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Bronchopneumonia is one of the most serious causes of economic loss in

cattle industry. It is commonly seen in domestic animals, but is most prevalen

cattle.  The, condition is not a definite entity, but should be regarded as é.x

B

geaeral type of pulmonary reaction to a number of different causes such as bacteﬁa',- :
sruses, fungi, parasites and other tyqp.es of foreign matter. .
The outbréﬁks of respiratory iﬁfections have reached serious proportions i
»me areas of the world where intensive systems of feeding and management havi
sen intr._oduced. Seasonal effects are important contributors to the outbreaks of
sspiratory infections. The disease occurs chieflyin low—lying regions with extensive
are lénd. It is prevalent in feed—lot ca_l{*e,s' after they have been collected fro_m’i
=1l individual farms and put tOgether in the large feed—Ilots. The age and bree&ﬁ
animals may influence the outbreaks, such as shxppmg fever occurs commonly

1,

goung beef cattle.
Bronchopneumoma is 2 name given to an inflammation of the lungs and
wonchioles. The condition will primarily affect the terminal bronchioles whxch be-

ssme filled with tenaceous purulent mucus and surrounded by areas of consolidation.

-- disease may be primary or secondary, but |is usually secondary in character,

owing infections of the upper respiratory tract. It usually begins as a trache

]

_:,-. hitis and extends to a few or many lobules. Consolidation may be gradual or

\
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;}Etioltl)gy.
The etiology of bronchopnetimonia in cattle is very complex. The inten-
sive management conditions, tranéportation of animals and physical stresses
predisposing factors which lower the animal s resistance and allo;v a number of infe

tious agents to precipitate the disease (Mckercher, 1964). Inhalation of smoke a

‘-*fire, high concentration of ammonia, and increased humidity of air (Kovaleva et als
1961) and aspiration of liquid material give rise to bronchopneumonia which is then

proceeded by infectious agents. Bacteria, fungi, and parasites seem to be the main causes

~of bronchopneumonia.

MICRCORGANISMS

Bacteria.
Many species of pathogenic bacter';a may cause bronchopneumoria in cattle.
In calves, Pasteurella spp., especially P. multocida and Cdrynebacterigm pyogenes

are often found.  Actinobacillus actinoides has been isolated from preumonic calf .
- lungs showing all types of lesions but is not believed to be a primary etiological -
agent (Levi & Cotchin, 1950; Blakemore, 1945). This di;“jganism can neither produce
pneumonia nor contribute significantly to the severety of the disease produced
by e. g. parainfluenza 3 virus. . Staphylococei spp. have been isolated from the lungs
of calves during an outbreak of pneumonia (Tutt, 1941) and from the lungs of a calf
\which*was injected with a suspension of bronchopneumonic calf lunga (]ennings & Glo-
ver, 1952). Streptococci are considered as probable cgusative agents ‘(_Thorp & Hall- &
man, 1939) and have been isolated from pneumonic calf lungs (Baro:csai & Farkas,
1964). Diplococeus pneﬁmoniae have been found in pneumonif: calf lungs (Bratano-(

vic et al,, 1964). Carpenter & Giman (1921) found Pseudomonas aeruginosa associa- 3
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82 with pneumonia. Neisseria catarrhalis has been-isolated either in pure culture
in combination with other organisms from pneumonic calf lungs (Hunter &

Harbourne, 1964).  Salmonella dublin has been isolated from pneumonic lungs (Levi

Cotchin, -1950; Harbourne et al,. 1965). Examinations at Veterinary Investigation

entres in the U.K. during 1956—61 revealed that Salmonella was an organism causing

Poeumonia in calves (Maff, 1964). Haemophilus 'spp. were consistently isolated from

Eases examined by several authors (Thorp et al., 1942; Lamont et kerr, 1939,

Fatt, 1952). Coliforms have been isolated from pneumonic calf lungs (]ennings &

over, 1952 ; Thorp & Hallman, 1939; Bar(;csai & Farkas, 1964, Maff, 1964). E. coli

s also found in mycotic pneumonia. (Mills & Hirth, 1967).

Corynebécterium pyogenes has been recovered from lungs of calves suffering
bronchopneumonia and shipping fever (Je_nnings & Glover, '1952; Levi &
otchin, 1950; Carpenter & Gilman, 1921; Carter, 1954;). This organism probably acts

 asecondary agent which associates with unidentified viruses (Bratanovic et al., 1964) : 7

Pasteurella multocida has been recovered from pneumonic calf lungs in
ada (Carter & Rowsell, 1938). P. multocida and P. hemolytica have been isolated :
o bronchopneumonic lun-gs by a number of workers (Carter, 1954 ; Bratanovic, 1964:. .
1 & Cotchin, 1950 ; Palotay-& Newhall, 1958, Carter & McSherry, 1955). It has
- proved that they can provoke bronchopneumonia although no clear—cut evidence
%o their possibilities as primary agents has been found (Collier et at., 1960, Heddles=

et al.,, 1962; Hetrick et al., 1963; Sorensen et al., 1964). There is some indi-

o= though that debilitating factors are necessary to provoke the disease (Sorensen

1, 1964; Carter 1936; Cody, 1963).




Viruses

The viruses have been observe;l as etiological - agents causing pneumonia =
cattle by many workers. Since Carpenter & Gilman 7(1921) and Thorp et al. (194‘_'}
reported that bacteria isolated from pneumonic calf lungs could not prode
~ pneumonia, the interest of many workers has been directed against virus as a possibl
agent.  The research irto this probiem has been done in the form of transmissios
experiments (Baker, 1943 and Watt, 1952), virus isolation (]arrett, 1954, 1956) ser

logical studies.

Parainfluenza type 3 (PIS or MP3 virus).

Myxovirus parainfluenza 3, bovine type, was first isolated from cattle with
shipping fever and classified as the SF4 strain by Reisinger et al. (1959). Since thes
the parainfluenza 3 virus has been isolated from cattle lungs in many parts of the
world. In the U.S.A. (Abinanti & Huebner, 1959; Abinanti et al., 1960; Gale & Kine
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1961; wood et al 1964, Sorensen et al., 1964, Hamdy, 1965), in Canada (]olly s
Ditchfield, 1965), in the UK. (Dawson & Cruikshank, 1963; Dawson et ali, 196&
Betts et al., 19(‘34; Omar, 1965) in Sweden (Bakos & Dinter, 1960; Dinter, & Bakos.
in Yugoslavia (I{Iemenc gtial. 1964), in France (Charton et al., 1965), in Germans

(Bogel, 1961), in Japan (Inaba etal., 1963, 1964), in Italy -(Scatozza, 1966) and i=

Denmark (Michelsen, 1964).

Electronmicroscopy has been used in identification of the morphological
characters of the Myxovirus group (Berkaloff et al., 1965). Jurmanova et al. (19630

have shown that diploid bovine embryonic. cell strains (BES) were suitable substray

for isolating viruses causing bronchopneumonia in cattle.
The wide geographic distribution of PI3 virus among cattle in many parts

of the world is evident from serological studies. Significant titres of hemagglutinatio
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,-inhibiting antibodies against. the virus have been found in a large proportion of animals

' suffering from respiratory diseases and healthy animals (Abmartx etal., 1961 Hoerlm-

] et al.. 1959; Dawson & Darbyshire, 1964 ; Harbourne, 1966; Inaba et al., 1963). In
.~ Northern Sweden, the PI3 virus w}nch assomated with mucosal disease secemed to b
- introduced by cattle purchased from other parts of the country (Bakos & Dmte

- 1960).

¥ ¥

Various strains of PI3 virus have been tested in calves for their abilities to

produce a respiratory disease (Woods et al., 1965; Inaba et al, 1964; Omar et al;,
l; 1966; Betts et al., 1964:). In studies of 'the combined effect of PI3 virus gnd Pas-
teurella spp. in shipﬁing fever, a severe dis’éase resérnbling moré or. less the natﬁ_ral
infection was produced only when the virus was inoculated with those org’a'nisﬁls.
j (Hetrick et al., 1963; Heddleston et al., 1962, Sorensen et al., 1964. and Hamdy, 1965).
'- Calves which received a high. initial level of passively transferred antibodies to P13
_ wirus may rot become susceptible to the infection until between 19 ard 23 weeks of
: zge (Dawson; 1966), and when vaccinated against this virﬁs, antibodies were .prbsen.t;

- 21 days after vaccination (Cvetnic et al.. 1966).

Infectious Bovine Rhinotracheitis (IBR) virus.

/

The IBR virus is commonly found in respiratory infections. . This virus

was first isolated in the U.S.A. by Madin etal. (1956). The disease caused by the virus

" in cattle in the U.S.A. was first described by Schroeder & Moys (195»1) and Mcker-

| cher et al. (1955) since then by other workers (McKercher et al., 1957; Gillespie et.
Eal., 19.)7) The virus has been isolated from lungs, nasal discharge or faeces of cattle
ith respiratory infections in many parts or the world. In Italy, (Morettl et al,,

, 954), in Germany (Grﬁnder et al., 1960), in New Zea_land (Webster & Manktelow



dmunnua
; 19__59), in Canada, (Stud&ert et al,, 1961), in South Africa (Mare & Van Rendsburg
7 1%1), In Hungary (Barécsai & Farkas, 1964), in Rumania, (Coman, 1964) and in -;I

LK. (Darbyshire et al,, 1962). Different strains of the IBR virus have been isolatat

from affected calves by Darbyshire & Shanks '(1963).

The virus has been proved for its ability to provoke a respiratory infectios

in calves (Baker et al., 1960; Collier et al., 1960) and intranuclear inclusion bodie

have been found in the epithelial cells of the respiratory tract (Crandell et s

- 1959).

2 . The IBR virus seexﬁs- to be the primary etiological agent of the respi '
téry infection (M;:Kercher. 1964, Although in studies of the combined effect
__IBR virus and P hemolytica on cattle, Colleir et al. (1960) reported that
‘Vduration of the disease was greater than n those given only one agent, the evidence
~ of serum antibodies against IBR virus has been found in sick and healthy anims s
(_Dawson & Darbyshire, 1964; Harbourne, 1966).
~ Adenovirus.

The bovine adenoviruses were Previously isolated by Klein et a-i. (195
- from the faeces of normal cattle ax;d from an apparently normal _calf (Klein et al.
 1960). Different strains of th;e virus ha‘ve been isolated from pneumonic‘caif lungs

P

(Bértha & Ald_z;sy, 1964; Cole, 1967) and from calves with pneumo-enteritis (Aldas

et -al, 1964) in Hungary.
Theladenoviruses have been prqved to “produce respiratéry syndromes
~ various routes of indculation (Mobanty & Lillie, 1965; Darbyshire et al.. 1966, 1963 “
~ Darbyshire et al. (1966, 1965) reported that the virus was recovered from conjunctiv

nose and faeces for up to 11 days after inoculation.
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The preseﬁce of serum ant1bod1es agamst adenov:ruses has been revealed _'
'-‘etle suffermg from resplratory mfectmns (Darbyshire & Pereira, 1964; Harborum
.‘ 966). Preeiputatlon reactmns have been shown to occur w1th adenowms system
55 means of gel d'.ffusmn test (Darbyshire & Pereira, 1964).

Reovirus.

The reovirus type 3 was first isolated from the faeces of normal- calves m

“hve been 1solated from the faeces of cattle in Maryland and all except type 2 have

‘proved to be able to produce pulmonary :nfectmns (Rosen et al., 1963),

In the U.K. serolo,g.ical evidenqe_ indi‘cqfe;'_ that these viruses are involveci_:‘i’
.ﬂm outbreaks of respiratory: diseases (Ijawson et al., 1966). They have been test
in calves’ for their ab1l1t1es to produce respiratory disease, but they failed to ehm
the disease. Nevertheless, the ammals developed antibodies against these viruses (La
“mont et al., 1968 ; Rosen & Abinanti, 1960). In studies of the combined effect qf‘:

reovirus type | and P. multocida in calves by varioué routes of inoculation, the aniﬁ}al

developed a mild respiratory disease (Trainor et al., 1966). - At present there are n_

reports about the isolation of reoviruses from other parts of the world. -

r

Other viruses. -

‘Many other viruses have been isolated from the lungs or nasal discharge: of
mlves and cattle suffering from respiratory infections. - In Hungary, Shope s virus

s been isolated from cattle with bronchopneumoma (Romvary et al., 1962) Ia




'ttacosis—Lymphogranuloma Venerum (PL‘V) Group of Organisms.

J

. Virus of the PLV group in cattle was first isolated in the U.S.A. by York

e - o \ < : :
Baker (1951) from portions of intestine and faeces of apparently healthy calvesand
amed Miyagawanella bovis. Since then these organisms have been isolated from

lungs and nasal discharge of cattle suffering from 'respiratory'diseases ‘in mapy parts ;
ft_he world. In Germany (Semordjiev et al. 1964),'in Hungary (Romvary, 1964),

Japan (Matumoto et al., 1955; Omori et al., 1960), in Rumania (Popovici, 1964; Sara-

anu et al., 1961), and in the U.S.A. (Palotay & Christensen;_ 195._9).

Different strains of PLV organisms have been isolated from calves with

respiratory infection in Rumania (Popovici, 1964).
The PLV organisms have been tested for their abilities to produce respira-

ory disease in cattle by various routes of inoculation, and the diseases provoked can
< - .

be characterized as*ﬁtypical types of pneumonia (Palotay & Christensen, 1959; Polony

et al., 1960, Omori, 1950, Popovici, _1964). In addition to causing respiratory infec-

tion, PLV organisms may px:_oduce sporadic bovine” encephalitis (McNutt & Waller,

1940; French & Snowdon, 1960) and epizootic bovine abortion (St{\rz & McKercher, :

Canada (Carter, 1954; a, b, and Carter & McSherry, 1933), in the U.S.A. (Haﬁxdy’
ét al., 1958). in Australia (Joi’mston, 1263) and in the U.K. (Harbourne et al.,' 1965;
Dawson etal., 1966).




ronchopneumonia in cattle

e thy and pneumonic calf lungs (Davnes, 1967) Many strains of‘ PPLO have been

groved to be non—pathogenic for calves (Hamdy et al,, 1958) Nasri (1966) repor-
d that a culture of a virulent M. mycoides strain 121 contained both virulent an&
-_ onvirulent agents. :

* Fungi

' neumonia caused f)y fungi is commbnly seen in birds, but it seems to be more ur
€ommon in cattle It has been detected though in recent years in some fatal infections.
T he primary respiratory mfectmn seems to be started by inhalation of spores from
mouldy litter and feeds, especially hay and gram which have been damp and heatec
during storage. This disease usually occurs in summer (Rensberg & Every, 1961) -
- September and rainfall (Hugh-—]ones & Austwick, 1967). A nocardia-like organisn
bas been 1solated in pure culture from the affected organs of a calf that died after
'zﬂevelopmg tbe disease.  The lung showed severe inflammation and hepatization (V&n

.der wall, 1964).(' andida albicans has been isolated from pneumonic calf lungs (Mills &.
| Hirth, 1967). e o ‘-
Cocmdw:domycoms a disease caused by coccidioides immitis, occurreden :
.zootically in the U.S.A. (Amaworth & Austwick, 1959; ]ubb & Kenuedy, 1963) %
Scholz & ‘Meyer (1965) have 1solated Mortierella polycephala from pneumon‘lc ltmg-
of~a_ CoW. Rhodotorula mucilaginosa has been isolated from \the lungs of calves

suffering from bronchopneumonia (Galati, 1964). Mucor spp. and Aspergillus DDy
‘Tespecially A. fumigatus, have been commooly found in mycotic pneumonia in cattle
V(K'c;nig et al., 1967; Cordes et al., 1964, Eggert and Romberg, 1960; Mollello &

iWiliiam Buseyf 1963; Jubb & Kennedy, 1963; Austwick, 1962; Ainsworth, 19&8;_-

‘Ainsworth & Austwick, 1959; and King et al, 1963), and the disease is usually asso-

:'ted with myotic abortion

7




- The transmission of infection may occur by direct or indirect contacts. The

3 g-;ﬁﬁtac;ti happens by inhalation of infected droplets coughed up or exhal'ed by

?eﬁt&a( 'h-niﬁlals. In my.co_tic pne'dmonié 't~he animals 'get the infection by inhalation

of contammated materlal The d1seasa may spread rapldiy and affect a high

[

rtmn af tbe herd when the conditions are optimum as e.g. when feedlot cattle'.

SR it e

able changes are seen. Exudatmn to the lumen of the lung is a very common
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vements, and later become recumbent shll W1th the head advanced The aﬁi‘mm

rhinitis, conjunctivitis, pyrexia, diarrhoea and anorexia (Inaba, 1964; 'Daw_sog;

B

1965; Reisinger,\l%‘é)).

7 erved by Rensburg z Evefy (1961) and Ainsworth and Austwick (:1959).

-~

geal secretion varies from serous 1o mucupurulent, Con*unctivitis may be pronounceéi

grdes et al. (1964) reported that expn‘atmn is remforced by abdominal musele- con-

ction. There is generally a rise in body temperature; reaching 4.0-41 C. In dairy ;

2le, an abrupt cessation of milk flow may be one of the first indications. There will

s increased respiratory and heart rates. On auscultation of the chest the major abnor-

lities can be detected over the antérior and ventral parts of the lungs, brqnghia_l_-
nds transmitted through consolidated lung, ~vesicular murmur, loud rales and & .

suritic friction rub may be heard.  Palpation of the thorax will not reveal any

ticular abnormality. The heart beat may be audible more clearly than usual. P
ion 'xrnaylE induce cough,\cduse pain and abnormal dullness is , often found at th

: -'ﬁ_l;gl_’f_ld ventral parts of the lungs.
cal pathology .

Haematologtcal fmdmgs, total red blood cell count, haemoglobxn an&-héema—
grit will mostly be normal. The__ leucocyte count usually shows' Ieucocytosis'.aqd'
strophilia. In viral infect;on leucopenia is often seen (Schalm,* 1965). Johnston
- ) ref)orte& that in PPLO infections, the animals showed'ieucdpenia, -eosinopenia
rrlowest leucocyte count being lloo;,‘-- -

agnosis

The dlagnosm is based on the hlstory of the affected ammals. Imp'o:rtéiitf

e season snd predisposing causes. ~ The dlsea=e is usua\ly rec0gnlzab]e by
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~one or more of the clinical symptoms found on examination of the respiratory systes

Especially important are increased rate of respiration, cough, rales and dullness

 auscultation and percussion over the chest. Allergic tests may be used in some cas
o

- The isolation of organisms, hematological and serological findings provide specific mes

- of diagnosis.

PARASITES

The most common parasites causing parasitic bronc}]itis and+ bronchopnes
monia are Nematodes of the family Metastrongylidae, genus Dietvocaulus. Oth
species of parasites appear to be the cause of pneumonia only by accidental migrati
of the larvae through the lung. For instance, the migratory lsrval stage of A. vis
lorum may cause pﬁeumonia (Cameron, 1951 and Lapage, 1962). An acute pneumos
ia has been reported in 17 vearling cattle lo days after being put into a pen contamins
ted with A. lumbricoides ova (Aller:, ]962). The post mortem findings reveale
a p.neumonia and the fourth stage larvae of A, lumbricoides have been found f o
bronchial serapings. Anon (1964) reporied a case of chronic brdnchopneumonia poss
ly induced by pulmonary infection with liver flukes and Corynebacterium..Di 5
cauliasis or lungworm disease is an enzootic bronchitis and bronchopneumonia due

the presence of worms in the bronchi of cattle reported as.iong ago as in 178
(_Ruysch). In 1756 (Nicholls) the presence of bovine lungworms was correlated with
the distinct disease.  The disease occurs in all countries, but chiefly in low—lying

regions with extensive pasture land, in boggy districts and with & wide variation d=

pending on climatic conditions and season.

Usually al.lxlungworm species are host—specific (Blo'od & Henderson, 1963)

Lungworm disease in cattle is almost exclusively caused by Dictycaulus, viviparm
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k & Hildebrandt (1964) and Parfitt (1963).  infecled calves with 3.000~12.500

filaria of which a few larvae developed to the fifth stage, but none obtained sexual”

Bturity. Animals of all all ages susceptible to this disease, but especially caiveé_

A
to 10 months of age, The animals are affected during grazing on pastures in

which the lungworm larvae are found.

&

The climate is an important factor governing the incidence of parasitic

onchitis (Rose, 1960), the highest incidence seems to occur in warm, wet Summers.

Frick (1964) reported that the faecal counts of D. viviparus larvae in cat-

reached a maximum in August, During a survey over two years of lungworm

cattle, Henriksen (1967) found that the percentége of positive samples was highest
over 407 ) in }uly and thereafter gradually fell to about 20% in October.

fe cycle.

The mature worms live in the larger air passages of the lungs where their
s are laid. The eggs may hatch in the lungs but are usually coughed up and

allowed and hatch while they pass through the alimentary tract of the host to pro-

e first—stage larvae develop in the internal environment first into the second

=ge then into the third and infective stage the process taking less than seven days

mder optimum conditions. The infection of the host occurs by ingestion of larvae.

7

ey penetrate the wall of the small intestine and migrate through the mesenteric

smph nodes to the lymph vessels. From here they pass eventually to the Venous
Bood stream, through the heart and reach the lungs. TheSr penetrate the lung

spillaries into the alveoli. and gradually ascend into the bronchioles passing through

fourth Iarval stage. After migration up to the bronchi they are mature.

g

Jarrett et al, (1957) stated that it was the fourth—stage larvae which leftr-

lymph nodes to migrate to the lungs and that the pulmonary lesions were nottced
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five days after initial infe‘ctio_n.- On the other hand, Douvres & Lucker 7‘(197' _
working with guinea pigs recovered third_——stage larvae from the luné 18 hou’fs

administration. In e'xperim.ental calves, Poynter et al. -(1-960) lreported' that 7

larvae reached the lung in twentyfour hours after infection.

Infectivity.
Michel (1959) reported that of the larvae passed in the faeces about 98
-w111 die out in the first 14 days Climatic conditions were considered as the

1mportant influencing the development and survival of the lungworm larvae from fi
 stage through to the mfectwe stage (Rose 19u6 IQGO) The: rate of - develop
'7 is decreased in autumn and winter and mcreased 1;1 sprlng and summer, l Mtche'
parfitt (195'3) and Michel & Shand (19’55) observed a survwal perxod, in the aut
and early vsfinter, of 4 months, and they expressed the opinion that overwintring
the larvae seeméd unlikely to occur. Eopov. et al; (1965) repofted, that-,t_he 1
survived up to 8—15 days in summer, up to 10—30 days in spring and up to 113
in winter. Emgk & Duwel (1961) showed that the larvae could survive 1n' wing

' -and shll remain 1nfect1ve In studies of the epidemiology of parasitic bronch:

. Jarrett at al. -(1955) reported that the larvae of D. viviparus could survive

remain infective for one vear on pasture.
“The infective larvae are not very active and rarely migrate from the £

*.. 10 the herbage and as the animals usually avoid to graze near the faeces some

;-ﬁ_thod of dissemination of the Iarvae 18 necessary. Semifluid faeces thus has

‘_(Rése -& Michel, 1%7)
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In studies on the role of fungus Pilobolus in the spread of the infective
larvae of D. viviparus Robinson (1962) and Robinson et al. (1962) found that growth
of sporangiphores of Pilobolus usually occurred on the faeces. A characteristic of

this mould is the violent discharge of the whole sporangium, containing the ripe spores,

. 2 : 1 -
onto the neighbouring herbage reaching a height of 6 feet and a distance of 85 feet in

still air. The larvae appeared to be stimulated to climb up the sporangiophores of

.~ the fungus, coming to rest on the upper surface of the sporangium.

Immunology.

Many workers have reported that calves’ which had been infected by D.

wiviparus acquired strong resistance to reinfection of D. viviparus (Taylor, 1951;

Bregoire, 1951; Jarrett et al., 1955a; Swanson et al., 1956 and Michel, 1955). Jarrett

et al. (1959) recovered a great variation in immunity after exposure to D.viviparus.

In resistant animals, the larvae may fail to become established in the lung, or
‘may be inhibited in development or eliminated or destroyed before attaining ma-

turity (Michel, 1956). The duration of resistance seemed to decline very rapidly in the

shsence of reinfection (Rubin & Lucker, 1956; Weber, 1958; Jarrett et al., 1955b).

Inspired by these findings (immunity) a lot of promising research is going
in the line of Vaccination.(Wade et al., 1962; Jarrett et al, 1960a, Jarrett, 1958a,
elbrecht, 1961; Edds, 1963; Olsen, 1962; Vercruysse et _al.,' 1963; Pierre et al.,
1; Enigk g Duwel, 1963a,b Duwel, 1963; Cornwell, 1962a; Downey, 1965; Lucker
Vegors, 1960: Nelson, 1964, and Lucker et al., 1964),

ogenesis.

The susceptible animals are infected by ingestion of contaminated grass,

tly cut wet roughage or contaminated water. The response of the lungs depends
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primarily on the number of larvae which are ingested, but the nutritional status, the

age of the animal and debilitating factors may be involved. In studies on the

development or lungworm disease, Jarrett et al (1960 b) divided it into a penetration
a prepatent, a patent and a postpatent phase. Poynter (1963) reported that during

the penetration phase. (1*-7 days) petechial haemorrhages were caused by the

penetration of larvae from the capillaries into the alveoli. During the prepatent phas
(7—25 days), there is an intense eosinophilic exudate into the lungs which blod
small bronchi and bronchioles. These blockages lead the cjollapse of parts of the
lungs. In the patent phase (25 to 85 days), there is a lung reaction in which ma
~ cophages and giant cells attempt to engulf the nematode material. This -~ produces
consolidation of lung lobules. The postpatent phase (55 to 70 days) of the disease

is often one of gradual recovery. There is alveolar epithelialization which mag

spread to involve the whole lobe of the lung.  Jarrett et al (1960b) listed several

complications which might be seen; e.g. pulmonary oedema, emphysema, bronchiectasia

and pulmonary fibrosis. ]qrrett & Sharp reported that the eosinophilic response appeared

more marked. According to the severity of clinical diseases it is generally divided

into acute and chronic forms.

In the acute form there are areas of collapse of all lobes, sei)tal oedem:
interstitial emphysema and accumulation of eosinophils. These lesions are follow
by alveo—epithelialization, oedema and formation of a hyaline membrane. Seve
dyspnoea and cough are commonly seen. Frothy fluid containing larvae deposits &

the bronchi and the animals often die before the mature worms have develope

(Jarrett et al., 1959)

In the chronic form the adult worms and larvae can be found in brone

which are also filled with pus and mucus. The worms live in the small brond
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e they suck blood and irritate the mucosa, roducing a catarrhal bronchitis. The

“ezmmatory process spreads to the surrounding peribronchial tissues, and exudate
v passes back into the bronchioles and alveoli, causing atelectasis, and pneumonia
v be set up by secondary invaded bacteria. The irritation of the mucosa by the
seirating larvae may cause diarrhoea.

cal findings.

The acute form of lungworm infestation is usually found in adult cattle. ‘
mical signs are not seen in the first week after infection. The first clinical sign
be diarrhoea followed by the onset of respiratory signs (Djafar et al., 1960),
clinical signs may develop by the end of the Second week or during 7 to 25
There will often be a rise in temperature 104 to 105.F, dry cough slight
discharge, shallow b.ronchiai breathing at the rate of up to 100 per minute (Blood
dersoﬁ,1963). On auscultation, the lung sounds will show an increased vesicu-
murmur and bronchial tones over the whole of the lung field. In severe cases,
th breathing, a violent respiratory heave and grunt. cyanosis and recmﬁbency may
found. The evidence of consolidation can be detected by loud bronchial sounds
£ absence of vesicular murmur, moist rales may be heard over the bronchial treé

cracking of interstitial emphysema often appears over the dorsal two-thirds of the

The chronic form is more common in calves than the acute form. Diarrhoea
2 may be the first sign of the onset followed by slightly elevated temperature,

P sough, an increase in the respiratory rate of about 60 to 8() per minute (Fisher &

jre, 1960). In severe vases the respiratory rate may reach llo to 140 per minute
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(Parker & Vallely, 1960). In later stages shallow bronchial breathing accompanied by
an expiratory grunt is observed. The head will often be extended, the tongue pro-
truded and expiration vigorous with the whole body concerted in the effort. On aus-
cultation there will be consolidation and bronchitis ventrally, and emphysema dorsaily.
The course of the disease is quite long, it my be 3 to 4 weeks or 7 to 8 weeks., The d
animals are susceptible to secondary bacterial bronchopneumonia and many animals die,
the lung lesions showing proliferative bronchopneumonia.

In both forﬁs, emaciation, loss of appetite, dehydration, congestion of mucus

- membranes, loss of weight and reduction in growth are usual findings.
Clinical pathology.

The larvae are present in faeces 12 days after the development of the clini-
cal signs or 24 days after infestation. The faecal examination can be performed by
the Baerman method or by the improved method of Henriksen (1965) :  The faecaly
sample is placed on a double layer of gauze suspended on the rim of a conical glass
vessel with water.  After 24 hours a drop of fluid is ren‘aoved from the bottom of
the vessel by pipette and examined under microscope. By this method twice as many

cases of lungworm infestation can be detected as by the Baerman method.

Haematologically, calves suffering from D. viviparus infestation shows

eosinophils in the circulating blood (Weber & Rubin, 1958; Djafar et al., 1960, Corn
well, 1962b, and Downey, 1965). Djafar et al. (1960) found that no significant
changes were recorded in the total number of erythrocytes, haemoglobin, haematocritl

values, immature neutrophils, basophils, monocytes or alpha globulin. In studies of

the duration of acquired immunity to D. viviparus infection in calves, Michel & Mae-

kenzie (1965) reported that the general blood picture in resistant and control animals
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- alike except for the differentila count. The circualting blood eosinophils showed
§ characteristic primary response in animals given 2 successive doses of normal larvae
2 2 mild transient rise in thoes that were vaccinated. The blood eosinophils was
gr=lleled by dense infiltration of tissues by eosinophils.

Many workers have studied the serum antibody formation against D. vivi-
s by complement—iixation test, but it cannot so far be relied upon to reflect the
mune status of agiven calf (Iarrett ot al., 1959; Weber, 1958; Michel & Cornwell,
59: Cornwell & Michel, 1960; Poynter et al., 1960; Cornwell, 1960a,b, 1961. 1963a).
hel, Mackenzie et al. (1965) reported that complement fixation antibodies were
found in animals after vaccination. They also performed precipitin tests in which
was shown that several precipitins were produced in response to infection, though
=ot to vaccination. A

In studies of the estimation of complement—fixing antibodies in bovine dic-
.ulosis by means of an antigen prepared from A. suum, Toma;nek & Proch:;zka
' 1967) reported that the c.f. titres increased within 3 weeks after infection.

In studies of the allergic diagnosis of dietyaulosis in cattle, Pagirys et al.
7(1966) claimed that specific reactions were obtained in 409 infected cattle (aged 4—9
mnths) following i/d injection of 0.2 ml of allergen, either 1:1000 dilution Bivin
estract or a 1:100 dilution of extract prepared by'Ershov,s method. Positive reactions

.re first obtained 10—12 days after infection with D. viviparus larvae.
Biopsy of the lungs has been used to determine the presence of larvae
A Campbell & wetherill, 1957).

agnosis.

The diagnosis may be based on a history of exposure to pasture previously

grazed by animals of the same species, the presence of the disease in the area, failure
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to treatment for bacterial and viral pneumonia and the time of the outbreak. T
presence of fever, cough, consolidation\of the lungs and interstitial amphysema are
undependable criteria because these signs are found in bacterial and viral pneumonis
as well. One clinical sign which may be of value in differentiation this disease form
other types of pneumonia is a harsh and dry cough, The presence of lar;'ae in

faeces, the increased respiratory rate and eosinophils in circulating blood and iung

biopsy support the diagnosis.

Summary

Bronchopneumonia is commonly seen in cattle. The disease is mainly caused
by bacteria, viruses, fungi aad parasites. The intensive husbandry, physical stresses,
pasture management, grazing behaviour and climati¢ conditions seem to be of major
importance._ The infections are characterized by a specific respiratory syndrome.
The specific diagnosis of infection caused by organisms is based on the isolation of
organisms and serological findings. In parasitic infection haema-tologic:al findings and

the presence of larvae in the faeces provide specific means of diagnosis.
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