency occurred in the majority of the cattle infected with D. viviparus
at Day 23 pi. In Bienioschek' s experiment the cattle infected with D. viviparus also
had a pre-patent period of 22- 23 days.
Other authors have shown that cross-transmission between cattle and some
species of deer can occur but have not produced conclusive results. In New Zealand,
Mason (1985) infected two Friesian calves with 100 L3 derived from deer. One calf
developed a patent infection. In America, Presidente et al. (1972) infected four
Holstein calves (1.5 - 3 months old) with Dictyocaulus derived from elk (Cervus
canadensis nelsoni), none of the infections became patent. However, the authors

cultured their infective larvae from ova and did not test their resultant larvae in elk.
These authors do quote unpublished preliminary work in which three of five calves of
unknown age developed mild patent infections when dosed with Dictyocaulus larvae
derived from elk. Presidente et al. (1972) also infected one elk calf with 23,000 L3s of
cattle origin. Twenty-six days after dosing the calf developed a patent infection,
which lasted for 24 days. In 1973 Presidente and Knapp infected four calves (4-5
months old) with Dictyocaulus larvae derived from black-tailed deer ( Odocoileus
hemionus columbianus). Although patent infections did not occur, the calves suffered

elevated respiratory rates, dyspnoea and coughing. Occasional coughing was observed
in another calf, grazed on pasture contaminated by a herd of infected black-tailed
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deer, but L1s were not recovered from faeces on sampling. Gupta and Gibbs (1971)
could not infect two six-week-old Holsteins with moose-derived (Alces americanus)
lungworm. However, they too cultured their L3 from ova and had no control animals
to check the infectivity of their larvae. Bates et al. (2000) also investigated the
potential for cross infection with Dictyocaulus between cattle and white-tailed deer
(Odocoileus virginianus). The authors cultured L3s in vitro from eggs derived from

adult worms, collected from white-tailed deer. Their infections did not become patent
in cattle, but again they had no deer control group against which to demonstrate the
infectivity of their L3 cultures.
Foreyt et al. (2000) challenged three 9-month-old elk (Cervus elaphus) and four
16-month-old elk with 3000 and 2000 cattle origin L3 respectively. All infections
became patent but none of the experimental animals showed clinical symptoms. This
conclusion agreed with that of Corrigall et al. (1980) who dosed red deer (Cervus
elaphus) with 15,000 L3 of cattle origin and the deer 'showed little effect other than

excretion of larvae'. Corrigall et al. (1980) however had variable results when
infecting red deer. In one experiment two 13-month-old deer, which were likely to
have been parasite free, were dosed with 11,000 - 13,000 larvae; neither became
positive. In the following experiment, four 9-month-old red deer given doses ranging
from 9,000 - 11,000 larvae all produced patent infections. In a third experiment, an
animal from the original experiment, now aged 20 months, began to excrete larvae
after being dosed with L3s; its peers also aged 20 months did not. Corrigan et al.
(1980) concluded that it is difficult to produce convincing clinical cases in housed and
well-fed red deer. Neither Foreyt nor Corrigan used enough animals, nor did they use
control animals to check the infectivity of their challenge doses, nor did they slaughter
all their experimental animals to compare the numbers of adults that had established.

Gross pathology

This study clearly demonstrated that cross transmission of lungworm could
occur between cattle and red deer. Examination of lung pathology showed differences,
both in the effects of the two Dictyocaulus species on the host lung and in the host
reaction to Dictyocaulus invasion.
Of prime importance in attempting to interpret the differences in lung reaction
between cattle and red deer is the realisation that the structure of the lung probably
differs in cattle. "There is complete lobular septation and an absence of collateral
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ventilation in the bovine lung" (Dungworth 1984). In the bovine lung, groups of acini
are surrounded by connective tissue to form distinct lobules between which there are
no visible connections. The ultrastructure of the bovine lung was examined by
Iovannitti et al. (1985) using scanning electron microscopy (SEM). They noted that
the trachea and bronchi were predominantly covered in ciliated cells. In the smaller
bronchi there was an increase in non-ciliated cells and in the bronchioles the nonciliated cells became the predominant cell type. Iovannitti et al. (1985) comment on
an absence of respiratory bronchioles in the bovine lung, terminal bronchioles simply
continuing into alveolar ducts. They also note, in contrast to earlier workers, several
pores of Kohn in the alveolar walls. No information on the anatomy or ultra structure
of the red deer lung is available. However, Saari (1995) examined the morphological
features of the reindeer respiratory tract using SEM. Ciliated cells predominated from
the trachea to the terminal bronchiole but non-ciliated cells predominated in the
terminal bronchiole. As in cattle, no respiratory bronchioles were noted in reindeer,
but in contrast to cattle, few pores of Kohn were found in the alveolar wall. The
structure of the red deer lung may not mirror that of the reindeer lung.
In cattle the ratio of total lung alveolar surface area to total oxygen consumption
IS

43.8% of the mean mammalian value and the alveolus has low numbers of

pulmonary capillaries per alveolar section, therefore the physiological gaseous
exchange capacity relative to basal needs is small (Veit 1978; Schneider et al. 1991).
This would suggest that cattle have relatively less lung tissue available with which to
cope with pulmonary insult and that the structure of the lung predisposes them to
certain pathologies. Unfortunately, no physiological information is available for red
deer.
In the study described here, the differences in gross pathology between animals
challenged with different lungworm species were most striking when the cattle lungs
were examined. Those that had hosted deer origin Dictyocaulus 'appeared normal'
(M.Orr, pers. comm.); those that had hosted D. viviparus were emphysematous and
contained a green mucoid exudate.
Emphysema is probably caused by a protease-antiprotease imbalance, an
elastase from neutrophil granules breaking down elastin thus causing structural
damage to the airway (Dungworth 1984). However, a second type of emphysema
occurs in cattle (Dungworth 1984), because of the lobular structure of the bovine lung.
If the bronchioles in a lobule are collapsed or blocked air cannot be expired. As there
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are no connections between the lobules through which the air can escape, it is forced
into the interlobular septal tissues causing interstitial emphysema. This was noted in
all the cattle lungs infected with D. viviparus.
When the deer lungs were compared, no oedema was recorded in the lungs that
had hosted D. viviparus whereas half of the lungs hosting D. eckerti were
oedematous. Many agents can cause pulmonary oedema by damaging the capillary
endothelium and the Type I cells in the alveolar epithelium. In the undamaged lung,
there is a steady flow of liquid from the alveolar interstitium to the pulmonary
lymphatics. Alveolar epithelium is less permeable than endothelial tissues so the
alveolar lumen is effectively sealed off and fluid in the interstitium flows in the
correct manner. When the alveolar epithelium is damaged, fluid can enter the alveolus
and compromise gas exchange. Oedematous lungs are wet and heavy and excess fluid
can be found throughout the interstitial tissues. The oedema recorded in the deer lungs
in this experiment was not very extensive. Mild oedema was also recorded in one
third of the cattle lungs hosting D. viviparus.
One other notable gross lesion was found in the lungs of the deer hosting
D viviparus. Areas of reddening were noted scattered throughout the lung, these were

circular and 1-2cm in diameter. Only a few petechiae were noted in the lungs infected
with deer origin Dictyocaulus.

Histopathology

Histopathological examination of the cattle lungs demonstrated further clear
differences between those hosting D. viviparus and those hosting D. eckerti. Type II
hyperplasia and fibrin deposition were only noted in the cattle lungs that had hosted
D. viviparus. The epithelium of the bovine alveolus comprises three main cell types,

alveolar macrophages and Type I and Type II pneumocytes. The cuboidar Type II
cells line the interalveolar septa, they synthesise pulmonary surfactant and are the
progenitor cells for the replacement of alveolar epithelium. There is evidence
(Dungworth 1984) that they can express major histocompatibility class II molecules
and act as antigen presenting cells. Flat Type I cells line 93% of the alveolar surface
(Dungworth 1984), they have a large membranous surface area and are the site of
gaseous exchange between the capillary and the alveolus. Type I cells are amongst the
most sensitive cells to injury in the lung (Dungworth 1984) and have only a limited
ability to repair themselves, in consequence they respond to injury by sloughing off
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the basement membrane. When Type I cells are damaged, Type II cells proliferate
quickly and cover the exposed basement membrane. This proliferation is termed
'epithelialisation' or Type II hyperplasia but it causes an imbalance in the alveolar
lining that impairs the effectiveness of gas exchange. Over time Type II cells
differentiate to form Type I cells and the lining is restored. In cattle suffering from
classic 'husk' about one quarter of seemingly recovered animals succumb to the 'post
patent' phase (Breeze 1985). This phase is characterised by a sudden exacerbation of
difficulty in breathing caused by extensive epithelization of the alveoli, deposition of
fibrin and oedema.
Fibrin deposition and hyaline membrane formation is a non-specific response to
a variety of forms of damage to the alveoli and bronchioles. Hyaline membrane,
composed of fibrinous exudate and cell debris, lines the alveolus and is
characteristically associated with the breakdown of Type I cells and proliferation of
Type II cells. The proliferation of Type II cells and the deposition of fibrin effectively
inhibit respiration in the affected area. In cattle, a further fibrinous response,
'bronchiolitis fibrosa obliterans', is typically associated with damage caused by
D. viviparus and leads to a permanently obstructive lesion (Dungworth 1984).

The alveoli in the lungs of all animals in all groups showed a degree of damage.
Only cattle infected with D. viviparus demonstrated Type II hyperplasia and
noticeable fibrin deposition. However, the cattle challenged with deer origin
Dictyocaulus may have resolved the infection before Type II hyperplasia could occur.

Only very slight hypercellularity was observed in the capillaries surrounding the
alveoli in half of the deer lungs that had hosted deer origin Dictyocaulus yet it was
recorded in all those that had hosted D. viviparus and was slight to moderate in both
cattle groups. Atelectasis, defined as the collapse of previously air-filled pulmonary
parenchyma (Dungworth 1984), is most commonly caused by obstruction. Tlie bovine
lung may be more prone to this type of damage due to the complete lobular septation.
Interestingly, the highest level of atelectasis was noted in the cattle infected with deer
origin Dictyocaulus, suggesting perhaps that the larvae were blocking the alveolar
ducts and terminal bronchioles rather than moving on through the pulmonary system.
Again, deer lungs that had hosted deer origin Dictyocaulus differed from all the other
groups in that atelectasis was recorded in only half of the lungs and it was very mild,
whereas in the deer infected with D. viviparus group it was mild and in the two cattle
groups it was mild- moderate.
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Emphysema in the interlobular septa was noted in all groups but it was more
obvious in the cattle than in the deer. The amount of cellular infiltration of the
interlobular septa varied between groups. It was lowest in the deer infected with deer
origin Dictyocaulus group and was highest in the deer lungs that had hosted
D. viviparus. It appears, as in the alveoli, as if deer origin Dictyocaulus did not
provoke a positive host reaction in the deer lung whereas D. viviparus did. Although
the infiltration of the interlobular septa was lower in the cattle hosting deer origin
Dictyocaulus group than in the D. viviparus group it should be remembered that the
deer origin Dictyocaulus infection had been resolved by the time the animals were
necropsied whereas the D. viviparus infection had not.
Examination of the bronchioles and bronchi provided further evidence of
differing host responses elicited by the two species of Dictyocaulus. Slight to
moderate lymphoid aggregations were noted around the bronchi in both cattle groups
and in the deer infected with D. viviparus group but not in the deer infected with deer
origin Dictyocaulus group. However, all animals in this group had mild - moderate
aggregations around the bronchiole, suggesting that, in deer infected with deer origin
Dictyocaulus host responses were engendered in the bronchiolar area rather than the
bronchi. The peribronchiolar response to D. viviparus in deer was also very high; the
lymphoid aggregations being greater than those noted surrounding the bronchi. By
contrast, although peribronchiolar aggregations were noted in the cattle groups they
were less obvious than those in the deer lungs. Eosinophils were found in the
peribronchial area in three groups, the highest levels being recorded in the cattle
infected with D. viviparus. By contrast none were noted in the cattle bronchi that had
hosted deer origin Dictyocaulus. Again, this may well be a reflection of the early
resolution of the parasite by this group. Lymphocyte infiltration was similar around
the bronchi of cattle infected with deer origin Dictyocaulus and lower in deer infected
with deer origin Dictyocaulus suggesting perhaps that deer origin Dictyocaulus in
deer elicits a lesser response than any of the other host-parasite combinations.
Lymphocyte infiltration was lower overall in the deer lung than it was in the cattle
lung, perhaps indicating a lower response to parasitic insult by cervids. Eosinophil
presence in the bronchi and bronchioles was highest in the cattle infected with
D. viviparus, and was scored as moderate to severe. The cattle infected with deer
origin Dictyocaulus no longer had lungworms in the air passages and had the lowest
numbers of infiltrating eosinophils. In deer, eosinophils were noted in both the
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bronchi and bronchioles but in much lower numbers than in the cattle: D. viviparus
group. In the deer infected with D. viviparus eosinophil numbers were higher in the
bronchi than in the bronchiole. There were fewer adult D. viviparus removed from the
deer lungs than deer origin Dictyocaulus yet the bronchial response to the presence of
D. viviparus was greater.

In summary, in this experiment, red deer infected with deer origin Dictyocaulus
exhibited different lung pathology to red deer infected with D. viviparus.
Additionally, the lung pathology recorded in cattle infected with D. viviparus differed
from cattle infected with deer origin Dictyocaulus. The different responses by the
same host species to the two experimental infections provides further evidence that
two distinct species of lungworm may infect red deer and cattle.

Deer origin

Dictyocaulus was clearly adapted to red deer; host responses elicited were lower and

differed from those elicited by D. viviparus. In cattle D. viviparus survived whereas
deer origin Dictyocaulus did not. Unfortunately, by Day 35 when the animals were
necropsied, any deer origin Dictyocaulus adults had been cleared from the cattle lungs
and the host reaction had probably lessened somewhat. Alternatively, perhaps only
small numbers of deer origin Dictyocaulus (suggested by the low larval counts)
developed into adults in the lung and thus engendered only a low response. It is
interesting to note that D. viviparus is eventually cleared from the cattle lung, by the
host, somewhere between day 55 and day 90 post infection (Breeze 1985).
Munro and Hunter (1983) examined the lungs of 34 red deer submitted to the
Veterinary Laboratory at Lasswade in Scotland. The animals carried mixed infections
and had died for a variety of reasons, however, in those with Dictyocaulus present in
the lung they noted that cellular reaction was greater in the bronchioles than in the
bronchi. They also note that fibrinous fluid was seldom found in the alveoli. Corrigan
et al. (1988) infected cattle with larvae obtained from red deer and concluded that the
larvae from deer produced a milder though similar clinical response in cattle to those
of bovine origin. They conclude that the histopathological responses in the lungs in
both groups are consistent with D. viviparus infection but, unfortunately, do not give
many details. Corrigan (1985) describes the histological responses of red deer dosed
with Dictyocaulus sp. and notes the lack of alveolar epithelialisation and hyaline
membrane formation. He also suggests that the mild pathological changes suggest a
minimal host reaction to the parasitic invasion. Although none of the studies above
detail the histopathology of Dictyocaulus infection in the same manner as this study,
84

Chapter 4 - Cross-infection
they concur with the results of it. No researchers found Type II hyperplasia in deer
lung, nor significant fibrin deposition. They also note, as in this study, that reaction to
Dictyocaulus in deer occurs in the bronchiolar region rather than bronchi and that the

reaction is mild in comparison to that in the cattle lung. Charleston (1980) also notes
that in deer at post mortem the extensive areas of consolidation and collapse that are
expected in cattle dying of lungworm are not obvious, nor is the massive outpouring
of exudate. He too concludes that the reaction to Dictyocaulus in the deer lung differs
to that in the bovine lung.

Conclusion

This study has shown that under experimental conditions, using parasite-na!ve
animals, cross transmission can occur between cattle and red deer with both
D. viviparus and deer origin Dictyocaulus. It has also shown that the host response to
Dictyocaulus varies with the species of lungworm. Healthy cattle eliminate infections

of deer origin Dictyocaulus very quickly with no obvious clinical signs. It is therefore
unlikely that Dictyocaulus deriving from deer would be a problem to the cattle
industry, nor are cattle likely to spread or augment deer Dictyocaulus on deer pastures
in significant amounts. Although red deer developed patent infections with
D. viviparus, the parasite did not establish as successfully as in its specific host and

larval output decreased over the short period of this trial. It would appear that the
amplification and dissemination of D. viviparus larvae by red deer is not as effective
as that of Dictyocaulus derived from deer. Deer carrying D. viviparus for short
periods are unlikely to be a threat to cattle in New Zealand. However, red deer can
host D. viviparus for a reasonable period of time, some lung pathology does occur and
there may well be some other subclinical effects. Therefore, exposure of deer to
pastures that are contaminated with D. viviparus is inadvisable. This trial snows that
cross-infection is possible in the experimental situation, but further work will be
required to show if significant cross-infection occurs on the farm or in the wild.
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Appendix
TABLE A4.1.

Individual larval outputs from days 22 to 34 p.i. and numbers of adults in the lungs at slaughter (day 35 p.i.) for all the
trial animals.
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Does 'Huskvac', the irradiated larval vaccine available for cattle in Europe,
protect Red Deer against lungworm challenge in New Zealand?

Introduction

A larval vaccine providing protection against Dictyocaulus viviparus in cattle
has been available for over 40 years, yet its mode of action still remains unknown.
The vaccine, currently marketed as 'Bovilis Huskvac', comprises 1000 irradiated third
stage (L3) D. viviparus larvae per dose. To protect against an outbreak of parasitic
bronchitis, or husk, as it is known colloquially, cattle require two doses of the oral
vaccine 28 days apart. Fourteen days after the last dose they may be safely turned out
onto pasture. In Europe, young cattle housed over the winter, often since birth, have
no exposure to D. viviparus and consequently are susceptible to infestation when
turned out onto pasture in the spring. This is the age group that have traditionally been
vaccinated.
In recent years however there has been a decrease in the numbers of cattle
vaccinated in the UK and the proportion of lungworm cases occurring in adult animals
has now reached the highest levels ever (Intervet data, Mawhinney 1997).

Lungworm infections in cattle in New Zealand are not well documented.
" ... anecdotal reports indicate that clinical cases are seen occasionally, perhaps
more commonly in later born calves' (Charleston 1997)."

Under New Zealand conditions calves are usually born and reared outdoors on
pasture and are thus continually exposed to infective lungworm larvae. Early in the
season as levels of over-wintered larvae on the pastures are low, the calves receive
low levels of exposure and develop immunity. The early-born calves, however, seed
the pasture with infective L3s and thus later-born calves meet a greater larval
challenge and are more likely to develop clinical signs of husk. As cattle remain on
pasture year round in New Zealand, they are continually being exposed to the parasite
and thus maintain their immunity. However, as preventative drenching programmes
are now often implemented from an early age, using endectocides that effectively kill
all parasite stages, it is possible that outbreaks of lungworm will be recorded in adult
cattle in New Zealand dairy herds more frequently in the future.
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The development of a husk vaccine

Early work on vaccine development arose out of studies by Jarrett on lungworm
in the 1950s. Having observed initially that animals developed immunity to husk they
attempted passive immunisation (Jarrett et al. 1955). Six animals that had recovered
from a natural lungworm infection were given further doses of infective larvae
ranging from 50 - 100,000 L3s. These animals showed no sign of husk so were
considered immune. Serum was taken from these animals and injected into five,
10-week-old calves. These five calves and a further five control calves were then
challenged with 4000 L3s. The immunised calves did not develop husk, the control
calves did. Jarrett and his co-workers concluded that immunity to lungworm did in
fact develop and that it could be passively transferred. In 1957 they published two
papers reviewing the work done towards developing the vaccine (Jarrett et al.1957a;
Jarrett et al. 1957b). In the first paper they reviewed epidemiology, pathology, clinical
symptoms, diagnosis and experimental infections in which attempts were made to
induce immunity. In the second they described an attempt to track the passage of
infective larvae through the host by conducting serial slaughter trials. They concluded
that larvae progressed through the gut wall to the mesenteric lymph nodes and onto
the lungs.
Being aware of earlier work on irradiation of nematodes, the team then
embarked on their own studies.

"Since 1916 it has been shown that X-rays have an adverse effect on T. spiralis
larvae; and later in America it was shown that if rats are fed irradiated Trichinella
larvae an infection develops in which the adults are sterile and the rats subsequently
develop a degree of immunity. So we irradiated the pre-migratory stages in an attempt
to find a dose of irradiation that would not allow development beyond the invasion of
the lymph nodes .... used 7 different levels of radiation and fortunately straddled the
effective doses."· (Jarrett et al. 1957a)

Having concluded that irradiation might be feasible Jarrett trialled the irradiated
larvae in calves using 4000 L3s in the 'vaccinating' dose. He used 4 groups of calves
and larvae irradiated at 3 different levels plus a control batch of larvae. Half the calves
in each group were necropsied after vaccination so that the passage of the irradiated
larvae through the calves could be tracked. The calf group (A) in which the
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immunising larvae had received the lowest radiation levels had worms in their lungs
and damaging lesions .... 'too many clinical effects to be acceptable'. (Jarrett et al.
1957) Two groups (Band C) had a few worms, and few (B) or no (C) lesions.
The remaining calves were then challenged with 4000 L3s, the worms matured
in the control group and in group C, the take was much lower in groups A and B.
The irradiation level given to the larvae in group B was then selected for further
trial as protection had been provided with minimal lung damage. Jarrett et al. (1958)
concluded that a vaccine was possible but it had to stop the adults being killed in the
lung. The original vaccine development protocol used a dose of 4000 irradiated larvae
but it was found that this number gave rise to 'mild pulmonary complications' (Jarrett
et al. 1959) so the dose was reduced to 1000 L3s. This dose did not however provide
complete protection when the animals were exposed to high levels of field challenge.
A further trial was run in which animals were given 1000 irradiated larvae and then a
further dose of 0, 1000, 2000 or 4000 irradiated larvae. After a challenge of 10,000
L3s, no adult worms were found in the lungs of any of the groups that had been given
two doses of larvae. A regime of two vaccinations of 1000 irradiated larvae was
deemed effective.
The further development of the irradiated larval vaccjne from successful field
trials to the point where it was commercially available is described in
Poynter et al. (1960).

A brief review of irradiated larval vaccines

Following the successful introduction of the Dictyocaulus viviparus vaccine
research into irradiated larval vaccines continued. Researchers in a variety of
countries studied a number of different parasites. For example, Jarrett et al. (1961)
Haemonchus contortus in sheep, Benitez- Usher et al. (1977) Haemonchus contortus

in sheep, Windon et al. (1984) Trichostrongylus colubriformis in lambs, Klei et al.
( 1982) Strongylus vulgaris in ponies, Shi et al. ( 1993) Schistosoma japonicum in pigs,
Winter et al. (2000) Nematodirus battus in lambs. Despite extensive research, to date
only three irradiated larval vaccines have been produced on a commercial scale:
the vaccine against D. viviparus now marketed as Bovilis Huskvac, a vaccine against
the canine hookworm Ancylostoma caninum and a vaccine against D. filaria.
D. viviparus vaccine is technically unchanged since it was first produced over
40 years ago. Until recently two brands were available, Dictol and Huskvac. Huskvac,
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produced by lntervet, now relabelled Bovilis Huskvac is the sole product on the
market at present.
Jovanovic et al. (1965) described the production of a D. filaria vaccine.
Although it has been available in Eastern Europe, the Middle East and India,
information on current production is hard to find. An email to Srinagar laboratory in
Northern India, where at one point it was produced, enquiring about production failed
! -

to elicit a reply. In many countries it was not produced commercially but by
government agencies for local use. Dhar (1982) states about 0.36 million lambs have
been successfully immunised against D. filaria using 3n irradiated larval vaccine
produced at Srinagar laboratory. Interestingly he states that lambs exposed to
infection before vaccination developed a poorer resistance to challenge, only 55.4%
protection than did the uninfected immunised controls, in which 97.4% protection was
achieved. These findings correlate with experience using irradiated H. contortus
vaccine. 95% protection was achieved in lambs over 7 months of age if they had
previously been uninfected (Bain 1999).
Al-Saadi et al. (1984) described the use of an irradiated larval vaccine ' Filiraq'
in lambs in Iraq. They concluded that the vaccine protected lambs but that protection
was negated by anthelminthic treatment four weeks after vaccination.
The canine hookworm vaccine was launched in the United States in 1973. It was
discontinued in 1975. Although technically the vaccine worked it did not provide
sterile protection and required stringent storage conditions. In addition it was found
that many vets were reluctant to take up vaccination protocols when they could derive
income from the anthelminthic treatment of dogs. In addition as protection was not
sterile, differentiation between an infected dog and a diseased dog was difficult and
thus many practitioners were disappointed in the performance of the vaccine (Miller
1978).
There are many problems associated with the production of novel irradiated
-'

'

larval vaccines. Firstly, a large number of larvae must be produced using infected
hosts, as at present there are no in vitro culture systems available. A number of
methods of irradiation can be used: X irradiation, gamma irradiation and ultra violet
light. Classically, 40- 60 krads has been used to attenuate larvae but great care must
be exercised in selecting the dose. Jarrett (1957a) reported very different results using
varying levels of irradiation on D. viviparus, from no larval development through to
development that resulted in severe lesions. Small changes in temperature or in
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oxygen tension whilst the larvae are being irradiated can cause large differences in the
degree of attenuation achieved (Bain 1999). Having irradiated the larvae there are
then problems with packaging and transport. Larvae adhere to plastic surfaces and
they settle out in aqueous suspension. If they are packaged in a viscous medium they
migrate through it unless they are kept at the correct temperature. No one has
managed to design a successful multi-dose pack for a larval vaccine.
Problems also arise over the licensing of irradiated larval vaccines particularly
with respect to the definition of sterility (Bain 1999). Should the vaccine be 'free from
specific pathogens' as Bovilis Huskvac is, or should it be 'microbiologically sterile'?
It has been argued that were an attempt made to produce and market an

irradiated larval Dictyocaulus vaccine today, it would probably fail (Le Jambre et al.
1999).
Further arguments arise over the degree of protection a vaccine should provide
before it is considered efficacious. Previously sterile protection was the goal measured
by worm or egg counts. However in 1995 Barnes et al. produced a computer model
that showed that if a vaccine for Trichostrongylus provided 60% protection in 80% of
the flock pasture contamination would be reduced to such a point that disease would
not occur. For the more fecund Haemonchus, a vaccine that provided 70% protection
in 80% of the animals would provide significantly reduced pasture contamination.
Perhaps an irradiated larval vaccine that reduces larval production in older
animals and hence subsequent exposure of young stock may have a place in a pasture
management scheme., particularly in the face of increasing anthelmintic resistance
and an increasing demand for minimal chemical inputs into livestock. However,
general opinion favours Emery's (1993) conclusion in a review of the production of
vaccines against gastro-intestinal nematodes of livestock:

"the problems of quantity, transport, shelf life and viability preclude irradiated
GI nematode vaccines from commercial use".
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Dictyocaulus and deer

Lungworm is documented as being the most important parasite of farmed red
deer (Chapter 1), but no trials to undertake the efficacy of the cattle lungWorm vaccine
have been undertaken in New Zealand. In the United Kingdom, Corrigall (1982;
1986) trialled Dictol, an alternative husk vaccine available at the time, in red deer. He
concluded in one trial that some protection was provided, in another, that it was not.
The trials are described further in the discussion.

Farmed red deer are most

susceptible to lungworm infection as weaners entering their first autumn (Chapter 1)
Although deer in most New Zealand systems remain outdoors all year round, there is
a trend in some areas to winter weaners indoors under lights, in an effort to increase
weight gains. If these animals are then returned to pasture they may be very
susceptible to lungworm infection.

Materials and Methods

Parasites

Parasites were cultured and stored using the methods outlined in Chapter 2.
Dictyocaulus viviparus L1s were collected from 4-5 month old undrenched dairy

calves. The calves were bought in, at 3 days old, by a small farmer in the North Taieri
area of the Taieri plains, and reared indoors until turned out, at 10 weeks of age, onto
paddocks previously used to rear calves and occasionally occupied by sheep. The
calves had reasonably heavy burdens of gastro-intestinal parasites and light
D. viviparus infections. D. filaria was not recorded.

Deer origin Dictyocaulus, currently assumed to be D. eckerti, L1s were
collected from red deer fawns grazed on the isolation paddocks on the flats deer farm
at Invermay. Cattle had not been grazed on the deer farm for over 15 years. It is
presumed that lungworm was introduced with the first deer used to stock the farm.
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Experimental hosts
Twelve Friesian cross dairy calves (Bas taurus) and 23 red deer fawns (Cervus
elaphus) were hand reared indoors, in separate groups, from 3 days and 1-7 days old
respectively. They were maintained in parasite-free conditions in designated buildings
and were regularly monitored for both gastro-intestinal parasites and lungworm. At an
early age they were offered lucerne chaff and compounded feed nuts and were
gradually weaned onto a diet of high protein feed nuts and silage ad libitum. The deer
had access to exercise pens within the isolation unit during the day. The cattle were
housed in two large purpose-built pens in a converted cattle shed.

Importation and storage of Huskvac
Permission was received from the Ministry of Agriculture and Fisheries (MAF);
permit number 2001011782, to import 50 doses of 'Bovilis Huskvac' from Intervet
UK. The vaccine was air freighted to New Zealand, timing the manufacture and
freight so that the same batch of Huskvac would be viable for the two vaccinations
required. At all times the vaccine was stored separately in a labelled fridge to which
no other people had access. The vaccine, batch number 090110D, arrived in New
Zealand on April 2 2001, and the first dose was administered on April 3 2001. The
second dose was given on May 3 2001, the UK date of expiry of the batch.

As there is no withholding period for Huskvac in Europe and following in house
monitoring of the vaccinated animals, the Animal Remedies Board granted a
provisional licence (A08270) for Bovilis Huskvac on 13 June, allowing the sale of the
carcasses on the local market. All offal and by-products were condemned.

Conversion of buildings and animal health precautions for use of Huskvac
As a condition for the import permit for Huskvac, the animals used in the trial
had to be separated from all other contact and stringent health procedures put in place.
The precautions were necessary to prevent the possible spread of any cattle pathogen
that may have contaminated the Huskvac vaccine during manufacture. All yards and
buildings were locked, signposted and access restricted. Footbaths were available at
every entrance and were used when entering and leaving the buildings and between
groups of animals. Overalls and gumboots were designated for the trial and stored
separately from other farm gear. All gloves, paper and other disposable items were
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incinerated after use. The vaccinated animals were kept separately from the
unvaccinated, the pens were clearly labelled and all equipment and access ways were
disinfected after vaccinated animals had passed through. The deer were held in
separate pens and exercise yards within the parasitology complex. The cattle were
separated by a double fence and raceway built down the centre of the shed so that no
contact was possible. For procedures such as sampling or weighing, the non
vaccinated animals were always handled first, then the vaccinated and then the area
was disinfected. Any excess feed and muck from the vaccinated pens was bagged and
stored for later disposal. All samples from vaccinated animals were labelled
accordingly and incinerated after analysis.

Vaccination and challenge
One week prior to the first vaccination the calves and fawns, now aged between
3 and 4 months, were divided into experimental groups. They were ranked by weight,
and then allocated randomly to a group. They were not allocated according to sex, as
the onset of puberty had not occurred. (ref. Chapter 4 for discussion). The twelve
cattle were divided into vaccinated and non-vaccinated groups and remained as such
until the termination of the trial. Initially the deer were split into two groups,
vaccinated and non-vaccinated. One week prior to challenge the deer groups were
split again. The vaccinated group were randomly allocated into one of two challenge
groups (deer origin Dictyocaulus or D. viviparus) as were the non-vaccinated group.
The allocation of animals to vaccination and challenge groups is shown in Table 5.1.

The red deer had an average weight of 39.8 kg when grouped for the beginning
of the trial and weighed 48.0kg at slaughter 12 weeks later. The cattle averaged 118.4
kg at the beginning of the trial and 186.7 kg at the end.
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TABLE5.1

Allocation of animals to vaccination and challenge groups.

Experimental group

No. in group

Huskvac status

Challenge species

Cattle

6

Vaccinated

D. viviparus

Cattle

6

Non vaccinated

D. viviparus

Red Deer

6

Vaccinated

D. viviparus

Red Deer

5

Non vaccinated

D. viviparus

Red Deer

6

Vaccinated

deer origin
Dictyocaulus

Red Deer

6

Non Vaccinated

deer origin
Dictyocaulus

On Day 0 each animal in a vaccinated group was dosed with 1 bottle of
Huskvac vaccine as per the manufacturer's instructions. The vaccine was removed
from the fridge just prior to dosing, shaken well and the contents of the bottle poured
down the animal's throat. On Day 28-post vaccination each animal was given a
booster dose of Huskvac as per the manufacturer's instructions. During the time that
the vaccinated groups were being dosed the control groups were monitored.
Fourteen days after the booster dose had been given both the vaccinated and the
control groups were challenged. Each animal was given a dose of 700 L3s of the
appropriate species of lungworm as shown in Table 5.1. Each larval dose was poured
straight from the culture flask down the animal's throat.

Monitoring

As the animals in the previous trial (Chapter 4) had shown no significant
increases in temperature, rectal temperatures were not recorded daily in this trial.
Larger numbers of animals were involved and it was felt that the additional handling
was unnecessary, as from previous experience it was known that the challenge doses
of lungworm were unlikely to cause ill health. The animals were checked daily for
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any signs of stress, respiratory or otherwise and were weighed weekly. Blood samples
were taken weekly before weighing.
Faecal samples were taken prior to the primary vaccination and on Days 0 and
20 through to 28-post vaccination. The animals were then boosted and challenged 14
days later. Faecal samples were taken on challenge day and daily from Day 19 to Day
38 post challenge to ascertain the number of Lls present. The Lls were extracted
using a modification of Thienpont' s method as described in Chapter 4.
The cattle were slaughtered on Day 35-post challenge, the deer on Day 38-post
challenge. The lungs were removed immediately after slaughter and examined by a
veterinary pathologist (Dr Marjorie Orr) and any gross pathological changes were
noted. The pathologist was not aware at the time from which treatment category the
lungs were drawn. The lungs were then photographed.
Six (3x 0.5cm) sections were then taken from defined points around the
diaphragmatic lobes of the lung and one from the bronchus; the sections were
preserved in 10% buffered neutral formalin. The lungs were then dissected and any
lungworm present were removed. After dissection the lungs were chopped and left to
soak, at room temperature, in warm saline. The following morning the lungs were
gently agitated in the saline and removed. The saline was then sieved to retrieve any
remaining lungworm.

Statistical analysis

All statistical analysis was done using Genstat 5 Release 4.2.
The larval output and adult lungworm data were log transformed before
analysis. Analysis of Variance CANOVA) was used to compare larval output between
groups. The adult data, even when log transformed, did not fit the ANOV A model
well. The adult data was therefore analysed using a binomial generalised linear model
with a logit link and free dispersion.

101

Chapter 5 - Huskvac

Results
Larval output - cattle
During monitoring of the vaccinated animals first stage larvae were found in
one of the cattle, number 57 on two successive days. On Day 22 post vaccination (pv.)
0.2larvae per gram (lpg.) were recorded and 0.1 lpg. on Day 23. No further larvae
were recorded from this animal during the period of the trial.
No larvae were found in the faeces of vaccinated cattle post challenge (pc.). The
unvaccinated cattle produced first stage larvae in their faeces from Day 25.
Only one animal was patent on Day 25 pc. but all were patent by Day 28pc. The
pattern of larval output by the vaccinated cattle is shown in Fig. 5.1

Larval output - deer
Larvae were found in the faeces of two deer during the monitoring period after
vaccination. Animal number 535 recorded 0.1lpg. on Day 23 pv. Animal number 534
recorded 0.1 lpg. on Day 21 pv., 0.2 lpg. on Day 22 pv., 0.1 lpg. on Day 24 pv. and
0.3 lpg. on Day 26 pv. No further larvae were recorded in the faeces of these animals
until day 25 post challenge.
Infections became patent in all the deer groups whether vaccinated or not. The
larval output by all groups is shown in Fig.5.2.
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FIGURE 5.1

Mean (log counts+ 1) daily patterns of L1 production (measured as
larvae per gram faeces) in cattle after challenge with D. viviparus
(n=6).

The errors shown are the standard errors of the differences of the means. The
scaling on the Y axis shows the geometric means for the data points.
Dv challenged with D. viviparus
DvV vaccinated and challenged with D. viviparus
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FIGURE5.2

Mean (log counts+ 1) daily patterns of L1 production, (measured as
larvae per gram faeces) in deer after challenge with either
Dictyocaulus sp. or D. viviparus (n=6) for all groups except the
D. viviparus challenge only group in which n=5.

The errors shown are the standard errors of the differences of the means. The
scaling on the Y axis shows the geometric means for the data points.
De challenged with deer origin Dictyocaulus
DeV vaccinated and challenged with deer origin Dictyocaulus
Dv challenged with D. viviparus.
DvV vaccinated and challenged with D. viviparus.

Vaccinated animals, whether being challenged with D. viviparus or deer origin
Dictyocaulus produced fewer larvae (L1s) than unvaccinated animals. Although all

groups became patent, patency was significantly delayed by vaccination in both the
deer origin Dictyocaulus and D. viviparus challenge groups. No vaccinated animals
were patent on Day 23 pc., 6 of 11 non-vaccinated animals were (P<0.01). On Day 24
pc. there was still a significant difference between vaccinated and unvaccinated
groups although 3 vaccinated animals had become patent (P <0.03). On Day 25 p.c.
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the significant difference still persisted (P<0.03) but by Day 26pc. there was no
significant difference between the groups. Overall there was no significant species
and vaccination interaction, but at certain time points there was a significant reduction
in D. viviparus larval output in vaccinated animals, at others, the output of deer origin
Dictyocaulus L1s was reduced (Table 5.2). Over the period of the trial those animals

infected with deer origin Dictyocaulus (vaccinated and unvaccinated) produced more
L1s than those infected with D. viviparus (P <0.001 SED 0.633). Notably larval
output of deer origin Dictyocaulus was still increasing at the end of the study period
whereas D. viviparus output was decreasing.

Significant differences in L1 output by vaccinated deer according to
challenge species.

TABLE5.2

T statistic indicating the significance or otherwise of
reduction in Ll output between vaccinated and non
vaccinated deer
Days post challenge

Challenged D. viviparus

25

Challenged deer
Dictyocaulus
p<0.001

Not significant at 5%

26

p<0.001

Not significant at 5%

27

p<O.OOl

Not significant at 5%

28

p<0.005

p<0.005

29

p<0.005

p<0.005

30

Not significant at 5%

p<0.005

31

Not significant at 5%

Not significant at 5%

32

Not significant at 5%

p<0.005

33

Not significant at 5%

Not significant at 5%
'

34

p<0.005

Not significant at 5%

35

Not significant at 5%

Not significant at 5%

36

Not significant at 5%

Not significant at 5%

37

p<0.005

Not significant at 5%

38

p<0.005

Not significant at 5%
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Survival of adult worms

No adults were recovered from the lungs of the vaccinated cattle. A mean of
21.56 (95%C.I., 9.27- 47.23) adults were present in the non-vaccinated animals.
Adults were recovered from the lungs of all the deer, irrespective of group
(Fig. 5.3). Significantly more adults were recovered from the animals infected with
deer origin Dictyocaulus than those infected with D. viviparus (p<O.OOl). Overall
significantly more larvae survived and developed into adults in the lungs of nonvaccinated than vaccinated animals (p=0.018). The associated errors are shown in Fig.
5.3. Vaccination did not appear to provide greater protection against challenge by a
particular species, however the D. viviparus take was low and the number of animals
in the trial was small and therefore differences may not have become apparent.
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FIGURE. 5.3

Dv

DeV

DvV

Adults (log +1)) found in the lungs of each experimental group of
deer at 38 days post challenge. (n=6, except D. viviparus chailenge
n=5).

De challenged with deer origin Dictyocaulus.
DeV vaccinated and challenged with deer origin Dictyocaulus.
Dv challenged with D. viviparus
DvV vaccinated and challenged with D. viviparus

All animals gained weight throughout the trial but there were no significant
differences in weight gain between the groups.
Several vaccinated cattle were observed to cough gently between Days 14 and
21 pv. Only one animal, number 57, approached a 'husky' cough and stance as
described in Chapter 4. This animal ceased coughing after 1 week. No coughing was
recorded amongst the deer.
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Gross Pathology
Cattle

At necropsy it was noted that the mediastinal lymph nodes were larger in the
non-vaccinated group than in the vaccinated and that the thymus was enlarged in 3 of
6 non-vaccinated animals.
The lungs of the vaccinated animals appeared relatively normal with the
exception of slight diffuse emphysema in 5 of 6 animals. There were no pale raised
areas in the diaphragmatic lobes of the vaccinated group whereas these occurred in all
animals in the non-vaccinated group. There were areas of slight reddening in apices of
the lungs of the vaccinated group in 2 of 6 animals, whilst reddened (erythematous)
patches were observed in 6 of 6 animals in the non-vaccinated group. The distribution
and severity of the lesions are illustrated in Figs. 5.4 and 5.5.
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Reddened areas

Cattle

2 of 6 animals
Emphysema

Vaccinated D. viviparus challenge

FIGURE 5.4

A composite diagram of the lesions recorded in the lungs of
vaccinated cattle challenged with D. viviparus.

The diagram illustrates all the lesions noted. If 1-2 animals had a lesion in a particular
area of the lung it is recorded as 2of 6, if 3-4 animals had a lesion in a particular area
it is recorded as 4-6. 6-6 means that the lesion was recorded in that area in all animals .
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Raised areas
4 of 6 animals

Cattle

2 of 6 animals

Em.physe.ma

Consolidation
2 ot6 animals

FIGURE 5.5

Non vaccinated
D . viviparus challenge

A composite diagram of the lesions recorded in the lungs of nonvaccinated cattle challenged with D. viviparus

The diagram illustrates all the lesions noted. If 1-2 animals had a lesion in a particular
area of the lung it is recorded as 2of 6, if 3-4 animals had a lesion in a particular area
it is recorded as 4-6. 6-6 means that the lesion was recorded in that area in all animals.
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Deer
Differences in the appearance of the lungs were noted in all four treatment
groups. Pale raised areas and reddened (erythematous) patches were noted in all sets
of lungs examined, but the lesions differed in severity and distribution. Examples of
the pale raised lesions are shown in Figs. 5.6a, b. The lesions were more widespread
in the two non-vaccinated groups. Mild emphysema was only recorded in the nonvaccinated deer origin Dictyocaulus groups.
Damage in the diaphragmatic lobes was recorded in all groups except the
vaccinated and then challenged with D. viviparus group (Fig. 5.7). In this group
lesions were confined to the apical regions of the lung. The lungs in this group
appeared normal (M.Orr pers. comm.). The non-vaccinated but challenged with

D. viviparus group (Fig. 5.8), had more widespread lesions. Patches of reddening and
pale raised areas were noted in the diaphragmatic rather than apical lobes of the lung.
In the animals that had been vaccinated and then challenged with deer origin

Dictyocaulus damage was concentrated in the diaphragmatic lobes. All six animals in
this group had some lesions in the same place in the lung (Fig. 5.9). This was the only
group in which lesions were in the same area in all animals. In addition to the lesions
in common, some animals exhibited further lesions in other parts of the lung. The
damage was also concentrated in the diaphragmatic lobes in the unvaccinated deer
origin Dictycaulus challenge group, although one animal in this group had
emphysematous lesions in the apical lobes (Fig. 5.10).
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Lung from non-vaccinated deer challenged with deer Dictyocaulus

Lung from vaccinated deer challenged with deer Dictyocaulus

FIGURE 5.6a

Pale raised lesions were noted in the deer lungs from all the treatment
groups.
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Lung from a non-vaccinated deer challenged with D. viviparus

Lung from a vaccinated deer challenged with D. viviparus
FIGURE 5.6b

Pale raised lesions were noted in the deer lungs from all the treatment
groups.
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Raised areas
2 of 4 animals

Red Deer

Reddened areas
2 of 4 animals

Vaccinated
D. viviparus challenge

FIGURE 5.7

A composite diagram of the lesions recorded in the lungs of
vaccinated deer challenged with D. viviparus.

The diagram illustrates all the lesions noted. If 1-2 animals had a lesion in a particular
area of the lung it is recorded as 2of 6, if 3-4 animals had a lesion in a particular area
it is recorded as 4-6. 6-6 means that the lesion was recorded in that area in all animals.
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Raised areas
2 of 6 animals
Reddened areas

2 of 6 animals

D. viviparus challenge

FIGURE 5.8

A composite diagram of the lesions recorded in the lungs of nonvaccinated deer challenged with D. viviparus.

The diagram illustrates all the lesions noted. If 1-2 animals had a lesion in a particular
area of the lung it is recorded as 2of 6, if 3-4 animals had a lesion in a particular area
it is recorded as 4-6. 6-6 means that the lesion was recorded in that area in all animals.
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Raised areas
6 of 6 animals

Red Deer

4 of 6 animals

Reddened .ar:eas
2 of 6 animals

deer origin Dictyocaulus challenge

FIGURE 5.9

A composite diagram of the lesions recorded in the lungs of
vaccinated deer challenged with deer origin Dictyocaulus.

The diagram illustrates all the lesions noted. If 1-2 animals had a lesion in a particular
area of the lung it is recorded as 2of 6, if 3-4 animals had a lesion in a particular area
it is recorded as 4-6. 6-6 means that the lesion was recorded in that area in all animals.
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Raised areas
4 of 6 animals

Red Deer

2 of 6 animals

Reddened areas

Emphysema
2 of 6 animals

FIGURE 5.10

Non-vaccinated
Deer origin Dictyocaulus challenge

A composite diagram of the lesions recorded in the lungs of nonvaccinated deer challenged with deer origin Dictyocaulus.

The diagram illustrates all the lesions noted. If 1-2 animals had a lesion in a particular
area of the lung it is recorded as 2of 6, if 3-4 animals had a lesion in a particular area
it is recorded as 4-6. 6-6 means that the lesion was recorded in that area in all animals
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Discussion

As Huskvac is a vaccine containing live, irradiated, infective larvae it has a
short shelf life. In Europe the first dose is ordered from a vet just before the first
vaccination is due. The vet then provides the next dose just before the second
vaccination. For this trial Intervet had the vaccine flown to New Zealand promptly
after production and the second booster dose was given before the vaccine expired.

Vaccination and cattle
The results from the cattle group showed that the vaccine had in fact travelled
well and was efficacious against New Zealand strains of D. viviparus infection in
cattle. None of the cattle that had been vaccinated had detectable adult lungworm
burdens when necropsied 35 days after challenge. The unvaccinated group became
patent on Day 25 after challenge and adult lungworm were found in the lungs at
necropsy.
One vaccinated animal produced live larvae in its faeces after the first
vaccination. Larval output was low, 1.2 lpg. on Day 23 pv. and 0.2 lpg. on Day 24
pv., thereafter no further larvae were produced. This was the only animal to exhibit
any symptoms of husk after vaccination; it coughed and stretched its neck out slightly.
The symptoms disappeared after several days, presumably after the few worms that
had managed to develop into adults were cleared from the lungs. In a serial slaughter
trial, Jarrett and Sharp (1963), using pairs of calves given either irradiated or normal
larvae, found that a very small number of larvae did survive to the adult stage in the
lung.
The pattern of patency observed in the cattle differed from that recorded in the
cross-infection trial (Chapter 4) where all animals were patent by Day 23 post
infection. In this trial the first animal in the group became patent on Day 25 pc. and
the last on Day 29 pc. The animals were all parasite naYve so previous exposure could
not have had an effect on the pre-patent period. It is hard to find a definitive prepatent period in the literature, most have a latitude of several days; Anderson (2000)
for example quotes the pre-patent period for D. viviparus as being from 21 - 30 days.
The D. viviparus larval cultures used in this trial were not as active prior to dosing as
those used in the cross-infection trial (Chapter 4); perhaps this contributed to the delay
in patency. Although fewer worms established in the cattle in this trial, only 3.14%
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compared with 10.5% in the previous year, the pattern of larval output until Day 35pc
is similar to that recorded in Chapter 4.
How the vaccine generates immunity in cattle is still not understood. Nor is it
known precisely at which point the irradiated larvae actually cease development.
Jarrett and Sharp (1963) repeated some of the earlier work done whilst developing the
vaccine, in which calves were dosed with irradiated larvae and then slaughtered in an
attempt to track the passage of the larvae. However at the end of the trial they
concluded 'the exact fate of irradiated larvae is uncertain'.

Vaccination and red deer
All groups of deer, whether challenged with deer origin Dictyocaulus or with

D. viviparus became patent, although patency was delayed in the vaccinated groups.
In the unvaccinated group, infected with deer origin Dictyocaulus, patency occurred
in 4 of 6 animals on Day 23 pc. and 6 of 6 animals were patent on Day 24pc. In the
cross- infection trial (Chapter 4) 6 of 6 animals were patent on Day 23pc. The results
from two consecutive years would indicate that the pre-patent period, in parasite na'ive
red deer meeting their first challenge, is 23 days. Two of 5 non-vaccinated animals,
infected with D. viviparus, were patent on Day 23 pc., an additional animal became
patent each day until Day 26 pc. when all animals were patent. A similar pattern of
spread was noted in the D. viviparus group in the cross- infection trial (Chapter 4). A
lower establishment was recorded in both groups in this trial; 28% of the infective
deer origin Dictyocaulus dose established compared with 49% in the cross-infection
trial and 2.8% of the D. viviparus dose compared with 6%. A review of the
procedures undertaken for each trial revealed two factors that may possibly account
for the differences. Firstly, the larval cultures for the Huskvac trial were tak-en out of
storage the evening before the trial began and left to warm on the bench as in previous
experiments. However, it was a very warm night, and the cultures seemed less active
on the morning of the trial than they had been the night before, perhaps the larvae had
warmed too much and become overactive, diminishing their viability somewhat.
Secondly in the previous trial each animal was dosed and then the culture flask rinsed
and the rinsings poured down the throat. In the Huskvac trial the flask was shaken
before dosing and not rinsed afterwards, perhaps a proportion of the larvae remained
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behind, adhering to the plastic sides of the flask. In both trials the animals were drawn
from the same farms and had been reared in the same manner.
Vaccination produced a significant delay in patency in both challenge species
and also

r~duced

the total numbers of larvae produced. Over the period of the trial

deer infected with deer origin Dictyocaulus produced significantly more larvae than
those infected with D. viviparus. This trend was noted in the previous trial (Chapter
4and in both trials, the patterns of larval output are similar, deer origin Dictyocaulus
Ll output increased steadily throughout, D. viviparus Ll output stabilised and then
decreased from day 32 pc.
Adult lungworm were recovered from all the deer, irrespective of vaccination
status or challenge species. Proportionally more larvae survived to become adults in
the non-vaccinated than in the vaccinated animals. There was, however, little
difference in the number of adults in the vaccinated and non-vaccinated D. viviparus
groups. Corrigan et al. (1986) when trialling Dictol in deer using a natural field
Dictyocaulus sp. challenge noted that the vaccinated deer excreted fewer larvae, but

the variation between the groups was so high that the differences were not statistically
significant. After the trial two animals, one vaccinated and the other unvaccinated,
were retained and moved indoors. Larval output was monitored and then the animals
were slaughtered. Exactly the same numbers of adults were found in each set of lungs.
Corrigan et al. (1982) trialled Dictol in housed red deer and concluded that
some protection was given against D. viviparus. However the trial was small, with
only two animals compared on any given slaughter date. Eight hand reared deer were
used in all, six of the eight animals were challenged 14 weeks after vaccination and
were given large doses of larvae (500 L3 per kg, daily for 17 days). Liveweights are
not given, but as the deer were 6 months old, they must have had a liveweight of
approximately 50 kg. For a 50 kg animal this equates to a challenge of 85,000 L3 over
a two and a half week period. Two animals were necropsied on Day 18 pc., two on
Day 24 pc. and two on Day 96pc. but worms were not counted in lungs as
' ... differences were so obvious that enumeration was not considered necessary'. The
Day 18 slaughter animals had no adults in their lungs, but adults were present in the
lungs of the Day 24 animals. 'They were very numerous in both deer but much more
numerous in the unvaccinated one'. What is incredible about this trial is that none of
the deer died despite larval excretion rates in one case of 16, 544 larvae per gram of
faeces on day 37 pc.
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On the strength of this experiment a field trial was carried out at the Highlands
and Islands Developmental Board's experimental deer farm but the results were
inconclusive. Corrigan et al. (1986) postulated that a deer adapted strain of
Dictyocaulus was present on the experimental farm and that it differed from
D. viviparus, which had been used to challenge the deer in the 1982 trial. The putative

existence of D. eckerti was at this time out of favour with many in the research
community (Chapter 3). In 1986 the field trial was repeated in a controlled manner,
using a small group of parasite na!ve red deer. The animals were vaccinated with
Dictol as per the manufacturer's instructions and then turned out onto pasture at the
field station that was contaminated with Dictyocaulus sp. of deer origin. At the start of
the experiment there was very little difference in the lungworm levels on the
paddocks, by the second month levels on the paddock on which the vaccinates were
grazing had decreased to 89 L3/kg herbage whereas the levels on the paddock
occupied by non-vaccinated deer had increased to 652 L3/kg herbage. By the third
month after turn out the larval levels on both paddocks had increased and there was
little difference between them. Unfortunately only two animals were slaughtered but
as an equivalent number of adult worms were found in each Corrigall et al. (1986)
concluded that vaccination did not confer protection against field challenge.
When (prior to slaughter) Corrigall et al. (1986) housed the two experimental
deer they were given a course of corticosteroids. As steroids cause immune
suppression, if egg laying was being suppressed by an immune response in the
vaccinated animals, larval production should increase after administration of steroids.
This in fact happened, the production of larvae by the vaccinated treated animal
surpassed that of the unvaccinated treated animal. Corrigall et al. (1986) postulated
that reduced larval secretion in the vaccinated animals was due to an
immunosuppressive effect on the worms. The results of the Scottish studies must be
treated with caution as the numbers of animals were small, doses of lungworm large
and the species of Dictyocaulus used. However they concluded that

"Dictol did not give increased protection against the establishment of naturally
occurring Dictyocaulus infection in red deer although it may have enhanced an
immunosuppressive effect on larval production".
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Pathology

The lungs of the vaccinated animals challenged with D. viviparus looked
relatively normal whether from deer or cattle. Vaccination produced sterile immunity
in cattle but not in deer, even when challenged with the same species of Dictyocaulus
as used in the vaccine. Perhaps the immunity produced in cattle using irradiated larvae
is a function of both the manner in which D. viviparus penetrates the bovine lung and
the particular response of the cattle lung to insult. Very few lesions were noted in the
vaccinated and challenged cattle lungs and none were found in the diaphragmatic
region.
With respect to the deer, lesions were more widespread in the vaccinated
animals challenged with deer origin Dictyocaulus than those challenged with
D. viviparus but this may be partly a function of the viability of the infecting culture.

However, it is notable that the lesions in the vaccinated animals that were challenged
with D. viviparus were confined to the apical lobes, rather than the diaphragmatic,
where lesions associated with Dictyocaulus invasion are usually recorded. The
vaccine may have accorded a degree of immunity and larvae penetrating in this region
were unable to develop there. Interestingly the same pattern was noted in the cattle
lungs, the few lesions recorded were in the apical lobes. The lesions in the vaccinated
animals challenged with deer origin Dictyocaulus were concentrated in specific areas
of the lung, this was the only group in which 6 of 6 animals had lesions in the same
places in the lung. Lesions were more widespread after challenge with deer origin
Dictyocaulus alone. Overall, lesions were less widespread in the vaccinated animals

than in the unvaccinated. It was also notable that no emphysema was recorded in the
lungs of the vaccinated deer, yet it was recorded in both the non-vaccinated groups
and in both groups in the Cross-infection trial (Chapter 4). An analysis of variance
demonstrated that there were no significant differences in larval output, other than a
species effect, between vaccinated animals challenged with D. viviparus and those
challenged with deer origin Dictyocaulus, in other words the effects of vaccination
were similar irrespective of the challenge species. The lesions recorded in the nonvaccinated deer origin Dictyocaulus group were similar to those recorded in the cross
infection trial (Chapter 4 ). Reddening and emphysema were found in all animals, as
were the pale raised areas, consolidation was not noted. There were fewer lesions
noted in the lungs of the D. viviparus infected animals in this trial than in the previous
one (Chapter 4) but the parasite take was lower in this trial.
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Conclusion
Vaccination of red deer with Huskvac did not provide sterile immunity as
observed in vaccinated cattle. At slaughter lower numbers of adults were removed
from the lungs of vaccinated deer, but the variation in the numbers of adults counted
in the lung was large. Parasite reproductive success may have been suppressed in the
vaccinated animals as the vaccinated groups produced less larvae than the nonvaccinated. There were differences in lung pathology between the vaccinated and
non-vaccinated groups; the reaction in the lung of the vaccinated animals was less
widespread. However, even a lowered reactivity to challenge and a somewhat lowered
faecal larval output, resulting in a decreased pasture contamination, is not enough to
make vaccination of Red Deer with Huskvac a recommended procedure in New
Zealand. Vaccination with irradiated D. eckerti larvae may prove to be more
efficacious.

123

Chapter 5 - Huskvac
References

AI- Saadi AA, AI- Samarrae SAG, Altaif KI. (1984) Effect of anthelminthic
treatment on the development of resistance in sheep vaccinated or experimentally
infected with Dictyocaulus filaria. Research in Veterinary Science 36 144 - 146.
Anderson RC. (2000) Nematode Parasites of Vertebrates. Their development
and transmission. CAB International, Wallingford, Oxon. Pg. 117.

Bain R. (1999) Irradiated vaccines for helminth control m livestock.
International Journal for Parasitology 29 185- 191.

Barnes EH, Dobson RJ, Barger IA. (1995) Worm control and anthelmintic
resistance; adventures with a model. Parasitology Today 11 56-63.
Benitez- Usher C, Armour J, Duncan JL, Urquart GM, Gettinby G (1977) A
study of some of the factors influencing the immunisation of sheep against
Haemonchus contortus using attenuated larvae. Veterinary Parasitology 3 327- 342.

Charleston WAG. (1997) Internal parasites of cattle in New Zealand:
Gastrointestinal nematodes and lungworm. In: Ed. Barrell GK. Sustainable control of
internal parasites in ruminants Lincoln University, Canterbury, New Zealand pp 23-

40.
Corrigall W, Coutts AGP, Watt CF, Hunter AR, Munro R. (1982) Experimental
infections with Dictyocaulus viviparus in vaccinated and unvaccinated red deer
Veterinary Record 111179- 184.

Corrigall W, Coutts AGP, Watt CF. (1986) Naturally occurrmg parasitic
bronchitis in red deer. Effect of vaccination using live bovine lungworm vaccine. The
Veterinary Record 118 578- 580.

Dhar DN. (1982) Recent studies on Dictyocaulus filaria and other lungworms
of sheep and goats in India. Journal of Nuclear Agriculture and Biology 111 ~5.
Emery DL, McClure SJ, Wagland BM. (1993) Production of vaccines against
gastrointestinal nematodes of livestock Immunology and Cell Biology 71463-472.
Jarrett WFH, Jennings FW, Mcintyre WIM, Mulligan W, Urquart GM. (1955)
Immunological studies on Dictyocaulus viviparus infection. Passive immunisation.
The Veterinary Record 67 291-296.

Jarrett WFH, Mcintyre WIM, Jennings FW, Mulligan W. (1957a) The natural
history of parasitic bronchitis with notes on prophylaxis and treatment. The Veterinary
Record 69 1329 - 1340.

124

Chapter 5 - Huskvac
Jarrett WFH, Mcintyre WIM, Urquart GM. (1957b) The pathology of
experimental bovine parasitic bronchitis. Journal of Pathology and Bacteriology 73
183-193.
Jarrett WFH, Jennings FW, Mcintyre WIM, Mulligan W, Urquart GM. (1958)
Irradiated helminth larvae in vaccination.

Proceedings of the Royal Society of

Medicine 51 743- 744.

Jarrett WFH, Jennings FW, Mcintyre WIM, Mulligan W, Sharp NCC, Urquart
GM. (1959) Immunological studies on Dictyocaulus viviparus infection in calves double vaccination with irradiated larvae. American Journal of Veterinary Research
20 522-526.

Jarrett WFH, Jennings FW, Mcintyre WIM, Mulligan W, Sharp NCC. (1961)
Studies on immunity to Haemonchus contortus infection - vaccination of sheep using
a single dose of X irradiated larvae. American Journal of Veterinary Research 20
527- 531.
Jarrett WFH, Sharp NCC. (1963) Vaccination against parasitic disease:
Reactions in vaccinated and immune hosts in Dictyocaulus viviparus infection. The
Journal of Parasitology 49 177-189.

Jovanoviv M, Sokolic A, Morseijan , Cuperlovic K. (1965) Immunisation of
sheep with irradiated larvae of Dictyocaulus filaria. British Veterinary Journal 121
119-130.
Le Jambre LF, Gray GD, Klei TR. (1999) Workshop on irradiated larval
vaccines. International Journal for Parasitology 29 193- 198.
Klei T R, Torbert B J, Chapman M R, Ochoa R. (1982) Irradiated larval
vaccination of ponies against Strongylus vulgaris. The Journal of Parasitology 68
561 - 569.

-

Mawhinney IC. (1997) A survey of lungworm serology and vaccination in first
and second season grazing cattle. Cattle Practice 5 323- 325.
Miller TA. (1978) Industrial development and field use of the canine hookworm
vaccine. Advances in Parasitology 16 333- 342.
Poynter D, Jones BV, Nelson AMR, Peacock R, Robinson J Silverman PH,
Terry RJ. (1960) Recent experiences with vaccination. The Veterinary Record 72
1078 -1086.

125

Chapter 5 - Huskvac
Shi Y E, Jiang C F, Han J J, Li Y L, Rupparel A. (1993) Immunisation of pigs
against infection with Schistosoma japonicum using ultra violet attenuated larvae.
Parasitology 106 459- 462.

Windon RG, Dineen JK, Gregg P, Griffiths DA, Donald AD. (1984) The role of
thresholds in the response of lambs to vaccination with irradiated Trichostrongylus
colubriformis larvae. International Journal for Parasitology 14 423-428.

Winter M D, Wright C, Lee DL. (2000) Vaccination of young lambs against
infection with Nematodirus battus using gamma irradiated larvae. International
Journalfor Parasitology 30 1173-1176.

126

Chapter 6 - Haematology

Chapter 6

Haematological responses to infection with Dictyocaulus.
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Haematological responses to infection with Dictyocaulus.

Introduction

The responses of cervid and bovid hosts to infection with Dictyocaulus sp. were
monitored in the cross-infection (Chapter 4) and Huskvac (Chapter 5) trials. The
parameters of infection used to measure the results of the studies were larval output
and numbers of adult lungworm surviving at Day 35 post challenge (pc.). Sequential
blood samples were taken on a weekly basis, to elucidate aspects of host response to
infection. Although only a small number of animals were sampled, they were hand
reared in isolation, their health constantly monitored and they were free of all other
parasites, thus any significant changes noted are likely to be a consequence of
lungworm infection. Additionally, the animals were used to being handled and to
moving through the race therefore they were not unduly excited or stressed by
sampling procedures.
There are few references for haematological data relating to red deer in the
literature. In Great Britain, Blaxter (1974) describing the establishment of the
Glensaugh experimental herd, acknowledged the importance of haematological data.
He provides limited data from 11 red deer, one month old at the start of the regime,
sampled over a two-year period. Blaxter noted that neither age nor sex influenced
haematological parameters in the sampled deer. He also noted that white blood cell
(WBC) counts were lower in deer than in sheep or cattle and that haemoglobin (Hb)
and packed cell volume (PCV) were higher. Kay (1986) also found that deer tended to
show higher PCV and Hb values and lower WBC than cattle or sheep. Both authors
acknowledge that blood sampling deer in a calm state was difficult and that
disturbance is likely to have resulted in altered values.
In New Zealand, Wilson (1984) addressed this problem in a study in which deer
were sampled immediately after yarding and then were placed in a sling. They rested
calmly in the sling for an hour and were sampled again. The PCV and Hb were 10%
higher and WBC about 10% lower in the first sample than in the second. Wilson
suggested that the increase in WBC might have been due to a triggered release of noncirculating neutrophils as a response to handling. Wilson (1981) also pointed out that
haematological values obtained from sedated deer, as many of the early ones were,
might well be incorrect. McAllum (1981) observed that normal values in deer are
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affected by even gentle handling and emphasises that any values are not absolute. He
does provide a set of reference values but these are drawn from only a small number
of animals.
Wilson and Pauli (1982) bled 100 deer, which were restrained gently in a
standing position. They reported higher mean WBC than had been reported in earlier
publications but noted that there was wide variation between individuals and that it
did seem as though deer have a lower WBC than sheep or cattle. They suggested that
" .... the leucocyte response in deer may be less than in other species". Their
data suggested to them that there were no major differences in percentages of
eosinophils, monocytes or basophils between deer and other domesticated ruminants.
They also confirmed the previously noted absence of sex differences in deer.
Presidente (1984) also suggested that the difficulty in obtaining reliable
haematological data lay in collecting the samples without affecting the parameters to
be measured. He too comments that lymphopenia is consistent with stress.

Reference values

Sets of well-defined reference values are necessary when attempting any
analyses of haematological parameters. If the 'healthy' state is not known, with some
degree of certainty, it is hard to suggest that a particular treatment is causing
significant perturbations.
The reference values used for cattle in the trials described in this thesis are those
used by Labnet, Invermay. No attempt has been made to compare these to other
values as they are well established and conform to a national standard. Although cattle
act as a control throughout the thesis a discussion of reference values and cattle is not
relevant here. The reference ranges used by Labnet for cattle are given in Table 6.1
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TABLE6.1

Reference ranges for haematology- Cattle (as provided by Labnet,
Invermay).

Parameter
Hb

Reference range
80-140 gil

Neutrophils

0.6- 4.5

X

Lymphocytes

1.8-7.5

X 10~1l

Basophils

10':1ll

Not given

Eosinophils

0-0.9 xlO ~ll

Monocytes

0-0.7

Fibrinogen

X 10~1l

2-7 gil

The reference values for deer that are used by Labnet are not so well established
and are very much for their guidance only. It has been pointed out (Cross 1991) that
each laboratory should have its own range of reference values and ideally one should
have reference ranges pertinent to the population under study. Duncan et al. (1994)
describe reference values as " ... a set of values from a group of clinically normal or
healthy animals which conform to a group of stated selection criteria". The wider the
parameters used to select the population the wider the reference interval obtained, but
it will be less sensitive. If only a narrow range of parameters are used for the selection
of a reference population, any comparisons made will be highly sensitive, but only if
the samples are drawn from a population with the same narrow definition.
Cross (1991), as part of his study of the haematology of infections of red deer
produced a complete set of reference values for red deer as he felt that reference
ranges published in earlier works, while providing guidelines and improving on prior
knowledge, were not reliable. This was largely due to the small numbers of animals
from which blood samples were taken, lack of definition and/ or inadequate statistical
treatment. A discussion of the analysis required for reference values and the pitfalls
involved in calculating them is presented by Cross (1991).
The reference values used here are those described by Cross et al. (1989). They
were derived from a group of 123 weaners, 7-8 months of age and farmed under
normal conditions. Both lungworm trials described in this thesis contained healthy
weaners aged 5-7 months old when blood sampled, so these reference values were
deemed to be the most applicable to this work. The values are given in Table 6.2.
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TABLE 6.2

Reference values for red deer taken from Cross et al. (1989).

The eosinophil value is from Cross (1991).
Parameter

Reference range

Hb

160-213 g/1

Neutrophils

0.79-4.21

X

lOY/1

Lymphocytes

1.43-3.61

X

lQY/1

Basophils

0.04- 0.22 X 1Qy/1

Fibrinogen

1.67- 3.87 g/1

Haptoglobin

0.05-0.17 HBBC mg I dl

Plasma viscosity

1.34- 1.58 cp

Eosinophils

In Cross' selection criteria for a reference group, eosinophil level was used as a
parameter as it is a useful indicator of parasitic infection, so no eosinophil range is
given in the original reference tables. However, samples taken from a group of nonparasitised hinds were used to calculate a reference estimate for eosinophils that gave
a range of 0.1 x109!1- 0.52 x 10 911 (Cross 1991).

Materials and Methods

Blood samples were taken from the animals on a weekly basis during the trials
previously described. In the cross-infection trial (Chapter 4) samples were taken from
12 red deer and 12 cattle. In the Huskvac trial (Chapter 5) samples were taken from 23
red deer and 12 cattle. All animals were hand reared from birth in parasite free
conditions. They were monitored col).tinually for non-experimental parasitic infection,
respiratory unease and any signs of ill health. In both trials the animals were weighed
weekly and in the cross-infection trial temperatures were taken daily.
Blood was taken on the same day, at approximately the same time each week.
The animals were accustomed to handling, to the race system and to the operators and
no undue stress was caused. Familiar operators held the animals manually as the
bloods were taken. Three 10 ml samples of blood were collected by jugular
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venepuncture into evacuated glass tubes. Two tubes contained dipotassium
ethylenediaminetetracetic acid (EDTA), one of these was prepared for fibrinogen
estimates, one for differential cell counts. The third tube, with no additives, was used
to harvest serum, which was saved for future analyses.
As soon as blood sampling was finished the blood tubes destined for differential
cell counts were removed to the laboratory. The initial WBC, Hb and red cell
parameters were obtained using automated analysis, (Cobas minos ST, Roche Abx
Haematology). To make a differential count an air-dried smear was prepared on a
clean glass slide and stained. The bloods taken during the cross-infection trail were
stained using 'Diffquick'. This did not stain basophils very well and eosinophils may
not have stained as well as they should have. Leishmans stain was used for the
Huskvac trial and gave better results. The smears were scanned using a 1OOx oil
immersion lens and one hundred consecutive white cells counted. Differential counts
were made by Ronda Redman ofLabnet Invermay.
The absolute number of each leucocyte type I ul of blood was calculated by
multiplying the percentage of each leucocyte type counted on the smear by the total
white blood cell count obtained from automatic analyses.
Samples were prepared for fibrinogen estimates by spinning tubes at 3000rpm
for 15 minutes. The plasma was removed from the top of the blood tubes, placed in
smaller tubes and transported immediately to the laboratory at the University of
Otago. Dr John Cross, University of Otago, conducted the fibrinogen estimates. The
method is fully described in Cross (1991).

Statistical analysis

All statistical analyses were done using Genstat 5 release 4.2. Analysis of
variance (ANOV A) was used to compare the results in each trial. As there was some
concern that the data did not fit the model well on some occasions, the results of the
cross-infection trial were re-analysed using generalised linear modelling. The validity
of the results generated by ANOVA was confirmed.
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Results

The results are presented by cell type. Where no significant differences (at the
5% level) in haematological parameters occurred the graphs of weekly changes in cell
counts are presented in the appendix. However, due to the variable nature of the data
and the method of analysis results are only accepted as significant when p=O.OOI. It
should be noted that when using small numbers of animals weekly changes in cell
counts can only be indicative. In the text it is assumed that deer origin Dictyocaulus
is, as currently suggested, D.eckerti.

Total White Blood Cell count
Over the period of the two trials it was noted that the total WBC were
consistently higher for cattle than for red deer (Fig. 6.1A, 6.2A, 6.3A, to be found in
appendix at end of chapter).

Comparison of total WBC in cattle and red deer.
Data collected during this study supports the suggestion (Wilson 1981) that
levels of circulating WBC are higher in cattle than in deer (Table 6.3 and Table 6.4).

TABLE6.3

Comparison of total white blood cell counts in red deer and cattle cross- infection trial

TotalWBC -cells x 109II
DayO
Day7
Day 14
Day21
Day28
Day34

Deer
6.09
6.18
5.82
5.85
6.55
5.89

Cattle
7.40
7.28
8.18
7.90
8.16
8.53
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TABLE6.4

Comparison of total white blood cell counts in red deer and cattle Huskvac trial

Total WBC -cells x 109/l
DayO
Day7
Day 14
Day21
Day28
Day34
Day41
Day48
Day 55
Day62
Day69
Day76

Deer
4.04
4.01
4.28
3.95
4.24
4.39
4.56
Challenge with Dictyocaulus sp.
4.50
5.19
4.96
5.05
4.78

Cattle
8.07
7.57
7.09
7.00
8.30
9.2
9.87
9.26
10.48
10.00
9.01
9.11

Neutrophil counts

At no point in any of the trials in either species did neutrophil counts fall above
or below the reference range.

Cross-infection trial
The weekly neutrophil counts are shown in Fig. 6.4A. There were no significant
differences in response between deer infected with D. eckerti and deer infected with
D. viviparus.
The response differed in cattle at Day 21post infection (pi.), although the
neutrophil levels are clearly lower in the D. viviparus group (CC) the difference is not
significant (p= 0.099). By Day 28 pi. levels are equivalent in both groups.

Huskvac trial- red deer
The weekly neutrophil counts are shown in Fig. 6.1. There were no significant
differences in neutrophil responses with respect to challenge species alone but there
were different responses between vaccinated and non vaccinated groups. Circulating
neutrophil levels decreased at Day 14pc. (Day 56 post vaccination (pv.)) in the
vaccinated animals (p= 0.003 SED 0.28), the vaccinated and challenged with
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D. viviparus group had lower neutrophil levels than any other group at this time point

(p=0.019 SED 0.39). On Day 21 pc. (Day 63 pv.) the neutrophils in the vaccinated
D. viviparus group had increased to approximately the level of the non-vaccinated
D. viviparus group. However, by Day 28 pc. (Day 70 pv.) there was again a difference

between the vaccinated and non-vaccinated groups. Levels of circulating neutrophils
were higher in the vaccinated groups than the non-vaccinated (p= 0.040 SED 0.33).

Huskvac trial - cattle

The weekly neutrophil counts are shown in Fig. 6.2. On boosting (Day 28 pv.)
circulating neutrophil levels were lower in the vaccinated group than the nonvaccinated group (p= 0.042 SED 0.363). On Day 7 pc., (Day 49 pv.) circulating
neutrophils were again lower (p= 0.027 SED 0.260) in the vaccinated groups. The
drop in neutrophil levels in vaccinated cattle occurred a week earlier than in
vaccinated deer.
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FIGURE6.1

Neutrophil counts in red deer- Huskvac trial

De challenged with deer origin Dictyocaulus
DeV vaccinated and challenged with deer origin Dictyocaulus
Dv challenged with D. viviparus.
DvV vaccinated and challenged with D. viviparus.
Rl upper and lower reference values.
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Eosinophil counts

The eosinophil counts in the red deer remained within the reference ranges
throughout the Huskvac trial. The upper reference value was exceeded in the
unvaccinated cattle on Day 14 pc. (Day 56 pv.) and equalled the upper reference value
on Day 21 pc. (Day 63 pv.) In the cross-infection trial, the deer infected with cattle
origin lungworm (DC) exceeded the upper reference limit on Day 34 pi.

Cross-infection trial

Eosinophil levels in the deer infected with cattle origin parasites (DC) rose
above reference levels by Day 34 pi. The weekly eosinophil counts are shown in Fig.
6.3. At Day 14 pi. there was a significantly different host response to parasite
challenge. In cattle, eosinophil levels increased, in deer they decreased (p<0.001 SED
0.0785). At Day 21 pi. eosinophil counts were still higher overall in cattle (p= 0.012
SED 0.120) than in deer. However there was also a difference in cattle response with
respect to challenge species, eosinophil levels in cattle infected with deer origin
lungworm (CD) continued to rise (p=0.033 SED 0.155) whereas they fell in cattle
infected with D. viviparus (CC).

Huskvac trial -red deer

The weekly eosinophil counts are shown in Fig. 6.4. On Day 7 pc. (Day 42 pv.).
There was a significant difference in the response to the parasite challenge species,
irrespective of vaccination status, eosinophil levels were significantly raised in
animals challenged with D. viviparus and lower in animals challenged with D. eckerti
(p <0.001 SED 0.020). Circulating eosinophil levels were raised in the vaccinated
animals on Day 14 pv. (p= 0.019 SED 0.004) and Day 21 pv. (p=0.043 SED 0.03).
Levels of circulating eosinophils were also elevated in the vaccinated groups on Day7
post boost (Day 35pv.)(p=0.004 SED 0.03).
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FIGURE 6.3

Eosinophil counts in cattle and red deer- Cross-infection trial.

DD deer infected with deer origin lungworm.
DC deer infected with cattle origin lungworm.
CC cattle infected with cattle origin lungworm.
CD cattle infected with deer origin lungworm.
RD reference levels red deer.
RC reference levels cattle.
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Eosinophil counts in red deer ~ Huskvac trial.

De challenged with deer origin Dictyocaulus
DeV vaccinated and challenged with deer origin Dictyocaulus.
Dv challenged with D. viviparus.
DvV vaccinated and challenged with D. viviparus.
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Huskvac trial -cattle

The weekly eosinophil counts are shown in Fig. 6.5. Eosinophil levels were
significantly higher in the vaccinated animals at several points throughout the trial:
Day 7 post boost, (p<0.001 SED 0.1458) and Day 7 pc. (p=<0.001 SED 0.118). At
Day 7 pc. eosinophil levels in the vaccinated animals are actually falling from the
high at 7 days post boost but are still considerably higher than the non vaccinated
animals. By Day 14 pc. (Day 56pv.) the eosinophil levels in the non-vaccinated
animals have risen above the levels of the vaccinated animals. The eosinophil
response of the unvaccinated group on challenge mirrored that produced by the
vaccinated group when first vaccinated.
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Eosinophil counts in cattle - Huskvac trial.

Dv challenged with D. viviparus.
DvV vaccinated and challenged with D. viviparus.
R upper and lower reference values.
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Monocyte counts

The reference ranges for cattle were not exceeded during either trial. No
monocyte reference range is available for deer.

Cross-infection trial

The weekly monocyte counts are shown in Fig. 6.5A.
The cattle had significantly higher levels of monocyte response than deer at all
but one sampling point as shown in Table 6.5

TABLE6.5.

Cattle had a significantly higher monocyte response to
Dictyocaulus sp. than red deer at most sampling points.

Day post infection (pi.)

Monocyte response

Day 7 pi.

cattle> deer p=0.007 SED 0.067

Day 14 pi.

cattle> deer p<0.001 SED 0.071

Day 21 pi.

cattle> deer p<O.OOl SED 0.065

Day 28 pi.

no significant difference

Day 34 pi.

cattle> deer p=0002 SED 0.067

Huskvac trial - red deer

The weekly monocyte counts are shown in Fig. 6.6. After challenge there are
no significant differences in response. At Day 28pc. (Day 70pv.), there is an
apparent vaccination I species effect, the monocyte count dropped to a much lower
level in the vaccinated and challenged with D. viviparus group than in the other
groups (p= 0.009 SED 0.02).
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Monocyte counts red deer~ Huskvac trial

De challenged with deer origin Dictyocaulus.
DeV vaccinated and challenged with deer origin Dictyocaulus
Dv challenged with D. viviparus.
DvV vaccinated and challenged with D. viviparus.
There are no reference values available for monocytes.
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Huskvac trial - cattle

The weekly monocyte counts are shown in Fig. 6.6A.There were no significant
differences in response between the vaccinated and the non-vaccinated groups.

Lymphocyte counts

At no point were the reference levels exceeded in any group in either of the
trials.

Cross-infection trial

Cattle had significantly higher levels of circulating lymphocytes than deer
throughout the trial as shown in Table 6.6.

TABLE6.6.

Cattle had a significantly higher lymphocyte response to
Dictyocaulus sp. than red deer at most sampling points.

Days post infection (pi.)

Lymphocyte response

Day 7 pi.

cattle > deer p= 0.006 SED 0.357

Day 14 pi.

cattle> deer p< 0.001 SED 0.287

Day 21 pi.

cattle> deer p<0.001 SED 0.417

Day 28 pi.

cattle> deer p<O.OOl SED 0.344

Day 34 pi

cattle> deer p<0.001 SED 0.414

The weekly lymphocyte counts are shown in Figure 6.7 A.

Huskvac trial - deer

The weekly lymphocyte counts are shown in Fig.6.8A. Lymhocyte levels were
higher in the vaccinated animals by Day 28pc. (Day 70pv.) than in the unvaccinated
animals (p=0.040 SED 0.33).
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FIGURE 6.7

Lymphocyte counts in red deer- Huskvac trial

De challenged with deer origin Dictyocaulus
DeV vaccinated and challenged with deer origin Dictyocaulus.
Dv challenged with D. viviparus.
DvV vaccinated and challenged with D. viviparus.
Rl upper and lower reference limits.

146

Chapter 6 - Haematology
Huskvac trial - cattle

There were no significant differences over the trial period. The weekly
lymphocyte counts are shown in Figure 6. 7.

Basophil counts

The reference levels were not exceeded at any point.

Huskvac trial - deer

The weekly basophil counts are shown in Fig. 6.8. There were no differences
between the groups until Day 28 pc. (Day 70 pv.), when the circulating levels of
basophils appeared higher in the animals infected with D. eckerti than in those
infected with D. viviparus (p=0.017 SED 0.03). This was a species effect irrespective
of vaccination status.

Huskvac trial - cattle

The weekly basophil counts are shown in Fig. 6.9. A difference in basophil
numbers was noted at Day 21 pc. (Day 63 pv.), levels being lower in the vaccinated
group (p=0.020 SED 0.0201).
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Basophil counts in red deer - Huskvac trial

De challenged with deer origin Dictyocaulus
DeV vaccinated and challenged with deer origin Dictyocaulus
Dv challenged with D. viviparus.
DvVvaccinated and challenged with D. viviparus.
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Basophil counts in cattle - Huskvac trial

Dv challenged with D. viviparus .
DvV vaccinated and challenged with D. viviparus.
No reference levels are available from Labnet for basophils.
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Fibrinogen

Huskvac trial - deer

The weekly fibrinogen levels are shown in Fig. 6.10. The reference values were
exceeded in three groups after challenge with normal larvae, but were not exceeded
when the animals were exposed to irradiated larvae. At Day 7 pc. (Day 49 pv.) the
groups of animals challenged with D. eckerti exceeded the upper reference limit,
irrespective of vaccination status. At Day 14pc. (Day 56 pv.) the vaccinated groups
exceeded the upper limit, irrespective of challenge species.
Fibrinogen levels were higher in animals infected with D. eckerti than in those
infected with D. viviparus at Day 7 pc.(Day 49 pv.), (p=0.018 SED 0.61), this
difference was irrespective of vaccination status. Fibrinogen levels were higher in the
vaccinated groups than in the non-vaccinated groups at Day 14 pc. (Day 56pv.),
(p=0.013 SED 0.48), this difference was irrespective of challenge species.

Huskvac trial - cattle.

The weekly fibrinogen levels are shown in Fig. 6.11. Reliable reference values,
relating to Cross's methodology used to calculate fibrinogen, were not available for
cattle in this instance. However the fibrinogen levels were higher in non-vaccinated
animals than in the vaccinated animals at Day 28pc. (Day 70pv.), (p=0.018 SED
0.242) and Day 34pc. (Day 77pv.), (p= 0.026 SED 0.335)
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FIGURE 6.10

Fibrinogen levels in red deer- Huskvac trial.

De challenged with deer origin Dictyocaulus
DeV vaccinated and challenged with deer origin Dictyocaulus
Dv challenged with D. viviparus.
DvV vaccinated and challenged with D. viviparus.

R upper and lower reference levels.
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Fibrinogen levels in cattle - Huskvac trial.

Dv challenged with D. viviparus.
DvV vaccinated and challenged with D. viviparus.
Reference values relating to Cross's methodology are not available.
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Comparison of circulating neutrophils and lymphocytes in young red deer

Data collected in these trials (Tables 6.7 and 6.8) supports the suggestion that
the percentage of circulating lymphocytes is greater than the percentage of circulating
neutrophils in young red deer (Upcott and Herbert 1965).

TABLE6.7

DayO
Day7
Day 14
Day21
Day28
Day34

TABLE6.8

DayO
Day7
Day 14
Day 21
Day28
Day34
Day41
Day48
Day 55
Day62
Day69
Day76

Comparison of% neutrophils and % lymphocytes in differential
counts from deer infected with Dictyocaulus sp. (n=12) (Crossinfection trial)
% Neutrophils
31.2
27.2
42.8
34.5
32.0
21.6

% Lymphocytes

66.0
66.8
51.9
53.0
58.9
68.6

%L>%N
%L>%N
%L>%N
%L>%N
%L>%N
%L>%N

Comparison of% neutrophils and % lymphocytes in differential
counts from non-vaccinated red deer aged 3-5 months (n=12)
(Huskvac trial)
% Lymphocytes
% Neutrophils
50.9
36.0
57.3
32.5
32.2
61.2
33.65
59.5
32.9
61.8
32.0
63.5
55.6
37.7
Challenge with Dictyocaulus species.
37.3
57.6
52.6
40.7
42.4
50.0
58.5
58.3
37.4
56.1

%L>%N
%L>%N
%L>%N
%L>%N
%L>%N
%L>%N
%L>%N
%L>%N
%L>.%N
%L>%N
%L>%N
%L>%N

Discussion

Cross (1991) points out that the uncertainties inherent in manual differential cell
counts were well described by Rumke in 1959. Even if cells are absolutely randomly
distributed across the slide, and the operator's technique is perfect, any differential
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count will be imprecise. Doubling the number of cells counted will not greatly
improve accuracy in a manual count either (Cross 1991).
In addition to the inaccuracies inherent in the methodology of differential
counts, surveys based on sampling a small number of animals several times are
especially susceptible to distortion by one unusual animal. These distortions were
noted and occasionally the data generated did not fit the analysis of variance model
well. The eosinophil data from the cross-infection trial was particularly suspect at a
number of time points but particularly at Day 21 pi., due to a high eosinophil count in
one animal. Therefore the data from the cross-infection trial, for all cell types, were
analysed again, using generalised linear modelling to confirm the ANOVA
calculations of significance. Reanalysing the data using generalised linear modelling
confirmed the conclusions drawn using the analysis of variance methodology.
When attempting to interpret the haematological responses recorded in these
trials it must be remembered that samples were only taken at weekly time points and
may reflect an adjustment to a previous response, and not the response itself. For
example a low circulating neutrophil level recorded at a single time point may be due
to the increased migration of cells into the tissues, yet a high neutrophil level may be
recording the compensation response for a recent reduction in circulating neutrophils,
that may have been missed between weekly sample points. The number of leucocytes
in circulation reflects the migration of cells into the tissues and vasculature, changes
in the marginal pool of cells and changes in release rates from the bone marrow.
Circulating granulocytes are usually in transit from sites of production and storage to
sites of activity in the tissues, whereas lymphocytes levels in the blood reflect changes
in the kinetics of recirculation.
Cross (1991) emphasises the differences in haematological response between
species and races and provides examples ranging from dogs and cats to penguins and
man. Differences in haematological values and responses were noted between deer
and cattle in the two trials described here.

Neutrophils
Neutrophils and lymphocytes are the most common leucocytes in the circulating
blood stream. Neutrophil leucocytosis, an increase in circulating neutrophil numbers,
is the most commonly used haematological marker of infection in veterinary work.
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Neutrophils form the first line of defence against microbial infection; they also
play an important role in inflammatory process, release mediators and can inflict
tissue damage. Neutrophils are known to participate in antibody dependent cell
cytoxicity (ADCC) and studies with bovine leucocytes have shown that neutrophils
are more active than eosinophils in ADCC (Roth and Kaeberle 1981, quoted in Jain
1986). Some neutrophil induced damage has been described in protozoan parasite
infections and Thompson (1977, quoted in Jain1986) produced a paper in which he
described the invasion of Ascaris suum larvae by neutrophils.
Mature neutrophils have a characteristically polymorphic, segmented nucleus
with undulated membrane and clumped chromatin. The cytoplasm is clear and
contains numerous primary, secondary and in some species (cattle, goats and sheep)
tertiary granules. The structure and biochemical constituents of neutrophils vary with
different species (Jain 1986). Sequential development of neutrophils occurs in the
bone marrow. The progenitor cells develop from myeloblast through to myelocyte,
myelocytes mature into metamyelocytes then develop into band neutrophils before
becoming mature 'segmenters'. All three of these stages are stored in the marrow.
Approximately 80% of neutrophils in the bone marrow are in the storage
compartment and this equates to about 5 days supply in health (Duncan et al. 1994).
Neutrophils are generally released from the bone marrow according to age but if there
is an increased demand the band forms may be released prematurely. This is termed a
'left shift'. Any left shift indicates a decrease in the bone marrow reserve of
neutrophils. ll...-1 and TNF trigger release of neutrophils from the marrow reserve and
an increased rate of release from the storage compartment gives rise to a rapid
neutrophilia, lasting approximately two days. However a peripheral neutrophil count
may not accurately reflect the rate of mobilisation from the bone marrow into the
circulation and subsequently into the tissues,, as it has been shown that a large. number
of granulocytes can be released from the bone marrow into the vasculature and
migrate to a site of acute inflammation causing an increase in circulating neutrophil
levels. Increased demand for neutrophils also triggers increased production from stem
cells, 3-5 days later this effect may be noted as an increase in circulating neutrophils.
In addition to increased stem cell development, the developing cells themselves may

undergo additional divisions. It takes 2-3 days for the effects of extra cell divisions to
be manifest in the circulation.
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highest neutrophil peak occurred m cattle, but only in cattle infected with

D. viviparus, cattle infected with D. eckerti at the equivalent time point had a lower
response than that recorded in the two groups of deer. However no neutrophil
responses were engendered in any of the trials described here that exceeded the
reference limits, it may well be that cattle can mount a larger acute neutrophilia, when
challenged to a greater degree.
In almost every instance, in both trials, a dip in circulating neutrophil levels was
recorded 7 days pc., this would indicate that neutrophils were moving towards the
migrating larvae, possibly in the lymph nodes or very likely when the larvae were first
entering the lung. Neutrophils are one of the fastest leucocytes to respond to insult,
they contain proteolytic enzymes, have been shown to have anti- parasitic activity
(Raitt et al. 1993) and may have a role in defence against Dictyocaulus. This
suggestion is further supported by the data from the Huskvac trial. The only
statistically significant differences in neutrophil levels occurred at Day14 and Day 28
pc. in all groups. At the Day 14 pc. time point the deer neutrophil levels were
significantly lower in the vaccinated animals than in the non-vaccinated. Interestingly,
in the vaccinated deer infected with D. viviparus the levels were significantly lower
than in the group challenged with D. eckerti, suggesting that a larger neutrophil
migration from the circulating pool was occurring in response to challenge from

D. viviparus. By Day 28 pc. neutrophil levels were significantly higher in the
vaccinated animals, probably in response to the demand engendered earlier, not
because levels in the non-vaccinated animals had dropped. In the cross-infection trial
the levels of circulating neutrophils were lower in the cattle infected with D. eckerti
on Days 7 and 14 pi. than in the cattle infected with D. viviparus. Cattle cleared

D. eckerti effectively but not D. viviparus, this would suggest that there is a role for
the innate immune system in larval defence and that neutrophils may have· a part to
play.
It is interesting that circulating neutrophil levels seem generally unaffected by

the introduction of irradiated larvae into the host, but normal larvae engendered a
response in both cattle and deer. The response was better in the vaccinated animals
but presumably antibody was available to opsonise the larvae and elicit neutrophil
action through antibody dependent cell cytotoxicity reactions (ADCC).

157

Chapter 6 - Haematology
Eosinophils

Eosinophils have a polymorphic nucleus that is smoother and less segmented
than that of a mature neutrophil. They characteristically have bright pinkish-red
uniformly stained cytoplasmic granules that loosely pack the cell. Granule size and
shape differ among species and sometimes within species. There are two major types
of granules; the homogenous primary granule and a secondary crystalloid granule.
There is also a third micro granule. Eosinophil granules contain many lysosomal
enzymes and several well-characterised proteins; eosinophil cationic proteins (ECP),
eosinophil peroxidase (EPO), major basic proteins (MBP) and eosinophil derived
ribonuclease (EDR), all capable of killing mammalian and non-mammalian cells.
Peroxidase is an important constituent of the crystalloid granules and has been shown
to have some antiparasitic effect (Jong et al. 1980, quoted in Jain 1986). The amount
of MBP and its composition and molecular weight varies between species. MBP
possesses weak bactericidal activity, neutralises heparin, has an inhibitory effect on
fibrinogen polymerisation but has little antihistaminic activity. It is however cytotoxic
and can damage parasitic larvae such as Schistosoma mansoni and Trichinella spiralis
(Jain 1986). Bovine MBP was found to damage Fasciola hepatica (Duffus et al. 1980
in Jain 1986). Eosinophils have been found to degranulate after contacting metazoan
parasites, but eosinophils from different individuals may vary in their parasiticidal
action.
The major site of eosinophil production is in the bone marrow, they are
generally produced over 2-6 days and enter the peripheral blood 2 days later. IL-5 is
the major cytokine controlling eosinophil production but GM-CSF and IL-3 may play
a role and there is a clear role for T lymphocytes. Eosinophils circulate with a half
time disappearance of hours and randomly enter the tissues where they may live for
several days. They are usually found in loose connective tissue particularly beneath
the epithelial surfaces in areas where foreign material is likely to enter i.e. the
gastrointestinal tract, respiratory tract, reproductive tract and sub cutis. Species
differences occur with respect to length of survival in the tissues, storage pools and
the size of the marginal pool but there are always more eosinophils in the tissues than
in circulation, for example the blood: tissue ratio is 1:100 in man and1: 300 in the
guinea pig (Cross 1991). The number of eosinophils in the tissues may also vary with
the physiological state of the host and there is a diurnal variation in count.
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Eosinophils have surface receptors for complement, IgE, IgG and histamine,
migration is influenced by the degranulation of mast cells and basophils, accompanied
by the release of eosinophil attractants. Complement mediates the attraction of
eosinophils to antibody complexes and histamine seems to play a key role in tissue
localisation of eosinophils through its ability to stimulate eosinophil migration and to
modulate responsiveness to other chemotactic factors.
Many functions of eosinophils probably remain to be defined but they seem to
play a major role in controlling infection with metazoan parasites and regulating
allergic and inflammatory reactions. The interaction between IgE, mast cells and
eosinophils in parasitic infection is important and resistance to helminth infections is
decreased by elimination of eosinophils. Eosinophils attach to helminths in a process
mediated by antibody and complement, they bind IgE and are activated by antigen
IgE complexes. They are also attracted by and may inhibit chemical mediators
liberated by mast cells during allergic and anaphylactic reactions; the release of their
granule contents may contribute to the tissue damage in allergic reactions. When
eosinophils contact an opsonised parasite they undergo exocytosis and release their
granular constituents, which damage the parasite and contribute to its eventual
demise.
Eosinophilia is usually associated with an interaction between antigen, IgE,
mast cells and basophils. It is frequently a consequence of allergic respiratory diseases
or parasitism. It has been suggested that the IgE dependent mast cell reaction has
evolved to facilitate localisation of eosinophils near parasites and to enhance their
antiparasitic activity (Roitt et al.1993) In the parasitised host, eosinophilia occurs in
response to the protein content of the parasite itself or its exudates. Antigens that
stimulate eosinophilia mediate the response through sensitised T lymphocytes. On the
second exposure to antigen the eosinophil response will be faster and more marked.
Eosinophilia is least likely to accompany parasitism when the parasite is not attached
to the host, eg living in the lumen of the gut. Migrating larvae or parasites with
prolonged host contact will always promote eosinophilia.
A zero eosinophil count is of limited diagnostic significance as recorded levels
of circulating eosinophils may frequently be zero. However animals with circulating
eosinophils characteristically develop eosinopenia after stress, administration of
corticosteroids and acute infection.
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Until recently the eosinophil has been regarded as a protective cell, it is now
recognised that the eosinophil is likely to be a major cause of tissue damage in
diseases such as asthma (Cross 1991). Eosinophils from some mammals, probably
including deer (Cross 1991), contain a myeloperoxidase, which in the presence of
hydrogen peroxide and a halide has the capacity to kill mycobacteria and a variety of
parasites. In humans it has been shown that the cytotoxic function of eosinophils
appears to be inhibited by an unidentified substance in the plasma. The substance is a
component of a feed back mechanism that suppresses the functions of cytokineactivated eosinophils in inflammation (Silberstein et al. 1990). Silberstein and David
(1986) had earlier shown that TNF produced by monocytes enhanced eosinophil
toxicity to parasites in a dose dependent fashion.
The two trials confirmed the role of eosinophils in Dictyocaulus infections.
Vaccination in deer engendered significantly higher circulating eosinophil levels by
Day 14 pv. Levels had dropped by Day 28 pv. but significant increases occurred again
by Day 7 post boost.
When all the groups were challenged eosinophil levels rose in the nonvaccinated groups, the pattern of response mirrored that produced when the
vaccinated groups were first vaccinated. Although the differences are not significant
between vaccinated and non-vaccinated at this point this is probably because levels
are raised in the vaccinated animals.
Vaccination in cattle also produced significantly higher circulating eosinophil
levels at Day 14 pv. and Day 21 pv. As in the deer, levels dropped at Day 28 pv. but
were significantly higher Day 7 post boost, in the cattle they were still significantly
higher at Day 14 post boost. On challenge, eosinophil levels rose in the nonvaccinated animals mirroring the pattern produced when the vaccinated animals were
vaccinated, just as in the deer groups.
The big difference in response between deer and cattle in the Huskvac trial
occurred after challenge. In cattle, the eosinophil levels in the vaccinated animals
continued falling after challenge. The levels in the non-vaccinated rose, so that by
Day 34 pc. the difference was significant, levels in the non vaccinated animals being
higher. This did not happen in the deer, eosinophil levels in the vaccinated animals
fluctuated although they did not reach earlier levels and by Day 28 pc. were
considerably lower.
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In the cross-infection trial, eosinophil levels exceeded the reference range at
Day 34 pc. in the deer infected with D. viviparus group. This group of animals had
significantly lower numbers of adults at necropsy than the D. eckerti group. Perhaps
D. viviparus engenders a greater eosinophil response in deer than does the specific

parasite D. eckerti and this may be one of the factors contributing to the resolution of
the non-specific parasite.
Species differences in response were also recorded in the deer in the Huskvac
trial. On Day 7 pc. a significant difference occurred in eosinophil levels regardless of
vaccination status, the animals challenged with D. eckerti had significantly lower
levels than those challenged with D. viviparus. Perhaps D. eckerti engendered a
different response as it migrated, it is not a vaccination effect, eosinophil levels at the
same time point were significantly higher in non-vaccinated D. viviparus challenged
deer. Another large difference between the groups occurred at Day 21 pc. Eosinophil
levels in the D. viviparus challenged deer plummeted whereas those in the D. eckerti
group reached the highest levels of any group post vaccination. Furthermore the nonvaccinated D. eckerti group were the only group not to have been exposed to
D. viviparus in any form. By Day 34 pc. eosinophil levels were falling in the
D. eckerti animals and increasing in the D. viviparus animals, this pattern was also

evident in the cross-infection trial and may provide an indication of why D. viviparus
infections appear to be being resolved sooner than D. eckerti infections.
Although only small numbers of animals were sampled, the repeated patterns of
response did give a clear indication of the involvement of eosinophils in defence
against Dictyocaulus sp. Several authors have described the role of eosinophils in
attacking parasitic larvae, eg (Roitt et al. 1993; Wakelin 1996; Badley et al. 1987).
Knapp and Oakley (1981) cultured third stage D. viviparus larvae in bovine blood and
medium. They found that after three hours the larvae were surrounded by eosinophils,
after four hours the larvae were surrounded by a mass of cells. After 48 hours the
larvae were immobile and "surrounded by a halo of densely packed mononuclear and
polymorphonuclear cells". They concluded that "adherence to larvae of D. viviparus
was not the prerogative of any cell type but eosinophils were found adhering sooner
than other cells". They also noted a role for complement in cell adherence.
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Basophils
" ... a numerically insignificant but functionally important leucocyte"
(J ain1986).

The basophil is characterised by the presence of reddish stained granules that fill
the cytoplasm and mask the nucleus. The number size, composition and stainability of
the granules varies among species. The granules contain a variety of substances,
including histamine, heparin, serotonin and dopamine, which are released from the
stimulated cell in a stepwise secretory process and are important mediators of allergic,
inflammatory and cellular activities. There is some debate over the relationship
between blood basophils and tissue mast cells, the two are morphologically similar
and are believed to share similar functions (Jain 1986).
Basophils are produced in the bone marrow, their production parallels that of
neutrophils, but the bone marrow stage is minimal. They have a half time
disappearance in the circulation of hours and randomly migrate into tissues where
they survive for 10- 12 days. A number of cytokines including IL-3 and IL-5 and
growth factors are implicated in basophil growth and differentiation
The most important role of basophils and mast_ cells is in the induction of an
immediate hypersensitivity response through secretion of stored vasoactive mediators
and degranulation. In the sensitised animal, release of histamine and other vasoactive
substances leads to systemic reactions such as dyspnoea and coughing, urticaria or
rhinitis, depending upon the target organ.
Eosinophils are attracted chemotactically to the site of excess histamine release
to render it inactive. The delicate balance between eosinophils and basophils/ mast
cells is intended first to initiate and then to modify the inflammatory response.
Basophils are rare in the peripheral blood and bone marrow but are more
common in ruminants than in cats or dogs (Jain 1986). Mast cells are rare in the bone
marrow and are normally absent in blood, although an occasional mast cell may be
seen in the peripheral blood of a severely stressed animal. Circulating numbers of
basophils may be recorded as zero in a differential count and an inverse relationship
between the numbers of blood basophils and tissue mast cells is found in many
species. Basophilia is considered significant (Duncan et al. 1994) and it would appear
that basophils might play a significant part in the response to infection and in
inflammation generally.
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In the deer, the pattern of basophil response varied between the groups.
Interestingly the only group that showed little fluctuation, until Day 21 pc., were the
non-vaccinated D. eckerti group. At Day 28 pc. there was a significant difference in
response to the challenge species, irrespective of vaccination status. Circulating
basophil counts were significantly higher in the animals infected with D. viviparus
than in those infected with D. eckerti. In cattle there was a significant response to
vaccination at Day 21 pv., circulating levels being higher in the vaccinated animals.
Large peaks also occurred at Day 21 pc. in both the vaccinated and non-vaccinated
groups. Perhaps if basophils are the precursors to mast cells the peaks are a response
to mast cell migration to the site of invading larvae in the lungs. Responses were
much higher in cattle than in deer, perhaps this may be a contributing cause to the
greater pathology caused by Dictyocaulus sp. in cattle lungs than in deer lungs i.e.
perhaps there is a greater hypersensitivity response in cattle overall.

Monocytes
Monocytes are usually slightly larger than neutrophils and characteristically
have a highly pleomorphic nucleus. They often contain large vacuoles and many fine
granules.
Monocytes derive from haernatopoietic stern cells in the bone marrow (they
share a common progenitor cell with neutrophils). Maturation takes 24 - 36 hours and
cells are not stored but leave the bone marrow rapidly. Shortly after entering the
circulation they migrate into various tissues and body cavities and become fixed
macrophages. Once in the tissues rnonocytes do not re-enter the blood to circulate.
Tissue macrophages are much more numerous than circulating monocytes. Duncan et
al. (1994) state that evidence for a marginated pool of monocytes is conflicting,
whereas Jain (1986) states "species variations exist with respect to the bone marrow
pool of monocytes and with the allocation to marginal or circulating pools within the
vascular system".
The numbers of monocytes in the blood are usually low and depend upon the
number of actively dividing prornonocytes, the distribution of monocytes within the
vascular pools and tissue demand for monocytes.
Macrophages are capable of killing parasites such as the larval stages of
Schistosoma sp. (Roitt et al. 1993). They are very important mediators, secreting

soluble factors and cytokines that influence the immune response.
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Cattle had significantly higher levels of monocytes than deer at all time points
in the cross-infection trial except one. Although cattle and deer were not compared
directly in the Huskvac trial it can be seen from the graphs that cattle had higher
circulating monocyte levels than deer. Perhaps this may also contribute towards the
differing pathology between cattle and deer.
There was no similarity in the monocyte response patterns post vaccination and
post challenge in either cattle or deer and no significant differences in the cattle group.
However there were both significant species and vaccination differences in the deer.
Levels were significantly higher in the vaccinated group at Day 28 pv. At Day 28 pc.
there were also significant differences between the groups, the vaccinated and
challenged with D. viviparus group had the lowest levels, the vaccinated and
challenged with D. eckerti group the highest. The unvaccinated groups had levels that
fell intermediate to the divergent vaccinated groups. Perhaps vaccination sensitised
the hosts to challenge but the response elicited by a D. eckerti challenge differed from
that elicited by a D. viviparus challenge. It would also seem that monocytes were not
primarily involved in the response until the latter stages of the infection. By Day 28
pc. antigen would have been available to the host cells from dying and dead irradiated
larvae and from some of the normal larvae that failed to thrive. In addition eggs and
first stage larvae produced by patent worms would be eliciting fresh host response.
Vaccination significantly delayed patency, this maybe a further reason why the
monocyte response differs in the vaccinated and challenged D. eckerti group.

Lymphocytes
A full description and discussion of lymphocyte genesis and differentiation does
not belong in this brief review of haematological response.
T lymphocytes derive from the bone marrow, they mature in the thymus and
function in helper roles and cell mediated immunity. B-lymphocytes also derive from
the bone marrow and when mature function in humoral immunity. Lymphocytes are
unique among the leucocytes in that they recirculate; the average blood transit time
being about 30 minutes. The number of circulating lymphocytes tends to be quite
constant in health and decreases slightly with age in most species; young animals tend
to have higher lymphocyte counts. Lymphocytes are long-lived cells and when
activated undergo transformation to more functionally active cells.
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Cattle had significantly higher levels of circulating lymphocytes than deer in the
cross-infection trial. Although the two species weren't compared directly in the
Huskvac trial levels of lymphocytes were higher in the cattle than in the deer at all
time points. Unfortunately, in the Huskvac trial the D. viviparus group had the highest
levels of circulating lymphocytes from the start and this may have masked some
differences particularly post vaccination when the levels in the vaccinated and
challenged animals did rise. There was however a significant difference at Day 28 pc.,
lymphocyte levels being higher in the vaccinated than the non- vaccinated animals.
Lymphocyte counts also fluctuated and increased throughout the sampling period in
both groups of cattle and no significant differences were recorded.
As sampling ceased Day 34 pc. in both trials, there may not have been time for a
significant alteration in lymphocyte kinetics or activation to occur.

Platelets

Platelets are capable of killing parasites. In Schistosoma mansoni infected rats
platelets become larvicidal before antibody can be detected (Roitt 1993). An
unsuccessful attempt was made to record platelet numbers in the Huskvac trial. The
presence of schistocytes in a number of red deer blood samples interfered with the
automatic counter and caused spuriously high results.

Fibrinogen

Fibrinogen is one of a number of 'acute phase proteins' the concentrations of
which change in response to inflammation, infection or injury. Acute phase proteins
play a vital role in containing tissue damage and enhancing the process of repair. Other
acute phase proteins include C reactive protein (the first identified), serum amyloid A
and haptoglobin. Details of the control of acute phase proteins have not yet been
clarified (Cross 1991) but they have been divided into groups dependent upon the
cytokines known to be required for stimulus. Fibrinogen is a Type 2 protein requiring
only IL-6 stimulation. Production of acute phase proteins however is not simple; it is a
consequence of several interrelated steps, mediators and feedback processes.
Acute phase protein assays, particularly C reactive and serum amyloid A assays,
are frequently used in human medicine to detect inflammatory changes and to assess
response to treatment regimes. However species differences occur, not only between
the acute phase proteins present but also in their action and the responsiveness.
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Horadagoda et al. (1999) cite the example of C reactive protein; in cattle its
concentration does not change in response to inflammation yet in the dog it is the
major acute phase protein. Haptoglobin is the most widely studied acute phase protein
in cattle (Horadagoda et al. 1999) and has been found to be a useful marker of
inflammation. Sutton and Hohman (quoted in Cross 1991) suggest that a combination
of fibrinogen testing and leucocyte counts should be used for the detection of
inflammation in cattle. Cross and Griffin (1989) state that " ... the choice of suitable
acute phase proteins to detect and monitor inflammation in deer depends on several
factors" and suggest that fibrinogen may not actually be as useful as haptoglobin as an
inflammatory marker. In healthy deer fibrinogen levels are relatively high and an
increase may not be immediately obvious whereas haptoglobin levels are zero or low
and an increase is more obvious.
Cross (1991) could not find any positive correlation between eosinophil
response to parasite load and fibrinogen. However, the animals he was working with
were from another trial and were incidentally infected with gastro-intestinal parasites.
Wilson and Pauli (1982) measured fibrinogen levels in 100 'clinically normal'
farmed red deer and concluded that fibrinogen concentrations in deer are similar to
those in sheep and cattle. They also felt that elevated fibrinogen levels "could be a
useful non-specific indicator of tissue damage"
Routine laboratory methods of fibrinogen measurement in which the
concentrations are calculated by subtraction are not always accurate (J. Cross pers.
comm.) and care should be taken in interpreting and or comparing results from various

sources.
In the deer, fibrinogen levels were significantly higher in the animals infected
by D. eckerti at Day 7 pc., suggesting perhaps that the early migration of D eckerti
larvae evoked a different host response to that generated by D. viviparus. The upper
reference level for fibrinogen was exceeded by animals infected with D. eckerti at this
time point. At Day 14 post challenge fibrinogen concentrations were higher in the
vaccinated groups than in the non-vaccinated groups, suggesting that prior exposure
to Dictyocaulus sp. was altering the host response to the challenge larvae. The
vaccinated groups at this time point exceeded the upper reference level.
Interestingly, the reference values for red deer were exceeded on several
occasions after challenge with normal larvae but not when animals were exposed to
irradiated larvae.
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In the cattle significant differences occurred in fibrinogen levels at Day 28 and
Day 34 pc. Levels were higher in the non-vaccinated groups than in the vaccinated
suggesting, perhaps, a response to products of reproduction generated by the adults in
the non-vaccinated group lungs, or that fibrinogen was being produced in response to
pathology in the cattle lung that does not appear to occur in the deer lung in the latter
stages of infection. Similar differences in fibrinogen concentrations between
vaccinated and non-vaccinated groups did not occur in the latter stages of the trial in
deer, there was little difference in values between the groups.
In conclusion the peak in fibrinogen response occurred later in cattle than in

deer and levels fluctuated less in cattle.
Prior to the development of the irradiated larval vaccine against lungworm in
cattle several papers were published describing attempts to elucidate the response to
the parasite. Djafar et al. (1960) studied the response to lungworm in parasite free
calves but used doses of 40-50,000 larvae per calf, three calves died. They recorded
significant differences in eosinophil and neutrophil responses between infected and
control calves and also noted that the calves that died had different responses to those
that survived, having no significant differences in leucocyte levels. They concluded
"that calves that do not show an eosinophil and gamma globulin response in 10 days
have an unfavourable prognosis".
Neutrophil levels peaked in surviving calves at Day 14, in our cattle they
increased from Day 7 and peaked at Day 21 but the challenge was lower. Eosinophil
levels increased from Day 10 and were significantly different at Day 35. The graph
presented in their paper shows a peak, much the same as those recorded in the crossinfection cattle that received only a single challenge and in the control Huskvac cattle.
It also shows an increase in eosinophils about Day 34, reflecting the pattern recorded

in both our trials. However Djafar et al. (1960) show a second smaller peak at about
25 days. Weber and Rubin (1958) in a similar trial using a challenge of 50,000
infective larvae recorded a single peak followed by a rise at about Day 35.
Cornwell (1962) tracked eosinophil responses in parasite naYve calves given
normal and irradiated larvae. In calves given 4-10,000 normal larvae an eosinophil
response with one peak and similar to the responses recorded in our trials was
obtained. The calves given irradiated larvae showed a distinct single response peak to
each dose of vaccine, as did the calves in the Huskvac trial. Cornwell suggests that the
second response to normal larvae is a response to the reproductive of adult lungworm.
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Cornwell's eosinophil results differed from the Huskvac trial in that when he
challenged vaccinated cattle with normal larvae the vaccinated calves developed an
eosinophilia four times higher than that developed in response to the irradiated larvae.
Eosinophil levels in the cattle in the Huskvac trial continued to drop after challenge,
however the challenge used was only 700 L3s per animal whereas Cornwell used
challenges of 5000 L3s. In addition Cornwell only had three animals probably too
small a group given the variability of response to Dictyocaulus and possible variations
in the vaccine. Mackenzie and Michel (1964) also recorded eosinophil levels after
vaccination, obtaining similar results, but notably they also comment that the results
published differed from those in a previous trial in which the response was much less
after challenge, a different batch of vaccine had been used. Interestingly 4-5 months
later vaccinated animals challenged with D. viviparus showed a similarly high
eosinophil response.
Holman et al. (1967) followed the "blood picture" of a group of steers following
vaccination with irradiated larvae or challenge with normal larvae. Unfortunately the
calves had concurrent virus pneumonia but they did note an early increase in
neutrophils followed by an eosinophilia.

Intere~tingly

the group of calves that were

given two doses of normal larvae had a prolonged eosinophilia, still evident after 4
months. A prolonged eosinophilia was not recorded in the calves given two doses of
irradiated larvae.
During the early period of farming deer it was assumed that the haematology of
deer reflected that of other ruminants. Upcott and Herbert (1965) recorded that the
percentage of circulating lymphocytes was greater than neutrophils in deer less than 3
years but that the ratio was reversed in deer over 3 years of age. By contrast Wilson
(1981) suggested that neutrophils were higher than lymphocytes, noting that this was
the reverse trend to all other ruminants. Wilson and Pauli (1982) sampled 100 gently
restrained deer aged less than three months and found again that the percentage of
neutrophils were higher than lymphocytes. McAllum (1981) found the percentage of
neutrophils to be greater than lymphocytes in young deer but the ratio to be reversed
in older deer.
Accepting normal conditions are impossible to define, we showed in both trials
that in young deer the levels of circulating lymphocytes were higher than the
neutrophils. Data for the Huskvac trial is given in Table 6.3 and the Cross-infection
trial in Table 6.4.
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Wilson (1981) also noted that total white blood cell counts were lower in deer
than in cattle. He quotes an average count of 5.8x 109 cells/1 in red deer blood
compared to 7x109/l in cattle blood and 8 x109/l in sheep. In both trials total white
blood cell counts were higher in cattle than in deer, confirming Wilson's observations
and those made earlier by Blaxter (1974) and Kay (1986). The data for the crossinfection trial is given in Table 6.5 and the Huskvac trial in Table 6.6
The differential cell counts made during these trials suggest that perhaps the
lower total white blood cell count recorded in deer may be due to lower numbers of
circulating monocytes and lower lymphocyte levels than those recorded in cattle.
In a description of results from a small trial such as this it is difficult to provide
anything more than an indication of changes and responses that occurred. The
methods used were fairly crude; differential counts of 100 cells on air-dried smears
collected from small groups of animals and the infection levels (700 third stage
larvae) were low. But changes did occur in response to infection and those changes
differed according to both the host and the challenge parasite. A role was clearly
indicated for eosinophils, neutrophils, basophils and monocytes in the host response
to challenge. This work provides some information to fill in the large gap in our
knowledge of the responses to lungworm but does not pretend to correlate the
individual responses or to speculate on the role of various cells in mediating or
enhancing responses to parasitic insult. Nor is any attempt made to consider the role
the different parasites may have in diverting or suppressing host responses to their
migration and development, There is an indication of the importance of early
responses to Dictyocaulus (prior to the formation of antibodies) as parasite naive
cattle resolve infections with D. eckerti prior to patency. Perhaps the measurements
made during these trials were simply not sensitive enough to elucidate the intricacies
of the innate immune response.
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trial.
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Conclusions
Lungworm is a major problem for venison producers the world over. This work
and the work of Epe et al.l997, Divina et al. 2000 and Gibbons· and Hoglund 2002,
amongst others, has shown that the specific lungworm infecting cervids is not

D. viviparus, the lungworm of cattle. Our results suggest that the lungworm of red
deer (Cervus elaphus) may well be specific to red deer and that it will not establish
readily in cattle. However D. viviparus will establish in red deer and does cause some
pathology, therefore the communal grazing of cattle and red deer is not recommended.
Initial molecular analysis of lungworm derived from several cervid sources
would suggest that a separate species of lungworm may infect different species of
cervid. The various species of deer differ in both habits and habitats and therefore it is
highly likely that a specific lungworm parasite will have adapted to each species.
The current state of knowledge with respect to morphological and molecular
descriptions would suggest that the lungworm infecting farmed red deer in New
Zealand is D. eckerti. However as suggested in Chapter 3 this may change once the
ITS-2 region of D. eckerti from Russian reindeer (Rangifer tarandus) has been
sequenced.
Huskvac, the irradiated vaccine comprising third stage D. viviparus did not
provide sterile protection in red deer against challenge by D. viviparus or D. eckerti.
However a degree of protection was provided, patency was delayed in vaccinated
animals, larval output was lower and fewer infective larvae developed through to the
adult stage. This suggests that an irradiated larval vaccine may work in red deer if the
specific species of lungworm were to be used.
Haematological data indicated the role of eosinophils, neutrophils and basophils
in the early defence against lungworm invasion. The innate immune response was
effective at ridding cattle of a D. eckerti challenge but was not enough to prevent
establishment of either species of lungworm in red deer. The fact that red deer do
develop immunity to lungworm challenge would indicate that the development of an
antibody response is necessary to provide good protection against challenge.
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Due to the importance of lungworm to the deer industry steps must be taken to
develop an effective vaccine. Serum has been saved from all animals in the trials
conducted for this research project and this will be analysed for antibodies. If
protective antibodies can be identified then a project leading to the development of a
recombinant vaccine can be initiated. This, however is a long term proposal. In the
short term, as Huskvac did provide a degree of protection, a vaccine comprising
irradiated third stage D. eckerti will be tested in red deer. As yet it is unknown at
which point in their migration lungworm larvae are eliminated by immune animals,
further research to identify this point and to elucidate the migratory pathway of larvae
through the host would be useful.
Molecular technology can be used to develop a range of tools useful for
population genetics and epidemiological studies. If vaccine development is a priority
it is imperative to be able to accurately identify both the target species and to elucidate
the population variants within that species. The mutation scanning methodology
(SSCP) should provide a technically simple method of elucidating both between and
within species variation. Once the sequences of the various species of Dictyocaulus
are available diagnostic kits can be designed both to diagnose lungworm infection in
the host and perhaps to evaluate levels of pasture contamination.
Further epidemiological studies are needed to elucidate the actual lifecycle of
Dictyocaulus infecting red deer, its method of over-wintering and behaviour on

pasture. With a better knowledge of risk factors, for example, climate, pasture height,
pasture type or grazing intensities it may be possible to develop more effective
grazing strategies to minimise heavy challenges to susceptible stock
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