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Abstract 

The objectives of this thesis were to investigate patterns of l amb pneumonia prevalence of 

a large sample of New Zealand flocks including an investigation of spatial patterns, to 

evaluate farm-level risk factors for lamb pneumonia, to determine the efficacy of a 

commercial ly avai lable vaccine for the disease and to estimate the l ikely cost of lamb 

pneumonia and pleurisy for New Zealand sheep farmers. 

Data were col lected by ASURE NZ Ltd. meat inspectors at proceSSIng p lants i n  

Canterbury, Manawatu and Gisbome between December 2000 and September 200 1 . A l l  

lambs processed a t  these plants were scored for pneumonia (scores: 0 ,  < 1 0% or  2: 1 0% lung 

surface area affected) involving 1 ,899,556 lambs from 1 ,7 1 9  farms. Pneumonia 

prevalence was evaluated for spatial patterns at farm level and for hierarchical patterns at 

lamb, mob and farm levels (Chapter 3). The average pneumonia prevalence in Canterbury, 

Feilding and Gisborne was 34.2%, 1 9 . 1  % and 2 1 .4% respectively .  Odds ratios of lambs 

slaughtered between March and May were vastly higher than those slaughtered in other 

months indicating longer growth periods due to pneumonia. Since pneumonia scores were 

more variable between mobs within a flock than between flocks, it was concluded that 

pneumonia scores were poor indicators for the flock pneumonia l evel due to their lack of 

repeatabi l ity . There was no statistical ly significant spatial autocorrelation in pneumonia 

prevalence for any region, hence lamb pneumonia appeared to be largely independent of 

topographical and geo-cl imatic factors. 

A questiOlmaire-based case-control study was conducted investigating farm-level factors 

from a sample of farms with either high (case) or zero (control) pneumonia prevalence at 

slaughter (Chapter 4) .  Significant r isk factors for case farms were: ( 1 )  shearing lambs on 

the day of weaning, (2 )  breeding ewe replacements on-farm (3) number of lambs sold (an 

indicator of flock size) and (4) increased percentage of lambs sold late in  the season 

( March to May) .  Significant protective factors included : (1) set stocking lambs after 

weaning, (2 )  injecting lambs with Vitamin B 1 2  at the time of tai l ing, ( 3 )  injecting lambs 
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with Vitamin B 1 2  at weaning. In  Canterbury, flocks with Romney ewes and other ewes 

had a higher risk of pneumonia than those with fine wool type ewes ( Merinos, Corriedales 

or Halfbreds). 

In a c l in ical trial, 8,364 lambs from seven commercial sheep farms with a history of lamb 

pneumonia were vaccinated with Ovipast Plus® or placebo by systematic random 

al location within mob and farm. An assessment of the extent of pneumonic lesions was 

conducted at slaughter and lamb growth rate was monitored through the growth period 

(Chapter 5) .  The vaccination trial showed no statistically significant effect of Ovipast® 

vaccination on the extent of lung lesions at slaughter or ADO of lambs from the first 

treatment unt i l  slaughter. No significant differences were found between isolation rates of 

Pasteurella spp and patho-histological c lassifications from pneumonic lung samples of 

placebo and vaccinated lambs. 

A spreadsheet-based stochastic model was constructed to estimate the cost of lamb 

pneumonia and pleurisy to New Zealand farmers. The estimate was based on data of the 

effect of pneumonia on lamb growth rate, distributions of pneumonia severity, prevalence 

of moderate to severe pneumonia (2: 1 0% lung surface area) and pleurisy prevalence 

(Chapter 6) .  The simulated annual average cost of pneumonia was NZ $28.1 mi l l ion and 

that of pleurisy NZ $25 . 1 mi l l ion. The combined cost of pneumonia and pleurisy to New 

Zealand farmers had an average of NZ $53 .2  mi l l ion (95% stochastic interval = $32 .4-

$78.9 mi l l ion), or US $3 1 .9 mi l l ion per annum. This would equate to NZ $2 .32 per lamb. 

In comparison, animal health, shearing expenses and feed expenses cost NZ $2. 3 7, $2.62 

and $ 1 .85  per lamb, respectively. 

This research has demonstrated sub-cl inical pneumonia to be a widespread disease in the 

New Zealand sheep farming population whi le previous research has focus sed on case 

studies of affected farms. The estimated costs of pneumonia and pleurisy to New Zealand 

farmers ($53 .2  mi l l ion) highl ight the financial effects of these diseases and the need for 

further research. We also found that the commercial ly avai lable vaccine could neither 

prevent sub-cl inical effects (lamb growth rate) nor c l inical manifestations (pneumonic lung 

lesions) of lamb pneumonia. The case-control study has revealed farm-level factors which, 

in  the absence of effective vaccines, indicated management practices that fanners might 

perceive as opportunities to control lamb pneumonia. However, it is advisable to evaluate 

the efficiency of such management changes. 
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Pneumonia i s  aetiologically complex di sease involving the interplay of many 

envi ronmental, host and pathogen factors. I t  is also a difficult disease to study in the 

absence of diagnostic tests in l ive animals. However, further research should focus on the 

development of management changes until effective vaccines are available. A starting 

point for this research would be to evaluate the impact of such management changes in  

reducing the i nc idence of lamb pneumoni a. More speci fically, the roles of stress during 

crowding of lambs for extended periods warrants further investigation. The development 

of effic ient vaccines requires an analysis of pathogens, especially Pasteurella 

(Mannheimia) haemolytica and Mycoplasma species, the sources of infection, their strain 

diversity and transmission dynamics. 
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CHAPTER! 

Introd uction 

The need to further investigate lamb pneumOnIa arose m 1 997 through a meeting of 

epidemiologi sts, pathologists, industry representatives and fanners. The focus of that 

meeting was to establ i sh the current knowledge and future requirements for research. A 

funding appl ication to Meat New Zealand was successful and lead to a Masterate study 

pre l iminary to this Doctorate study . The objectives of the Masterate study were to quantify 

the impact of the disease on lamb live-weight gain .  A longitudinal study was conducted 

involving farms known to have a history of pneumonia. It was shown that pneumonia had 

a significant impact on lamb growth rate. A reduction in average daily weight gain of up 

to 50% was evident in the most severe pneumonia cases. A panel of experts final ly  

reali sed that economic loss due to lamb pneumonia was primari ly at sub-cl inical level 

through reduced growth rates and that disease related mortal ity was rather exceptional and 

low at population leve l .  

Subsequent to  the Masters study, a need arose to  estimate total economic loss due to lamb 

pneumonia, to investigate spatial and temporal patterns of pneumonia prevalence in New 

Zealand, and to determine on-farm risk factors that might l ead to control options and i f  

feasible, to evaluate control .  On  this basis, the current PhD study was successful in 

attaining further funding by Meat and Wool New Zealand ( M WNZ).  The ew Zealand 

sheep industry has guided our research through regular mentor meetings involving 

representatives from the sheep counci l ,  processing plants, MWNZ, researchers from 

Massey University and AgResearch and farmers. As a result of one of these meetings, the 

need to determine the efficacy of a commercial ly avai lable vaccine against pneumonia was 

voiced leading to one chapter of this PhD. Pneumonia is not routinely recorded at lamb 

processing plants, so this proj ect was f0l1unate to have the support of ASURE NZ Meat 

Inspectors who col lected data in addition to their regular duties. Pneumonia scores were 

recorded for every lamb processed at three individual plants in three regions over a ten­

month period. This provided the majority of the data upon which this thesis was based. 
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CHAPTER 2 

Review of the l iterature o n  pneumonia and p leurisy in lambs 

2 .1 I nt roduction 

Pneumonia is  a respiratory disease arising from an inflammatory response of the 

bronchioles and alveoli in the lung to i nfective agents and resulting in the consol idation of 

lung tissue. It is a common disease of sheep in all major sheep-producing countries. I t  i s  

regarded as a disease complex, involving interactions between host ( immunological and 

physiological), multiple agents (viral, bacterial, mycoplasmal)  and environmental factors. 

When a certain threshold dose of microorganisms, host susceptib i li ty and non-specific 

defence mechanisms are reached, lung defence mechanisms are compromised allowing 

disease to occur (Bruere et aI . ,  2002) .  The disease occurs in  two main forms i n  New 

Zealand sheep: an acute fibrinous pneumonia which occurs in sheep of all ages and a 

chronic non-progressive pneumonia ( CN P) which occurs in lambs and hoggets ( Bruere et 

aI . ,  2002) .  Extension of pneumonia from the surface of the lung to the l ining of the chest 

cavity results in inflammation of the pleura and the formation of a fibrous adhesion 

between lungs and the chest wal l ,  known as p leurisy . Ovine progressive pneumonia and 

Jaagsiekte, (caused by an ovine retrovirus) is exotic to New Zealand ( Dalefield and Al ley, 

1 988; Al ley, 2002) .  In lambs pneumonia causes mortal ity, decreased growth and a 

predisposition to p leurisy, at considerable cost to the i ndustry , along with animal welfare 

impl ications. Due to its sub-cl inical nature, detection of CNP is l imited to examination of 

lungs at necropsy or after slaughter. I nabi l i ty to detect the disease in the l ive animal and 

detai led knowledge of the time of onset of lesions severely l imits our understanding of the 

epidemiology of pneumonia in sheep and its effect on productivity .  The aim of this review 

is to give a background of sheep farming in New Zealand and provide an overview of 

respiratory diseases of sheep and pneumonia and pleurisy in lambs including a critique of 

relevant scientific trials and l iterature . 
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2.2 Sheep fa rming in New Zealand 

Sheep farming p lays an  important role in New Zealand's economy especial ly with regard 

to export. I n  June 2004, there were 39.3 mi l l ion sheep in New Zealand, comprising 26 .7  

mil l ion breeding ewes, 8 .0 mi l l ion ewe hoggets, 3 . 1 mi l l ion wether hoggets and 1 .4 mi l l ion 

other wethers and rams (MWES, 2004) .  New Zealand sheep farms are, on average 506 

hectares in size and are comprised of around 1 ,99 1 sheep (Table 2 . 1 ) . Cattle are often 

farmed on the same properties. South I sland farms tend to be more extensive than those of 

the orth I sland. They are genera l ly larger in size but do not tend to differ in sheep 

numbers per property . 

Table 2.1: Number of farms with the average and standard deviation of farm size and 
number of sheep per farm grouped by region (adapted from AgriBase (AgriQuality, 
2004n· 
Region Number of farms Average (SD) of Average (SD) num ber 

(�4 ha, � 20 farm s ize (hectares) of sheep/farm 

sheep) 

Lower South 5 ,774 678 (2 , 1 95)  2 ,358 (2 ,845) 

I sland 

Upper South 3 , 1 68 532 ( 1 ,785) 1 ,656 (2,040) 

Is land 

Lower orth 5,236 3 96 (59 1 )  2,203 (2 ,73 5 )  

I sland 

Upper orth 3 ,746 3 7 1  (667) 1 ,4 1 0  (2 ,365)  

I sland 

Total 17, 924 506 (1,525) 1,991 (2,616) 

so - standard deviation 

2.2.1 Sheep Breeds 

There are approximately 30 sheep breeds in New Zealand. The six most common are : 
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• Ronmey (original ly the English Ronmey Marsh, brought to New Zealand in 1 853 ) .  

• Coopworth (cross of Border Leicester and Ronmey). 

• Perendale (cross of Cheviot and Ronmey ). 

• Merino (originated from North Africa or Spain). 



• Corriedale (British long wool rams - Lincoln and English Le icester mainly -

crossed with Merino ewes). 

• Halfbred ( Merino crossed with Leicester, L incoln or Romney) (Statistics New 

Zealand, 1 996). 

The geographical distribution of breeds tends to reflect regional differences in  c l imate and 

topography. Merinos predominate in  the alpine grassl ands of the Southern Alps.  

Halfb reds and Corriedales tend to be farmed on the foothi l l s  and plains east of the 

Southern Alps and some drier parts of the North I sland. Romneys, Coopworths and 

Perendales typically are used for meat and wool production on hi l l  country sheep farms 

elsewhere in New Zealand. Often Texel ,  Southdown or Suffolk rams are used for market 

lamb production as they are earl ier maturing compared with traditional breeds. In more 

recent t imes composite breeds have played a role in breeding programmes. Breeds of 

higher fecundity and milk production are used in composites, such as Finish Landrace and 

East Friesian. 

2.2.2 S h eep p rod ucts a n d  ma rkets 

Throughout the twentieth century New Zealand has enjoyed a reputation for being largest 

producer of crossbred wool (wool fibre >3 1 microns in d iameter) throughout the wor. ld  

( MAF, 2004d). Crossbred wool i s  used for interior texti les such as carpets, upholstery, 

furnishings, rugs, hand knitting yarn, knitwear and in blankets. Fine wool  « 24.5 micron) 

comprised five percent of export wool volume in 2003/2004 (MAF, 2005 )  and is used in  

the c lothing industry. 

The annual production of lamb meat in ew Zealand was approximately 4 1 0,000 tonnes i n  

2004 ( MAF, 2005 ), of which 9 1  % was exported, with the remainder being consumed 

locally (MIA, 2004). New Zealand sheep meat accounted for 47% of the world export 

trade of lamb and mutton in 2002 (MA F, 2004c). The major markets of sheep meat in are 

the European Union, United States and Asia. In the year ended September 2004, 

approximately 1 9% of ew Zealand exported lamb was chi l led (contribut ing 29% of total 

lamb export revenue) and the remainder frozen (MAF, 2005) .  Annual mutton production 

was approximately 1 07 tonnes in  2004 (MAF, 2005 ), of which 83% was exported (MIA,  

2004). 
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2 .2.3 Structu re of the I ndustry 

Meat and Wool New Zealand is a body funded by l ivestock producer levies on al l  sheep 

slaughtered in New Zealand (MWNZ, 2004a). 

I ts purpose is to : 

• Market New Zealand sheep meat international ly and domestical ly. 

• Maintain and extend trade access for New Zealand red meat. 

• Fund research and development to help improve the profitabil ity of New Zealand 

farmers (MWNZ, 2004a). 

Within the wool industry there are other groups involved In market ing, research and 

development. These are : 

• The National Council of New Zealand Wool I nterests (provides the forum in 

which al l  sectors involved in the ew Zealand wool industry work together for the 

benefit of the industry ) (NZTE, 2004). 

• The New Zealand Merino Company Ltd (A joint venture between New Zealand 

Merino woolgrowers and Wrightson Ltd which handles the majority of the merino 

wool c l ip .  It has developed a number of direct supply l inkages where growers are 

contracted to supply agreed amounts of fibre meeting agreed specifications to 

particular manufacturers) (MAF, 2004a); 

• Wool I nteriors Ltd ( Internat ional marketing of New Zealand wool and products 

through management of the Wools of New Zealand branding programme) (NZTE, 

2004). 

• Canesis Network Ltd (Jointly owned by the Wool Research Organisation of New 

Zealand and Wool Equities L td.  A grower-owned investment company 

special ising in wool ,  sheep research and development on ways of using New 

Zealand wool, developing innovative wool and wool-blend products) (NZTE, 

2004) .  

I n  the meat industry, more than 1 50 New Zealand meat processing companies are l icensed 

to operate slaughter houses, the majority of which produce meat for export. The four 

largest exporting companies are PPCS L imited, AFFCO New Zealand, ANZCO Foods 

Limited and the All iance Group (NZTE, 2004). 
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The Meat I ndustry Association of New Zealand (MIA)  represents processing companies 

that supply sheep meat for export. The MIA provides a forum for consideration of 

industry-wide commercial, human resource, marketing and sanitary and phytosanitary 

i ssues. They convey a collective industry position to government, trade bodies and other 

agencies and organisations (MIA, 2005) .  

Sheep meat and wool production i n  New Zealand i s  undertaken without the assistance of 

government subsidies. Agricultural subsidies were removed in  the mid- 1 980s leaving 

producers and exporters entirely rel iant on export market returns ( MAP, 2004b). S ince 

then, sheep numbers have decreased from 70 mi l l ion to 39 mi l lion and farmers have 

diversified, especially into dairying and deer farming. Farm productivity since this t ime 

has improved. The average slaughter weight of lambs has increased along with an increase 

in lambing percentage from 1 00% to 1 1 5%.  The processing and marketing companies 

have moved from exports of whole frozen carcasses to chi l led meat which made up 25% of 

lamb export value in 2004 (MAF, 2005 ). The current projection for the ew Zealand 

sheep industry to 2008 is promising, with expected increases in sheep meat production, 

lamb carcass weights and lamb price ( MAF, 2005) .  

2.2.4 Timing of Farm Ma nagement Events 

Ewes are mated in  autunm and lamb in spring (Fleming, 2003a). Table 2 .2  shows average 

dates and ages for mating, lambing, tai l ing, weaning and slaughter based on a survey of 

3 1 3  sheep flocks from Gisborne, Manawatu and Canterbury. On average rams are put with 

ewes in late March for 57 days leading to a lambing start date in late August (Table 2 .2) .  

The average lambing date is 3 September. Lambs are tai led on average at 45 days of age, 

weaned mid December at 1 0 1  days of age and slaughtered 72 days post-weaning. Shearing 

may be carried out once a year, twice a year (second-shearing) or three times every two 

years. 
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Table 2.2 : Average dates of mating, lambing, weaning, ages of lambs at tailing, 
weaning and slaughter with each standard deviation (SD, days) and number of flocks 
in the calculation based on a survey of 313 sheep flocks in G isborne, Manawatu and 
Canterbury (refer Chapter 4, this thesis). 

Variable 

Date ram out 

Number of days ram out 

Start date of lambing 

A verage lambing date 

Age of lambs at tai l ing (days) 

Date of weaning 

Age of lambs at weanmg 

(days) 

A verage slaughter age ( days) 

Number of 

flocks 

296 

298 

300 

298 

288  

298  

297 

296 

Average (SD (days)) 

29 March (23 .4) 

57 (24 .2)  

22 August (24.6) 

3 September (24.4) 

45 (24.2)  

1 3  December (23 . 1 )  

1 0 1  (2 1 . 1 )  

1 73 (30 .6)  

SD - standard deviation 

2.2.5 Fa rming systems 

There are two main types of sheep farming systems. These are; 

1 .  Sheep breeding 
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a .  F locks of breeding ewes with ewe replacements bred 'on-farm ' and lambs 

finished to slaughter weight or, 

b. F locks of breeding ewes with ewe replacements bred 'on-farm' sel l ing a 

proportion of lambs as ' forward stores' ( sale of l ive lambs not yet at 

slaughter weight) with the remaining proportion finished to slaughter 

weight. 

2. Sheep finishing 

a. F locks of breeding ewes where no ewe replacements are bred 'on-farm' .  

Ewe replacements are purchased from other properties (often older ewes 

which are then sold post weaning) and lambs are finished to slaughter 

weight. 

b .  No breeding ewes 'on-farm' .  Lambs purchased as ' forward stores' and 

finished to slaughter weight. 



2.2.6 Disease Status 

New Zealand is  free of foot-and-mouth disease and scrapIe, aided by its geographical 

i solation from affected countries (MWNZ, 2004b). Some of the most relevant health 

problems in New Zealand sheep are internal and external parasites, facial eczema, footrot, 

pneumonia, pleurisy, caseous lymphadenitis, scabby mouth, lohnes disease, toxoplasmosis, 

campylobacteriosis, l isteriosis, leptospirosis, brucel losis and salmonel la. 

2.2.7 Pastu re growth and cl imate 

The general ly mild temperatures and rel iable annual rainfall in New Zealand favours a 

pasture based l ivestock production system. Sheep are traditional ly grazed on pasture year 

round, often with supplements of hay or si lage in the winter (MAF, 2004c). In the South 

I sland, crops such as Swedes and Brassicas are often grown for winter feeding. Fert i l iser 

is commonly appl ied and irrigation is used in areas where rainfall is low for pasture 

production. Pasture growth occurs for 8 to 1 2  months of the year depending on soi l  type 

and location. Based on values from 1 97 1 -2000 ( for locations having at least 5 complete 

years of data), the average annual temperature and rainfall for the South Is land was 1 1  QC 

and 1 656 mm and that for the orth I sland was 1 3 .9QC and 1 1 66 mm (NIWA, 200 1 ). 

Average dai ly pasture growth rates in the South Island (n = 24 farms) and North Is land ( n  
= 5 0  farms) are shown i n  Figure 2 . 1 by calendar month. 
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Figure 2 . 1 :  Average daily pasture growth rates for 50 North Is land ( . )  and 24 South 
Is land (_) farms per m onth with 95% confidence intervals (adapted from Dexcel 
Limited (2005» . 

2.3 Respi ratory d isease in  s heep 

Respiratory disease is common in most l ivestock around the world. There are several 

different types recognised in sheep: 

1 0  

1 .  Acute pneumonia (AP) .  

2 .  Chronic non-progressive pneumonia (CNP) .  

3 .  Ovine progressive pneumonia (OPP) or maedi-visna ( MV) .  

4. Pleurisy .  

5 .  Jaagsiekte sheep retrovirus (JSRV ) .  



I n  New Zealand AP, CNP and pleurisy are the only forms of ovine respiratory disease 

currently recognised. 

2.3. 1 Cl in ical a n d  patho-physiological classification 

Acute pneumonia (AP) 

This  type of pneumonia has also been referred to as acute fibrinous pneumonia, acute 

necrotising pneumonia, acute exudative pneumonia or pneumonic pasteurellosis. Cl inical 

signs of AP include fever, depression, weight loss, isolation from flock, mucopurulent 

nasal discharge, increased respiratory rate and rales in the anterior thorax (Gilmour and 

Angus, 1 983) .  A P  often results in death within 1 2  hours of the onset of any cl inical signs 

in  sheep of any age (Al ley, 1 99 1 ) . Mortality rates associated with acute pneumonia vary 

between 2 and 8% ( Bruere et al . ,  2002) .  

On post mortem examination fibrinous exudates are present in the thoracic cavity with 

variable amounts of swollen, dark red consol idation occurring mainly in the cranioventral 

lobes. The remainder of the lung becomes congested and may contain haemorrhages 

(Al ley ,  2002) .  Animals surv iving this acute stage may recover, or become chronically 

affected with reduced lung capacity and reduced weight gain (Brogden et a l . ,  1 998) .  

Chronic non-progressive pneumonia (CN P) 

CNP is a subc l in ical form of pneumonia occurring more commonly in  lambs or hoggets 

between 3 and 1 0  months of age (Bruere et al . ,  2002). CNP has also been referred to as 

atypical pneumonia, summer pneumonia, prol iferative exudative pneumonia, prol iferative 

interstitial pneumonia or enzootic pneumonia. 

C P has few, if any, c l in ical signs (A l ley, 1 987b). Chronic coughing, difficulty in 

breathing, abnormally fast breathing (best demonstrated by exercise) or a mucopurulent 

nasal discharge may be present (Jones and Gi lmour, 1 983) .  

In  experimental ly induced CNP, lones et  al .  ( 1 982)  observed laboured breathing or 

abnormal breathing during the first 1 4  days post inoculation. During the first 6 weeks post 

inoculation the majority of the lambs appeared depressed and fever was recorded in 67% of 
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them. Generally, CNP is  associated with high morbidity and low mortal i ty ( Boulj ihad and 

Leipold, 1 995) .  

Lesions are usual ly confined to  the apical lobes and vary i n  colour from grey to  red-brown. 

They may be accompanied by dull red bands of col lapsed tissue (lones and Gilmour, 

1 983) .  CNP may last several months but lesions may resolve. Gi lmour et aI . ( 1 982a) 

suggest that complete regression of lesions is unl ikely in less than 7 months. Lungs may 

be permanently shortened but consolidated tissue can be re-aerated (A l ley, 1 99 1 ) . 

CNP and AP are considered to be pathological ly different due to the severity and extent of 

damage to the alveolar epithelium. In  both forms of pneumonia, Pasteurella 

( Mannheimia) haemolytica is considered to be the main bacterial agent responsible for 

lung damage where multiple serotypes may be involved (P. haemolytica serotype A I ,  A2, 

A6, A 7 and A9). However, little is known of the frequency of recovery of P. haemolytica 

serotypes between the two disease forms (A l ley, 2002). 

Ovine-progressive pneumonia (OPP) 

OPP is a lentiv irus disease of sheep in North America, which may progress for several 

months to a year before death occurs. Characteristic signs of disease i nc lude severe and 

progressive weight loss and laboured breathing or pneumonia. In most cases infected 

animals show no c linical signs. Maedi visna is a disease exotic to New Zealand, caused by 

a lentivirus closely related physically and biochemical ly to that causing OPP  (Cut l ip et aI . ,  

1 986). 'Maedi' translates as difficult breathing and ' visna' as wasting. 

Cl inical signs of opp seen in  animals 2 to 3 years old inc lude laboured resp i ration, loss of 

condition, decreased milk production and abortion. Lungs become mottled greyish-blue to 

greyish-brown, firm and large ( 2  to 3 times the normal weight) .  Transmission of the 

disease is pseudo-vertical through the ingestion of infected colostrum and mi lk .  There is  

no effective treatment or  vaccine available (B ruere et  aI . ,  2002) .  
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Sheep pulmonary adenomatosis 

Jaagsiekte sheep retrovirus (JSRV) causes sheep pulmonary adenomatosis (SPA) which is  

a contagious disease characterised by a tumour in  the lungs of adult sheep ( Hol land et  aI . ,  

1 999). A herpes virus and a retrovirus are often aetiologically associated with the disease. 

SP A has been reported in Europe, South Africa, Asia, Britain ,  I celand and I srael .  The 

disease is spread mainly by aerosol transmission. The i ncubation period in natural ly 

infected sheep appears to be long, which means that the disease is  general ly only seen in 

adult animals. However, on rare occasions tumours have been seen in lambs as young as 

two months old. 

Traditional ly, c lassical SPA is  diagnosed on the basis of chronic wasting with marked 

respiratory signs in adult sheep (Sharp, 2000). At necropsy, grey lesions are found in the 

apical and cardiac lobes of lungs and the lung is 3 to 4 times i ts normal size. The only 

method of control is by slaughter of affected animals (Bruere et aI . ,  2002) .  

P leurisy 

P leurisy is an inflammation of the pleura resulting in fibrous adhesions between lung and 

chest wal l .  It has been commonly accepted that pleurisy is not a separate entity but part of 

a pleurisy-pneumonia complex of poorly defined aetiology ( McGowan et aI . ,  1 978; Davies, 

1 985a; Pfeffer, 1 986) .  Acute pleural adhesions are l ikely to contain large numbers of the 

bacteria that caused the pneumonia from which they arose. Chronic fibrous pleurisy of any 

size may only contain a few of these organisms or be sterile depending on the stage of the 

disease process (Davies et aI . ,  1 986a) . 

I n  the early acute stage of pleurisy, contact and movement between the parietal and 

visceral pleurae causes pain due to inflammation of the pleura. In the second stage, 

serofibrinous inflammatory exudate col lects in the pleural cavity and can cause collapse of 

the ventral parts of the lungs. This reduces lung capacity and interferes with gas exchange. 

In the third stage, fluid is resorbed and adhesions develop, restricting movement of the 

lungs and chest wal l .  Interference with breathing is minor and disappears with time as the 

adhesions stretch with respiration ( Blood and Radostits, 1 989) .  Pleurisy lesions never 

resolve completely and permanent fibrous scars remain on the lungs and the parietal 

p leura. 
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Animals with subcl inical pneumonia and those surviving c l inical pneumonia may develop 

pleurisy . Extension of pneumonia from the surface of the lung to the l i ning of the chest 

cavity results in the formation of a fibrous adhesion between lungs and the chest wall .  

These lesions persist after the pneumonia resolves and appear to accumulate with 

successive episodes of pneumonia (Davies, 1 985b; Pfeffer, \ 986). 

2.3.2 Diagnosis 

Diagnosis in l ive animals 

I n  the case of AP, c l inical signs may be present ( refer 2 . 3 . l ,  Acute pneumonia). However, 

mOliality often occurs within 1 2  hours of the onset of any symptoms. 

There are usual ly no c li nical signs with CNP or pleurisy unti l  the disease has reached an 

advanced state ( refer 2 . 3 . \ ,  Chronic non-progressive pneumonia, Pleurisy). Serology of 

antibodies may indicate exposure to the main pathological agents of pneumonia in the l ive 

animal but gives no indication of whether lung damage has occurred or its extent. 

Two studies have investigated the use of ultrasonographic examination to detect l ung 

lesions (Maxson et aI . ,  1 996; Scott and Gessert, \ 998) .  Both of these studies, however, 

highlighted the l imitation of this diagnostic technique for use in lungs. This is because air 

reflects the ultrasonographic beam and prevents the visual isation of structures beneath the 

aerated lung surface.  The study conducted by Scott and Gessert ( 1 998)  examined ten ewes 

with pulmonary disorders and found that abscesses involving the pleura were clearly 

visible. The extent of SPA (sheep pulmonary adenomatosis) lesions were able to be 

outl ined and they identified secondary abscess formation within the tumour mass, 

however, no lung abscesses far away from the pleura surrounded by normal aerated lung 

tissue were identified during the ul trasonographic examinations. The study by Maxson et 

al. ( 1 996) also found that ultrasound was l imited in  the detection of hydatid cysts in  the 

lung because air in  the peripheral pulmonary parenchyma reflects sound waves and 

prevents the imaging of deeper structures. Only hydatid cysts, which were adj acent to the 

chest wal l ,  could be v isual ised. They reported a sensitivity and specific ity of ultrasound 

examination for detecting hydatid cysts in sheep and goat lungs to be 54.4% and 97.6%. 
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Diagnosis at s laughter 

The most accurate method of detecting chronic pneumonia and pleurisy in sheep is to 

carefully examine the lungs at necropsy (Al ley, 2002). This restricts the establishment of 

pneumonia status to a single point in the l i fe of a lamb, resulting in l imited knowledge of 

disease development and progress. 

2.3.3 Treatment 

Antib iotics have been shown to have an effect in the treatment of pneumonia. When there 

have been substantial deaths attributed to AP in the field, antibiotics are used to treat the 

remainder of the flock to prevent further deaths. They can also be used to reduce the 

effects of C P. There has been some degree of resistance of pneumonic pathogens to 

some types of antibiotic .  A number of in vitro, experimental infection and field studies 

have tested a variety of antibiotics against strains of bacteria and mycoplasmas isolated 

from sheep pneumonia cases. 

In vitro antibiotic studies 

Six in vitro studies have measured the susceptibi l ity or resistance of several sheep 

pneumonia pathogens to different types of antibiotics (Table 2 .3 ) .  Three of the studies are 

Turkish (Otlu, 1 997; Kaya and Kirkan, 1 999; Gurbuz and Sahin, 2003 ), two are Indian 

( Umesh et aI . ,  1 994; Mondal and Srivastava, 2004) and the remaining study is French 

( Sanchis and Abadie, 1 992). These studies have shown varying results where Gurbuz and 

Sahin (2003) have suggested that P. haemolytica isolates are 97% sensitive to penic i l l in 

and 93% sensitive to streptomycin, but other studies have shown P. haemolytica Biotype A 

to be resistant to streptomycin and Biotype T to be resistant to penic i l l in  and streptomycin 

(Sanchis and Abadie, 1 992 ; Kaya and Kirkan, 1 999). There are also some conflicting 

results between Kaya and Kirkan ( 1 999) and Sanchis and Abadie ( 1 992), in the sensitivity 

of P. haemolytica Biotype A to erythromycin, kanamycin and gentamycin and that of 

B iotype T to erythromycin and ampici l l in .  In  some of these studies (Umesh et aI . ,  1 994; 

Gurbuz and Sahin, 2003 ; Mondal and Srivastava, 2004), there was a l imitation of the 

number of isolates tested, particularly that of Mondal and Srivastava ( 2004), where only 

six i solates were tested. In terms of the number of isolates tested in the study of Sanchis 

and Abadie ( 1 992, n= 1 66) was superior to that of Kaya and Kirkan ( 1 999, n=48) and 

Gurbuz and Sahin (2003 , n=29) .  
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Some Mycoplasma species are susceptible to antibiotics that P. haemolytica isolates are 

not and vice versa. It would appear based on these in vitro studies, that enrofloxacin and 

danofloxacin are the only two antibiotics that P. haemolytica and Mycoplasma spp. are 

susceptible to. In  the absence of knowing which pathogen i s  the cause of pneumonia cases 

in the field, the most successful antibiotic treatment would be that to which no resistance is 

evident. 
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Table 2.3: Pathogens of sheep pneumonia and their sensitivity to antibiotics, with 
stud references. 

Pathogen Antibiotic 

Pasteurella haemolytica Danoflaxin 
Enrotlaxin 

Erythromycin 

Gentamycin 

Pen ici l l in 

Streptomycin 

Tetracycl ine 
Kanamycin 
C lavulanic acid-amoxici l l in 

P. haemolytica biotype A Penici l l i n  
Ampici l l in 

Oxytetracycl ine 
Erythromycin 

Streptomycin 

Kanamyc in 

Gentamycin 

P. haemolytica biotype T Erythromycin 
Kanamycin 

Gentamycin 
Pen ici l l i n 
Ampic i l l i n  

Oxytetracycl ine 
Streptomycin 

P. multocida Tetracycl ine 
Ampic i l l in 
Gentamycin 

Kanamycin 
Streptomycin 

Mycoplasma agalactiae Enroflaxin 
Oxytetracycl ine 

Gentamycin 
M. arginini Enrofloxacin 

M. ovipneumoniae 

References: 

Danofloxacin 

Ampic i l l in 

Erythromycin 
Streptomycin 
Enrofloxacin 

Oxytetracycl i ne 

Danofloxacin 

Ampic i l l in 
Erythromycin 

Streptomycin 

I - Gurbuz and Sah in (2003). 
2 - Kaya and Kirkan ( 1 999). 
3 - Mondal and Srivastava (2004). 
4 - Otlu ( 1 997). 
5 - Sanchis and Abad ie ( 1 992) .  
6 - U mesh et  a l .  ( 1 994). 

Sensitive 

Sensitive 
Sensitive 

Sensitive 

Not sensitive 

Not sensitive 
Not sensitive 
Sensitive 
Sensitive 

Sensitive 
Not sensitive 
Not sensitive 

Not sensitive 
N ot sensitive 

Not sensitive 
N ot sensitive 

Sensitive 

Sensitive 
Sensitive 

h ighly sensitive 
h igh ly sensitive 

h ighly sensitive 

(2) 
(2) 
(2) 
(2) 
(2) 

(2) 
(2) 
(2) 
(2) 
(2) 

(2) 
(2) 
(2) 
(2) 

(6) 
(6) 

(6) 

(6) 
(6) 
(3)  
(3 ) 
(3)  

29/29 

24/29 

28/29 

28/29 

27/29 

27/29 

26/29 

0129 
1 0 1 /2 1 9 

2 1 5/2 1 9  

1 03/2 1 9  

9312 1 7  

1 99/2 1 9  
2 1 1 /220 

22142 

3 8/42 
42/42 

1 1 /42 
40142 
1 0/40 

42143 

40143 

39143 

7143 

0/ 1 8  
1 8/ I  8 

1 7/ 1 8 

1 6/ I  8 
1 6/ 1 8  
21 1 8  

0/ 1 8  
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Experimental antibiotic studies 

In the U K, long-acting oxytetracycl ine was administered to specific pathogen free lambs at 

a dose rate of 20 mg/kg either 24 hours before or 24 hours after exposure to an aerosol of 

P. haemolytica (Gi lmour et aI . ,  1 982c). Three groups of 1 0  lambs with antibiotic treatment 

24 hours before exposure, antibiotic treatment 24 hours after exposure and non-treated, 

exposed lambs were compared. The pre-infection treatment delayed the appearance of 

cl inical signs of pneumonia by 4 days and deaths of 5 lambs for 5 to 6 days. Seven 

untreated lambs had died by this time. The post- infection treatment resulted in rapid 

cl inical recovery persisting unti l 6 days post-infection, but 2 treated lambs died 7 days 

post-infection. The extent of lung lesions in the post-infection treatment lambs was 

reduced in comparison to untreated lambs. This indicated that oxytetracyc line had some 

effect against P. haemolytica but was more effective when administered post-infection. 

Three-week old lambs were experimental ly chal lenged with an aerosol of P. haemolytica 

biotype A serotype 2 (Gi lmour et aI . , 1 990). Ten lambs were treated with a c lavulanic acid 

and amoxic i l l in combination (repeated twice at 24 hour intervals) .  There was a significant 

difference in death rate, l out of 1 0  treated lambs died and 7 out of 1 0  untreated lambs died 

between 3 and 6 days after treatment. Post mOl'tem examination showed bacteriological 

evidence of pasteurel losis and the presence of either pleurisy or subacute pneumonia. 

These experimental field studies show that antibiotics ( long-acting oxytetracyline and 

clavulanic acid/amoxiciI l in) have had an effect on experimenta l ly induced pneumonia. 

Recent in vitro studies (as described above) have indicated some level of resistance of P. 

haemolytica isolates to oxytetracyline and clavulanic acid-amoxic i l l in ( Kaya and Kirkan, 

1 999; Gurbuz and Sahin, 2003 ) ,  

Field studies of antibiotic use 

Field studies investigating the effect of antibiotics have predominantly involved c l inical or 

acute pneumonia. The chal lenge for the treatment of subcl inical CNP is the abi l i ty to 

detect the disease in l ive anjmals and to correctly identify which animals to treat. I n  

addition, issues involving antibiotic residues in  lamb meat, ant ibiotic resistance and cost 

effectiveness of such treatments require consideration, In fie ld studies involving acute 

pneumonia, antibiotic treatment has largely been effective. 
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On seven Scottish farms there was a laboratory confirmation of Pasteurella-related deaths 

in young lambs (Appleyard and Gi lmour, 1 990) .  Half of each flock was treated with long­

acting oxytetracycl ine (20 mg/kg intramuscular ly) .  On four of the farms two treatments 

were given and on the remaining three only one treatment was given. Fewer deaths 

resulted in the treatment groups where l out of 345 ( 1  treatment) and 0 out of 533  ( 2  

treatments) lambs died compared with the untreated control group where 1 0  out o f  345 and 

8 out of 533  lambs died. The comparison of lamb deaths, between lambs treated both once 

and twice, with the control group was statistically significant (p<0.00 1 ). Treatment (both 1 

and 2 treatments) was associated with a 94.0% reduction (95%CI 58 .5 ,  99.3%) in the risk 

of death compared with placebo. Nine control lambs were diagnosed with AP (which 

responded to long-acting oxytetracycl ine) and no treated lambs showed any cl inical signs 

of disease. 

In the U K, an outbreak of AP caused the death of 8 out of 1 88 (4%) 5 week old lambs over 

a period of 1 week ( Sargison and Scott, 1 995) .  Half of the lambs were treated with a single 

subcutaneous injection of 1 0mg/kg ti lmicos in  (Micoti l )  and the other half with a single 

intramuscular injection of oxytetracycl ine (Engemycin) .  There was no untreated control 

group used in this study to make a val id comparison. Treatment improved the cl inical 

condition and dai ly l iveweight gains were improved, but no significant differences 

occurred between the two treatment groups. Four more lambs died within two days of the 

treatment but there were no further deaths subsequently .  

In  Egypt, three flocks of sheep with average morbidity rates of 54% and mortality rates of 

1 1  % due to pneumonia, were treated with gentamycin (Sadiek et aI . ,  1 993) .  Treatment 

reduced the severity of cl inical signs (anorexia, pyrexia, congested mucous membranes, 

laboured respiration, bi lateral mucopurulent nasal discharge and signs of dyspnoea). 

Mortal ity rates post-treatment were not provided and no control groups were used. 

In Hungary, tiamul in was used to treat lambs that had experienced pneumonia outbreaks 

associated with adenovirus, pasteurella and mycoplasma spp. infection ( Stipkovits et aI . ,  

1 985) .  Average weight gains 4 1  days post treatment were 1 5 .8 ,  1 4 . 7  and l OA kg for lambs 

with tiamulin added to feed (n  = 200), lambs injected with tiamulin (n = 200) and control 

groups (n = 200) respectively . On post mortem examination pulmonary changes were seen 

in 36%, 29% and 69% of each group and severe pneumonia in 7.6%, 5 04% and 32%. The 
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difference in  pulmonary changes and pneumonia between either of the t iamulin treatment 

groups and the control group was significant ( p  < 0.00 1 ) but not between treatment groups. 

Mycoplasmas were isolated from 90% to 1 00% of nasal swabs prior to treatment and from 

3 out of 20 ( 1 5%), 1 0  out of 20 (50%), 1 9  out of 20 (95%) nasal swabs post treatment from 

the feed group, injection group and control group respectively. This difference was 

significant between al l groups of lambs ( p  < 0.020) .  

In  a study by Al ley and Clarke ( 1 980), Ronidazole, oxytetracycl ine, tylosin and penic i l l in 

suppressed in varying degrees the development of lesions and the growth of bacteria and 

mycoplasmas in the lung. The dose of tylosin did not prevent consol idation of the lungs by 

M. ovipneumoniae, whereas the highest concentration of Ronidazole e l iminated bacteria 

and mycoplasmas from the lungs and gave the greatest suppression of lesions, however, 

the dose produced signs of toxicity. Although penic i l l in  markedly diminished the severity 

of lesions, it did not prevent either colonisation of the lung by M. ovipneumoniae or the 

development of local ised lesions. 

These l imited numbers of field trials have shown that antibiotic treatment tends to have 

positive effects on the surviving animals of AP outbreaks in terms reducing the severity of 

c l inical signs and reduc ing the development of pneumonic lung lesions. This effect is 

apparent even though some level of resistance of ome pathogens of pneumonia to 

antibiotics has been observed in vitro. Animals surviving AP either recover completely or 

go on to develop C P. Antibiotic treatment reduces the development of lung lesions of 

surviving animals of AP and it i l ikely the development of C P is also suppressed . 

Summary 

This section has described the different forms of respiratory disease present in sheep, their 

aetiology and their cl inical patho-physiological c lassifications. AP, CNP and pleurisy are 

the only forms of ovine respiratory disease found in New Zealand. 

Accurate diagnosis of CNP and pleurisy is l imited to slaughter, which places l imitations on 

the abil ity to precisely identi fy the time of onset of disease and the temporal development 

in affected animals. Serology can provide evidence of infection with micro-organisms, 

however, this information is of l imited use as these pathogens may have e i ther prol iferated 
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in the lung causing pneumonia or been cleared from the respiratory tract through innate 

defence mechanisms. 

Ultrasonography has been trialled as a diagnostic method although it is limited to lesions 

on the lung surface as air in the lung reflects the ultrasonographic beam 

Antibiotics have been used successfully in the treatment of AP and CNP in the field 

although in vitro studies have indicated resistance of P. haemolytica, P. multocida, M. 

arginini and M. ovipneumoniae to some antibiotics .  Antibiotic treatment is essentially 

restricted to the treatment of AP, as in  the absence of clinical signs for CNP, no knowledge 

of which lambs to treat provides difficulties. 

2.4 Pneu monia in New Zealand 

2.4. 1 Prevalence 

The earliest estimate of mortality rate attributable to AP in New Zealand lambs was about 

five percent in individual flocks ( Porter, 1 970). Manktelow ( 1 970) proposed AP caused 

'quite severe mortalities on individual farms although no field data was presented to 

suppo11 this proposition. Since then, several other authors have reported lamb mortality 

rates ranging from 8% to 2 1  % and outbreaks occurring at various locations nationwide 

(Smith, 1 975 ;  Anonymous, 1 976; Sorenson, 1 976; Anonymous, 1 978; Davies, 1 986; Orr 

and Black, 1 996; Orr et aI ., 1 998;  Clark et aI . ,  200 1 ). From the limited published reports, 

there appears to be no ident ifiable trend in AP mortality rates over time or associated with 

geographical location. A map of ew Zealand (Figure 2 .2 )  shows the various regional 

locations of pneumonia studies as discussed throughout this review. 
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Figure 2.2: Map of N ew Zealand. 

Reports of CNP prevalence have varied between 2 1  % and 93%. In  a trial estimating the 

seasonal incidence of pneumonia in Hamilton ( Waikato, Kirton et a l .  1 976), an average of 

60% of the trial lambs showed some evidence of pneumonic lesions at slaughter over a five 

year period . Thurley et al .  ( 1 977) reported C P prevalence of 78% (n = 27) and 57% (n  = 

58),  recorded at slaughter, in a subsequent season at Wal lacevi l le ( Wel l ington). In  the 

Hawkes Bay and Fei lding (Manawatu), McGowan et al .  ( 1 978) demonstrated prevalence 

of 78 to 93% in lambs three months of age when examined post-mortem. The prevalence 

of lesions measured at slaughter in their older counterparts at suitable market slaughter 

weights was 3 5  to 68%. 

Between March and Apri l  1 996, the prevalence of CNP among 9,400 lambs across seven 

slaughter plants covering al l  geographic regions of New Zealand was estimated by Black 

( 1 997). The case definition used in this study was lesions with red or red-grey 

consolidation covering more than a quarter of one anteroventral lung lobe with the 

presence of fibrinous plural exudates. The prevalence of this definition of pneumonia in  

Northland was 1 3% (95%CI 1 1 , 1 6), Bay of P lenty 6% (95%CI 5 ,  8 ), East Coast 

(corresponds to Eastland in F igure 2 .2) 4% ( 95%CI 3, 5 ), Wanganui 6% (95%CI 4, 7), 
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Marlborough 4% (95%CI 3 ,  5) ,  Canterbury 4% (95%CI 3, 5 )  and Southland 5% (95%CI 4 ,  

7 ) .  

In  Southland, the King Country ( refer F igure 2 .2 ,  Upper Wanganui/Taupo) and Northland 

the pneumonia prevalence of lambs randomly  selected for slaughter was 2 1 .8% (95%CI 

20.0, 2 3 .7)  in Southland (n = 1 ,9 1 7), 49.2% (95%CI 46.9, 5 1 .5 )  in  the King Country (n = 

1 ,83 1 )  and 60.3% (95%CI 57 .8 ,  62 .8)  in  Northland (n = 1 ,485) .  The prevalence of lesions 

in each region was significantly different from each other reg ion (Goodwin et aI., 2004) .  

2.4.2 Feed back to fa rmers from processing plants 

Pneumonia is not routinely recorded by processing plants as there are no associated human 

health risks or direct effects on lamb carcasses. In flocks with a high i ncidence risk of 

subc l inical pneumonia, farm managers may be unaware of the extent of the problem due to 

the lack of feedback from processing plants. Post mOliem inspection by veterinarians 

when AP related mortality occurs on faml is currently the only source of an aetiological 

diagnosis. However, these are not l ikely to be conducted unless mortality rates are high. 

Pleurisy is routinely recorded by processing plants and reported to producers. P leuri sy 

affects carcass quality and consequently, carcasses with pleurisy are of reduced value. As  

pneumonia can be  a precursor to  pleurisy, records of  pleurisy from processing plants may 

provide some indication of pneumonia levels .  The correlation between pneumonia and 

pleurisy, however, is h ighly variable, so pleuri sy is not an accurate indicator of pneumonia .  

I n  the pig industry, programs for the uti l isation of post mortem data collected at slaughter 

have been developed to improve di sease control measures and management practices. This 

includes the col lection of pneumonia information. In the pig industry an effective 

mycoplasma vacc ine is  often used to control pneumonia. The need for use of this vaccine 

may be establ ished through feedback of pneumonia levels at slaughter to farm managers. 

The main l imitation is that pneumonia levels recorded at slaughter only reflect the last four 

to six weeks of production. The abil ity to identify significant risk factors for pneumonia 

occurring through the entirety of the animal 's  l ife, therefore, is l imited. In comparison, 

there is no efficacious pneumonia vaccine for lambs at present and only general guidelines 

exist for control of the disease. It is questionable therefore whether feedback of 

pneumonia levels at slaughter would be beneficial to sheep farm managers. 
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2.4.3 Discussion 

There is a lack of detai led data on AP in New Zealand. Whilst it has been reported that 

mortal ity rate vary between 8% and 2 1  % for AP outbreaks at various locations nat ionwide, 

there are no reports of average mortal ity rates, inc idence of AP, recovery rates or the rate at 

which AP develops into CNP .  However, due to the sporadic nature of such outbreaks this 

information may be difficult to obtain. CNP prevalence has been estimated in various 

studies. Particularly high prevalence was reported from two farms in the Hawkes Bay in 

November in  three month o ld lambs of 80% and 93% (McGowan et ai . ,  1 978) .  The 

prevalence of CNP tends to decrease from the North of the North Is land to the South of the 

South I sland. This has been demonstrated in two studies. The reasons for this are unclear 

al though one would suspect it to be related to cl imate. Another possible explanation is that 

it is related to farm management or predominant sheep breed. The study of Goodwin  et ai .  

(2004) selected flocks with a history of pneumonia. The study of Black ( 1 997) included al l 

flocks supplying lambs (n  = 9,400) to seven slaughter houses nationwide, however, the 

period only covered two months. There is no information of CNP prevalence across the 

wider population of sheep to indicate averages and extremes of prevalence. The temporal 

pattern of C P based on processing plant data has not been establ i shed, probably due to it 

not being routinely recorded. Collection of this information would be valuable to indicate 

how widespread CN P is. Farmers real ise that pneumonia is a problem that leads to 

reduced productivity of lambs. Their needs are focused on the development of control 

strategies for the disease in the absence of an effective vaccine. Currently there is no 

feedback to farmers on the pneumonia status of lambs. 

2.5 Economic loss due to pneumonia a n d  pleu risy 

2.5. 1 The effect of p n e u m onia on growth rate 

In New Zealand, three studies have evaluated the effect of chronic pneumonia on lamb 

growth rate . One of these involved experimentally induced pneumonia (Al ley, 1 987b) and 

the other two involved the natural ly occurring disease under field conditions ( Kirton et a i . , 

1 976; Goodwin et ai . ,  2004) .  

I n  the Hawkes Bay, Kirton et  ai .  (1 976) showed an association between pneumonia at 

slaughter and l ive-weight gain under field conditions of 3 ,243 lambs born in a flock over a 
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five year period. The study design was restricted by sample size (one farm) making it 

d ifficult to extrapolate results to the national l amb population. However, moderate and 

severe pneumonia reduced carcass weight on average by 0.45 kg per lamb. The average 

carcass weight of lambs excluding those with moderate to severe pneumonia was 1 2 .4 kg. 

If lambs were sl ightly heavier than average at wean ing they had more extensive pneumonia 

at s laughter but the authors were unable to explain this fmding. The overal l  pneumonia 

prevalence was 50.5%. The severity of observed pneumonia was, however, relatively low 

with 20% mild pneumonia, 6% moderate pneumonia, 0.5% severe pneumonia and 24% 

parasitic (due to Dictyocaulus spp.) .  The mean growth rate of unaffected lambs was low 

(45 to 1 1 2 g/day, in comparison with 1 6 1  to 205 g/day reported by other studies that were 

conducted at the time ( McConnel l  and Jagusch, 1 972;  Joyce et aI . , 1 976)). I t  seems l ikely 

there were other factors influencing lamb growth rate masking the effect of pneumonia on 

growth in the Kirton study . Also, the method of selection (based on weight and condition) 

of lambs for slaughter would have b iased the results of this study in comparison to an 

unbiased random selection method. 

A trial was conducted by Al ley ( 1 987a) in the Manawatu involving experimental ly i nduced 

pneumonia. L ive-weight gains and carcass weights of 40 lambs grazed under pastoral 

conditions were compared with those of a control group. Lambs of 1 20 days of age were 

intranasal ly i noculated with homogenised pneumonic lung derived from cases of naturally 

occurring CNP. At 30  days post-inoculation pneumonic lambs weighed on average 1 .74 

kg less than the controls. At 60 days post-inoculation, this difference was 2 . 1 9  kg. 

Carcass weights of pneumonic lambs were reduced on average by 1 .5 kg over the 60-day 

period, 1 .3 9  kg of which occurred i n  the first 30 days. No confidence intervals were 

presented for this study nor was the standard deviation of the reduction in carcass weight. 

Exc luding sheep with healthy l ungs from the inoculated group and excl uding sheep with 

pneumonic lungs from the control group, provided a more accurate estimation of the effect 

of pneumonia. A significant correlation was found indicating that under good pasture 

growing conditions pneumonic animals could be expected to show a reduction of 0.8 kg 

per month for every 1 0% of lung area affected with pneumonia. Under drier weather 

conditions (30 to 60 days post-inoculation) the reduction in growth rate was 0 .9 kg per 

month per 1 0% pneumonic lung area, probably due to a lower growth rate in all l ambs due 

to a reduction in the quality and quantity of pasture available.  Therefore, the effect of 

pneumonia on growth may be more severe under conditions of nutritional stress. 
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However, experimental ly i nduced pneumonia may not repl icate the disease in  its natural 

state. The external validity (ability to make inference about the underlying population 

from this sample) of this study could, therefore, be questioned. 

A simi lar effect of pneumonia on lamb growth rate was found under field conditions in  

three regions of New Zealand by Goodwin et  al . (2004) .  Dai ly  weight gain in  the month 

prior to slaughter was reduced in randomly selected lambs where, at the time of s laughter 2: 

20% lung surface area was affected by pneumonia. Although the study of Al ley ( 1  987a) 

was investigating experimental ly i nduced di sease, the reduction in  growth rate due to 

pneumonia was comparable with the study of Goodwin et al . (2004) .  Lambs with 

pneumonia grew 65 .5 g/day slower than control lambs (Al ley, 1 987a), simi lar to the 7 1  

g/day reduction observed by Goodwin et al .  ( 2004) .  Lambs i n  the latter study experienced 

a simi lar prevalence and severity of pneumonia as in a Scottish study of lones et al. ( 1 982),  

where pneumonic lambs grew at 70 g/day less compared with control lambs. The Scottish 

study was conducted on housed lambs comparing experimenta l ly induced pneumonia with 

controls (lones et aI . ,  1 982) .  

2.5.2 Pleu risy 

At slaughter, lamb carcasses with pleural lesions are typical ly identified by meat inspectors 

and detained for trimming. In severe cases, trimming may involve part or al l  of the rib 

cage. The carcass is then re- inspected by a meat inspector and rai led back into the 

production l ine. 

Pleurisy is not a known public health risk, but a carcass may be downgraded if it has been 

detained and required removal of the rib cage due to pleurisy . Most lamb exports from 

New Zealand are in the form of carcasses boned into cuts, therefore, a carcass that has been 

trimmed due to pleurisy is devalued because the rib cage ( lamb racks) is not at a suitable 

standard for human consumption. Our major lamb export markets (Europe, United States 

and Asia) currently have no specific restrictions regarding p leurisy as the New Zealand 

standard for post-mortem inspection is accepted by the regulatory authorities in these 

countries. 
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The financial cost of pleurisy to the meat industry is substantial through an increased 

workload in identify ing and trimming pleural lesions in carcasses at slaughter. I n  addition, 

carcasses downgraded due to pleurisy reduce the price received by the farmer. 

2.5.3 Mortali ty 

Mortality due to AP is  a source of economic loss to New Zealand farmers. Mortal i ty rates 

in New Zealand have been reported between 8% and 2 1  % with variation between seasons 

and individual farms ( Smith, 1 975;  Anonymous, 1 976; Sorenson, 1 976; Anonymous, 1 978 ;  

Davies, 1 986;  Orr and Black, 1 996; Orr et a I . ,  1 998 ;  Clark et  aI . ,  200 1 ). However, these 

mortality rates are reported from flocks with mortality due to AP only, with l ittle known of 

AP incidence or  mortality attributable to AP across the wider sheep population. 

2.5.4 Economic losses at the ind ustry level 

No spec ific economic models have been developed to estimate the cost of pneumonia to 

farmers or the meat industry. Whi le an estimate of the direct cost of p leurisy to New 

Zealand farn1ers was given 29 years ago at $ 1 . 8 mi l l ion ( Dysart, 1 976), it i s  not currently  

appl icable due to  changes in  lamb prices and pleurisy prevalence. For the 2002/2003 

season, the national average pleurisy prevalence was 8 .7% (ASURE New Zealand Ltd. ,  

P .O .Box 1 1 4 1 ,  Christchurch). Assuming this prevalence was constant throughout the 

country, that 65% of lambs with p leurisy end up in  cutter grades (Dysart, 1 976), an average 

lamb price of $60 per head, a loss of $ 1 8  per carcass if pleurisy cutter grades are incurred 

(S .  B rown, personal communication) and 23 .8  mi l l ion lambs were ki l led, as i n  2004 (MAF, 

2005), the direct loss to the New Zealand farmer in  2002/2003 due to lamb pleurisy would 

be in  the order of NZ $24 mi l l ion (US $ 1 5  mil l ion). The economic loss due to pneumonia 

is more difficult to estimate. 

CNP reduces the growth rate of lambs ( Kirton et aI . ,  1 976; Jones et aI . ,  1 982 ;  Al ley, 1 987a; 

Goodwin et aI . ,  2004) leading to reduced lamb productivity and a subsequent economic 

loss to the farm. In  order to reach target slaughter weights, l ambs with pneumonia stay on 

the farm longer resulting in increased inputs and costs ( pasture, labour, animal health 

treatments). This also leads to reduced returns due to target slaughter weight not being 

reached, or a decrease in lamb prices, as tends to occur later in  the season .  
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The financ ial cost associated with pleurisy is mainly a result of increases in  workload at 

the processing p lant due to trimming and additional inspection before the carcass goes 

back into the production l ine. There is also a cost to farmers where carcasses are devalued 

due to trimming of pleural adhesions. Mortal ity causes direct financial loss to farmers 

through lamb mortal i ty which may be between 8% and 2 1  % in individual cases. However, 

l ittle information is avai lable on how often these outbreaks occur in individual flocks and 

the proportion of the remainder of the flock affected. Economic losses due to pneumonia 

CAP or CNP) have not been quantified. 
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2.6 Causes 

Pneumonia is  a disease of complex aetiology, involving interactions between a range of 

microorganisms ( bacteria, v iruses, mycoplasmas), the immunological and physiological 

responses of the host (Bruere et a I . ,  2002), and environmental effects. Pneumonia 

develops when antibacterial defence mechanisms of the lung break down and bacterial 

prol iferation occurs ( Bruere et aI . ,  2002).  Stress andlor infections with viral or primary 

bacterial agents reduce the innate pulmonary immune barriers leading to infection 

(B rogden et aI . ,  1 998) .  

2 .6. 1 Pathogens of pneu monia 

The l ist of possible aetiological agents for CNP and A P  is identical. Pneumonia i n  sheep is 

commonly associated with Pasteurella haemolytica, Pasteurella multocida, Mycoplasma 

ovipneumoniae, Mycoplasma arginini and parainfluenza virus type 3 .  A wide range of 

micro-organisms, in addition to those c ited, have been isolated from affected lungs. 

Bacteria 

Pasteurella (Mannheimia) haemolytica is thought to be an opportunistic pathogen 

incapable of inducing disease in the absence of a mild respi ratory virus infection ( Davies et 

aI . , 1 980a; Davies, 1 985a; Brogden et aI . ,  1 998) .  The organism can be isolated as a 

harmless commensal from the upper respiratory tract of lambs (Davies, 1 987) .  A 

breakdown of barrier integrity at any level may release P. haemolytica from its usual 

commensal status in the nasopharynx and allow it to colonise and prol iferate throughout 

the upper respiratory tract and induce ti ssue damage in the lung ( Brogden et aI . ,  1 998) .  

P. haemolytica, P. multocida and Escherichia coli are the most common bacterial i solates 

from AP and CNP cases world-wide (Table 2 .4) .  
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Table 2.4: Bacterial isolations from cases of ovine pneum onia. 

Bacteria Countries 

Acholeplasma laidlawii India, Germany 

A rcanobacterium 
pyogenes 
Bordetella 
bronchiseptica 
Corynebacterium equi 
Corynebacterium 
pyogenes 
Corynebacterium spp. 
E cherichia coli 

Klebsiella spp. 

Neisseria catarrhalis 

Pasteurella 
haemolytica 

Pasteurella multocida 

Spherophorus 
necrophorus 
Staphylococcus spp. 

Streptococcus spp. 

Streptococcus 

pyogenes 

30 

Nigeria, New Zealand 

USSR, New Zealand 

Nigeria 
Spain 

I ran 
Nigeria, I ndia, Austral ia, 
New Zealand 

Nigeria, Australia 

Nigeria, New Zealand 

New Zealand, Norway, 
Spain, Germany, Spain, 
Turkey, N igeria, 
Hungary, 
Australia, I ran 

Germany, Spain, Nigeria, 
USSR, Australia, I ran, 

ew Zealand 

Spain 

Nigeria, New Zealand 

Spain, I ran, New Zealand 

Nigeria 
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( Sal isbury, 1 957;  A l ley and 
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Sul l ivan, 1 973 ;  A l ley, 1 975; 
Loizel ier, 1 975 ;  Thurley et aI . ,  
1 97 7; Ikede, 1 978; Bakke, 1 982; 
Bockl isch et aI . ,  1 987a; 
Bockl isch et aI . ,  1 987b; 
Bockl isch et aI . ,  1 989; Al ley, 
1 99 1 ;  Tabatabayi et aI . ,  1 992; 
Haziroglu, 1 994; Boulj ihad and 
Leipold, 1 995; Miklos, 1 999) 
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( Loizel ier, 1 975 )  
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1 987b) 
( Loizelier, 1 975 ;  Al ley, 1 987b; 
Tabatabayi et aI . ,  1 992) 
(Obasi et aI . ,  200 1 )  



Eleven serotypes of P. haemolytica biotype A are recognised in New Zealand (Al ley, 

2002).  The most common serotype isolated from pneumonic lungs is  A2 ( Prince et aI . ,  

1 985) .  I n  New Zealand, P. haemolytica serotype A2 was predominant i n  a survey of 

pneumonia involving North I sland slaughterhouses (Northland, Te Puke ( Bay of Plenty), 

Wairoa (Northern Hawkes Bay), Wanganui)  and South I sland slaughterhouses 

(Mal borough, Canterbury and I nvercarg i l l  ( Southland)) with A 7, A9, A 1 and A6 fol lowing 

in order of frequency ( Black, 1 997) .  The distribution of P. haemolytica serotypes was 

simi lar in all locations. The number of pneumonic lungs with P. haemolytica was 

relatively similar at six of the p lants but the northernmost plant had a higher number of 

both P. haemolytica and P. multocida cases. As a percentage of total Pasteurella isolates, 

P. multocida decreased with latitude from 29 out of 92 (32%) in Moerewa (Northland) to 0 

out of 70 (0%) in I nvercargi l l  ( Southland). Three serotypes of Pasteurella trehalosi were 

cultured ( Black, 1 997) .  Neisseria catarrhalis has also been found to be common in the 

nasal cavity of sheep in New Zealand and is usually found in association with P. 

haemolytica. It appears to have the abi l ity to colonise the llmg in a significant proportion 

of cases of chronic pneumonia (A l ley, 1 975) .  

Mycoplasma species 

Mycoplasma ovipneumoniae and Mycoplasma arginini are commonly isolated in cases of 

sheep pneumonia. 

In a British study, the combination of Mycoplasma ovipneumoniae and P. haemolytica 

serotype A2 experimentally induced a prol iferative (atypical ) pneumonia i n  lambs (lones 

et aI., 1 982) .  

Table 2.5 shows the most common isolates of mycoplasma from cases of ovine pneumonia 

worldwide. The most frequently isolated mycoplasmas were M. ovipneumoniae and M. 

arginini with M. bovis and M. agalactiae isolated less frequently .  
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Table 2.5: Mycoplasmal isolations from cases of ovine pneumonia. 

Mycoplasma Countries Reference 

M. ovipneumoniae Austral ia, Denmark, Germany, Hungary, (St .  George and Su l l ivan, 1 973;  

Kenya, Norway, Sweden, Turkey, USA, Al ley et  ai . ,  1 975 ;  A l ley and 

M. arginini 

New Zealand Clarke, 1 977; Pfeffer et ai . ,  

1 983 ;  A l ley et a i . ,  1 999) 

Germany, I ndia, I ran, Nigeria, USA, New (Al ley et ai . ,  1 975 ;  Bockl isch et 

Zealand 

M. bovis Germany 

M. agalactiae Kenya 

Mycoplasma spp. USSR 

aI . , 1 987a) 

( Bockl isch et ai . , 1 987a) 

( Mohan and Uzoukwu, 1 985)  

( Khamadeev et a i . ,  1 983 )  

[n  a New Zealand survey of six to nine month-old lambs slaughtered during autumn, Al ley 

( 1 975 ) found that all mycoplasmas recovered from the respiratory tract were isolates of 

either M. ovipneumoniae or M. arginini. M. ovipneumoniae was recovered from 48% of 

normal sheep and 70% of pneumonic sheep. M. arginini was recovered from 33% of 

normal sheep and 52% of pneumonic sheep. 

Viruses 

Viruses are rarely isolated from pneumol1lc lung tissue although there is serological 

evidence for their presence in flocks when the prevalence of pneumonia is high ( Davies et 

ai . ,  1 982) .  Experimental investigations have shown that P. haemolytica can pro l iferate in 

the lung fol lowing infection with a number of different v iruses and give rise to pneumonia. 

I t  is usually c leared rapidly from uninfected lung and few lesions develop ( Davies et a i . ,  

1 98 1 ) . After any one of a series of virus infections that pass through a lamb flock P. 

haemolytica proliferates in  the nose and can spread to the lung ( Davies et a I . ,  1 983 ), 

impairing the abi l ity of the lung to c lear the bacteria. 

I n  New Zealand, Parainfluenza type 3 (P I 3 )  is suspected to be involved in many outbreaks 

of pneumonia although adenoviruses may also be involved ( Davies et aI . ,  1 980a). Two 

New Zealand studies (Davies et ai . ,  1 980a; Pfeffer et a I . ,  1 983 )  focused on antibodies to 

viruses and a relationship was shown between antibody titres and pneumonia prevalence. 

Davies et al .  ( 1 980a) investigated the pattern of ant ibody titres to adenovirus and PI3 virus. 
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Four farms were studied in the Hawkes Bay where serum samples from groups of 1 1  to 1 4  

lambs on each farm were col lected monthly from August 1 976 (when lambs were 1 to 3 

weeks old) to July 1 977 (when lambs were 45 to 47 weeks old). Antibody titres against 

adenovirus decreased steadi ly from August to Apri l ,  fol lowed by an i ncrease unti l  J uly . 

The frequency of new infections was the highest in Apri l  and May (Table 2 .6) .  Antibody 

t itres decreased steadily against PI3  from August to February, fol lowed by an increase unti l 

July . The frequency of new infections was the highest from March to Apri l .  Although no 

causal relationship could be establ ished from this study, serological evidence of infection 

with PI) in flocks A and B was temporal ly related to high pneumonia prevalence in 

slaughtered lambs (Table 2 .6) .  However, high pneumonia prevalence was observed in 

lambs slaughtered at the t ime of, or shortly after, evidence of flock infection with an 

adenovirus. The study suggests that adenovirus and Pb v iruses may play an in1portant role 

in  the development of pneumonia. 

Table 2.6: Relationship between virus infections and prevalence of pneumonia 
(Davies et aI., 1980a�. 
Month Farm A Farm B Farm C 

ew ew ew 
infections* infections* infections* 

Ph AV Pn PI3 AV Pn Ph AV Pn 

Nov a a a a a a 1 . 1 
Dec a a 4 .3  a a 7 .a  a a 3 .a 

Jan a a a a a a 

Feb 1 a 9 .9  l a  a 8 . 3  a a 1 . 8 

Mar 1 2  a 24.8 1 5 .., a -' 

Apr 1 2 a 6 32 .2  1 0  

May a 8 a 0 a 7 9.4 

Jun a 22 .8  a a 3 9.2  a 5 

* N umber of animals w ith a rise i n  antibody t i tre to :::: 1 .2 .  The same 1 4  lambs on farm A, I I lambs on farm 
B and 1 3  lambs on farm C were exam ined each t ime 

PI3 - parainfluenza virus type 3 
A Y  - adenovirus WY 757175 
Pn - pneumonia, percentage of s laughtered lambs with pneumon ia 
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I n  the study by Pfeffer et a1 . ( 1 983),  involving one flock in  the Hawkes Bay, the prevalence 

of large pneumonic lesions (CNP) detected at slaughter was associated with isolations of 
. . 

mIcroorganisms. Large lesions contained significantly more P. haemolytica and 

Mycoplasma spp. than did sma l l  lesions or normal lungs. Prevalence of mottled lesions in  

the anterior lobes was low but  peaked in January and May, associated with adenovirus 

infection and elevation of P. haemolytica and Mycoplasma spp. infection. Most lambs 

were infected by Ph between January and February and adenovirus ( strain WV 757/75 ) 

between March and June. The average antibody titre to P. haemolytica increased by more 

than ten-fold between December and January and was accompanied by an increase i n  

pneumonia. F igure 2 . 3  gives an i l lustration of  this study . The pneumonia prevalence 

appears to fol low a simi lar trend to nasal infection with P. haemolytica, however, no causal 

re lationships can be definitively identified from this study. 
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F igure 2.3: I so lation of adenovirus (WV 757/75, WV 4 1 9/75) and parainfluenza type 3 
virus (PI3) in the surveillance group of lambs, nasal isolation of Mycoplasma spp. 
(Nasal Myco.) and P. haemolytica (Nasal  P. haem), average haemaglutinating 
a ntibody titres to P. haemolytica (titre to P. haem ) and pneumonia prevalence 
(prevalence) at slaughter in  random groups of lambs (adapted from Pfeffer et al. 
( 1 983» . 
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Viruses that have been isolated from lamb pneumonia cases in  New Zealand inc lude ovine 

adenovirus type 6, parainfluenza type 3 virus, bovine adenovirus type 7,  respiratory 

syncytial virus and unidentified cell -associated agent with parainfluenza type 3 v irus being 

the most common. Viruses are not isolated as frequently as bacteria or mycoplasmas from 

sheep pneumonia cases. I t  is thought that virus infection compromises innate defence 

mechanisms through epithel ial damage, al lowing invasion of other (often bacterial ) 

opportunistic pathogens. 

The initial site of infection for the mam pathogens of pneumonia (Pasteurella spp., 

Mycoplasma spp. and PI) virus) is the upper respiratory tract ( Baskervi l le, 1 98 1 ) .  

Transmi ssion o f  infectious material between sheep i s  thought to b e  through aerosol spread. 

Pneumonia that has been experimental ly induced through nasal i noculation of pneumonic 

lung homogenate is  pathologically indistinguishable from natural ly occurring disease 

(Al ley and Clarke, 1 979, 1 980) .  

Summary 

Pasteurella haemolytica and P. trehalosi are commonly i solated from cases of pneumonia  

in  New Zealand sheep. Neisseria catarrhaLis was suggested to  have the abi l i ty to colonise 

the lung in  a significant proportion of CNP in 1 975, although no studies have investigated 

the role of this bacterial agent or i solated this bacteria from pneumonic cases since. 

Mycoplasma ovipneumoniae, M. arginini and parainfluenza virus type 3 are also common 

pathogens of pneumonia in ew Zealand . Two field stud ies conducted in the 1 980' s 

i nvestigated antibody levels and infection with microbial pathogens along with pneumonia 

prevalence ( Davies et aI., 1 980a, Pfeffer et aI., 1 98 3 ). Although causality could not be 

establ ished from these studies, they demonstrated temporal associations between infection 

and lamb pneumonia prevalence. A l imitation of the study of Davies et al. ( 1 980a) was 

infrequent monitoring of the pneumonia status of lambs. Some months were not 

monitored, resulting in missing information for the temporal pattern of pneumonia 

prevalence. I n  the study of Pfeffer et al. ( 1 983), lambs were slaughtered at random every 

month in order to establish temporal pneumonia prevalence. The study design adopted by 

these authors el iminated any of the selection bias that may have been present in the study 

of Davies et a l .  which provides a better representation of the whole flock. This may be the 

reason why the prevalence in the Pfeffer et al . study is markedly h igher. These two studies 

are now 22 to 25 years old. More recent studies may be required to establ ish the current 
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situation using the study design of Pfeffer et al .  ( 1 983 )  uti l i s ing several flocks across 

different regions. 

2.6.2 Host 

Age of the host 

I n the majority of cases, age at onset of CNP is the first summer of l i fe, mostly in lambs 

which are 5 to 1 0  months old (Al ley, 2002). It is thought to coincide with the period of 

high susceptib i l ity to microbial infection during the time when passive immunity is  

waning. In  a British study, colostrum derived antibodies to Mycoplasma ovipneumoniae 

and Mycoplasma arginini decl ined to minimum levels at 50 days old ( Jones et aI . ,  1 979). 

I n  this study, the decrease of passive immunity and bui ld up of active imm unity to M. 

ovipneumoniae, M. arginini and PI3 v irus was associated with increased incidence of 

respiratory disease. 

AP has been reported in al l  ages of sheep although lambs appear to be the most 

susceptible .  The earl iest record of sheep pneumonia in New Zealand was in adult sheep in  

the Otago and Southland districts, termed "Southland Pneumonia"(Gi lruth, 1 900) .  In  the 

publ ished l iterature s ince 1 955 ,  most surveys and reports indicated that lambs and hoggets 

were the predominant age group of affected sheep ( Hartley and Boyes, 1 955 ;  Hartley and 

Kater, 1 964; Porter, 1 970; Smith, 1 975 ;  Anonymous, 1 976; Sorenson, 1 976; Anonymous, 

1 978; Davies, 1 986; Al ien, 1 987;  Sutherland, 1 987;  Davis, 1 989; Wakelin, 1 989; O'Hara, 

1 994 ; Orr, 1 995; Orr and Black, 1 996; Orr et aI . ,  1 998; Smits et a I . ,  1 998; Gi l l ,  1 999; Clark 

et aI . ,  200 1 ;  Fairley et aI . , 2002). Rodger ( 1 989) noted that ewes at lambing and lambs in  

the first months of  l ife were particularly susceptible to  AP,  al though no field-based 

evidence was provided to support thi s. 

Breed 

Studies investigating the susceptibi l ity or resistance of individual breeds of sheep to 

pneumonia are lacking . As temperature is considered to be a risk factor for the disease it is 

worthy of note that Merinos are more heat tolerant than British breeds (Brown, 1 974; 

Caries, 1 983) .  This may be a key factor reducing their suscept ibi l ity to pneumonia for 

which there has been some anecdotal evidence (R.  lackson, personal communication). 
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Defence mechanisms 

In  the respiratory tract, several defence mechanisms exist to protect the animal against 

microbial coloni sation and infection. These include the mucoci l iary apparatus, surfactant 

and surfactant proteins, alveolar macrophages and an intact epithel ium (Fales-Wil l iams et 

al . , 2002) .  

The activity of the mucoci l iary apparatus reduces the abi l ity of microbes to adhere and 

prol iferate within the airways of the respiratory tract. Within the secreted mucinous and 

serous fluids of the airways are factors that inhibit microbial activity. These include 

lactoferrin, lysozyme, surfactant proteins, phospholipase A2, secretory leukoprotease 

inhibitor, peroxidases, bactericidal permeabil ity- inducing factor, lysozyme, serprocidins, 

cathel icidins, defensins and anionic peptides (Ganz and Weiss, 1 997). 

Innate pulmonary defence mechanisms may be compromised due to stress or initial 

infections with viral or primary bacterial agents (Brogden et aI . ,  1 998).  Within hours after 

infection, the bronchi, bronchioles and alveoli contain dense infiltrates of neutrophi l s, 

fibrin, seroproteinaceous fluid and blood. The exudate is associated with extensive 

parenchymal necrosis caused by bacterial toxins such as leucotoxin, l ipopolysaccharide 

and polysaccharide and also inflammatory factors released by neutrophils and other cells of 

the acute inflammatory process. Neutrophi l constituents that potent ially contribute to the 

tissue damage inc lude enzymes, oxidative radicals, cytokines and chemokines (Ackermann 

and Brogden, 2000). 

In  the lung, mast cel l s  orchestrate both the inflammatory and immune responses (Abraham 

et aI . ,  1 997). They produce compounds and cytokines necessary to mount the acute phase 

of the inflammatory response. They phagocytose bacteria and present antigens to immune 

cel ls (Abraham et aI . ,  1 997). During the acute inflammatory response in the lung, mast 

cel ls  are required to stimulate neutrophi l  infiltration and bacterial clearance (Abraham et 

al . ,  1 996). They also contain proteases and growth factors that make them an important 

component in inflammatory responses such as chronic lung diseases ( l noue et aI . ,  1 996; 

Cairns and Wal ls, 1 997). 
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I nfluences of stress on imm une function 

Physical and psychological stresses are capable of altering immune function in animals 

( Kel ley, 1 980 ,  1 982, 1 984; Albani-Vangi l i ,  1 985 ;  Kel ley, 1 985 ;  Siegel, 1 985 ;  B lecha, 

1 988; Minton et aI . ,  1 992; Minton, 1 994). I t  has been accepted that stress plays an 

important role in the development of pneumonia which may be due, in part, to alterations 

In Immune function. Roth and Flaming ( 1 990) L isted potential causes of 

immunosupression as fol lows: 

• Stress. 

• ViraL  infection. 

• I nadequate nutrition. 

• Hormonal fluctuations. 

• Exposure to environmental toxins. 

• Sub-optimal immune function in  very young and old animals. 

Events associated with stress alter immune function through an increased secretion of 

glucocorticoids, endorphins, enkephaL ins and catecholamines. These compounds can 

directly alter host defence mechanisms ( Roth and Flaming, 1 990) .  Glucocort icoids 

stimulate gluconeogenesis and reduce inflammatory and immunological responses (Griffin, 

1 989). Endorphins (Gi lman et aI . ,  1 982; 10hnson et aI . ,  1 982) and enkephalins (Johnson et 

aI . ,  1 982) alter humoral or cel lular imn1w1e reactivity . 

There are two distinct behavioural responses to stress ( Engel, 1 967) :  

1. F l ight; as a result of physiological changes due to production of catechalomines 

by the sympathetic-adrenal medul lary system (Axelrod and Reisine, 1 984). 

2. Conservation, withdrawal reaction; as a result of the fai l  ure of the sympathetic­

adrenal medul lary system to resolve stress. This  activates the hypothalamic­

pituitary-adreno cortical response (conservation, withdrawal reaction) .  

Persistence of  this response causes biological changes which may produce a 

pre-pathological state increasing the animals susceptibi l ity to disease ( Kagan 

and Levi, 1 974). 

The conservation, withdrawal reaction, through stimulation of the anterior hypothalamus, 

results in the production of CRF (corticotrophin releasing factor) and stimulates the 

anterior pituitary gland secretion of ACTH ( andrenocorticotropins) ( Harris, 1 948) .  
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The production of ACTH stimulates production of glucocorticoids (cortisol, cortisosterone) 

with the above mentioned effect on g luconeogenesis and the inflammatory and 

immunological systems. 

It is genera l ly recognised that environmental or management-associated stressors activate 

the pituitary-adrenal axis and that such stressors may result in reduced immunological 

function in animals (Coppinger et aI., 1 99 1 ). The effect of restraint and isolation stress 

was tested i n  groups of six lambs ( Coppinger et aI . ,  1 99 1 ) .  The results showed that 

repeated appl ication of a stressor repeatedly activated the pituitary-adrenal axis, but the 

abi l ity of the adrenal gland to secrete cortisol was red uced by subsequent appl ication of the 

stressor. The repeated application of restraint and isolation stress reduced some measures 

of T-Iymphocyte function whereas single appl ication of a stressor fai led to alter immune 

function. Consequently, 'one-off management or environmental stressors to which farm 

animals are exposed may not be sufficient to alter immunological function (Coppinger et 

aI . ,  1 99 1 ), although thi s has not been i nvestigated in any depth. 

There are few documented reports impl icating management stress in increased disease 

susceptib i l ity in  domestic species (Axel rod and Reisine, 1 984; Henry and Stephens-Larson, 

1 985 ). This is most l ikely due to the complex interplay between factors such as exposure 

to infectious agents and host response to infection. However, what is known about the 

effect of stress on the secretion of hormones from endocrine glands and the consequential 

effect on the i mmune system would l ead to the conclusion that management stress must 

play a role  in an animal ' s  susceptib i l ity to disease. 

I nfluences of n utrition on immune function 

The essential nutrients of the sheep's d iet include energy (fat and carbohydrates), protein, 

v i tamins and minerals. The nutritional status of an animal may influence the outcome of 

an infection. A low plane of nutrition may also impose stress on the animal with additional 

consequences for immune function as d iscussed above. 

Energy and protein 

I n  New Zealand, where sheep are predominantly pasture fed, energy is often the most 

important l imit ing nutrient in the diet . I nadequate dietary energy results in decreases in 
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production, reproductive failure, increased mortal ity rates and i ncreased susceptibi l ity to 

disease and parasites (Giminez, 1 994). 

Dietary protein provides amino acids which are required for maintenance of v ital 

functions, reproduction, growth and lactation. Protein deficient diets may adversely affect 

immune responses of young, growing animals ( Reddy and Frey, 1 990). 

Vitamins 

Vitamins are necessary for normal growth, health and reproduction. Vitamin E has been 

shown to provide some degree of protection against disease through enhanced antibody 

titres and improved recovery from disease ( Stephens et aI . ,  1 979; Tengerdy et aI . ,  1 983 ;  

Afzal et aI . ,  1 984; Reffett et aI . ,  1 988) .  Recent research of  this effect i s  lacking. Diets 

defic ient in Vitamin E may increase susceptibi l ity to infection. The recommended level of 

Vitamin E in the diet is 1 5  International Units ( I U) of Vitamin E Activity per kg of dry 

matter (National Research Counci l ,  1 985 ) .  The I U  is defined as 1 mg of dl-a-tocophery l 

acetate which has the biopotency of 1 .5 IU of vitamin E activity . The recommendations 

for Vitamin E assume that dietary selenium levels are >0.05 ppm (National Research 

Counci l ,  1 985) .  V itamin E and Selenium are integral parts of the antioxidant system 

present in most mammal ian cel ls ( Hoekstra, 1 975 ) and can spare each others requirement 

in the diet ( Mateos et aI . ,  2005) .  

Macro-minerals 

Macro-minerals (e .g .  Ca, P, Mg, K, a and C l )  are required in  relatively large amounts in 

the diet .  Dietary deficiencies of minerals are known to cause disease or l imit productiv ity 

and can also l imit the abi l ity of the immune system to respond to ant igens and potential ly, 

deal with pathogens (McClure, 2003).  Mineral requirements for production have been 

estimated but l ittle work has been done on any additional requirements for immunity . 

Trace elements 

Trace elements are those elements required by sheep in  smal l quantities to ensure adequate 

immune responses, reproduction and growth. Trace e lement status can influence immune 

function directly, but also indirectly by modulating plasma levels of hormones that regulate 

the development and function of host defence cel ls ( Munoz, 2005 ). Selenium (Turner et 

aI . , 1 985; lel inek et aI. , 1 988), copper ( Wiener and Field, 1 969; Whitelaw et aI . ,  1 979; 

lones and Suttle, 1 98 1 ;  Yeoman, 1 983;  Wiener et aI . ,  1 985 ;  Suttle and lones, 1 986) and 
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cobalt ( Downey, 1 966; MacPherson et ai . ,  1 976) more specifically have been shown to 

influence function of the immune system. Toxicity, however, is also possible with these 

elements and leads to various health issues; and in severe cases, death (Ministry of  

Agriculture and Food, 2003) .  Requirements of these nutrients for sheep are, selenium 0. 1 -

0.2 parts per mil l ion (ppm), copper 7- 1 1 ppm ( Ministry of Agriculture and Food, 2003 ),  

cobalt 0 . 1 -0.2 ppm ( Salt Institute, 200 1 ). Selenium is deficient in approximately 3 0% of 

areas used for farming in New Zealand and supplements are routinely given to l ivestock to 

prevent deficiency (Grace, 1 995b) .  Cobalt is deficient in about 1 3% of New Zealand 

farmland (Grace, 1 995a) and large areas of New Zealand have soi ls  which are either low in  

copper o r  have other chemical e lements that interfere with copper absorption (Fleming, 

2003b) .  Deficiency of these nutrients may affect immune function in some areas of the 

country when supplementation is  not provided. 

2.6.3 E nviro n m ent 

Temperature, humidity and inclement weather have a l l  been impl icated as risk factors for 

sheep pneumonia. Heat and temperature variation have been indicated as predisposing 

factors in the development of the disease ( Knowles et al  1 995) .  Specifical ly, cold 

temperatures have been shown to increase the susceptibi l i ty of animals to respiratory 

infection by P. haemolytica ( Diesel et ai . ,  1 99 1 ). It is thought that AP outbreaks tend to be 

associated with a period of stress which may often involve hot, dry conditions ( Bruere et 

ai. , 2002).  Panting and mouth-breathing (which results in inhaled air bypassing defence 

mechan isms in the nose) during mustering and yarding in hot, dusty conditions can aid the 

establishment of pathogens such as P. haemolytica, espec ially if the respiratory tract 

defences have already been compromised by viral or mycoplasmal infections (Bruere et aI . ,  

2002) .  

In Northern I reland, rainfal l and the windchi l l  factor were found to be highly correlated to 

pneumonic and pleuritic lung condemnations in sheep at slaughter (McJ lroy et ai . ,  1 989) .  

McI l l roy et ai .  ( 1 989) showed that the prevalence of pleuritic and pneumonic lesions in 

sheep at slaughter was associated with rainfall and windchil l  factor at the t ime of slaughter, 

or one or two months earl ier. No specific explanations or hypotheses were proposed for 

this phenomenon, only that adverse weather conditions are i mportant precipitating stress 

factors for the occurrence of pneumonia. It is d ifficult to relate these findings to the New 
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Zealand sihlation, as the rain and windchi l l  factor through our late summer and autumn 

period, when pneumonia is at its peak, is not l ikely to be high as it is in the United 

K ingdom. This is in contrast to the peak of pneumonia in the United Kingdom and 

continental Europe, which is in the late winter and early spring period (Al ley, 1 99 1 ) .  

2.6.4 Sum mary 

Respiratory disease in sheep is caused by a complex interplay of several factors inc lud ing 

microbial agents, host factors and the environment. C P development in  lambs often 

coincides with the decl ine of colostrum derived antibodies and the development of active 

immunity . However, as there are no l ive-animal d iagnostic tests available in the case of 

pneumonia the time of disease onset cannot be predicted accurately. AP has been reported 

in sheep of al l  ages, but lambs and hoggets tend to be more commonly affected. It has 

been suggested that ewes at lambing are susceptible as wel l ,  but there is no field-based 

evidence to support this claim. Susceptibi l ity to pneumonia has not been reported to be 

different between sheep breed , however, anecdotal suggests that Merinos may be less 

susceptible. The immune response of the animal to infection can be compromised through 

stress, the presence of concurrent disease and nutritional deficiencies. Stress alters 

immune function by triggeri ng increased secretion of hormones from the endocrine system. 

A study of restraint and isolation stress indicated that 'one-off management events may not 

alter immune function. However, the effect of routine management events on stress levels, 

immune function and pneumonia susceptibi l ity has not been thoroughly investigated. 

D iets deficient in selenium, cobalt or copper may compromise immune function in 

animal . New Zealand soi l s  are often deficient in these elements, so it cannot be ruled out 

that this may influence the level of pneumonia on some properties. Further invest igation is 

needed to c larify this. Environment is possibly one of the most important factors 

influencing the development of pneumonia. AP outbreaks have often been associated with 

hot dry weather. H igh humidity is also thought to play a role. Again,  this evidence is 

mostly anecdotal and no studies have been conducted comparing humidity and temperature 

l evels with the pneumonia status of lambs. 
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2.7  E pidemiology of  ch ron ic non-progressive p neu monia and 

pleu risy 

2.7. 1 Prevalence, d istribution and seasonality 

CNP morbidity varies among farms with approximately 30% of slaughtered lambs affected 

in March and April ( Manawatu, New Zealand, refer Figure 2 .2)  with a range of 5% to 70% 

lambs affected among CNP positive flocks ( Bruere et aI ., 2002) .  The course of di sease 

may be several months in duration and resolution can occur during the late autumn or 

winter months with l i tt le permanent lung damage. 

I n  the Uni ted Kingdom and continental Europe, peak CNP prevalence is in late winter and 

early spring, compared with late summer and autumn in Australia and New Zealand 

( A l ley, 1 99 1 ) . The peak period in the U K  and Europe may be related to the fact that sheep 

are often housed over the winter period, faci l i tating infection of housed animals with 

pathogenic microorganisms. Kirton et al . ( 1 976) suggested that heavy lambs at weaning 

were more affected later in l ife than lambs with average weaning weight. This may be due 

to the fact that these animals are usual ly older and, therefore, the first to lose passive 

immunity, which is  thought to coinc ide with disease onset. 

Pneumonia prevalence trials in New Zealand 

McGowan et al. ( 1 978)  conducted a trial to estimate the prevalence of subc l inical 

pneumonia among lambs on two farms in the Hawkes Bay and Manawatu region of New 

Zealand ( refer F igure 2 .2) .  The prevalence of lesions was recorded at slaughter from 

lambs selected on liveweight and body cond ition. A comparison was made with lesions 

recorded in smal l  lambs (not yet of market size) s laughtered for necropsy.  

Table 2 .7 shows the pneumonia and pleurisy prevalence of smal l lambs from the three 

farms studied ( McGowan et aI ., 1 978) .  A l l  farms had a high prevalence of pneumonia and 

pleurisy with the exception of Farm A (zero pleurisy recorded). These lambs were 

apparently healthy young lambs purposively selected, based on their smal l  size and were 

compared to older market lambs selected for s laughter, based on reaching an appropriate 

s laughter weight. Any lambs showing signs of c l inical i l lness were not included in this 

sample. The nomenclature these authors used, of enzootic pneumonia, is equivalent to 

CNP. 
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Table 2.7: Prevalence of enzootic pneumonia and pleurisy on necropsy in lambs less 
than 3 months of age (below slaughter weight) from three New Zealand sheep farms 
(McGowan et aI., 1 978). 

Farm (Region) Date No. of lambs %EP %PL 

Farm A ( Hawkes Bay) Nov 1 975 1 5  93 o 

Farm B ( Hawkes Bay)  Nov 1 975 1 5  80 1 3  

Farm C ( Manawatu )  Jan 1 976 1 9  78 1 6  

%EP and % PL - Prevalence of enzoot ic  pneumon ia and pleurisy expressed as a percentage 

Table 2 .8  shows the pneumonia and pleurisy prevalence of slaughter lambs on the three 

farms studied. The results showed that the overal l  pneumonia prevalence of smal l lambs 

was high compared with older market lambs originating from the same farms. No estimate 

of age was given for these market lambs. The method of selecting these lambs would 

potential ly result in selection bias resulting in pneumonia and pleurisy levels that 

misrepresent the whole flock. These market lambs were purposively selected on body 

weight and condition, selecting against smal ler, slower-growing lambs, which may have 

been more adversely affected by pneumonia. 

Table 2.8: Prevalence of enzootic pneumonia and pleurisy at time of slaughter in 
market lambs from three New Zealand sheep farms (McGowan et aI., 1 978). 

Farm (Region) Date No. of lambs % E P  % P L  

Farm A (Hawkes Bay) 

Farm B ( Hawkes Bay)  

Farm C ( Feilding) 

Feb 1 976 

ov 1 975 

May 1 976 

Feb 1 976 

Mar 1 976 

235  

273  

233  

253  

406 

4 1  

3 5  

64 

68  

66  

% E P  and % P L  - Prevalence of  enzoot ic pneumon ia and pleurisy expressed a s  a percentage 

3 

2 

1 5  

6 

7 

Thurley et al . ( 1 977) reported an abrupt increase in the severity and prevalence of lesions 

of enzootic pneumonia after January at Wal lacevi l le ( Wel l ington, New Zealand) in  85 

lambs. Kirton et al .  ( 1 976) demonstrated an average pneumonia prevalence of 60% 

between 1 966 and 1 970 at the Ruakura Research Station in Hami lton ( Waikato) ,  New 

Zealand. This included parasitic pneumonia and atelectasis .  I f  parasitic pneumonia 
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(caused by lungworm) and atelectasis ( lung tissue col lapse) were removed, the average 

prevalence of CNP in this group was 26%. The average CNP prevalence for January, 

February and March was 1 2%, 24% and 43% respectively . 

The prevalence of C N P  with lesions greater than 3cm2 was determined from slaughtered 

lambs from three Hawkes Bay farms ( Davies et a I . ,  1 980a). The peak prevalence occurred 

from March to June. On Farm C, which had halfbred breeding ewes, there was a markedly 

lower prevalence of CNP compared with the other two farms. Peak CNP prevalence for 

farms A, B and C were 24.8%, 39.2% and 9.4% respectively .  As mentioned in section 

5 . 1 .2,  anecdotal evidence suggests that Merinos are less susceptible to pneumonia. The 

Merino genetics of the lambs from these halfbred ewes may have provided some protection 

in this case, resulting in a lower CNP prevalence. 

I n  a study conducted in the Hawkes Bay of ew Zealand (Pfeffer et aI., 1 983)  between 

August 1 978 and June 1 979 lambs selected for slaughter each month were divided into two 

groups. One group was selected based on commerc ial selection criteria ( selected group) 

and the other selected randomly regardless of commercial criteria ( random group) . 

Another group of 25  lambs was selected to monitor serological responses to viral 

infections throughout the study period. I t  was found that the prevalence of pneumonic and 

p leural lesions and devaluation of carcasses was lower in the selected group compared with 

the random group. The prevalence of large l es ions in the anterior lobes was low i n  

November, increased t o  peak levels i n  February, then decl ined t o  intermediate levels. The 

prevalence of large lesions appeared to be negatively related with the average carcass 

weight of lambs. Only one farm was sampled in this study l imiting any inference to the 

wider population. 

A more recent study (Goodwin et aI ., 2004) evaluated pneumonia prevalence on 1 4  

commercial sheep farms in Northland, the King Country (refer Figure 2 .2,  Upper 

Wanganui/Taupo) and Southland regions of New Zealand . The prevalence of moderate to 

severe pneumonia (affecting > 1 0% lung surface area) increased from December to March 

from 1 .4% to 1 0 . 1 %  lambs in Southland (n = 1 ,9 1 7), 1 .2% to 25 .7% in the K i ng Country 

(n = 1 ,83 1 )  and 4 .7% to 2 1 .4% in Northland (n = 1 ,485 ) (F igure 2.4). Prevalence of any 

degree of pneumonia was 2 1 .8% in lambs from Southland (n = 1 ,9 1 7), 49.2% from the 

King Country (n = 1 ,83 1 )  and 60.3% from Northland (n = 1 ,485) ( Figure 2 .4).  Such 
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regional d i fferences may be l inked to a variety of factors inc luding c l imate, location and 

type of farm. Different genetic l ines of sheep, stocking rates, time of lambing and weaning 

and regional differences in  farm management practices may also play a role. No data has 

been presented for Apri l in Southland, however the interval between the March (23rd) and 

May ( 3rd) recordings was 4 1  days compared with an average interval between the other 

months of 32 days. 
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Figure 2.4:  Prevalence of lam bs with pneumonic lesions c lassified as Category 3 or 4 

(� 1 0.0% lung surface affected) that were randomly selected for slaughter at m onthly 
intervals (Group I )  from Southland 0, King Country (D and Northland ca in  
December (D) 2000; and January (J) ,  February (F), March ( M ), April (A)  and M ay 
(My) 200 1 (Goodwin et aI., 2004). 

Several l imitations were present in some of the above studies. I rregular sampling of lambs 

in the study of McGowan et al. ( 1 978 )  and Davies et al. ( 1 980a) prevented the conclusive 

establ ishment of a temporal disease pattern. Comparison of pneumonia and pleurisy 

prevalence between market and smal l l ambs was difficult in the study of McGowan et al .  

( 1 978), as there was only one simultaneous slaughter date for the two groups. Overal l ,  

younger lambs had markedly higher disease prevalence. Al ley ( 1 99 1 ) suggested that 

pneumonic lesions may resolve over time. In a study by Gi lmour et al .  ( 1 982a) involving 

experimental CNP, indistinguishable from naturally occurring CNP, lesion resolution 
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occurred after two to three months although some lesions persisted for up to seven months. 

H igher disease prevalence in the smal l  lambs compared to market lambs in the study by 

McGowan et al. ( 1 978)  could be explained by lesion resolution in market lambs before 

slaughter. I n  addition, the smal l  lambs selected may have sustained more extensive 

lesions, result ing in  reduced growth rates, compared with market lambs. This, in turn, 

leads to bias due to selection of lambs for s laughter based on body weight and condition. 

The study by Pfeffer et al . ( 1 983)  accounted for the selection bias that may exist when 

slaughter lambs are sampled. This was achieved by simultaneous selection of a random 

group and a market group of lambs for slaughter. The study of Kirton et al . ( 1 976) was 

biased because sampling was only carried out over three months on only one farm. This 

sampl ing technique provided an extreme under-representation of the population of farms i n  

this region. 

Pleurisy prevalence studies in New Zealand 

Most studies that have investigated the prevalence of pleurisy in New Zealand lambs have 

used processing plant data. This is due to the fact that this information is rout inely 

col lected and easi ly obtainable. The l imitation of this, however, is that farm prevalence is 

not considered, since whole plant monthly figures tend to be the most detailed information 

publ ished. 

Hathaway and McKenzie ( 1 987) recorded higher pleurisy prevalence in  the North I sland 

compared with the South I sland. The study was conducted in two North I sland processing 

plants (Moerewa (Northland) and Wairoa (Northern Hawkes Bay))  and two South I sland 

processing plants ( Smithfield, South Canterbury and Ocean Beach, Otago).  Veterinarians 

and meat inspectors carried out the post mortem inspections of lungs. I n  the North I sland, 

greater than 2 7% of carcasses had pleural lesions evident by September, compared with 

9% in the South I s land. In November, the prevalence of pleurisy in new season lambs was 

much lower: 1 .5 %  for the North I sland group and 0.6% for the South I sland group. 

Chronic pleural lesions were the most dominant pathology observed. The ratios of chronic 

to acute types of pleurisy indicated that an increased proportion of acute lesions occur in 

new season lambs. 
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I n  the 1 9741 1 975 season, Dysart ( 1 976) reported an incidence rate of pleuri sy of 3 .2% (n = 
8 1 6,700) in  lambs and 1 9 .2% (n  = 1 ,3 59,900) in ewes. The average pleurisy incidence rate 

in lambs in  the North I sland was more than twice that of the South I sland. Geographical 

variations fol lowed the same trend in adult sheep, where the South I sland average was 

1 6.4% compared with the North Island average of 26.5%. In adult sheep, the pleurisy 

incidence rates between the two periods of measurement were relatively simi lar. In lambs, 

the pleurisy inc idence rate in the period October 1 975 to December 1 975 was markedly 

lower at al l  locations compared with the previous period, particularly in  the North Island. 

An assumption was made by Dysart ( 1 976) that 65% of lambs with pleural  lesions end up 

requiring part or all of the rib cage removed in order to pass meat inspection ( ' cutter 

grade' ) .  ot al l carcasses observed by meat inspectors as having pleurisy when they are 

processed, end up in cutter grades. This is because often the pleural adhesions can be 

removed without carcass trimming. The difference in prevalence between the South and 

orth Is land could be attributed to regional d ifferences in c l imate and farm management 

factors. 

More recent data from ASURE ew Zealand L imited ( P.O.Box 1 1 4 1 ,  Christchurch), 

indicated simi lar pleurisy prevalence for South I sland and North I sland lambs in the 

2002/2003 season .  The prevalence of pleurisy was 8 .4% for the North I sland and 8 .9% for 

the South I sland. The seasonal patterns for percentages of lambs with pleurisy at laughter 

( for the main lamb slaughter period) in five regions of New Zealand are shown in Figure 

2 . 5 .  The prevalence increased from December through to July without marked regional 

variation. 
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Figure 2.5:  Percentage of lambs with pleurisy at slaughter between December and 
July 2002/2003 in five regions of New Zealand (ASURE N ew Zealand Ltd., P.O.Box 
1 1 4 1 ,  Christchurch). 

Van der Logt ( 1 996), showed a temporal pattern of pleurisy from records of four meat 

processing plants in four regions of New Zealand (B luff ( Southland), Timaru (South 

Canterbury), Wairoa (Northern Hawkes Bay) and Moerewa (Northland» . Records from 

2 .5  mil l ion lambs showed that there were considerable geographical and temporal 

d ifferences in pleurisy prevalence. Al l  regions showed high levels of major pleurisy from 

June to September, then low levels in November and December, after which the prevalence 

i ncreased to peak levels in the May to September period ( Figure 2 .6) .  
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Figure 2.6: Percentage prevalence of major pleurisy at slaughterhouses in Timaru 
(South Canterbury), Bluff (South land), Wairoa (Northern Hawkes Bay)  and 
Moerewa (Northland)  (Van der Logt, 1 996). 

Farm level pleurisy p reva lence 

The observed increase of pleurisy prevalence over the season ( Hathaway and McKenzie, 

1 987, Van der Logt, 1 996, ASURE New Zealand Ltd., P .O .Box 1 1 4 1 ,  Christchurch) has 

been attributed to the chronic, fibrotic nature of pleurisy lesions. New cases, a long with 

the persistence of older cases, is thought to lead to the steady increase in prevalence 

through time ( McGowan et a I . ,  1 978 ) .  The only studies that measure and compare pleurisy 

prevalence on multiple farms are that of McGowan et al .  ( 1 978) and Davies et al. ( 1 980a). 

As mentioned previously, the i rregular sampling of lambs and the lack of corresponding 

sampl ing dates between farms l imits the abi l i ty to draw definitive conclusions about the 

accuracy of temporal disease patterns in these studies. The data is presented in Table 2 .9. 

Farm level prevalence increased during the course of the season. The difference 111 

p leurisy prevalence between farms was thought to be attributable to differences 111 
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pneumonia prevalence. Confidence intervals were not presented in e ither study, but were 

able to be derived from the data presented in the study of McGowan et al . ( 1 978).  In the 

study of Davies et a l .  ( 1  980a), however, confidence intervals were not able to be derived as 

the number of lambs slaughtered in each month was not presented. No indication of flock 

size was given in this study either. 

Table 2.9: Prevalence of pleurisy at slaughter in market la m bs from 3 farms from the 
studies of McGowan et al. �1 978� and Davies et al. p980a�. 
M onth Davies et al. 1 980 McGowan et al. 1 978 

(% lam bs with pleurisy ) ( %  lambs with pleurisy) 

Farm A Farm B Farm C Farm A Farm B Farm C 

November 0.0 0 .3  2 .0 

December 2 .5  0 .0 0.3 

January 

February 5 .5  2 .3  0.0 3 .0 6.0 

March 1 2 .3  7 .0  

Apri l 

May 7.2 1 5 .0  

June 22 .8  1 6.3 

2.7.2 Disease dynamics with in  and between flocks 

C P is a multifactorial problem in sheep flocks. On some farms and in some regions CNP 

is an ongoing problem, indicating that environmental and host conditions are favourable  

for maintaining the viabi l ity of  causative organisms within these farms and regions. I n  

particular, unfavourable cond itions include cl imate ( high temperature/humidity), 

management stress, poor nutrition and other diseases are involved in the aetiology of CNP 

(Knowles et  aI . ,  1 995; Adegboye et  aI . ,  1 996; Co le,  1 996; Martin, 1 996; Al ley, 2002 ; 

Bruere et aI., 2002) .  AP has been shown to occur in sporadic outbreaks whereas CNP 

seems to occur every season in three to ten-month-old lambs (Al ley, 1 987b, 2002; Bruere 

et aI . ,  2002) .  These flocks may be affected to variable degrees between subsequent 

seasons, depending on conditions .  
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I t  i s  not known to what extent pathogens causing pneumOnIa are transmitted between 

sheep. Transmission is thought to occur by direct contact between animals .  This i s  

faci l itated by management practices when animals are crowded together for prolonged 

periods, such as during drenching, or when animals are fasted for shearing or crutching. 

There are many routes by which transmission between farms may occur. The most 

obvious of these is when animals, purchased from other farms, are brought onto the 'home' 

farm. This would especially be an issue on farms purchasing young, weaned lambs to 

fatten in addition to keeping lambs that were bred on the farm. It has been shown in a 

case-control study that as flock size increases, the risk of pneumonia also increases 

( Dercksen et aI . ,  1 996). It was suggested by these authors that this was due to a more 

successful maintenance of micro-organisms within larger flocks. 

2.7.3 Risk factors for pneu m on ia and pleu risy 

Predisposing factors for AP and CNP 

As with AP, stress is  thought to be a precursor for CNP, along with conditions that 

promote cross colonisation, such as the grouping together of animals (Al ley ,  1 987b) .  

Factors isolated by American and European authors as predisposing lambs to pneumonia 

include: 

1 .  Heat, crowding, exposure to inclement weather, poor venti lation with high levels of 

moisture, handling and transport ( Knowles et aI . ,  1 995). 

2. Castration and docking, weaning and changes in feed, exhaustion and hunger 

during transportation (Co le, 1 996). 

3 . High loads of parasites and mixing of animals from different sources ( Martin, 

1 996) .  

4. Extensive stressful exercise under experimental conditions (Anderson et aI., 1 99 1 )  

and cold temperatures (D iesel et aI . ,  1 99 1 ), have been shown to increase the 

susceptibi l ity of animals to respiratory infection by P. haemolytica. 

A risk indicator study of subcl inical lamb pneumonIa in the Netherlands showed that 

taking sheep to sheep fairs, the purchase of sheep or lambs, the lack of indoor housing and 

increases in flock size were associated with an increased risk of chronic pneumonia in  

lambs ( Dercksen et  a i . ,  1 996) .  In  this study, the response rate to mai led questionnaires was 

64% (n = 550), of which 5 7% were complete and suitable for analysis. The nature of a 
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questionnaire survey impl ies some l imitations with regard to the interpretation of results, 

as such studies are designed to screen for risk factors rather than prove causation. S uch a 

study provides an insight i nto events at a particular time and, therefore, suffers from the 

fact that cause and effect are often difficult to separate ( Kelsey et aI . ,  1 986). It is often 

apparent from observational studies that disease i nc idence increases as herds or flocks get 

larger ( Wittleberg et aI . ,  1 994).  This may be either a spurious finding, or a consequence of 

i ntroducing larger numbers of possibly diseased animals from other flocks. Large flocks 

may also maintain infection longer and be managed in ways that favour the spread of 

d isease, compared with smal l  flocks (Dercksen et aI., 1 996). A study in Northern I reland 

found rainfall and windchi l l  factor to be associated with pneumonic and pleuritic lung 

condenmations in sheep at slaughter (McI lroy et aI., 1 989) .  Dust has also been indicated as 

a l ikely risk factor (Davies, 1 985b; Bruere et aI . ,  2002). Firstly, there is the physical 

impact of dust on the respiratory tract, interfering with host defence mechanisms. 

Secondly, it has been postulated that dust can bind bacterial toxins that may be inhaled by 

animals (Urbain et aI . ,  1 999). 

P neumonia is the most important precursor for the development of pleurisy . Therefore, 

risk factors for pneumonia are indirect risk factors for pleurisy. Van der Logt ( 1 996) 

conducted a case-control study that identified a number of risk factors for pleurisy on New 

Zealand lambs. On-farm factors that were associated with farms having a high prevalence 

of pleurisy were : 

.. Drenching animals at a high frequency . 

.. Shearing twice a year. 

.. High frequency of yarding after weaning. 

.. Motorised means of mustering. 

.. Poor water supply . 

.. A large number of l ambs on the property in  July. 

.. A high stocking density of cattle in  contact with sheep. 

Protective effects included using either a spray-on dip or a wand for dipping, the use of 

cement or concrete yards, trough water supply and c ross breeding. While this study 

provides useful insights into factors that are associated with farms having a relatively high 

prevalence of pleuri sy, it should be acknowledged that some (if not a l l )  of the identified 

factors are simple markers, rather than being causal ly associated with the disease. 
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Studies reporting pneumonia prevalence have general ly been l imited to small geographical 

areas. They have typical ly involved smal l sample sizes. Studies uti l i sing slaughter house 

data have shown that pleurisy prevalence increases from a low prevalence of 2 1  % in 

November and December to peak prevalence in May to September ( Van der Logt et  a I . ,  

1 995) .  Earl ier studies ( Dysart, 1 976; Hathaway and McKenzie, 1 987), indicated a higher 

prevalence of pneumonia in  the North I sland compared with the South I sland, however, the 

most recent nationwide data suggests that the prevalence between the islands is  essential ly 

the same (ASURE New Zealand, P.O.Box, Christchurch) .  Two studies have reported 

farm-level pleurisy prevalence (McGowan et aI . ,  1 978;  Davies et aI . ,  1 980a) . These 

stud ies were restricted by i rregular sampling of lambs and lack of corresponding dates 

between farms, l imiting comparisons. Also, in the study of Davies et al. ( l 980a) sufficient 

detai l  of the number of lambs slaughtered was not provided in order to derive confidence 

intervals for prevalence. CN P affects some farms or regions more than others, in  contrast 

to AP, which tends to occur more sporadically. Farms with CNP are thought to have 

favourable host and environmental conditions al lowing the maintenance of pathogens 

within the flock. Crowding lambs for long periods may increase the ri sk of pathogen 

transmission between these animals. Purchasing lambs from other farms is one possible 

route enabl ing CNP spread between farms. In I reland, windchi l l  was a suggested risk 

factor for pneumonia but is an unl ike ly risk factor in ew Zealand, as C P occurs most 

commonly in  the late summer and autumn when temperatures are sti l l  relatively high 

(K i rton et aI . ,  1 976; Al ley, 1 99 1 ;  Goodwin et aI . ,  2004) .  This is in contrast to the UK 

where high levels of CNP occur in the late winter and early spring. No case-control 

studies have been conducted to date that have investigated risk factors for pneumonia in  

New Zealand. A number of ri sk factors have been proposed for pneumonia, however, 

there is very l ittle scientific evidence to substantiate them. This means the role of these 

factors in the development of CNP is sti l l  poorly understood. 
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2.8 Control of pneumon ia 

2.8. 1 Vaccin ation 

Trials investigating vaccination as a potential tool to control both CNP and AP have been 

variable. Most available vaccines against P. haemolytica A2 have fai led to meet efficacy 

requirements in the field. In many studies that have been conducted a poor immune 

response to the sero-type speci fic capsular polysaccharide of P. haemolytica A2 has been 

evident (Gi lmour et aI . ,  1 979; Gi lmour and Angus, 1 983;  Adlam, 1 989; Zamri-Saad et aI . ,  

1 994). If antigens common to al l  serotypes were identified a vaccine could be developed 

to provide better protection. 

Sabri et al. (2000) showed that the antibody response of lambs was more speci fic toward 

homologous chal lenge of P. haemolytica (e .g. lambs vaccinated and chal lenged with the 

same serotype), but generally did not cross-protect against heterologous chal lenge of P. 

haemolytica (e .g .  lambs vaccinated with a different serotype to chal lenge) (Sabri et aI . ,  

2000). A control led environment i s  required for chal lenge experiments with infectious 

pathogens if vaccine efficacy is to be demonstrated in small groups of ful ly susceptible 

experimental animals ( Roth and Flaming, 1 990) .  Vaccines that have been evaluated in a 

contro l led environment have generally been successful but efficacy has been questionable 

in  the field due to the varying extent of susceptib i l i ty and pathogen challenge. Farmers 

may regard vaccination as the only solution in control l ing this complex disease. However, 

the prevention of causes other than specific pathogens may have greater benefit in  

control l ing pneumonia in the field than vaccination. 

Pasteurella vaccines 

Pasteurella vaccines using antigens derived from k i lled whole bacterial cel ls, or cell wal l  

extracts, administered with and without adj uvants have been studied ( Donachie et aI . ,  

1 983 ; Gi lmour et aI . ,  1 983 ; Wel l s  and Robinson, 1 984; Cameron and Bester, 1 986; 

Donachie et aI . ,  1 986b; lones et aI. , 1 986). Some have been shown to protect sheep 

against chal lenge with virulent P. haemolytica organisms ( Donachie et aI . ,  1 983 ; Gi lmour 

et aI., 1 983 ;  Wells and Robinson, 1 984). Pasteurella vaccines are commercial ly avai lable 

worldwide, although only one is commerc ial ly avai lable in New Zealand at present (Table 

2 . 1 0) .  
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Table 2. 1 0: Pasteurella vaccines com mercial ly available throughout the world. 

Vaccine Country Antigens Reference 

Ovipast P lus NZIUKlSpain Serotypes of ( Intervet Ltd., 2005; 

Multivax-P 

Ovivac-P  Plus 

Heptavac-P 
Plus 

Poly Serum 

Ovine P. 
haemolytica 
pneumOnIa 
vaCCine 

South Africa 

UK 

US 

US 

P. haemolytica, l ntervet U K  Ltd., 
P. trehalosi 2005b; Laboratorios 

Clostridium perfringens type D, 
C. septicum, 
C. tetani, 
C. chauvoei, 
T serotypes of Mannheimia 
(Pasteurella) haemolytica 
Clostridium perfringens type D, 
C. septicum, C. tetani, 
C. chauvoei, serotypes of 
P. haemolytica and P. trehalosi 
C. perfringens types B, C and 0, 
C. septicum, 
C. tetani, 
C. novyi type B, 
C. chauvoei, serotypes of 
P. haemolytica and P. trehalosi 
Actinomyces pyogenes, E coli, 
P. haemolytica, 
P. multocida and Salmonella 
typhimurium. 
P. haemolytica 

I ntervet S .A. ,  2005) 
( Intervet South Africa 
( Pty. )  Ltd., 2005) 

( Intervet UK Ltd. ,  
2005c) 

( Intervet UK Ltd., 
2005a) 

(Novartis Animal 
Vaccines Inc . ,  2005)  

(P i  pestone Veterinary 
Supply, 2005 ) 

The fol lowing sections summanse experimental and natural challenge trial results of 

Pasteurella vaccines. 

Pasteurella vaccine trials using experimental challenge 

Several trials have tested vaccine efficacy using Pasteurella vacc ines on experimental ly 

chal lenged lambs (Gi lmour et aI . ,  1 982b; Gi lmour et aI . ,  1 983 ;  Donachie et aI . ,  1 986a; 

Jones et aI., 1 986; Chandrasekaran et aI., 1 99 1 ;  Sabri et aI . ,  2000). The results of the three 

most recent trials wil l  be described here. Sample size calculations or the level of statistical 

power was not provided in any of these three studies. 
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A Malaysian study investigated the effect of a Pasteurella vaccine against experimental 

challenge in lambs (Chandrasekaran et aI . , 1 99 1 ). The vaccine was an oi l adjuvant vaccine 

incorporating strains of P. haemolytica type A 7 and P. multocida types A and D. A single 

vaccination was administered intramuscularly. Lambs were assigned to three groups 

according to chal l enge type. Groups 1 and 3 consisted of two treatment groups each, o i l  

adj uvant vaccine (n = 5 )  and Carovax (n = 4 )  and one control group each (n = 4) .  Group 2 

had one treatment group, oi l  adjuvant vacc ine (n = 5 )  and a control group (n = 4) .  The 

lambs were chal lenged at 4 weeks post-vaccination. They were given aerosol sprays of; 

Group 1 - P. haemolytica type 7 :  Group 2 - P. multocida type A and P. multocida type D 

and : Group 3 - P. haemolytica, P. multocida type A and P. multocida type D.  Lung lesions 

were significantly reduced compared to the control group when experimental ly chal lenged 

with P. haemolytica alone, but not with P. multocida or mixed chal lenge of P. multocida 

and P. haemolytica. Another Pasteurella vaccine (Carovax, Wel lcome laboratories) was 

tested but was unsuccessful i n  suppressing lesions, regardless of the type of challenge 

(Chandrasekaran et aI . ,  1 99 1 ) . The statistical power for comparisons between the o i l  

adjuvant vaccine group and control group (challenged with P. haemolytica alone), was not 

presented in this study, but sufficient information was provided by the authors to calculate 

it at 83%, which is considered to be adequate. 

In another Malaysian study, the effect of a Pasteurella haemolytica vaccme against 

experimental challenge in lambs was investigated ( Sabri et aI . ,  2000) .  An outer membrane 

protein (OMP) of P. haemolytica A2, A 7 or A9-enriched vaccine was injected, with a 

booster three weeks later. S ixty nine-month-old lambs were divided i nto four groups, 

based on which outer membrane protein vaccine was used (P. haemolytica A2, A 7 or A9), 

with one control group. Lambs of each group were challenged intratracheal ly, two weeks 

after the last vacc ination. F ive lambs in each group were chal lenged with inoculum 

containing P. haemolytica A2, A 7 or A9, respectively . Vaccination with the outer 

membrane proteins of P. haemolytica provided a good correlation ( R2 > 0 .78) between 

antibody response and extent of lung lesions fol lowing homologous chal l enge. I n  the case 

of heterologous challenge, only a moderate correlation ( R2 > 0.44) between antibody 

response and extent of lung lesions was evident. In this study, the prevalence of individual 

lambs' pneumonic lesions was not provided, but an average extent of lung lesions per 

group was calculated. Therefore, it is unknown if al l  unvaccinated lambs developed lung 

lesions. Sample size calculations or statistical power levels were not presented in this 
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study. Statistical power would have been low in this study when considering comparisons 

of the extent of lung lesions between treatment and control groups, mainly due to smal l  

treatment groups (n = 5)  and relatively large standard deviations. 

A Moredun Research Institute study investigated colostrum deprived lambs kept i n  

isolation (Gi lmour et ai . ,  1 99 1 ). Experimental chal lenge was used t o  test the efficacy o f  a 

vaccine containing sodium sal icylate extract (SSE)  of P. haemolytica A2 grown in i ron­

depleted (SSE- I RP)  conditions. One injection with the vaccine was administered when 

lambs were three weeks old and another 28 days later. Experimental groups consisted of n 

= 1 3  (SSE vaccine), n = 8 (SSE-IRP vaccine )  and n = 7 lambs (unvaccinated controls) .  On 

day 35 ,  al l lambs were infected with P I 3  administered intratracheal ly and intranasal ly .  

After seven days, lambs were exposed to an aerosol of P. haemolytica A2. The vaccine 

containing IRP  was 99% protective in  8 lambs compared to 47% protection in 7 lan1bs 

vaccinated with the iron-replete vaccine antigen (Table 2 . 1 1 ) . Al l  control lambs died after 

chal lenge with P. haemolytica A2, with a mean disease score of 50 .8 (a semi -quantitative 

assessment of c l inical findings, consol idated lung lesion area, P. haemolytica isolation 

index and pleurisy score) in comparison to no A2 SSE-I RP vaccinated animals dying with 

a mean disease score of 0 .5 .  0 sample size calculations were provided in this study and 

statistical power could not be determined, since standard deviations of mean disease scores 

were not presented. 

Table 2. 1 1 :  G roup mean disease scores and percentage protection of iron regulated 
protein vaccines in SPF lambs challenged with P. haemolytica A2 (Gilmour et aI., 
1 99 1 ). 

Experiment Vaccine Number in Group mean 

Group group d isease score 

1 . 1 A2 SSEb 1 3  26 .7  

l .2 A2SSE- IRPc 8 O .Sa 

l .3 Unvaccinated 7 50 .8  

aS igni ficantly d ifferent from unvaccinated group ( P<O .O I ) using the Mann-Whitney rank test 

% Protection 

47 .4 

99 

o 

b A2 SSE - vacci ne contain ing Sodium Sal icylate E xtract of P. haemolytica A2 grown in an iron replete 
medium 
c A2 SSE- I RP- vaccine containing Sodium Salicy late Extract of P. haemolytica A2 grown in an iron dep lete 
medium 
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Pasteurella vaccine trials using natural challenge 

Very few Pasteurella vacci ne trials have been conducted under natural pathogen challenge 

conditions. In a study in the United States ( Kiorpes et aI . ,  1 99 1 )  lambs from vaccinated 

ewes were i nvestigated under field conditions. A modified-live, attenuated P. haemolytica 

vacc ine registered for use in cattle, was administered intradermal ly to ewes in the last 30  

days of gestation. The vaccination group (n = 26)  rece ived booster vaccinations at 2 week 

intervals unt i l  parturition and controls (n = 24) were left untreated. On day 2 and 1 6  of 

l ife ,  subgroups of lambs from vaccinated (n = 1 3 )  and control ewes (n = 1 0) received the 

same vacc ine intradermally. Another two subgroups of lambs from non-vaccinated ewes 

(n = 1 3) and from vaccinated ewes (n = 1 1 ) served as controls .  L ambs from vacc inated 

ewes showed no significant increase in direct bacterial agglutination ti tres, but had 

signi ficantly elevated anti-Ieukotoxin titres compared with lambs from control ewes. The 

subsequent vaccination also did not appear to be protective against P. haemoLytica 

infection, based on serological responses. The decl ine in direct bacterial agglutination due 

to maternal antibodies in lambs after birth was more rapid than expected . The lowest titre 

was reached in less than 30 days. The efficacy of the vaccine against challenge was not 

assessed and this brings into question the conclusion that vaccinat ion of either ewes in late 

gestation, or lambs post-partum was not able to produce a protective immune response. 

This is  based on the fact that this was an extremely underpowered study . A calculation of 

statistical power for this study shows that, for the most part, the stati stical power was low 

when comparing antibody responses between groups of lambs. 

Two Pasteurella vaccines were tested under field cond itions on l ive-sheep shipments of 

lambs from New Zealand to Saudi Arabia  ( Black and Duganzich, 1 995 ;  Black et aI . , 1 997). 

Due to the confinement of animals, the conditions under which these vaccines were tested 

were markedly more extreme than would be expected under pastoral grazing conditions. 

One vaccine contained whole cell antigens of P. haemolytica A2 grown under I RP 

conditions (Ovipast, Hoechst) and another contained P. haemolytica A 1 cel l  surface and 

leucotoxin antigens registered in North America for young cattle ( Pneumostar, B iostar). A 

subcutaneous injection was administered 50-60 days prior to voyage, fol lowed by a second 

injection 4 to 5 weeks later ( 1 3 - 1 8 days prior to voyage) .  A systematically randomised 

sample of 1 0,500 male lambs was assigned to two vaccine groups and one control group. 

The deaths attributable to pneumonia were 90 out of 2043 (4.5%) for the control group, 78 

out of 2030 (3 .9%) for the I RP vaccine group and 75 out of 1 932 (4.0%) for the 
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Leucotoxin vaCCIne group. There were no significant differences between pneumoma 

scores recorded at the abattoir between control (n = 52) ,  I RP (n = 58 )  or Leucotoxin groups 

(n = 50). A subsequent study evaluated the efficacy of another P. haemolytica vaccine 

under simi lar conditions (B lack et aI . ,  1 997) ,  but again, no significant protection against 

pneumonia was observed with regard to mortal i ty and lung pneumonia scores at slaughter. 

Both of these studies (B lack and Ouganzich, 1 995;  Black et a I . ,  1 997) estimated the 

statistical power to be at least 80%, which is the level considered sufficient to detect 

statistical ly significant differences between treatment groups. 

Pasteurella haemolytica capsular polysaccharide 

The capsular polysaccharide (CP) of P. haemolytica serotype A 1 i s  the initial contact point 

between pathogen and host. An immune response to CP is important in protecting the lung 

from bacterial infection and colonisation through activation of antibody-mediated ki l l ing 

and phagocytic c learance mechanisms. There is strong evidence to correlate high anti-CP  

antibody titres with resistance ( Friend et aI . ,  1 977; Gi lmour e t  a I . ,  1 979; Gi lmour, 1 980; 

Gi lmour et aI. , 1 980; Wilkie et aI . ,  1 980; Panc iera et aI . ,  1 984; Confer et aI . ,  1 985 ;  Confer 

et aI . ,  1 988 ;  Frank, 1 988;  Conlon et aI . ,  1 99 1 ;  Fraser, 1 99 1 ; Coni on and Shewen, 1 993;  

Littledike, 1 993;  Robinson and Mell ing, 1 993) .  In one study, vaccines were prepared with 

CP and muramyl di peptide (MOP), or a Iypophi l ic derivative (MDP-GDP) ( Brogden et aI . ,  

1 995) .  Seven groups of five lambs were used to test the different vaccines and the immune 

response was measured as IgM and I gG antibody titres. Also, the extent of lung lesions 

was assessed 40 days post-vaccination and found to be reduced in  CP and MDP or CP and 

MOP-GOP vaccinated groups. Enhancement of ep with MOP or MOP-GDP may be a 

method of uti l i sing CP  as a vaccine immunogen. The statistical power in these studies was 

low when comparing lung lesion extent between groups. I n  comparisons of IgM titres 

between groups the statistical power was general ly adequate, but not for comparisons of 

IgG titres. 
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Vaccines against viral pathogens 

Vaccines containing viral antigens have also been tested. Results and discussion of 

statistical power is presented for four of these trials. 

Virus vaccine trials using experimental challenge 

A study of a Ph vaccine for lambs using experimental challenge was conducted i n  

H ungary ( Koves e t  aI . ,  1 982) .  The vaccine was derived from a P h  virus isolated from 

calves affected by acute respiratory di sease. The virus was then inactivated with 

ethylenimine and oi l-adjuvated. E ight-week-old Merino lambs were injected 

intramuscularly twice at an interval of 1 0  days. There were three groups of three lambs. 

One was vaccinated and chal lenged, another not vaccinated but chal lenged and the other 

was an untreated control group. Lambs were challenged intranasa l ly and intratracheal ly 

1 05 days after the first vaccination with PI3  virus. This chal lenge was repeated 24 hours 

later. H istopathological and serological evidence showed that the vaccine was protective 

( Koves et ai . ,  1 982) .  Sufficient detail was not provided to comment on statistical power, 

however, the sample groups were smal l (n = 3) .  

Another experimental challenge trial was conducted in  New Zealand ( Davies e t  a1 . ,  

1 980b). There were four groups of 20 lambs. The vaccine contained l ive Pb virus and 

was injected intramuscularly ( IM)  in group 2 and administered intranasally ( IN )  in group 3 .  

Groups 1 and 4 remained un-vaccinated. After 45 days, lambs i n  groups 1 to 3 were 

chal lenged with P I 3  by the intranasal ( IN)  and intratracheal ( IT) routes. P. haemolytica 

was also inoculated by the IN  and I T  routes 6 days later. At slaughter, 1 0  to 1 2  days post 

chal lenge, 65% of non-vaccinates, 45% of I M  vaccinates and zero IN vaccinates had 

pneumonic lesions ( Davies et ai . ,  1 980b). This indicated that I N  resulted in significantly 

fewer (p<0.00 1 )  pneumonic l esions than IM vaccination with sufficient statistical power 

(84%) 

Virus vaccine trials using natural challenge 

I n  a Scottish trial, a l ive attenuated PI3 virus vaccine licensed for use in catt le was studied 

under field conditions ( Rodger, 1 989). The vaccine was administered intranasally at I ml 

per nostr i l  to ewes. Half of the flock on one farm was vacc inated (n = 1 9), with the 

remainder unvaccinated (n = 1 9) .  There was a significant increase in haemaglutination 

inhibiting antibody titres to Ph virus in the vaccinated group. One of the un-vaccinated 
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ewes died from pasteurel losis. Subsequently, a l l  ewes (n = 1 50 to 1 1 00) on the other seven 

farms were vaccinated and fewer deaths were encountered than expected due to 

pasteurellosis. However, no assessment of subcl inical pneumonia in  lambs was conducted 

at any stage in the study . After the first vaccination on one farm, no control animals were 

used for comparison, so vaccine efficacy could not be determined after the first season. 

I n  Oregon, a study was conducted under field conditions in feedlot lambs (Hansen, 1 995) .  

Four vaccines were used in  the trial : 

• A modified-l ive virus vacc ine (containing infectious bovine rhinotracheitis v irus, 

PI3 v irus and respiratory syncytial virus). 

• A vaccine containing kil led strains of I BR, BVD viruses and modified- l ive strains 

of PI3 and RSY viruses. 

• A HaemophiLus somnus bacterin .  

• An experimental core-antigen product with J5 bacterin-toxoid .  

Comparisons were made between the type and t iming of the vaccines. There were s ix 

trials involving 4,700 lan1bs with an average of 300 vaccinated lambs compared to 300 

control lambs. There was a positive effect when the modified-l ive virus vaccine was 

administered either 1 0  days, 30 days, 1 0  and 30 days, or 30 and 44 days prior to shipment 

to the feedlot. The positive effect was measured in terms of pneumonia mortal ity rate and 

percentage of lungs with lesions. When lambs were vaccinated 1 0  or 30 days before 

shipment to the feed lot the efficacy of vaccine was 6 1  % to 63% for mortal ity and 57% to 

58% for pneumonic lesions. The efficacies of the modified-l ive, ki l led vaccine and the 

core-antigen product were not statistically different from the non-vacc inated controls .  

Comparison of bacterial and viral vaccines 

Although information about efficacy is required for vaccine registration In the United 

Kingdom, United States, and Australia (CYM, 2005; NRA, 2005; YMD, 2005 ), it is not 

required in New Zealand (ACYM, 2005 ). The studies presented in this  section (2 .8 . 1 )  

have reported the efficacy of PasteureLLa and PI) virus vaccines under both experimental 

and field conditions. However, statistical power is  often not at an adequate leve l .  There 

have only been two reported field studies of PasteureLLa vaccines which occurred on l ive­

lamb shipments ( Black and Duganzich, 1 995;  Black et ai., 1 997), indicating the lack of 

documented trial work in  pastoral farming conditions. Ph vaccines, by comparison, have 
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often been tested under pastoral farming conditions and have shown promising results. On 

the whole, PI3  vacc ines were more effective than Pasteurella vacci nes against pneumonia, 

perhaps due to the poor irnmunogenic ity of some isolates of P. haemolytica A2. Most of 

these trials have tested vacci nes to target a small number of microbial species and strains.  

A wide range of micro-organisms are capable of causing pneumonia, so a move towards 

broader spectrum vaccines may prove more successful in control ling d isease. Moreover, 

most experimental challenge studies involving Pasteurella spp. had extremely low 

stat istical power in  terms of reveal i ng vacci nation effects. 

2.8.2 Anti m icrobial peptides 

Antimicrobial peptides are natural ly occurring immunogens that are part of the immune 

system in animals. Their antimicrobial propert ies are generally broad-spectrum for Gram­

positive bacteria, Gram-negative bacteria and fungi . Synthetic antimicrobial peptides have 

potential use in treatment or prevention of respiratory infection as direct antimicrobial 

agents. In addition, an animal ' s  production of antimicrobial peptides may be stimulated 

through vaccination, e.g. at times of stress when they are most l ikely to develop 

pneumOllla. 

To test the efficacy of antimicrobial peptides in the treatment of bacterial infection, a 

model of AP in lambs was established using the ovine respi ratory pathogen P. 

haemolytica. In one study, a single bronchial insti l lation of 0.5 mg myeloid antimicrobial 

peptide ( SMAP29) reduced the concentration of bacteria in bronchoalveo lar lavage fluid 

and consol idated pulmonary tissues (Brogden et a i . ,  200 1 ). I n  another study, a single 

bronchial inst i l lation of 0.5 mg anionic peptide reduced pulmonary inflammation and the 

concentration of P. haemolytica in infected lung tissue ( Kalfa et ai . ,  200 1 ) . The authors 

suggested the in vitro and in vivo effectiveness of SMAP29 and that anionic peptides may 

have appl ications in the treatment or prevention of pulmonary infections. 

The fie ld of antimicrobial peptides in animals is expandi ng and substantial advances are 

expected in the near future, where genes encoding antimicrobial peptides may be 

discovered. Conventional animals or transgenic animals may be used as a source of 

antimicrobial peptides. Antimicrobial peptides have immuno-enhancing activities which 
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could be used to augment immune responses to antigens in vaccines for disease prevention 

( Brogden et aI . ,  2003 ) .  

2 .8.3 Management 

Management practices that are thought to mcrease the risk of pneumonia include tai l 

docking, castration, crowding, handl ing, transport and weaning ( Knowles et aI . ,  1 995 ;  

Cole, 1 996). Such practices cause stress, and stress can lead to i ncreased secretion of 

stress related hormones which, in turn, increases susceptib i l i ty to infection. Many of these 

practices are unavoidable under commercial farming conditions in New Zealand. I t  i s  sti l l  

poorly understood how management-related stress leads to  the development of pneumonia 

in lamb flocks, due to a lack of field studies. 

Other management practices that should be avoided as much as possible to help control 

pneumonia inc lude: sudden changes in diet; mixing animals from different sources; 

excessive heat; poor venti lation; parasitic infestation and exposure to low temperatures. I n  

New Zealand, pneumonia tends to occur i n  the late summer/early autumn. I t  seems l ikely, 

therefore, that high rather than low temperatures pose the highest risk. Blaxter ( 1 967)  

presented an upper critical temperature of 25°C for growing lambs, above which heat stress 

supposedly occurred from inadequately regulated heat. Temperatures above 25°C are not 

uncommon in the sumn1er and late summer in New Zealand. I n  addition, i f  lambs are 

m ustered during this period, their body temperature may increase through exercise, 

handling or confinement in  c lose proximity to other animals in yards or shearing shed. 

Recording and c lassifying such events and comparing them with lamb pneumonia at 

s laughter may reveal these as risky practices. 

Hot, dry weather often precedes outbreaks of AP (Bruere et a I . ,  2002) .  Poor venti lation is 

not a l ikely risk factor for pneumonia in  New Zealand, as animals are not routinely housed 

i ndoors. However, in the event of crutching or shearing when lambs are housed overnight, 

ventilation qual i ty may be important. I nternal parasite infestation may i ncrease 

susceptibil ity to pneumonia, possibly augmented by high levels of drench resistance 

( Hughes et aI . ,  2004; H ughes et aI., 2005 ) .  
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A case-control study (Van der Logt, 1 996), ident i fied a number of risk factors that, i f  

avoided, may reduce pneumonia and pleurisy in  lambs. These included: 

• Drenching lambs at a h igh frequency. 

• Shearing lambs twice. 

• Frequently yarding lambs after weaning.  

• Using motorised means of mustering. 

• Using a lake for water supply .  

• Having a large number of lambs on the property in July. 

This study was based on a questionnaire and as such the data were l ike ly to be subject to 

confounding. I t  seems that i f  lambs are yarded after weaning infrequently the potential for 

cross colonisation of potential pathogens between lambs wil l  be reduced. Drenching lambs 

at a low frequency may have a simi lar effect, as they spend a minimum of time in the 

yards. Practices that were protective included the use of a wand for dipping or a spray-on 

dip, concrete rather than soil yards, access to a trough water supply and cross breeding. 

The use of concrete yards may reduce the development of dust when animals are crowded. 

Bruere et al. (2002) advised that stress be minimised from the time of weaning in 

November or December unt i l  May and June, to reduce the number of yardings (especially 

under hot and dusty conditions) and to maintain optimum stock health during that period. 

Maintenance of stock health can be achieved by systematic animal health care, especially 

with regard to parasite control .  

If the above mentioned management practices were definitively identified as increasing the 

risk of pneumonia, it would be highly possible that sheep flocks could be better managed 

to reduce the disease. These possible factors need to be val idated in further studies to 

support the development of control options for farmers. One of the difficulties in assessing 

the effect and role of these factors is that pneumonia can only be diagnosed accurately at 

the time of slaughter. 
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2.9 Outline and aims of the thesis 

This thesis addresses several key questions regarding frequency, causes, consequences and 

control of chronic progressive pneumonia of lambs in New Zealand. These questions take 

account of seasonal and spatial patterns of pneumonia prevalence, management related 

factors at farm-level contributing to the development of pneumonia, economic loss 

associated with lamb pleurisy and pneumonia and efficiency of vaccination to reduce the 

economic cost of pneumonia. We base our analyses on lamb pneumonia as detected at 

slaughter which, predominantly consists of CNP but some recovered AP would also be 

present. 

The chapters, their titles and objectives are as fol lows: 

Chapter 3, Hierarchical model of pneumonic lesions in  lambs at slaughter and 

investigation of spatial patterns of pneumonia prevalence: The aim of this chapter is  to 

investigate spatial and temporal prevalence of lamb pneumonia in New Zealand. This i s  

based on  slaughter data gathered from a large sample of lambs from farms i n  three regions 

over a ten-month period. 

Chapter 4, Case-control study of lamb pneumonia: This chapter consists of a case­

control study with the aim of identifying management practices and characteristics of the 

production system that may increase the risk of pneumonia in lambs. I t  compares flocks 

with a high prevalence of moderate to severe pneumonia to flocks with no moderate to 

severe pneumonia diagnosed at slaughter. A path model was used for more in-depth 

investigation of the inter-relationships between hypothesised management factors and a 

high prevalence of pneumonia at farm level .  

Chapter 5,  Efficacy of Ovipast Plus® vaccine for pneum on ia of lambs under field 

conditions in New Zealand : I n  this  chapter we evaluate the efficacy of Ovipast P lus® in 

preventing sub-cl inical effects of pneumonia on average dai ly weight gain and lung lesions 

under commercial farming conditions. 

Chapter 6, Econom ic effect of chronic non-progressive pneumonia and pleurisy i n  

New Zealand lambs: The aim of  this chapter is to provide an  est imate of  economic loss 

to the New Zealand sheep industry due to pneumonia and p leurisy based on field studies 

and current data. 
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Chapter 7, General Discussion: The aim of this chapter is  to discuss the significance o f  

the findings presented i n  this thesis. A lso to review the merit and l imitations o f  studies 

performed for the thesis and out l ine the need and objectives for further research .  
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CHAPT E R  3 

Hierarchical  model of pneu monic lesions in la mbs at slaughter 

and investigatio n of spatial patterns of pneumonia 

prevalence 

3. 1 Introd uction 

Chronic non-progressive pneumonia (CNP) and acute pneumoma (AP)  are endemic 

conditions of ew Zealand lambs. Both C P and AP lead to substantial production loss as 

a result of reduced growth rates, a predi sposition to pleurisy and reduced carcass value. 

Growth rates are reduced when pneumonic lung lesions are evident, in comparison with 

lambs that have no visible lesions at s laughter (lones et aI., 1 982; Al ley, 1 987a; Goodwin 

et a I . ,  2004) .  The only accurate diagnosi s  for pneumonia in lambs is  examination of lungs 

at s laughter however, pneumonia is  not routinely recorded at processing plants as there is 

no direct effect on the value of the lamb carcass. Currently, no l ive-an imal diagnostic tests 

are available for pneumonia in lambs. Contro l of these diseases is difficult because : ( I )  the 

condition can only be detected by post mortem inspection of lungs at the time of slaughter, 

and ( 2 )  the time lag between appl ication of i nterventions and the identification of 

responses to those interventions. 

I t  has been assumed that pneumonia is a widespread problem in New Zealand lambs 

although there is l ittle quantitative data to support this ( Kirton et aI . ,  1 976; Al ley, 1 987b; 

Davies, 1 987;  Goodwin et aI . ,  2004). Reports of CNP prevalence in New Zealand sheep 

vary between 2 1  % and 93% (Ki rton et aI . ,  1 976; Thurley et aI . ,  1 977;  McGowan et aI . ,  

1 978 ;  Pfeffer et aI . ,  1 983;  Goodwin et aI . ,  2004) .  The wide variation in estimates of CNP 

prevalence is  probably due to the small number of flocks selected for i nc lusion in  the cited 

studies. This, in addition to purposive selection of studied flocks, means that these 

estimates should not be regarded as representative of the New Zealand sheep population. 

Although broad-scale, regional differences in pneumonia prevalence as measured at 
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slaughter have been identified ( Black, 1 997;  Goodwin et a I . ,  2004), variations in flock­

level disease risk at finer spatial scales are largely unknown. 

The objectives of this study were to : (1 )  evaluate the abi l ity of meat inspectors to correctly 

classify pneumonic lesions in slaughtered lambs into three categories of severity; (2 )  

quantify the influence of processing plant and month on the proportion of each flock being 

diagnosed with pneumonia at slaughter; and (3 )  investigate the data for any residual, 

spatially correlated risk of pneumonia after control l ing for flock-level risks for disease. 

3.2 M ateria ls and methods 

Data collection 

This was a cross-sectional longitudinal observational study of pneumonia in lambs at 

slaughter. The e l igible population was comprised of flocks located in each of the 

Canterbury, Manawatu, and Gisborne regions of New Zealand ( Figure 3 . 1 ) . The study 

population was comprised of members of the eligible population that suppl ied lambs to 

single processing plants in each region (Canterbury 837 flocks; Manawatu 724 flocks, and 

Gisborne 680 flocks). For the purpose of thi s study we define a farm as the physical 

location where sheep are resident, a flock as the col lective group of sheep from a single 

farm, and a mob as a group of lambs from a single flock submitted as a single unit for 

slaughter. 
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Figure 3. 1 :  Map of New Zealand with shaded areas indicating the selected study 
areas: (a) Canterbury, (b) Manawatu, and (c) G isborne. Circles represent areas 
where farms were selected for the spatial analyses described i n  the text. 

Data were col lected by meat inspectors of ASURE ew Zealand Ltd. from 1 December 

2000 to 30 September 200 1 ( inclusive). Pneumonia status was assessed for every lamb 

slaughtered and processed at each p lant throughout the study period. For each lamb, lungs 

were vi sual ly assessed and classified by meat inspectors into one of the fol lowing 

categories: no pneumonia, minor pneumonia ( less than 1 0% of total lung surface area 

affected) and moderate to severe pneumonia (greater than 1 0% of total lung surface area 

affected) .  There was no differentiation between CNP and AP. To ensure consistency of 

lung scores between meat inspectors and processing plants, training sessions were 

conducted in each plant at the start of each data collection period. The date of 

commencement of data col lection was different for each plant on account of logistics 

surrounding data col lection. Data col lection commenced on ] January 200 ] in  Canterbury, 

1 December 2000 in the Manawatu, and 1 February 200 1 in Gisborne. 
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Validation of lung scoring 

At each plant, a val idation study was conducted over a 2 1  - 24 hour period during the fi fth 

month of data col lection. To validate pneumonia diagnoses by meat inspectors the 

principal author assessed the lungs using the c lassification categories described above. 

The sensitivity and specificity of meat inspector diagnosis of pneumonia was evaluated for 

each plant using the principal investigator' s diagnosis as the gold standard. The same 

method was used to calculate the sensitivity and specificity of moderate to severe 

pneumonia diagnosis. No pneumonia and minor pneumonia were pooled to form the 

negative category . 

Estimates of inspector sensitivity (that is, the conditional probabi l ity of a positive lung 

score) and speci ficity (the conditional probabil ity of a negative lung score) al lowed the true 

prevalence of pneumonia to be calculated as fol lows ( Rogan and Gladen, 1 978 ) :  

7' I Apparent prevalence + ( Specijicity - 1 ) 
1 rue preva ence = 

Sensitivity + (Specijicity - 1 ) 

Data management and analysis 

Part I 

(Equation 1 )  

The fol lowing details were col lated for each mob of lambs presented for slaughter: 

slaughter date, the number of lambs slaughtered, and the number of lambs with each of the 

defined pneumonia scores. Farms that suppl ied less than 50 lambs (n = 329)  throughout 

the study period were excluded from the analysis. The supply of lambs in February cannot 

be considered to be representative due to national strikes by MAF veterinarians, causing 

plants to be c losed down for 4 - 5 days in some cases. 

Part 1 1  

A 2-level mixed-effects binomial logistic regression model was appl ied to the data using 

the proportion of lambs with moderate to severe pneumonia per mob (grouped by flock) as 

the outcome variable. Only mobs with 2: 30 lambs were included, however, if mobs of <30 

lambs were slaughtered within 1 week of each other, these were pooled together to form 

one mob. Explanatory variables included region as a categorical variable with three levels 

(Canterbury, Manawatu, Gisborne), month of slaughter as a categorical variable with nine 

levels (January through to September) and a flock (i )  and mob (j) identifier. The outcome 

variable was comprised of the number of lambs within a mob with pneumonia as the 
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numerator and the number of l ambs within the mob as the denominator. The equation for 

the multi level model was as fol lows: 

(Equation 2) 

Random effect terms for flock and mob are denoted by Ui and Vi, respectively with Ui - i id  

N(O ,  (2) and Vij - i id  N(O, T2). An iterative generalised least squares approach using a first 

order marginal quasi l ikelihood was used to produce initial values for a Bayesian model of  

pneumonia probabi l ity with fl at ( uninformed) prior distributions using Markov chain 

Monte Carlo (MC MC) methods in  MLwi version 2 .0 1 ( Rasbash et aI . ,  2 004). Analyses 

were undertaken to determine the appropriate number of i terations of the Markov chain 

Monte Carlo sampler to rel iably estimate the posterior distribution of the model 

parameters. An estimate of the total number of iterations required (n = 1 ,000,000) was 

given by the Raftery-Lewis quanti le diagnostic ( Raftery and Lewis, 1 992).  For parameter 

estimation, we ran the Markov chain Monte Carlo sampler for 1 mi l l ion iterations after 

discarding the first 1 00,000 ' bum in'  samples. Plots of the autocorrelation and partia l  

autocorrelation functions for each parameter showed that the chain was adequately close to 

independently identical ly distributed data. 

In this  study, our interest was to estimate the degree of simi larity of outcomes at the mob 

and flock levels as expressed by the intra-class correlation coefficient ( ICC) (Snijders and 

Bosker, 1 999). This was calculated as the variance of the random effect terms at the mob 

and flock level as a proportion of the total random effect variance. The ICC provides a 

measure of correlation between outcomes at different levels of the hierarchy. For example, 

mob I CC is the correlation of pneumonia levels  of lambs within a mob, compared with that 

of different mobs from the same flock. Flock I CC is the correlation of pneumonia levels of  

lambs within a flock compared with other flocks. The purpose of the multi level model was 

to identify sources of variation in pneumonia prevalence at the mob-level (e .g.  duration of 

growth period, lamb l iveweight) and the farm-level (e.g. management pol icy, sheep breed 

etc), once region and month of slaughter had been accounted for. 
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Part I I I  

The objectives of this part o f  the analysis were to select members of the study population 

with a high prevalence of pneumonia (case flocks) and compare the spatial distribution of 

case flocks with those flocks with a low prevalence of pneumonia (control flocks). A 

second objective was to examine the flock-level residuals from the multi level model 

(described in Part 1 1 )  for the presence of second order spatial autocorrelation. Residual, 

spatial ly correlated risk - if present - would suggest that environmental risks (e .g .  

temperature, elevation, and/or humidity) were associated with the presence of disease. 

GeographicaL data 

The national farm database, AgriBase (AgriQuality, 2004) was queried to provide centroid 

coordinates of farm blocks. Study flocks were matched to Agri Base by farm name to 

provide an identification number and associated coordinates. 

FLock seLection 

For the spatial analyses, the data set was restricted to include flocks that suppl ied more 

than 30 lambs over the entire season that were located within a 50 km radius of each 

processing plant ( Canterbury n = 292, Manawatu n = 2 7 1  and Gisborne n = 26 1 ) . Our 

reason for selecting according to proximity to processing plants was to ensure that all or 

most lambs were suppl ied to the respective plants. A small number of flocks (n = 7) were 

excluded from the analysis due to mjssing coordinates, as they had not been al located 

AgriBase identification numbers. 

Definition of case and controL flocks 

The units of interest were flocks that suppl ied lambs to data col lection processing plants in  

Canterbury, Manawatu and Gisborne for December 2000 to September 200 1 . Case flocks 

were defined as those in the 80lh percenti le of moderate to severe pneumonia prevalence 

for each region. Control flocks were defined as those with no apparent moderate to severe 

pneumoma. 

Extraction mapping 

Analyses were conducted to determine if the spatial distribution of case flocks differed 

from that of the controls .  To improve interpretation of the two distributions, kernel density 

surfaces were constructed using a bandwidth defined by adaptive smoothing (a  weighting 
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factor dependent on the number of flocks in the neighbourhood of each point) .  The spatial 

incidence risk function was then calcul ated as the ratio of the density of case flocks to the 

density of both case and control flocks. The quart i les of this relat ive risk surface were 

plotted as contours to show the d istribution of case flocks per case and control flocks per 

1 00 square kilometres. 

Cluster analysis 

The spatial scan statistic implemented in  SaTScan Version 4 .0 .3 ( Kul ldorff, 1 999) was 

used to identify the presence of spatial c lusters of case flocks occurring within each region. 

Using this method the number of case flocks in each region was assumed to fol low a 

Poisson distribution. The spatial scan statistic creates circular windows at the centre of 

each farm with a radius from 0 - 50% of the total area. The null hypothesis was that the 

incidence of case flocks was constant across each region and the alternative hypothesis was 

that there was an increased risk of case flocks in each circular window. Monte Carlo 

simulation was used to test the null hypothesis against the alternative hypothesis. A 

significant, spatial c luster of case flocks was said to exist if the l ikel i hood ratio of a given 

window was among the h ighest 5% of s imulated maximum l ikelihood ratios. 

Examination of residuals 

Standardised flock-level residuals from the multi level model (Part I I )  were calculated and 

covariance in the residual values as a function of distance was assessed using 

omnidirectional variograms ( I saacs and Srivistava, 1 989). An omnidirectional variogram 

shows the semivariance between pairs of observations as a function of their Euclidean 

distance. The semivariance is half the variance of the differences between all possible 

points spaced a constant distance apart (Watson, 1 997) .  Envelopes for the variograms 

were based on 999 Monte Carlo permutations of the data, whereby case and control labels 

were randomly allocated to each farm location. Spatial dependence was deemed to be 

present given a relationship between distance and semi variance, and if  some or all of the 

empirical variograms lay beyond the bounds of the lower and upper s imulation envelopes. 
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3.3 Results 

Part I 

Canterbury was the largest processing plant providing data from over one mi l l ion lambs 

(F igure 2). The Manawatu processing plant suppl ied data from 4 72,057 lambs and 

Gisborne 302,6 1 6  lambs. The pattern of lamb supply through consecutive months was 

simi lar for the Manawatu and Gisborne. In Canterbury, the number of lambs suppl ied 

decreased markedly from January . The effect of the strikes by MAF veterinarians is  

evident in February by the lower than expected number of lambs ki l led that month for al l  

regions (Figure 3 .2) .  
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Figure 3.2: Pneumonic lesions in  lambs slaughtered in three region s  of New Zealand, 
Decem ber 2000 to September 200 1 .  Number of lambs slaughtered per m onth a t  the 
Canterbury, M anawatu, and G isborne plants. 
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Validation of meat inspector diagnosis of pneumonia occurred between May and June 

200 1 (Table 3 . 1 ) .  In total 9 1 37,  4332 and 2276 lungs were sampled from the Canterbury, 

Manawatu and G isborne processing p lants. The difference in the total number of lungs 

sampled per 2 1  - 24 hour period reflected the number of lambs processed by each plant. 

Table 3. 1 :  Date, duration and number of lungs sampled for validation of pneumonia 
data from Canterbury, Manawatu and Gisborne between M ay 1 sI and June 81h 200 1 .  

Processing plant Date Length of validation Number of 

(hours) l ungs sampled 

Canterbury 1 0  May 200 1 6 2,232 

1 1  May 200 1 6 2,775 

2 1  May 200 1 6 2, 1 2 1  

22 May 200 1 6 2,009 

Total 24 9, 137  

Manawatu 26 Apr 200 1 6 1 ,092 

27 Apr 200 1 6 968 

30 Apr 200 1 6 1 , 1 00 

1 May 200 1 " 55 1 j 

2 May 200 1 " 62 1 j 

Total 24 4,332 

Gisborne 5 Jun 200 1 6 6 1 6  

6 Jun 200 ] 6 609 

7 Jun 200 1 6 680 

8 Jun 200 1 3 3 7 1  

Total 2 1  2,276 
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Meat inspector sensitivity was low for both moderate to severe p neumonia and total 

pneumonia (mi ld to severe) ,  but especial ly low for minor pneumonia in the Manawatu and 

Gisbome plants (Table 3 .2 ) .  Meat inspector specificity was high. The results indicate that 

the level of pneumonia in this population of lambs was under-estimated. That is, a 

significant proportion of lungs with pneumonic lesions were misc lassified as negative. 

Table 3.2 : Validation sensitivity and specificity (with 95% confidence intervals), of 
inspector d iagnosis of minor, moderate to severe and total pneumonia in Canterbury, 
Manawatu and G isborne. 

Region 

Minor pneumonia 

Canterbury 

Manawatu 

Gisbome 

Moderate to severe pneumonia 

Canterbury 

Manawatu 

Gisborne 

Sensitivity (95%C I )  

0. 1 57 (0 . 1 45, 0 . 1 68)  

0 .028 (0 .02 1 , 0.038)  

0 .054 (0 .04 1 ,  0.072) 

0 . 1 72 (0 . 1 36, 0.2 1 4) 

0 . 1 73 (0 . 1 42, 0.2 1 0) 

0 . 1 55 (0.093, 0.247) 

Total pneumonia (minor and moderate to severe) 

Canterbury 

Manawatu 

Gisborne 

78 

0.20 1 (0 . 1 89, 0.2 1 4) 

0 . 1 52 (0 . 1 37,  0. 1 68 )  

0 .085 (0 .068, 0. 1 04 )  

Specificity (95% Cl)  

0.9 1 0  (0 .90 1 ,  0.9 1 7) 

0 .974 (0 .967, 0.980) 

0 .980 (0 .972, 0 .987) 

0 .979 (0 .976, 0.982) 

0.923 (0 .9 1 3 , 0.932 )  

0 .99 1 (0 .985, 0.994) 

0 .903 (0 . 894, 0.9 1 2) 

0 .930 (0 .9 1 6, 0.94 1 )  

0 .978 (0.969, 0.985 )  



Canterbury had the highest mean number of lambs supplied per farm along with the 

highest true total pneumonia prevalence (Table 3 . 3 ) .  Due to  lower sensitivity of minor 

pneumonia diagnosis, true minor pneumonia prevalence was higher in the Manawatu and 

Gisborne compared with Canterbury, even though the apparent minor pneumonia 

prevalence was higher in Canterbury. 

Table 3.3 : Descriptive statistics of number of mobs, number of lambs, means of true 

minor, true moderate to severe and total pneumonia prevalence per flock, grouped by 

region with 95% confidence intervals. 

Plant Parameter Number Mean 95% C l  

Canterbury No.  mobs 3 839  2 

No. lambs 1 , 1 24,883 506 

Mean minor pneumonia prevalence (%) 23 2 1 .9, 24.4 

Mean moderate to severe pneumonia 
1 0  9 .7 , 1 1 . 1  

prevalence (%) 

Mean total pneumonia prevalence (%) 29 28. 1 , 30 .9  

Manawatu No. mobs 2788 2 

o. lambs 472,05 7 278 

Mean minor pneumonia prevalence (%) 40 3 8 .0, 42.6 

Mean moderate to severe pneumonia 

prevalence (%) 
1 3  1 1 .5 ,  1 3 .6 

Mean total pneumonia prevalence (%) 22 20.6, 23 .5  

Gisborne No. mobs 1 649 2 

No. lambs 302,6 1 6  306 

Mean minor pneumonia prevalence (%) 34 30 .7 , 36.4 

Mean moderate to severe pneumonia 
5 .6, 7 .6 7 

prevalence (%) 

Mean total pneumonia prevalence (%) 24 2 1 .4, 26.0 
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The true prevalence of pneumonia peaked earl ier in Gisborne compared with Canterbury 

and Manawatu (F igure 3 . 3 ) .  Canterbury and Manawatu had a simi lar pattern of prevalence 

through the data col lection period, although the prevalence in Canterbury was greater than 

recorded for the Manawatu. 
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Figure 3.3: Pneumonic lesions in lambs slaughtered in three regions of New Zealand, 
December 2000 to September 200 1 .  M ean monthly true pneumonia prevalence (with 
95% confidence intervals) for lambs slaughtered at the Canterb u ry, M anawatu, and 
Gisborne plants. 

Part 1 1  
Table 3 .4  shows regresslOn coefficients, variance estimates, and odds ratios of the 

multi level model .  The variance estimates of the random effect tem1S at the mob and flock 

levels were l .8 3  ( SE = 0.06) and 0.73 (SE  = 0.06), respectively. The proportion of lambs 

with moderate to severe pneumonia differed between plants. The odds of moderate to 

severe pneumonia in Gisborne was 0 .33 times (95% Cl = 0.28, 0 .40) that of the odds of 

moderate to severe pneumonia in Canterbury . The odds of moderate to severe pneumonia 

in the Manawatu was 0 .74 times (95% Cl = 0.64, 0 .85)  that of the odds of moderate to 

severe pneumonia in Canterbury . The odds of moderate to severe pneumonia from March 

to May was between 1 l .0 and 1 3 .7 times that of the reference month, December. 

80 



Table 3.4: Logistic regression model of the effects of processing plant and month on 

proportion of moderate to severe pneumonia in lambs at mob and flock-level from 

Canterbury, Manawatu and G isborne between December 2000 and September 200 1 .  

Variable 

I ntercept 

Fixed Effects 

Plant 

Canterbury 

Manawatu 

Gisbome 

Month 

December 

January 

February 

March 

April 

May 

June 

July 

August 

September 

Random effects 

Flock 

Mob 

-7.095 

Ref 

-0.304 

- 1 .099 

Ref 

0 .552 

1 . 557  

2.602 

2 .6 1 9  

2 . 394 

1 . 37 1 

0.999 

0.23 1 

-0.958 

0 .726C 

1 .828 c 

S.E. 

0. 1 6  

0.07 

0.09 

0. 1 6  

0. 1 6  

0. 1 6  

0. 1 6  

0. 1 6  

0. 1 7  

0. 1 8  

0.2 1 

0.29 

0.06 

0.06 

a P value of each whole factor from l i kel ihood rat io statistic. 

Odds Ratio 
LRS p-valuea 

(95% C I )b 

1 .0 ( 1 .0, 1 .0 )  

0 .7  (0.6, 0 .9)  

<0.00 1 0 .3 (0.3 , 0 .4) 

1 . 7 ( 1 .3 , 2 .4)  

4 .7  (3 .5 ,  6 .5 ) 

1 3 . 5  (9.9, 1 8 .4)  

1 3 .7  ( 1 0 . 1 , 1 8 . 7 )  

1 1 .0 ( 8 .0, 1 5 . 1 )  

3 .9  (2 .8 ,  5 . 5 )  

2 .7  ( 1 .9, 3 .9)  

1 .3 (0 .8 ,  1 .9 )  

0 .09 1 0.4 (0.2, 0 .7)  

b I nterpretation : lambs slaughtered in  March 1 3 .5  (95% C l  9.9, 1 8 .4) t imes more l ikely t o  have pneumonia 
than those s laughtered in  December (the reference category ). 

C Variance component. 

The intra c lass correlation coeffic ient ( ICe) was calculated using a latent variable approach 

assuming the binary outcome arose from an underlying continuous distribution. The level 

1 variance was on the logit scale and was equal to rr?13 , as shown in the fol lowing 

equations at the flock level ( Equation 3 )  and mob level ( Equation 4) .  
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F lock ICC = 0.726 

1 . 828 + 0.726 + 3 . 1 42 2 / 3  

Mob lCC 
0.726 + 1 .828 + 3 . 1 42 2 / 3  

1 . 828 

(Equation 3) 

(Equation 4) 

F lock lCC was 1 2 .4% and mob ICC was 3 1 .3%. Mob ICC measures the correlation of 

moderate to severe pneumonia prevalence of lambs within mobs, compared with that of 

lambs between different mobs from the same flock. Likewise, flock ICC measures the 

correlation of moderate to severe pneumonia prevalence of lambs within a flock, compared 

with lambs from different flocks. 

Part I I I  

Table 3 .5 provides descriptive data for the flocks selected for the spatial analysis by region. 

The mean number of lambs suppl ied per flock was highest in Canterbury with simi lar 

numbers in Manawatu and Gisborne. The mean true moderate to severe pneumonia 

prevalence was highest in the Manawatu ( 1 2%, 95% Cl 1 1 .9 - 1 2 . 1  %), fol lowed by 

Canterbury (9%, 95% Cl 9.0 - 9. 1 %), and Gisborne ( 5%, 95% Cl 4 .9 - 5 . 1  %) .  The mean 

true total pneumonia prevalence was highest in Canterbury ( 27%, 95% Cl 26 .9 - 27. 1 %),  

followed by Manawatu ( 2 1  %, 95% Cl  20.9 - 2 1 .2%) and Gisborne ( 1 8%, 95% Cl 1 7 .9 -

1 8 . 1 %) .  

Table 3.5 :  Number of study flocks selected for spatial analysis supplying lambs to 
data col lection processing plants, mean (standard deviation) num ber of lambs 
supplied per flock, true moderate to severe pneumonia prevalence and true total 

pneumonia prevalence in Canterbury, M anawatu and G isborne. 

Region Flocks Mean number of True prevalence (SD) True p revalence 

Canterbury 

Manawatu 

Gisborne 

292 

27 1 

26 1 

SD - Standard dev iation 

82 

lambs (SD) 

344 ( 85 1 )  

235 ( 572)  

23 1 (225)  

of m oderate to severe 

pneumonia 

9% ( 1 3 ) 

1 2% (22) 

5% ( 1 4) 

(SD) of total 

pneumonia 

27% (32 )  

2 1  % (30 )  

1 8% ( 3 3 )  



Figure 3 .4 shows the spatial d istribution of the case and control flocks i n  the three study 

regions. The processing plants were located c lose to Ashburton (Figure 3 .4a) , Feilding 

( Figure 3 .4b) and Gisborne (F igure 3 .4c). The density of case and control flocks was 

greatest around these centres, indicating that it was highly l ikely that flock managers 

suppl ied most, if not al l ,  of their  lambs to the respective processing plants. 

� 
:;:. 

� 
:;:. 

� � 
co 

� n L iii 

� 

� 
T 

2320 

g <0 

i!! 
� 

<0 

g> 
€ � 0 
Z <0 

0 
� <0 

� 
2860 

. " 

. " 

. . 

• °00 • •  . . eo · Co 

. , 

0 0 • 0 
. . ,  

• • 0 '. 
• A$hb�r.t� • • • • 0-

o o . # 
, ·0 

;. Geraldille ,0 • 

• • � 0°.9 

. � . 
. 

. "" 
, 00 

. 
0 , . 

. . . 
, , Timaru 

r r I 

2340 2360 2380 2400 

[.snn<l(lan) 

(a) Canterbury 

" 

2880 2900 

o 
o 

" 0 
o o . 0 

2920 

Easong (km) 

(c) Gisborne 

2940 

e 

� 
r-----------------------, I 

� ., 

0 

! r> . 
co � . 

� 
" 

� 
. 

.. 

� 

r 

. , , 

. Tai�ap�O 
� " 

.' 
0 

. 
oHunt��II;. " 

· 
· 
· 

, . . · . 
.. o ·  

0 � 
. .' 10 s • ," 

. . . . .. 
• 0 �ei11'll9 0 

, .. 
, . 0 

• Palmers�on 
, . 

. 

I 

, 

0 
'. 

0 " . 
,pith ' 

r 

. 
, 

, 

J. 

, 

, 

" 

. 

0 0 0 

Dann �virke . 
, 

. .. 

1 
2100 2120 2140 2180 2180 

(b) Manawatu 

Legend 
� case flocks 
o control flocks 
• major towns 

. 
. 

' . 

Figure 3.4: Pneumonic lesions in  lambs slaughtered in three regions of New Zealand, 
December 2000 to September 200 1 .  Point maps showing the location of case and 
control flocks in: (a) Canterbury, (b) the Manawatu, and (c) Gisborne. 

In Figure 3 .5  quartiles of the spatial incidence ri sk function are plotted, showing the 

distribution of case flocks per 1 00 case and control flocks per ki lometre. These show 

locations within the study regions where the spatial incidence risk of flock pneumonia 

prevalence was high (75th percentile) and low (25th percenti le) .  I n  Canterbury there was a 
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high spatial incidence risk of flock pneumonia prevalence south west of the township of 

(F igure 3 .5a) .  In  the Manawatu there was a high spatial incidence risk south of 

Dannevirke, and to the east and south of Taihape ( Fi gure 3 .5b) .  For G isborne an area of 

high spatial inc idence risk was northwest Wairoa and Gisborne ( Figure 3 . 5c) .  Results 

from the SaTScan analysis identi fied a c luster of case flocks in Canterbury that was 

significant at the alpha level of 0.05 (n = 5, p = 0.025 ) .  There were no c l usters ident ified at 

the alpha level of 0.05 in the Manawatu or Gisborne. 
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Figure 3.5: Pneumonic lesions in lambs slaughtered in  three regions of N ew Zealand, 
December 2000 to Septem ber 2001 .  Contour plots showing the spatial incidence risk 
of moderate to severe pneumonia for flocks in: (a) Canterbury, (b) the M anawatu, 
and (c) G isborne. I n  (a) the s haded circular a rea identifies the location of the 
significant cluster of case flocks, identified using the spatial scan statistic. 
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Binned omnidirectional variograms computed from the flock-level standardised residuals 

from the multilevel analyses are shown in F igure 3 .6 .  The plots show that once the flock­

level explanatory variables had been accounted for, there was no residual second order 

spatial auto correlation in pneumonia probabi lity in any of the study regions. This is 

indicated by the lack of relationship between semivariance and distance, and each 

empirical variogram is located wholly within the upper and lower boundaries of the 

permutation-based envelopes. 
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Figure 3.6: Pneumonic lesions in lambs slaughtered in three regions of New Zealand, 
December 2000 to Septem ber 200 1 .  Binned omnidirectional variograms computed 
using the standardised residuals from the m ultilevel model for flocks in:  (a)  
Canterbury, (b) the Manawatu, and (c) G isborne. 
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3.4 Discussion 

This was a cross-sectional observational study of 1 ,899,556 lambs submitted for slaughter 

from three New Zealand slaughter plants (Canterbury, the Manawatu, and Gisborne) 

between December 2000 and September 200 1 .  The supply pattern of lambs over the study 

period was similar among the three regions, with the exception of Canterbury, in January, 

where the proportion of lambs suppl ied was twice that of Manawatu (there were no records 

for Gisborne in January) .  I n  Gisborne, a larger proportion of lambs were suppl ied later in  

the season compared with Canterbury and the Manawatu. This  was perhaps due to less 

intensive sheep farming systems associated with steeper terrain in the Gisborne region. No 

data were avai lable for Canterbury in December, or for Gisborne in December and 

January, due to the inabi lity to implement data col lection and inspector train ing in more 

than one region simultaneously. December and January are typically months of low 

pneumonia prevalence (Davies et aI . ,  1 980a; Pfeffer et aI . ,  1 98 3 ;  Goodwin et aI . ,  2004) ,  

and i t  is our bel ief that prevalence estimates for Canterbury and Gisborne should not have 

been unduly biased because of this. 

Only one other study has made regional comparisons of pneumonia prevalence in New 

Zealand involving a large number of flocks. In 1 997, B lack estimated the prevalence of 

pneumonic lesions i n  lambs (n = 9,400) in 7 regions throughout New Zealand. In  this 

study a lamb was c lassified as pneumonic if greater than one quarter of one antero-ventral 

lung lobe had red/grey consolidation and fibrinous plural exudates were present. Regional 

differences were not identified in this study since data were collected over a one month 

period. I n  this study we bel ieve data are more representative of the underlying population, 

as all flocks supplying these plants were included over an extended period ( l 0  months) and 

a substantial number of lambs were monitored ( l . 8 mi l l ion compared with 9400 in the 

study of Black, 1 997) .  The multilevel model described in this study showed moderate to 

severe pneumonia prevalence varied among regions, with significantly lower levels in the 

Manawatu and Gisborne, compared with Canterbury .  

I t  has previously been assumed that pneumonia i s  a widespread problem in New Zealand 

sheep flocks. Descriptive statistics from the current study support this assumption, where 

the true mean pneumonia prevalence of a large sample of flocks (n = 224 1 )  was 26% (95% 

Cl 25%, 27%). 
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The temporal pattern of moderate to severe pneumOnia prevalence was similar in the 

Manawatu and Canterbury, although the Canterbury prevalence was slightly higher from 

February onwards. I n  Gisborne, the peak of moderate to severe pneumonia prevalence 

occurred abruptly, rising from 9% in February to 1 8% in March.  In the two other regions 

the peak of pneumonia prevalence showed a steadier increase from December and January 

to May .  I t  is l ikely that some characteristic of the environment or farm management 

system could be responsible for this peak ( such as steeper terrain, higher temperatures, 

earl ier lambing/weaning dates), though insufficient data were avai lable in this study to 

investigate these possibi l ities further. I t  is equally l ikely, that the peak of pneumonia 

prevalence could have been a spurious result, but this possibi l ity cannot be confirmed 

without evaluating pneumonia prevalence over multiple seasons. 

The val idation of meat inspector diagnosis demonstrated, due to low sensitivity, that a 

significant amount of pneumonic lesions present at slaughter were not detected .  The 

detection of moderate to severe pneumonia was more rel iable than that of minor 

pneumonia, as reflected by the sensitivity of these diagnoses (Table 3 .2 ) .  A low sensitivity 

of pneumonia diagnosis (0.26) in pigs at slaughter has also been reported ( Elbers et aI . ,  

2003 ) .  This  suggests that visual assessment of pneumonic lesions by meat inspectors at 

slaughter is an inaccurate diagnostic tool and the development of a more objective method 

for diagnosing pneumonia at the time of slaughter would provide greater accuracy.  I n  a 

study of pleurisy diagnoses by meat inspectors at four processing plants throughout New 

Zealand, Van der Logt ( 1 996) found that the sensitivity of detecting major pleural lesions 

was higher compared with minor pleural lesions. In  the cunent study, apparent pneumonia 

prevalence was adj usted according to the calculated sensitivity and specificity values from 

a val idation of meat inspector diagnosis. Due to the low sensitivity of pneumonia 

diagnosis, the estimate of apparent prevalence substantial ly under-estimated the true 

prevalence. A significant amount of slaughter l ines (49.8%) had an apparent prevalence of 

zero hence the true prevalence was also zero. Some of these were false negative diagnoses 

due to the low sensitivity resulting in an under-estimated true prevalence. The formula 

adjusting apparent prevalence is appl icable for smal l deviation of sensitivity and specificity 

from unity or when either sensitivity or specificity is  c lose to one ( Rogan and Gladen, 

1 978) .  When test sensitivity i s  very low, true prevalence estimates can numerical ly become 

greater than 1 00%. I n  this study, true prevalence was greater than 1 00% for 2% of the 
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mobs in  categories of moderate to severe pneumonia, and for 9% of the mobs for total 

pneumonia. However, we bel ieve the resulting bias was small and acceptable. The 95% 

confidence intervals calculated for true prevalence were under-estimated in  this study due 

to the uncertainty of sensitiv ity, specificity and apparent prevalence. The work of Rogan 

and Gladen ( 1 978)  did not consider the combined uncertainties about apparent prevalence, 

sensitivity and specificity . Thus we could not provide adj usted estimates of variabi lity for 

true prevalence. 

Another somce of bias occurred as meat i nspectors would have been more conscientious 

than usual dming the validation period, on account of the validation personnel present. As 

a resu lt, it is  l ikely that the sensitivity of diagnosis outside of the val idation period was 

actual ly lower than that calculated, resulting in an underestimate of true pneumonia 

prevalence. I deally, the val idation should have been conducted without the inspectors ' 

knowledge. This was not possible as the operator carrying out the validation was known to 

the inspectors from the train ing period before data col lection commenced. 

ASURE New Zealand Ltd. do not have contractual agreements to monitor and report the 

presence of pneumonia in slaughtered lambs, but were wi l l ing to carry out data collection 

for thi s study without reimbmsement. Whi le this was a cost effective way for obtain ing 

details of lung condition for a large number of lambs, the disadvantage was that incentive 

to perform the task to a high standard was not present. We conclude that meat inspector 

diagnosis of pneumonia in lambs is a potential ly useful survei l lance tool, provid ing 

sensit ivity and specificity of diagnosis are evaluated in order to estimate the true 

prevalence. Individual inspectors may have to be evaluated, due to the high subjectivity of 

the diagnosis, to enhance the accuracy of true prevalence estimates. This would ideal ly  

occur on  several occasions through the season. Such evaluations would need to be 

conducted without inspector's knowledge to reduce bias. More frequent validation periods 

and additional training sessions may help to increase the sensitivity of diagnosis. I f  the 

val idation were conducted at times of lower pneumonia prevalence the sensitivity of 

diagnosis is l ikely to have been higher resulting in overestimates of true prevalence. 

The intra c lass correlation coefficient derived from a multi level analysis provided a 

measure of the correlation between observations from the same hierarchy in  the data. 

There were two hierarchies or levels  in this study; mob-level and flock-level .  Greater 
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variation in  lamb pneumonia prevalence occurred between mobs within flock (variance = 

1 . 83 )  than between flocks (variance = 0.73) .  This indicates that lamb pneumonia assessed 

at the mob level at slaughter is not a reliable representation of pneumonia patterns from a 

flock, after adj usting for processing plant and month. Therefore, feedback of pneumonia 

levels from processing plants to producers is  unlikely to be worthwhi le due to the large 

variabi l i ty of pneumonia levels between mobs. While we are relatively  confident our 

prevalence estimates are robust at the regional level (due to the large number of lambs 

included in  those estimates), the sensitivity of diagnosis was probably much more variable 

at mob level (due to low number of lambs in  several mobs) and was therefore a possib le 

explanation for increased variation in pneumonia prevalence at  mob level compared to 

farm level .  Consequently, the relatively high ICC at mob level could have been caused by 

the lack of accurate lung scoring at the processing plants. However, it appeared difficult to 

overcome this system immanent problem, considering that continuous training of meat 

inspectors on-the-job might be hard to real ise .  Another drawback of recording pneumonia 

at processing plants is that these lambs are purposively selected for slaughter ( based on 

l iveweight and body condition), so pneumonia levels are unl ikely to reflect the true 

pneumonia status of the flock.  In the absence of l ive-animal diagnostic tests, the most 

accurate estimate of pneumonia prevalence of a flock would be selection of random 

samples of lambs for slaughter. 

Nationwide strikes by MAF veterinarians 1 11 February may have resulted in a biased 

selection of mobs presented for slaughter during this phase of the study . Selection bias is 

the error of distorting a statistical analysis due to the methodology of how the samples are 

col lected. The February estimates of pneumonia prevalence may not have been accurate, 

although, the period was only short (4 - 5 days) . The result of the strike was that lambs 

scheduled for slaughter at that time, would have had a delayed slaughter date, as would al l  

other lambs scheduled for slaughter subsequent to the strike unti l  the back log was cleared. 

Pneumonia prevalence may be determined by flock-level factors able to be control led by 

farm managers, or by environmental factors ( such as c l imate and geography) ,  which are 

generally not able to be control led. Contour plots ( Figure 5 )  showed that the incidence risk 

of pneumonia throughout each study region was not constant. C luster analyses identified a 

significant c luster of high prevalence flocks in the Canterbury study region. This 

significant c luster of case flocks was identified based on raw data, without control l ing for 
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possible confounders. Binned variograms for each region showed that second order spatial 

autocorrelation in  the distribution of case flocks was not present after adj usting for the 

fixed and random effects in the muIti level analysis (Figure 6). These findings indicate that 

within a region, factors operating at the flock level are more important determinants of 

pneumonia prevalence compared with environmental factors. D ifferences in pneumonia 

prevalence found between regions in the multilevel analysis (Table 3 .4 )  may have been 

attributable to c li matic differences. However, showing an associat ion between c l imate and 

pneumonia prevalence is problematic because pneumonia status can only be assessed at 

slaughter, whereas c l imatic variables may be assessed daily for every month of the 

growing period. 

A l imitation of these spatial analyses is  that farm centroid co-ordinates were used as 

location indicators for flocks. The distance between farm centroids, therefore, IS 

dependent on farm size .  An alternative method would be to use an area or polygon where 

discrete areas are spatially referenced by an adjacency matrix defining each neighbouring 

area. 

3.5 Conclusions 

We present analyses from an extensive database of lamb pneumonia levels recorded by 

meat inspectors at slaughter in three New Zealand regions throughout 2000 and 200 l . 

Validation of diagnosis showed sensitivity to be low and specificity high, therefore, the 

true pneumonia prevalence of the population was under-estimated. MuIti level analysis of 

the data identified a significantly lower odds of moderate to severe pneumoma m 

Manawatu and G isborne lambs compared with Canterbury lambs and a sign ificantly higher 

odds of pneumonia in lambs slaughtered from March to May, compared with those 

slaughtered in December. Greater variation of pneumonia levels occurred between mobs 

within flocks, than between flocks. The higher ICC at mob level than at flock level 

suggested that due to greater variation occurring within flocks, meat inspector diagnosis of 

pneumonia at s laughter would not rel iably represent true flock pneumonia levels unless 

sensitivity of d iagnosis was higher. A significant c luster of case flocks was found in the 

Canterbury region based on the raw data, but no spatial autocorrelation was evident 

between case flocks in any region after adjusting for the fixed (processing p lant, month) 
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and random (clustering at mob and flock level )  effects of the multi level mode l .  I n  
conclusion, factors operating at the flock level ,  within the control o f  farm managers, seem 

to have a more important influence on lamb pneumonia prevalence than environmental 

effects such as c l imate and geography. 

92 



C HAPTER 4 

Case-control study of la m b  pneumon ia 

4.1 I ntroduction 

I n  New Zealand sheep are tradit ional ly grazed on pasture throughout the year, often with 

supplements of hay or s ilage in  the winter. Ewes are mated in autumn and lamb in sprin g  

with lambs being weaned at approximately 1 00 days of age. Chronic non-progressive  

pneumonia (CNP) is a common, sub-cl inical disease of  lambs in  New Zealand leading to  

substantial production loss through reduced growth rate and a predisposition to pleurisy . 

The l atter often leads to a devaluation of lamb carcasses at processing plants. Acute 

pneumonia (AP) occurs sporadical ly and often results in mortality, but impaired production 

due to persisting CNP also occurs. Pneumonia is a multi-factorial disease bel ieved to 

involve a range of microbial agents, host factors, farm management practices, and 

environmental factors ( Bruere et aI . ,  2002) .  The complex causal factors for pneumonia are 

poorly understood and effective control measures not wel l  defined. 

Vaccination and antibiotic treatment are options to control pneumonia in lambs, but both 

have l imitations. Vaccination has only been partially effective because the micro­

organisms involved in the disease process are extremely variable both in species and 

strains. Vaccine trials under control led conditions usual ly involve experimental chal lenge, 

whi le  trials under natural chal lenge conditions have either not been conducted or fai led to 

show protective efficacy probably due to the l arge variation in the microflora involved in 

the pathogenesis of pneumonia (Al ley and Marshal l ,  1 970; A l ley, 1 975; Davies et aI . ,  

1 980a; Davies, 1 985a; Davies and lones, 1 985 ;  Pfeffer, 1 986; Cul l  inane et  aI., 1 987 ;  

B lack, 1 997; Al ley e t  a I . ,  1 999). Trials investigating the efficacy of antibiotics have 

typical ly involved sheep with acute pneumonia (Alley and C larke, 1 980; Gi lmour et aI . ,  

1 982c; Stipkovits e t  a I . ,  1 985 ;  Appleyard and Gi lmour, 1 990; Gilmour e t  aI . ,  1 990; Sadiek 

et aI . ,  1 993 ;  Sargison and Scott, 1 995) .  I n  New Zealand, Al ley and Clarke ( 1 980) showed 

that the treatment of acute pneumonia in lambs with antibiotics suppressed the 

development of pneumonic lesions (Al ley and Clarke, 1 980), resulting in partial recovery 
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and persistent sub-cl inical disease. The efficiency of antibiotics to reduce the duration and 

spread of CNP in lamb flocks is l imited by the difficulty to detect the disease in l ive 

animals. Other reasons l imiting the value of antibiotic use inc lude antibiotic residues in 

meat, development of antibiotic resistance and high cost. 

Preventive measures related to farm management practices suggested in the l i terature for 

the control of pneumonia are largely based on first principles and anecdotal evidence 

(Davies, 1 985b; Al ley, 1 99 1 ; Brogden et aI . ,  1 998; Bruere et aI., 2002) .  These include the 

prevention of contact between ewes and weaned lambs in common pens at night, avoiding 

contact between hands and the nasal area of lambs when drenching (Al ley, 1 99 1 ), avoiding 

yarding and mustering under hot and dusty conditions ( Davies, 1 985b; Al ley, 1 99 1 ;  Bruere 

et aI . ,  2002), minimising stress for lambs and hoggets, minimising driving distance, use of 

sprinkler systems in yards to reduce dust in the yards, control l ing dogs when they are not 

working around sheep that are yarded (Bruere et aI . ,  2002) and maintain ing a high general 

health standard (Davies, 1 985b; Bruere et aI . ,  2002) .  L ittle is known about the impact of 

these various management practices on pneumonia. 

This study uses a case-control design by comparing management practices of farms with 

high pneumonia prevalence to farms with low pneumonia prevalence. To our knowledge, 

no case-control studies were reported as yet that have evaluated the effect of farm 

management practices on C P in ew Zealand lambs. The identification of both 

hazardous and advantageous management practices is the first step in the development of 

control measures to reduce the incidence of lamb CNP. The aim of the current study was 

to examine the association between management practices and lamb pneumonia using a 

case-control design . 

4.2 Materia ls and M ethods 

Case-Control flocks 

Sampling and analysis was done at flock leve l .  F locks were selected from data col lected 

by meat inspectors of ASURE New Zealand Ltd. at processing plants in three regions 

(Canterbury, Manawatu and Gisbome), examining slaughter lambs from December 2000 to 

May 200 1 . The lungs of every lamb processed were scored for pneumonia by meat 

inspectors at each plant (n = 1 ,305,838 lambs in 6,940 slaughter l ines from a total of 2, 1 54 
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flocks). I n  Manawatu and Gisborne at meat inspection, pneumonia tickets were put on 

carcass hooks and data entered into a database at carcass weighing. I n  Canterbury, the 

pneumonia scores went directly into a database via a touch screen at meat inspection. The 

majority of pneumonia diagnosed at slaughter was presumed to be CNP although some 

residual lung lesions from recovered AP may also have been present. Each lung was 

c lassified into one of three categories: no pneumonia, mi ld pneumonia « 1 0% of lung 

surface area affected) and moderate to severe pneumonia (?: 1 0% lung surface area 

affected) .  To ensure consistency of c lassification across processing plants ASURE New 

Zealand Ltd. meat inspectors were provided with reference photographs before December 

2000, the start of the data col lection period. 

The el igible flocks were those that supplied lambs to single processIng plants in 

Canterbury (n = 702 flocks), Manawatu (n = 1 ,066 flocks) and Gisborne (n = 3 86 flocks) 

from December 2000 to May 200 1 .  The study flocks were eligible flocks supply ing ?: 1 00 

lambs in total (regardless of the number of slaughter l ines), to Canterbury (n  = 593 flocks), 

Manawatu (n = 795 flocks) and Gisborne (n = 25 1 flocks) processing plants between 

December 2000 and May 200 1 .  

A histogram of lamb pneumonia prevalence was plotted of al l  el igible flocks. A lower 

threshold of 2: 3% flock prevalence of moderate to severe pneumonia prevalence was 

visual ly determined to define case flocks. This was equivalent to the 75th percenti le of 

flock prevalence whi le zero prevalence flocks included the 33 rd percenti le of all flocks in 

the ASURE database. To increase the statistical power of the study the target ratio of 

control to case flocks was 2: 1. Control flocks had zero moderate to severe pneumonia 

prevalence. The distribution  of the total lambs supplied for control flocks was matched 

approximately to the equivalent case flock distribution, to make the populations as simi lar 

as possible, in order that appropriate comparisons could be made. A l imited number of 

control flocks compared to case flocks in Canterbury resulted i n  a ratio of control to case 

flocks of I :  1 .  I n  Manawatu and Gisborne, the ratio of control to case flocks was 3 :  1 .  

Region was therefore included in al l  multivariate analyses to control for confounding. 

Flocks with moderate to severe pneumonia up to 3% were excluded from the study. 
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Farm Questionnaire 

A questionnaire of farm characteristics and management practices was compi led .  I t  was 

tested by mai l ing it to 1 0  farm managers who were then interviewed face to face. 

Fol lowing slight changes for ease of fi l l ing in the questionn aire it was mai led to 492 farm 

managers whose flocks fitted the selection criteria for case (n = 1 92 )  or control flocks (n = 

300) .  The questionnaire (Appendix 1 )  included the variables summarised in  Table 4. 1 .  

Data analysis 

Composite analysis 

Variables were individual ly compared to the case-control status of a flock using chi ­

squared tests for categorical and independent samples t-tests for continuous variables. 

Variables significant at p :s 0 .250 were included in further multivariate analysis using 

logistic regression with case ( 1 )  or control flock (0)  as the dependent variable.  Region, 

stocking rate,  and farm area used for grazing sheep were included in a base model a l i kely 

confounders. Other variables were added to the base model in  a forward selection process; 

at each step, models were compared using the log-l ikel ihood ratio test of the larger versus 

the smal ler model ( Hosmer and Lemeshow, 2000) if p :s 0 .05 .  F inal ly, variables that were 

in i t ially not associated with the case-control status ( p  > 0.250), and therefore excluded 

from the stepwise selection process, were added to the best model to re-evaluate their 

relationship to the case-control outcome. Odds ratios and 95% confidence intervals were 

calculated from final model coefficients. 

Path Analysis 

Path analysis was used to test hypothesised relationships among risk factors in order of 

t ime and between risk factors and the outcome (case-control status) .  Risk factors were 

ordered in three subsequent event clusters: ( i )  from mating to lambing, ( i i )  from lambing to 

weaning, and ( i i i )  from weaning to slaughter. A path coefficient or odds ratio indicates the 

d irect effect of a variable on the next variable in  order of time unti l the outcome was 

reached. Thus, a network of cause and effects was constructed. For example, variables not 

significant in  the composite analysis might have indirect effects on the outcome, by their 

effects on other variables that were directly associated with the outcome. Management 

events were ordered in  time from ewe mating to the sale of their offspring, with each 

variable having the opportun ity to be represented in the path model as a dependent or 

independent variable. A null path model was init ial ly constructed including all 
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hypothesised relationships between variables in  the data. I ndividual hypothesised 

relationships in the nul l  path model were then tested by a series of regression analyses 

( l inear, logistic and ordinal) depending on the nature of the dependent variables, i n  

chronological order of the farm management events. Variables were retained i n  the final 

path model at p :::: 0.05 . Exogenous variables (that is those not hypothesised as a cause, but 

having potential confo unding effects:  region, ewe breed, stocking rate and farm area) were 

included in al l  models.  

4.3 Results 

Composite analysis 

The response rates of questionnaires from 300 control flocks and 1 92 case flocks were 

60.3% (n = 1 8 1 )  and 68 .8% (n = 1 32) ,  respectively . The difference between response rates 

was marginally significant (p = 0.058) .  A summary description of the variables in the 

questionnaire i s  shown in Table 4. 1 .  Table 4 .2  shows descriptive and univariate statistics 

for continuous variables significant at p :::: 0 .250.  Of those, variables significant at p :::: 0.05 

were related to flock s ize (number of ewes, number of lambs weaned and sold), duration of 

weaning, time of year lambs were sold, average slaughter age of lambs and lamb shearing 

(Table 4.2) .  Likewise, Tables 4 .3a and 4 .3b show statistics of categorical variables 

significant at p :::: 0 .250.  Categorical variables significant at p :::: 0 .05 were related to flock 

replacement policy, sheep breed, farming enterpri se, hogget mating, supplementary feeds 

for pregnant ewes, vaccination of ewes prior to lambing and lamb disease, feed source and 

grazing system between weaning to s laughter. 
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Table 4. 1 :  Summary description of variables from a retrospective questionnaire (for 
2000/2001 season) mailed to study flocks i n  2002. 

Section Details 
Farm deta i l s  

Labour o n  farm 

F lock size 

Sheep breeds 

Sheep categories 
Farm topography 

Ewe mating 
Dates and weights 
Scanning 

Feed types to pregnant ewes 
Ewe shearing 

Ewe vacc i nation 

Lambing 
Grazing management 
Shelter ava i labi l ity 

Stocking density 

Tailing 
Tai l i ng dates 
Tai I inglcastration methods 

Hea lth treatments to lambs 

Tailing to weaning 
Stocking density 
Water sources 
Health treatments to lambs 

Weaning 
Numbers and dates 
Treatment events 

Lamb dipping method 

Durat ion 

Post wea n ing 
Lamb purchases 

Lamb sel l i ng 
I nternal parasite drenching 
F ly strike treatment 

Shearing and crutching 

Feed types avai lable 

Grazing management 

Mustering lambs 
Use of dogs 

Water sources 
Shelter avai labi l ity 
Type of sheep yards 

Health problems 

Ewe replacement pol icy 
Ewe repl acement purchases 

Ram buy i ng- in  practices 

Pneumonia in older sheep 
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Total area, sheep grazing area, no. paddocks for sheep, farm enterprise (sheep, 
beef, cropping, deer, dairy grazing, other), % land area used per enterprise 
Average number of people worki ng on farm per annum 

Numbers of sheep wintered in 2000 

Fine wool breeds, Romneys (and Romney crosses), other breeds 
Sex (male/female), age ( Iamb, hogget, ewe) 

Flat, flat-ro l l ing, mixture of flat and h i l l  country, moderate-steep h i l l  country 

Dates of mat ing and average ewe weight ( i f  recorded), by age c las 

Pregnancy scanning percentages by age c lass 

Pasture, hay, s i lage, grain,  crop or other and months fed 
Dates shorn in  2000 by age c lass 

5 in I ,  Androvax, Eweguard, Campylobacter, Sa lmonel la, Toxoplasma 

Shi fts every 2-5 days, 6- 1 0  days, > I 0 days but not set stocking or set stocking 
Ni l ,  low, moderate, high 
Single bearing, mult iple bearing, or all ewes (ewes/ha) 

Start and finish dates by ewe age cIa s 
Rubber ring , hot iron, knife, crypt, burdizzo, other 
Percentages ram lambs castrated, crypt orchid, or ent ire 
Scabby mouth, fly, internal parasite, Vitami n  B 1 2, c lostridial  vaccine, other 

Single bearing, mult iple bearing, or a l l  ewes (ewe ha) 
Runn ing, surface, dam, underground, dam, bore, spring, other 
Internal parasite drench, Vitam in B 1 2, other 

umber/percentage of lambs weaned and dates, average weight ( i f recorded) 
Crutching, shearing, drenching, d ipping, vaccination, fly treatment, other 

Wand, pour-on, shower, spray, race 

Hours lambs spent in yards and/or shed 

umber of lambs purchase and number of source purchased from 
Numbers bought per month 

Number of lambs so ld in  2000/200 I by month and destination 
Frequency (4 weekly, 5 weekly, 6 weekly, other) 

Methods (spray, shower, pour-on, wand, race, spot treatments) 
Dates of shearing and crutching of lambs 

Perennia l  ryegrass/clover pasture, annual ryegrass/c lover pasture, crop, other 

Break feeding, sh ifts dai ly, 2-5 days, 6- 1 0  days, > I 0 days, set stocking 

Motorbike, truck, tractor, horse, foot, other 
Dog use for shifting lambs, in yards/shed on l am bs 

Running, surface, dam, underground, dam, bore, spring, other 

i l ,  low, moderate, high 
Not covered, partial ly covered, tota l ly covered 

Abnormal death, i l l-thrift, scours, nasal discharge, cough, fly strike, facia l  
eczema, scabby mouth, lame, staggers, pneumonia (month, severity, % flock) 
Bred on farm or not (age of purchase, sources purchased from) 

Age of purchase, sources of purchase 
How many studs replacement s ires and/or term inal  s ires purchased from 

Age class, number of deaths, t ime of year 



Table 4.2: Descriptive and univariate statistics of continuous variables grouped by 
time period (sign ificant at p < 0.250) for case and control flocks. 

Variable Cases (n, mean, SD) Controls (n, mean, SD) p 
Time illdepelldellt: Number of paddocks 

Matillg to Lambillg 

M ixed age ewes scann ing % 

2-tooth ewes scanning % 

Number of 2-tooth breeding ewes 

Number of m i xed age breeding ewes 

Total breed ing ewes 

Average days ram out w ith ewes 

Lambillg to Weaning 

Lambing percentage 

Wealling 

N umber of lambs weaned 

Hours in yards at wean ing 

Hours in shed at wean ing 

Hours in yards/shed at weaning 

Post weaning to slaughter 

umber of lambs bought i n  December 

Number of lambs bought in January 

Number of lambs bought i n  Apri l 

% lambs bought in December 

% lambs bought in  June 

Number of Lambs so ld 

% lambs on hand July I /I ambs weaned 

% lambs sold per month: October 

November 

December 

January 

February 

March 

Apri l 

May 

A verage slaughter age of l ambs 

A verage shearing date for l ambs 

Average crutching date for lambs 

A verage age of lambs when shorn 

Percentage lambs sol d  Oct to Feb 

Percentage lambs sold  Mar to May 

1 32 42 30 

63 1 58 .3 1 6 .7 

47 1 46.6 1 7.2 

1 32 505 493 

1 32 1 73 8  1 435  

1 32 2020 1 760 

1 27 54.9 25 .3  

1 28 1 1 7 .9 1 7.9  

1 1 2 2 807 2296 

1 24 8 .0 6 .9 

42 9 .3 5 .9 

1 27 1 0.9 9.4 

1 32 1 86 949 

1 32 1 30 66 1 

1 32 1 3  6 1  

1 32 9 .3  25 .3  

1 32 0.9 4 .3 

1 32 247 1 230 1 

1 28 27 . 1 72 . 1  

1 32 

1 32 

1 .5 

5 .0 

5 .3  

9.2 

1 32 1 0.2 1 3 .2 

1 32 1 5 .0 1 2.2 

1 32 1 6. 1  1 2 . 1  

1 32 23 . 3  1 4. 8  

1 32 1 6.6 1 3 . 1 

1 32 1 2 .3  1 4.5 

1 25 1 80 .5  26.0 

1 05 408 50. 1 

78 23 Jan 59.5 

1 29 1 1 9 .6 7 1 . 7 

1 30 52 .2  24. 5  

1 30 47 .8  24.4 

1 77 35 30 

82 1 52 .9 1 8 .3  

50 1 4 1 .0 20.3 

1 8 1  339 4 1 0  

1 8 1  1 448 1 357 

1 8 1  I 890 1 800 

1 7 1  58.6 23 .3  

1 76 1 1 5 .4 1 9.4 

1 46 2 1 57 1 709 

1 67 5.9 5 .9 

58 7.0 6.4 

1 76 7.9 7.8 

1 8 1  64 396 

1 8 1  37  1 42 

1 8 1  45 253 

1 8 1  4 .2 1 6.5 

1 8 1  0.3 2.4 

1 8 1  1 75 1  1 470 

1 76 1 7.8  3 1 . 3 

1 8 1  

1 8 1  

2.8 

8.9 

7.5 

1 3 .8 

1 8 1  1 5 . 1  1 6.5 

1 8 1  2 1 .7 1 8 .3 

1 8 1  1 3 .9 1 3 .5  

1 8 1  1 5 .8  1 5 .5  

1 8 1  1 3 .8  1 8 .2 

1 7 1  8. 1 1 1 .6 

1 7 1  1 68.2 32.7 

1 24 388 43 .4 

1 04 1 0 Jan 54.2 

1 76 

1 8 1  

1 8 1  

95 . 1  73.6 

37.7 27.3 

27.2 24.4 

0.05 1 

0.065 

0. 1 48 

0.072 

0.002 

0.026 

0. 1 96 

0.240 

0.0 1 0  

0.005 

0.065 

0.003 

0. 1 22 

0.068 

0. 1 60 

0.03 1 

0. 1 3 8  

0.00 1 

0. 1 29 

0.08 1 

0.006 

0.006 

0.000 

0. 1 48 

0.000 

0. 1 28 

0.005 

0.00 1 

0.00 1 

0. 1 4 8  

0.004 

0.000 

0.000 

99 



Table 4.3a:  Control and case flock frequency (n) and odds ratios (OR) with 95% 
confidence intervals (95% Cl)  for categorical t ime independent m ating to lambing 
variables �� < O.250�. 
Variable Levels Controls Cases (n )  OR (95% Cl)  

{n} 
Time /I/dependent 
Region Canterbury 83 90 reference 

Manawatu 74 2 8  0 .35 (0.2 1 ,  0 .59) 
Gisborne 24 1 4  0.54 (0.26, 1 . 1 1 )  

Ewe replacements Bred on farm 1 07 1 07 3 .45  ( 1 .96, 6.07) 
Not bred on farm 69 20 reference 
Missing 5 5 

Ewe replacements Bought as mixed age ewes 53 1 7  0.36 (0. 1 9, 0.65) 
Not bought as m ixed age ewes 1 28 1 1 5 reference 

Replacement ewes o sources (not bought) 1 33 
bought from 1 1 3 reference 

I source 1 6  1 0  0.73 (0.32, 1 .68) 
2 sources 1 3  5 0.45 (0. 1 6, 1 .3 1 )  
� 3 sources 1 9  4 0.25 (0.82, 0 .75)  

Term inal s ire rams o sources (not bought) 1 25 
bought from 1 05 reference 

I source 26 5 0.23 (0.09, 0 .62) 
� 2 sources 22 1 7  0.92 (0.46, 1 .82) 
Missing 8 5 

Breed ing ewe type Fine wool type 20 2 reference 
Romney and crosses 90 73 8 . 1 I ( 1 .84, 3 5 .85)  
Other 66 5 3  8 .03 ( 1 .80, 3 5 .9 1 )  
Missing 5 4 

Ram type Fine wool type 4 I reference 

Romney and crosses 32 36  4.50 (0.48, 42.37) 
Coopworth and crosses 8 1 0  5 .00 (0 .46, 5 4.04) 
Suffo lk and crosses 20 3 0.60 (0.05, 7 .35)  
Other 90 63  2 .80 (0.3 1 , 2 5 .65)  
M issing 27 1 9  

Farming enterprise Sheep 1 1 4 1 00 reference 
Beef 23 6 0 .30 (0. 1 2, 0.76) 
Deer, dairy grazi ng, other 1 1  0.42 (0. 1 8, 0.97) 
Cropping 1 1  7 0 .88 (0.44, 1 . 75) 
Missing 22 1 8  

Sheep yards used Not covered 1 1 8 6 5  reference 
Covered 63 67 1 .93 �1 .22, 3 .05l 

1 00 



Table 4.3a continued : Control and case flock frequency (n) and odds ratios (OR) with 
95% confidence intervals (95% Cl) for categorical time independent mating to 
lam bing variables (p < 0.250). 
Variable Levels 

Matillg to Lambing 

Hogget ewes 

Pregnant ewes 

Pregnant ewes 

No. pregnant ewe feed 
sources 

Breeding ewes 

Dogs 

Not mated 
Mated 

Not fed haylage 

Fed haylage 
M issing 

ot fed crop 

Fed crop 
Missing 

0 

2':2 
M issing 
Not vaccinated 

Vaccinated before l am bi ng 

M issing 
Not used with lambs 

Used with lambs 

Miss ing 

Controls 
(n) 

1 40 
4 1  

1 33 
43 

5 
1 20 
56 

5 
92 

4 1  
43 

5 
6 1  

1 1 5 
5 

28 
1 52 

Cases (n) 

88 
44 
74 
54 

4 
69 
59 

4 

43 
34 
5 I 

4 
3 1  
97 

4 
28  

1 04 
0 

OR (95% Cl) 

reference 
1 .78 ( 1 .09, 2.95) 

reference 

2.26 ( 1 .38, 3 .69) 

reference 

1 . 83 ( 1 . 1 5, 2.93) 

reference 

I .  77 (0.99, 3 . 1 7) 
2.54 ( 1 .47, 44 .37) 

1 .00 
1 .66 ( 1 .00, 2.76) 

reference 

0.68 (0.38, 1 .22) 

1 0 1  



Table 4.3b:  Control and case flock frequency (n) and odds ratios (OR) with 95% 
confidence intervals (95% Cl) for categorical variables from lambing to s laughter (p 
:::; O.25Ol· 
Variable Levels Controls {n} Cases {n} OR {95% Cl} 
Lambing to Weaning 

Castration method Rubber rings 46 30 reference 
Crypt or burdizzo 38 3 9  1 . 57  (0.83,  2 .99) 
None ( left entire) 83 5 1  0 .94 (0.52, 1 .65) 
M issing 1 4  1 2  

Lambs at tai l i ng Not treated against fly 1 08 89 reference 
Treated against fly 73 43 0 .69 (0.43, 1 . 1  I ) 

Lambs at tai l ing No internal parasite drench 1 53 1 20 reference 
Internal parasite drench 28 1 2  0 .50 (0.24, 1 .04) 

Running water avai lab le  Absent 32 3 1  reference 
Present 1 44 97 0 .70 (0.40, 1 .2 1 )  
M issing 5 4 

Weaniug 

Lambs at weaning No ectoparasite treatment 97 85 reference 
Ectoparasite treatment 84 47 0.63 (0.4, 1 .0 I )  

Lambs at wean ing Not shorn 1 54 1 02 reference 
Shorn 23 28  1 .84 ( 1 .00, 3 .37)  
M issing 4 2 

Lambs at wean ing Not mineral drenched 1 69 1 1 6 reference 
Mineral drenched 4 8 2.9 1 (0.86, 9.9) 
M issing 8 8 

Lambs at weaning Not given B 12 suppl ement 1 54 1 1 9 reference 
Given B 1 2  supplement 22 9 0 .52 (0.23, 1 . 1 8) 
Missing 5 4 

1 02 



Table 4.3b continued: Control and case flock frequency (n) and odds ratios (OR) with 
95% confidence intervals (95% C l )  for categorical variables from lambing to 
slaughter �I! � O.250�. 
Variable Levels Controls {n} Cases {n} OR {95% C l} 
Post weaning to slaughter 

Disease in lambs No abnorma l  deaths 1 76 1 24 reference 
Abnormal deaths 5 8 2.27 (0.73, 7. 1 1 ) 

Disease in lambs No i l l-thrift 1 63 1 00 reference 
I l l-thrift 1 8  32 2.9 ( 1 .55, 5.44) 

Disease in lambs No nasal d ischarge 1 55 1 23 reference 
Nasal di scharge 26 9 0 .44 (0.20, 0.97) 

Diseases in  lambs 0 1 1 0 65 reference 
3 8  3 6  1 .60 (0.93, 2 .78) 

2:2 33 3 1  1 .59 (0.89, 2 .83) 

Lamb feed sources Not fed perennia l  ryegrass 1 7  1 9  reference 
Fed perennia l  ryegrass 1 64 1 1 3 0.62 (0.3 1 ,  1 .24) 

Lam b feed sources Not fed annual ryegrass 1 20 96 reference 
Fed annual ryegrass 3 1  36 1 . 82 ( 1 .05, 3 . 1 3 ) 

Lamb feed sources ot fed crop 1 30 86 reference 
Fed crop 5 1  46 1 .36 (0.8 1 , 2.2 1 )  

Lamb grazing Not 6- 1 0  dai Iy shifts 1 39 92 reference 
6- 1 0  daily sh i fts 42 40 1 .44 (0.87, 2.39) 

Lamb grazing ot > 1 0  days 97 62 reference 
> 1 0  daily sh i fts 84 70 1 .30 (0.83, 2 .04) 

Lamb grazing Not set stocking 1 32 I 1 1  reference 
Set stocking 49 2 1  0 .5 1 (0.29, 0.90) 

Lamb grazing Set-stocking 49 2 1  reference 
> 1 0  daily sh i fts 77 66 2 .00 ( 1 .09, 3 .67) 

6- 1 0  daily sh i fts 35 3 1  2 .07 ( 1 .02, 4. 1 8 ) 
1 -5 daily shifts or break-

1 8  1 3  1 .56 (0.64, 3 .79)  
feeding 
M issing 2 I 

Lamb water sources No bore water avai lable 1 42 95 reference 
Bore water avai lable 39 37 1 .42 (0.84, 2 .38)  

Eight variables remained significant in the final logistic regression model (Table 4.4). Due 

to missing data in questionnaires, a total of 30 1 flocks were i ncluded in the final model .  

The rate o f  excl usion was not significantly different between control (51 1 8 1 ,  2 .8%) and 

case ( 71 1 32 ,  5 .3%) flocks (p = 0.248) .  Odds ratios for continuous variables are presented 

in Table 4 .4 per standard deviation of that variable. Region and ewe breed were both 

significant variables in the final model .  However, as fine wool breeds were only present i n  

Canterbury, breed and region were combined in one variable with seven levels. I n  

Canterbury, flocks with Romney ewes were 1 2 .02 times more l ikely to be  case farms 

compared to flocks with fine wool type breeding ewes. Two of the strongest risk factors 

for pneumonia included shearing lambs on the day of weaning ( OR 7.26) and breeding ewe 

replacements on-farm (OR 4.30) .  Risk factors with a smal ler i mpact on lamb pneumonia 

included the number of lambs sold (OR 2 .00 per 1 ,896 sold), and an increased percentage 
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of lambs sold between March and May (OR 1 . 52 per 27 . 1 % lambs sold) .  Protective factors 

in order of magnitude included injecting lambs with V itamin B 1 2  at the time of tail ing (OR 

0.3 7), injecting lambs with Vitamin B 1 2  at weaning (OR 0.37), and set stock ing lambs 

after weaning (OR 0.42) .  A significant interaction occurred where the percentage of lambs 

sold from March to May increased if ewe replacement were bred on-farm. A positive 

interaction also occurred between the number of lambs sold and the percentage sold from 

March to May. 

Table 4.4 : Odds ratios (95% confidence interval, Cl) of the final logistic regression 
model for flock-level management factors on lam b  pneumonia (control flock: 0% 
moderate-severe pneumonia; case flock: � 3% moderate-severe pneumonia). 
Variable Levels p Odds ratio 95%CI 

Ewe breed type and region 

Number of lambs soldt 

Lam bs set stock grazed po t 
weaning 

Lambs g iven Vitamin 8 1 2  at 
tai l ing 

Lambs given Vitamin 8 1 2  at 
weaning 

Lamb shearing 

Percentage lambs sold from 
March to M ay 
Sheep flock breeds own 
replacement ewes+ 

Fine wool breeds 
Romney (Canterbury) 0.005 
Other breed types (Canterbury) 0.766 

Romney (Manawatu) 0.396 

Other breed types ( Manawatu) 0.022 

Romney (Gisborne) 0.688 
Other breed types (Gisborne) 0.847 

Present 

Absent 

Present 

Absent 

Present 
Absent 

ot shorn 
Shorn at weaning 

Shorn after wean ing 

0.007 

0 .02 1 

0.005 

0 .0 1 4  

0.000 

0.324 
0.009 

1 .00 
1 2.02 

1 .3 1  
2 .33 

7.46 
0.68 
0 .80 
2 .00 

0.42 
1 .00 

0 .37 

1 .00 

0.37 
1 .00 

1 .00 

7.26 

1 .39 
1 .52 

2 .09, 63. 1 3  

0.22, 7 .82 

0 .33,  1 6.35 
1 .33 , 4 1 .95 
0. 1 0, 4 .58  
0 .08, 8.04 
1 .2 1 , 3 .43 

0 .20, 0.88 

0. 1 9, 0 .74 

0 . 1 0, 0.77 

2 .75, 1 9.2 1 

0 .72, 2.67 
1 . 1  1 , 2 .08 

Present 0.000 4.30 2 .09, 8 .87 

A ��t 1 .00 

-2 Log L ike l ihood test statistic 293.277; 1 6  df; p<O.OO I 
t I nterpretation:  I f  for example, a flock sold 3 792 lambs compared to another flock sel l ing 1 896 l am bs, the 

first flock was 3792/ 1 896 = 2 .00 t imes more l i kely to be a case flock 
� I nterpretation : compared w ith sheep flocks that do not breed their own ewe replacements, after adj usting for 

other variables in the mode l ,  sheep flocks that breed their own ewe replacements are 4 .3 t imes more l ikely 
to be case flocks 

Path analysis 
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No effects were significant in  the path model that occurred between mating and lambing. 

This period was therefore omitted from Figure 4 . 1 .  Shearing lambs at weaning was a r isk 

factor for pneumonia compared to shearing lambs after weaning, or not shearing lambs at 

a l l .  When lambs were shorn at weaning, they spent more time in the yards on the day of 

weaning.  The time lambs spent in yards on the day of weaning ( not a significant risk 

factor for case flocks) was related to shearing lambs at weaning (a signi ficant risk factor 

for case flocks) and was therefore a significant indirect path to the case or control flock 

outcome. Lambs shorn at weaning were weaned later in the season than lambs not shorn at 

weaning, and lambs were far more l ikely shorn at weaning in Manawatu and Gisborne t han 

Canterbury . 

Set stock grazing of lambs after weaning was a protective factor for pneumonia and was 

more l ikely on flat farms than those with flat to rol l ing topography. The other 

c lassifications of topography (mixture flat and h i l l  country, moderate to steep h i l l  country) 

were not significantly associated with set stocking. Flocks in which lambs were bought 

after weaning were not as l ikely set stock grazed as flocks not buying lambs. 

Lambs from flocks breeding their own ewe replacements ( risk factor for pneumonia) spent 

longer in the yards on the day of weaning suggesting that they were more l ikely to be shorn 

at weaning although this relat ionship was not directly significant. These flocks were also 

less l ikely to purchase lambs, had an increased average slaughter age of lambs, sold a 

reduced number of lambs and were more l ikely to have an i l l -thrift problem in lambs. 

F locks given Vitamin B 1 2  supplementation at tail ing were less l ikely to be case flocks and 

no other variables were significantly related to this treatment. At higher stocking rates it 

was more l ikely that lambs would be given Vitamin B 1 2  supplementation at weaning 

which was a protective factor for pneumonia. 

I n  Canterbury, ewes of Romney breed and other breeds were more l ikely to be case farms 

than those with fi ne wool breeds. Romney ewes and ewes of other breeds had higher 

lambing percentages than fine wool ewes in Canterbury. The average lambing date was 

earl ier for ewes in Manawatu ( 2 1 August) and Gisborne (28  August) than those from 

Canterbury ( 8  September). Lambs from flocks with a later average lambing date had an 

i ncreased average slaughter age. As would be expected, flocks with later average lambing 
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dates had an increased percentage of total lambs sold between March and May which was 

a risk factor for case flocks. The average slaughter age of lambs had a strong positive 

relationship to the percentage of lambs sold in March to May. The average age of lambs at 

slaughter was increased if weaned lambs were purchased, and this provided an indirect 

path to the case-control outcome through an increased percentage of lambs sold late in the 

season. The total number of lambs sold was a risk factor for case flocks and was affected 

by other indicators of flock size (number of ewes, sheep grazing area and lambing 

percentage) .  

Time 
Independent 
Variables 

Lambing to 
Weaning 

�"""":"',......�_...., ____ 1 7 per SD (6) 
IStocking rate � 

Topography 

Breed own 
ewe 
replacements 

crosses 
3 = Other 

Sheep grazing 
a rea on farm 

Number of Ewes 

1 06 

Post Weaning 

0 3  



F igure 4. 1 :  Case-control study of lamb pneumonia in three regions of New Zealand, 
December 2000 to May 200 1 .  Path model showing inter-relationships between 
variables l isted in chronological order with significant direct or indirect paths to case 
or control flock. 
Breed own ewe replacements - properties that breed ewe replacements for flock. 
Control or Case Flock - Control flock with no apparent moderate to severe pneumonia or Case Flock with �3% moderate 

to severe pneumonia. 
L M - l east square mean 
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4.4 Discussion 

Advantages of case-control studies are that they are quick, cheap and that multiple 

potential exposures can be evaluated simultaneously .  However, the c lassification of 

contro l flocks was a potential source of bias in th is  study because the sensitivity of meat 

inspector diagnosis was low (Goodwin-Ray et aI . ,  2006b). Lungs with pneumonic lesions 

were misclassi fied as negative and therefore, some flocks were misc lassified as control 

flocks.  The selection method of lambs for slaughter also created a potential b ias as farmers 

select lambs by weight and body condition, hence poorly conditioned lambs with 

pneumonia were less l ikely to be sent for slaughter than wel l  developed lambs. Thus some 

flocks with a moderate pneumonia problem early in the season may not have been detected 

as a case flock. This was supported by the significantly increased average slaughter age of 

lambs in case flocks. As this was a retrospective case-control study there was a potential 

for information bias as farm managers had to recal l  events from the previous season. This 

was especial ly relevant for questions that required specific information such as mating, 

tai l ing,  weaning dates, stocking density and numbers of ewes mated for which 

comprehensive records were usually not avai lable. I t  was unlikely, however, that such 

information bias was different between case and control farmers ( i .e. non-differentia l ) ,  as 

all questions were related to general farm management and not directly related to lamb 

pneumonia. The inferences in our study were therefore, at worst, conservative and perhaps 

missed existing effects, but probably did not overestimate significant associations. 

The strength of our analysis was that data from only 4% of study flocks were exc luded 

from the final model due to missing values. Most excluded farms did not have breeding 

ewes ( finishing farms only ) whi le the remainder were breeding only, or breeding and 

finishing flocks. The significant risk factor of flocks breeding their own ewe replacements 

was not appl icable to finishing-only farms. Valid inferences were stil l  avai lable for 

finishing-only flocks for other variables. 

I n  the Netherlands, a case-control study of subcl in ical lamb pneumonia showed that taking 

sheep to sheep fairs, purchasing sheep, and an i ncreased flock size were associated with 

increased risk of occurrence of pneumonia ( Dercksen et aI . ,  1 996). The suggestion was 

that mixing of animals from different flocks may be a potential risk through taking sheep 

to sheep fairs and purchasing sheep. An increased ri sk with i ncreased flock size has also 
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often been found in epidemiological studies ( French et al . ,  1 994; Wittleberg et aI . ,  1 994; 

Healy et al . ,  2004). Oercksen at al. ( 1 996) related this observation to either direct effects 

of the number of animals on disease introduction, spread and maintenance of infections 

within the flocks, or different management in large and smal l  herds. 

Commercial flocks in  New Zealand do not commonly take sheep to fairs or shows. 

Therefore, these factors did not contribute to the risk of lamb pneumonia in our study. 

Purchasing sheep and increased flock size, however, may be potential risks for pneumonia 

in New Zealand sheep flocks. The composite analysis fai led to identify the number of 

breeding ewes as a risk factor for lamb pneumonia, while larger slaughter mobs increased 

the risk. The path analysis showed the relationship between the number of breeding ewes 

and number of lambs to be significant, as would be expected. Therefore, flock size was a 

significant risk factor for case flocks in our study, with a relatively large effect (OR 2 .04 

per SO ( 1 896)) .  The purchase of sheep was not significant in the composite analysis, but 

was significant in the path analysis. Purchasing weaned lambs increased the average 

slaughter age of lambs, and this, in turn, increased the percentage of lambs sold late in the 

season and the risk of pneumonia. This may be due to an increased exposure to pneumonia 

pathogens for lambs from these flocks. The path model also showed that flocks purchasing 

lambs were less l ike ly to graze lambs using set stocking, a protective fac tor against 

pneumoma. Therefore, the path model revealed that lamb purchase was indirectly 

associated with an increased risk of pneumonia at slaughter, whi le  this was not detected by 

the composite model. 

A case-control study in  New Zealand investigated pleurisy in  lambs (Van der Logt, 

( 1 996)) .  Pneumonia and pleurisy have different effects on the respiratory tract but are 

often correlated: pneumonia predisposes lambs to pleurisy (McGowan et al . ,  1 978 ;  Davies, 

1 985a; Pfeffer, 1 986) .  Van der Logt 's  study ( 1 996) indicated drenching at a high 

frequency, shearing twice, high frequency of yarding after weaning, motorised means of 

musteri ng, a lake for drinking water supply , a large number of lambs on the property in  

Ju ly and the concentration of cattle were important risk factors for pleurisy. Protective 

effects included the use of a spray-Dn or wand for dipping, the use of cement or concrete 

yards, the use of troughs for drinking water and cross breeding. Only one of these effects 

was found to be significantly related to lamb pneumonia in our path analysis :  a large 

number of lambs on farm late in the finishing season (June, in this study),  had a strong 

positive effect on the number of lambs sold ( risk factor for case flocks). This is not 
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surprising as poor growth due to pneumonia wi l l  lead to a relatively large number of lambs 

present late in the finishing season. Our questionnaire did not ask for the frequency of 

yarding after weaning, the number of cattle, or the use of cement or concrete yards. There 

were no significant differences in using motorised means of mustering, lamb drenching 

frequency ,  dipping method, water supply or shearing lambs twice between case and control 

flocks in this study. 

Shearing of lambs at weaning was the strongest risk factor for pneumonia in this study. 

Several interrelated fac tors may explain the increase in risk at this time. Firstly ,  an 

increase of stress on lambs through weaning, fasting, crowding together, heat and handl ing 

may make them more susceptible to pneumonia. Weaned lambs are required to be fasted 

(no food or water) for at least 1 2  hours prior to shearing (OSH, 2004). Fasting of sheep 

prior to shearing ensures that soi l ing of wool is reduced ( from c lose confinement of sheep 

in pens), easier handl ing by shearers and that sheep are more comfortable when being 

shorn. Physical and psychological stressors are capable of altering immune function in  

animal ( Kel ley, 1 980, 1 982, 1 984; Albani-Vangi l i ,  1 985 ;  Kelley, 1 985 ;  Siegel ,  1 985 ;  

B lecha, 1 988)  through an  increased secretion of  glucocorticoids, endorphins, enkephal ins 

and catecholamines, al l  of which alter host defence mechanisms ( Roth and F laming, 1 990). 

Therefore, the stressors acting at this time may temporari ly exet1 a debil itating effect on 

the lamb's immune function, increasing their susceptibi l ity to infection. Secondly, 

shearing at weaning also increased the time that lambs spent in  the yard or shed in c lose 

confinement, resulting in high contact rates, thus an increased risk of transmission of 

pathogenic micro-organisms compared to lambs not shorn at weaning. This assumes that 

pneumonia is transmissible between lambs. Several studies on the transmission of CNP 

support this assumption (Al ley and C larke, 1 979; Davies et aI . ,  1 982;  Gi lmour et aI . ,  

1 982b; lones et  a I . ,  1 982;  lones et a I . ,  1 986; lones et  a I . ,  1 989; G i lmour et  aI . ,  1 990; Kami l  

e t  a I . ,  1 994). 

In  the current study, flocks in Canterbury with mostly (e.g. >75%) Romney ewes (OR 

1 2 .0) and other breeds (OR 7 .5 )  were more likely to be  case flocks than flocks with 

predominantly fine wool breeds ( Merino, Merino-Rornney crossbreds, Corriedale) .  

Therefore, lambs from Rornney based breeding ewes may be more susceptible to 

pneumonia than those from other breeding ewe types. This comparison was only val id  in  

Canterbury, as there were no flocks with a majority of fine wool ewes in Manawatu or 
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Gisborne. The confidence intervals for these odds ratios were wide due to a l imited 

number of case (n = 2) and control farms (n = 20) that had mostly fine wool breeding ewes. 

Merinos are more heat tolerant than British breeds (Brown, 1 974; Caries, 1 983 ) .  

Anecdotal evidence has suggested that Merinos are less susceptible to pneumonia (R .  

Jackson, personal communication), presumably through their increased heat tolerance. 

There may have been a true breed effect in  the current study, or the effect could be related 

to different management of flocks with fine wool breeds. However, in the analysis of this 

study we adjusted for area of farm (hectares) and stocking rate (ewes per hectare), which 

would have taken accOlmt of the more extensive farms (e.g. larger area, lower stocking 

rate) where these breed types are commonly kept. 

Several possibil it ies exist as to why there was an increasing pneumonia risk in flocks that 

breed their own ewe replacements. F irstly, from the path model it was apparent that flocks 

breeding their own ewe replacements had an i ncreased percentage of lambs sold between 

March and May, which increased the risk for pneumonia. This could be explained by the 

fact that later in the season breeding flocks were l ikely to cul l  a portion lambs, initia l ly 

bred as replacements, in order to only keep superior qual ity hoggets through the winter. 

One of the l ikely reasons to cul l  those lambs was poor growth due to pneumonia. 

Secondly, from the path model ,  lambs from flocks breeding their own replacements spent 

longer in the yards at weaning probably caused by extra time required for shearing. This 

direct relationship however was not significant in  the path model but explained by an 

indirect route to shearing lambs at weaning through these flocks having a later average 

lambing and weaning date, which made flocks more likely to shear lambs at weaning. 

Univariate statistics provided support for this i ndirect route as 9% of flocks that did not 

breed replacements shore lambs at weaning compared to 20% of flocks that did. It is 

typical that flocks breeding their  own ewe replacements would shear only l ambs of the ewe 

replacement breed and other lambs (usual ly earlier maturing ' terminal sire ' breeds) would 

not be shorn, accounting for this  relationship. Thirdly, the presence of a l arger number of 

young, susceptible lambs on farm during times of peak pneumonia prevalence might have 

resulted in a higher number of diseased lambs than in flocks that did not breed their own 

ewe replacements. The path model suggested that the effect of breeding ewe replacements 

was in-part due to increased average lambing and weaning dates, increased l ikel ihood of 

shearing lambs at weaning and an increased percentage of lambs sold late in the season. 
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F locks sel l ing lambs at the end of the finishing season (March to May) were more l ike ly to 

be case flocks than those se l l ing lambs earlier. Due to the chronic non-progressive 

development, CNP was l ikely to persist unti l  slaughter whenever the disease was 

contracted. Recovery and complete resolution of lung lesions was unl ikely to occur within 

the short 5-9 month growth period. Spending more t ime on-farm extended the time of 

exposure for lambs resulting in higher pneumonia prevalence at s laughter. On the other 

hand, retarded growth due to pneumonia extended the time lambs spent on farm because 

farmers tended to select lambs for slaughter based on l iveweight and body condition, while 

retaining lambs with retarded growth due to pneumonia. Whatever the sequence of events, 

market ing late in the season resulted in increasing pneumonia prevalence at slaughter. 

The injection of lambs with Vitamin B 1 2  at both tai l ing and weaning were protective 

factors. V itamin B 1 2  is essential for the synthesis of proteins and for the metabol ism of 

fats and carbohydrates. Cobalt is required for the production of V itamin B 1 2 , which 

occurs in the ruminant stomach. Fi sher and Mac Pherson ( 1 986) reported that cobalt 

deficiency increased sheep susceptibi l i ty to bacterial infections. There may be a protective 

effect of Vitamin B 1 2  on bacterial pneumonia but only in areas with cobalt deficient soi ls .  

However, it i s  possible that the significance of Vitamin B 1 2  treatment could be a spurious 

result or a non-casual effect. I t  could also be a proxy variable for more conscientious, risk­

averse farmers. It is therefore advisable to investigate the efficacy of preventing C P by 

Vitamin B 1 2  supplementation with a randomised c l inical trial .  

Set stocking as opposed to rotational grazing after weaning was associated with reduced 

pneumonia, possibly through a lower contact rate between lambs and decreased 

opportunities for cross colonisation of potential pathogens. These factors, in turn, may 

have an impact on lambs' susceptibi lity to pneumonia. I f  lambs are grazed in a rotation the 

frequency of shifts and associated stress on lambs is increased, which may increase the risk 

of pneumonia. Set stock grazing improves individual animal performance through the 

opportunity for animals to select a large proportion of their  diet and a reduced exposure to 

internal parasites, but often at the cost of optimum pasture uti l i sation and qual ity . 

Rotational grazing encourages optimum pasture growth and qual ity and greater 

productivity per unit of land area. Set stocking was associated with reduced pneumonia 

prevalence despite a reduced pasture qual ity compared to rotational grazing methods. 
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4.5 Conclusions 

This study has identified several farm-level management practices associated with flocks 

hav ing high levels of pneumonia detected at slaughter. These include: ( 1 )  shearing lambs 

at weaning, (2 )  having ewe breeds other than fine wool breeds in Canterbury, ( 3 )  increased 

flock size and (4) breeding ewe replacements. An increased proportion of lambs sold late 

in the season was also a significant risk factor, but l ikely to be a consequence rather than 

cause of pneumonia. The effect of breeding ewe replacements was i n-part due to increased 

average lambing date, weaning date, increased l ikel ihood of shearing lambs at weaning and 

a greater percentage of lambs sold late i n  the season. Contact with other flocks through the 

purchase of lambs post weaning was indirectly associated with an increased risk of 

pneumonia. Protective factors included : ( 1 ) set stock grazing lambs post weaning and, (2)  

Vitamin B 1 2  treatment of lambs at  tai l i ng and at  weaning. Knowledge of these areas of 

risk and protection provides better foc us for control efforts and provides direction for 

future investigative work. Possible intervention studies would better evaluate the effects of 

shearing lambs at weaning, fine wool breeds, set stock grazing of lambs and Vitamin B 1 2  

treatment. 
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C HAPT E R  5 

E fficacy of Ovipast Plus® vaccine fo r pneumonia of lam bs 

u nder field conditions in New Zealand 

5.1 I ntrod uction 

Lamb pneumonia in New Zealand is  a widespread problem leading to reduced growth rate, 

pleurisy and mortal i ty in acute cases .  Chronic non-progressive pneumonia (CNP), a sub­

c l inical form of pneumonia, results in a reduced growth rate in lambs (Al ley, 1 987b, a; 

Goodwin et aI . ,  2004),  and predisposes lambs to p leurisy .  I n  combination, the diseases 

result i n  a large economic loss to the New Zealand sheep industry . Acute pneumonia (AP) 

occurs sporadically and often results in mortality but  recovery with impaired production 

due to persisting CNP also occurs. Pneumonia is a multifactorial disease involving 

interactions between the host ( immunological and physiological ) , multiple agents and the 

environment. 

Pasteurella (Mannheimia) haemolytica is considered to be the main bacterial agent 

responsible for lung damage in pneumonia in sheep (Alley, 2002) .  Mycoplasma 

ovipneumoniae is also considered to play a role i n  the aetiology of lamb pneumonia in  

New Zealand, but is regarded as only mildly pathogenic (Al ley, 1 975; lonas et  aI . ,  1 985 ;  

Al ley et aI . ,  1 999; Al ley, 2002) .  Mycoplasma arginini has also been suggested as a 

common isolate from pneumonia cases (Al ley, 1 975 ), however, there have been no further 

studies on the role of this micro-organism in the aetiology of pneumonia since 1 975 .  

Parainfluenza virus type 3 and adenovirus have also been implicated to play a role in the 

development of lamb pneumonia in New Zealand, although they are not often isolated 

from pneumonic lungs (Davies et aI . ,  1 977; Thurley et aI . ,  1 977 ;  Davies et aI . ,  1 980a; 

Davies et ai . ,  1 982; Davies et aI . ,  1 983 ;  Davies et aI . ,  1 986c). V iruses are thought to 

compromise the ovine respiratory tract faci l itating secondary bacterial infection. The 

aetiology of pneumonia is important in the consideration of antigens to include in vacc ines. 
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This would include micro-organisms and strains of m icro-organisms isolated at the highest 

frequency from pneumonia cases in the field. 

P. haemolytica appears to be the main pathogen involved in pneumoma cases in New 

Zealand. In  total ,  eleven serotypes of biotype A are recognised (Al ley, 2002) .  A survey of 

9,400 lambs across seven New Zealand slaughter houses indicated P. haemolytica serotype 

A2 to be predominant at all locations with A 7, A9, A 1 and A6 fol lowing in decreasing 

order of frequency (B lack, 1 997).  Three P. trehalosi serotypes were also cultured. A 

possible method of pneumonia control in New Zealand would be to vaccinate against these 

main pathogens isolated although a more current assessment of aetiology may be required. 

Most publ ished work on P. haemolytica vaccines for sheep have involved experimental 

infection in small numbers of animals (Jones et a! . ,  1 986; Chandrasekaran et a ! . ,  1 99 1 ;  

Sabri et a! . ,  2000), resulting in l ittle evidence of significant protection under field 

conditions with a greater number of animals ( Davies et a! . ,  1 986b; B lack et a! . ,  1 997) .  

Very few vaccine trials have been conducted under field conditions, as natural ly occurring 

disease is difficult to predict and control, leading to variable and sometimes contradictory 

results. Ovipast Plus® is a vaccine for pneumonia in sheep which is currently avai lable in 

ew Zealand. The initial efficacy trial of this vaccine invo lved experimental conditions. 

To our knowledge, few trials under field conditions have been conducted on this vaccine. 

The vacc ine incl udes antigens of P. haemolytica and P. trehalosi serotypes. 

The initial trial of Ovipast Plus® was conducted at Scotland 's  Moredun Research Institute 

(Gi lmour et aI . ,  1 99 1 ) . Experimental chal lenge was used to test the efficacy of a vaccine 

containing sodium sal icylate extract (SSE) of P. haemolytica A2 grown in i ron-depleted 

(SSE-I RP)  conditions. One injection with the vaccine was administered when lambs were 

three weeks old and another 28 days later. Experimental groups consi sted of n = 1 3  (SSE 

vaccine ), n = 8 (SSE- I RP vaccine) and n = 7 lambs ( unvaccinated controls) .  On  day 3 5 ,  a l l  

lambs were infected with Ph administered intratracheal ly and intranasal ly .  In  another 

seven days, lambs were exposed to an aerosol of P. haemolytica A2.  The vaccine 

containing I RP was 99% protective in 8 lambs compared to 47.4% protection in  7 lambs 

vaccinated with the iron-replete vaccine antigen. Protection was defined as the percentage 

of the group mean disease score ( the sum of c l inical findings, consol idated lung lesion 
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area, P. haemolytica isolation index and pleurisy score) of the vaccine group compared to 

that of the control group. All control lambs died after chal lenge with P. haemolytica A2, 

with a mean disease score of 50 .8  (the sum of c linical findings, consol idated lung lesion 

area, P. haemolytica isolation index and pleurisy score) in comparison to no A2 SSE-IRP 

vaccinated animals dying with a mean disease score of 0 .5 .  

Ovipast P lus® has been registered in New Zealand since 1 992, without conclusive 

evidence of its efficacy under commercial farming conditions. It is unknown to what 

extent the vaccine has been used by commerc ial sheep farmers since then. Vaccination 

with Ovipast P lus® has been suggested to reduce on-farm morta lities due to acute 

pneumoma. 

The purpose of the current trial was to evaluate the efficacy of Ovipast P lus® in preventing 

adverse effects of sub-cl inical pneumonia on the average daily weight gain of lambs or  

pneumonic lung lesions at slaughter under commercial farming conditions. 

5.2 M aterials and M ethods 

Farms and Animals 

Seven commercial sheep flocks in  the lower North I sland of New Zealand with a history of  

lamb pneumonia were enrol led in  the trial .  F locks were selected that were known to have 

high pneumonia prevalence from an earlier trial (n = 2) and a database of lung scores 

col lected from processing plants for the purpose of this research programme (n = 5) .  These 

flocks were in the 80th percenti le of moderate to severe pneumonia prevalence (2: 1 0% lung 

surface area affected), which included flocks with a pneumonia prevalence of 68% and 

higher. 

The farms were located in King Country (refer Figure 2 .2, U pper Wanganui/Taupo) (n = 
3 ), Taihape (Upper Manawatu) (n  = 1 ), Fei lding ( Manawatu ) (n  = 1 ), Waverly (Wanganui) 

(n = 1 )  and Wairarapa (n = 1 ) . Two of these sheep flocks had experienced acute 

pneumonia outbreaks several years prior to the 2002/2003 season, although mortality rates 

were not recorded. The farms were between 240 and 600 hectares farming Romney based 

sheep with seasonal lambing (July to September). Cattle were also grazed on these farms 
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consisting of mostly h i l l  country, although some had a mixture of both flat and hi l l  

country. 

Sample size 

A sample size of 2,576 placebo lambs and 2,576 vaccinated lambs was selected at 80% 

power of observing an existing difference and 99% confidence in a statistical ly significant 

difference ( i . e .  a 1 % probabi l ity that the observed difference occurred by chance alone) .  A 

weighted average of average dai ly weight gains (ADG)  across al l  pneumonia categories 

(Goodwin et a I . ,  2004) was assigned to placebo lambs ( 1 3 5g/day) .  An increase in ADG of 

1 0glday for vaccinated lambs was considered as c l inically important, as it  would offset the 

cost of vaccination. A sample size was calcu lated under the assumption of independence, 

using a two-sided t test with alpha (a = 0.0 1 )  and beta ( �  = 0.20) error constraints, then 

doubled due to expected intra-flock corre lation of ADG. The calculated sample size was 

5, 1 52 placebo lambs and 5, 1 52 vaccinated lambs. 

Trial design 

A randomised block design was used for the c l inical trial carried out in the 2002/03 

growing season. In individual flocks, subgroups of 1 0  lambs were put in a handl ing race at 

one time. Treatment and placebo was alternated between these subgroups. Within 6 

weeks after weaning, 4,597 lambs were vacc inated with Ovipast Plus® and 3 ,922 were re­

vaccinated 4-6 weeks after the first vaccination. The corresponding numbers of lambs for 

the placebo group were 4,577 injected initially and 3 ,897 re-injected at identical t ime 

intervals to the vaccinated lambs. The fust vaccination occurred between October 221ld and 

December 1 1  th 2002 . Lambs were individually identified with ear tags and grazed together 

on the same pastures. Al l  ear tags were the same colour in order to bl ind the farmer to 

vaccination groups and el iminate possible bias that might have occurred when the farmer 

selected lambs for slaughter. Selection of lambs for slaughter was in accordance with farm 

manager's preferences relat ing to condition, size and weight. Typically in ew Zealand 

lambs are weaned at approximately 1 00 days of age and slaughtered around 1 40 to 200 

days of age. 

Measurement 

Vacc ine efficacy was based on the continuous outcome 'average dai ly gain '  ( ADG),  and 

the categorical outcome ' presence of pneumonic lesions at slaughter' . 

1 1 8 



Lambs were weighed using an aluminium FastWeigh® sheep crate with an i ntegrated load 

cel l  system connected to a TRU-TEST® indicator. Lambs were weighed on four 

occasions as fol lows: 

1 .  When the first vaccination was administered (W 1 ) . 

2. At approximately 1 1  weeks post vaccination 1 ( W2) .  

3 .  At approximately 2 3  weeks post vaccination 1 ( W3) .  

4 .  1 -3 days prior to  slaughter (WS) .  

The ADG was calculated by the difference in  weights divided by the number of days 

between weights. Thus, the ADG for the first growth period was ( W2-W l )/number of 

days, for the second growth period was (W3-W2)/number of days, and for the overall 

growth period was (WS-W l  )/number of days. ADG was not calculated between WS-W3 

as l imited numbers of lambs remained after the date W3 was recorded, with the exception 

of one flock. There were 1 050 ewe replacement lambs included in the trial, from two 

flocks; however, no WS was recorded for these as they were not slaughtered. 

At the processing plant, visual assessments of pneumonic lesions were matched to lambs 

ear tag number. Pneumonia was c lassified by research personnel as one of 5 pneumonia 

categories (Category 0, no pneumonia; Category 1 ,  <5% ;  Category 2, 6-9.9%; Category 3 ,  

1 0- 1 9.9%; and Category 4,  2 20% total lung surface area affected by  pneumonia) . Tissue 

samples of al l  pneumonic lungs with category 2 3 were col lected during meat inspection 

by ASURE New Zealand Ltd. inspectors using knives ( steri l ised in boil ing water between 

samples) and frozen at -80°C for bacteriology. Additional t issue samples were fixed in 

1 0% buffered formal in  for histopathology. At the concl usion of the study, tissue samples 

were selected which provided a uniform distribution of slaughter dates, with the number of 

samples being relevant to numbers of lambs processed per flock. 

Bacteriology and Histopathology 

Bacteriology was performed by Anne M idwinter and Lynn Rogers. Lung samples were 

plated onto b lood agar and MacConkey agar and incubated for 24 to 48 hours at 3 7°C.  

Characteristic colonies of P.  haemolytica and P. trehalosi were looked for. Gram stained 

smears were made from al l  samples. B iochemical tests performed to identify presence of 
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P. haemolytica and P. trehalosi included oxidase production, indole production, H2S 

production in  triple sugar i ron agar and catalase production. 

Histopathology of l ung samples was carried out by Maurice Alley on four of the seven 

flocks, inc luding three of those that sent the most lambs to the processing plant .  Samples 

were embedded in paraffin and cut and stained with haematoxyl in and eosin for 

histopathological examination. The histopathological c lassifications of disease for analysis 

were: Group 1 ,  early and mild CNP; Group 2, bronchopneumonia, col lapsed lung 

parenchyma, moderate CNP with bronchopneumonia and moderate to severe CNP and; 

Group 3, Recovering CNP. 

Statistical Analysis 

A general l inear model was used to test the effect of vaccination, flock and month of 

slaughter on ADG of lambs between the first and second weights (W 1 to W2), second and 

third weights (W2 to W3),  and between the first and pre-slaughter weights ( W l  to WS) .  

The response variable was ADG for the period of interest with fixed effects of flock, 

month of slaughter and vaccination, and an interaction term between flock and vaccination. 

If there was a significant increase in ADG (p :s 0.05 ) for vaccinated lambs compared to 

placebo lambs, vacc ine efficacy ( VE%) was calculated per flock as fol lows; 

V E% = ( ADGvac - A DGplc J x 1 00% (Eq ua t ion 1 )  
ADGplc 

Where: ADGvac = A DG for vaccinated lambs 

ADGplc = ADG for placebo lambs 

A logistic regressIOn was used to test the effect of vaccination, flock and month of 

slaughter on pneumonia, defined as pneumonia categories 3 and 4 (moderate to severe), 

whi le pneumonia categories 0 to 2 (none to mild) were the reference group. An interaction 

term was tested between flock and vaccination. On account of this interaction term being 

significant vaccine efficacy (VE)  was calculated per flock as fol lows; 

VE = l - RR (Equation 2 )  

Where: RR = relative risk and i s  less than one if  vaccine has a protective effect. 
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All  analyses were performed using SPSS version 1 2 .0. 1 for Windows (SPSS I nc, Chicago 

IL ,  U SA).  Nul l  hypotheses of the vaccine being in-efficacious were rejected if p was less 

than 0.05 . 

5.3 Results 

Our planned sample size was 5 , 1 52  per group but 4,597 placebo and 4,577  vaccinated 

lambs were actual ly enlisted in the study (Table 5 . 1 ) . The number of lambs lost to fol low­

up between the first and second vaccination was due to some lambs being sold  during this 

period, lost ear tags and double-ups of tag numbers. Lambs lost to follow-up between the 

second vaccination and slaughter was due mostly to the presence of 1 ,050 ewe replacement 

lambs in two flocks which were not slaughtered and sales of lambs to other processing 

plants, or to sale yards due to dry weather, but also due, in part, to lost ear tags and double­

ups of tag numbers. The reasons for l imiting numbers of lambs between W3-WS included 

two flocks which only had ewe replacement lambs left after W3, two flocks which sold 

remaIn Ing lambs 1 -3 days post W3 (therefore W3 equalled WS), one flock where 

remaInIng lambs were sold to l ivestock sales 2-3  weeks after W3 (no WS could be 

recorded), along with one of the flocks which had sold all lambs before W3 was measured. 
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Table 5. 1 :  Frequency of the number of lambs (placebo, vaccinated and total) for the 

planned sam ple size, those en listed in the trial (W 1 )  by flock and region, those present 

at vaccination 2 (W2), those with average daily weight gain (ADG (g/day)) records 

and those with pneumonia scores and the number of lung lesions cultured and 

examined for h istopathology. 

G roup o r  Analysis Placebo Vaccinated Total 

Planned samp l e  size 5 , 1 52 5, 1 52 1 0,304 

Enl isted lam bs - vaccination I (W I )  

F lock I - South Taranaki 586 556 1 , 1 42 

F lock 2 - Manawatu 304 304 608 

Fl ock 3 - King Country I 843 846 1 ,689 

Fl ock 4 - King Country 2 47 1 467 938 

F lock 5 - Wairarapa 400 400 800 

F lock 6 - K ing Country 3 995 1 ,003 1 ,998 

Flock 7 - Rang it ikei 998 1 ,00 1 1 ,999 

Total e n l isted la m bs 4,597 4,577 9, 1 74 

Lambs at vaccination 2 4, 1 5 1  4,2 1 4  8,365 

A DG :  W2 -W I (0- 1 1 weeks post vacc inat ion I )  3 ,606 3,422 7,028 

A DG :  W3- W2 ( 1 1 -23 weeks post vaccination I )  1 ,508 1 ,4 1 1 2,9 1 9  

ADG: WS- W3 (23 weeks post vacci nation I t o  slaughter) 1 62 1 32 294 

ADG: WS- W I ( vacc ination I to slaughter) 2,062 2,020 4,082 

Lamb lungs scored for pneumonia 2,596 2,454 5,050 

Lung lesions cul tured 77 88 1 65 

Lung lesions exam ined for h istopathology 30 49 79 

The crude ADG of lambs from the fi rst vaccination to slaughter ( ( WS - W l  )/number of 

days) was 1 75 . 1 g/day (95% C l  1 73 .4, 1 76 .8 ), with ADG of 1 75 . 3  g/day (95% C l  1 72 .9, 

1 77.7)  and 1 75 .0 g/day (95% C l  1 72 .6 ,  1 77.4) for placebo (n  = 2,062) and vaccinated (n = 

2,020) lambs, respectively (p = 0.850) .  ADG between W l  and WS in flocks ranged from 

9 1 g/day in flock 4 to 205g/day in flock 7 ( Table 5 .2 ) .  With the exception of  flock 4,  the 

ADG between W l  and WS was greater than 1 50g/day in all flocks. 
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Table 5.2 : Descriptive statistics of average daily gain (ADG,(g/day» calculated from 
the difference between the weight taken at vaccination 1 (Wl )  and the final pre-
s laughter weight (WS) in vaccinated and placebo lambs from 7 commercial sheep 
flocks. 
Flock G roup Number of Mean ADG Standard Minimum Maximum 

lambs Deviation 

Placebo 1 46 1 50 4 1  74 252 

Vaccine 1 6 1  1 53 48 70 29 1 

2 Placebo 3 8  1 89 32 1 0 1  266 

Vaccine 52 1 85 35  63 278 

3 P lacebo 274 1 98 4 1  1 0 1  29 1 

Vaccine 283 1 94 42 1 07 3 1 8  

4 Placebo 207 9 1  34 27 239 

Vaccine 1 85 92 33 38 235 

5 P lacebo 267 1 52 53 54 285 

Vaccine 276 1 50 48 57 282 

6 Placebo 352 1 68 56 78 3 3 8  

Vaccine 288 1 68 58 58 336 

7 P lacebo 778 205 38 1 09 345 

Vaccine 777 203 39 70 3 7 1 
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While a significant negative effect of vaccination on ADG was observed in the first growth 

period ( W l  to W2) in flocks 3 and 6 (F igure 5 . 1 ), no significant differences were observed 

in the second period (W2 to W3) or overall (W3 to WS). However, a significant 

i nteraction between vaccinat ion and flock indicated that vaccine was efficacious ( V E  = 

2 7%) in flock 4 in the second growth period (W2 to W3 ) (F igure 5 .2 ) .  
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Figure 5. 1 :  Clinical trial of Ovipast Plus® vaccine in seven commercial lam b  flocks 
in the lower North Island of New Zealand, 200212003. Least square means of ADG 
(g/day) of lam bs in the first growth period (W 1 to W2 : 0-1 1 weeks post vaccination 
1 )  by flock and vaccination group (error bars show 95% confidence intervals). 
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I n  the second growth period ( W2 to W3),  the overall c rude ADG in flocks ranged from to 

42 . 7  to 77 .2 g/day. There was no statistical ly sign ificant difference in ADG between 

vaccinated lambs and p lacebo lambs in this period, when flock and vaccination group was 

accounted for in the model (F igure 5 .2) .  A l l  lambs in F lock 2 had been sold before W3, 

therefore thi s  flock did not contribute to ADG in this growth period. The interaction term 

between flock and vaccination group was not statistical ly significant (p = 0. 1 20). At the 

flock level the difference between ADG of placebo and vaccinated l ambs was significant 

in flock 4 ( p  = 0.004), but not for other flocks (p > 0.5 1 0) .  
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Figure 5.2:  C linical trial of Ovipast Plus® vaccine in seven commercial lamb flocks in 
the lower North I sland of New Zealand, 2002/2003. Least square means of ADG 
(g/day) of lam bs in the second growth period (W2 to W3: 1 1-23 weeks post 
vaccination 1 )  by flock and vaccination group (error bars show 95% confidence 
intervals). 
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There was no stat ist ically significant effect (p  = 0.755 )  of vaccination on ADG of lambs 

from the first vaccination ( W 1 ) to slaughter (WS), when flock and month of slaughter were 

included in the model (Figure 5 .3 ) .  There was no statistically  significant interaction of 

flock by vaccination group. 
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Figure 5.3 : Clinical trial of Ovipast Plus® vaccine in seven commercial lamb flocks i n  
the lower North Island o f  New Zealand, 2002/2003. Least square m eans o f  ADG 
(g/day) of lambs in  the overall  growth period (WI to WS: vaccination I-slaughter) 
by flock and vaccination group (error bars show 95% confidence intervals). 
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F igure 5 .4 shows that as pneumonia category increased, ADO of lambs from the overal l  

growth period ( W l  to WS) decreased when the month o f  slaughter and flock o f  origin were 

taken into account. There were statistical ly significant (p :::; 0 .05) differences between 

category ° and all other categories, and between categories 1 and 4. Compared to category 

0, the ADO for lambs in category 4 was 1 6  g/day lower. 
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Figure 5.4: Clinical trial of Ovipast Plus® vaccine in seven commercial lamb flocks i n  
the lower North Island of New Zealand, 2002/2003. Least square means (+)  (and 
95% Cl)  of weight gains (g/day) of lam bs from vaccination 1 to slaughter according to 
pneumonia category (Category 0, no pneumonia; Category 1 ,  <5%; Category 2, 5-
9.9%; Category 3, 1 0- 1 9.9%; and Category 4, �20% lung surface area affected). 
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There was a wide range in the weighted average slaughter date for lambs ( 1 3  February to 

22 June, 1 30 days) for the seven trial flocks (Table 5 .3 ) .  Four trial flocks ( F locks 2, 3, 6 

and 7) had an average slaughter date within a month of each other, between February 1 3  

and March 1 7 . Two tria l  flocks (4 and 5)  had comparatively late average slaughter dates, 

in June. 

Table 5.3 : Number of placebo and vaccinated lamb's lungs scored at slaughter for 

pneumonia and weighted average slaughter dates from seven trial sheep flocks. 

F lock Placebo lambs Vaccinated lambs Weighted average 

slaughter date 

1 92 1 96 7/04/2003 

2 74 1 03 24/02/2003 

3 346 364 1 7/03/2003 

4 278 250 1 3/06/2003 

5 3 1 1  3 1 6  22/06/2003 

6 562 383  1 3/02/2003 

7 833  842 27/02/2003 

Total 2596 2454 1 5/03/2003 

The overall prevalence of pneumonic lesions of lambs was 53 .8% ( 1 ,396 out of 2,596) 

(95% C l  5 1 .9, 55 .7%) in placebo and 57.0% ( 1 ,400 out of 2,454) (95% C l  5 5 . 1 - 59.0%) 

in vaccinated lambs (p = 0.0 1 9) .  There was no significant difference (p = 0. 1 1 0) between 

the percentage of placebo and vaccinated lambs in the five pneumonia categories (Table 

5 .4) .  

Table 5.4:  Percentages of placebo (n = 2,596) and vaccinated lambs (n = 2,454) in  five 

pneumonia categories. 

Pneumonia Category Category Description Placebo Vaccinated 

lam bs lambs 

o Not-affected 46.2% 43 .0% 

<5% affected tissue 33 . 1 %  3 3 . 8% 

2 5-9.9% affected tissue 1 0 . 1 %  1 1 . 0% 

3 1 0- 1 9.9% affected ti ssue 6.5% 7.8% 

4 � 20% affected tissue 4. 1 %  4 .4% 
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The effect of vaccination on the proportion of lambs with pneumonia affecting greater than 

1 0% of lung surface area, was not significant (p = 0.684) after adj usting for the effects of 

flock of origin and month of slaughter (Table 5 .5) .  The adjusted relative risk for 

vaccination was not significant ( 1 . 04, 95% Cl 0.86, 1 .25) .  An interaction term was 

considered between flock of origin and vaccination, but was not statistical ly significant for 

any flock (p  > 0.43 2) .  

Table 5.5: Adj usted relative risk for the effect of vaccination on moderate to severe 
pneumonic lesions ( � 10% l u ng surface area affected), adj usted for flock of origin 
and m onth of slaughter (95% Cl = 95% confidence interval).  

Variable Degrees of freedom p Relative 95% Cl of 

Vaccination 

Month of slaughter 

January 

February 

March 

April 

May 

June 

July 

August 

Flock 

F lock 1 

F lock 2 

F lock 3 

Flock 4 

F lock 5 

F lock 6 

F lock 7 

reference 

reference 

Nagelkerke R2 = 0.2 1 9; 1 4  df; p<O.OO 1 

0.684 

0.000 

0 .000 

0.000 

0 .000 

0.000 

0.005 

0.560 

0.826 

0.000 

0.000 

0.000 

0.853 

0.000 

risk relative risk 

1 .04 0.86, 1 .2 5  

3 . 77 2 . 1 9  - 6 .50 

1 1 .53 6.77 - 1 9.65 

1 3 . 74 7.2 1 , 26. 1 7 

1 9 .73 1 0.56, 36 .88 

5 .72 2. 1 8, 1 4 .99 

3 . 7 1  1 . 50, 9. 1 8  

1 . 35 0.49, 3 .70 

1 . 1 27 0.39, 3 .2 8  

8 .2 1 7  4.42, 1 5 .29 

5 .220 2 .55, 1 0 .70 

3 .204 1 .77, 5 .78 

0.927 0 .4 1 , 2 .07 

1 2 .683 7.05, 22.82 
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There was no signi ficant difference ( p  = 0.8 84) between i solation of P. haemolytica and P. 

trehalosi between placebo and vaccinated lambs because the incidence of isolation was 

1 .2% higher in vaccination lambs (Table 5 .6) .  The sample size was large enough to detect 

a difference of 22% between placebo and vaccinated lambs with 80% power and p ::;  0.05. 

Table 5.6: Prevalence of isolation of P. haemolytica or  P. trehalosi from pneumonic 

lung lesions of placebo and vaccinated lambs from five commercial sheep flocks in 

New Zealand (p = 0.884). 

Isolation of P. haemolytica and 

P. trehalosi 

Negative 

Positive 

Total 

Percent positive 

Placebo lambs 

35 

42 

77 

54.5% 

There was no statistically significant difference ( p  

between placebo and vaccinated lambs ( Table 5 . 7) .  

Vaccinated lam bs 

39 

49 

88 

5 5 . 7% 

Total 

74 

9 1  

1 65 

0.284) In histological findings 

Table 5.7: Histopathology results from samples of lam bs from fou r  commercial sheep 

flocks in N ew Zealand grouped by placebo or vaccinated lambs (p = 0.284). 

Type of pneumonia Placebo Vaccinated 

Group I :  Early CNP, m i l d  CN P 

Group 2 :  Bronchopneumon ia, col lapsed lung parenchyma, 

moderate CNP 

with bronchopneumonia, moderate to severe CNP 

Group 3 :  Recovering CNP 

Total 

1 30 

lambs 

4 

24 

2 

30 

lambs 

1 3  

3 1  

5 

49 



There were no statistical ly significant differences (p  = 0.649) in histological c lassifications 

of disease between lungs with negative or positive P. haemolytica or P. trehalosi isolation 

from pneumonic lung lesions (Table 5 .8) .  

Table 5.8 : Histopathological classifications of disease from samp les of lambs from 
four  commercial sheep flocks in New Zealand grouped by isolations of P. haemolytica 
or  P. trehalosi from pneumonic lung lesions (p = 0.649). 

Type of pneumonia 

Group 1 :  Early CNP, m i ld CNP 

Group 2: Bronchopneumon ia, col lapsed l ung parenchyma, 

moderate 

CNP and/or bronchopneumonia, moderate to severe 

CNP 

Group 3 :  Recovering CNP 

Total 

5.4 Discussion 

P. haemolytica 

or P. trehalosi 

negative 

8 

20 

4 

32 

P. haemolytica 

or P. trehalosi 

positive 

9 

30  

3 

40 

This is the first extensive field study of Pasteurella vaccine efficacy for sheep pneumonia 

under New Zealand farming conditions. The vaccine, Ovipast Plus@, has been on the New 

Zealand market for several years . 

An unusual ly dry summer during the study period forced some trial farmers to sel l  lambs 

considerably earl ier to "l ivestock" sale yards at l ighter weights than would be expected 

under typical growing seasons. The increase in lamb supply at this t ime also l imited the 

available ki l ling space at the processing p lant where lungs were assessed for pneumonia, 

forcing some trial farmers to sel l  lambs to processing p lants elsewhere. Data from such 

lambs were not available for analysis of vaccination effects on lung lesions or ADG. This 

primarily affected the data from three flocks ( 1 ,  2 and 4). This was outside the control of 

the researchers and was regarded as a d isadvantage in the conduct of such a trial in  

commercial sheep flocks. D upl icate tag numbers, misread tag numbers and lost ear tags 

also contributed to the loss of data avai lable for analysis to some extent. I n  flocks 3 (n = 
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750) and 6 (n = 3 00) ewe lambs were included in the trial ,  but as they were kept as 

replacements, only ADG data from these lambs was able to be contributed to the analysis .  

However, the available data were sufficient, with adequate stat istical power and confidence 

in providing evidence for the nul l -hypothesis of ' no positive vaccine effect ' . 

The signi ficant relationship between pneumonia category and the overall ADG of lambs 

observed in this study confirms earlier findings (lones et aI . ,  1 982 ; Al ley, 1 987a; Goodwi n  

et aI . ,  2004) and demonstrates that pneumonia affects growth performance to a 

considerable extent. Thus lambs from these flocks were an appropriate study population.  

Also, the high prevalence of pneumonia recorded in this study indicates that the risk of 

disease was high, resulting in  a good test of the vaccine 's  efficacy.  The effect of 

pneumonia category on ADG may have been biased by lamb selection methods in the 

current study, as farmers select lambs by body condition and weight. These criteria 

effectively select against smal ler, slower-growing lambs, whose weight gains may have 

been adversely affected by pneumonia. In an earl ier study, we observed only a smal l effect 

of pneumonia category on ADG in lambs selected by condition and weight, but a strong 

effect in lambs selected for slaughter at random ( Goodwin et aI . ,  2004) .  The true effect of 

pneumonia on ADG in this  study was probably even stronger than that suggested by the 

data. 

The interaction between vaccination and flock was statistical ly significant for A DG in the 

fi rst 1 1  weeks post vaccination 1 ,  but not between weeks 1 1  and 23 post vaccination 1 ,  or 

between vaccination 1 and slaughter, providing l ittle evidence for an effect of the vaccine 

in some flocks due to differences in micro-flora species present. I n  flock 4, in the period 

between weeks 1 ]  and 23 post vaccination 1 ,  Ovipast plus® had a protective effect on 

A DG.  This may indicate that at this time the vaccine protected against pathogen chal lenge 

of  P. haemolytica and P. trehalosi strains in this flock, whi le  no effect was evident in  the 

other trial flocks. The efficacy of the vaccine at this time however, was relatively low at 

27%. It  could be hypothesised that this  was a smal l subgroup of heavily challenged lambs 

where a vaccine effect was evident. This was not the case, as the prevalence of moderate 

to severe pneumonia was 7 .0% for flock 4, which was below the average of 8 .4% for a l l  

flocks. I t  i s  l ikely that a type 1 error has occurred where we have rejected the nul l  

hypothesis of no effect of vaccination on moderate to  severe pneumonia, when in  fact it i s  

true. We bel ieve this to be the case as the protective effect of  vaccine occurred i n  lambs (n 
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= 392)  in only one growth period ( W2-W3) and in only one out of seven commercial 

flocks. 

The vaccine producer c laims Ovipast P lus® reduces mortality without available published 

evidence of its efficacy in the field. Mortality was not measured in the current study due to 

the cost and logistics of conducting post mortems within several hours of death, in 

consideration of the geographical spread of farms and number of lambs involved in the 

trial. 

There was no statistica l ly significant effect of Ovipast Plus® on sub-cl inical effects of 

lamb pneumonia, measured as average dai ly weight gain and severity of pneumonic lung 

lesions. Vaccinated lambs grew significantly slower in the first 1 1  weeks post initial 

vaccination compared to placebo lambs. ADG was also measured between 1 1  and 23 

weeks post vaccination, and there were no statistical ly  significant effects of vaccination on 

ADG in this period. In addition to this, no significant effect of vaccine on overall ADG of 

lambs from the first vaccination to slaughter was observed, when month of slaughter and 

flock of origin were taken into account. As there was no vaccination effect on the amount 

of moderate to severe pneumonic lesions, the absence of an effect on ADG is not 

surpnsmg. 

The overall pneumonia prevalence of lambs (n = 5 ,050) in this study was high ( 55 .4%) 

corresponding to earlier reported prevalence of sub-clinical lamb pneumonia from 2 1  to 

93% ( Kirton et aI . ,  1 976; Thurley et aI., 1 977; McGowan et aI . ,  1 978; Davies, 1 985b; 

B lack, 1 997; Goodwin et aI . ,  2004). These flocks would not be l ikely to represent the 

general population of flocks but rather those with high pneumonia prevalence.  The 

prevalence of pneumonia (categories 1 to 4) in vaccinated lambs (57 .0%) was significantly 

higher than that of placebo lambs ( 53 .8%). The proportion of vaccinated lambs with 

moderate to severe pneumonia (categories 3 to 4) was 1 .6% higher than placebo lambs but 

this was not statistically significant. The increased prevalence of vaccinated lambs is 

perhaps related to increased stress due to immune response leading to increased pneumonia 

as reflected in a decreased ADG in the first 1 1  weeks post vaccination 1 .  
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The Pasteurella serotypes contained in Ovipast P lus® would seem to be appropriate for 

New Zealand conditions, as these serotypes have been shown to occur at a high frequency 

( Black, 1 997) .  P. haemolytica and P. trehalosi were isolated from pneumonic lung tissue 

from vaccinated lambs but because these were not typed in this study, it is unknown 

whether the same serotypes (P. haemolytica A I ,  A2, A6, A7, A9 and P. trehalosi T3, T4, 

T I O  and T 1 5 )  were isolated that were contained in the vaccine. Likewise, P. haemolytica 

and P. trehalosi were not isolated from some pneumonic lung samples. I t  could be 

speculated that in these cases, other pathogens caused the pneumonia present, as we only 

tested for the presence of P. haemolytica (serotype group A) and P. trehalosi (T serotypes) .  

Serotypes occurring in the field may be different to that contained in the vaccine. Other 

possible explanations are that by the time of culture any P. haemolytica and P. trehalosi 

present had died, thus the culture result was false negative or that the Pasteurella infection 

was no longer active whereas the pathology was sti l l  present. 

Vaccination apparent ly did not decrease affect the proportion of P. haemolytica or P. 

trehalosi isolations from lung lesions, or the hi stopathology of lung lesions. Samples of 

lungs, however, were not performed at random. Surprisingly, we did not find statistical ly 

significant differences between the histological c las ification of disease and P. haemolytica 

and P. trehalosi isolation in lung lesions. This suggests that the histological and 

bacteriological outcomes were independent response parameters of vaccine efficacy. Our 

conclusion that the vaccine was inefficacious was therefore substantiated by four response 

parameters (ADO, lesion prevalence, bacteriology and histopathology ) of which only ADO 

and lesion prevalence were correlated. The study of Oi lmour et a ! .  ( 1 99 1 ) showed Ovipast 

Plus to have a high level of protection against experimental chal lenge with P I 3  virus and 

P. haemolytica erotype A2. Our study of Ovipast Plus® indicates that under field 

conditions protection is not evident. 

Two other field studies of Pasteurella vaccine efficacy against lamb pneumonia in New 

Zealand were conducted on shipments of lambs to Saudi Arabia ( Black and Duganzich, 

1 995;  B lack et aI . ,  1 997). These studies showed no effect of vaccine on lamb mortal ity or 

pneumonic lesions either. The environment on-board a ship is vastly different than that in 

commercial sheep flocks in New Zealand, however, these studies support our findings, 

indicating Pasteurella vaccines may not be efficacious under various conditions. 
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5.5 Conclusions 

I n  conclusion, our study has shown that vaccination of lambs with Ovipast P lus® did not 

prevent or reduce pneumonic l ung lesions or ADO. It appears that vaccination against 

Pasteurella spp. to reduce lamb pneumonia is currently not a feasible option to control 

pneumonia in New Zealand sheep flocks. Future research i nto control methods for sheep 

pneumonia should focus on other factors contributing to the disease, such as host 

immunological and physiological factors, environmental factors and farm management, 

until an effective vaccine is produced. 
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C HAPTER 6 

E conomic effect of c h ro n ic non-progressive pneumonia 

and pleurisy in New Zealand lambs 

6. 1 Introduction 

In New Zealand, the term chronic non-progressive pneumonia (CNP) i s  used to describe a 

sub-acute or chronic pneumonia which i s  enzootic in lambs of slaughter age (Al ley and 

C larke, 1 979) .  Acute pneumonia (AP) occurs sporadically and often results in mortality, 

but recovery with on-going CNP also occurs. CNP is widespread among lambs in New 

Zealand and causes considerable reduction in growth rate (Al ley, 1 987b, a; Goodwin et aI . ,  

2004) and a predisposition to pleurisy, both resul ti ng in substantial economic loss for New 

Zealand sheep farmers. At the processing plant lamb carcasses with p leural lesions have to 

be trimmed to al low market access. The rib cage often has to be removed or entire 

carcasses condemned, result ing in a reduced payout to farmers and increased workload for 

the identification and trimming of pleural lesions. Literature reports on mortal ity rates due 

to c l inical pneumonia are only available from a few case flocks (Smith, 1 975 ; Anonymous, 

1 976; Sorenson, 1 976; Anonymous, 1 978; Davies, 1 986; Orr and Black, 1 996; Orr et aI . ,  

1 998; C lark et aI . , 200 1 ) ranging between 2 and 1 4%. No population reference data have 

been provided that could be used for the calculation of the cost of mortality due to 

pneumonIa. Studies of CNP have reported prevalence of gross pneumonic lesions at 

slaughter of 2 1  to 93% (Kirton et aI . ,  1 976; Thurley et aI . ,  1 977; McGowan et aI . ,  1 978; 

Davies, 1 985b; B lack, 1 997; Goodwin et aI . ,  2004). Whi le CNP is perceived to be 

widespread and frequent, causing considerable production loss through reduced growth 

rate, acute pneumonia associated with lamb mortality is sporadic and would not contribute 

significant loss to New Zealand sheep farmers as a whole. However, recovery from acute 

pneumonia may result in persisting CNP but this rate of recovery is unknown. 

The prevalence of lamb pleurisy in the 1 9741 1 975 season was estimated by Dysart ( 1 976) 

at 3 .2%, based on 8 1 6,700 carcasses. The average pleurisy incidence in  lambs in the North 
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I sland was more than twice that of the South I sland. Hathaway and McKenzie ( 1 987) 

estimated that by September more than 27% of lamb carcasses would be affected by 

pleurisy in the North I sland compared to about 9% in the South I sland. An assumption 

was made by Dysart ( 1 976) that 65% of lambs with pleural lesions end up in 'cutter 

grades' (some or a l l  of rib cage removed) .  The associated reduction in  value would be 

approximately 30% per carcass (S .  Brown, personal communications, 23 June, 2005) .  

More current data ( 2002/2003 ) of pleurisy prevalence from ASURE New Zealand Limited 

(P .O.Box 1 1 4 1 ,  Christchurch) indicated similar average prevalence for lambs in the South 

I sland and the North Is land at 8 .4% and 8 .9%, respectively. 

A dated report estimated the direct loss to the ew Zealand farmer from lambs with 

pleurisy at $ 1 . 8 mil l ion per annum ( Dysart, 1 976). No such estimates have ever been 

derived for the cost of pneumonia to ew Zealand farmers or the meat industry .  

The aim of the c urrent study was to estimate the cost of lamb pneumonia and pleurisy to 

the New Zealand sheep industry based on field studies and current data, and to inform 

future cost-benefit calculations of control programmes to reduce the incidence of 

pneumol1 1a. 

6.2 Materials and M ethods 

1 .  Parameters and Data Sources 

I nput data to estimate the annual cost of lam b  pneumonia and pleurisy to New Zealand 

farmers was derived from the fol lowing sources: 
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1 .  The effect of pneumonia on average daily gains ( ADG) of lambs in the month 

prior to slaughter (Goodwin et a I . ,  2004). 

2. The prevalence of moderate to severe (MS) pneumonia (2: 1 0% lung surface area 

affected) and pleurisy at slaughter (ASURE New Zealand Limited ( P .O.Box 

1 1 4 1 , Christchurch), Goodwin-Ray et aI . , 2006b). 

3 .  National slaughter stat istics inc luding average carcass value, carcass weight, the 

annual number of lambs slaughtered and proportion of all lambs that were 

slaughtered between January and June (MWNZ, 2005) .  



4. National demographic statistics of the number of sheep farms in New Zealand 

(AgriQuality , 2004) .  

The majority of pneumonia diagnosed at slaughter was presumed to be CNP although 

some residual lung lesions from recovered AP may a lso have been present. 

2. Calculations 

2. 1 .  Loss of carcass value due to pneumonia 

Reduced ADG in the month preceding slaughter due to pneumonia was the only cost 

related to pneumonia included in the calculation, as l imited data was available on mOliality 

due to acute pneumonia. The data used was from a longitudinal study (Goodwin et aI . ,  

2004), conducted in 1 999 to 2000, on 1 4  commercial sheep flocks, five from Southland, 

five from King Country (refer Figure 2 .2 ,  Upper WanganuilTaupo) and four from 

Northland. Pneumonia was known to be a problem in  lambs in al l flocks selected. In each 

flock 200 lambs were randomly selected at weaning and weighed at 4-weekly intervals. 

The extent of pneumonic lesions was scored visually  at slaughter in  40 randomly selected 

lambs per month per flock. Lamb l iveweight was measured prior to slaughter. The effect 

of pneumonia on growth rates of lambs in the month preceding s laughter was used to 

calculate the cost of reduced weight gain ( i .e. days affected x reduced growth relative to 

unaffected lambs (grams/day)) .  Pneumonia at slaughter was classified according to the 

percentage of lung surface area affected in the following categories: Category 0, no 

pneumonia; Category 1 ,  0. 1 --4 .9%; Category 2, 5-9 .9%; Category 3, 1 0- 1 9.9%; and 

Category 4, 2: 20% lung surface area affected. 

Simi lar data were avai lable from a cl inical trial evaluating the effect of vaccination against 

lamb pneumonia (Goodwin-Ray and Heuer, 2006). This was a field trial using a 

randomised split-flock design involving 9, 1 74 lambs from seven commercial flocks of 

lambs with a history of pneumonia, enrol led and vaccinated with Ovipast P lus® (a 

Pasteurella haemolytica and P. trehalosi vaccine) or  placebo by systematic random 

allocation. 

The reduction in the ADO of lambs for pneumonia categories 2 to 4 was included in 

calculat ions of overall loss. It was assumed that ADG due to pneumorua started in mid 

December. Therefore, reduced ADO was assumed to last 30, 60, 90, 1 20, 1 50 or 1 80 days 
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if lambs were slaughtered i n  January, February, March, April, May or June, respectively. 

ADG was converted from l ive weight to carcass weight on the basis of a regression 

equation for calculating dressing out percentage « carcass weight x 1 00 )  / l ive weight), by 

Kirton et aI . ( 1 984), based on 2 ,207 lambs) .  This resulted in an average loss per lamb in 

the flock due to pneumonia, which was weighted due to the extent of pneumonia and the 

month of slaughter, based on 2 1  flocks ( 1 1 ,974 lambs) (Goodwin et aI . ,  2004; Goodwin­

Ray and Heuer, 2006). For the purpose of this study, the average loss per lamb from these 

study flocks was regressed on the prevalence of MS pneumonia (� 1 0% lung surface area). 

The regression coefficients indicated the loss per lamb and were used to associate MS 

pneumonia prevalence (per percentage point in the flock), to the average loss per lamb in a 

larger and more representative sample (Goodwin-Ray et aI . ,  2006c) .  

I n  the 2 1  study flocks, average monthly loss (AML) due to pneumonia was calculated as: 

Where: 
i = pneumonia category (2-4) 

(Equation 1 )  

j = flock ( 1 -2 1 ) 
k = month (2-6) 
A i = Proportion of lambs in pneumonia categories of i = 2,3,4 from 2 1  flocks (Goodwin et aI . ,  2004; 

Goodwin-Ray and H euer, 2006). 
Bij = A DG from 1 4  flocks (Goodwin et aI . ,  2004) accord ing to pneumon ia categories of i = 2,3,4 .  

Ck = Number of days affected (k = I :  Jan, 30 days; k = 2: Feb, 60 days; k = 3 :  Mar, 90 days; k = 4:  
Apri l ,  1 20 days; k = 5 :  May, 1 50 days; k = 6 :  J une, 1 80 days). 

Dk = Price per k i logram of carcass weight ( M WNZ, 2005 ). 

The result is shown in Figure 6 . 1 .  Monthly average lamb price (per kg carcass weight) at 

net present value was assumed to fol low a normal distribution. The monthly means and 

standard deviations of lamb price (per kilogram of carcase weight) at net present value for 

January to June were $4.09 ($0.43 ), $4.05 ($0.40), $4.02 ($0.40), $3 .99 ($0.23 ), $4. 1 1 

($0.2 1 )  and $4 .20 ($0 .08) respectively. There were no data available to calculate AML for 

May and June so the AML calculated for Apri l was extrapolated to both of these months 

(Figure 6. 1 (d» . 
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Figu re 6. 1 :  Stochastic model to estimate the direct annual cost of pneu monia and 

pleu risy to New Zealand farmers. Scatter plots, regression equations and multiple 

coefficients of determination (R
2
) of average cost of pneumonia per lamb (AML) for 

1 4  ( . )  flocks (Goodwin et al., 2004) and 7 flocks (-) (Goodwin-Ray and Heuer, 2006), 

according to moderate to severe pneumonia (� Category 3) prevalence (% of lambs) 

for (a) January, (b) February, (c) March and (d) April. 

2.2 M oderate to severe pneumonia prevalence 

In 2002/03, lungs of all slaughter lambs from 1 ,7 1 9  flocks with 50 or more lambs were 

scored by meat inspectors for MS pneumonic lesions (� 1 0% lung surface area) at three 

processing plants ( Gi sborne, Manawatu, Christchurch) over a 9 month period ( December 

2000 to September 200 1 )  (Goodwin-Ray et aI . ,  2006c) .  The scores of meat inspectors 

were compared to paralle l scores of the first author and estimates of sensitivity and 

spec ificity calculated using the first author' s scores as the gold standard. The apparent MS 

pneumonia prevalence (apparent prevalence, AP) at flock level was adj usted for lack of 
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sensitivity (Se) and specificity ( Sp) to obtain an estimate of true prevalence (TP) by the 

formula TP = (AP + Sp - 1 )  / (Se + Sp - 1 )  ( Rogan and Gladen, 1 978;  Dohoo et a I . ,  2003) .  

Additional parameters used to calculate economic loss included : total annual number of 

lambs slaughtered (MWNZ, 2005), proportion of al l  lambs that were slaughtered from 

January to June, and the number of sheep farms in New Zealand (AgriQuality, 2004) .  

Lamb prices from 2002-2005 were converted to net present value via an inflation 

calculator ( Reserve Bank of New Zealand, 2005) .  

2.3 Nationa l  cost of  lamb pneumonia 

The annual direct cost to New Zealand farmers of growth rate loss due to pneumonia, 

without accounting for acute pneumonia deaths that may occur, was based on the fol lowing 

equation: 

6 1 00% 
TotalCost = I I Ei X  Gk X AMC%k X FSk (Equation 2 )  k = 1  i=l% 

Where: 
E = Proportion of flocks (n = 1 7 1 9) at each ' i '  = I % increment of moderate to severe preva lence (i = 0-

1 00%) (Goodwi n-Ray et a l . ,  2006c). 
G = number of sheep flocks sending lambs to slaughter in month 'k' = January ( I )  to June (6) in New 

Zealand (AgriQual ity, 2004). 
AMC % = slope coeffic ient of the average monthly cost per I % increase in moderate to severe 

pneumonia prevalence of 2 1  study flocks in month 'k' = I to 6.  
FS = average flock size in  month 'k '  in ew Zealand (AgriQual ity, 2004) div ided by Gk 

2.4 Loss due to pleurisy 

Data of pleurisy prevalence were also col lected from these 1 ,7 1 9  flocks, including numbers 

of lambs with minor pleurisy (not devalued), major pleurisy (devalued) and carcasses 

condemned due to pleurisy (zero return) .  The annual direct cost to New Zealand farmers 

of pleurisy, accounting for losses through devalued and condemned lamb carcasses was 

based on the fol lowing equation; 

Where: 

6 6 

TotalCost = IHk I J + I Lk Mk k=1 k=1 (Equation 3) 

H = number of  lambs slaughtered (Goodwin-Ray et al . ,  2006a) for each ' k' = 1 ,2,3,4,5,6 that are condemned 
for pleurisy (Goodwin-Ray et al . ,  2006c). 

1 = average annual price per kg of carcass weight based on 1 989-2004 ( MWNZ, 2005). 
J = average annual lamb carcass weight based on 1 995-2004 ( MWNZ, 2005). 
L = price per kg of carcass weight for pleurisy downgraded carcasses for each ' k' = 1 ,2,3,4,5,6 based on a 

reduction in value of 30% per carcass (S. Brown, personal commun ications) and ' I '  
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M = kg of lamb carcass weight a ffected by p leurisy downgrades ' k' = 1 ,2,3,4,5,6 based on the number o f  
downgraded carcasses due to pleurisy and ' I '  

2 . 5  Stochastic Modelling 

A spreadsheet-based simulation approach using the Excel spreadsheet add-on software 

@RI SK (Pal isade Corporation, USA) was used. Several equation inputs were based on 

assumed probabi lity distributions (Table 6 . 1 ) . The model included only the months of 

January to June. The outcome from the model provided probabi l ity distributions of the 

cost of pleurisy , cost of pneumonia and combined cost of both diseases. The stochastic 

model was run in @R1SK ( Palisade Corporation, USA) for 1 000 iterations. A sensitivity 

analysis was also run in  @RISK ( Palisade Corporation, U SA) to determine which i nput 

d istributions had the biggest impact on the model output. Correlation coefficients were 

calculated between the output values and each set of sampled input values. The most 

significant input variables were those with the highest correlation coefficients. 
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Table 6. 1 :  Most likely value, standard deviation (SD), m inim um, maximum and 
assu med distribution of stochastic model variables. 
Variable 

AOG per pneumonia category 
(kg C W/day) 

Price per kg CW ($)  

Category 2 
Category 3 
Category 4 
January 
February 
March 
Apri l 
May 
J une 

N ational No. lambs slaughtered annual ly 

S lope coefficient of AML per 1 %  
increase i n  MS pneumonia 
prevalence 

Proport ion of lambs sold 

P leuri y prevalence 

Proport ion of carcasses 
downgraded due to pleurisy 

A verage carcass weight of 
lambs (kg CW) 

January 
February 

March 
Apri l 
May 
June 
January 
February 
March 
Apri l  
May 
June 
January 
February 
March 
Apri l 
May 
June 
January 
February 
March 
April 
May 
June 

Va lue of pleurisy downgraded carcass as 
a proportion of a healthy carcass 
Proportion of carcasses condemned January 
for 
p leurisy February 

March 
Apri l 
May 
June 

A OG - average dai ly weight gain  (kg/day) 
A M L  - average monthly loss due to pneumonia 
CW - carcass weight 
m i l l - m i l l ion 
M S  - moderate to severe 
na - not avai lable 
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Variable value 

Most l ikely ( SO) 

0.007 (0.004) 
0.0 I 0 (0.005) 
0.026 (0.0 1 3 ) 

4 .68 (0.43 ) 
4.65 (0 .40) 
4.62 (0.40) 
4.3 1 (0.23 ) 
4. 1 1  (0.2 1 )  
4.20 (0.08) 

M inimum, 
Maximum 

0.000, 0.0 1 6  
0.002, 0.0 1 7  
0.0 1 6, 0.035 

3 .74, 4.37 
3 .78, 4.35 
3 .78, 4.32 
3 .75, 4 .03 
3 .92,4.34 
4 . 1 1 ,4 .27 

25.7 m i l l  ( 1 .3 23 .3  m i l l ,  28.0 m i l l  
m i l l) 

0 .03 1 (0.0 1 5 ) 
0.057 (0.026) 

0.074 (0.0 1 5 ) 
0. 1 1 7 (0.025)  
0. 1 1 7 (0.025) 
0. 1 1 7  (0.025)  
0. 1 37 (0.0 1 7) 
0. 1 27 (0.0 1 1 )  
0 . 1 53 (0.0 1 6) 
0. 1 35 (0.0 I I )  
0.095 (0.0 1 0) 
0.056 (0.008) 
0.0 1 2  (0.0 1 4) 
0.024 (0.026) 
0.042 (0.042) 
0.086 (0.073 ) 

7. 1 1 (7 .58)  
1 1 . 1 1 (8 .5 1 )  

0.6 (0.2) 
0.6 (0.4) 
0.6 (0 .3)  
0 .6  (0. 3 )  
0.3 (0.3 )  
0 . 3  (0 .3 )  

1 6.29 (0.7 1 )  

0 .7 ( na) 

0.00 1 (na) 

0.004 (na) 
0.004 ( na) 
0.002 (na) 
0.009 (na) 
0.003 ( na) 

0.0 1 3, 0.070 
0 .025, 0. 1 28 

0.038, 0. 1 00 
0.069, 0. 1 55 
0.069, 0. 1 55 
0.069, 0. 1 55 
0 . 1  1 8, 0. 1 59 
0. 1 1 5 , 0. 1 42 
0. 1 34, 0. 1 7 1  
0. 1 1 9, 0. 1 47 
0.080, 0. 1 00 
0.050, 0.060 

0.0, 9 . 1 
0.0, 20.0 
0.0, 33 .3  

0 .0, 1 00.0 
0.0, 1 00 

0.0, 46.0 
0.0, 1 .0 
0.0, 1 .0 
0.0, 1 .0 
0.0, 1 .0 
0.0, 1 .0 
0 .0, 1 .0 

1 5 . 1 9, 1 7.26 

0.5, 1 .0 

0.000, 0.09 1 

0.000, 0.333 
0.000, 0.333 
0.000, 0.200 
0.000, 1 .000 
0.000, 0.030 

Assumed 
distribution 

Normal  
Normal  
Normal  
Normal  
Normal 
Normal  
Norma l  
Norma l  
Normal 
Normal  

Normal 
N ormal 

Norma l  
Norma l  
N orma l  
Normal  
Norma l  
Norma l  
Norma l  
Norma l  
Norma l  
Normal  

Log Norma l  
Log Normal  
Log Normal  
Log ormal  
Log Norma l  
Log Norma l  

Normal 
Normal 
N orma l  
Normal  
Normal 
Normal 
Normal  

Triangu lar 

Pert 

Pert 
Pert 
Pert 
Pert 
Pert 



6.3 Results 

The effect of pneumonia on lamb growth rate based on earl ier data (Goodwin et aI., 2004) 

is reproduced in Figure 6 .2 .  The difference in the average dai ly weight gain of lambs in 

pneumonia categories 2 to 4 compared to Category 0 was used in the model .  Lambs in 

categories 2, 3 and 4 grew at 9, 1 8  and 72g/day slower than lambs in category 0 which 

grew at 1 36g/day. 

1 75 

1 50 

c:: 
"(ij Cl 
1:: 1 00 Cl 
"w 
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� 75 
"0 
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o 
o 2 3 4 
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Figure 6.2 : Least square means (_) (and 95% Cl) of average daily weight gains 
(g/day) of random ly selected lambs in the month prior to slaughter in categories of: 0, 

no pneumonia; 1 ,  � 5% lung surface area affected;  2, 5-9.9%; 3, 1 0- 1 9.9%; and 4, ;::: 
20% lung surface area affected. 

Figure 6.3 shows a distribution of true moderate to severe (MS) pneumonia prevalence 

based on 1 ,7 1 9  flocks from Canterbury , Manawatu and Gisborne processing plants. It was 

assumed to reflect the national l amb flocks' MS pneumonia prevalence distribution. The 

l inear increase i n  average cost per lamb to the flock's overal l  MS pneumonia prevalence 

from Figure 6 . 1 was used for a cost estimate per 1 % increment of MS pneumonia 

prevalence from 0-1 00% (equation 1 ,  Materials and Methods). The average (median) of 
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true MS pneumonia prevalence for January to June was 2 .7  (0) ,  7 .3 (0) ,  1 4. 1  (6 .9), 1 3 . 5  

(7 . 3 ), 7 . 1 (5 .0)  and 1 1 . 1  % (9 . 8 )  respectively . 
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Figure 6.3 : Stochastic model to estimate the direct annual cost of pneumonia and 
pleurisy to New Zealand farmers. D istributions of true moderate to severe 
pneumonia (� 1 0%lung affected) prevalence (adjusted according to sensitivity and 
specificity (Table 6.2) based on 1 ,7 1 9  flocks for January (a), February (b), March (c), 
April (d), M ay (e) and June (f) (frequency of flocks with 0 prevalence indicated at top 
of bar (n = number of flocks in  category 0» . 
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The sensitivity of meat inspector diagnosis of MS pneumonia was low at all processing 

plants, indicating a low rate of positive diagnosis of pneumonic lungs (Table 6 .2) .  The 

specificity was high, indicating a high rate of negative diagnosis of lungs without 

pneumonia. Therefore the occurrence of MS pneumonia was l ikely under-estimated due to 

a significant proportion of lungs with pneumonic lesions being diagnosed as negative. 

Table 6.2: Sensitivity and specificity (with 95% confidence intervals), of inspector 
d iagnosis of moderate to severe pneumonia for Canterbury, Manawatu and Gisborne 
processing plants. 
Region Sensitiv ity (95%CI) Specificity (95% Cl)  

Canterbury 0. 1 72 (0 . 1 36, 0.2 1 4) 0.979 (0 .976, 0.982) 

Manawatu 0. 1 73 (0 . 1 42, 0.2 1 0) 0.923 (0.9 1 3 , 0.932) 

Gisborne 0. 1 55 (0.093, 0.247) 0.99 1 (0.985, 0.994) 

The mean pleurisy prevalence increased from January to June in all regions (Table 6 .3 ) .  

Lambs from Canterbury had the lowest mean prevalence from January to May and 

Gisbome lambs had the lowest in June. Lambs processed at the Fielding plant had 

consistently the highest mean prevalence of the three regions for four of the six months. 

Table 6.3 : Mean pleurisy prevalence (95% Cl)  from January-June 2001 for 
Canterbury, Manawatu and G isborne processing plants. 

Month Canterbury 

January 1 . 1 0  ( 1 .00, 1 .20) 

February 1 .78 ( 1 .6 1 ,  1 .95)  

March 3 .09 (2 .88,  3 . 30) 

April 9 .33 ( 8 .43, 1 0.23)  

May 4.96 (4.39, 5 . 53 )  

June 1 3 .58 ( 1 2 .45, 1 4 .7 1 )  

Processing Plant 

Manawatu 

1 .3 5  ( 1 .20, 1 . 50) 

2 .66 (2 .34, 2 .98) 

6.06 (5 .54, 6 .58) 

1 0 . 1 6  (9 .45, 1 0 .87) 

1 2 . 1 6 ( 1 1 . 1 1 , 1 3 .2 1 )  

1 2 .85  ( 1 1 . 50, 1 4.20) 

Gisborne 

3 .3 3  (2 .82,  3 .84) 

4.06 (3 . 37, 4 .75)  

4. 1 0  (3 .26, 4 .94) 

5 .86 (4.30, 7.42) 

5 .66 (4.64, 6.68) 
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The model output distribution of the estimated annual cost of pneumonia to New Zealand 

farmers is shown in Figure 6.4. The average estimated cost was NZ $28, 1 1 0,990 (US 

$ 1 7,99 1 ,034) with a stochastic standard deviation of  $8,6 1 8,695 and 95% stochastic 

interval of $ 1 4,968,320-$4 1 ,944,3 1 0 . 
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Figure 6.4 : Stochastic model to estimate the direct annual cost of pneumonia and 
pleurisy to  New Zealand farmers. Distribution of the estimated annual  cost of 
pneumonia to  New Zealand farmers. 

The regression coefficients indicating the loss per lamb associated with MS pneumonia 

prevalence in Apri l ,  March and February had consecutively the largest impact on model 

output ( total cost of pneumonia), as defined by correlation coefficients (Table 6.4) .  
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Table 6.4: Correlation coefficients between model output (total cost of pneumonia) 

and sets of sampled input variables (n = 5), ran ked according to significance. 

Input variables 

June regression coefficient of AML * 

April regression coefficient of AML * 

March regression coefficient of AML * 

May regression coefficient of AML * 

A verage number of lambs slaughtered per 

flock 

Rank of Correlation 

significance 

2 

3 

4 

8 

coefficient 

0.472 

0.290 

0.230 

0. 1 89 

0. 1 3 7 

* A M L  - average monthly loss due to pneumoni a  ($ loss/ l % increment of moderate to severe pneumon i a  

prevalence) 

The model output distribution of the estimated annual cost of pleurisy to New Zealand 

farmers, determined by carcasses downgraded and condemned for pleurisy at slaughter i s  

shown i n  Figure 6 .5 .  The average estimated cost was N Z  $25,093,750 (US $ 1 6,060,000) 

with a stochastic standard deviation of $ 1 2 , 1 04,740 and 95% stochastic interval of 

$ 1 0,240,980-$48,093 ,080. 
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Figure 6.5 : Stochastic model to estimate the direct annual cost of pneumonia and 
pleurisy to New Zealand farmers. Distribution of the estimated annual cost of 
downgraded or condemned carcasses due to pleurisy to New Zealand farmers. 

The prevalence of pleurisy in Apri l ,  March and May had the largest impact on model 

output ( total cost of pleurisy), as defined by correlation coefficients (Table 6 .5 ) .  The value 

of a pleurisy downgraded carcass compared to a healthy carcass and the proportion of 

carcasses downgraded for pleurisy in Apri l also had large impacts on the outcome of the 

model .  

Table 6.5: Correlation coefficients between model output (total cost of pleu risy and 
sets of sampled input variables (n = 5), ranked according to significance. 

I n put variables 

April pleurisy prevalence 

March pleurisy prevalence 

May pleurisy prevalence 

Value of pleurisy downgraded carcass compared 

to a healthy carcass 

Proportion of carcasses downgraded for pleurisy 

in Apri l 

1 50 

Rank of Correlation 

significance 

2 

3 

4 

8 

coefficient 

0 .538  

0.406 

0 .395 

0.243 

0.243 



The model output distribution of the estimated annual cost of pneumonia and pleurisy to 

New Zealand farmers is shown i n  F igure 6.6. The average estimated cost was NZ 

$53,204,730 (US $34,05 1 ,027) with a stochastic standard deviation of $ 1 4,372,3 1 0  and a 

95% stochastic interval of $32,446, 1 50-$78,93 1 ,780. The minimum cost attributed to 

pneumonia and pleurisy from this model was $ 1 9,656,450 mi l l ion. 
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Figure 6.6: Stochastic model to estimate the direct annual cost of pneum onia and 
pleurisy to New Zealand farmers. Distribution of the estimated annual cost of 
pleurisy and pneumonia to New Zealand farmers. 
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The prevalence of pleurisy between March and May had the largest impact on model 

output (total cost of pneumonia and p leurisy), as defined by correlation coefficients (Table 

6.6) .  

Table 6.6: Correlation coefficients between model output (total cost of pneumonia 
and pleurisy) and sets of sampled input variab les (n = 1 0), ranked according to 
significance. 

Input variables 

April pleurisy prevalence 

March pleurisy prevalence 

May pleurisy prevalence 

June regression coeffic ient of AML * 

Value of pleurisy downgraded carcass compared 
to a healthy carcass 
April proportion of carcasses with pleurisy 
downgraded 
April regression coefficient of AML * 

February pleurisy prevalence 

June pleurisy prevalence 

May proportion of carcasses with pleurisy 
downgraded 

6.4 D iscussion 

Rank of 

significance 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

Correlation 

coefficient 

0.453 

0.342 

0 .334 

0.264 

0 .204 

0.204 

0 . 1 76 

0. 1 56 

0 . 1 43 

0 . 1 4 1  

This study provides the first estimate of the annual cost of pneumonia and pleurisy to New 

Zealand farmers. The average estimated annual cost from the stochastic model was NZ 

$53 ,204,730 (US $34,05 1 ,027), with just over half of this cost due to pneumonia, and the 

remainder to pleurisy . The variables with the greatest impact on the overal l loss were the 

pleurisy prevalence in March, April and May . A lthough the pleurisy prevalence peaked in 

June, the impact on the model was not significant as fewer lambs were sold in  this month.  

The mortal ity rate due to acute pneumonia has not been accounted for in the current model .  

Consequently, the estimated cost of pneumonia may be conservative. I t  is  difficult to 

estimate the extent of underestimation, as the only scientific l iterature of morta l ity rate is 
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from case flocks ( flocks with mortality attributable to acute pneumonia) . I n  such flocks 

mortal i ty only occurs sporadically, which would be difficult  to extrapolate to the wider 

population of flocks. Case flocks with confirmed pneumonia diagnoses from animal health 

laboratories (Smith, 1 975; Anonymous, 1 976; Sorenson, 1 976; Anonymous, 1 978; Davies, 

1 986; Orr and B lack, 1 996; Orr et aI., 1 998; Clark et aI., 200 1 ), had mortal ities (2  to I 4% )  

occurring in  lambs o r  hoggets i n  the January to June period. However, because the 

reported mortal ity rate is relatively low and only occurs sporadical ly over the whole 

population, it would not be expected to contribute significantly to the overall cost of  

pneumoma. 

This stochastic model was made up of a wide range of data and assumptions. The val idity 

of this data and these assumptions should be reviewed to authenticate the model .  Firstly ,  

the relationship of pneumonia and ADO (Goodwin et a I . ,  2004) was the only recent data 

avai lable for naturally occUlTing  pneumonia in New Zealand lambs. This was a cohort 

study where lambs were selected at random and at equal intervals over the lamb growth 

period from three regions, so the data was not b iased by farmer selection of lambs for 

slaughter. The data of the prevalence of moderate to severe (MS)  pneumonia at slaughter 

involved a large number of commercial flocks (n = 1 ,7 1 9) from three regions over nine 

months (Goodwin-Ray et aI . ,  2006c) .  Pneumonia is not routinely recorded and ASURE 

New Zealand meat inspectors col lected this data outside of their contractual agreements 

without reimbursement. The sensitivity of meat inspector diagnosis was low leading to an 

underestimate of lamb pneumonia at slaughter, but this was the most comprehensive data 

avai lable to us. The pleurisy prevalence data used in our model was routinely col lected at 

slaughter by ASURE meat inspectors, although the qual ity of this data is unknown as i t  

was not val idated. However, the prop0l1ion of lamb carcasses requiring trimming due to 

pleurisy would be expected to be accurate. One of the main l imitations of the pneumonia 

and pleurisy prevalence data used, is that collection was conducted over only one season 

and variations between seasons are l ikely to occur which was not able to be corrected for in  

our model .  The national slaughter statistics were produced by Meat and Wool New 

Zealand ( M WNZ, 2005 ), a single levying body funded by l ivestock producer levies and 

can be assumed to be accurate. AgriBase (AgriQual ity, 2004) was used to determine the 

number of sheep farms in New Zealand in order to calculate the number of lambs produced 

per fam1. It is anticipated that thi s  data is also accurate. 
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Another approach to the estimation of the cost of pneumonia would be to value additional 

days that lambs with pneumonia would have to spend on-farm in order to reach desired 

target slaughter weight. The problem with this methodology is that it is d ifficult to 

estimate the cost of additional days lambs spend on-farm in terms of grass, labour and 

resources for pneumonia prevention or treatment along with the opportunity cost. 

Opportunity cost measures the cost of any economic choice in terms of the next best 

alternative foregone. For example, the opportunity cost of grass in the l ate summer to 

autumn period could be that foregone by grazing additional stock, or making winter 

supplements, or that of increased quantity and qual ity of pasture available to ewes before 

mating for increased ovulat ion rates. 

Partial budgeting techniques  are often adopted to quantify economic losses due to disease 

where the revenue (e .g .  production) and expense items (e .g .  animal health treatments), as 

affected by the disease, are estimated and the net effects summarised. However, for partial 

budgets, inputs and outputs have to be easy to put prices on. For pneumonia, effective 

vaccines are not avai lable in ew Zealand (Goodwin-Ray and Heuer, 2006), and not 

typical ly used. Antibiotics may be administered if acute pneumonia is a problem, but as 

this type of pneumonia tends to occur sporadica l ly they are also not widely used. 

Consequent ly,  calculation of the expenses for the control of pneumonia is  d ifficult and 

does not suit a partial budgeting approach. The addit ional revenue resulting from 

pneumonia control would consist of increased growth rates, reduced mortal ity if acute 

pneumonia was a problem and reduced incidence of carcass downgrades at processing 

plants attributable to pleurisy. 

In model l ing the cost of pleurisy for the period January and June, the costs incurred earlier 

(July to December) were ignored. However, between October and December it i s  expected 

that these costs would not be large, as pleurisy at slaughter would have been lower in new 

season lambs and a reduced proportion of lambs (0 .2)  would have been slaughtered in  

comparison to that between January and June (0 .7) .  From July to September, a reduced 

proportion of lambs are sold (0 . 1 )  and the population of lambs at this time cannot be wel l  

defined. Lambs slaughtered in this period may originate from lamb traders or out-of 

season lambing flocks. As we did not account for pleurisy levels between July and 

December in our model a bias would have been introduced resulting in conservative 

estimates due to the cost of pleurisy, although the majority ( 70%) of the lambs k i l led 
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annual ly were accounted for .  Another reason for underestimating the loss in this study was 

the lack of sensitivity in scoring lungs for pneumonia by meat inspectors of ASURE NZ 

Ltd .  The sensitivity of MS pneumonia diagnosis was low (0. 1 5  to 0 . 1 7) .  Thus the true 

prevalence, adjusted according to meat inspector sensitivity and specificity, may not have 

been an accurate estimate . However, it was the best estimate of pneumonia prevalence 

avai lable with sufficient representation of the wider population. 

Estimates of the economic impact of disease inform the feasibility of intervention measures 

such as vaccination or management practices to reduce the disease. I n  the case of lamb 

pneumonia, there are no effective vaccines currently l icensed in New Zealand. The cost of 

pneumonia to New Zealand farmers may also be used as a gauge of how economical ly 

important the disease is national ly, and how much future research focus and money should 

be invested in developing effective control measures. As l imited success has been gained 

with vaccines for lamb pneumonia, research should focus on control strategies through 

management. Significant areas of risk or protection found in the study of Goodwin-Ray et 

al . ( 2006a) should be further tested in intervention trials to assess their impact. More 

spec i fical ly, important risk factors were: shearing lambs at weaning, having ewe breeds 

other than fine wool breeds in Canterbury and increased flock size. Contact with other 

flocks through the purchase of lambs post weaning was indirectly associated with an 

increased risk of pneumonia. Protective factors included set stock grazing lambs post 

weaning and V itamin B 1 2  treatment of lambs at tail ing and at weaning. In addition to this, 

other areas of risk or protection, for which previously there has only been anecdotal 

evidence could also be tested in this way, such as avoiding hand to nose contact of whole 

mobs when drenching (Al ley, 1 99 1 ), avoiding yarding and mustering under hot and dusty 

conditions ( Davies, 1 985b; A lley, 1 99 1 ;  B ruere et aI. ,  2002), minimising stress for lambs 

and hoggets, minimising driving distance, use of sprinkler systems in yards to reduce dust 

in the yards, control l ing dogs when they ' re not working around sheep that are yarded 

(Bruere et aI . , 2002) and maintaining a high general health standard (Davies, 1 98 5b; 

Bruere et aI . ,  2002) .  The general aim of these studies would be to develop control 

strategies for pneumonia focused on management or farm factors such as breed. 
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6.S Conclusions 

In  concl usion, the average cost of pneumonia and pleurisy to the New Zealand sheep 

industry due to reduced lamb growth and decreased carcass value is  l ikely to be between 

NZ $32.4 and $78.9 mi l l ion ( U S  $20.7 and $50.5 mi l l ion) .  This is  a conservative estimate 

ind icating that pneumonia and pleurisy have substantial economic impact on sheep farming 

in New Zealand . Considering that 23,833,000 lambs were so ld in 2003/2004, this cost 

would equate to $ 1 .36 to $3 .3 1 per lamb or $ 1 ,36 1 to $3,3 1 2  per 1 000 lambs. If individual 

farms with a low, medium and high prevalence of pneumonia are considered the cost per 

lamb is l ikely to be around $2 .87, $6.29 and $7.32 respectively. 
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CHAPT E R  7 

General Discussion 

7.1 Introd uction 

Pneumonia in New Zealand lambs has long been recognised as a widespread problem 

leading to production loss through reduced growth rate and a predisposition to pleurisy 

resulting i n  economic loss to the sheep industry. The disease is complex in nature resulting 

from the i nteraction between microbial agents, immunological and physiological features 

of the host, and environmental factors. A wide range of mjcro-organisms are capable of 

causing pneumonia, therefore vaccination has not been an effic ient tool to reduce the 

pneumonia prevalence in s laughter lambs. Consequently, New Zealand lamb producers 

demanded solutions for better, cost-effective control options. This thesis therefore 

addressed questions of the distribution of lamb pneumonia in New Zealand, economic loss 

attributable to the disease, possible causes and efficacy of prevention. 

The thesis presents investigations of pneumonja prevalence in lambs in Canterbury, 

Manawatu and Gisborne, along with spatial patterns occurring in each region. The data are 

considered to be representative of the wider population, as it involves al l  lambs suppl ied to 

single processing p lants within each study region over a ten month period. An economic 

estimate of the cost of lamb pneumonia and pleurisy to New Zealand sheep farmers i s  

presented highl ighting the financial consequence of  the disease and need for further 

research. Exploring the web of causation of this multifactorial disease, a case-control study 

of lamb pneumonia in New Zealand presents several significant 'on-farm' protective and 

ri sk factors for the disease. An extensive cl inical field trial investigating the efficacy of a 

vaccine currently available to New Zealand farmers was conducted, allowing farmers to 

make informed decisions about vaccine use based on the resul ts. 
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7.2 Preva lence of pneumonia 

Chapter 2 is the fi rst data of pneumonia prevalence represent ing several regions with large 

samples of flocks (n > 500 flocks per region). The multi- l evel model suggested that 

pneumonia in slaughter lambs was higher in Canterbury than in Manawatu or Gisbome. I t  

was previously assumed that pneumonia was a widespread problem o n  New Zealand sheep 

farms, often, based on l imited samples of sheep farms (Kirton et aI., 1 976; Thurley et a I . ,  

1 977;  McGowan et aI . ,  1 978;  B lack, 1 997; Goodwin et aI . ,  2004) .  The results of the 

current study supported this assumption with sensitivity-adj usted pneumonia prevalence in  

slaughter lambs in Canterbury, Manawatu and Gisbome lambs of 29%, 22% and 24% 

respect ively. Considering that this data provided a good representat ion of the population 

of farms in each of these regions, the mean pneumonia prevalence was high. The peak of 

pneumonia prevalence was two months earl ier in the Gisbome region. Some characteristic 

of the environment or farm management system could be responsible for this peak ( such 

as; steeper terrain, h igher temperatures, different lambing/weaning dates), although l imited 

detai l of study farms prevented us from confirming this. I t  is also possible that this peak 

was a coincidental observation; multiple seasons of pneumonia prevalence data would be 

required to obtain a more accurate answer. The sensitivity of meat in pector diagnosis was 

low meaning a sign ificant amount of lesions at slaughter were not detected. I f  s laughter 

l ines had an apparent prevalence of zero it is l ikely lesions that were present were not 

observed and true prevalence was underestimated . Meat inspector diagnosis of pneumonic 

lesions at slaughter may be an inaccurate diagnostic too l and would not be an effective 

means of surveil lance unless the sensitivity of diagnosis was improved dramatical ly .  This 

could be achieved by increased training and providing incentives for a high standard of 

diagnosis along with several val idation periods to monitor performance throughout each 

slaughter season. 

Results of a multilevel mode l which accounted for c lustering at the mob and flock level 

showed pneumonia scores of lambs at slaughter were more variable between mobs within  a 

flock than between flocks. Therefore, pneumonia scores of lambs as recorded by meat 

inspectors are considered to be poor indicators for the pneumonia level of the flock due to 

their lack of repeatabi l ity . Whi le we are re latively confident our prevalence estimates are 

robust at the regional level, the sensitivity of diagnosis was probably much more variable 
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at mob level and was therefore a possible explanation for increased variation in pneumonia 

prevalence at mob level compared to farm level .  

7.3 Spatial patterns of p neumonia 

Areas in each region were isolated where a high pneumonia incidence risk was present 

(Chapter 3, F igure 3 .5 )  indicating spatial patterns of flock pneumonia prevalence may be 

evident. A cluster analysis reaffirmed this for Canterbury but not for other study regions. 

B inned omnidirectional variograms computed from standardised residuals of the multilevel 

model for each region (Figure 3 .6 )  confirmed that no significant spatial autocorrelation 

was evident between case flocks in  any region after adjusting for the fixed (processing 

plant, month) and random (c lustering at mob and flock leve l )  effects of the multi level 

model .  One l imitation of this analysis was that only centroid coordinates were avai lable 

for the geographical location of farms, which do not take account of farm size. However, 

at the spatial resolution used it appeared flock-level factors were of more importance than 

geographical location in determining pneumonia prevalence. This finding shows promise 

for the development of control methods for pneumonia. While geographical location of a 

farm i s  outside the control of farm managers short of re-locating, other farm-level factors 

may potential ly be manipulated to reduce disease levels. I n  the multi level model we 

showed significant regional differences in pneumonia prevalence. These regional 

differences could be explained by any factors that vary between regions. However, it is  

difficult to show causality in observational studies and in particular with regard to 

pneumonia where disease is only measured at slaughter. I t  is l ikely that adverse weather 

conditions may predispose lambs to pneumonia but would be difficult to provide evidence 

for this. 

7.4 Risk Factors fo r La m b  Pneumonia 

Previous to the case-control study presented in Chapter 3 ,  only anecdotal evidence existed 

about ' on-farm' risk factors for lamb pneumonia in New Zealand. Significant risk factors 

for case farms were: ( 1 )  shearing lambs on the day of weaning, (2)  breeding ewe 

replacements on-farm (3 )  number of lambs sold  (an indicator of flock size) and (4) 

increased percentage of lambs sold between March and May. Significant protective factors 
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included : ( 1 )  set stocking lambs after weaning, ( 2 )  inj ecting lambs with V itamin B 1 2  at the 

t ime of tai l ing, ( 3 )  injecting lambs with Vitamin B 1 2  at weaning. 

In Canterbury, flocks with Romney ewes and other ewes had an increased risk of 

pneumonia risk than those with fine wool type ewes (Merinos, Corriedales or Halfbreds). 

The protective effect of Merino based breeding ewes in Canterbury may be a true breed 

effect as has previously been suggested anecdotal ly, or related to the way they are 

managed on farms. However, in our analysis the sheep grazing area of the farm and 

number of breeding ewes were incorporated into the models  as potential confounding 

variables which may take account of the more extensive farms on which these breed types 

are run.  Due to the fact that we control led for factors related to these farm types and 

previous anecdotal evidence our results suggest a true breed effect is ev ident. Only a smal l 

subgroup of study flocks had mostly Meri no based breeding ewes in  Canterbury 

represent ing 7% of study flocks with completed questionnaires. Also the confidence 

intervals were wide due to this smal l number of flocks with fine wool type ewes consist ing 

of only two case flocks. However, the effect appeared to be large after contro l l ing for 

confounding factors and other protective and risk factors, suggesting that a breed effect 

cannot be ruled out. 

Shearing of lambs at weaning was the strongest risk factor for pneumonia in lambs with a 

high odds ratio of 7 .6 .  This may be caused by stress factors (weaning, fasting, crowding 

together, heat and hand l ing) that reduce the capabi l i ty of immune function along with the 

increased duration lambs are in close confinement increasing the risk of transmission of 

pathogenic micro-organisms . Flocks breeding their own ewe replacements had an 

increased percentage of lambs sold later in the season increasing the risk for pneumonia. I t  

i s  l ikely these lambs would be ewe replacement lambs cul led due to inferior quality, 

possibly due to poor growth from pneumonia. The path model suggested that the effect of 

breeding ewe replacements was in-part due to increased average lambing and weaning 

dates, increased l ikel i hood of shearing lambs at weaning and an increased percentage of 

lambs so ld late in the season. 

Flocks with an increased proportion of lambs sold later in the season were more l ike ly to 

be case flocks. As farmers send lambs for slaughter when they reach a sufficiently high 

slaughter weight, this appears to be an effect of pneumonia rather than a cause. 
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Administration of V itamin B 1 2  to lambs at tai l ing and weaning were protective factors. I t  

cannot be  determined from our  results whether there is a real effect of  Vitamin B 1 2  or  

whether this i s  spurious result, and whether other unmeasured factors , such as  the 'good 

manager effect ' ,  caused both, vitamin supplementation and a lower pneumonia incidence. 

I n  flocks where lambs were set stocked after weaning the pneumonia risk was reduced. I t  

was thought that set stocking reduces the contact that lambs have with each other reducing 

risk of transmission of potential  pathogens. Flock size as represented by the total number 

of lambs sold was a significant risk factor for case flocks in our study with a relatively  

large effect (OR 2 .04 per SD ( 1 896)). An increased risk with increased flock size has also 

often been found in epidemiological studies (French et aI . ,  1 994; Wittleberg et aI . ,  1 994; 

Healy et aI . ,  2004) .  Dercksen at al .  ( 1 996) related this observation t o  either direct effects 

of the number of animals on disease introduction, spread and maintenance of infections 

within the flocks, or different management in large and small herds. 

Because of the retrospective nature of the study some possibly important details could not 

be obtained from respondents, such as, frequency and duration lambs spent in yards 

throughout the season .  

7.5 Path model 

Path analysis i l lustrated several significant associations with significant risk and protective 

factors for pneumonia from the composite analysis. 

The purchase of sheep was not a significant factor in the composite analysis, although the 

purchase of lambs was significant in the path analysis. I f  lambs were purchased from 

weaning onwards, the average slaughter age of lambs increased, which  was in turn 

associated with the percentage of lambs sold late in the season increasing the risk of being 

a case flock. The increased pneumonia risk may be due to a longer exposure time to 

pneumonia pathogens in these flocks. The path model also showed that flocks purchasing 

lambs were less l ikely to graze lambs using a set stocking regime which was a protective 

factor for pneumonia. Therefore, the path model revealed that lamb purchase was 

indirectly associated with an increased risk of pneumonia at slaughter while being non­

significant in the initial composite model .  
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Lambs from flocks which bred their own replacements spent longer in the yards at weaning 

probably related to them being shorn. This direct relationship however was not significant 

in the path model but explained partly by an indirect route through such flocks having later 

average lambing and weaning dates, making them more l i kely to shear lambs at weaning. 

Univariate statistics supported this indirect route as 9% of flocks that did not breed 

replacements shore lambs at weaning compared to 20% of flocks that did. Typically, 

flocks breeding their own ewe replacements would shear only those lambs of the ewe 

replacement breed and other lambs ( usual ly earlier maturing ' terminal sire'  breeds), would 

not be shorn accounting for this relationship .  The path model suggested that the effect of 

breeding ewe replacements was in-part due to increased average lambing and weaning 

dates, increased likelihood of  shearing lambs at weaning and an increased percentage of 

lambs sold late in the season ( March to May) .  

The injection of  lambs with Vitamin B 1 2  at  weaning was more l ikely at  higher stocking 

rates. Perhaps farm managers of properties with a more intensive farming system are more 

l ikely to supplement lanlbs with Vitamin B 1 2  in an effort to increase lamb production 

regardless of whether there is a soil deficiency for Cobalt or not. 

7.6 Vacc ination against pneumonia 

Currently, the vaccine Ovipast Plus® is commercial ly avai lable to ew Zealand farmers 

for sheep pneumonia caused by strains of P. haemolytica and P. trehalosi. Results of our 

cl inical trial show Ovipast P lus® to be ineffective in reducing pneumonic lung lesions. 

There was also no effect of vaccine on, the average dai ly weight gain of lambs under New 

Zealand farming conditions, the isolation of Pasteurella from pneumonic lung samples, or 

histological c lassification of pneumonia. This finding has been publ ished in farming 

l iterature providing ew Zealand farm managers with independent information about 

vaccine efficacy that has previously not been avai lable. Ovipast Plus® has been registered 

in New Zealand since 1 992, without conc lusive evidence of its efficacy under commercial 

farming conditions. It has been claimed, that vaccination with Ovipast Plus® reduces on­

farm mortal i ties due to acute pneumonia. This claim has been used to promote and 

advertise the product to the farming public and veterinarians. It was shown that the 
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vaccine was not efficacious in reducing lung lesions on seven New Zealand commercial 

farms, although conclusive comments cannot be made about mortality as accurate 

mortality data could not be obtained. The reduction in lamb growth rate due to pneumonia 

is considered to be of more economical importance than mortal ity due to acute pneumonia 

which tends to only occur sporadically on very few farms. 

The pathogens Pasteurella haemolytica serotypes A I ,  A2, A6, A 7, A9 and P. trehalosi 

serotypes T3 , T4, T I O  and T 1 5 were contained in the vaccine. Whi le these pathogens and 

serotypes are important, there are other pathogens equally capable of producing pneumonia 

including P. multocida, M. ovipneumoniae and M arginini. This was highlighted in our 

study, as P. haemolytica and P. trehalosi were not isolated from some pneumonic lung 

samples and there was no statistical ly s ignificant difference between the histopathological 

c lassification of disease and P. haemolytica and P. trehalosi isolation in lung lesions. 

Pasteurella may not have been isolated from some pneumonic lesions in our study because 

( l )  pathogens other than Pasteurella caused the pneumonia present, (2 )  the infection with 

Pasteurella was no longer active but the pathology remained, ( 3 )  by the time of culture any 

Pasteurella present had died and the test was false negative or (4)  the vaccine was 

ineffective against pneumonia caused by Pasteurella . Ovipast P lus® was studied by 

Oilmour et al .  ( 1 99 1 )  where a high level of protection against experimental chal lenge with 

P. haemolytica A2 and PI3 virus was shown. This was substantiated by a mean group 

disease score consisting of cl inical findings, lung lesions, isolation of P. haemolytica and 

pleurisy scores. A high level of protection has been shown to Ovipast Plus® under 

experimental conditions but there was no protection evident under field conditions from 

our study . 

Our vaccination trial showed a significant negative effect of the extent of pneumonia on 

ADO of lambs between the first vaccination and slaughter. This indicates an increased 

energy demand for immune response, reducing that avai lable for growth, in the absence of 

a positive vaccine effect. 

In this trial l ambs were selected for slaughter by l ive-weight and condition. This selection 

method selects against smal ler, slower growing lambs whose ADG was likely to have been 

affected by pneumonia and thus did not represent a cross section of the flock at different 

stages of disease. Random selection of lambs for slaughter would have given a better 

1 63 



representation of the effect of pneumonia on ADG and not just that of lambs in good body 

condition at target slaughter weight. In an earlier study ( Goodwin et aI . ,  2004) ,  the ADG 

of lambs selected based on l ive weight and condition was not affected by pneumonia 

although a large effect was shown in randomly slaughtered lambs . The true effect of 

pneumonia on ADG in the current study is l ikely to have been even stronger than that 

suggested by the data. 

7.7 Econo mic effects of pneu monia and pleu risy 

The stochastic model presented in Chapter 6 provides the first estimation of the annual cost 

of pneumonia and pleurisy to New Zealand farmers. This annual cost i s  approximately 

$53 .2  mill ion (95% stochastic interval $32 .4 - $78.9 mi l l ion).  Pneumonia comprises j ust 

over half of this figure. This would equate to between $ 1 .36 and $3 .3 1 per lamb, or $ 1 ,36 1 

to $3,3 1 2  per 1 000 lambs, considering the number of lambs slaughtered in  2003/2004. The 

cost of pneumonia and pleurisy due to reduced lamb growth rate and downgrading of lamb 

carcasses to New Zealand farmers estimated in this study is substant ial and likely to be 

conservative. Therefore, further research is warranted in looking at how to control or 

reduce pneumonia and pleurisy in lambs. For example, assuming vaccination cost of 

$2. 1 6/Iamb, an annual estimated cost of $2 .23/Iamb associated with pneumonia and 

pleurisy, either the vaccine would have to be 1 00% efficacious vaccine, or a cheaper 

vacc ine would be required in order to gain an economic benefit from vaccination use. I n  

terms of individual farms with a low, medium and high prevalence of pneumonia the cost 

per lamb is high at around $2. 87, $6.29 and $7.32 respective ly .  The economic model 

presented in this thesis is li kely to be the most comprehensive avai lable. If routine 

inspection and recording of pneumonic lesions in lungs would be conducted at processing 

plants (to a higher standard than that which we experienced) on a continuous basis, the 

model could be updated regularly to monitor the benefits of interventions to control this 

disease in  New Zealand . 

7.8 Gaps in findings 

The case-control study showed several significant on-farm factors that were protective or 

risk factors for flock pneumonia, but evidence for other anecdotal ly proposed risk factors 

were not found to be significant or could not be tested in this type of study . For example, 
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the risk of pneumonia associated with dust, open-mouth panting, heat stress and grouping 

lambs together in hot conditions. It was outside the scope of this questionnaire-based 

study to acquire objective quantitative measures on some of these factors. Also, because 

the questionnaire was retrospective accurate detai ls of events could not be reliably 

obtained. 

Simi larly, we could not test the effect of vaccination on pneumonia induced mortal ity. The 

main reason for this was the added cost for conducting post-mortem examinations within 

the required time due to the geographical separation of the trial farms. Whilst the focus of 

our studies has been on sub-cl inical pneumonia, it would have been beneficial to be able to 

compare the effect of vaccination on mortality rate to val idate the pharmaceutical 

company 's  c laims. Representative estimates of mortality due to acute pneumonia and the 

associated costs are not currently available. To provide representative estimates of 

mortal ity due to acute pneumonia a longitudinal study of randomly selected farms would 

need to be conducted. We have included some cost of acute pneumonia in our estimate, as 

lambs recovering from the acute stage of pneumonia may become chronical ly affected but 

we' re unsure of these exact costs. 

The question arises as to whether vaccine control of lamb pneumonia is possible. Due to 

the variation in pathogens in the fie ld as compared to experimental conditions it would 

seem apparent that only a multivalent vaccine would be suitable to effectively control the 

disease. While P. haemolytica appears to be the most common bacteria isolated from 

pneumonia cases it is an opportunistic pathogen incapable of producing disease in the 

absence of v iral infection (Davies et aI . ,  I 980a; Davies, 1 985a; Brogden et aI . ,  1 998) .  

Perhaps some thought should be given to vaccines against PI3 virus, which IS not 

commonly isolated from pneumonic lesions but there is serological evidence for it 's 

presence in flocks when pneumonia prevalence is high (Davies et aI . ,  1 982) .  L ikewise, 

Mycoplasma vaccines have not been trial led against pneumonia in sheep although are 

commonly isolated from pneumonic lungs. Mycoplasma vaccines are widely used and 

effective against pneumonia in pigs. Disease control is the main area for concern and 

whi le effective vaccines are sti l l  not avai lable we have provided some focus for control 

efforts and further study in terms of significant areas of risk from our case-control study. I t  

is l ikely that an  integrated approach of  management strategy and vaccine administration 

wi l l  provide the optimum disease control for the future. 
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7.9 Reco m mend ation fo r fu rther studies 

The aims of further studies of sheep pneumonia in New Zealand should focus on the 

development of control strategies unt i l  effective vaccines are avai lable. As a result of the 

case-control study there is a more refined focus of areas to study further. These areas, 

along with other proposed areas of risk or protection anecdotally evident in the past, or 

unable to be measured reliably in the case-control study are the direction in which further 

research should proceed. 

Due to the wide range of pathogenic microorganisms for pneumonia, only a multivalent 

vaccine has potential to control or reduce the disease. A detai led up-to-date description of 

the prevalence and spatial distribution of pathogens for pneumonia and their genetic 

diversity in New Zealand is not avai lable. This type of survey would provide the essential 

background information before successful vaccines could be developed. 

As a fol low-up to the case-control study future studies could include intervention trial s to 

assess the effects of some of the signi ficant risk and protective factors found. Flocks that 

shear lambs at wean ing had the highest odds of being case flocks and this would be the 

obvious starting po int, comprising an intervention trial between flocks that shear lambs at 

weaning and those that do not . The risk of shearing at weaning is ei ther, re lated to the 

stress imposed on the lamb at this time affecting the capabil ity of the immune system 

which increases susceptibi l ity to infection and disease or an increased risk of the 

transmission of pathogenic organisms due to the prolonged period of close confinement. 

An interaction between these two factors is also l ikely.  Several stresses of importance at 

this time include; the stress of weaning, the stress of no food or water for a prolonged 

period, the stress of the actual practice of shearing or the environmental stress imposed on 

the lamb ( increased atmospheric ammonia, increased temperature and humidity ) .  Further 

intervention studies aimed at separating out which of these factors or combination of 

factors provides the most risk would be warranted. In addition to this, an investigation i nto 

the environmental variables of the yards and shearing shed such as temperature, humidity, 

air movement and ammonia levels would be worthy of investigation. 
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The effect of set-stock grazing is another factor that could be tested in an intervention trial . 

I f  there is a protective effect of grazing method this could be a simple measure farmers 

could adopt to reduce the detrimental effects of pneumonia. 

A comparison of lambs from Merino based breeding ewes and those from crossbred ewes 

grazed on similar country under the same farming system would assess whether there was 

a breed effect. I f  there was a true breed effect further trials could be conducted to 

determine which genes are responsible for the protective pneumonia trait in Merinos. The 

superior heat tolerance by Merino based breeds over British breeds may be the means by 

which they are less susceptible to pneumonia. The relationship of Merino based breeds, 

heat tolerance or heat stress and pneumonia is also worthy of further investigation. 

I ndications of how often lambs become heat stressed in New Zealand conditions would be 

the starting point to these investigations. 

The biggest quandary in studying pneumonia is in  the absence of a diagnostic test in the 

l ive animal . Real istical ly, this l imits future research to the flock level, where a sample of  

lambs can be  slaughtered at regular intervals to  determine the flock disease status. 

7. 1 0  Conclusions 

This thesis has shown lamb pneumonia to be a widespread disease. The average flock 

pneumonia prevalence was 29%, 22 and 24% in lambs from Canterbury, Manawatu and 

Gisbome. I n  these regions, 70% of flocks had at least one lamb with pneumonic lesions 

diagnosed at slaughter. Previous studies have repolied estimates of pneumonia prevalence 

from flocks with a known history of pneumonia but our study provides the first estimate of  

pneumonia prevalence in  the general population over a significant period of time. The 

currently avai lable vaccine had no effect on lamb ADO and was not effective in reducing 

pneumonia as determined in seven commercial lamb flocks. It is conc luded that a wider 

array of pathogens l ikely to cause pneumonia would have to be included in order to present 

a more promising candidate vaccine. Farm-level factors were shown to have an effect on 

pneumonia prevalence. Therefore, as long as effective vaccines are not avai lable, these 

factors should be the focus for further research and development of control strategies. 

Pneumonia and p leurisy current ly costs New Zealand sheep farmers approximately $50 
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mi l lion per annum through reduced lamb growth and downgraded carcasses at slaughter. 

This vast cost to the industry provides incentive for further research into how the disease 

can be reduced on farms. 

1 68 



Bibliography 

Abraham, S.N. ,  Thankavel ,  K. , Malaviya, R., 1 996, Mast cel l  modulation of neutrophil 

influx and bacterial  clearance at sites of infection through TNF-u. Nature 38 1 ,  77-

80. 

Abraham, S.N., Thankavel ,  K. ,  Malaviya, R. ,  1 997, Mast cel ls as modulators of host 

defense in the l ung. Frontiers in B ioscience 2, 78-88 .  

Ackermann, M.R . ,  Brogden, K.A. , 2000, Response of the ruminant respiratory tract to 

Mannheimia (Pasteurella) haemolytica. Microbes and I nfection 2 (9),  1 079- 1 088 .  

ACVM 2005.  ACVM Standard for Prescription Animal Remedy Veterinary Medicines 

(Agricultural Compounds & Veterinary Medicines Group, New Zealand, 

http://www.nzfsa.govt.nzlacvmlpublications/other-standardsIpar-veterinary­

medicines/index.htm). 

Addo, P .B . ,  Dennis, S .M.,  1 977, Ovine pneumonia caused by Corynebacterium equi. 

Veterinary Record 1 0 1 , 80. 

Adegboye, D.S . ,  Halbur, P.G., R.G.,  N., 1 996, Mycoplasma bovis-associated pneumonia 

and arthritis associated with pyogranulomatous tenosynovitis in calves. Journal of 

the American Veterinary Medical Association 209, 647-649. 

Adlam, c., 1 989, The structure, function and properties of cellular and extracel lu lar 

components of Pasteurella haemolytica, I n: Adlam, C., Rutter, J .M .  (Eds.) 

Pasteurella and Pasteurel losis. Academic Press, London, pp. 75-92. 

Afzal, M., Tengerdy, R .P. ,  E l l is, R.P. , Kimberi ing, C.V., Morris, c.J . ,  1 984, Protection of 

rams against epididymitis by a B. ovis-vitamin E adjuvant vaccine. Veterinary 

I mmunology and Immunopathology 7, 293-304. 

AgriQual ity 2004. AgriBase (AgriQual ity New Zealand L td . ,  

http://www .agriquality.co.nzl). 

Albani-Vangi l i ,  R . ,  1 985,  Stress e immunita. Obiettivi e documenti veterinari 6, 23 .  

A l len, G .M. ,  1 987, L ive-sheep shipments: observations. Surveil lance 1 4, 1 1 . 

A l ley, M .R. , 1 975, The bacterial flora of the respiratory tract of normal and pneumonic 

sheep. New Zealand Veterinary Journal 23,  1 1 3 - 1 1 8 . 

A l ley, M . R., 1 987a, The effect of chronic non-progressive pneumonia on weight gain of  

pasture-fed lambs. New Zealand Veterinary Journal 35 ,  1 63 - 1 66. 

1 69 



Alley, M.R., 1 987b, Effects of pneumonia on lamb production, I n :  New Zealand 

Veterinary Association Sheep and Beef Cattle Society . P roceedings of the Society's 

1 7th Seminar, Waikato University, Hamilton, New Zealand, May 27-29th. pp. 1 63 -

1 70. 

Al ley, M . R. ,  1 99 1 ,  Pneumonia in sheep. Veterinary Annual 3 1 ,  5 1 -5 8 .  

Al ley, M . R . ,  2002, Pneumonia i n  sheep in New Zealand : a n  overview. New Zealand 

Veterinary Journal 50 ( 3 )  Supplement. 

Al ley, M . R. ,  Clarke, 1 .K. ,  1 977, The influence of microorganisms on the severity of lesions 

in chronic ovine pneumonia. New Zealand Veterinary Journal 25,  200-202. 

Al ley, M .R.,  Clarke, J .K . ,  1 979, The experimental transmission of chronic non-progressive 

pneumonia. New Zealand Veterinary Journal 27, 2 1 7-220. 

Al ley, M .R. ,  Clarke, 1 .K. ,  1 980, The effect of chemotherapeutic agents on the transmission 

of ovine chronic non-progressive pneumonia. New Zealand Veterinary Journal 28 ,  

77-80. 

Al ley, M.R.,  Ionas, G., C larke, J . K. ,  1 999, Chronic non-progressive pneumonia of sheep in 

New Zealand - a review of the role of Mycoplasma ovipneumoniae. New Zealand 

Veterinary Journal 47 ( 5 ), 1 55- 1 60. 

Al ley, M .R., Marshal l, R.B. ,  1 970, The isolation of Neisseria sp. from pneumonic heep 

lungs. New Zealand Veterinary Journal 1 8  ( 1 -2) ,  1 8 . 

Al ley, M.R. ,  Quin lan, J .R. ,  Clarke, 1 .K. ,  1 975, The prevalence of Mycoplasma 

ovipneumoniae and Mycoplasma arginini in the respiratory tract of sheep. ew 

Zealand Veterinary Journal 23, 1 3 7- 1 4 l . 

Anderson, .V. ,  Youanes, Y .D . ,  Vestweber, lG. ,  King, C .A. ,  Klemm, R.D. ,  Kennedy, 

G .A.,  1 99 1 ,  The effects of str ssful exercise on leukocytes in cattle with 

experimental pneumonic pasteurel losis. Veterinary Research Communications 1 5  

( 3 ) , 1 89-204. 

Anonymous, 1 976, Lincoln Animal Health Laboratory Report. Survei l lance 3, 1 6- 1 9 . 

Anonymous, 1 978, L incoln Animal Health Laboratory - Enzootic pneumonia in  hoggets. 

Survei l lance 5, 1 8 . 

Appleyard, W.T.,  Gilmour, N.J .L. ,  1 990, Use of long-acting oxytetracyline against 

pasteurel losis in lambs. Veterinary Record March 1 0, 23 1 -232. 

Axelrod, 1 . ,  Rei sine, T.D., 1 984, Stress hormones : their interaction and regu lation.  Sc ience 

224, 452-459. 

1 70 



Bakke, T. , 1 982, The occurrence of mycoplasmas and bacteria in  lungs from sheep in 

southern Norway. Acta Veterinaria Scandinavica 23, 235-247. 

Banerjee, M., Singh, N., Gupta, P .P . ,  1 979, I so lation of mycoplasmas and acholeplasmas 

from pneumonic lesions in sheep and goats in I ndia. Zentralblatt fur 

Veterinarmedizin 26B (9), 689-695. 

Baskervi l le, A., 1 98 1 ,  Mechanisms of infection in the respiratory tract. New Zealand 

Veterinary Journal 29, 235-238 .  

B lack, H . ,  1 997, Pasteurella isolates from sheep pneumonia cases in  New Zealand. 

Survei llance 24 (3) ,  5-8 .  

B lack, H. ,  Donachie, W. ,  Duganzich, D. ,  1 997, An outbreak of Pasteurella multocida 

pneumonia in lambs during a field trial of a vaccine against Pasteurella 

haemolytica. New Zealand Veterinary Journal 45 (2),  58-62. 

B lack, H., Duganzich, D . , 1 995, A field evaluation of the efficacy of two vaccines against 

ovine pneumonic pasteurel losis. New Zealand Veterinary Journal 43,  60-63 . 

B laxter, K .L . ,  1 967, The energy metabol ism of ruminants. Hutchinson & Son, London. 

B lecha, F . ,  1 988, Stress et immunite chez l'an imal . Recuei l  de Medecine Veterinaire 1 64, 

767-772. 

Bockl isch, H., Pfutzner, H . ,  Weidehaas, H. ,  Zepezauer, V . , 1 987a, Detection of 

mycoplasmas from sheep with pneumonia, with particular reference to M. 

ovipneumoniae. Monatshefte fur Veterinarmedizin 42 ( 2 1 ), 778-78 1 .  

Bocklisch, H . ,  Pfutzner, H . ,  Zepezauer, V . ,  1 989, Natural and experimental infection of 

newly weaned lambs with Mycoplasma ovipneumoniae. Archiv fur Experimentel le 

Veterinarmedizin 43 (5) ,  755-76 1 . 

Bocklisch, H . ,  Zepezauer, V. ,  Pfutzner, H . ,  Kreusel, S . ,  1 987b, Detection of mycoplasmas 

from pneumonia of sheep, and pneumonia induced experimentally by Mycoplasma 

arginini. Archiv fur Experimentel le Veterinarmedizin 4 1  ( 2 ), 249-257. 

Boulj ihad, M. ,  Leipold, H .  W., 1 995, Preliminary pathologic observations of sheep with 

chronic non-progressive pneumonia. Agri-Practice 1 6  (2) ,  29-33 .  

Brogden, K.A. ,  DeBey, B . ,  Audibert, F . ,  Lehrnkuhl, H . ,  Chedid, L . ,  1 995, Protection of 

ruminants by Pasteurella haemolytica Al capsular polysaccharide vaccines 

containing muramyl dipeptide analogs. Vaccine 1 3  ( 1 7), 1 677- 1 684. 

Brogden, K.A., Heidari, M.,  Sacco, R .E . ,  2003, Defensin-induced adaptive immunity in 

mice and its potential in preventing periodontal disease. Oral  Microbiology and 

I mmunology 1 8, 95-99. 

1 7 1 



Brogden, K.A. ,  Kalfa, V .c . ,  Ackermann, M . R. ,  Palmquist, D .E . ,  McCray, P .B .J . ,  Tack, 

B .F . ,  200 1 ,  The ovine cathelicidin SMAP29 ki l l s  ovine respiratory pathogens in 

vitro and in an ovine model of pulmonary infection. Antimicrobial Agents and 

Chemotherapy 45 , 33 1 -334.  

Brogden, K.A., Lehmkuhl ,  H .D. ,  Cuti ip, R .C . , 1 998, Pasteurella haemoLytica compl icated 

respiratory infections in sheep and goats. Veterinary Research 29 (3/4), 233-254. 

Brown, G .D. ,  1 974. Studies of the Austral ian Arid Zone. 1 1 .  Animal Production. In :  

Proceedings of  a symposium held by  the Rangelands Research Unit, Deni l iquin, 

New South Wales, p. 30 .  

Bruere, A .N . ,  West, D . ,  Ridler, A.L . ,  2002, Enzootic pneumonia, In :  The sheep: health, 

di sease & production : written for veterinarians and farmers. Veterinary Continuing 

Education Massey University, Palmerston North, N.Z. ,  pp. 1 00- 1 08 .  

Cairns, J .A. ,  Walls, A .F . ,  1 997, Mast cel l  tryptase stimulates the synthesis of type I 

col lagen in human lung fibroblasts. Journal of Clinical I nvestigations 99, 1 3 1 3 -

1 32 l .  

Cameron, C .M. ,  Bester, F.J . ,  1 986, Response of sheep and cattle to combined polyvalent 

Pasteurella haemoLytica vaccines. Onderstepoort Journal of Veterinary Medicine 

53 , 1 -7 .  

Caries, A.B. ,  1 983, The biology of sheep production, In :  Maule, J . P . (Ed . )  Sheep 

Production in the Tropics. Oxford University Press, New York, p .  54.  

Chandrasekaran, S . ,  Hizat, K. ,  Saad, Z. ,  Johara, M.Y. ,  Yeap, P .C. ,  1 99 1 ,  Evaluation of 

combined Pasteurella vaccines in control of sheep pneumonia. B ritish Veterinary 

Journal 1 47, 43 7-443 . 

Clark, G . , Gi l l ,  1 . ,  Morris, K. ,  Smits, B . ,  Brooks, H . ,  200 1 ,  Quarterly review of diagnostic 

cases - January to March 200 1 .  SurveiI lance 28 (2) ,  1 7-2 1 .  

Cole, N .A. ,  1 996, Metabol ic changes and nutrient rep letion in lambs provided with 

e lectrolyte solutions before and after feed and water deprivation. Journal of Animal 

Science 74 (2), 287-294. 

Confer, A. W., Panciera, R.J. , Fuiton, R. W., Gentry, M.J . ,  Rummage, J .A . ,  1 985,  Effect of 

vaccination with l ive or kil led Pasteurella haemolytica on resistance to 

experimental bovine pneumonjc pasteurel losis. American Journal of Veterinary 

Research 46, 342-347. 

1 72 



Confer, A W., Panciera, RJ., Mosier, D.A, 1 988,  Bovine pneumonic pasteurellosis­

immunity to Pasteurella haemolytica. Journal of the American Veterinary Medical 

Association 1 93 ,  1 308- 1 3 1 6 . 

Conlon, lA, Shewen, P .E . ,  Lo, R.Y.C. ,  1 99 1 , Efficacy of re comb in ant leukotoxin in 

protection against pneumonic challenge with l ive Pasteurella haemolytica AI.  

I nfection and I mmunity 59, 587-59 1 .  

Conlon, J .A .R., S hewen, P .E. ,  1 993, Clinical and serological evaluation of a Pasteurella 

haemolytica Al  capsular polysaccharide vaccine. Vaccine 1 1 , 767-772.  

Coppinger, T.R. ,  Minton, J .E . ,  Reddy, P.G. ,  B lecha, F . ,  1 99 1 , Repeated restraint and 

isolation stress in lambs increases pituitary-adrenal secretions and reduces cel l­

mediated i mmunity . Journal of Animal Science 69, 2808-28 1 4 . 

Cul l inane, L .C. ,  A l ley, M.R . ,  Marshail ,  R .B . ,  Manktelow, B .W. ,  1 987, Bordetella 

parapertussis from lambs. New Zealand Veterinary Journal 35 ,  1 75 .  

Cutl ip, R .C. ,  Lehmkuhl ,  H .D. ,  B rogden, K.A.,  Sacks, J .M. ,  1 986, Breed susceptibi lity to 

ovine progressive pneumonia (maedilvisna) virus. Veterinary Microbiology 1 2, 

283-288.  

CVM 2005 . The Centre for Veterinary Medicine, United States 

(http://www. fda.gov/cvrn/aboutint.htm). 

Dalefield, RR. ,  Al ley, M.R. ,  1 988, An ovine pulmonary tumour of alveolar epithel ial Type 

I I  cells. New Zealand Veterinary Journal 36, 25-27. 

Davies, D .H . ,  1 985a, Aetiology of pneumonias in young sheep. Progress in Veterinary 

Microbiology and Immunology 1 ,  229-248 .  

Davies, D.H. ,  1 985b, Control of pneumonia and pleurisy in sheep. New Zealand Journal of 

Agriculture 1 50, 20-2 1 .  

Davies, D .H . ,  1 986, Pneumonia and pleurisy in lambs in Northland. Survei l lance 1 3  (4), 

1 9. 

Davies, D .H . ,  1 987,  The aetiology and pathogenesis of pneumonia in lambs. Proceedings 

of the Society of Sheep and Beef Cattle Veterinarians of the New Zealand 

Veterinary Association 1 7, 1 50- 1 55 .  

Davies, D .H . ,  Davis, G .B . ,  McSporran, K.D. ,  Price, M.C. ,  1 983,  Vaccination against ovine 

pneumonia: a progress report. New Zealand Veterinary Journal 3 1  (6) .  

Davies, D.H. ,  Davis, G.B. ,  Price, M .C. ,  1 980a, A longitudinal serological survey of 

respiratory virus infections in lambs. New Zealand Veterinary Journal 2 8  ( 7), 1 25-

1 27 .  

1 73 



Davies, D .H. ,  Dungworth, D .L . ,  Humpbreys, S . ,  lohnson, A.1 . ,  1 977, Concurrent infection 

of lambs with parainfluenza virus type 3 and Pasteurella haemolytica. New 

Zealand Veterinary 10urnal 25 ( l 0), 263-265 . 

Davies, D .H . ,  Herceg, M. ,  lones, B.A.H . ,  Thurley, D.C. ,  1 98 1 ,  The pathogenesis of 

sequential infection with parainfluenza virus type 3 and Pasteurella haemolytica in 

sheep .  Veterinary Microbiology 6, 1 73 - 1 82 .  

Davies, D.H . ,  Herceg, M. ,  Thurley, D.e . ,  1 982, Experimental infection of lambs with an 

adenovirus fol lowed by Pasteurella haemolytica. Veterinary Microbiology 7 (4) ,  

369-3 8 1 .  

Davies, D .H . ,  lones, S . ,  1 985 ,  Serological evidence of syncytial virus infection in lambs. 

ew Zealand Veterinary Journal 3 3 ,  1 55- 1 56 .  

Davies, D.H. ,  Keen, D.L . ,  McCarthy, A.R. ,  Herceg, M. ,  1 986a, Pneumonia and pleurisy in 

lambs, In :  Annual report of the Wallacevi l le Animal Research Centre, Agricultural 

Research Division 1 984/85., pp. 1 1 1 - 1 1 2 . 

Davies, D .H. ,  Keen, D .L . ,  McCarthy, A .R . ,  Thomson, A.E . ,  1 986b, Pneumonia and 

pleurisy in lambs, I n :  Annual Report, 1 985/86, Agricultural Research Division, 

Ministry of Agriculture and Fi sheries, New Zealand. ,  pp. 1 07- 1 08 .  

Davies, D.H. ,  Long, D.L . ,  McCarthy, A .R. ,  Herceg, M. ,  1 986c, The effect of para influenza 

virus type 3 on the phagocytic cel l response of the ovine I ung to Pasteurella 

haemolytica. Veterinary Microbiology 1 1  ( 1 -2 ), 1 25- 1 44 .  

Davies, D .H. ,  McCarthy, A.R. ,  Penwarden, R .A. ,  1 980b, The effect of vaccination of 

lambs with l ive parainfluenza virus type 3 on pneumonia produced by 

parainfluenza type 3 and Pasteurella haemolytica. New Zealand Veterinary lournal 

28, 2 0 1 -202. 

Davis G .B . ,  1 989, The l ive sheep trade. Surveil lance, Ministry of Agriculture and 

Fisheries, New Zealand 1 6, 24-26. 

Dercksen, D .P . ,  Crauwels, A.P.P., Elbers, A .R. W. ,  1 996, An epidemio logical study into 

risk indicators for Pasteurella haemolytica related 'summer-pneumonia' in lambs in 

the southern Netherlands. Veterinary QUal1erly 1 8 , 1 00- 1 0 1 . 

Dexcel L imited 2005 . Pasture Growth Rate Data Statistics 

( http://www .dexcel .co.nzlmain.cfm?id=242&sid= 1 39&id2=439&an id= 1 3 9) .  

Diesel ,  D .A . ,  Lebel, J .L . ,  Tucker, A . ,  1 99 1 ,  Pulmonary particle deposition and airway 

mucoci l l iary clearance in cold-exposed calves. American Journal of Veterinary 

Research 52 ( 1 0), 1 665- 1 67 1 .  

1 74 



Dohoo, LR. ,  Martin, W.B . ,  Stryhn, H . ,  2003, Screening and diagnostic tests, In :  McPike, 

S .M.  (Ed . )  Veterinary epidemiologic research. A VC Inc . , Charlottetown, Prince 

Edward I sland, p. 1 09.  

Donachie, W.,  Burre l ls, C . ,  Dawson, AM.,  1 983,  Specificity of the enzyme-l inked 

immunosorbent assay (EL ISA) for antibodies in the sera of specific pathogen-free 

lambs vaccinated with Pasteurella haemolytica antigens. Veterinary Microbiology 

8, 1 99-205 . 

Donachie, W. ,  Burre l ls, C., Sutherland, A .D . ,  Gi lmour, l .S . ,  Gi lmour, N . l .L . ,  1 986a, 

I mmunity of specific pathogen-free lambs to chal lenge with an aerosol of 

Pasteurella haemolytica biotype A serotype 2 .  Pulmonary antibody and cell 

responses to primary and secondary infections. Veterinary I mmunology and 

I mmunopathology 1 1 , 265-279. 

Donachie, W., Sutherland, A D. ,  lones, G .E . ,  1 986b, Assessment of immunity to 

Pasteurella haemolytica in sheep by in vitro methods. Developments in Biological 

Standardisation 64, 63 -69. 

Downey, N .E . ,  1 966, Some relationships between trichostrongylid infestation and cobalt 

status in lambs. I l l .  Trichostrongylus axei and Ostertagia circumcincta infestation. 

British Veterinary Journal 1 22 ,  3 1 6-324. 

Dysart, T.H., 1 976, Enzootic pneumonia (of sheep) - its effect on the meat industry, In :  

Proceedings of the 6th seminar of  the New Zealand Veterinary Association Sheep 

Society . pp. 94- 1 00. 

Elbers, A R.W. ,  Vos, J .H . ,  Bouma, A ,  van Exsel, C.A, Stegeman, A, 2003, Assessment 

of the use of gross lesions at post-mortem to detect outbreaks of c lassical swine 

fever. Veterinary Microbiology 96 (4) ,  345-356. 

Engel, G .L . ,  1 967, A psychological setting of somatic disease: the "giving up-given up" 

complex. Proceedings of the Royal Society of Medicine 60, 553-557. 

Fairley, R.A, Smits, B . ,  Brooks, H . ,  Clark, G . ,  Gi l l ,  J . ,  2002, Quarterly review of 

diagnostic  cases - October to December 200 1 .  Surveil lance 29 C l ), 1 8-2 1 .  

Fales-Wil l iams, A.l . ,  Brogden, K.A, Huffman, E . , Gal lup ,  J .M . ,  Ackermann, M.R. ,  2002, 

Cel lular distribution of anionic antim icrobial peptide in normal lung and during 

acute pulmonary inflammation. Veterinary Pathology 39 (6), 706-7 1 1 .  

F isher, G. ,  MacPherson, A, 1 986. Cobalt deficiency in  the pregnant ewe and lamb 

viabi l i ty .  I n :  Proceedings of the 6th I nternational Conference on P roduction and 

Disease in Farm Animals, Belfast, Northern I reland, p. 1 5 8 .  

1 75 



Fleming, P .H . ,  2003a, Sheep management and feeding, I n :  Fleming, P. H .  ( Ed. ) Farm 

Technical Manual . The Caxton Press, Christchurch, pp. A5- l l .  

F leming, P .H . ,  2003b, Trace Elements and Deficiencies in Ruminant Animals, In :  Fleming, 

P .H.  (Ed . )  Farm Technical Manual .  The Caxton Press, Christchurch, p .  B73.  

Frank, G.H. ,  1 988,  Pasteurella haemolytica colonises the nasal passages of cattle. 

Veterinary Medicine 83,  1 060- 1 064. 

Fraser, C., 1 99 1 ,  I n :  The Merck Veterinary Manual .  Merck and Co.,  Inc . ,  Rahway, New 

Jersey, pp. 723-724. 

French, N . ,  Wal l ,  R., Cripps, PJ., Morgan, K.L . ,  1 994, B lowfly strike in England and 

Wales: the relationship between prevalence and farm and management factors. 

Medical and Veterinary Epidemiology 8 ( 1 ), 5 1 -56 .  

Friend, S .C.E . ,  Wi lkie, B .N. ,  Thompson, R.G. ,  Barnum, D.A. ,  1 977, Bovine pneumonic 

pasteurel losis: experimental induction in vaccinated and non-vaccinated calves. 

Canadian Journal of Comparative Medicine 4 1 , 77-83 . 

Ganz, T. ,  Weiss, J . ,  1 997, Antimicrobial peptides of phagocytes and epithel ia .  Seminars in  

Haematology 34,  343-354. 

Gil l ,  J .M.,  1 999, D iseases of East Friesian Sheep. Survei l lance 26 (2 ), 6-7.  

Gi lman, S.C. ,  Schwartz, J .M.,  Mi lner, RJ. ,  B loom, F.E. ,  Feldman, J .O . ,  1 982, fi-endorphin 

enhances lymphocyte proliferative responses. Proceedings of the National 

Academy of Sciences of the United States of America 79, 4226-4230 .  

Gi lmour, J . J .L . ,  Martin, W.B . ,  Sharp, J .M . ,  Thompson, D .A . ,  Wel ls, P .  W. ,  1 979, The 

development of vaccines against pneumonic pasteurel losis in sheep. Veterinary 

Record 1 04, 1 5 . 

Gi lmour, J .S . ,  Jones, G.E . ,  Keir, W.A. ,  Rae, A.G.,  1 982a, Long-term pathological and 

micro-biological progress in sheep of experimental disease resembl ing atypical 

pneumonia. Journal of Comparati ve Pathology 92, 229-238 .  

Gi lmour, N . J .L . ,  1 980, Pasteurella haemolytica infections in  sheep. Veterinary Quarterly 

2, 1 9 1 - 1 98 .  

G i lmour, N . J .L . ,  Angus, K.W.,  1 983, Pasteure l losis, I n :  Martin, W . B .  ( Ed . )  Diseases of 

sheep. B lackwel l  Scientific Publ icat ions, Oxford, pp. 3-8. 

Gi lmour, N .J .L . ,  Angus, K.W., Donachie, W., Fraser, J . ,  1 982b, Vaccination against 

experimental pneumonic pasteure l losi s .  Veterinary Record May 8 , 450. 

Gi lmour, N .J .L . ,  Donachie, W. ,  Sutherland, A.D. ,  Gi lmour, J .S . ,  Jones, G .E . ,  Quirie, M . ,  

1 99 1 ,  A vaccine containing iron-regulated proteins of Pasteurella haemolytica A2 

1 76 



enhances protection against experimental pasteurellosis in lambs. Vaccine 9, 1 37-

1 40. 

Gi lmour, N .1 .L . ,  Gi lmour, 1 .S. ,  Quirie, M., Donachie, W., 1 990, The treatment of 

experimental pasteurel losis in  lambs with c lavulanic acid and amoxic i l l in .  

Veterinary Record 1 26 ( 1 3 ), 3 1 1 .  

Gi lmour, N.l .L . ,  Martin, W.B . ,  Sharp, l .M. ,  Thompson, D.A. ,  Wel l s, P.W., Donachie, W., 

1 983 ,  Experimental immunisation of lambs against pneumonic pasteurellosis. 

Research in Veterinary Science 35, 80-86. 

Gi lmour, N . l .L . ,  Sharp, 1 .M. ,  Donachie, W., Burrel ls, c., Fraser, l., 1 980, Serum antibody 

response to ewes and their lambs to Pasteurella haemolytica. Veterinary Record 

1 07, 505-507. 

Gilmour, N .l .L . ,  Sharp, l .M. ,  Gi lmour, 1 .S . ,  1 982c, Effect of oxytetracycl ine therapy on 

experimentally induced pneumonic pasteurel losis in lambs. Veterinary Record I I I  

( 5 ), 97-99. 

Gi lruth, l .A. ,  1 900, Annual Report of the New Zealand Department of Agricu lture. 1 97. 

Giminez, D .M.  1 994. Nutrient requirements of sheep and goats (Alabama Cooperative 

Extension System, Auburn University (http://www .aces.edu/pubs/docsIAlANR-

08 1 21)). 

Goodwin, K.A. ,  lackson, R., Brown, c . ,  Davies, P .R. ,  Morris, R .S . ,  Perkins, N .R . ,  2004, 

Pneumonic lesions in lambs in New Zealand : patterns of prevalence and effects on 

production. New Zealand Veterinary Journal 52 (4), 1 75 - 1 79. 

Goodwin-Ray, K.A. ,  Heuer, C. ,  2006, Efficacy of the Ovipast Plus vaccine for pneumonia 

of lambs under field conditions in New Zealand (submitted for publ ication) .  

Veterinary Record. 

Goodwin-Ray, K.A. ,  Heuer, c.,  Stevenson, M. ,  2006a, Case control study of lamb 

pneumonia ( submitted for publ ication) .  Preventive Veterinary Medicine. 

Goodwin-Ray, K.A., Heuer, c., Stevenson, M., Cogger, N. ,  2006b, Economic effect of 

chronic non-progressive pneumonia and pleurisy in lambs on New Zealand farms 

( submitted for publ ication) .  Preventive Veterinary Medicine. 

Goodwin-Ray, K.A. ,  Stevenson, M., Heuer, c . ,  2006c, Hierarchical model of pneumonic 

lesions in lambs at slaughter and investigation of spatial patterns of pneumonia 

prevalence ( submitted for publication). Preventive Veterinary Medicine . 

Grace, N .  1 995a. Managing Cobalt Deficiency (AgResearch, 

http://www .agresearch.co.nz/publications/agfacts/006cobaltdeficiancy.pdf). 

1 77 



Grace N .  1 995b. Managing Selenium Deficiency (AgResearch, 

http://www .agresearch.co.nzJpubl ications/agfacts/007managingseleniumdeficiency. 

Qill). 
Griffin, J .F.T. ,  1 989, Stress and Immunity : a unifying concept. Veterinary Immunology 

and Immunopathology 20, 263-3 1 2 . 

Gurbuz, A, Sahin, M. ,  2003 , The isolation of Pasteurella haemolytica from pneumonic 

l ungs of cattle and sheep and identification, biotyping and determination of the 

antibiotic susceptibi l ity of the isolates. Kafkas Universitesi Veteriner Fakultesi 

Dergisi 9 (2), 1 69- 1 75 .  

Hansen, D.E. ,  1 995, S ix  vaccination trials in feed lot lambs for the control of  lamb 

respiratory disease complex. Agri-Practice 1 6  (9),  1 9-25 . 

Harris, G .  W., 1 948, Neural control of the pituitary gland. Physiological Reviews 28, 1 39-

1 79. 

Hartley, WJ., Boyes, B .W. ,  1 955, The bacteriology of lamb mortal ity .  Proceedings of the 

New Zealand Society of Animal Production 1 5 , 1 20- 1 25 .  

Hartley, WJ.,  Kater, J .c . ,  1 964, Perinatal disease conditions of  sheep i n  New Zealand. The 

New Zealand Veterinary Journal 1 2 , 49-57 .  

Hathaway, S .C . ,  McKenzie, AI . , 1 987 .  Pleurisy in slaughter age lambs. In :  Proceedings of 

the ew Zealand Veterinary Association, Sheep and Beef Cattle Society's 1 7th 

Seminar, May 27-29, 1 987, pp. 1 56- 1 62 . 

Haziroglu, R .D. ,  K. S . ;  Gulbahar, M.  Y. ;  Akan, M . ;  Guvenc, T., 1 994, Studies of the 

pathology and microbiology of pneumonic lungs of lambs. Deutsche Tierarzt l iche 

Wochenschrift 1 0 1  ( 1 1 ), 44 1 -443 . 

Healy, AM. ,  Hannon, D., Morgan, K .L . ,  Weavers, E . ,  Col l ins, J .D . ,  Doherty, M .L . ,  2004, 

A paired case-control study of risk factors for scrapie in I rish sheep flocks. 

Preventive Veterinary Medicine 64, 73-83 . 

Henry, J .P . ,  Stephens-Larson, P. ,  1 985,  Spec ific effects of stress on disease processes, In :  

Moberg, G.P .  (Ed . )  Animal Stress. Waverly Press, Baltimore, pp .  1 6 1 - 1 75 .  

Hoekstra, W.G. ,  1 975,  Biochemical function of selenium and its relation to vitamin E .  

Federation Proceedings 1 1 , 2083-2089. 

Hol land, MJ., Palmarini, M., Garcia-Goti, M., Gonzalez, L., McKendrick, 1 . ,  de las Heras, 

M., Sharp, J .M . ,  1 999, Jaagsiekte retrovirus is widely distributed both in T and B 

Iymphocytes and in mononuclear phagocytes of sheep with naturally and 

1 78 



experimental ly acquired pulmonary adenomatosis. Journal of Virology 73 (5) ,  

4004-4008 .  

Hosmer, D .W. ,  Lemeshow, S . ,  2000, Stepwise Logistic Regression, I n :  Appl ied Logistic 

Regression. Second Edition. Wiley ,  New York, p .  1 23 .  

Hughes, P .L . ,  McKenna, P .B . ,  Dowling, A.F. ,  2005, A survey of the prevalence of 

emerging macrocyclic lactone resistance and of benzi midazole resistance in sheep 

nematodes in the lower North I sland of New Zealand. New Zealand Veterinary 

Journal 53 ( 1 ), 87-90. 

Hughes, P .L . ,  McKenna, P .B . ,  Murphy, A . ,  2004, Resistance to moxidectin and abamectin 

in naturally acquired Ostertagia circumcincta infections in sheep. New Zealand 

Veterinary Journal 52 (4), 202-204. 

I kede, B .O. ,  1 978, The pattern of respiratory lesions in goats and sheep in Nigeria. Part 1 1 .  
Lesions in sheep. Bul letin o f  Animal Health and Production i n  Africa 2 6  (2), 1 72-

1 85 .  

I noue, Y . ,  J r  King, T.E . ,  Tinkle, S .S . ,  Dockstader, K. ,  Newman, L .S . ,  1 996, Human mast 

cel l  basic fibroblast growth factor in pulmonary fibrotic disorders. American 

Journal of Pathology 1 49, 203 7-2054. 

I ntervet Ltd. 2005. Ovipast Plus ( Intervet Limited, New Zealand 

(http://www. intervet.co.nzlproducts/ovipast plus /0 1 0  overview.asp)). 

I ntervet South Africa (Pty . )  Ltd. 2005 .  Multivax P ( Intervet South Africa Limited, 

( http://www.intervet.co.zalproducts/multivax p/020 product detai ls .asp)). 

I ntervet UK Ltd. 2005a. Heptavac P Plus ( Intervet United Kingdom Limited 

(http://www . intervet.co.uk/Products Public/Heptavac P P lus/O 1 0 Overview. asp)). 

Intervet UK Ltd. 2005b. Ovipast Plus ( lntervet United Kingdom Limited 

(http://www . intervet.co.uk/products pUbl ic/ovipast plus/0 1 0 overview. asp)). 

I ntervet U K  Ltd. 2005c .  Ovivac-P P lus ( Intervet United Kingdom Limited 

(http://www. intervet.co.uk/Products Public/Ovivac P P lus/O 1 0  Overview.asp)). 

Ionas, G . ,  Mew, A.J . ,  A lley, M .R., C larke, J .K. ,  Robinson, A.J . ,  Marshall ,  R .B . ,  1 985, 

Colonisation of the respiratory tract of lambs by strains of Mycoplasma 

ovipneumoniae. Veterinary Microbiology 1 0, 533-539.  

I saacs, E . ,  Srivistava, R. ,  1 989, Introduction to applied geostatistics, In :  Oxford University 

Press, London, p. 374 .  

Jelinek, P .D . ,  E l l is, T. ,  Worth, R .H . ,  Sutherland, S .S . ,  Masters, H .G. ,  Peterson, D.S . ,  1 988, 

The effect of selenium supplementation on immunity, and the establishment of an 

1 79 



experimental Haemonchus contortus infection, in weaner Merino sheep fed a low 

selenium diet. Australian Veterinary lournal 65 , 2 1 4-2 1 7 . 

lohnson, H .M ., Smith, E .M . ,  Torres, B .A. ,  B laloc, J .E . ,  1 982, Neuroendocrine hormone 

regulation of in vitro antibody production. Proceedings of the National Academy of 

Sciences of the United States of America 79, 4 1 7 1 -4 1 74 .  

lones, D.G. ,  Suttle, N .F . ,  1 98 1 ,  Some effects of copper deficiency on leukocyte function in  

sheep and cattle. Research in  Veterinary Science 3 1 ,  1 5 1 - 1 56 .  

Jones, G.E. ,  Buxton, D. ,  Harker, D.B. ,  1 979, Respiratory infections in  housed sheep, with 

particular reference to mycoplasmas. Veterinary Microbiology 4, 47-59. 

lones, G.E., Donachie, W. ,  Gilmour, 1 .S. ,  Rae, A.G., 1 986, Attempt to prevent the effects 

of experimental chronic pneumonia in sheep by vaccination against Pasteurella 

haemolytica. British Veterinary Journal 1 42 ,  1 89- 1 94 .  

lones, G.E . ,  Donachie, W. ,  Sutherland, A . D., Knox, D. P . ,  Gilmour, 1 .S . ,  1 989, Protection 

of lambs against experimental pneumonic pasteurel losis by transfer of immune 

erum. Veterinary Microbiology 20, 59-7 1 .  

lone , G.E . ,  Field, A.c. ,  Gi lmour, 1 .S . ,  1 982, Effects of experimental chronic pneumonia 

on body weight, feed intake and carcass composition. Veterinary Record 1 1 0, 1 68-

1 73 .  

lones, G.E . ,  Gi lmour, 1 . S . ,  1 983,  Atypical pneumonia o f  sheep, I n :  Mal1in, W . B .  ( Ed . )  

Diseases of sheep. Blackwel l  Scientific Publications, Oxford. 

loyce, l P. ,  Clarke, IN. ,  Maclean, K.S . ,  Lynch, R.J . ,  Cox, E .H . ,  1 976, The effect of level 

of nutrition on the productivity of sheep of different genetic origin. Proceedings of 

the New Zealand Society of Animal Production 36, 1 70- 1 78 .  

Kagan, A .R. ,  Levi ,  L . ,  1 974, Health and environment-psychosocial stimul i :  a review. 

Social Science and Medicine 8, 225-24 1 .  

Kalfa, V .C . ,  Palmquist, D . ,  Ackermann, M.R. ,  Brogden, K.A.,  200 1 ,  Suppression of 

Mannheimia (Pasteurella) haemolytica serovar 1 infection in lambs by 

intrapulmonary administration of ovine antimicrobial anionic peptid. International 

Journal of Antimicrobial Agents 1 7, 505-5 1 0. 

Kamil ,  S .A. ,  Parihar, N .S . ,  Charan, K. ,  Kumar, P.N. ,  Naik, D . ,  1 994, Experimental 

Pasteurella haemolytica infection in sheep.  I ndian lournal of Animal Sciences 64 

( 1 1 ), 1 1 23 - 1 1 25 .  

1 80 



Kapur, M.P . ,  Sadana, lR. ,  Kalra, D .S . ,  Chauhan, H.V.S . ,  1 974, Some observations on the 

causes of lamb and kid mortality at the Haryana Agriculture U niversity H issar. 

Haryana Agricultural University Journal of Research 4 (4), 333 -336. 

Kaya, 0.,  Kirkan, S . ,  1 999, B iotyping and antimicrobial susceptibi l i ty of Pasteurella 

haemolytica strains isolated from the nasal cavity of normal and pneumonic sheep 

in Aydin  Region. Bomova Veteriner Kontrol ve Arastirma Enstitusu Dergisi 24 

(38) , 2 1 -25 .  

Kel ley, K .W. ,  1 980, Stress and immune function: A bibliographic review. Annals of 

V eteri nary Research 1 1 ,  445 -478. 

Kel l ey, K. W., 1 982, I mmunobiology of domestic animals as affected by hot and cold 

weather. International L ivestock Environment Symposium 2, 470-482. 

Kel ley, K.W., 1 984, Stress et i mmunite des animaux domestiquies. Point Veterinaire 1 6, 

49. 

Kel ley, K .W., 1 985,  I mmunological consequences of changing environmental stimul i ,  I n :  

Moberg, G .P .  (Ed.) Animal Stress. American Physio logical Society, Bethesda, 

Maryland, pp. 1 93-223 . 

Kelsey, J .L . ,  Thompson, W. D. ,  Evans, A.S. ,  1 986, Methods in  observational epidemiology.  

Oxford U niversity Press, New York. 

Khamadeev, R.K. ,  Gaffarov, K .Z . ,  Konnov, N .M. ,  Sharafutd inova, K.N. ,  Karpeev, S.A. ,  

Ravi lov, A.Z. ,  Tsiridi, G.F. ,  1 983,  Aetiology of pneumonia in sheep. Features of 

the origin and manifestations of infectious diseases under intensive husbandry, 35 -

42. 

Kiorpes, A .L . ,  Col l ins, M .T. ,  Goerke, T.P., Traul, D .L . ,  Confer, A.W. ,  Gentry, M.J . ,  

Baumann, L.E. ,  1 99 1 ,  I mmune response of ne onata I lambs to a modi fied l ive 

Pasteurella haemolytica vaccine. Smal l  Ruminant Research 4, 73-84. 

Kirton, A.H. ,  Carter, A.H. ,  Clarke, IN. ,  Duganzich, D.M. , 1 984, Dressing percentages of 

lambs. Proceedings of the New Zealand Society of Animal Production 44, 23 1 -234 .  

Kirton, A .H . , O'Hara, P . J . ,  Shortridge, E .H . ,  Cordes, D.O. ,  1 976, Seasonal incidence of 

enzootic pneumonia and i ts  effect on the growth of lambs. New Zealand Veterinary 

Journal 24 (4), 59-64. 

Knowles, T.G. ,  Brown, S .N. ,  Warriss, P .D. ,  Phi l l ips, A.J . ,  Dotan, S .K. ,  Hunt, P . ,  Ford, lE . ,  

Edwards, lE . ,  Watkins, P .E . ,  1 995, Effects on sheep of transport by road for up to 

24 hours. Veterinary Record 1 36 ( 1 7) .  

1 8 1  



Koves, B. ,  Belak, S. ,  Rusvai, M . ,  Glcivits, R., 1 982, I mmunisation experiments with an 

inactivated Parainfluenza-3 virus. Acta Veterinaria Scientiarum Hungaricae 30  ( 1 -

3) ,  5 1 -58 .  

Kul ldorff, M. ,  1 999, Spatial scan stat istics: models, calculat ions and appl ications, In :  Glaz, 

1., Balakrishnan ( Ed . )  Scan statistics and appl ications. Birkhauser, Boston. 

Laboratorios Intervet S.A. 2005 .  Ovipast P lus ( Intervet L imited Spain, 

(http://www . intervet .es/products/ovipast plus /020 ficha t cnica.asp)). 

L ittledike, E.T.,  1 993, Variation of abscess formation in  cattle after vaccination with a 

modified-l ive Pasteurella haemolytica vaccine.  American Journal of Veterinary 

Research 54, 1 244- 1 248 .  

Loizel ier, A.B. ,  1 975, Study of enzootic pneumonia of lambs. Anales de l  Instituto 

Nacional de Investigac iones Agrarias, Serie :  H igiene y Sanidad Animal, Spain 2 ,  

1 9-36.  

MacPherson, A. ,  Moon, F .E. ,  Voss, R. ,  1 976, Biochemical aspects of cobalt deficiency in  

sheep with special reference to vitamin status and a possible involvement in the 

aetiology of cerebrocortical necrosis. British Veterinary Journal 1 32 ,  294-308.  

MAF 2004a. I ndustry Structure (New Zealand Ministry of Agriculture and Forestry, 

http://www.mafgovt. nzlmafnetlrural-nz/overview/nzoverview009.htm). 

MAF 2004b. Sheep and Beef Cattle Farming, Farms (New Zealand Ministry of Agricultu re 

and Forestry, http://www.mafgovt.nzlmafnetlrura l -

nz/overview/nzoverview009. htm). 

MAF 2004c . Sheep and Beef Cattle Farming, Sheep meat (New Zealand Ministry of 

Agriculture and Forestry, http://www .maf.govt.nzlmafnetlrural­

nzloverview/nzoverview009.htm). 

MAF 2004d. Wool Production in New Zealand ( Ministry of Agriculture and Forestry, 

http://www.mafgovt .nzlmafnetlrural-nzloverview/nzoverview009.htm). 

MAF 2005 . S ituation and O utlook for New Zealand Agriculture and Forestry (Ministry of 

Agriculture and Forestry). 

Manktelow, B .W., 1 970, The problem of pneumonia in sheep, I n: Sheep Farming Annual. 

Faculty of Veterinary Science, Massey University, Palmerston North, pp. 1 1 5- 1 1 9. 

Martin, W.B . ,  1 996, Respiratory infections of sheep. Comparative Immunology, 

Microbiology and Infectious Diseases 1 9  ( 3 ), 1 7 1 - 1 79.  

1 82 



Mateos, G.G. ,  Ulzro, R., Ast i l lero, J .R . ,  Perez Serrano, M. ,  2005, Trace minerals :  what text 

books don't tel l  you, I n :  Taylor-Pickard, J .A, Tucker, L .A (Ed. )  Re-defining 

mineral nutrition. Nottingham University Press, Nottingham, p .  36. 

Maxson, A D. ,  Wachira, T .M. ,  Zeyhle, E . E. ,  Fine, A, Mwangi, T.W., Smith, G., 1 996, The 

use of ultrasound to study the prevalence of hydatid cysts in the right lung and l iver 

of sheep and goats in Turkana, Kenya. I nternati onal Journal for Parasitology 26, 

1 3 3 5 - 1 338 .  

McClure, S . J ., 2003 , Mineral nutrition and its effects on gastrointestinal immune function 

of sheep. Australian Journal of Experimental Agriculture 43, 1 455- 1 46 1 . 

McConnel l ,  G.R. ,  Jagusch, K.T. ,  1 972, Production of prime lambs from Coopworth ewes. 

Proceedings of the New Zealand Society of Animal Production 32, 50-53 .  

McGowan, B . ,  Thurley, D.e. ,  McSporran, K.D. ,  Pfeffer, A.T. ,  1 978,  Enzootic pneumonia­

pleurisy complex in sheep and lambs. ew Zealand Veterinary Journal 26 (7) ,  1 69-

1 72 .  

McI lroy, S .G . ,  Goodal l ,  E .A, McCracken, R.M. ,  Stewart, D.A, 1 989, Rain and wind-chi l l  

as factors in the occurrence of pneumonia in sheep. Veterinary Record July 22, 79-

82. 

M I A  2004. Meat I ndustry Association of ew Zealand, Annual Report 2004 

( http://www .mia.co.nz/pdf fi les/2004/MI A  %20Annual%20Report%202004 %20-

%20 1  MB.pdf). 

M I A  2005 . Meat Industry Association of New Zealand I ntroduction 

(http://www. mia.co.nZ/intro.htm). 

Miklos, R. I . , R . ;  Laszlo, F., 1 999, Aetiology of the respiratory disease complex on some 

intensive cattle  and sheep farms in Hungary . Magyar Allatorvosok Lapja 1 2 1  (5 ), 

255-259.  

Ministry of Agriculture and Food 2003 ( M inistry of Agriculture and Food, Ontario, 

http://www.gov.on.ca/OMAFRAlengli shllivestock/sheep/facts/minernut.htm). 

Minton, lE . ,  1 994, Function of the hypothalamic-pituitary-adrenal axis and the 

sympathetic nervous system in models of acute stress in domestic  farm animals .  

Journal of  Animal Science 72, 1 89 1 - 1 898. 

Minton, J .E . ,  Coppinger, T.R., Reddy, P.G., Davis, w.e., Blecha, F . ,  1 992, Repeated 

restraint and isolation stress alters adrenal and lymphocyte functions and some 

leukocyte differentiation antigens in lambs. Journal of Animal Science 70, 1 1 26-

1 1 32 .  

1 83 



Mohan, K. ,  Uzoukwu, M . ,  1 985 ,  Mycoplasma spp. from pneumonic goats and sheep i n  

eastern Nigeria. Bul letin of Animal Health and Production in Africa 33  ( 3 ), 235-

239 .  

Mondal, D . ,  Srivastava, M .K.,  2004, Ovine pneumonia due to  Mycoplasma agalactiae. 

I ndian Journal of Animal Sciences 74 ( 3 ), 253-255 .  

Munoz, C .  2005.  Trace e lements and immunity (Santiago, I mmunology Unit, University of 

Chile, 

http://www .pasteur.fr/applications/eufoconf/nutritionl5 Munoz abstract .pdf). 

MWES 2004. Sheep Flock Structure (Meat and Wool Economic Service, 

http://www . nzmeatstats.co.nz). 

M WNZ 2004a. About Meat and Wool New Zealand 

(http://www.meatnz.co.nz/wdbctx/corporate/corporate .wwv main.main?p languag 

e=us&p cornerid=3 8&p currcornerid= 1 &p ful l  = 1 ). 

M WNZ 2004b. Farming in ew Zealand ( Meat and Wool New Zealand, 

http://www.meatnz.co.nzlwdbctx/lambus/Iambus.wwv main.main ?p Ianguage=us 

&p cornerid=43&p currcornerid= 1 &p full= 1 ). 

M WNZ 2005 . Meat and Wool New Zealand Statistics (www.nzmeatstats.co.nz). 

National Research Council 1 985 .  Nutrient Requirements of Sheep ( Washington DC, 

ational Academic Press, http://www . nap.edulbooks/030903596 1 /htm1l24 .htmi). 

N I W  A 200 1 .  Cl imate Data, Mackintosh, L . ,  ed. (National Insti tute of Water and 

Atmospheric Research, http://www.niwa.co.nz/edu/resources/cl imate/summary/). 

Novartis Animal Vaccines I nc .  2005. Poly Serum (Jeffers L ivestock 

.http://www .jeffersl ivestock.com/ssc/product.asp?CI D=2&mscssid=FHJ5 H4HQR3 

K38MWH AAGWMEL6TOH7CD06&pf id= 1 6464). 

N RA 2005.  Guidelines for Format and Data Requirements for Applications to Register 

ew Veterinary Immunobiologicals in Australia (National Registration Authority , 

Austral ia, http://www.apvma.gov.au/guidelines/GL 4 7  .pdf). 

NZTE 2004. New Zealand Meat Exports, Meat industry profi le (New Zealand Trade and 

Enterprise, 

http://www.marketnewzealand.com/MNZ/aboutNZ/sectorsI 1 43661 1 3 1 42.aspx). 

Obasi, O .L . ,  Raj i ,  M.A. ,  Adogwa, T. ,  Natala, A.1 . ,  200 1 ,  The effects of c l imatic factors on 

the occurrence and gross pathological lesions in bacterial pneumonia of ovine and 

caprine hosts in  Zaria, Nigeria. Global Journal of Pure and Appl ied Sciences 7 ( 1 ) , 

57-60. 

1 84 



O'Hara, P. ,  1 994, Chief Veterinary Officer's Annual Report 1 993 : Market Access. 

Survei l lance 2 1  (3) ,  9- 1 0. 

Orr, M .B. ,  1 995, Animal Health Laboratory Network review of d iagnostic cases - April to 

June 1 995 .  Survei l l ance 22 (2), 3-5 .  

Orr, M .B . ,  B lack, A. ,  1 996, Animal Health Laboratory Network: Review of diagnostic 

cases - January to March 1 996. Survei l lance 23 (2), 3 -4 .  

Orr, M.B . ,  Smits, B. ,  E l l ison, R.S . ,  B lack, A. ,  1 998 ,  A review of veterinary diagnostic 

cases - April to June 1 998. Survei l lance 25 ( 3 ), 1 5- 1 7. 

OSH 2004 . Health and safety recommendations for fasting of sheep prior to shearing 

(OSH, Occupational Safety and Health Service, 

http://www.osh.govt.nzipublications/factsheets/fastingsheep.html). 

Otlu, S . ,  1 997, I solation, identification and antibiotic sensit ivity of mycoplasmas from 

cases of pneumonia in sheep in the Kars district. Etl ik Veteriner Mikrobiyoloj i  

Dergisi 9 ( l ), 1 57- 1 74. 

Panciera, R.J . ,  Corstvet, R.E . ,  Confer, A. W., Gresham, C.N. ,  1 984, Bovine pneumonic 

pasteurellosis :  effect of vaccination with l ive Pasteurella species. American Journal 

of Veterinary Research 45, 253 8-2542. 

Pfeffer, A. ,  Thurley, D .e . , Boyes, B .  W., Davies, D . H . , Davis, G .B . ,  Price, M.e. ,  1 983,  The 

prevalence and microbiology of pneumonia in a flock of lambs. New Zealand 

Veterinary Journal 3 1 ,  1 96-202. 

Pfeffer, A.T. ,  1 986, The pathology and pathogenesi s  of pleural adhesions in sheep .  New 

Zealand Veterinary Journal 34, 85-93 . 

P ipestone Veterinary Supply 2005 . Ovine pasteurella haemolytica pneumonia vacc ine 

( Pipestone Veterinary Supply, http://www .pipevet.com/biolog.asp?cat=2). 

Porter, W.L . ,  1 970, Pneumonia. New Zealand Journal of Agriculture 1 2 1  ( 3 ), 87.  

Prince, D.V. ,  Clarke, J .K. ,  A lley, M . R. ,  1 985,  Serotypes of Pasteurella haemolytica from 

the respiratory tract of sheep in New Zealand. Correspondence. New Zealand 

Veterinary Journal 33 (5 ) .  

Raftery, A .E . ,  Lewis, S .M. ,  1 992, How many iterations in  the Gibbs sampler?, In :  

Bernardo, J .M. ,  Berger, lO., Dawid, A .P . ,  Smith, A .F .M.  ( Eds.) Bayesian 

Statistics. Oxford University Press, Oxford, pp. 765-776. 

Rasbash, l . ,  Browne, W., Healy, M. ,  Cameron, B., Charlton, C. 2004. MLwiN Version 

2 . 0 1  (London, © Multilevel Models Project I nstitute of Education) . 

1 85 



Reddy, K.R . ,  Frey, R.A., 1 990, Nutrit ional modulation of immunity in domestic food 

animals. Advances in Veterinary Science and Comparative Medic ine 35 ,  255-28 1 .  

Reffett, J . K. ,  Spears, lW. ,  Brown, T.T.l, 1 988, Effect of dietary selenium and vitamin E 

on the primary and secondary immune response in lambs chal lenged with 

parainfluenza-3-virus. Journal of Animal Science 66, 1 520- 1 528 .  

Reserve Bank of New Zealand 2005 . CPI  I nflation Calculator 

(http://www .rbnz.govt.nzistatistics/0 1 35595 .html). 

Robinson, A. ,  Mell ing, J . ,  1 993,  Envelope structure and the development of new vaccines. 

Journal of Appl ied Bacteriology, Symposium supplement 74, 43S-5 1 S . 

Rodger, J .L . ,  1 989, Parainfluenza 3 vaccination of sheep. Veterinary Record 1 25 ( 1 8), 453-

456 .  

Rogan, WJ. ,  Gladen, B . ,  1 978, Estimating prevalence from the results of a screening test . 

American Journal of Epidemiology 1 07, 7 1 -76.  

Roth, lA. ,  F laming, K.P. ,  1 990, Model systems to study immunomodulation in domestic 

food animals. Advances in Veterinary Sc ience and Comparative Medicine 35, 2 1 -

4 1 .  

Sabri , M.Y. ,  Zamri-Saad, M. ,  Mutalib, A.R., Israf, D.A., Muniandy, N. ,  2000, Efficacy of 

an outer membrane protein of Pasteurella haemolytica A2, A 7 or A9-enriched 

vaccine against intratracheal chal lenge exposure in sheep. Veterinary Microbiology 

73 ( 1 ), 1 3-23 . 

Sadiek, A .H . ,  Abdel-Salam, M.N. ,  Zaitoun, A .M.  1 993.  Field investigations on ovine 

pneumonic pasteurel losis with some blood and blood-serum analysis. In 

Proceedings of the Second Sc ientific Congress Egyptian Society for Catt le Diseases 

(Assiut), pp. 3 75-385 .  

Salisbury, R.M. ,  1 957,  Enzootic pneumonia of sheep in New Zealand. The New Zealand 

Veterinary Journal 5, 1 24- 1 27 .  

Salt Institute 200 1 . Cobalt Requirement and Toxic Levels (Alexandria, V irginia, Salt 

I nstitute, http://www . saltinstitute.org/47-T-27 .html). 

Sanchis, R., Abadie, G. ,  1 992, Antibiotic sensitivity of Pasteurella haemolytica and P. 

trehalosi strains isolated from sheep and goats in France (A study of 262 strains). 

Recueil de Medecine Veterinaire 1 68 ( 1 0), 807-8 1 3 . 

Sargison, N .D . ,  Scott, P .R. ,  1 995, Evaluation of ant ibiotic treatment of respiratory disease, 

including suspected septicaemic pasteurel losis in five-week-old lambs. Agri­

Practice 1 6  ( l  0), 25-28.  

1 86 



Scott, P .R. ,  Gessert, M.E . ,  1 998, Ultrasonographic examination of the ovine thorax. The 

Veterinary Journal 1 55 ,  305-3 1 0. 

Sharp, 1 .M. 2000. Update on sheep pulmonary adenomatosis (Sheep Veterinary Society, 

Division of the British Veterinary Association, 

http://svs .mr i .sari .ac .uklProc970n/mspaper.htm). 

Shegidevich, E.A. ,  Fedotov, V .B . ,  Kryuchkov, V .Y . ,  1 983, Serotypes of Pasteurella 

multocida associated with lamb pneumonia. Trudy V sesoyuznogo I nstituta 

Eksperimental 'noi Veterinarii 58, 1 5- 1 9 . 

S iegel, H .S ., 1 985 ,  I mmunological responses as indicators of stress. World's Poultry 

Science Journal 4 1 ,  36-44. 

Smith, B ., 1 975,  Pneumonia in  lambs. New Zealand Journal of Agriculture 1 30, 33-35 .  

Smits, B . ,  El l ison, R .S . ,  Mesher, C . ,  1 998, Review of  veterinary diagnostic cases - October 

to December 1 997. Survei l lance 25 ( 1 ), 1 1 - 1 3 . 

Snijders, T., Bosker, R . ,  1 999, In :  Multi level A nalysis :  an introduction to basic and 

advanced multi l evel model l ing. Sage Publications, London, p. 1 6 . 

Sorenson, N.N. ,  1 976, Epidemiology of pneumonia in  sheep as observed in central North 

I sland practice. Proceedings of the New Zealand Veterinary Association Sheep 

Society'S 6th Seminar, 1 0 1 - 1 04. 

St. George, T.O. ,  Carmichael, L .E . ,  1 975, I solation of Mycoplasma ovipneumoniae from 

sheep with chronic pneumonia. Veterinary Record 97 ( 1 1 ), 205-206. 

St. George, T.O. ,  Sul l ivan, N.D. ,  1 973, Pneumonias of sheep in Australia. Post-Graduate 

Foundation in Veterinary Science, Sydney, New South Wales. 

Statistics New Zealand 1 996. Agricultural Production Survey (www .stats.govt.nzl). 

Stephens, L .e . ,  McChesney, A.E. ,  Nockels, e .F . ,  1 979, Improved recovery of vitamin E­

treated lambs that have been experimentally infected with intratracheal Chlamydia. 

British Veterinary Journal 1 35 ,  29 1 -293 . 

Stipkovits, L . ,  Szilagyi, M. ,  Varga, Z., Laber, G . ,  Fodor, L . ,  Belak, S. ,  Vetesi ,  F . , 1 985,  

U se of Tiamulin for the treatment of respiratory diseases of lambs. M agyar 

Al latorvosok Lapja 40 (5) ,  273-278. 

Sutherland, RJ.,  1 987,  L ive-sheep shipments: observations. Surveil lance 1 4  ( 1 ), 1 l . 

Suttle, N .F . ,  Jones, O.G.,  1 986, Copper and disease resistance in  sheep : a rare natural 

confirmation of interaction between a specific nutrient and infection. P roceedings 

of the Nutrition Society 45, 3 1 7-325 .  

1 87 



Tabatabayi, A . H . , Gharagozlou, MJ. ,  Ghader-Sohi, A.,  1 992, A survey of Mycoplasma 

arginini and other agents from subacute and chronic ovine pneumonia in Iran. 

Preventive Veterinary Medicine 1 2  ( 1 -2 ), 1 53 - 1 58 .  

Tengerdy, R .P . ,  Meyer, D .L . ,  Lauerrnan, L . H . ,  Lueker, D.e. ,  Nockels, e . F. ,  1 983,  Vitamin 

E enhances humoral antibody response to Clostridium perfringens type D i n  sheep. 

British Veterinary Journal 1 39, 1 47- 1 52 .  

Thurley, D.e . ,  Boyes, B .W.,  Davies, D . H . , Wilkins, M .F. ,  O'Conne l l ,  E . ,  Humphreys, S . ,  

1 977, S ubcl in ical pneumonja i n  lambs. New Zealand Veterinary Journal 25  ( 7) ,  

1 73 - 1 76.  

Turner, R.J . ,  Wheaty, L . ,  E. ,  Beck, F.G.,  1 985,  Stimu latory effects of selenium on mitogen 

responses in lambs. Veterinary Immunology and Immunopathology 8, 1 1 9- 1 24.  

Umesh, D. ,  Lonkar, P . .  , Srivastava, e . P. ,  Bhagwan, P .S .K. ,  1 994, An outbreak of 

pneumonia due to Pasteurella multocida in sheep. Indian Veterinary Journal 7 1  

( 1 2 ), 1 1 63 - 1 1 67 .  

Urbain, 8 . ,  M ast, l ,  Beerens, D . ,  N'Guyen, T.Q., Goddeeris, 8 . ,  Ansay, M . ,  Gustin, P . ,  

1 999, Effects of  inhalation of  dust and endotoxin on  respiratory tracts of  pigs. 

American Journal of Veterinary Research 60 (9), 1 055- 1 060. 

Van der Logt, P., 1 996. Model appl ications of deci sion support systems in meat hygiene 

programs. Master of Veterinary Sc ience. Massey University, Palmerston North. 

Van der Logt, P .8. ,  Morris, R.S. ,  Hathaway, S .C. ,  1 995, Risk factors associated with 

pneumonia and pleurisy in lambs - evaluation through slaughterhouse data. 

Proceedings of the 25th sheep and beef cattle seminar, New Zealand Veterinary 

Assoc iation, 1 42- 1 50.  

VMD 2005.  How Veterinary Medicines may be made avai lable in the U K  ( Veterinary 

Medic ines Directorate, http://www.vmd .gov.ukllu/amel ia/amelia7.pdf). 

Wakelin, C . ,  1 989, First shipment of feeder lambs to the U SA.  Surve i l lance 1 6  (4), 20.  

Watson, S. ,  1 997, Evaluation of semivariance estimators under normal conditions. The 

Stati stic ian 46 (4), 495-503 . 

Wel l s, P .W. ,  Robinson, IT.,  1 984, Development of a combined clostridial and Pasteurella 

haemolytica vaccine for sheep. Veterinary Record 1 1 4, 266-269. 

Whitelaw, A., Armstrong, R.H., Evans, e.e., Fawcett, A.R., 1 979, A study of the effects of 

copper deficiency in Scottish blackface lambs on improved r u l l  pasture. Veterinary 

Record 1 04, 455-460. 

1 88 



Wiener, G. ,  Fie ld, AC., 1 969, Copper concentrations i n  the l iver and blood of sheep of 

different breeds in relation to swayback history. lournal of Comparative Pathology 

79, 7- 1 4 . 

Wiener, G. ,  Wool iams, lA.,  Suttle, N.F . ,  lones, D.G. ,  1 985, Genetic selection for Cu 

status in  the sheep and its consequences for performance. Proceedings of the 5th 

I nternational Symposium of Trace E lements in Man and Animals, 48 .  

Wilkie, B .N . ,  Markham, R.J .F . ,  Shewen, P .E . ,  1 980, Response of calves to lung chal lenge 

exposure with Pasteurella haemolytica after parenteral or pulmonary 

immunisation. American Journal of Veterinary Research 4 1 ,  1 773- 1 778. 

Wittleberg, P., Gardener, LA, Mortensen, S., Mousing, l.,  1 994, Models  of herd size 

effects in swine diseases. Proceedings 7th I nternational Symposium on Veterinary 

Epidemiology and Economics, 1 5- 1 9 . 

Yeoman, G .H . ,  1 983,  Copper in relation to lamb losses. Veterinary Record 1 1 3 , 547. 

Zamri-Saad, M., Norizah, A., Sheikh-Omar, AR., 1 994, Detection of i mmunogenic 

components of several serotypes of Pasteurella haemolytica. Proceedings of the 

1 7th Malaysian Microbiology Symposium, 25-27. 

1 89 



1 90 



Appendix 

The EpiCentre of Massay University 

E nzootic Pneumonia i n  New Zealand Lambs 

Please return this questionnaire as soon as possible - Your information is important to 
the industry! 

Enzootic pneumonia is a common disease of New Zealand lambs and is associated with production 
l osses through 

• Decreased lamb growth rate 

• Pleurisy at slaughter 

• Lamb mortality in acute cases 

The costs to the industry are estimated to be considerable. 

Why have we sent you this questionnaire? 

Your flock was selected according to meat inspection findings at slaughter: either because of very 
few or very frequent pneumonia lesions in lambs at slaughter. Meat New Zealand has funded this 
project to investigate the differences between these two groups, so that: 

-7 High frequency flocks can identify possible causes for pneumonia on farm 

-7 Low frequency flocks are aware what management factors are related to pneumonia 

Y ou will receive a summary of the results once the data compilation and analysis is complete. 
Confidentiality : We guarantee that a l l  information will be treated by us as strictly confidential. No 
information will be used in any way that could reasonably be expected to identify any individual 
farm, or farmer. 

Filling in the Question naire is easy! 

Several fanners have assisted in developing this questionnaire to make it applicable to New 
Zealand sheep flocks and easy to understand. Although it contains a number of pages, it may take 
you only 20-30 minutes to complete. 

Accurate information is ideal, but please enter your best estimate if exact figures are not known. 
Please fill  in all q u estions rather than leave them blank. Approximate dates and rounded 
numbers are better than leaving questions blank. Else, please enter a zero or 'not known'. 

Feel free to ring me if any questions arise, or if you like assistance with the questionnaire. A lso, 
feel free to write extra comments or explanations. 

Contact: Kathryn Goodwin, EpiCentre, Private Bag 1 1222, I VABS, Massey University, 
Palmerston North. Telephone: (06) 35 0-5855 ( Fax: (06) 350-5 7 1 6), E-mail: 
K.A.Goodwin@massey.ac.nz 
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Farm details 

1 . 1  Name of owner of the farm and date form com pleted 

1200 1 

1 .2 Postal address 

1 .3 Location address 

Please do not give a PO Box number or Rural Del ivery number - these should go in  
Postal address above. 

Rapid No (if you have one) 

Road name 

Locality 

Nearest town/city 

1 .4 Contact phone, fax and em ail 

Phone Mobi le phone 

Facsimi le Email address 

1 .5 What is the total and effective land area of the farm (hectares)? 

I Total area I I Effective area 

1 .6 What is the approximate land area (hectares) of the farm used for sheep-iarming? 

I 
1 .7 Approximately how many paddocks ( other than holding paddocks) are used for 
grazing sheep? 
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1 .8 Main farming activity: What i s  the main activity carried out by this farming enterprise? 
(please tick one) 

Main Farming Activity ./ 

Sheep (Finishing) 

Sheep (Breeding/finish ing) 

Beef 

Deer 

Dairy grazing 

Cropping 

her (specify) I 
1 .9 Breakdown of the main farm enterprises in terms of the percentage of land area used 
per enterprise: 

Sheep Cattle Deer Cash crops Total Other (specify the 
enterprise) 

Approximate land area % 

Example 40% 40% 0 20% 1 00% 

2. 1 People working on the farm 

Please give your est imates of the average number of persons employed for the sheep enterprise. 
I nclude the farmer and casual workers. Part persons are OK, e.g. 312. 
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3. 1 Sheep breeds 

Please give the numbe r  of sheep wintered on the farm in 2000. 

Ewes (Mixed age) Ewes (2 tooths) Ewe Hoggets 

Rams Dry - Dry - Ram Wether 

(2-tooth Put to NOT put Put to 
Dry -

Put to NOT and (2-tooth 

& over) ram to ram ram 
OT put 

ram in put to wether and 
to ram hoggets over) 2000 2000 2000 2000 ram 
2000 

2000 

Romney 

Coop worth 

Perendale 

Corriedale 

Halfbred 

Merino 

Borderdale 

Drysdale 

Border 
Leicester 

Cheviot 

South Suffolk 

Suffolk 

Texel 

East Friesian 

Finish 
Landrace 

Composite 
(3 or more 
breeds -
specify breeds 
below) 

Specify 
composite 
breeds 

Other breeds and 
Note: For crosses, show tbe breed of tbe S I RE first. 

crosses (please 
specifY) 

e.g. Texel (Sire) & Romney 

Total sheep as 
at June 1 2000 
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Farm topography 

4.1  How would you c lassify the part of your farm you run sheep on in terms of 
h / . ?  topograpl lY, terral n . 

Terrain type (tick those that apply) 

Flat 

Flat to rol l ing 

Moderate to steep lUll country 

M ixture of flat and hil l  country 

Ewe mating 

./ 

5. 1 How many ewes, 2-tooths and hoggets were mated in  2000? What date did the main 
mating start and finish during the 2000 season? What was the average mating weight if 
recorded? 

Ewe age class Number Dates rams went out Date rams withdrawn Ave.mating weight 

Hoggets 1 12000 1 12000 

2-Tooths 1 12000 1 12000 

M ixed age ewes 1 12000 1 12000 

M anagement of pregnant ewes between the start of mating and lambing 

6. 1 Were the ewes pregnancy scanned in 2000? 

no I Go to 6.2 yes I Go to 6. 1 . 1  

6. 1 . 1  Please give detai ls  of scanning below and average weight if recorded 

Ewe age class 
Number single Number m ultiple 

Overall scanning % Average weight 
bearin2 ewes bearin2 ewes at scannin2 

Hogget 

2-Tooth 

Mixed age 
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6.2 Please indicate the feed source for ewes between the start of mat ing and lambing, 
the type or brand and months when fed? (tick the feed source(s)  app lying to each ewe 
c lass in the specific columns, you may tick more than one box) 

Ewe aee class (3) Indicate type or brand Months when 
Feed type 

Hogget 2-Tooth M ixed age (e.g. maize si lage) fed 

Pasture (indicate type) 

Hay 

Haylage 

Si lage 

Grain 

Brassica crop 

Greenfeed crop 

Sheep nuts 

Other 

6.3 On what date(s) did you shear your ewes in  2000? 

Ewe age class Date shorn Date shorn 

Hogget 1 12000 1 12000 

2-Tooth 1 12000 1 12000 

Mixed age 1 12000 1 12000 

6.4 Did you vaccinate your ewes prior to lambing with any of the fol lowing vaccines 
( please t ick)? 

5 in )  Androvax Eweguard Campylobacter Salmonel la Toxoplasma 

Ewe hoggets 

2 tooths 

Mixed age 
ewes 

Lambing 

7. 1 What was the main system of grazing management you used for your ewe and 
lambs over the lambing period? (please tick) 

Grazing management system ./ 

Shifts every 2-5 days 

Shifts every 6- 1 0  days 

Shifts at intervals of longer than 1 0  days but not set-stocking 

Set-stocking 
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7.2 How much shade/shelter (trees, scrub, gorse etc) did your ewes and lambs have over 
lambing?, (p lease tick) 

r-./ 

Nil  

Low 

Moderate 

H igh 

7.3 What was the approximate stocking density over the lambing period? (up to tai li ng) 

Single bearing ewes Eweslha OR Ewes/acre 

Multiple bearing ewes Eweslha OR Ewes/acre 

ALL ewes if not scanned Eweslha OR Ewes/acre 

Tailing 

8. 1 When did tai l ing start and finish in 2000? 

Ewe age class Start date of tailing End date of tailing 

Hoggets / /2000 / /2000 

2-Tooths / /2000 / /2000 

Mixed age ewes / /2000 / /2000 

8.2 Which method was used for tai l ing the lambs? (please tick) 

Tails ./ Purses ./ 

Rubber rings Rubber rings 

Hot iron Crypt 

Knife Burdizzo 

Other (please spec ity) None ( left entire) 

Other (please spec ity) 

8.3 If not al l  male lambs were castrated, please speci fy what percentage fit into these 
categories 

% I Wether % I Cryptorchid 

8.4 Please tick what animal health treatments, if any lambs were given at tail ing? 

Scabby-mouth 
Fly treatment Worm drench I I Vitamin B 1 2 I 

vaccination 

Clostridial vaccine Other (specify) 
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M anagement of ewes and lambs between tailing and weaning 

9. 1 What was the approximate stocking density of ewes between tai l ing and weaning? 

Single bearing ewes Eweslha OR Ewes/acre 

M ultiple bearing ewes Eweslha OR Ewes/acre 

ALL ewes Eweslha OR Ewes/acre 

9.2 What water sources did the ewes and lambs have access to between tai l i ng and 
weaning? (please tick all those that I ) apply 

Water Source ./ 
Running water (stream, creek or river) 

Surface water (rain water run oft) in a dam 

Dam water reticulated into troughs 

Underground water (artesian, spring) into troughs 

Bore reticulated into troughs 

Spring water reticulated into troughs 

No water provided 

Other (specify) 

9.3 Please tick i f  any of the fol lowing ani mal health treatments were given to lambs 
between tai l in  and weanin 
Worm Other (specify) 

Management of lambs from weaning onwards 

1 0. 1  What was the weaning date(s) in 2000/0 1 ?  And how many lambs were weaned 

Mob weaned Date of weaning Number of lambs weaned Average weight 
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1 0.3 What treatments did the lambs receIve at weaning? ( please tick al l  those that 
apply)  

Treatment ./ Details 

Crutching 

Shearing 

Drench 

Dip 

Vaccine (specify) 

Fly treatment 

Other (specify) 

1 0.4 I f  the lambs were dipped please tick the method below 

I Wand I I Pour-on I I Shower I I Spray I I Race 

1 0.5 For approximately how long were the lambs in the yards and/or shed on the day 
of weaning? 

Approximate duration (hours) 

Yards 

Shed 

1 0.6 Did you buy in lambs in 2000? I f  yes please give the number of sources the lambs 
were bought from 

Go to 1 0.7 
Number of sources lambs 
bou ht from 

Go to 1 0.6. 1 

1 0.6. 1 How many lambs did you buy during the season? (NA if not appl icable) 

Number of lambs 
bought per month 

October 

November 

December 

January 

February 

March 

April 

May 

June 
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1 0.7 How many lambs did you sel l  this season (200012000 1 )  in each of the fol lowing 
months? 

Number of lambs sold per month 

To Progressive Gisbome Ltd. or 
To other works Store or paddock sale 

Feilding Lamb Packers Ltd. 

October 

November 

December 

January 

February 

March 

April 

May 

June 

July 

TOTAL (to date 
survey fi lled out) 

Lambs sti l l  on hand 

1 0.8 Please tick the approximate frequency of worm drenching for lambs Ln the 
2000/200 1 season? 

4 weekly 5 weekly 1 1 6 weekly 1 
Other (specify) 

1 0.9 Did you take preventative measures for fly strike in lambs after weaning? ( please 
tick) I no ! Go to I O. I O  ! yes ! ! Go to I O.9. 1 

1 0 9 1 I f  yes please In Icate t e met 0 o app Icatlon an . 
d '  h h d f r d mont h d? use 

Method of fly strike prevention Month used 

Spray 
Shower 
Pour-on 
Wand 
Race 
Spot-treatments of affected lambs 
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1 0. 1 0  Were the lambs crutched and/or shorn in the 2000/2000 1 season? (please tick) I f  
so please provide mobs and dates (NA if not crutched or shorn) 

Mob of lambs (e.g. ram Date 
Shorn Crutched 

lambs) ./ ./ 

1 120 

1 120 

1 120 

1 120 

1 0. 1 1 P lease indicate the feed source(s)  and month(s) fed for lambs from weaning 
onwards? (tick the feed source(s) that apply, p lease indicate the type or brand and 
month(s) when fed) 

Feed type ./ I ndicate type or brand (e.g . Months when fed 
green feed oats crop) 

Perenn ial ryegrassl clover 
pasture 

Annual ryegrass/clover pasture 

Crop 

Other (specify) 

1 0. 1 2  What systems of grazing management did you use for your lambs from weaning 
onwards? (please tick) Please indicate what month(s) the grazing management method 
was used 

G razing management ./ Months when used 

Daily shifts 

Break feeding 

Shifts every 2-5 days 

Shifts every 6- 1 0  days 

Shifts at intervals of longer than 1 0  days but not set-
stockinK 

Set-stocking 
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1 0. 1 3  What was the most frequent means of mustering lambs? (please tick one) 

Means of mustering ./ 

Motorbike 

Truck 

Tractor 

Horse 

Foot 

Other (specify) 

1 0. 1 4  Do you use dogs for working lambs? (please tick those that apply) 

Use of dogs for ./ 
Mustering/shifting 

In yards/shed 

1 0. 1 5  What water sources did the lambs have access to after weaning? (please tick those 
that apply) 

Water Source 

Running water (stream, creek or river) 

Surface water (rain water run oft) in a dam 

Dam water reticulated into troughs 

Underground water (artesian, spring) into troughs 

Bore reticulated into troughs 

Spring water reticulated into troughs 

No water provided 

Other (specify) 

1 0. 1 6  How much shade/shelter ( trees, scrub, gorse etc) do your lambs have over 
summer? ( please t ick) 

Nil  

Low 

Moderate 

H igh 
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1 0. 1 7  Are your sheepyards covered? (please tick) I f  yes p lease indicate the proportion of 
that area covered 

./ Proportion of area covered 

No 

Yes (worki ng area only) % 

Yes (worki ng area and hold ing yards/paddocks) % 

1 0. 1 8  Did you have a problem (e.g. greater than 5% of flock) with any of the fol lowing 
in lambs in the 2000/200 1 season?, if so please give detai ls  and tick the severity of that 
event 

Month 
Severity (,;') Approximate % 

Event 
Mild Medium Severe of flock affected 

Abnormal death 

I l l-thrift 

Scouring 

Nasal discharge 

Coughing 

Fly strike 

Facial eczema 

Scabby mouth 

Lameness 

Staggers 

Pneumonia 

Ewe replacement policy 

1 1 . 1  Do you breed your own ewe replacements? (please tick) 

yes I Go to 1 2 . 1 no I Go to 1 1 .2 

1 1 .2 What is the age of your ewe replacements when you buy them? (please tick one or 
more boxes) 

I Lambs/hoggets 1 2-tooths I MA ewes 

1 1 .3 Do you know how many different source farms replacements were bought for 
2000? (please tick) 

I Yes 
(please mdicate number) 
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Ram buying-in practices 

1 2. 1  How many different studs have you sourced most of your rams from over the past 
5 years? 

Replacement Sires 

Terminal S ires 

Background animal health details 

13 . 1  Did pneumonia cause any problems in your older sheep in the 2000-200 1 season? 
(please tick) 

1 3.2 If yes, please l ist the class(es) of sheep affected (e.g. MA ewes), the number of 
deaths in each class and the time of the year 

Class of sheep affected Number of deaths Time of the year 

Thank you for tak ing the t ime to fi l l  in this quest ionnaire. We would appreciate any comments about the 
d isease that you feel  may be useful  to us. We value your opinion and would l ike to hear from you. 
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