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INTRODUCTION



INTRODUCTION

Respiratory diseases often take a heavy toll of
the lives of goats, particularly the young ones. Among the
diseases of the respiratory system, pneumonia both as a
primary and a secondary affection has a major role 1n

causing mortality among goats.

There 1s dearth of knowledge regarding the 1inci-~
dence of pneumonia of goats in India. No systematic inves=
tigation appears to have been made to delineate the factors
associated wrth 1ts aetiology under the conditions of hus-
bandry of goats in our country. However, some information
1s available on the incadence of this disease syndrome among
goats 1n various parts of our country. Minett (1950} reported
that the incidence of pneumonia was highest (39.3%) in goats,
under sixth month of age. Tiwari and Pandit (1964) found
that 13% of 1385 goats and sheep examined at four abattorrs
in Madhyapradesh had pneumonia. Further reports on the
Survey of incidence of goat-pneumonia were based on the
observations made at absttoirs and routine necropsies carried
out by Ramachandran and Sharma (1969). Out of the 1755
goats necropsied, 507 revealed lung lesions, the incidence
being 28.,22%., This conclusion i1s 1n general agreement with
the observations on disease problems of goats in other

countries of the world, where pneumonia is the most important
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problem affecting the economics of goat production
(Trwari and Pandit, 1967; Pearson et al. 1972; Macowan land Ma-

|
nette, 1976). *

Despite the general similarity in the clina caill.
picture, 1t 1s becoming increasingly evident that the
aetiology of respiratory infections in goats is very coxﬂplex.
Under intensive conditions of management physiaml stresses
in addition to infectiousagents are gmnerally consldered| as
of special significance. Physical stress as from exhaustion,

\
over crowding and 1rregular feeding is an important factor

in lowering the resistance and thereby enabling 1nfectlo1;.s
agents to precipitate the disease (Mckercher,1964). Ev:.dlence
1s also accumulating whrich indicates that the severe cllnilcal
disease seen under field conditions isthe result of interactions
of two or more infectious agents under the influence of
physical stressess ‘
|

In the goat farm attached to the Kerala Agricultural
University, large numbers of goats are raised under 1deal
manmgemental and hygienic conditions, but very often lOSSG‘S
due to pneumonia have been encountered especially 1in young\
animals, Limited studies conducted at the Department >f
Bacteriology have rg/\gled occurrence of various species of

organisms assoclated with such conditions. However, a

detailed investigation on the aetiological factors has not



so far been carried out. Hence this thesis 1s directed

into three aspects in the following order:-

1@

3

Studies on the bacterial species assocrzated
with pneumonia 1in goats based on their mor-

phologicel, cultursl and brochemical characters.

. Studies on the pathogenicity of the i1solates

to ervperimental snimals as well as to the

primary host.

$tudies on the drug sensitivity of the isolates
to the common therapeutic agents used in human

and animal practice.
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REVIEW OF LITERATURE \

History and incidence \

Pneumonia i1s the inflammation of pulmonary paren-
chyma and is usually accempanied by the inflammation of
bronchioles. The exposure of lungs to the external environ-
ment via the upper alimentary and respiratory tracts and &o
the internal enviromment via the blood vessels, predisposes
ammals to the respiratory diseases (Jubb and Kennedy, 1970).
Among the various respiratory diseases, pneumenia 18 consi-
dered to be a very serious problem encountered in animals
(Barr et al. 1951; Greig, 1955; Pounden et al, 1956; Gowan
et al, 1957; Klemene et al. 1964; Stamp, 1968; Mohn and
Utklev, 1974; Sarkar and Bhattacharyya, 1975; Thomas et ale.

1975). |

\
|

There are many reports on the incidence of pneumonia
1n goats, sheep and cattle in India and abroad, Langham,
et al. (1944) reported that the incidence o f pneumonia in 'sheep
1n Michigan State was 32 to 33%. The authors obtained thﬁ
above data from the record of meecropsies conducted at Michigan
State Veterinary College for a period from 1912 to 1941, |
They also studied correlation of age and season with the ﬁn01-
dence of pneumonia. The incidence was found to be high i1n the

first 81xty days of life and more percentage of cases was|



recorded i1n winter and spring. St. George (1972) reported
the 1ncadence of pneuwmonia in sheep i1nSouth East Austral‘la
and recorded that 75 percent of deaths were under omne y‘*ear
of age. Similar study in lambs conducted by Korikov (19|74)
in Soviet Union revealed that there was a seasonal variation
1n the prevalence of pneumonia. He had reported that 30 to
40 percent of pneunmonic cases were recorded during summer
season while the incidence went up to 70 percent during ”
winter and spring. Murgera and Kramer (1967) stated that

the 1ncidence of pneumonic death in goats in Kenya was

higher (60%) when they were exposed to stress,

\
|

Reports regarding the incidence of pneumonia 1n
goats 1n India are available. Minette (1950) reporied that
the mortality due to pneumonia was 39.3 percent, the inci-
dence beaing high in kids under sixth month of age. High
percentage o f pneumonic death was noted in October, November,
April and May. Kaw and Khera (1970) in a survey study |
screened 1712 dead sheep belonging to four Go wrnment Sheep
Breeding Farms in Jammu and Kashmir sgnd found pneumcnia ’

11

incidence of goat pneumonia based on the observations made

1n 689 (40.2%) cases.
A few more reports regarding the survey of the

from abattoirs and routine necropsies are avallable. [\
l
Tiwer1l and Pandit (1964) examined 1385 goats and sheep at

|
\



four abattoirs at Madhya Pradesh and found that the

incidence of pneumonia was 13 percent. Ramachandran and
Sharma (1969) in another survey recorded that out of 17;5
goats necropsied, 507 showed pneumonic lesions, the inci-
dence being 28.22 percent, In the same study they also|
observed that the incidence of pneumonic lesions in goats

tended to be higher than sheep and varied from 14 - 28

percent compared to 11 - 19 perdent in sheep.

Aetiolegy of Pneumonia

Mckercher (1964) reported that, eventhough the
aetiology of respiratory infections was gquite numerous
and complex, there was a general similarity of clinieal |
plcture in pneumonia, ~FPulmonary inflammation might be
caused by inhaled irritant gases or aerosols, by aspirated
foreign matter, by aerogenous or haematogenous viruses,
bacterra, fungi, metazoa as well as microorganisms of
uncertain classification (Jubb and Kemmedy, 1970). In
many 1n stances the lesions were specific by virtue eltheﬁ
of their anatomic pattern or the presende of causative

agent 1n the lesion, |

!

I
Many i1nvestigators have ilncriminated bactecial
[

organisms as the causative agent of pneumonia, in sheep and



goats (Creche and Gochenour, 1936; Cambell et al. 1949; |

Hamdy et al. 1959; Bensal, 1967; Corrado, 1967; Sarkar
and Bhattacharyya, 1975). The role of Pasteurella in the

aetiology of pneumonia in goats and sheep had been reported

|

Mugera and Kramer, 1967; Stamp, 1968; Ramachandran and |

by many workers (Marsh, 1953; Gourley andBarber, 1960;

Sharma, 1969; Mohn and Utklev, 1974; Korikov, 1974). During
the course of a detailed study of aetiological factors of
Pneumonia in cattle, Robert (1955) observed occurrence of
Pasteurella in very many cases. Isolation of both
P.multocida and P.haemolytica had also been recorded by
Carter (1955, 1956); Collier et al.(1962) and Yamamoio

et al. (1976)from the lung tissues of animals suffering
from pneumonia. Isolation of P.multocida from the lung of
p1gs seriously affected with pneumonia had been reported

by Sulochana and Abdulla (1970). Gourley and Barber (1966)
reported the recovery of nine strains of P.haemolytica frgm
naturally occurring cases of pneumonia and septicaemia 1n|
goats, in Uganda. Mugera and Kramer (1967) recovered ‘
P,haemolytica 1n an acute pneumonic outbreak in goats in }
Kenya. Working on the bacteriology of pneumonic lesions |
in sheep and goats in India, Bansal and Malik (1966) and i
Bansal (1967) made frequent isolation of P.multocida and |
P.haemolytica. Similar results were also obtained by
Ramachandran and Sharma (1969) in their investigational

studies on pneumonia., MNohn and Utklev (1974) and Sheraf i



et al. (1975) also recorded the incidence of pneumonia |

due to Pasteurella organisms in lambs.

Streptococcus as an aetirological agent of
pneumonia in goats had been reported by several workers
(Dhanda and Chandrasekariah, 1958; Corrado, 1967; Rama- |
chandranand Sharma, 1969; Mazitov et al. 1973; Stevensoﬂ,
1974). In a comprehensive study of bacteriology of
pneumonia 1n sheep and goats, Romer (1948) and Fey (1957)
observed occurrence of large numbers of pathogenic stralgs
of Str.poneumoniae 1n the lung tissues of affected animals,
Experimental studies had revealed reproductien of typlca%
lobar pneumonia 1in youn%és well as in adult animals,
Wallman et al. (1955); Goldstein et al, (1967); and Blasi-
lliere et al. (1968) also reported certain serotypes of

Str. pneumoniae as the main pathogens associrated with

pneumonia, although other serotypes were also present 1n‘the
nose and throats of healthy animals. In an outbreak of
fatal respiratory infection in a flock of 100 sheep and |

50 goats, Str.pneumoniae were 1solated from the lungs of
s1x dead animals (Corrado, 1967). Experimental studies had
shown that the agent was pathogenic for mice and rabbits

but not to guinea pigs.

The importance of corynebacterial organisms in

pneumonic conditions in goats had been studied by some



workers (Gowan et al. 1957; Bansal and Malik, 1966; Natak
rajan and Nilakantan, 1974; Sarkar and Bhattacharyya, 1975).
Ramachandran and Sharma (1969) reported that they were able

to 1solate C.pyogenes from 27 percent cases of caprine |
pneumonia, Isolation of C.ovis from the lungs of goats
showing pneumonic lesions had been made by Sarkar and
Bhattacharyya (1975). During the course of an investigational
study of pathological conditions in sheep and goats in

Nigeria, Addo (1976) made 1solation of Corynebacterial

|
I

organisms from 176 goats,

Contaglous caprine pleuropneumonia caused by |

Mycopla sma mycoldes varcapri 1S one of the most serious

enzootic diseasesof goats (Longley, 1951; Cordy et ale1955;
Salisbury, 1957; Hudsen et al, 1967; Pearsen et al. 1972;

St.George and Carmichael, 1975)e Isolation of the Mycopla sma
organism from caprine pleuropneumonls cases had been reparted
from many parts of the world (Babiker, 1968; Cottew et a_l'.

1969; Perreaun, 1971; Goni and Onoviran, 1973; Macowan and
Minette, 1976), Reports on isolation of Mycoplasma from ‘

sheep pneumonia are also avairlable from different parts olf

the world (Carmichael et al, 1972; Erdag, 1972; Sullivan !

et al., 1973; Alley and Mankteiow, 1975; St.Gearge and Carmichael,

1975; Stipkovits et al. 1975).

Pneumonia 1n goats eaused by Staphyloeoccus [
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|
streptococcus, klebstella pneumonize and Escherichia coli

had been reported by several workers (Bansal and Malik,
1966; Annonymus, 1967; Bansal, 1967, Austrian,1968; Rama-
chandran and Sharma,1969; Tanner et al. 1969; Stevensen, |

1974; Smith and Williams, 1976).

Pathogenicity Studies

The pathogenic properties of Pasteurella, for a
wide varirety of animals had been reported by several workers
(Borgman and Wilson, 1955; Smith 1964; Biberstein et als
1967; Bellavance et al. 1974; Lukyanenko et al. 1974 ’
Thomas, 1974; Gilmer et al. 1975). Smith (1958) reported
that the strains of P.multocida isolated from different
sources varied in their virulence to mice, The author had
sub stantiated that the strains of P.multocida 1solated from
cats were highly virulent when compared to the dog strain,
which was moderately virulent. Mice, rabbits and pigeons were
sald to be the most suirtable experimental animals for testing
virulence of P.multocida (Wright, 1936). Bullen and Rogers
(1968) reported that Pasteurella was able to produce the
symptoms, even in passively immunised mice 1f intra-peritoneal
injection of a solution of haemoglobin or ferric ammonium
citrate was givemn. Intraperitoneal injection of a 24 hour

broth suspension of P.multocida in rabbits resulted in death



after two or five days and the lesions noted were local
oedema, congestion and in certain areas haemorrhagic
tracheitis (Magnusson,1914). Sulochana and Abdulla (1970)
also demonstrated pathogenicity of P.multidcida isolated
from pneumonic conditions in pigs, to mice, rabbits and

to the primary host. Biberstein et al. (1967) conducted

a study of the experimental production of pneumonia in |
sheep and the method of inoculation wa®s by tracheo-bronchial
intubation, Borgmen and Wilson (1955) artificially produced
pneumonia in goats with a 24 hour culture suspension of
P.multocida by intratracheal route. However, mild febrile
reaction was only noticed in cattle by intranasal instilla-
tion of P.multocida (Collier et al, 1960; Baldwine et al.
1967). But Gale and Smith (1958) reported that no reaction
was noticed when similar organisms were i1njgected subcutaﬂeously
although Collier (1968) could produce bronchopneumonlia b;
the same procedure, Ramachandran and Sharma (1968) found
that pneumonia could very well be produced by the haemato-
genous route 1n sheep and goats with agar embolic contalning
Pasteurella. Gilmer et al. (1975) also observed that expe-

rimental pneumonia could be produceé& with aerosol 1nfectﬁon

of P.haemolytica,

Several workers had reported the experimental |

pathogenicity and production of pneumonia 1n various |
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laboratory animals, using $treptococcus pneumoniase

(Mazitov, 1973; Adams et al. 1974; Goldzindr, 1974).
Str.pneumoniae was highly pathogenic when injected into

mice and rabbits but guinea pigs were usually refractory;

cat, dog and chicken are also said to be relatively resistant.
In rabbits, 1t produced a fatal bacteraemia when given bx
1ntravenous route and an acute periotnitis folhowed by
bacteraemia when injected intrapepitoneally (Wilson and
Miles, 1975). Some workers had reported that different ‘
serotypes varied in their virulence to different laboratory
animals and also stated that the type of capsular poly-
saccharide was the determining factor for virulence (Schdffer,
et al, 1936; Hjordis M.Foy, 1975). Dhanda and Chandrase-
kariah (1958) studied the pathogenicity of the strains of
Stre.pneumoniae isolated from pneumonic lesions of goats

for mice, They found that 0,5 ml of 10~% d1lutions of

18 - 24 hour o0ld serum broth culture was estimated to be jthe

|
average lethal dose for mice. GCorrado (1967) in an experi-
mental study 1in mice, rabbit and guinea pig with a sirain of
Sir.pneumcniae 1solated from thg@neumonlc lung of goats
reported that the agent was pathogenic for rabbit and mlcg

and not for guinea pig. However, Adams ei al. (1974) repfrted
an outbreak of respiratory disease in gulnea plgs acces51P1e

to Str. pneumonise type XIX,
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Corynebacterium pyogenes is a wide spread pathogen

of domestic and experimental animals, and under natural
conditions gave rise to suppurative pneumonia and other
suppurative lesions (Rajagopalan, 1937; Magnusson, 1938;
Roberts, 1957; Thal and Rutgvist, 1959). Subcutaneous
injection of laving culture of C.pyogenes into the rabbit
brought about dévelopment of local abscess and 1f given by
intravenous route resulted 1n generalization and abscess
formation 1n bone and joints (Wilson and Miles, 1975). 1
Brown and Orcutt (1920) reported that rabbit appeared to be
most susceptible, guinea pigs was less susceptible and mouse
was relatively resistant. Various authors had reported that
under suitable conditions C.pyogenes liberateé an exotoxin.
This exotoxin was found to be lethal to mice and rabblts‘
1f injected intravenously and a dermonecrotic effect wou#d

be produced in guinea pigs.(Lovell, 1937; Soucck et al.1965;
Smith, 1966), Arseculercitue and Navaratnane (1975) reported
the 1solation of C.bovis from the lung abscess of a laboratory
rabbit and they experimentallly reproduced a similar disease

by 1ntravenous injection of the isolate. Zaky (1976) reported
the relationship of toxigenieity and pyogenicity 1in expeél-
mentally infected mice, They fbund that suspensions of
C.ovis once subjected to physical and chemical treatmentl

would not be able to kill the mice, but mas able to prod&ce

sterile pyogenic lesions.
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Antibrotic Susceptibilaity

Eventhough different types of invitro antlblot&c
tests have been used, the results were influenced sometimes
markedly by the test conditionss The WHO Expert Committee
(1961) classified the methods of invitro antibiotic sensi-
tivaty tests into two main categories: diffusion methodé
and dilution methods.

|

The principle of diffusion method 1s that the drug
kept 1n a focus diffuses to the surrounding solid medlumland
causes a zone of inhibition of microorganisms present over
the medium, The antibiotics are incorporated into the filter
paper disc or in compressed tablet, The filter paper digc
dirffusion method had become the most commonly used and |
accepted procedure because of the simplicity, rapidity and

[
availability of commercially prepared disc (Andersomn, 1970;

Garrod and 0' Grady, 1971; Davis and Stout, 1971). 1In aI
survey, Castle and Elstub (1971) found that 99 percent o%
the laboratories in Britain used the disc diffusion tests
The WHO Expert Committee (1961) had recommended standards of
quality for commercial antibirotiec sensitivity testing diécs.
Eriesson and Sherris (1971) and Garrod and Waterworth (1971)
described varying methods 1n standardization since varylng

f
concentrations of disc along with different kinds of media
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and techniques were employed by dirfferent workers.
Bauer et al. (1966) advocated a standardised single, high
potency disc method with the object that (1) the result

\
obtained should be reproducible (2) Interpretation of results

Q
of the disc test was quantitative., By this method, the‘
test organism could be classifred into resistant/sesnsitive/
intermediate by referring to a zone interpretation chart,
The above method 1s now known as Bouer-Kirby method and had
been extensively evaluated and widely used (Matsen et al.
1970; Berry et al. 1970; Anderson, 1970). The Bauer-Kirby
method 1s quantitative and is based on minimal inhibitory
concentration (M.I.C.). Cheatle (1967) described the use of
a zone size chart based on Bauer-Kirby method to simplify
interpretation of zone diameters as a measure of bacterlﬁl
response 1o an antibiotic. Oberhofer and Maddox (1970)
described the use of an improved zone size chart vhich helps
to eliminate the tedious task of measuring each zone, !
Patersdorf and Sherris (1965) standardized an 1nterpreta?10n
chart to designate the organisms as resistant/semsitive/
intermediary which helped the workers for interpreting the

result of they were using the high level dasc diffusion

method.,.
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MATERTALS AND METHODS
Isolation and Identification

[
Materials for this study were collected from the

following sources:

1. The University Goat Farm, Mannuthy.

2, The Goat Unit of the All India Co-ordinated
Research Project on Goat for Milk Production,
Stationed at Mannuthy.

3+ Municipal Slaughter House at Kuriachirs, Trichur.

Collection of Materials.

Nasal and laryngeal awabs were collected from 55
goats of different age groups manifesting clinical signs of
pneumonia. Sterile cotton swabs moistened in sterile normal
salire solution were used for obtaining materials from n;strlls

|
and laryngeal region.

|

Eighty specimens of lung tissues, 43 tracheal swabs

and 36 samples of bronchial lymph nodes were collected asepti-
cally from goats showng pneumonic lesions at the time of

slaughter, The details of specimens are shown in Table 1,
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Laboratory Procedure.

a) Swabs.

The swabs were darectly inoculated on ten percent
I
bovine blood agar, chocolate agar and serum agar and were

1ncubated at 37°C for 24 to 48 hours under aerobic condlflons.
Another set of inmoculated plates were incubated at 27°¢ ?nder
ten percent carbondioxide tensien in order to obtain better
growth of certain pathogens causing pneumonia, The swabé

were also cultured on nutrient broth enriched wath iten percent
serum; and following 24 hours of incubation at 3700, subL
cultures were made on blood agar plates and were further
incubated under ten percent carbondioxide tension. Isolated

colonies were picked up and streaked on fresh blood agar plate

|
for further studies. The technique adop ted for obtaining

pure cultumrés was as advised by Cruickshank et al. (1975).
J
|

cultural and birochemical characters as described by Cowan and

The cultures 1solated were rdentified by their morphological,

Steel (1974).

b) Lung and Lymph nodes.

|
The surfaces of lung and lymph nodes were seared

with hot spatula and opened by a sterile knife. Sterile cotton
[

t
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swabs soaked 1n sterile buffered saline solution were thoroughly
rubbed on the cut surface of the lesions. The swabs were

then inoculated intoc the media mentioned above in order o
obtain growth of organisms. Pure cultures obtained were
transferred to blood agar slants and their identification

was done 1n the same line as described above.

Twenty-five samples including nine nasal swabs and
16 lung tissues were used for 1solabtion of Mycoplasma. For
this, the lung samples along with the associated lymph nodes
were pooled together and a 20 percent emulsion was madeﬂby
grinding them with pestle and mortar. MNutrient broth was
used as diluent. The emulsified tissues and nasal swabs were
inoculated into tubes containing PPLO liquid medium as
suggested by Chanock et al.(1962). Six culture tubes were
used for each specimen examined, After seven days incubation
at 3700, two drops from each of the inoculated tube wereI
streaked on PPLO agar plates as advocated by Arisoy et al.
(1967)s Incubated plates were ezamined under a stereoscopic

microscope darly from sedond day for a period of two weeks.
|

Pathogenicity Studies ’
Although several species of organisms were 1solated
during this investigation, only three species (P.multocida,

}
Str.pneumoniae and g.pzogenes) were selected for conductang



pathogenicity studies. y

1. Pasteurella multocirda.

|

|
Out of 26 strains of Pasteurella multocida 1so%ated

during the course of the study, four (N140/76, L76/76, T43/76
and R80/76) were tested for their pathogenicity to laborétory
experimental animals, mice and rabbitse A broth suspension
of P.multocida washed from 24 Jour old blood agar plates'was
used for the pathogenicity study. The broth suspension ¢as
1ncubated at 37°C for 18 hours and was diluted inm sterllé
saline and the opacity was adjusted between five and s1x:of
Brown's opacity tube before experimental 1inoculation., In all

[
instances suitable controls were maintained.

Mice.

Swiss albino suckling mice were 1njected subcuta-

neusly with 0.1 ml broth suspension contalning approximately

7

0+42 x 10' organisms, Two anlmalq%ere used for each strdln

tested. The animals were observed for evidence of illness.
Peripheral blood smears prepared from all the experlment;l
anlmalﬁét 24 hour intervals were examined to detect sep tiucaemic
stage of the infection. Heart blood and internal organs;Pf
S1x animals suceumbed within 56 hours after exper1memta1|

|
|
1noculation were cultured on blood agar, to detect bacteqﬁal
|

|
1
|
|
|
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growth. Two animals which resisted infection were sacrificed

on seventh day and tissues were subjected to similar studies,

Rabbits.

Subcutaneous ingection of 0.5 ml of a suspension of
P.multocida containing approximately 2,1 x 107 organisms
was made i1n eight rabbits of two months ages Blood smears
prepared at 24 hour i1ntervals were examined for the presence
of organism, Tissues and fluids collected from ammals that
di1ed at various intervals were processed and streaked on

blood agar medium, The details of experiments are summarised

in Table IIIb.

2. Streptococcus pneumoniae .

Out of 19 strains of Str.pneumoniae 1solated from
the pneumonic conditions, pathogenicity studies were conducted
in experimental animals with four strains (W13/76, L67/76,
T41/76 ,R66/T76) .

Mice,

Swiss albino mice aged one month were employed for
this study. Two animals were used for each strain of Sir.

pheumoniae. The growth was emulsified in normal saline and
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the opacity of the suspension was adjusted between five and

81x of the Brown's opacity tubes. 0.1 ml of the emulsion
containing approximately 0.42 x 107 organlsms was glven intra-
peritoneally to each animal, Peripheral blood smears were
prepared and examined at 24 hour intervals. All the inoculated
animals succumbed to infection within 72 hours of infection.
Tissues and fluids from dead animal s were subjected to detailed

bacteriological studies.
Rabbits.

Eight healthy rabbits were inoculated with 0.5 ml
of the culture emulsion containing approximately 2.1 x 107
organisms intraperitoneally. Blood smears were examined at
24 hour intervals, Four animals died within 72 hours of
inoculation and four resisted infection for 15 days till they
were sacrificed. Tissues and fluld#@ere examined 1n detail
to detect bacterial infection. Details of the experiment are

sumnarised in Table IIIb.

3. Corynebacterium pyogenes.

Out of 29 straims of C.pyogenes isolated, four
strains (N28/76, L71/76, P39/76, R76/76) were utilised for

experimental infection.
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Mice.

Two animals were used for each strain tested.
041 ml of a broth suspension of the arganism containing
approximately 0,68 x 107 was 1nj)ected intraperiZtoneally.
Since the i1noculated animals did not show any evidence of
1nfection for a period of 15 days, they were sacrificed and
their internal organs and fluids were examined for lesions

and were processed for bacteriological examination.
Rabbits.

Intraperitoneal injection of 0.5 ml of a broth
suspension of C.pyogenes containing approximately 3.4 x 107
organlisms was given to eight rabbits in the same linz described
for mice., All the rabbits survived 15 days of inoculation
and were sacrificed and autopsied, Tissues and fluids were
processed for further studies. The details of experiments

are 1llustrated in Table IIIb,
Pathogenicity Studies on Goats.
Since the various strains of the organisms isolated

from pneumonic condition in goats were found to be pathogenic

to some of the experimental hosts, their pathogeniciby to the



primary host was also investigated.

Healthy goats, aged four to six months, were used
for this study. The goats were divided into four groups,
each group consisting of three animals. The animals were
kept under close observation for one week before experaimental
infection. Thorough check up of the animals was done top
eliminate the possibility of pre-existing pneuwmonia, Tempera=-
ture was recorded daily for one week prior to the commencement

of experiment. The fourth group was used as control.

The first group of three goats (432, 433 and 4%4)
was 1nocul ated with the strain (L76/76) of P.multecida !
1solated from a pneumonic lung. 1.5 ml of 1:10 dilutior of

an 18-hour old broth culture of P.multocida containing approxi-

9

mately 6.3 x 10’ organisms was used as i1noculum., Method of

inoculation was by tracheobronchial intubation. Polyethylene
tubes with smallopenings at the sealed end was passed into the
trachea and presumably into the bronchi. The required quantity

of the inoculum was poured into the tube through a funnel.

In this way the inoculum was distributed in the form of %

fine spray and had a better chance of being inhaled 1nstead of

being deposited in a mass at a particular spot in the lung.

|
[
I
I

Peripheral blood smears from inoculated and control

animals prepared at 24 hour intervals were examined for Rlpolar
L
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organisms. The temperature was recorded darly in the
morning and evening throughout the experimental period.
Animals destroyed on the 12th, 16th anmd 21st day of inoculation
were autopsied and gross lesions were recorded. Impression
smears from the lung, trachea, pericardium and hearti blood
were stained and examined, The heart blood and internal
organs were subgected to detailed bacbteriological studies.
For histopathological studies, tissues were collected in
ten percent neutral formalin and processed by the paraffin
embe dding method. Sections were stained by Hematoxylin and
‘Eosin method, Details of the experiment are furnished in

Table IV,

The second group of three goats (412, 414 and 417)
was 1noculated with the strain of Str.pneumoniae isolated
from z pneumonic lung of goat (L67/76). 1.5 ml of a 1:16
drlution from 18 hour old broth culture of Str.pneumoniae
contalning approximately 6.3 x 107 organisms was used ask
inoculum. The method of 1noculation was same as described
above. Animals sacrificed at various intervals were exaqlned
in detail for evidence of infection., Heart blood and internal
organs were cultured on blood agar under ten percent carbon-
dioxide tension to detect bacterial growth, Histopathological
studies were also conducted on formalin fixed tissues, The
paraffin embedde® sectionswere stained with E & B method.

de
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Detalrls of the experiment are summarised in Table IV. |
The third group of three goats (K38, K40 and K48)
was inoeculated with 1,5 ml of 1:10 drlution from 18 hour
broth culture containing approximately 102 x 107 organisms
of C.pyogenes (L71/76) originally isolated from a pneumonic
goat lung, Tissues and fluids from the goats sacrlflce% at
12th, 16th and 21st day after inoculation were screenedlfor

evidence of infection as described earlier.

One animal each from fourth group was also
destroyed on 12th, 16th and 21st day and was examined 1in
detarl by cultural and histopathologlLcal studies.

\

Antiblotic Sensitivity I
!

!

Although several speciles of organisms were isolated
durang this investigation, ony 74 strains (26 P.mltocida,
19 Str.pneumoniae and 29 C.pyogenes) were selected for !

conducting sensitivity studies,
|

I

The method employed for sensitivity testing was
of high level disc-diffusion type. The following antimicrobial
agents were employed for the study: ampieirllain, baCLtfacln,
chloramphenicol, erythromyecin, gentamycin, kanamycin, nitro-
furans, penicillin, streptomycin, tetracycline and triple sulfa¥.
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Disc preparation.

Dises of 6 mm diameter were punched from Whatman
Nos.1 f1lter paper and were sterilized by dry heat at 140°¢
for one hour in lots of 100, 1q&etr1 dishes, Standard sus-
pensions of antibiotics were prepared in sterile distilled
water., Dilutions of the antibiotics as shown in Table V
were made according to the technique described by Blair
et al. (1970). One drop of the dilution which will provgde
optimum concentration of antibiotic for the experimental
purpose was absorbed in each disc. The antibiotic 1ncor£o-
rated sensitivity discs were stored in sterile vials at

|
4°C until uses ’

|

Medium,
Nutrient agar enriched with five percent bovine
defibrinated blood was used for growing the organisms for

sensitivity studies,

Preparation of inoculum.

|
The strains to be tested were grown on blood agar

i

medium for a period of 24 hours. Serum broth tubes were
1nocul ated with five colonies removed from blood agar plates

and incubated for five hours or until there was moderate
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1
cloundiness equal to the standard described by Blair et al.

(1970} |

Inoculation of plates.

|

Blood agar plates were inoculated with the cul#ure
suspension by smearing the entire surface by cotton swabi
dipped in serum broth culture., The plates were then allowed
to dry i1n the inverted position at room temperature for a

period of five minutes.

Application of discs.

The discs containing different antibiotics mentioned
above with appropriate concentration were placed on the meédium

]
surtably spaced and the plates were incubated at 37°C.

Reading of plates

I
The plates were read after overnight incubation. The

diameter of the zone around each disc in which no growthfwas
macroscopl cally discernible was measured with a pair of h
calipers, the diameder of disc also being included in thq
measurement. The findings were recorded and interpreted“
adopting the guide lines suggested by Patersdorf and Shefrls

i
(1965). (kppendix I). r
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Out of the 214 specimens examined, 139 (64.95%)
revealed the presence of different types of orgenisms.
No organisms could be isolated from 75 samples, Thirty-nine
nasal swabs, 42 lung tissues, 30 tracheal swabs and 28 lymph
nodes revealed evidence of bacterial growth (Table 1), the
percentage being 70.9, 52.5, 69.8 and 77.8 respectively.
One hundred and fifty-six strains of various bacterial |
speclres were isolated and identified, the i1mportant species

being Pasteurella multocida, Streptococcus pneumoniaze, |

Streptococcus pyogenes, Corynebacterium pyogenes, Staphylo-

coccus aurevs, Klebsiella pneumoniae and Escherichia coli

(Table 1). |
Out of 26 strains of P.multocida 1solated, seven
were from nasal swabs, five from the lung tissues, eight
from tracheal swabs, and six from the bronchial lymph noﬂes.
On blood agar, the majority of the 1solates produced flat
round translucent colonies with smooth surface on 24 hour
incubation. However, a few of the 1solates showed colonial

dissociation turning to mucoid or rough character., No gr?wth

i
was observed on MacConkey's agar but luxurient growth was'

observed on KCN medium. No haemolysis was note& on bovine
}
blood agar. ZITiffused cloudiness was noticed in broth

following 24 hour incubation, Birochemically, catalase, C
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oxidase, acid from glucose, mannitol and sucrose were

positive, Variable behaviour was noticed 1n arabinose, maltose,
xylos=se, trehalose, sorbitol and also in ONPG, hydrogen sulphide
and urease test, Ornithine decarboxylase, indole production
and nitrate reduction were positive, Gelatin was not ligquified.
The results of detailed reactions of gll the strains of

P.multocida 1solated are tabulated in Table IIa.

Among the 19 strains of Str.pneumoniae 1solated
during the course of this study, six were from nasal swayf,
four from lung tissues, seven from the tracheal swabs aund two
from bronchial lymph nodes., Seven strains possessed capsule,
Better growth was obtained i1n culture when 5 - 10 percent
carbondioxide was provided for primary isolation. Colonies
on blood agar were small and smooth with flat surface although
a few strains showé€d rough and irregular colonies, Uniform
turbidity in broth was produced by smooth colonies and granular
growth by rough and irregular colonies, Alpha type of
haemolysis was given by all the strains., Growth at 4500,
at pH 9.6, on ten percent bile and in 6,5 percent sodium
chloride were negative., Catalase, oxidase, voges-proskauer,
arginine hydrolysis, aesculin hydrolysis, gelatin l.quefaction,
hippurate hydrolysis and CAMP test were also negative. A4cid
clot on litmus milk was noticed. Bile solubility, optochin

sensitivity, acid 1in glucose, lactose, maltose and sucrese
I



were positive., Glycerol, mannitol, saliecin, sorbitol and
arabinose were not femented., Variable reactions were |
noticed on raffinose and trehalose, The results of the
detalled reactions of all the strains of Sir.pneumoniae
are shown in Table IIb.

[
4 total of 29 strains of C.pyogenes were isolated

of which four strains were from nasal swabs, 11 from the

lung tissues, six from the tracheal swabs and eight from‘

the bronchial lymph nodes, Scanty growth was obtained on
blood agar after 36 hours at 37°C. Growth was obtained both
under aerobic and anaerobic incubgtion. Nitrate reduction,
gelatin liquefaction, lactose, maltose, and haemclysin
production were positive, Voges-Proskauer, hydrogen sulphide,
urease and indole reaction were negative., Variable behaviour
in mannitol and sucrose fermentation were noticed. The l

results of the detarled reactions of all the strains of

C.pyogenes 1solated are tabulated in Table IIc.

Among the 32 strains of Streptococcus pyogenes

1solated during the course of this study, ten strains were
[
from nasal swabs, nine from the lung tissues, five from

tracheal swabs and eight from bronchial lymph nodes. The
I
results of detairled reactions of all the strains of Str.

pyogenes 1solated are shown in Table IId.
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A total of 33 strains of Staphylococcus were

1solated of whiech 15 strains were from the mnasal swabs,
erght from the lung tissues, four from the tracheal swabs
and the rest six from bronchial lymph no &s. The resu]x‘ s
of the detailed reactions shown by all the strains of

Staph.aureus are tabulated in Table ITe.

Eleven strains of Klebsiella pneunmonige and six

strains of E.coll were also isolateé& and studied. They
were 1dentified by the morphological, cultural and biochemical

reactions as i1llustrated in Table IIf and IIg respectlve‘ly.
Although 25 samples were processed for isolation

of Mycoplasma species, none of them revealed presence of

these organisms, |

Pathogenicity Studies

Pasteurella multocida.

Mice. I

\
All the eight animals 1noculgted with P.multocida
cultures showed a ris of temperature varying from 2.5 - 3.5°F.

Blood smears prepared from them at varying intervals showed
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[
large numbers of bipolar stained organisms., Six anlmalé
succumbed to infection within 56 hours of i1noculation.
Gross lesions noticed in animals which died within 56 hours,
were only local oedema and congestion at the site of inocu-
lation, However,P.multocida was isolated from the heart blood
and lung tissue of these animals. The remaining two animals
sacrificed on seventh day showed fibrinopurulent perlcagdltis
and partial consolidation of both lungs. In both cases
P.rultocida could be recovwred from the heart blood, pef%car-
diral fluid and lungs. The result of experimental pathogenicity

1n mice are summarised in Table IITa.
Rabbits.

Eight rabbits inoculated with P.multocida showed a
|

rise i1n temperature of 3 to 4°F. Blood smears prepared from
them showed presence of bipolars., All of them died within

56 hours., On autopsy, local oedema, congestion, haemorrhagic
tracheitis and hyperaemia of kidney and intestine were n%tlced.
In all these eaaes, smears and cultural examination revealed

presence of organisms in heart blood, pericardial fluldland

tracheal exudate, The results are summarised in Tgble IITb.

!
I

Goats (432, 433 and 434) inoculated with the strain

Goats.
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of P.multocida showed rise of temperature up to 105.5°F,

from the second day onwards which persisted for five days.
They had anorexia and slight mucopurulent nasal discharge at
the end of the first week. However, blood collected during
this period did not reveal any evidence of infection, The
goat (432) destroyed on 12th day showed only slight tracheitis
and a few consolidated areas in the lung (Fig.1). There was
also slight oedema involving the cardiac and dlaphragmaélc
lobes. His+tologically the consolidated areas showed thﬁckenlng
of the alveolar walls with slight proliferation of septal
cells, No frank exudation was seen wrthin the alveoli. There
was scanty cellular reaction in the mucosa of bronchi and
bronchioles (Figs. 2 & 3). The epithelium of these structures
was found intact. ZPeribronchial lymphoid accumulation was
seen in many areas (Figs. 4 & 5). TPracheal swabs and lung
cultures were positve for Pasteurella whereas heart blood

cultures were negative.

The second goat (433) sacrificed on the 16%h day
of post imoculation revealed patchy areas of consolldatloh
diffusely scattered in the left diraphragmatic lobe. A% tils
stage also the alveolar sepgae were thickened and a few
alveolr had some cell debris, The septal cell had proli-
ferated and few of them were found free in the alveolar

lumen. There was massive perlbronchiolar lymphoid hyperplasia
|
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in the form of nodules, Active germinal centres were
observed. The pericardial fluid and heart blood were

negative whereas the lung cultures revealed P.multocida.

The third goat (434) autopsied on the 21st day
showed few focal consolidated areas on the cardiac lobeT
The characteristic feature of the lung lesion at this stage
was the presence of numerous large macrophages in the
alveolar wall and in the lumen, The lymphoid nedule in the
peribronchial and bronchiolar area showed tendency for

encapsulation, The lung culture was positive, The resu}ts

of experimental pathogenicity are summarised in Table IV,

Streptococcus pneumoniae.

Mice,

All the mice inoculated with strains of Streptococcus
pneumoniae culture showed temperature reaction following
twenty-four hour of inoculation and died within a period of
seventy-two hours, The only predominant lesion noticed on
necropsy was acute peritonitis. Isolatlon#were made from heart
blood, peritoneal fluid and lung, Details of the results are

|
shown 1n Table IITa.
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Rabbits,
\
|

All the rabbits showed a rise of temperature of
2 to BOF; however, blood smears did not reveal any orgdnlsm.
Four of them died within 72 hours. The animals which survived
did not show any thermal reaction 72 hours after inoculation,
Necropsy of the dead animals showed peritonitis with aechu-
lation of fluird in the cavity along with spreading i1nflammatory
lesions. TFour anlmalq%acrlflced on 15th day postlnocula%lon
di1d not reveal any gross lesions. Heart blood and lung of the
dead animals revealed presence of organisms whereas the %acrl—
ficed group did not show any bacterial growth on cultural
examination., The details of the result are shown in Table IIIb.

|

Goats.

[

The second group of three goats (412, 414 and 417)
inoculated with Str.pneumoniae showed a temperature reacélon
of 3.,5°F after 36 hours of i1noculation which persisted for a
week, Blood films and cultural examinatlions were negative,
The girst goat (412) destroyed on the 12th day of inoculation
had oedema and focal consolidation in the apical, cardiaec and
diaphragmatic lobes (Fig. 6). Histologically there was slight
congestion, oedema and scanty cellular reaction. The broPehlal
and bronchiolar walls showed moderate infiltration with mfno-

nuclear cells (Figs. 7 & 8). Peribronchially there was diffuse
|
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lymphoid reaction., Impression smears and lung culture showed

the presence of organism, typical of the strain inoculated.

The second goat (414) sacrificed on the 16th déy of
postinoculation showed focal consolidated areas on the cérdlac
and diaphragmatic lobe of the right and left side. Consolidated
areas showed infiltration with macrophages and few lymphoid
cells, The peribronchial lymphoid reaction persisted and i1n
addition a seanty eellular infiltration in the mucosa of!some
bronchioles was seen, Cultures and smears of lung showed

presence of the organisms.

The third goat (417) autopsied on the 21st day after
inoculation also revealed slightly firm focal areas on the
right intermediate lobe and left apical lobe. The alveoli
were completely free of any cellular reaction. The lymphoid
reaction around the bronchi and bronchioles was still a |
constant feature. Iung cultures revealed presence of th%

organisms but the smears were negative., Details of the results

are shown i1n Table IV, |

Corynebacterium pyogenes.

Mice,

Eight m1ce inoculated@ with four strains of C.pyogenes,
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survived even after 14 days without any adverse eftectsl
Autopsy of these animals on 15th day showed presence of
white nodules in the omentum and liver of only four gnimals,
Organisms were 1solated from the animals that showed lesions.
No 1es1on#were seen and no isolations could be made from the
rest. J

Rabbirt.

i

Of the eight rabbits rnoculated with C.pyogenes,
four showed a temperature reaction of 2.5°F. although the
blood cultures were negative, When destroyed and examined
on the 15th day postinoculation, four rabbits showed localised
nodules and suppurative lesions on the omentum and liver,
Cepyogenes could be recovered from these lesions. The other
four rabbits d1d not show any evidence of infection on

l
postmortem examination.

Goats.
!
\
The third group of goats (K38, K40 and K48) inoculated

with C.pyogenes had a temperature rise of 1.5 %o 2°P, after
48 hours and then graduvally came to normal within four days.
All the three had slight nasal discharge which became muco-
purulent later., The first goat (K38) autopsied on the'12th

day showed focal pneumonic lesions in all the lobes(Fig. 9).
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The alveolar wall in many areas had undergone necrosis, |
Most of the alveoll contained exudate consisting mainly of
cellular debris admixed with large intact mononuclear ﬁ
phagocytes and few nentrophils (Fig. 10). Some of thes;
macrophages were found 1n close proximity and in contac{;w1th
the alveolar septae.s The bronchi and bronchiolar eplthehlum
had undergone moderate hyperplasia and the lumen contained
exudate (Fig. 11). Peribronchially there was lymphoid r;actlon
which had active germinal centres (Fig. 12). In addltlof to
the pale blastoid centre in this nodules, a few plasma cglls
were also found at the periphery. The lung and tracheal) swab
culture revealed the presence of organisms,
|

The second goat (K40) auntopsied on the 16th day had
consolidation of the posterior and anterior part of the g
cardirac lobe on the right side; posterioventral aspect o% the
aprcal, entire cardiac and anterodorsal aspect of the dléphrag-
matic lobe of the left side also revealed prneumonic changes.
4 narrow elongated strip of consolidation was noticed on}the
anteroventral aspect of the diaphragmatic lobe., At this| stage

necrotic areas were seen scattered in the apical part of"the
lung. Many of the intact alveoli had plagques of necrot1% masse
Large macrophages were seen both in the lumen and in the
septaes The epithelium of +the bronchi and bronchioles sﬁowed

r
slight hyperplasia. The lymph-nodales were still present.
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Iung culture revealed the presence of organisms.,

The goat (X48) necropsied on the 21st day, the
lesionswere almost similar to as on the 16th day, but
slightly less in extent., Histologlcally the cellular reaction
was of the macrophage type eventhough a few neutrophils
were also seen (Fig, 13). Detarled results are shown 1n

Table IV.

The fourth group of three goats (808, 422 and 427)
destroyed and examined on 12th, 16th and 21st day did not show
any evidence of i1nfection erther by cultural or histopatholo-

gical examination.

Antibrotic Semnsitaivity

Out of the 156 strains 1solated during this study
74 strains (26 strains of P.multocida, 19 strains of Str.
pneumoniae and 29 strains of Q@Exogenes) were tested for the
antibiotic sensitivaty and the results of the testes are

tabulated 1n Table V.

P.multocida.

Sensitivity studies on 26 strains of P.mulitocida

to 11 chemotherapeutic agents have shown the sensitivity
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pattern as follows:

Ampieillin, 26.92%; bacitracin, 65.38%; chloram-
phenicol, 92,3%; erythromycin, 53.8%; gentamycin, 57.69%;
kanamycin, 46,15%; nitrofurans, 100%; penicillin, 53.84%;
streptomycin, 53.84%; tetracycline, 84.61%; and triple

|
sulfa, 6e¢53%.

Str.pneumoniae.

Sensitivity of 19 strains of Str.pneumoniae to 11

chemotherapeutic agents was as detailed below:

Ampicillin, 84.21%; Dbacitracin, 94.75%; chloram-
phenicol, 100%; erythromycin, 84.21%; gentamycin, 36.84%;
kanamyecan, 42.10%; nitrofurans, 89.,47%; streptomycin, 15.78%;
penicillin, 100%; tetracycline, 31.57% and triple sulfa, 5.26%

C.pyogenes.

|
I

The résult of 29 strains of C.pyogenes tested
against the same agents was as follows:

|
!

Ampicillin, 100%; bacitracin, 10,%%; chloramphenicol
100%; erythromycin, 79.31%; gentamycin, 72.41%;

' l



kanamycin, 72.41%; nitrofurans, 89.65%; penicillin, 100%
and tetracycline, 51.72%. All the 29 strains were found

to be resistant to streptomycin andto triple sulfa,
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A number of workers have reported the association
[
of Pomultocida, Str.pneumoniae, C.pyogenes, Str.pyogenes,

Staphe aureus, K.pneumoniae and E., coli, in pneumomic condi-

tions in goats (Borgman and Wilson, 1955; Bansal, 1967;
Gorrado, 1967; Sarkar and Bhattacharyya, 1975). In the present
study 26 strains of P.multocida, 19 strains of Str.pneumoniae,
29 strains of C.pyogenes, 32 strains of Str.pyogenes, 33 strains
of Staph. aurues, 11 strains of K.pneumoniae and 6 strains of
E.coly were 1solated and identified.
[

Pomultocida 15 generally accepted as the aetiological
agent of pneumonia, when 1t can be 1solated from the infected
tissues (Ggle and Smith, 1958; Gourlay and Barber, 1960),
Even 1f the organism 1s not the sole cause, 1t 1s evidently of
importance in producing in part, the characteristic pathological
changes. It may be the normal inhabitent of the nasal mucosa
and thus 1t 1s impossible to eliminate 1t from the animal
colony (Carter, 1955). TYet studies 1n sheep have Tailed to
reveal the organism in normal lung tissue (Borgman and
Wilson, 1955). However, all the animals from which P,multocida
was 18olated in this study had clear evidence of resplgatory
disease manifested by laboured breathing and nasal dlséharge.

|
Pneumonia usually does not develop unless there are predisposing

B
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causes which include seasonal changes and stress factors

(XKirton et al, 1976).

The colonial variation of P.multocida was obsegved
on a few occasion. Those strains which showed colonial |
dissociration to rough character might be those belonging to
intermediary group and one which showed mucoid charactef
mrght be belonging to the flourescent group, as stated b&
Carter (1958). The strains studied also showed great V%Flatlon
in their ability to fement carbohydrates (Table IIa). ‘It 1s
generally agreed that P.multocida ferments sucrose and ﬂgnnltol
but depicts variable behaviour in arabinose, sorbirtol, chtose,
maltose, x¥los=e and trehalose (Fitch and Nelsen, 1923),
Eventhough there was varisbility in the biochemical re%ctlon,
1t 1s very difficult to assess the brotype based on theée re-
actions alone. Xhalifa (1934) and Robert (1947) class1fﬁed the
birotype of P.multocida based on the differences in the ﬁermen-
tation of mannitol, arabinose and xylose., But earlier Tanaka

(1926) had reported that 1t was very difficult to assess the

brotype based on the dirfferences, i1n sugar fermentation lalone.

The role of Str.pneumoniae in the induction o% pneu-
monla had been reported by many workers (Dhanda and Chandra-
sekariah, 1958; Corrado, 1967, Mazitov, et al. 1973). A total
of 19 s+trains of Str.pneumoniae was 1solated during this

‘|
h
|
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investigation. Animals from which isola tions were made had
apparent symptoms of pneumoniae. The percentage of incidence
was 12:8, of the total number of specimens examined, Rama-
chandran and Sharma (1969) in._a detailed survey of the inci-
dence of pneumonia in goats reported the occurrence of Str,

pneumoniae in 10,8% of cases.examined by them. Normally

organisms grow in artificial media as raised circular colonies
with smooth surface. Most of the strains agreed with this
common pattern of colonial growth on the solid media used
during this study. However, a few strains developed rough

and irregular characters exhibiting colonial dissociation.

Similar observation in colonial variation of Str.pneumoniae

had also been made by Austrian (1953) in his studies on

characters of Str.pneumoniae. With regard to the biochemical

reactions all the 19 isolates showed a uniformity in their
action except on raffinose and trehaloses All the isolates
were soluble in bile and were sensitive to 5 meg of optochin,
Bowers and Jeffries (1955) reported that bile solubility and

optochin sensitivity are the two most reliable methods of

identifying Str.pnéumoniae from other Streptococcus, eventhough
Iund (1959) stated that optochin sensitivity was the most
reliable method than bile solubility test. It is very difficult
to assess the biotype of isolates with the biochemical

reactions alone (Lund, 1970),
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In the present study, 29 strains of C.pyogenes
were obtalned from materials collected from animals showing
cliniecal signs of pneumonia, the incecidence being 18.59%.
Association of Co.pyogenes in pneumonic conditions in goéts
had already been established by previous workers in their
studies on respiratory diseases in goats (Bansal and Malik,
1966; Bansal, 1967; Sarkar and Bhattacharyya,1975). The
isolates showed minute dew drop like colonies with a zone of
haemolysis on blood agar as stated by Hugh and Leifson (1953)
and Hermann, (1961). Marked variations were noted in their
ability to ferment sugars like saliein, sucfose, xylose and
mannitol, eventhough lactose and maltose were fermented
uniformly by all these strains., Significant differences in
their ability to ferment sugars had also been observed by other
workers in their investigational studies on C.pyogenes

(Natarajan and Nilakanta, 1974)e

Out of the four strains of P.multocida inoculated
into mice, three strains proved to be lethal to mice producing
death in 56 hour. It is interesting to note that the above
three strains of P.multocida which produced death in 56 hours
exhibited smooth colonies when grown on solid medium. The
" lesions produced by these strains were not very marked excep£
local oedema and congestion at the site of inoculation. The
reason for the absence of typieal lesions of Pemultocida might

be due to the acute course of the diseases On the other hand
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|
two animals sacrificed on the seventh day had developed
typical lesions of fibrinopurulent pericardirtis and conso-
lidation of lung although the strain inoculated& in these
animals was of rough variety. Rough colonies are less |
virulent to mice when compated to smooth type (Carter, 1958).
But they are able to produce pathologilcal changes in thé tissues
eventhough affected animals could survive far longer peilod
of time. Rabbits inoculated with P.multocida succumbed”to

infection wrthin 56 hours of inoculation manifesting minor
[

pathological changes like local oedema, congestion and ?aemo—
rrhagic tracheitis. Similar observations were also made by
Magnusson (1914) in his experimental infection studies on
Pomultocida in rabbits. But Smith (1958) generalised that
organisms producing rough colonies were less pathogpnlc"to
rabbits when compared to smooth type. However, no such lvaria-
tions were noted with regards to the degree of virulance among
the species of organism used in the present study.

[

Goats 1noculated with P.,multocada showed marked therms
reaction from second day onwards which persisted for flv; dayse.
They had anorexia and slight mucopurulent nasal discharge at
théf%% first week. However, blood smears examined at various

stages did not show any evidence of infection. The goat destroy

on twelth day postinoculation had only slight tracheltlsﬂand

consolidation of lungs. Histopathological examinations also
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did not reveal any exiensive changes except prollferatlpn

of septal cells and slight cellular reactions in the bronchi
and bronchioles. However, P.multocida could be i1solated from
lung tissues of all the three experimental animals, ThF mi1ld
pneumonic changes noticed in these animals need not be consi-
dered as an active phase of a progressive infection caufed by
the organisme The experimental animals were malntalnedwunder
1deal conditions throughout the period of the experiment and
they were g.ven good nourishing food, Borgman and Wilson{1955)
and Dungworth and Cordy (1962) in their studies on pneuﬁonla
due to Pasteurella organism in goats and sheep, reported the
influence of stress in production of pnewmonia. They stated

that lowered resistance by stress factors played an important

role i1n causing pneumonia rather than infectious agent alone.
\I

All the mice which were inoculsted 1ntraper1ténea11y
with Sir.pneumoniae succumbed to infection within 72 hours
postinoculation indicating that these strains were lethal to
mLce. The lesions noticed were acute peritonitis and slight
congestion of lung. Organisms were reisolated from tls?uesa
Similar results were observed by Dhanda and Chandrasekaglah
(1958) and Adams et al., (1974). Two strains of Str.pneumoniae
were pathogenic for rabbits killing the animals in 72 hours
whereas the animals i1noculated with other two strains rimalned

healthy until they were déstroyed on 15th day. On postmortem

“
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examination the internal organs of these two group of %nlmals
also did not show any lesions whereas the animals died within
72 hours had acute peritonitis, suppurative changes and sprea-
ding i1nflammatory reactions. This variation is pathogéhlclty
mi1ght probably be due to the lack of capsular polysaccharide
1in some, since capsular polysaccharide 1is the determlnleg
factor for virulence (Schaffer et al. 1936; Hjordis, 19h5).

It has also been observed that different serotypes varied in

their virulence to different laboratory animals,

The goats inoculated with Str.pneumoniae showed
temperature reaction for a week after which the anlmals“became
normal until they were sacrificed at varying intervals.'
Pathological changes were more pronounced in the animal sacri-
ficed on 12th day. However, in goats sacrificed on 16t9 and
21st days these changes seem to be in the healing stage
revegling that Str.pneumoniae has only a limited role im
causing progressive pneumonla 1n goats when the animalsiare
kept under 1deal conditions. Although lesions were not‘very
marked, lung cultures proved to be positive in all three cases,
However, Dhanda and Chandrasekariah (1958) in a 51m11aristudy
in goats with Str.pneumoniae successfully reproduced fafal

septicaemia by subcutaneous infection of broth culture.

Survival of the organism in lung tissues even after apparent

recovery from infectilon denotes that the disease could flare

|



up at a later time when the resistance of the host 18 being
lowered duwe to some reason or other. |
I

Among the mice 1noculated with C.pyogenes only four
showed nodules in the omentum and liver and the organism could
be 1solated from these lesionms., Other four animals di1d not
show any sign of i1nfection when destroyed on 15th day of
experiment. Moreover, no lesions could be detected in any[
animals i1n the respiratory tract., These findings show thalt
the strains were not capable of inducing pneumonla althoug£
they were localised in omentum and liver, Experimental
pneumonia could not be produced in rabbits although svppurative
lesions were observed in omentum and liver. It has been ]
reported that C.pyogenes as a wide spread pathogen of domestic
and experimental animals and under natural condition, gave
rise to suppurative pneumonla and other suppurative lesions
(Rajagopalan, 1937; Magnusson, 1938; Roberts, 1957; Thal and
Rutquist, 1959).

Moderate lesions of pneumonia were observed in !
goats sacrificed on 12th and 16th day of infection cha‘cacte[rlsed
by presence of exudate and cell debris in the alveoll a].ongl
with infiltration of mononucle ar phagocytes and hyperp.La,s:La.|
of bronchial epitheliume. However, the above lesions were

\
not so pronounced in animal sacrificed on 21st day indicating
|



a steady recovery from infection. Moreover, 1solation |
attempts also proved to be negative in animal sacrificed on
215t day. Ce.pyogenes has produced not only inflammatory
cellur exudate, but also necrosis of pulmonary tissue 1ﬂ many
locations. Compared to the other pathogenic organi ams
investigated 1t could be said that C.pyogenes had produced
more intense tissue reaction in the Ilungs under i1dentical
conditions. All the strains studied produced lymphoid nodule
formation in pulmonary tissue of goats with the formation of
germinal centres, This indicated an i1mmunological reacﬁlon.
Invitro antibrotics test provide a useful tooﬁ‘for
assessing the possible effectiveness of antibrotircs against
infection. ZEventhough there were several reports on the effeat
of drugs on bovine strains of P.multocida (MeNeal and HlFshaw,
1948; Muysson and Carter, 1958; Karlsson and Mystrom, 19?2;
Fox et al. 1971; Khalyapina et al. 1972) similar accounts
relating to goats are few, The study on the antlblotlclgensi-
tivity of the 26 strains of P.multocida showed that all the
strains were sensitive to nitrofurans., Similar observations
were made by Har iharan (1972) in the studies on g.multocha
1solated mostly from canine and feline species. The next drug
of choice was found to be chloramphenicol (92.3%)., Tetrﬁcycllne

also showed a high percentage of sensitivity of 84.61. High

percentage of sensitavaty of P,multocida isolated from pigs

|
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to tetracycline and chloramphenicol was observed by Abdulla
and Sulochana (1971) in their studies on the sensitivity pa-
ttern of the strain to various chemotherapeutic agentse
Eventhough drug resistance to chloramphenicol against the
gram negative bacteria has been reported (Brock 1964) no such
resistance pattern could be observed in this study. In the
present study 46.16% of the sirains tested were found to be
resistant to penicillin. On the other hand Hariharan (1972}
and Mackry et al. (1965) observed a penicillin resistance of
18.9% and 33.8 - 38.9%. Ampicillin and Kanamycin were found
to be least effective against Po.multocida the percentage being

26492 and 46,15 respectively.

Antibiotic sensitivity studies in 19 strains of

Str.pneumoniae have revealed a cent percent sensitivity to

penicillin and chloramphenicol.,-94@73% to bacitracin., 89.47%
to nitrofurans., 84,21% to erythromycin and ampicillin indica—
ting that the‘arug of choice after penicillin and chloramphenico
being bacitracin, nitrofuran, erythromycin and ampicillin,

High percentage of sensitivity of pneumococci ©to penicillin

had also been observed by Zadovornyak and Bronschtein (1969)

in their studies.on pneumococcl in infants. The percentage of

sensitivity to kanamycin,gentamycin and tetracycline was

moderately low being 42, 36.84 and 31,57 respectively.
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Perival et al. (1969) reported that 12% of pneumococei ﬂ
isolated from réspiratory disegses was resistant to tet;a-
cycline whereas Zadovornyak and Bronshtein (1969) foundﬁ

50% pesistant strains to the same drug., Streptomycin (i5.78%)
and triple sulfa (5.26%) were found to be least active :

against Str.pneumoniae.

i
i
'
f

The sensitivity pattern of Ce.pyogenes to 11 a%tl-
~ bioties indicate ¢ent percent semsitivity to ampicillinﬁ
» ,1
chloramphenicol and penicillin. The drug sensitivity studies
by Louisweinstein (1965) alse revealed that penicillin dhd

chloramphenicol are the two drugs which have the maximum

invitro drug sensitivity against 6orynebacterium} Nitrofurans
1

and erythromycin are the next drugs of choice since theﬁjalso
had sensitivity of 89.65 and 79.31% respectively. Tetra%yeline
showed 51,72% of sensitivity and all the strains were re%istant
to streptomycin and triple sulfa. Gentamycin and kanamy%in
also showed fairly high percentage of -sensitivity of'72.$1.
Corynebacterial isolates completely resistant to strepto#ycin

had been reported by Hariharan (1972). 4
i
!
An antibiotic resisttance occurs if the susceptibility
/
| !
compkxity of treatment. If the trend is allowed te proggess

unchecked, increase of resistant population of bacteria éould

spectrum of the organism becomes narrower increasing the

outrun the development of new therapeutic antibietics (Sﬁith

19693 Finland, 1970). :
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SUMMARY

A total of 214 specimens from clinical cases ahd
from slaughtered goats showing lesions of pneumonia was
examined, Out of 214 specimens examined, 139 (64.95%)
revealed the presence of different species of organisms,

No organisms could be isolated from 75 samples. One-hundred
and fifty six strains of bacterial species were isolated,
Characterisation and clagsification of bacterial species
were done based on their morphological, culturél and
biochemical behaviour. The bscteria included 26 strains of

P.multocida, 19 strains of Str.pneumoniae, 32 strains of

Stre.pyogenes, 29 strains of C.pyogenes, 33 strains of

Staph.aureus,11 strains of K.pneumoniae and 6 strains of

E.coli, The enrichment and selective media used for

isolation included Blood agar, Chocolate agar,Serum agar,

MacConkey's agar and KCN medium.

Although several species of organisms were isolated

during this investigation three species (P.multocida,Str.

pneumoniae and gggxggenes)were used for conducting the

pathogenicity studies in mice and rabbits as well as in the

primary host. P.multocida and Str.pneumoniae were found to

be lethal to laboratory animals in experimental inoculation,
- Laboratory animals inoculated with C.pyogenes showed suppurative

changes in liver and omentum when sacrificed on the 15th day



following experimental transmission of the organisms.,

Pathogenicity studies on primary host with
Pomultocida revealed thermal reaction and mild pneumonié
changes characterised by few consolidated areas in lung,
thickening the alveolar walls and infiltration of

macrophages. However, these lesions were found to be

resolving when examined on 21st day following infections

Animals injected with Str.pneumoniae had developed

pneumonic changes when destroyed and examined on the 12th,
16th and 21st day of inoculation. Infiltration of macro-

phages and lymphoid cells were also noticed.

Goats inoculated with C.pyogenes showed marked
necrosis of alveolar walls and exudates containing mainlj

of cell debris admixed with large intact mononuclear

._54_-.

phagocytes. Moreover, the epithelium of bronchi and bronchicles

have undergone moderate hyperplastic- changes.

Compared to Pemultocida and Str.pneumoniae it

could be stated that C.pyogenes have produced more ‘intense
tissure reaction in the lungs under identifal conditions.
The inoculated organisms could be recovered from the lung

tissues of goats when destroyed at various intervals.
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Bventhough the extent and nature of the pneumonic lesions
varied one constant feature seen in all cases was lymphoid
infiltration in the form of nodules which were seen peri-
bronchially. Many of these nodules had active germinal .
centres., Such a reaction was considered to be due to an

immunological reaction,

Invitro, antibiotic sensitivity studies using
ampicillin, ﬁacitracin, chloramphenicol, erythromycin,
gentamycin, kanamycin, nitrofurans, penicillin, streptomjcin,
tetracycline and triple sulfa were carried out in order to
assess the effectiveness of these drugs in cases'of pneumpnia
caused by these species. The drugs of choice for Eo@ultoéida
were found to be nitrofurans (100%), chloramphenicol (92.3%)

and tetracycline (84,6%)., In thecase of $tr.pneumoniae,

penicillin (100%), chloramphenicol (100%) and bacitracin(S94.73 %,
were found to be effective and for C.pyogenes, ampicillin,

chloramphenicol and penicillin showed cent percent sensitivity.
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Appendix I. Zone size anterpretive chart used for disc sensitivity test.

Antibiotic or Inhibition zone. Diameter 1m mm.
chemotherapeutic Disc potency = = = mmmemmm e — e
agent Resistant Intermediate Sensitaive
Ampicillan 10 meg 20 or less 21 - 28 29 or more
Bacitracin 10 ,, 8 sy 9 - 12 13 ’ s
Chloramphenicol 30 ,, 12 ' 13 = 17 18 )9
Erythromycain 15 ,, 13 ’s 14 - 17 18 ’s
Gentamycin 10 ,, - - 13 5,
Kanamycin 30 ,, 13 or less 14 - 17 18 sy
Nitrofurans 300 ,, 8 s 9 - 12 13 sy
Penicillin 10 units 20 ’s 21 - 28 29 ’s
Streptomycin 10 meg 11 s 12 - 14 15 sy
Sulfonamides 300 ,, 12 s 13 - 16 17

Tetracycline 30 4, 14 'y 15 - 18 19 ’s
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Table 1. Details showing the number of specimens examined
and the speciles of Organisms 1solated

1 b 0

' 2 ¢« 8 a8 i 3

> w8 & 3 8 © o g it

2, 28 2% g & B 0 & B
Type of Specimens o X Qo g a £ © o § ~
© <] 4] — = o . —
LTI & O % 3 1SS o 3] o
[« 3/ 0] o 0 oo g . s [+ 3]
355 Jde gSAE g . i 2 : :

e BB E __BR___EPH M LI LI, @ __ e R e

Nasal swabs 55 39 16 7 6 4 10 15 2 1
Iung pieces 80 42 38 5 4 (i 9 8 3 2
Tracheal swabs 43 30 13 8 7 6 5 4 6 0
Bronchial lymph node 36 28 8 6 2 8 8 6 0 3
Total oo 214 139 75 26 19 29 32 33 | 6




Table IIa. Detarled reactions of cultures of Pasteurella multocida
1solated from pneumonic goats.

Shape R

Motility

Growth in Air

Growth Anaerobically

Catalase

Oxidase

Glucose (4cid)

Carbohydrates (F/0)

Growth on

Mac Conkey's Agar

Growth on KCN

Arabinose

Lactose

Maltose

Mannitol

Raffinose

Salicin

Sorbitol

Suerose

Trehalose

Xylose

Aesculin hydrolysis

Urease

Hydrogen sulphide

Ornithine

decarboxylase +

Indole +

ONPG -
+

Wt o+ o+ F
Wtk o+t
W+ 4+ o+
W+ o+ o+ o+
Wbk b g
PR

+
+

1+ 1
|

LI T T I |

e+ 3 g +++ 01+
I ++ ¢t +11

1 1+ 3 ++ 1 1+

|
b O N T S A T I o T S I
T T T TR I A T S T I B |
I T O S U S Y T I S B |

[ I I I |
O T T O |

Gelatin hydrolysis
Nitrate reduction
Haemolysis
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Table Ila (Contd.). Detailed reactions of cultures of Pasteurella multocida
1solated from pneumonic goats.

e o g e, e e . S > . . = T 6 s e Bt e i 0 s e o < o o e e b o S M e i b i v o s e o B e A —— ——————— s = —————

Motilaity - - - - - - - - - - - - - -
Growth indar + +
Growth Anae-
robically +
Catalase +
Oxi1dase +
Glucose (Ac1d) +
CarbohydratesF
Growth on
Mac Conkey's
Growth on KCN
Arabinose
Lactose
Maltose
Manitol
Raffino =
Salicin
Sorbitol
ducrose
Trehglose
Xylose
Aesculin hy-
drolysis
Urease -
Hydrogen
sulphide - + - - + - - - - - + - - +
Ornithine de-

carboxylase + + + + + + + +
Indole + + + + + + + + +
ONPG - - - - - + - - - + - - + -
Gelatin

hydrolysis - - - - - - - - - - - - - -
Nitrate

reduction + + + + + + + + + + + + + +
Haemolysis - - - - - - - - - - - = o

R = Rod-shaped; T = Fermeniative; + = Positive; - = Negative

+
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Table IIb. Detailed reactions of cultures of Streptococcus pneumonize from pneumoniec goats

Culture Numbers N2/75 N142/75 N108/75 N244/75 NO15/76 N13/76 L21/75 L33/76 152/76 167/76
Shape S S S S S S S S S ]
Acid fast - - - - - - - - - -
Spores - - - - - - - - - -
Motality - - - - - - - - - -
Growth 1n Arr + + + + + + + + + +
Catalase - - - - - - - - - -
Oxidase - - - - - - - - - -
Glucose + + + + + + + + + +
OF iy F B F F B F F F F
Haemolysis a a a a a a a a a a
Growth at 45 ¢C - - - - - - - - - -
Growth at pH 9.6 - - - - - - - - -~ -

Growth 1in 6,5%
sodium chloride
Growth on 10% bile

V.P.

Arginine hydrolysis

Aegculin hydrolysis

Litmus milk

Gelatin liquefaction

Hippurate hydrolysis

CAMP test

Bile solubility

Optochin sesnsitivity

Glycerol

Lactose

Maltose

Mannitol

Raffinose

Salicin

Sorbitol

fucrose

Trehalose

Arabinose

(@]
Q
<

c

>
Q
Q

1=t 1111
Q
> 3
a
Q

[T S S T TR T T . S T S S N I |

L+ttt 4+ 1+ + 0 ++10 12010011

P+ + 1 111+ + 1 ++01 118

I TR T T U T O T S S [ N TN Y T T O
Q

P+ 10+ ++ 1+ 401

I T T T T S S R S S Y I |

[T T DL T T T T S S TR TN SO N N N O |

Pl + 1 1+ ++1++1 11211111

[T T Y T . O S S S S O IO IR I T N N A |

I++ 1t +1++++1 010200011




Table IIb. (Cont'd.) Detarled reactions of cultures of Streptococcus pneumoniae from pnewmonic
goatse.

Culture Numbers T4/75 TI0/T5 T19/75 T26/75 T35/76 T38/76 T41/76 B58/T6 R66/76

Shape S
#Acid fast -
Spores -
Motility
Growth i1n Air
Catalase
Oxidase
Glucose
OF
Haemolysis o
Growth at 45°C
Growth at pH 9.6
Growth 1n 6,5% Sodium

Chloride
Growth on 10% bile
VBPQ
Arginine hydrolysis
Aesculin hydrolysis
Litmus milk
Gelatin liquefaction
Hippurate hydrolysis
CAMP test
Bile solubility
Optochin sensitivaty
Glycerol
Lactose
Maltose
Mannitol
Raffinose
Salicin
Sorbrtol
Sucrose
Trehalose
Arabinose

ot s = b A o o o ot T e . o S e S o 8 S e At S S ot S o i Ak o e St S . e o o Y o o o A b, Pk M . S g S S i VR

AC = Acid clot 1n milk; S= Sphere; Coccus; a = Alpha haemolysis— - — —

[~ I A T |
[ T T T S R R O ]
LI VI~ S S I S T T |
bttt ot 4t
1 1o+ b1 -0 1t
tltpg+ 3 1+ 0t
[ LS S I I
lilpm+ 1l bW
trpg+l bW

Q
Pl
Q
Q
=000
- 1
T EEEEN
Q
Q
I RN A |
Q

ity + 12+ 000100000
[T S T T T T e S T S S T Y - O N B |
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Table IIc. (Cont'd) Detalled reactions of cultures of Corynebacterium pyogenes
1solated from pneumonic goats.

Shape R R
Aec1rd fast - -
Spores -
Motility

Growth in Air

Growth Anaerobically
Catalase

Oxidase

Glucose

OoF

VOPO

Hydrogen sulphide
Haemolysis

Growth improve& by blood
Nitrate reduction
Gelatin liquefaction
Urease

Lactose

Maltose

Mannitol

Salicin

Starch

Sucro se

Trehalo s

Xylose

Indole

o
[
o

I+ +
[T T T S S |

I+ + 111w
[T S T A S S
LR+ 4+ 1)
1

[ -

1+t +++ 3 4+ ++ R+
1 +F 1L+ + 4+

L+ 1 ++ 18 ++ 01 ++++ ) 10+
| S T T T T 2 T o |

[ T A |

[ T T A S S

P+t 1+t 1 ++ 1+ +++1 1=+

|+
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Table IIc. (Cont'd) Detailed reactions of cultures of Corynebacterium pyogenes
1solated from pneumonic goats.

Culture numbers L37/76 138/76 L46/76 153/76 L71/76 T8/75 TMT/T5 T24/75 T31/76 T36/76

Shape R R
Acid fast - -
Spores

Motilaity

Growth in Alr

Growth Anaerobically
Catalase

Oxidase

Glucose

OF

V.Bo

Hydrogen sulphide
Haemolysis

Growth improved by blood
Nitrate reduction
Gelatin liquefaction
Urease

Lacto s=

Maltose

Mannitol

Salicin

Starch

Sucro se

Trehalose

Xylose

Indole

=]
L=}
(=]

L+ 0+ 41
[ S S -
PEF L+
Vgt b+ kg
VRE L g

L T S T T - I T

L+ ) ++ ) +++ 41
IR SR S A

[T 2 T S B A S T o s S o |
TR N T T A S N S I S T = S T [ S S |

LI T T R i IR o O T - I S T T . |
1+ ++

P+ 1+ + 0+ F+ 1+

1 + 1+ + 1 ++4 p ++++1
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Table IIc. Detailed reactions of cultures of Corynebacterium pyogenes
1solated from pneumonic goatse.

Shape R R R R R R R R R R
Acid fast - - - - - - - - - -
Spores - -
Motility -
Growth in Air +
Growth Ahaerobically +
Catalase -
Ox1dase -
Glucose +
OoF iy
Vo vo -
Hydrogen sulphide -
Haemolysis +
Growth improved by blood +
Nitrate reduction +
+
.*.
+
+
+
+

1+ +
Vg + g o
[ILC IR I I N S O |

[~ R
P &=+

Gelatin liquefaction
Urease
Lactose
Maltose
Mannitol
Balicin
Starch
Sucrose
Trehalose
Xylose
Indole

s 2 e % 1t e B e e D e o S e g it e A B 8 kAt B s T S S P e s i e S P S o P B o S el B S R i S Y B b e e ke 0 e P

[ N T S S T I T T T B S A |

EEREEEE:

IR T T S TR N R A S|

LI S T S T I L S A S |
P+ 1+ 4+ 3 ++010+++4+ 4+

1+ 11 + 1
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Table IId, Detarled reactions of Streptococcus pyogenes i1solated from
pneumonic conditions in goats.

e e i i o 3 e o i e . s it o P e e Y A s o e B S o o kb P e o =8 R D L e et S e e S 8 T k. e 8 R A £ . e e et e e

Culture Numbers N147/75 N859/76 N28/75 N504/75 N676/75 N690/75 N685/76 N707/76 N622/76 N664/76
Shape 8 ] S S S S 3 S S S
Acid fast - - - - - - - - - -
Spores - - - - - - - - - -
Motilrty - - - - - - - - - -
Growth in Air + + + + + + + + + +
Growth anaerobically + + + + + + ¥ + + +
Catalase - - - - - - - - - -
Oxidase - - - - - - - - - -
Glucose + + + + + | + + + +
OoF F F F F F F F F F F
Haemolysis o b b b b b b b b b b
Growth at 45 C. - - - - - - - - - -
Growth at pH 9.6 - - - - - - - - - -
Growth on 10% bile - - - - - - - - - -
Growth 1n 1/4000 tellurite - - - - - - - - - -
Growth in 6,5% Sodium

chloraide - - - - - - - - - -
Litmus milk A A A A A A A A A A
Gelatin liquefaction - - - - - - - - - -
Arginine hydrolysis + + + + + + + + + +
Hippurate hydrolysis - - - - - - - - - -
Aesculin hydrolysis - - - - - - - - - -
CAMP test - - - - - - - - - -
Bile solubility - - - - - - - - - -
Glycerol - - - - - - - - - -
Lactose + + + + + + + + + +
Maltose + + + + + + + + + +
Mannitol - - - - - - - - - -
Raffinose - - - - - - - - - -
Salicin + + + + + + + + + +
Sorbirtol - - - - - - - - - -
Sucrose + + + + + + + + + +
Trehalose + + + + + 4 + + + +
Arabino sz - - - - - - - - - -
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Tgble IId, (Cont'd) Detailed reactions of Strepitococcus pyogenes isolated
from pneumonic conditions in goats.

Shape S

#cid fast ~-

Spores -

Motilrty

Growth 1nAir

Gro wth anaercbically

Catalase

Oxidase

Glucose

OF

Haemolysis o

Growth at 45°C

Growth at pH 9.6

Growth on 10% bile

Growth 1n 1/4000 tellurite

Growth in 6.5% sodium
chloride

Litmus m1lk

Gelatin liquefaction

Arginine hydrolysis

Hippurate hydrolysis

Aegaulin hydrolysis

CAMP test

Bile solubility

Glycerol

Lactose

Maltose

Mannitol

Raffinose

Salicin

Sorbitol

SBucrose

Trehalo s

aArabino se

1 ++ 101

L1 1o"+
1 tgE+ 1+ 4+

tl(tg"+t t++t 1l 1m

111 1O+t ++ 00118
Iy 1ot 11 ++ 1 11 W
Lyt 1o+ ++ 01
[ T T~ - T N T T S i T O |
L1 agHE+ 1 L+ + 100
||l|c=|g+l|++lll
1y V1ot 1+ 4+ 011

it 1o+ 1+ + 1

[ S B
11t 4121
[IE - |

[T S T S T T S S S SO N I N S 8 -SS

[T S T N TR T A Y Y O B S I - |
L+ b1 b+

[ I S S R T T T O B I I |
T+ 4+ 01

t++ 1+ 0+ 00 1+

R AR B A B R A N

T T ]
1+ 4t

T+ 4+ 1+ 1 ++5 1811+

1+ + 1
LA+ 0+ g 440001
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Table IId. (Cont'd) Detailed reactions of Streptococcus pyogenes i1solated
from pneumonic conditions in goatse.

o 3 v A B e e o B T e v i e A i i e L Y T T A e 0 e P ot b S Y G ot e Y iy A e S e Y e i o P e P o oy T M P e o et S0 P e e et 0% G

Culture numbers T21/75 T25/75 T37/76 B48/76 R54/76 R60/76 RT72/76 RT5/T76 R76/76 R77/76 R80/76
Shape S S 5 8 S s S 3 S S S
Acid fast - - - - - - - - - - -
Spores - - - - - - - - - - -
Growth in Air + + + + + + + + + + +
Growth anaerobically + + + + + + + + + + +
Catalyse - - - - - - - - - - -
Ox1dase - - - - - - - - - - -
Glucose + + + + + + + + + + +
OF F F ) g F F F F F F F
Haemolysis o b b b b b b b b b b b
Growth at 45°C - - - - - - - - - - -
Growth at pH 9.6 - - - - - - - - - - -
Growth on 10% bile - - - - - - - - - -
Growth 1n 1/4000 tellunte - - - - - - - - - -
Growth 1n 6.,5% sod ium

chloride - - - - - - - - - - -
Taitmus milk A A A A 4 A A A A A A
Gelatin liquefaction - - - - - - - - - - -
Arginine hydrolysis + + + + + + + + + + +
Hippurate hydrolysis - - - - - - - - - - -
Aesculin hydrolysis - - - - - - - - - -
CAMP test - - - - - - - - - -
Bile solubility - - - - - - - - - - -
Glycerol - - - - - - - - - - -
Lactose + + + + + + ¥ + + + +
Maltose + + + + + + + + + + +
Mannitol - - - - - - - - - - -
Raffinose - - - - - - - - - - -
Salicin + + + + + + + + + + +
Sorbitol - - - - - - - - - - -
Sucrose + + + + + + + + + + +
Trehalose + + + + + + + + + + +
Arabinose - - - - - - - - - - -

A = Acid; b = Beta haemolysis;



Table Ile. Detailed reactions of cultures of Staphylococcus aureus isolated
from pneumonic conditions i1n goatse
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Shape S 3
Acid fast - -
Spores - -
Motrluity

Growth 1n Arrx
Growth anaerobically
Catalase

Oxi1dase

Glucose

OF

VP

Nitrate reduction
Arginine hydrolysis
Phosphatase

Lactose

Maltose

Mannatol

Sucrose

Xylose

hrabino se

Haemolysis

Gelatin liquefaction
Urease

Coagulase

Pigment formation
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Tgble IIe. (Cont'd) Detairled reactions of cultures of Staphylococcous aureus
1solated from pneumonic conditions in goatse

Culture Numbers
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Shape

Acid fast

Spores

Motility

Growth aim Air
Growth anaerobically
Catalgse

Oxidase

Glucose

oF

V.P,

Nitrate reduction
Arginine hydrolysis
Pho sphatase

Lactose

Maltose

Mannitol

Sucrose

Xylose

Arasbinose
Haemolysis

Gej;atom j;oqiefaction
Urease

Coagulase

Pigment formation

R EEE LR

o+t

S S S S S S S S S
- - - - - - - - -
- - - - - - - - -
+ + 4 i + + + + +
+ + + + + + + + +
+ + + + + + + + +
+ + + + + + + + +
F F F F F F ¥ sF F
+ + + + + + + + +
+ + + + + + + + +
+ + + + + + + + +
+ + + + + + + + +
+ + + + + + + + +
+ + + + + + + + +
+ + + + + + + + +
+ + + + + + + + +
- - - - - - - - -
- - + - + + - - +
+ + + + + + + + +
- - 3 - + - - - +
+ - + - + + - + -
- + + - 1 + + - +




Table IIe., (Cont'd) Detarled reactions of cultures of Staphylococcus aureus
1solated from pneumonic comfiitions 1n goatse.

£n
wn

Shape

Acid fast

Spores

Motility

Growth 1n Air
Growth anaerobilcally
Catalgse

Oxidase

Glucose

OF

V.P.

Nitrate reduction
Arginine hydrolysis
Phosphatase

Lactose

Maltose

Mannitol

Sucrose

Xylose

Arabino se
Haemolysis

Gelatin ligquefaction
Urease

Coagulase

Pirgment formation

1+ R+ ++++ A+ L0
1 v+ 4+ 4+ +FF g4 ++ 4

It ++ 1 3t +++ 3 +++g+ 1 ++ 4+ 1
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Table IIf.

Detalled reactions of Klebsiella pneumoniae isolated from pneumonic goats.
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Shape

Motility

Growth in Air
Growth anaerobically
Catalase

Oxidase

Glucose
Carbohydrates (F/0)
Growth on KCN
Urease

Phenyl alanine

Hé 3 from TSI

Lysine decarboxylase
Ornithine decarboxylase
Malonate

Adonitol

Arabinose

Duloatol

Glycerol

Lactose

Maltose

Mannitol

Raffinase

Saliein

Sorbitol

Sucrose

Trehalose

Xylose

ONPG

M R test

1+ g+ )+
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L1+ 1+ +++ 0
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Table ITg. Detailed reactions of cultures of Escherichia coli i1solated from pneumonic goats
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Shape R
Motilaty -
Growth inAir +
Growthanaerobically +
Catalase +
Oxi1dase -
Glucose +
Growth on KCXN Media -
Growth on 4% selanzite +
Malonate -
MoRe +
V.Pe. -
Indole +
Gelatin liguefaction -
Urease -
Phenylalanine -

S on TeSe.I. -
OfFnithine decarboXylase -
Arginine hydrolysis +
Aesculin hydrolysis -
Adonitol -
Arabinose +
Dulecirtol +
Lactose +
Maltose +
Mannitol +
Rhamno se -
Salicin +
Sorbitol -

i1+ 11+ 4+ 1+ 4+ +++ 4+
Ity ¥4+ 3 +41 4+ +4+4+ ) 0

L1+ +++ 3 4+
+4+ 4+ +++++ 1+
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Table IIIa.

Details of Experimental infection studies of P.multocida,

Str.pneumoniae and C.pyogenes in laboratory mice.

Number of
strains
tested.

Species of orga-
nisms tested,

Dose and
Route of
infection

No.of Period of

Gross

mlce., observation,

lesions

Site of isolation

o e e B T 0 e S B O i B R oy B A e e B e P e . D o o T T s o8 s . s e S D . R S e e £ b e S e o o B T e S e 00 S L S S R e i o S P D S o W g T P e R g e,

N140/76
L76/76
T4%/76
R80/76

N13/76
L67/76
T41/76
R66/76

N28/76
7/76
739/76
R76/76

s o e o e e o o e o e e o e S At e S e e e, e D e e e

=}
nn

P.multocida

Stre.pneumoniae.,

O.pyogenes

Daied
Killed

0,1 ml
sub-
cutaneous

0,1 ml
Intra-
peritoneal

O¢1 ml
Intra-
peritoneal

2

38

8

56 hours.D

7 days.X

72 hourseD

15 days.X

Only local oedema and
congestion,

Fibrainopurulent peri-
carditis and partial

consolidatior of lungs.

Acute peritonitis, loca-

lised suppuration and
slight condition of
lung.

Nodule formation in the

omentum and liver of
four animals.
noticed in the reste

No lesions

Heart blood, peri-
cardial fluid and
lung.

Heart blood, lung
and pericardial
fluid.

Heart blood, peri-
cardial fluid and
lung,

From the nodule
in the omentum
and liver,



Table IIIbs Details of experimental infection studies of P&muitocida,

Str.pneumoniae and C.pyogenes in laboratory rabbits.
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Dose and -
route of
infeetion

Number of
strains
tested.

$pecies of orga-
nisms tested,

No.of Period of
rab- observa-
bits. tion

Gross lesions

Tt o S e D V) Sl s G S G Mam G G TED ERY Get D £ o W S0 S GED PN mmp Gm VoA Gy G G e S ST ST (et g T A e e S GO G A A CED o e D s Sy WD e M i W s S S G ) S Mt el M S UMD G ey G G CHN G b R ey e S0 T W S AT t ey s SN S TS Gmn GER TR WYN Gmm W ame WES OO W M=

N140/76
176/76
T43/76
R80/76

N13/76
167/76
P41/76
R66/76

N28 /76
L71/76.
T39/76
R76/76

P.multocida

Strepnéeumoniae

Cepyogenes

0.5 ml
sub-

cutaneous

005 ml
Intra-

peritoneal

0.5 ml
Intra-

peritoneal

56 hours. D

72 hours. D

15 days. K

15 days. K

Local oedema, congestion,

haemorrhagic trachitis and

hyperaemia of kidney and
intestine.

Acute peritonitis,loca-
lised suppuration and
spreading infhammatory
le sionse

Congestion at the site
of injection with no
other gross lesions

Localised small abseess
in the omentum and 1liver
of ofour rabbitse. No

lesions noticed in four

animal s,

Heart blood,

pericardial fluid

and trachesl

exudate.

Heart blood, peri-
toneal fluid and

lunge.

From the abscesse
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Pable IV.

Detalls of experlmental 1nfect10n studles on P mu1t001da,
Stre.pneumoniae, and C.pyogenes in goats.
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Specieg of Noo.of

Group

Number &

Strain

Dose and

route

Period of
observa-
tiono

A b S et G v et S R G G T S 650 S SR e Gy 4 S mmm CED Gnf RN M e S S G b W b S G @ e SO G A S S S Gt mnp VI WD T OR Gest Sih D G SAN G My GOV Cup mrab BN GOX GEP TN G Gy S W CED mm S SR G TS D Pm Gl b et MG D G GHD et N S Gy e e S S W S S Gt Sy S R

organisms animals

P.multocida 432
433
434

One
L76/76

One
L76/76

One
L76/76

165 ml
Intra~
tracheal

1 ¢H ml
Intra-
tracheal

1.5 ml
Intra-
tradheal

12 days. K

16, days. K

21 days ©

Lesions Site of
. 1lsolation
Slight tracleitis and a few Tracheal
consolidated areas in the swab and
lungs. Oedema involving lung.

the cardiac and diaphragmatic
lobes, Consolidated areas
showed thickening of the
alveolar walls with slight .
proliferation of septal cells,
Scanty cellular infiltration -
in the mucosa of bronchi and
bronchioles.

Patchy areas of consolidation Iung.
diffusely scattered in left
diaphragmatic lobe. Alveolar

walls thickened. Massive peri-
bronchiolar lymphoid hyperplasia

in the form of nodulksse -

A few focal consolidated areas Lunge
on the cardiac lobes, Presence

of numerous large macrophages

in the alveolar walls and in the
lumen.,
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Table- IV, (Cont'd) Details of experimental infection studies on P.multocida,
Str.pneumoniae, and C.pyogenes in goatse

00 MO S A S R G S G0 G G0 M et o 7 SN G ey S S Gt TS TeS it St B M 4 WD T wmp ) e D S D S Gt e TS G S S A S D ey ey P S Gy o S P D D D e gy G S e e S 0 —— T b S S P S Al T e P S D At G R i P S e G TS e . A

Species of Noeof Group
organisms = animals number & -
strain '
Str.pneumoniae 412 Second
167/76
414 Second
L67/76
417 Second
L67/176

Dose and
route

165 ml
Intra-
tracheal

105 ml
Intra-
tracheal

27,5 ml
Intra-

tracheal

Period of

Observa-

tion.

16 dayse.K

21 days.K

. reactions

Site

isolation

Oedema and congestion on

the borders of the lung in

the apical, cardiac and dia-
phragmatic lobes. Histlogically
slight congestion, oedema and
scanty cellular reactionse

Pocal consolidated area on the

" cardiac and diaphragmatic lobes

of the right and left side of

the lung. Consolidated areas
showed infiltration with macro-
phages and fewlymphoid cells.
Peribronchial lymphoid reaction,
in addition scanty cellulr

- inféltration in the mucosa of

some bronchioles,

Slightly firm focal areas on the
right intermediate lobe and le=ft
apical lobe, The alveoli were
completely free of any cellular .
The lymphoid reaction
around the bronchi and brmchiole
was still a constant feature.

cof

Lung

Lung



Table IV. (Cont'd) Details of experimental infection studies on P.multocida,

Strepneumoniae, and C.pyogenes in goats..
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Dose and
route
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Species of No.of Group
organisms animals numbeér &
strain
C.pyogenes K.38 Third
71/76
Ko40 Third
L71/76
k.48 Third
L71/76

tracheal

15 ml

Intrae=
tracheal

145 ml
Intra-
tracheal

Period of Lesions Site of
observa- isolation
-tion, -
12 days. K Moderately fleshy right inter-  Tracheal
mediate lobe of lung., Pneumonic swab and

16 days,.

21 daySo

e —TeactioNe ~ - == mTm = =TT T TS AT

lesions noticed on anteroventral lunge
part of both the diaphragmatic

lobes. The alveolar walls in

many areas had undergone mecrosis.
‘Alveoli contained exudate consis-

ting mainly of cell debris

admixed with large intact mono=-
nuclear phagocytess The bronchi

and bronchiolar epithelium had
undergone mode rate hyperpksia.

K Consolidation on the posterior
and anterior part of the cardiac
lobe on theright side. Postro-
ventral aspect of apical, entire
cardiac and antrodorsal aspect of .
the diaphragmatic lobe on the left
side also revealed pneumonic
changes., Nacrotic areas are scattered
in the apical part of the lung.

Many of the intact alveoli had plaques
of nacrotic mass. The epethelium

of bronchi and bronchioles showed
slight hyperplasiae

Lung ©

)

K The lesions were almost similar
as on the 16th day but slightly
less in extent. Histologically
there was more macrophage type
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Table Ve Details of the drug susceptibility of P.multocida, Str.pneumoniae and
' - Cepyogenes to various chemotherapeutic agents,

'
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Antibiotics . Disc contents Organisms No.of strains No.of strains Percentage

tested sensitive of sensi-
tivity
Ampicillin 10 meg. P.multocidae 26 . 7 26692
Str.pneumoniae 19 .16 . 84,21
C.pyogenes , 29 - 29 100,00
~ Bacitracin 10 mcge P.multocida 26 ' 17 ‘ 165438
' Str.pneumoniae 19 ' 18 © 94473
‘ C.pyogenes _ _ 29 5 10634
Chloramphenicol 30 mege : P.multocida 26 - 24 92430
. ' 9tr .pneumoniae 19 : 19 100,00
Cepyogenes ' 29 29 100.00
Erythromyc in 15 meg. P.myltocida 26 14 53684
Str.pneumoniae 19 16 84,21
Cepyogenes 29 23 7931
Gentamycin 10 mege P.multocida : 26 - 15 5769
: Str.pneumoniae 19 7 56034
Cepyogenes 29 21 ' 72 041
Kanamyc in 30 mcge P.multocida 26 ' 12 46415
. Str.pneumoniae 19 - 8 42610

Ce.pyogenes 29 21 72441
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Table V. (Cont* d) Details of the drug susceptlblllty of P.mu1t001da, Str,pneumoniae and
‘Ce.pyogenes to various chemotherapeutic agents.

- Antibiotics ' . Disc contents Organisms No.,of strains No.of strains Percentage
tested sensitive of sensi-
tivity

Nitrofurans - 300 mcg. g.multbcida 26 26 100,00
. . : Stre.pneumoniae 19 17 ' 89477
Cspyogenes 29 26 89,65
Penicillin 10 units . P.multocida 26 14 5384
' Str,pneumoniae _ 19 19 100,00
Coepyogenes . 29 29 100,00

Stréeptomycin 10 mcge P.multocida , 26 14 53¢84
: Str.pneumoniae 19 3 15,78
‘ Cepyogene s 1 29 0 0,00

Tetracycline 30 mege E,multbcidg, 26 22 84 .61
Strepneumoniae . 19 : 6 3157
Cepyogenes , 29 15 51672
Triple sul fa ‘ 250 meg. P.multocida . 26 16 61653
: 3tr.pneumoniae 19 o 1 5626

Cepyogenes 29 0 0,90
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A

ABSTRACT

A total of 214 specimens which included 80 lung \
tissues, 55 nasal swabs, 43 tracheal swabs and 36 bronchial
lymph nodes from goats with signs of pneumonia were examined
during the course of this study. Out of these, 139 revealed
the presence of different species of bacterial organisms.
One~hundred and fifty six strains of various bactérial species
were isolated and identified. The important species being

Pasteurellg multocida, Streptococcus pneumoniae, Streptococcus

pyogenes, Corvnebacterium pyogenes, Staphylococcus aureus,

Klebsiella pneumoniae and Escherichia coli.

On experimental transmission study it was observed

that P.multocida and Str.pneumononiae were found to be lethal

%o mice and rabbits whereas C.pyogenes could producé only

suppurative changes in omentum and liver.

Intratracheal inoculation of the cultures of

P.multocida, Str.pneumonise and C.pyogenes in goats have

revealed the reproduction of mild pneumonic changes, but did
not produce death due to pneumonia., As time advanced these
earlier changes showed a tendency towards healing. Compared

to P.multocida and $tr. pneumoniae it could be said that




Ge.pyvogenes had produced more intense tissue reaction in the

lung under identical conditiomns.

Invitro antiniotic sensitivity studies of
Pomultocida, Str.pneumoniae and C.pyogenes to 11 chemo-
therapeutic agents were carried out, The agents included
were ampicillin, bacitracin, chloramphenicol, erythromycin,
gentamycin, kanamycin, nitrofurans, penicillin, streptomycin,
tetracycline and triple sulfa, In the light of the results
obtained it could be stated that the drugs of choice for
P.multocida are nitrofurans, chloramphenicol and tetracycline;

In the case of Str.pneumoniae, penicillin,chloramphenicol

and bacitracin were found to be more effective and for
Cepyogenes, ampicillin, chloramphenicol and penicillin

showed cent percent sensitivity.






