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ABSTRACT

The haenat ol ogi cal picture of contagi ous
caprine pl europneunonia (CCPP) induced in Savannah
Brown (SB) goats using the virulent Smth's strain

of Mycopl asma nycoi des subsp capri was det erm ned.

In the first aninal experinent, 10 adult SB goats
were each inoculated intranasally with a total of

2.6 x 10" organisns contained in 5m broth cul ture;

5 goats serving as controls received 5m sterile
broth intranasally, while another 4 goats were kept
as stand-by to replace any goat that died of CCPP.
The follow ng haemat ol ogi ¢ paraneters were determ ned
2 weeks and 1 week pre-inocul ation, on day of

I nocul ation (day 0), 3 days, 7 days, 11 days, 2 weeks,
3 weeks, 4 weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks
10 weeks, 12 weeks, 14 weeks, and 17 weeks post -

I nocul ation: Packed Cell Volunme (PCV), Haenogl obin
concentration (Hb), Total Red and Wite Bl ood Cell
Counts (RBC and WBC), relative and absol ute differen-
tial counts and total protein |level. Sone goats
survived infection for only 1 week and this first
study was termnated 17 weeks post-inocul ati on,
providing data on both acute and chronic stages of
QFP,, In arepeat aninal experinent, 6 SB goats

received 1.0 Xx 1010 organi sns intranasally each,
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also in 5m broth culture, and 4 goats received

5mM sterile broth culture as control. Udfortunately-
all infected goats died per-acutely or acutely

wi thin 7 days, such that the chronic blood picture
coul d not be assessed, but these goats provided

bl ood picture of a typical severe CCPP.

dinical signs of disease were observed and
post nortem exam nation was carried out on al
aninmals that died and on those killed at the
termnation of each study. Mcoplasma re-isolation
attenpts were nade fromthe trachea and | ungs of
each goat, and lung sections were prepared routinely

for histopathol ogi c exam nati ons.

In aninmal experinent |, all infected goats
showed el evated body tenperature, coughing,
| nappet ance, typical pleuritic sound on auscul -
tation, and 3 died at 5 and 6 days post-inocul ati on.
In animal experinment 11, all infected goats showed
simlar clinical signs that were nore nmarked and
they died within 7 days post-inocul ati on, sone as
early as 48 hours post-inoculation. A nycopl asna
confirmed by the growth-inhibition test as M nycoi des
subsp. capri was isolated, fromthe trachea and | ungs

of all goats that died per-acutely or acutely, and
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fromthree goats killed 17 weeks post-inocul ation.

No nycopl asna was isolated fromany control goat.

QG oss lesions observed in goats that died were of
classical QOCPP. They included heavy fibrinous
deposits on lung and thoracic cage, pleural adhesions
to pericardiumand thorax, severe pericarditis and
hydr operi cadi um (about 30m s) and hydr ot hor ax

(about 200m s), darkened consolidation of all |obes
of the right lung and the ventral side of the left

di aphragmati c | obe, enlargenent of the bronchi al

and nedi astinal |ynph nodes. Hstologically, there
was cellular infilteration of the alveoli, bronchioles
and bronchi. Cells were nmainly neutrophils, but
there were sone | ynphocytes and plasna cells. A lot
of fibrin strands infilterated the al veoli,
bronchioles and the interlobular septae. There was
vascul ar congestion, and dilation of the |ynphatic

vessel s.

The haemat ol ogi ¢ paraneters were subjected to
statistical analysis using the student t-test.
Val ues of P 0.05 were considered significant. During
the acute stage of infection, the nean val ues of
total WBC counts, neutrophils and bands were hi gher
in the infected goats than in control goats (P 0.05).

This indicates a | eukocytosis and neutrophilia wth



a regenerative left shift. During |later stages, the
val ues gradually returned to normal |evel, i.e.
conparabl e to values fromcontrol goats or pre-

I nocul ation data. On the other hand, PCV, Hb, RBC
counts, and also total blood protein val ues were not

significantly affected during GOPP (P>0.05).

It is concluded that acute OCPP results in
| eukocytosis and neutrophilia with a regenerative |eft
shift, but PCv, Hb, RBC and total protein val ues
are not significantly affected. Moreover, the
Smth's strain of M nycoi des subsp. capri is
confirmed to be very highly pathogenic to Savannah

Brown goats of N geria.
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CHAPTER 1: GENERAL INTRODUCTION

Small ruminants (sheep and goats) play a vital
role in the livestock industry. According to the
International Livestock Centre for Africa (ILCA) in
1979, epproximately 22.3 million goats and 7.6
million sheep are kept mostly under the traditional
village husbandry system and in few government or

institutional farms (0jo, 1983).

The advantage of their production is attributed
to their sizes, compared to cattle, Less space and
finance is needed to raise them such that many low

income farmers can engage in their trade.

The goats in Nigeria do not receive the attention
they deserve (Anon, 1966). But they unquestionably
fit better into climatic and ecological systems of

Nigeria than do sheep.

Three types of goat breeds are recognised in
Nigeria: the West African Dwarf goat is confined to the
humid forest belts of the South, the large-sized
and long legged Fulani breed, and the Sokoto Red
goats which are located in the Sahelo-Sudan area,

The latter types are the most popular of the three,

The main goat types that are found in the Savannah



region are crosses of the Sokoto Red and the Kano
Brown. They are therefore referred to as Savannah

Brown goats (Volekwu and Igono, 1978)., Plate I.

Goats censtitute about 30% of Nigeria's meat
supply. By tradition, they have been fcund to fit
the local circumstances, while their sizes make them
specially useful for family consumption and the
entertainment c¢f guests in areas where meat cannot
be kept for long due to inadequacy of preservation
means (4Anon, 1966). They are major sources of meat
since they are accepted for consumption in all parts
of the country. Their value does not reside only
in their meat; their skins form a useful article
in overseas trade, at prices far exceeding those of
sheep skins. The skins are also useful as good

quality materid for the local leather industries,

The economic production of sheep and goats are
hampered by disease, aggravated by poor management
and inadequate nutrition (Akerejola, Schillhorn Van
Veen and I joku, 1979). Ojo (1977) observed that the
most important classical pulmonary disease of goats
widely reported in textbooks and literature is
contagious caprine pleuropneumonia (CCPP), Mohan
and Uzoukwu (1983) also reported that the front

ranking health problem of goats in Nigeria is



pneumonia, which may be caused by either Mycoplasms

alone or in complications with other pathogens.

A lot of work has been done on the nature of

the causative agent of CCPP, that is, Mycoplasma

mycoides subsp, caori, the clinical signs of the
disease, the gross pathologicel changes ancd the
nistopathological lesions, but less attention has

been given to the hzematological picture and the
clinical chemistry. A knowledge of these parameters
may lead to 2 better understanding of the pathogenesis
of the disease and possibly add to the list of

diagnostic criteria already known.

This work was undertaken to determine the
haematological chances associated with experimental

Mycoplasma mycoides subsp. capri (Smith's strain)

infection, UHaematological parameters evaluated
included Packed Cell Volume (PCV), haemoglobin
concentration (Hb), Erythrocytes (RBC) and leukocyte

(WBC) counts, and the WBC differential counts.

In addition, the gross and histolozic changes
were evaluated, It is hoped that the information
derived will assist in the diagnosis and management

of goats afflicted with this disease in this area,



CHAFTER 2: REVIEW OF LITERATURE

I. YMvcoplasmas in general

Mycoplasmology came into being indirectly as
early as 1713 when a severe cattle disease was
recognised in Germany and Switzerland, The-disease
spread throughout Europe, South America, Australie
and United States of America in the 1840's and 1850's,
The disease wzs eventuslly nzmed Contapgious Bovine
Fleuropneum niaz (Foster, 1934), . It was eradicated
from the United States by means of 2 camprehensive
program of destruction of affected animals, and by
1900, it had been eradicated from both.!Inited Stztes
and Britain, but continued to be a problem in
Australia and Africa, Lately, it was eradicated
from Australiz (Clay and Lloyd, 1975) znd Africa

probebly remains the focus of infection.

ilocard and Roux (18938) were the first to
isolate 2 microarganism that caused the dise=se
Contagious bovine Pleuropneumonis (CBPP)..
Dujardin-Beaumetz (190C) was able to grow the
organism un solid medium and gave it the description
of a light peripherv and dark centre as it is charac-
teristic of most mycoplasmas today. The orgsnism

was later described in clearer morphologicel details



by s nurber of scientists and they gave the name
Pleuropneumoniz Organisms (PPO). As orgenisms with
similar cheracteristics were later isolated from
other animals, they became known as Pleuropneumia-
like Orgsnisms (PPLO)., But in 1956, Edwsrd and
Freundt proposed the generic neme Mycoplasma. The

bovine organisms becam: known as lMycoplasma mycoides

subsp. mycoides =2s time went on,

Longley (1951) established that ths czussl
orgenism of contagious caprine pleuropneumonis was
similar to the causal organism of bovine pleuro-

pneumonia agent and he called it Dorrelomyces peri-

pneumoniae ceorze. The name was later changed to

Mycoplasma mycoides subsp. capri (Edward, 1955) and

that of contagious agelnactia of sheep =nd goats
identified as Mycoplasmz zgalactiae (Bridré and
Donatien, 1923).

Mycoplasme was first isolated from m=n by Dienes
and Eds211l (1937) who isolated a2 species from
Bartholin's abscess., Eaton, Meiklejohn, and
Herick (1944) were =ble to isolate the organism of
primary atypical pnreumonis in man and this organism

is known today as lvcoplssma pneumoniae, The first

isolstion of mvcoplasmss in dog was done by Shoetensack

(1934). This was from =2 dog with canine distemper,



The orgenisms reported by Nelson (1235) to be found
in infectious fowl coryza in poultry were later
described as being mycoplasmas by iierkham and “ong

(1952), 2nd the orga~-ism is now called Mycoplasna

gallisepticum end it is a causal agent of €hronic

x a. b L g b 4 S —

Respiratory Uisease of chickens and turkevys,

Trere ig8 a zroup of mvcoplasmas which reguire
urea for growth, these are called Uresplesuas
(Shepard, Lunceford, Ford, Furcell, Tavlor-Rorinson,
Razin and Black, 1974), They produce ATE through
an electrochemical ion gradient produced by armmenia
liberated during intracelular hydrolysis ¢i urea
by the organism's uresse (Rcmano, Tolone, £jello

and La Licata, 1680),

Saprophytic forss of Mycoplasmas have been
identified in so0il, leaves and manure., 2n¢ of such
is Myenplagma laidlawii which does ot recuire sternl
for grovth 2nd multiplication, end has now been grouped

with similar orgenisms as Acholeplasma- (Razin, 1981},

T,

Mycoplssmas have bzen described as fthe smallest,
simplest, self-replicatins prokaryotes, that are
capable of suvtoncmous growth (Razin, 1581). They are

plecomorphic and of shout 125-150mu in siz: {Bordet,



1910) while Manileff (1969) and Whittlestone (1972)
reported sizes of 330nm and 250nm respectively.
These characteristic small sizes and thus their
ability to pass through bacterial filters, and also
their lack of complex cell wall differentiate them
from bacteria, Their ability to reproduce indepen-
dent of living cells distinguish them from viruses,
Taxonomically, they are members of the class Mollicutes
(Edward and Freundt, 1956) and the order Mycoplas-
matales, Impertant families of the order include
Mycoplasmataceae, Acholeplasmataceae and Spiroplas-
mataceae, The former family has two genera:

Mycoplasma and Ureaplasma while the latter has only

one genus, Acheleplasma, Several species are known

in the different genera, More than sixty species
of Mycoplasmas have been identified and they have

wide range of habitat (Razin, 1978).

The nutritional and growth requirements of
mycoplasmas are important factors that are considered
in their isolation and identification (Razin, 1981).
They have limited biosynthetic abilities, reflecting
their small genome and parasitic mode of life,
Consequently, they require complex media for growth
consisting mostly of heart infusion, peptone, yeast

extract and serum, The serum provides fatty acids



and cholesterol recuired by most mycoplasmas for
membrane svntheszis., This reguirement of most
mycoplssmas for cholesterol, or related sterols is
unique among prokaryotes, The main function of the
cholesterol appears to be in the regulation of
menmbrane fluidity (Razin, 1981), Glucose or any
other metabolizable carbohydrate can serve &8 £nergy
scurce for fermentative mycoplasmas possessing the
glvcolytic pathway. Among non-~fermentative mycoplasmas,
the scurce of ATP 1is by the breakdown of arginine
through the arginine dihydrolase pathway (Razin,

1981},

Myconlasmasg have predilection for mucosal =¥
surfaces {(Gourlav, 1981}, Most myvceoplesmas infecting
man and enimals adhere firmly to the epitheliesl
linings of the respirstory or urogenital tracts and
rarely invade the tissues and blood stream. Hence
they may be considered as surface parasites (Razin,
1981}, Their =adherence iz so firm that they are not
elirinated by the mucous secretions cr by arine strean,
This intimacy of mycoplasmss with their host cells
provides an environment in which local concentrations
of mildly toxic by-praducts excreted by the narasites
(eg, hydrogen peroxide and ammonia) can build up and

cause tissue damage, Also the lack of cell wall in



mycoplasmas enables a close contact of their plasma
membrane with the host cells, The resultant host
reactions play an important role in pathogenesis,
Thus the host m~y be responsible to a large extent
for the appearance of pneumonia by mounting 2 local

immune and pharocytic response to the mycoplasmas,

The Disease Ccntagious Caprine Pleuropneumonia_ (CCPP)

Introduction

Mycopl ismas have a predilection for mucossl
surfaces ard thus the disecase with which they are
associated are genersllyv those involving Zl.ic rospi-
ratory, urogenital tracts, the memmary glands, Jjoints
and eyes., CCPP affects the respiratory tract as the
name shows, It is considered to be the most serious
epizootic disease of goats, causing high mortality
and consequently a great economic loss in aresas
where go-t is impertant fo~ livelihood (Cotiew, 1970).
CCPP is widespread in Sudan, Chad, India, Iran, Italy,
Spain, Saudi Arabia, Pakistan, Greece, Mexico and

Nigeria.to mention a few.

Shirlaw (1249) a2nd Longley (1951) were the first
to survey the disesse znd they emphasized the serious

natur: , its occurrence and preventive measures,
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Longley (1651) established that the causal organism
of CCPF was similar to the contagious bovine pleuro-

prieunonia agent an? he named it Borrelomyces

peripneumoniz caprae. He mentioned morbidity and

mortality rates of un to 100%. The mortality ond
incidence rates are zpperently influenced by weather,

being highest when conditions are cold and wet,

Aetiological Agent of CCPP

Provost, Villemot, Perreau, Sueval snd Borredon
(1967) have indicated that a range of antigenic types
are present among the strains represented as being
CCPP agents. The representatives strain of the
species, V. mycoides subsp. capri was isolated by
Chu and Beveridge !Edward, 1953) at Cembridge, from
samples of pleural fluid and lung from a goat affected
with CCPP in Turkey (Cottew, 1970). This strain was
designated as PG3 by Edward (1955). A gost was
infected intranasally with atomized -culture of the
organism, and it developed classical pleuropneumonia,
The strain had some similarity to Longley's strain
because they both formed large colonies and
liquefied serum (Ldward, 1953 and 1954), but they

apparently were not comsered serologically.
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A strain from Niperia (N108), said to be
Longley's streain, wes compared with M. mycoides subsp.
capri (PG3) by El Nasri (1957). There was a cross
reactior in gel diffusion test between the two but
neither provoked CCPP in experimental gosts. Several
other strezins (G1/61 from Sudan, the 'Vom' strain
and 0SB-42 from Nigeria were compared with strains
known to produce CCPP in Turkey., The pathogenic
Turkish strzins were shown to be serologically
interrelatecd. They were slso serologically related
to streain N108 of Nigeria, PBut 0SE-42, 'Vom' and
PG3 were antigenically different from the Turkish
strains., Some of these strains were still capable
of producing CCPP in susceptible goats. At present,
not all of the possible combinations of serological
interrelationships among these strains have been
studied, but it is known that they have relation-
ships with the bovine pleuropneumonia organism,

M. mycoides subsp. mycoides. For example, the
Sudan G1/61 is zpparently identical to this bovine
pleuropneumoni= orgznism (Hudson, Cottew end Adler
19€7; Jonas and Barter, 1969), and some degree of
relationship was showrn by the 'Vom' strain, while

others were apparently not related,



12

Lemcke (1965) showed by gel diffusion test that
M. mycoides subsp. capri shared antigens with
M. mycoides subsp. mycoides, although there was no
confirmation by the complement fixation or aggluti-

nation tests,

It is worthy of note here that only strains with
demonstrable serological identify with the PG3 strain
are recognised as M., mycoides subsp. capri. Solution
must be found in nsming other strains that cause
CCPF and yet differ serologically from the PG3
strain (Cottew, 1970).

The organism can be observed by microscopy
with dark ground illumination. It may be isolated
and grown in either liquid or solid mediz containing
serum, The colonies appear slightly larger and
faster growing than those of M. mycoides subsp.
mycoides (LC), It is resistant to adverse conditiens
and will remain viable for leng periods of time if
suitably preserved and partieularly if lyophilized
and stored at temperatures belew zero (Cottew and

Leach, 1970).

Little is known of the factors influencing the
pathogenicity of the organism, but is produces glucan

which is shed into the medium of growth (Cottew, 1979),
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It is speculated that the glucan produced would

form =n extracecllular layer on the organisms and

play & role in pethogenicity., It is not known
whkether these layers or capsules inhibit any of the
body defence mechanisms or whether they hrove =
function in atteschment to host cells (Cottew, 1979).
Moreover, Cherry =2nd Tavlior-Robinson (1970) demons-
trated that tle organism produces hydrogen peroxide
when grown in tracheasl organ cultures, The peroﬁide
causes 2 cilis-immobilizing effect of the respiratory

tract.

The dlscussion on the causa2l agents of CCPP
will bz ircomplete if mention is not made o7 the
ceprine s rain of ¥. myccides subsp. mycoides
referred to as the large colonv (LC) type {(Cotiew
and Yeats, 1978). Recent work has shown that
M. mycoides subsp. mycoides is of two types based
on growth rate and behaviour in certain biuchemical
tests, The first is the large colony (LC) type, most
of which are from gecats and are pathogenic for sheep
and goats but spparently not for cattle {Cottew and
Yeats, 1978; Bar-Moshe and Rapspport, 1981; DaMassa,
Brooks and Adler, 1983). This LC form has been shown
to produce & condition indistinguishable from CCPP

(Cjo, 1976c). It is not pathogenic for cattle, nor
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does it protect against subsequent challenge with
a virulent strain (Cettew, 1979). However more
lately Ojo, Kasali and Ozoya (1980) showed that
calves immunosuppressed by trypanosome infection
(T. vivax) were susceptible to a caprine strain
designated Ib9, Thus under appropriate conditions,
cattle mey be susceptible to M. mycoides subsp.
mycoides (LC) of caprine origin.,

The small colony types (SC) imedude the
classical Contagious Bovine Pleuropneumonia (CBPP)
strains and four other strains from gozts; both
types (LC and SC) are pathogenic for goats and
sheep (Cottew, 1979).

A third mycoplasma designated strain F38 hes
been shown to play a similar role in the production
of CCPP in goats (MacOwan and Minette, 1976 and
1977). The organism has been isolated from 2 number
of netural outbrezks of CCPP in Kenya2 and has been
found to be able to produce the disease experimentally
in goats, Infact, the authors feel that the strain
F38 produces a more classical CCPP than the M. Mycoides

strains.
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Table 1 shows the list of mycoplesmas of
goats and sheep as well as those= isolated and

identified in Nigeria, according to Cjo (1983).

Table 2 also shows the list of mycoplasmas
of goats and associated diseases according to
Cottew (1982). The list shows that mycoplasmas

cause diseases other than CCPP in goats,

Epidemiologv of CCPP in Nigeria

The disease was first recognised in Nigeriza by
SairBbury .1928) end it was common among goats in
Northern Nigeria, Beaton (1928 and 1331) was the
first to describe the symptons and lesions of the
disease, =2nd he isolated an infcctive agent as
being the zause, ilowever, Longley (1951) confirmed

the existence of the disesse,

0jo (1971) in his review of microbial diseases
of goats in Nigeria considered pneumonia ss an
irportant discese, In a study of the bacterial
flora of normal and diseased respiratory tracts,
0jo (19762) observed that the prevelence of caprine
pneumonia in Nigeria is high during the rainy and
"harmattan" seasons, The author also indicated that

the important bacteria isolated from both normal and
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Table q: MYCOPLASMAS OF GOAT AND SHEEP (0jo, 1983)

M, agalactiae (N)

M. arginini (N)

K. bovis (M)

M. mycoides subsp. cepri (N)

M. mycoides subsp. mycoides (N)

M. gvipneumonize (IN)

M. capricolum

M. conjunctivae

M. putrefaciens

M. feliminutum

A, graznularum
A, oculi

A, laidlawii

Uresplasma sp.

Mycoplasmz sp F 38

Mycoplasma sp A 1343

Mycoplasma sp G 145

Mycoplasma sp D 2

livcoplasma sp G

Mycoplssma sp U

Mycoplzsms sp V

(N) = Isolated and identified in Nigeria.
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Table 2% LIST OF MYCOPLASMAS OF GOATS ANC ASSOCIATED

DISEASES (Cottew, 1982)

Mycoplasma species Disease

M, zgalactiae - Contagious agalactiae
M. arginini - Pneumonia, mastitis
M. bovis Pneumoniz, mastitis
M. cepricolum - arthritis, mastitis
M. conjunctivae - Keratoconjunctivitis

M, mycoides subsp. mycoides

(LC type) - Pleuropneumonia,
mastitis, arthritis

M, mycoides subs, capri - Pleuropneumonia

M. ovipneumoniae - Pneumonia

M. putrefaciens - mastitis

A, granularum

A. laidlewii

A, ocull - keratoconjunctivitis

Ureaplasma spp

Mycoplasma sp. F 38 " P\MVOYWW\U"\.\Q
Mycoplasma sp. A 1343

Mycoplasms sp. G 145 - arthritis
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diszased respiratory tracts of goats were Pasteurellae
and Mycoplasmata; no mycoplesma was isolated from
normal lungs =2nd trachea but mycoplssmas were
isol2ted frum the nasopharynx and 30% of diseased
lungs, These mycoplasm=s were later chrracterisecd

by biochemical 2nd serological meens (0jo, 1976b):

on the basis of biochemical characteristics, the
streins were divided into three groups., (A) Eighteen
strains which fermented glucose and mennose, digested
serum 2nd reduced tetrazolium, (B) 10 streins which
reduced tetrazolium, formed "film and spots" and
possessed phosphatsse activity and {C) two strains
which cztabolised arginine only. Serologically

group A strains were identified as M, mycoides
subspecies, group B strains could no be fully
identified but on the besis of immunofluorescence

end biochemical reactions were put in the M, agalactiae

subspecies, to be further investigated and group C
strains were identified as M., arginini. In this

study, only onc of the group A strains was identified
serologically to be M, mycoides subsp. capri (M. capri),
twelve strains were identified to be M, mycoides

subsp. mycoides and the remaining four were difficult
to assign to a specific subspecies of M. mycoides.

This showed that M. cepri had 2 low recovery by

serological tests end mzy explain why Goni and
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Onoviran (1973) could not detect antibodies to the
organism in the samples obtained from slaughter

houses in Nigeria (0jo, 1976b),

The natur=z]l disease does not affect sheep,
although they are susceptible to experimental
infcetion (Longley, 1951; Cottew gt =21., unpublished
data), by subcutzneous injection of virulent

materiasl from local form of the disesse,

CCPP azcounts for about 70% averare mortality
in goats in Nigeria (Beaton, 1937) but this may have
decreased considerably over the years. The accurate

incidence of the disease is difficult to ascertain

because of inaccurate record keeping. However up
to 100% mortality has been reported in literature
(Longley, 19513 0jo, 1976c).

Clinical signs of the disease

The incubation period is said to vary according
to the routes of experimentzl inoculation. The
shortest incubation period recorded by 0jo (1976c) was
2-5 days by endobronchial route using the Smith's
strain, Goni and Onoviran (1972) who zlsc used the
Smith's strain recorded an incubation period of about

3 days (77 hours) by the same route.
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In the old:r literatur:, Longley (194Q) repofted

znother incubstion period of 8--28 days {(in India)

bat Laler repcrtid snothir period of “0-~14 days in
9951 7in Nigera). TFollcwing instranssal spraying,
Pillzi 71965) found the incubation period to be
(14.-15 days) #nd Solans and kivera (1967) reported
3.3 dzys usin; intravenous rcoutes., Hovever, the
incubation pericd of natural disease is szid to be
3-5 vetks ‘Lonzley. 1951 even though this has not

Reon well Jacunentet.

In exerimerisl inicctions. severaly affected
anim=1s beccrs arcraexic snd dull: they stand with
henging he#ds end ars uazteady in their geit, The
rectal teimerasune risce sharply to 40°C - 41,1°C
within 24 to 48 houv~s pos®t incculstion. Animels
which are r0t afferced still eat, though not as well
as the cortrol animnls, Serous to mucoid cischarges

from the nose is = characteristic sign (Cjo. 1983).

Reepiretory srrptors are marked i~ both acute
and suvrcutsz gescs. Tnie include hesvy sbdominal
beathing with aad?rle groaning at frequent intervals
eand twitzhing of *hc nostrils during eack bresth,
CourMing is neot ~cimion but could be incduced by forced
exercise, On suseviteion, hersh respirztory sounds

are hear” avway T Traizchial srea,
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In chronic state, there are no marked clinical
symptoms. The animals loose weight despite eating

well and cough occasionally.

The mortality retes vary with different strains.,
This is deptndent on the level of passage and thus
virulence, Abcut 50% of mortality is said to occur
within 5 days nost-injection, though the Smith's
strain which is highly virulent gives mortality of
up to 100 percent (0jo, 1983)., Animels with high
temperature and respiratory involvement rarely -

recover,

Curasson (1946) described the peracute, acute
and chronic forms of the disezse. The course of the
peracute form is completed in two to five days while
that of the acute pneumonic condition may be between
fifteen and thirty days., The chronic form vhich
follows the acute is thought to be a phase of slow
resolution and recovery from the non-fatal acute form,

The chronic lesion is thought to be non-infective.

Gross Pathology

Lesions zre confirned to the lungs, pleurs and
pericardium =2nd the extent of involvement depends

on the duration 2nd severity of disease (Pillai, 1965).
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In majority of cases, the lesion is unilateral with
involvement of the right lung ususlly {(0jo, 1975¢)
and when both lungs sre a2ffected, they are egually

involved.

The pulmonery lobes show various degrees and
stages of hepatization, togsther with dilation of
interlobular septa {(Longley, 1940, 1951; Curasson,
19465 Shirlaw, 1949}, On sectioning, the lung is
dedematous, the pleura membrane of affected lung is
intensely inflemed mmd covered with a thick layer
of spongy fibrin containing meshecs of yellowish
exudate. The thoracic €avity in many coses contains
1«2 litres of fluid which vary from uniformly cloudy,
grey to blood-tinged colour, The fluid is very rich
in mycoplasmas, The pleura in many cases adhere to
the diaphragm, lung, chest wall and peéricardium.
Fibrineus pericarditis is common but the extent
varies from animal to animal, Retropharyngeal,
mandibular, mediastinzl end bronchial lymph nodes
may be enlarged, haemorrhsgic snd oedemztous, This

is observed in the acute stages,

In peracute cases multiple focal lesions are
seen as described by Pillai (1965), Seccticns of the
lung may show variegated mosaic appearance with

lemon~yellow deposit conteining much pleural exudate.
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in lzcunce over the affected lung., This variegated
appearance is as it is seen in contagious bcvine
pleuropneumonis (Cottew snd Leach, 1969). The
organisms rem=2in visble 2t the periphery of the
lesion longer than in the centre (Longley, 1951)
which may account for some of the fzilures to

iseclste the orgznism.

The lesions in the chronic stage sre said to
be regressive and noninfective (Cottew and Leach,
1969). There is no equivalent of the sequistr.tion
2s seen in the bovine disecase, and this s why
recovered animzls ~re believed not to be carriers.
Affected lungs are seen in various steges of resolu-
tion with encapsulation of acute lesions., Firm and
fibrous adhesions attach the lungs to *he chest wall.
The pericardial sac may contein evcoess fluid, There
may be rhinitis with nass]l discharge and co:ugestion
of the pharynx and larynx. Lcsions are seldom

found in the sbdominal viscera (Shirlaw, 1949).

Histopathology of CCPP

The pulmonery lesions originate from = primary
lymphangitis in the lungs (Shirlaw, 1949%, This is
started as 2 fibrinocetarrhal inflammatiorn of the

bronchioles (bronchiolitis). There is venous congestion
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in the =lveolar septse and thrombi in the vessels
(Pillai, 1965). The perilobular, perivascular and
peribronchial tissue is distended with exudates
contzining numerous histiocytes, lymphocytes znd
polymorphs (Cottew 2nd Lesch, 1969), 4n ~cute
pyogenic confluent broncho-pncumonis is seen in 33%
of experiment2l cases and 50% of natural cases (0jo,
1977). Fibrirosus exudate in the =zlveoli and
pulmonary fibrotic lesions are seen in netural
infection but not in experimental infection (0jo,
1977). Ceniral arens of coagulative necresis
bordered by pulmonary ocdema could be prominent

features in both experimental and natursl occurences.

Diagnosis of CCPP

Laboratory disgnosis of mycoplasma infections
present several problems not encountered in disagnosis
of other bacterizl infections. Thus thz exsmination
of steined smears of sputum, pus or other excretions
is of little diagnostic value due to the minute size,
polymorphism and poor stainability of the mycoplsasmas,
and the presence in the clinical material of mycoplasmas
belonging to the norma2l florz (Razin. 1981) when .
staining is attempted, mycoplasmas do better with

Giemsz thon by Gram's stain (Razin, 1981).
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Russel et 3l (1975) end Chen (1977) have demonstrated
specific staining by fluorescent dyes of DNA as a
mcans for demonstrating mycoplasmas in contaminated
cell cultures. Transmission and scanning ¢lectron
microscopy have zlso been emnloyed successfully for
this purpose, but these are most inadequete for
routine di=2agnosis due to the finsncial expense
involved. 1In the light of the above, cultivation

and serologicsl identification sre very essential

for definitive disgnosis (Rezin, 1981},

Different mycopl=sm= types require complex and
rich media for growth. These types of media are
very conducive for fast-growing bacteria to grow
in, To »w»id this, antibacterials such =< p2nichllin
and thallium ccetate are added to the media for

growing mycoplasmss,

Adegboye (1981) presented a format for thc
composition of mycoplasma growth medium, which he
has used to propagate succcssfully a number of both

pathogenic and non-pothogenic species.

This consists of:
1. PPLO Broth (powder) - 5.25zm/169m1 (70%)
o deionised cdistilled

water
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2. Fresh Yeast Extract - 25m1 (10%)
3. Horse serum - 50ml (20%)
4, Benzyl penicillin sodium
(10° 1.U/m1) - 0.25m1 (1000 IU/ml)
5. Thellium acetate (10%
solution) - 0.5m1 (0.02%)

6. Phenol red (1% solution)- 0.5ml (0.002%)
7. OSubstrate: either glucose
(10% solution) - 2.5ml1 (0.1%)
or arginine (10% solution)- 2.5m1 (0,1%)
or urea (50% solution) = 0.5ml (0,1%)
depending on the metabolite form been sought,

The finel volume is approximately 250ml.

The pY of the medium is adjusted to 7.6 if
glucose substrate is used @nd to 6.0 if arginine or

urea is used,.

If solid medium is desired, Ionagar Mo, 2 (Oxoid
Ltd., London, S.E.I) or any highly pure agar such
as Agar Noble (Difco Laboratories, Detroit, Michigan,
U.S.A.) is added to the ahove composition at 2,5gm

concentration,

Colonies of Mycoplasma mycoides subsp. capri

have a "fried-egg" zppearance, like most mycoplasmas,
consisting of a central zone of growth embedded in

the agar., Colonies can be identified by staining
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directly on agsr with homologous fluorescein conju-
gated antibody, or by demonstrating inhibition of
their growth by specific antiserum (Adegboye, 1981).
A more detailed cheracterisation of isoclates can be
done by a variety of routine biochemical and serole=-

gical tests,

Serodiagnosis consists of the demonstration
in the patients or animal sera of antibodies that
inhibit growth and metabolism of the mycoplasma or
fix complement with the antigens (Razin, 1981), But
this is not used in the diagnosis of CCPP possibly
because the rapidity of onset of the disease would
preclude the formation of significant amounts of
entibody before the disease is recognised clinically

(Cottew, 1970).

In the field, the lesions of CCPP may give a
tentative diagnosis of up to "pneumonia® only
(0jo, 1983) 2nd this may be confused with other
diseases like acute pasteurellosis. Confirmation
is only by the laboratory examinations that must be
done, For this purpese, fresh materials such as
pleural exudate, mediestinal lymph node and diseased
lung tissue should be submitted preserved in 50% glycerin,

Lung in formalin should be used for histopathologic evaluation,
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The complement fixation test is unsatis-

factory (0jo, 1976b)s

The chesrecteristics which appeasr to be shered
by pathogenic strains of the CCPP agent are: good
growth in liquid medium, in which bresnching filaments
may or may nst be produced; lerge to very large
colonies (up to 1.7mm diameter) on suitable solid
media; liquefaction of inspissatcd horsc scrum;
hemolysis of sheep, horse, and chicken blood agar
medium (with =2 characteristic op2que, whitish-green
appearance); formationof branching, filamentous
forms in pathological exudates; production of acid
in zlucose broth; 2nd the production of CCPP in goats
inoculated intratracheally with young cultures of

the organism (Cottew, 1970).

Control end treatment of CCPP

S5nlid immunity was not demonstrated in all animals
frllowing experimentzl infection {Shirlaw, 1949;
Longley, 1951). Since 2 number of antigenic types
of mycoplasmas appear to be incrimincted as causal
agents of CCPP, an effective vaccine should be able to

protect 2zainst 211 the different types. Formalized
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vaccines have been used in Madras (Provost et al.,
1967) end this protected about 83% of vaccinated

gnats,

Young goats are relatively resistant to CCPP
but kids of 4-6 months are susceptible to experi-
mental infection (0jo, 1977). Immunity after
recovery from natural infection is not understood.
It does not appear to be of high quality because
serum from actively immunized gozts has no protec-
tive value ageinst experimental infection even when
simultaneously given. At present in Nigeria, no
vaccine is being used, this is because CCPP responds
to therapy (Goni and Onoviran, 1973). The vaccine
if it should be prepared should contain both
M. mycoides subsp. mycoides and capri if it should
be efficient. Vaccination will be difficult here
because goats are not rearcd either semi-intensively
or intensively in Nigeries and many parts of Africa

(0jo, 1982).

Tylosin has been found effective but it is
considered expensive (0jo, 1983). Terramycin has
been used too. A new drug called Tiamulin (R)
developed by Riochemie, Vienna, with Sandoz as the
representative in Nigeria is being tried in experi-

mental infections (0jo, 1983). It is effective

in vitro end in vivo.



‘ Lastly it is known that sttenuation of mycoplasma
streins by laboratory pessage tends to reduce boath
virulence and immuncgenicity (Razin, 1981), In

m:st cas-.s, attenurted viable vaccines did nat confer
the level of protection required from commercisl
vacceine, A unique éxception exists for M. mycoides
subsp, mycoides, where subcutsneous inoculstion of

live organisms in the tail protoects cattle «ffce-

tively =2gainst CBPP,

Hoematology of ceoprine mycoplasmosis

In a short communication on the hacmatslogy and
plasmz protein changes in caprine pleurcpnsumonia
in Suden, Gamecl (1976) observed that there wes a
steady rise in the leucocyte counts in disessed
animals kept under clnse observation, He observed
that the rise in leucocyvtes was due tn incresses in
neutrophil and lymphocevie counts of the blooad samples,
He =z2lso observed theat monocytes and eosincphils were
not affected, Erythrocyte counts, haemnglobin levels,
pecked cell volumes and erythrocyte sedimentetion
rates declined progressively, Plesma protein and
fibrinogen also decrenssed slowly and later fell
ropidly, becoming virtunlly undetectable after 4 weeks

of confinement,
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Rogsendal (19832) in his work on the susceptibility
of gosts and cglves after experimentnl inoculstions
or c-ntact exposure ts a Cenadian strain of Mycoplssme
mycnides subsp, mvcoides isolated from a gont observed
thot the total white blood cell (WBC) covnt dropped
from an average of 7.0-17.8 x 10%/1litre o 3.4-1.2 x
109/1itre frur days post inoculation, He alss noted
thzt the drop in leucocyte count was due to A& neutron-
penia., Erythrocytes, haemoglobin, packed cell volume

remained unchenged after inoculation,

The experimentol infection of gosts, snesp, #nd
calves with large colony type of M, mvcoidig subsp.
myc-ides intravencusly resulted in leukcpeniz and
granulocytopenia (Rosendal, 1981). Coznulopsthy
wns reported in some gocts, The fibrinogen tivtre,
prothrombin and partisl throrboplastin increosed
with the progress of the disease. The RBC sount,

PCV and heemoglobin yvielded no values outside

established normel ranges,

In 2 report on the milk borne outbraak of

Mycoplasm: mycoides subsp. mycoides in a commarcial

dairy goat, East et al (1983 observed s high YBC

count (13,000 cells/mmB) with neutronhilia (7,200

cells/mmB) incressed fibrinogen { 400mgz/di) and -

monocytosis ( 530 cells/mm3).
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The foregoing has prescnted conflicts in the
haematolngic studies of contagious caprinc pleuro-
pneumonia, But one mus®t alsc tzke into consideration
the differences in the species and strains of

Mycoplasma mycoides used by the different zuthors.

For these reascons therefore, this project invelves
the production »f classifical CCPR (using Smith’s

strain of Myco lasma mvceoides subsp. capri) snd

establishing the haematologlical paraemsters of
acut. and chranic stages of the disezse 25 might he

encountered in the field.

Caprine Hacmatnlogy

The hacmatological parasmeters of healthy Higerian
breeds of grats {and sheep) have been studied: it
wes found that mest values in the Nigerian goets
are similar to those of temperate breeds, although
the haemoplobin concemtration and the mean corpusculsar
haemoglobin concentration (MCHC) are lower {Cduye,
1976). He also reported that the totel leucocvte
counts were considerably higher in the Nigerian goats
and sheep than those reported for the temperate breeds
of animels (0Qduye, 1975). This is in agreement with

the finding of Edwsids, Judd and Squire {1955) who

reeorded @ mean white bhlood cell count ofF 14,54 x $03
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and 14.23 x 197

per microlitre of blood in the
West &fricen Dwarf gosts and sheep, rospoectively,
in Gold Coast {Ghana) as against the record »f
Holman ond Dew {(1963) of 8 x 103 per microlitre of
blood, and Millson, West & Dew (1960) who reported

3 3

a range of 9 x 107 to 15 x 107 in the gnaot,

Nigerien gosts are reported tto have o higher
differential cosinophil counts then thnsge of the
temperate (Cduve, 1978). This might be cxplirined
by the uncontrollable exposure of theso animals to
a host of different intestinzl parassites, which sre
known to encourage high count of easinopbkils in

tlood,

Erythrocyte series

The red blood colls of the gost is tiwe srallest
1

re

&b

among domestic animals (Schalm, 1275), They
round to blunty trizngular in stszincd blood films,
Such fibms mede from blood samples of immature gosts.
(2bout the first month of life) present a lot of
prominent anisocyteosis (Holman and Dew, 19645,
Nucleated RBRC and reticulocvtes are not prescent in
the peripheral circulation of healthy animnls., Tredr
prescence in circuluation is in response to anemia

(Holman and Dew, 19643,
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The assessment »f the red blood cells is based
~n the deteérmination ~f the Packed Cell Valume
(PCV), Heemoglobin concentrztion (HB), and the total
red cell counts, The PCV ig determined by the
microhaemztacrit method, the hacmoglobin by the
cyenmethoemoglobin method using the Corulter haemn—
globinometer and the total red cell count is done
by the use ~f the hacmocytoreter method, These

methods are described by Schalm (1975).

The goat has the lowest PCV of the common domestic
~nimals (Schalm, 1975). The normal value of the PCV
~f a properly centrifuged goats blond ranges between
22 to 38 percent, slthough some apparently clinicelly

normal go=ats could have velues below 22 percent,-

Oduye (1976) reported that the mean values of
PCV, RBC and mean corpuscular volume (MCV) in the
Nigerian gnat did not differ significantly from the
values obteined for 2-year-¢ld femzle goats as

repnrted by Holmen and Dew (1863),

Esievo, Saror, Alafiatayo and Abubakar, (1904b)
report.d that the PCV znd Hb of the male =nd femele
Sokoto Red kids incrensed with age t~ adult vsliues
at 8 to 10 weeks of life. The same pattern was also

observed in Yankasas lambs (Esieve et 21, 1984b).
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These workers explsined that the protrscted
decrense of these parcmeters very early in life,
particularly of the males suggested repid growth,
accompanied hy increased in plssma volume without
concommittant incresse in the red cell mrss during

this phrse.

The erythrocytic indices

These include the Mean Corpuscular Volume (MCVY,
the Mean Corpusculer Hecmoglobin (MCH) and the Mean
Corpuscular Hatmcgleobin Concentration (¥CHC)}. These
indices are estimzted from the values of PCyv, Hb
end total REC counts - per microlitre (ul) of blood
(¥introbe, 4963), The validity of the indices
is influenced by the =sccuracy »f the red-cell count,
the haemoglobinghisdin determination, and the haemes-

toerit or PCV value (Schalm, 1975).

The MCV which expresses the averzge size in
terms »f volume, of 2 single red blood cell, is
determined by dividing the volume of pzcked red cells
per 1000ml of bleod by the totel red cell count in
millions per cubit millimeter i.e. PCV of 1000ml of
blood/RBC count in ul of blood, The unit of
expressicn is in cubit microns, The value in goats

ranges from 15-30 with a mean of 23 as given by



Schalm (1975); 19-37 mean nf 27, as given by Coles
{(1974) and the values for the different azges hrove

been ziven by Oduye {1976), reproduced in Table 3,
The MCV velues is noted to increase with age by

Ouye (1976), 2nd not significently affected by sex.

The MCH measures the weight »f the haemnglobin
in the =sversge erythrocyte of a population of cells
(Schalm, 1975) and it is celculated by dividad the
haemoszlobin present in grams per 1000 millilitres
blood by the total erythrocyte count in millions
per cubic millilitre (Coles, 1974) znd it is expressed
{Coles, 1974) and it is expressed in micre micrograms,
i.e. Hb in 4000ml ~f bloocd RBC count in microlitre
of biond, The normal value in goats 1is given =s

5-7(6) micromicrograms (Coles, 1974).

The NCHC messures the racio of weight ~f the
haemoglcbin to the volume of the erythrocyte (Schalm,
1975) and it is determined by dividing the hzemnglobin
in grams per 10,000ml of bloud by the volume of PCV
per hundred millitres ~f tlood, i.e. Hb in grems per
10,000m1 of blnod/percent PCV. It is expressed in
percent of haemoglobin of the total weight of =2n
erythrocyte. The normzl value in gozts is given =as
30-25(32) percent (Coles, 1974) and 35-42(38) by

Schelm (1975). Hvpochromic enaemia is characterised
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by 2 lower than normel MCHC.

Errors may arise in the determinstio-n »f the
erythrocytic indices through the erythr~cyte counts
¢btrined by haemocytometer as well 25 laci of skill
of the person making the counts, Both MOV and MCH
are influenced by errsrs in erythroeyte caunts,
£1s0, an excess of anticoagulent (FDIA} produces
shrinknge »f ervthr~cvtes., This results in the
reduction of PCV. Erythrocyte crunt 2nd hzemoglebin
concentration are not z2ltered. This results in &
reduction in MCV »and sn increasse in MCHC.
Significrent heemolysis »f 2 sample lcads o
erronesusly increased velues »f MCH and MCHC because
the free haemonglcobin in the plesma 1s mothematically
incorporated in the remeining non-haenclysed erythro-
cytes, while the PCV and the total RBC counts are

decressed (Schalm, 1975).

Leukocyte series

Esievo ¢t al (1984a)} reported a dramatic
increase in the WrC of kids with age and this is
mostly influcnced by increasces in absolute lymphocyte
counts, and partly by eosinophils. The higher level
of lymphocvtes than neutrophils observed in the work

agreed with the observation in Yankasa lambs {Esiezvo
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et 21, 1984b) and cattle (Schalm et al, 1975). The
WEhC, lymphocyte and eosinophils are said to increase
with age generally to edult values at 8 to 10 weeks
of 1ife (Esievo et 21, 1984a). The shsolute neutro-
phil counts remain lower than lymphocyte counts in

both sheep and goats, but the totsl WBC counts of

the kids are about 2 times higher tisn the WEBC count
of the lambs, as from & weeks of age. Hovwever, sex

i

i

said to have only e modest ¢ffect oo these parameters
in both Yaokass lambs and the kids of Sokoto Red goat

{€sievo ¢t al, 198L4a},

Total white tlood cell count is done by the use
of electrenic coulter counter or the menual haemo-
cytometer. The value obtained in one count is

expressed in microlitre of blood,

The differential legcocvte count is dcne by -

making a thin blood smear on a glass 3lide, =nd with
he usz of immersion oil, 2 hundred leucocytes are
counted, These are expressed in percentages, To
obtain the absolute values of the different leucocytes,
the percentagze of esch leucocyte is multiplied with

the total lcucocyte count for a particular blood
sample, as described by Schalm,(ﬁ?ﬁgewﬁ Coles (1974).
In clinical diagnosis, the absolute values must be

calculated fo make good inferences., In the work of
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Esievo et al (19842), no consistent observation was
made for band neutrophils and monocytes, The mesan
absolute eosinophil counts increzsed from the first
week of 1life up to 5 weeks, thereafter showing no

definite pattern of change,

The mean absnlute neutrophil could was also
reperted te hsve regular waves of increment in the
peripheral civcculntion, but it remaias lower than

he lymphocyte count, This is in egreement with the
reports of Millson et al (1960) and Wilkins 2nd
Hodges, (1952). However some other workars hsve

reported higher neutrophil counts {Schalm, 1975).

Band neutrophils occur fairly commonly in
periphersl blood in asscciaticn with neutrophilia
in response to disease in the goat (Schelm, 1975).
A left shift to metamyelocytes is uncommon; and

myelocytes have rarely been encountered,

The basophil is very rere in the healthy goat
blood, as it is in other domestic animals (Coles,

1974) .,
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Table 3: MEAN BLOOD VALUES IN CLINICALLY NORM/™ NICGERTAN ¥GGATS (Cduye, 1€ L)

Differentisl L :ucocyte Count in Percente ¢

Se o sd Eosi- - Mono-

Animals | mmewmma pCY mm ﬁxmmw, MCV NCHC emwmp @wmﬁma wwmmwm:wmmew WWMWSO mmwm

. : neutro-- phil
phil

0-6 months 17 25.1 8,43 134 19.8 3%.9 18.626 43.8 0.7 T.4 52.9 1.2
+3.4 0,94 $3.3 4.8 +3.6 3,945 +12,9 1.4 1.7 213,70 2.9

6-12 months 12 27.0 9,07 12.9 21,2 33.9  17.5%6 44,9 0,2 4.3 50,2 1.0
4.6 21,41 42,1 +3.4 +3.3  #4,109 +47,6  +0.4  +4.,6 47,4 +0.9

42~24 months, 20 26.9 8,70 11.9 22,9 32,4 16,581 48,4 1.3 6.0 43,4 0.8
+3.8  +1.,31 1.7 +3.5 +3.2 4,186 +11.3 +2.0 5.3  212.8 0.9

24 months _ 36 25,9  B.45 11.8 22.4 32,9 13,542 48,0 0.7 5.4 44,3 0.7
+ 4 $1.50 42,3 sl 4 +3.6  +4,219 +11.0 0.7 4,7  +10.0 0.9

All female Lo 25,1 8,52 12.2 21.8 33,0 16,141 48,4 0.5 4,3 5.9 0.9
+4,5 31,28 +2.2 +2.7 44,0 44,766 9.6 +1.2  #3.3 10,40 11,0

Pregnant female S 26,4 8,9 11,3 23.9 32.3 13,906 48,1 1.0 3.8 46,17 1,0
+4,0 +1.59 +2.0 +3.6 +2.9 24,407 $13.8 1.2 3#3.2 14,8 0.9

A1l males . 35 25,9 8.64 12,7 21.3 33.5 16,600 44,8 0.9 5.4 48,5 0.8
+3.9 1,30 2,7 +4.8 +2.9  #4.316 +11,2 1.6 +5.7 12, +0.9

85 26,17 8,59  12.3 21.8 33,1 16,098 46,8 0.7 L,7 47,0 C.9

44,1 #1,.31 +2,4 +4.h +3.4 4,554 +10.8 1.4 4.5 211,60 0.9

*West Africsn Dwarf breed
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CHAPTER 3:; EXPERIMENTAL PRODUCTION CF
CONTACIOUS CAPRINE PLEUROPNEUMONIA AND
DETERMINATION OF BLOOD PARAM.TERS

INTROBUCTICN

It is ghvicus from the literature review that
the diagnosti: value of haematologic parsmeters in
CCPEY has not been fully explored., The avallable
datz had been meinly on exotic breeds of goats, end
the orgsanisa used had either been M, mycoides subsp,
mycoides of caprine origin, or streins of M. mycoides

subsp. capri, other thsn the Smith's strzin,

In view of this situation, sttempts have been
made in this study, to eveluate the blood picture
of SE goats experimentally infected with the Smithts
strain of M, mycoides subsp., capri, This strain is
known to produce very scvere CCPP similer to what
is often encountered in netural CCPP outbrezk in
Nigerian goats (Onoviran, personal communication).
Thus, it was felt that whatever data i3 obtained on
the haematologic paremeters would be reniniscent of
typicel sevew CCFPP., Moreover, 2 breed of geat widely
distributed in the Savannzh belt of Nigeria hes been

used for the study,
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MATERIALS AND METHOLS

Goats

In the first animal experiment (snimal
Experiment I}, 20 Savannah Brown goats were
purchased when 6 to 12 months old., bach goet
was eartegged (P, 3801 ~ P, 3620) and dewormed
with Renide(R) (Merck & Co, Inc., Rshway, New
Jersey, U. S. £.) at 7.5mg/kg body weight. They
were dipped in 10% solution of Pfizona(R§ (Pfizer
Product Limitad, Ikejs, Nigeries)} to eliminate
ectoparasites. The goats were confined in the same
pen for further acclamatization. Rectal temporatures

were monitored daily.

Hay, concentrstes (in form of cotton seed cake,
wheat offal and maize), and selt-lick were supplied

together with weter 2d libitum.

In a repeat study (Animal Experiment II}, 10
gnats were purchascd also (6 to 12 months old).
They were eartagged (M. 205, M, 207, M, 216, M, 217,
M, 218, M. 303, M. 308, M., 310, M, 311 snd M, 312).
Hay, concentrate ond water were supplicd to them

and were also confined for acclamz=tizatione.
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The goats were =ssigned to pens as fallows:

Apimal Bxperiment 1

Gosts to be inoculated

with mycoplasma culture lontral gosts Stenihy gooks

No, P. 3602 Ne, P, 3603 i+, P. 3608
N-, P. 3604 Yo, P, 3615 Ny Po 3611
Ne, P, 3605 No. P, 3615 N~ Pe 3612
No. P. 3606 No, P, 3617 No, P. 3619
Noo Po 3607 No. P, 362C

Nne P, 3609 .

No, P, 3610
N+ P, 3613
No. P. 3614
Noe P. 3618
Toto1l 10 5 4

Animal Experiment 11

Gorts to be inoculated

with mycoplasma culture ats

Contrnl g~

M. 216 M. 205
M. 217 M, 207
M, 218 M. 308
M. 303 M. 311
M. 310
M. 312

Total 6 4
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Pre-inoculation blood samples

During scclematization, two sets of blood and
serz samples were taken at two-weekly intervals to
estrehlish a base-~line data for the haemogrem of the
gosts, On cach occasion, 5ml of blood was collected
from e~ch geat into tubes contzining heparin, and
znother 5ml was collected into tubes without heparin
by Jugular venepuncture using 10ml sterile disposable
syringes snd¢ 19 geuge x 13" sterile needles. The
former samples were used for hsemotologicel studies,
while serum samnles were collectad from the latter
aseptically after clotting. The serum somples were

Stered 2t =20 C until screencd for antibody to

M, mycoides subsp. capri (see later),

Production of contaegious caprine pleurcpneumorniia

(CCPP)

e

(a) . mycoides subsp,., capri strain

Ampoules of I, mycoides subsp. capri (Smith's
strain) wz2s kindly supplied by Dr. 0. Onoviran of
the Netional Ve*erinary Research Institute (NVRI),
Vom, These ampoules were originally supplied by
Dr. G. R. Smith of Nuffield Institute of Comparative

Medicine, London. It wss originally isolated from
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cases of CCPP in Turkey and hes been proved to be

a virulent strain by Cottew and Leach (1969),.

0jo (1976¢) and Onoviran, Majiyagbe, Molokwu, Chima
and Adegboye (1984) heve shown that the strain is

pathogenic for Savannah Brown goats of Nigeria.,
(b) Preparation of inoculum

One ampoule 2t a virulent passage level was
reconstituted in glucose-supplemented mycoplasma
broth (GB) as described by Adegboye (1981). (The
composition had earlier been summarized in Chapter 2).
0.2ml of the reconstituted organism was introduced
into 1.8ml GB in a 10ml screw-cap tube, This was
serially diluted down ten-fold to 10~ in four
other tubes, similar to cultural procedures of
Adegbove, Fasanya, Bwala and Hassan (1982), A
medium control tube was set up 2nd 211 tubes were
closed tighly and incubated at 37%C. All the five
dilutions showed a2 pH shift from 7.6 to less than
7.2 within 2-3 days with culture remaining homogenous,
i.e. free of precipitates indicative of bacteriel
contaminants. This pH shift was indicated by the

colour change in the medium from pinkish (7.6)
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to yellowish ( 7.2) esloration., This culture

represented the first passage,

0.5ml of the 1072 dilution of that passnge at
2 pH of approximately 7.0 was inoculzted into
universsl battle conteining 4,5ml of Gluconse broth
to provide a 107 dilution. & 1072 dilution in the
same quantity wns made, Both dilutions with a
5ml GB ss medium control were incubated s usuzl.
The two dilutions showed geod growth by the change
of the glucose broth from pink t2 slight yellowish
colorstion (pH 7.6 to 7.2} within 24-48 hours,
The m-dium control remecined pinkish., This repre-

sented the second passage in our laboratory.

From the third znd finsl pessage, wnch Sml
culture wns inoculsted into 45m) broth, teo provide
two bottle of 50ml culture each, 40ml fresh GB
was dispensed aseptically inte & third bottle as
inoculum control and nll three bottle were incuboted

at 379C,

After 24 hours of incubation, the 50ml cultures
in each flask had shown desired colour change while the
medium control showed no colour chsnge. The two 50ml
cultures were pooled together and were gently miwxed |
to produce 100ml inoculum for Animel LExperviment I.

Inoculum for Animal Experiment II was prepored in



he seme three-passags  steps using = fresh ampoule,
in 2 different batch of broth. At each passage, the
incculum was subcultured onto sgar to check for
characteristic colonial morphology. The sterility
of the inoculwi, in terms of bacterizl contarinants,
wns tested by inoculating one drop esch of the
inoculum and control broths ants blood and MacConkey
zgar plates, "he incculum =nd thz control gave no
bacterisl growth on either moedium even up to cne

week incubation period,

Fincllv, the number of colony-foraing units per
ml of each inoculum was determined by standeord method
{(R2dwell zrd Whitcomd, 1983}, Briefly, 0.1ml of the

inaculum wes diluted sccurately down to 10*10. 0, 1ml

6

of each of dilutinn 10-5, 107% and 1077 was inoculated
onto mycoplasms ager plate and incubzsted approximately
for 48 hhurs in glass anaerobic jer 10% carbon dioxide,
humid atmosphere (Adegboye, 1981), aAny dilution showing
moderate number of colonies was selected: the total
number was counted, and c.f.u, determined from this
formula: c.f,u./wl = Nx 10x ﬂoa, where N = total
colonies counted from selected dilution n, The

inoculur for Anima2l Experiment I contained 5,2 x 106
c.f.u./ml, while that of Animal Experiment II
contained 2,0 x 107 c,fu./ml, The batch of media

used for the second uatch was unususlly very good.



48

{c} Goat Incculstion

5ml eech of the incubsted inoculum control was
asepticelly drawn into 5 syringes in the lebiratory
~nd token to the control pen. The rectsl temperaturec
=nd bloosd samplecs for "Day OY were firs*t taken from
the control gosts. Then each gonzt was insculrsted
intranasally by distributing Sml incculum ints both
nostirils in scuirts s the goot inhaled with the

neck hel? uprizht and stretched (Plote I,

sfter 211 cocntral gnats hed been so attended
to, the pr-cedure was repeated on the 10 goats to
be infected, with each gost receiving 5ml inoculminm

7

containing 2 total of 2.6 x 10" c¢,.f,u. intrannsally,

This scrved 2s the inoculation for Animel Exporiment

In Arimal Experiment II, which was czrried out
10 months ofter Animal Experiment I, 4 control ghats
also received 5 ml incubated innculum contral
intranasslly ezch on Day 0, walle 6 goats received
5ml inoculum which contesined a total of 1.0 x ’IO’iU

c.f.u. intranasally.

The animsls were cbserved for clinical menifes—
tation of disense two or three times per day ond

rectal temperatures were taken daily,



Plate II: The process of nasal instillation of

cul tures,
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In Anim=]l Zxperiments) I, blood ssamples for
hremstolosy snd sirum were taken on devs 3, 7, 10,
15, 21 ond 28 post incculation 2nd subsequently at
2 weekly interval until tormination of experiment

=t 17 weeks post inoculetion (PLI),

In Animz2l BExperiment II, blood szmples were
collected on Davs 0, 1, 2, 3, 4 end 5, 2s 211

infected snimels had died by dey 7 post-inoculation,

Post-morten examination

Routine nost-mortem examination was carried out
on 211 goats th=t died, The thoracic cavity was
coarefully c¢xposed, &SHwebs of the trachesz, lungs and
pleural fluid were taken aseptically ani snepped off
inte glucose broth for re-isoclation of mycoplasma,
Sectiong of the lungs and pleure were preserved in
10% buffered neutrsl formalin, scctioned at 6 microns
and stained with H & L for histopatholony,

Photographs were teken as necessary,

In Animal Experiment I, where some gosts survived
into the chronic stage, a1l goats (including controls)

above 2t npost mortem,
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Mycoplaesma re-isolation and identific=tion

- — e —

Broth contzining each sw2b was tsken into the
laboratory nearby. Ezch tube was gently shaken to
disperse any exudate. 0.2ml of the suspensi-n was

diluted ten-fcld down to 10_3

in broth and the tubes
were incubatec at 37°C, A drop of any dilution
showing any c~lour change was inoculated onty glucrse
ager plate and incubated routinely ts chneck for
mycoplasmz cnlonies. The plates were exsmined after

. s . M F =]
43 hours nf incubation using sterecscopic microscopes

at 2 magnification of x 25 to x €0.

Any isnlste wus cloned (purified) by picking
single, well isolated colonies 2nd sudculturing in
broth, The procedurs was repested twice tn give a

pure isolatiom of the organism,

The clonec isolates were typed and identified
by the growth-inhibition test as desi»ibed by Mokan,
Adegbeye and Orajek= (1979). The test was carried
cut as fallows: one drop eof 10~ broth culture
dilution was =1llowed *o5 run dowr the ~gsr medium,
in 2 90mm pe*ri dish and air-dried, & 6,35mm

diemeter peper disc impregnated with the antiserum

a, Americen Opticel Instrument Division, Buffalo
15, N.Y., U.S.4, or Olympus Opticsl Cs., Tokyo,
Japan,
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to M. mycoides subsp. capri was placed on the
inoculum., Another disc impregnated with ethanolic
solution of digitonin was pl:zced on another point
on the inoculum and a2 third disc impregnated with
normal horse serum placed lastly as 2 negative
control. Discs were arranged to be approximately
20mm apart and the plates incubated routinely.
Incubation varied from 24 hours to 72 hours at 37°C
eand inhibition of growth around any disc was noted,
This procedure was cerried out on each &doned

isolate.

Serological screening of pre-inoculsation sera

2nd post-inoculztion sera using the agear gel-

diffusion test.

Tc ensure that all goats used were M, mycoides
subsp. capri free, pre-~inoculation serum samples
were screened using the =2gar gel diffusion test as
described by Dada, Adegboye and Mohemmed (1981).
The tost wes similerly used to demonstrate sero-

conversion in infected goats,

The thoracic fluid from one of the infected
animals was used as antigen, After preliminary runs,
it was noted that better results were obtained if

the thoracic fluid was concentrated by centrifuging
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lightly (eg a2t 60Q for 10 minutes)., This 2ntigen
was added to the central wells of 211 the slides.
Serum s=amples tn be screened were added to the
peripheral wells., Slides were set in humid chambers
and they werc incubated a2t 37°C. They were observed
for developmert of precipitin lines 2t 24 hours,

The antigen ard antiserz wells were often re-filled
at 24 hours aud results read again at 48 hours.

This test was conducted on 211 pre-inoculati-n serum
samples from the totel 30 goats used in animal
Experiments I and II, and on sera collected at

3y 7y 10, 15, 21, 28 days and subsequently 2 weeks
until 17 wz=eks, post—-inoculation, as positive control,
rabbit hyperimmune serum (PG3) used in growth

inhibition test was included in the set up.

Heematologic Barametars

I

Packed Cell Volume (PCV)

This wns done by the microhzemsatocrit canillery
tube method as described by Schalm (1975).
Haemoglobin Concentration (Hb)

Determination wes done by the use ~f cyanmethae-

mnglobin method using the coulter haemcglobinometer,
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Bl~cd Cell Counts (Red and White)

This was done by using the haemocyt-meter

counting method =2s described by Coles (1974),.

Differential Counts

This was =21so carried »ut by the use -f the
routine laborstory methods ~f esunting the lymphocytes,
neutropnils, eosinophils, monocytes and band cells

on Giemse stained thin blood smesr (Schelm, 1975).

Total Protein

This was determinecd by the use of the Total
solids (T.S.) refractometer method (Schalm, 1975).

A1l results obtained from haematologic studies
were subjected to statistical 2nalysis. Means and
standard deviations were calculated and values
subjected to student t-test., Values of PL0.05 wes
considered significant,
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RLSULTS

All the goats used in this study were serolo-
gically negative for M. mycoides subsp. capri by the
gel diffusion test and were in apparent good health
prior to inoculation. Their rectal temperatures
monitored daily for 2 weeks nrior to inoculation

were within normal range,

Clinical Observation

No clinical siens were noticed in any animals
on days 1 and 2 after inoculation. In Animal
Experiment I, pyrexia ( 40°C) was recorded in all
goats inoculated with the mycoplasma as early as
3 days F.I., and this persisted for approximately
6 days (Fig. 1a). The body temperature of those
animals that survived the pyrexia returned to
normal values by the 8th and 10th day of inoculation,
In the repeat experiment (II), very high temperature
rise (41°C) was recorded for the animal inoculated
with mycoplasma by 72 hours post inoculation, This
pyrexia persisted until death of these goats (Fig. 1b).
Details of the temperature chart for the experiments

are presented in Tables 4A and 4B respectively.
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By the fourth day after in~culation, =211 the
grats were anorexic, they would not come out of
their housing, some had mucopurent nasal discharges
(Numbers P, 3605, P, 3613 and P, 3514) while others
were found coughing (Numbers P, 3604, P. 3606 znd
P. 3610). They were all depressed and insensitive

to their envir-nment, sluggish and dull,

Many »f them showed abdominal breathing with
stretched neck, Two animals (Wumbers P, 3614 and
P. 3618) died 5 days after inoculation. Annsther
one (Number 3502) died a day later 2nd trnese were

replaced by standby geats numbers P, 3611 z2nd P, 3610,

Auscultation 5f the nthers rcvealed a harsh
dry rales, No other clinical signs were observed
except that the infected goats were cachetic despite
their good appetite at termination of experiment

(Plate III),

One of the in-contact goats (Number P, 3611)
had an elevated temperature (40°C) approximately
4 days zfter introducti-n to the infected pen. The

cther in-contact goet did net show 2ny clinical sign,

The rectal temperztures of the contral goats
remained within the normal range (38-39.5'C) and

none exhibited eny clinical signs of illness, However,
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épp%oximately 5 weeks post incculation, there was

fles infestation in the contrsl pen.,  #£11 the contrsl
goats and the pen werc sprayed with Tristix ' (The
Wellceome Foundaztisn Limited Berkhomsted, Herts,
Enzland), Even then the oﬁﬁtrsl gonts numbers P, 3603,
P, 3617 and P, 3620 died -n days 35, 38 =nd 70 of

study respectively ~f flea infestation. They all

had zn=emia =2rd dry seborrheic dermatitis =z2s o

result of the flea infeststion.,

Fogst-morten findings

The grass lesions sbserved in gonts thot died
scutely included deprsits »f fibrinous exudates on
the pleurs and pericerdium (Plate V) »nd sbout
125m1 of the fibrincus fluid was collected from the
thoracic covity winile sbout 18ml was cohllectsd from
the pericardiel sac {Plate VI): the fluid cosgulated
rapidly on exposure t; air. There wes c-nsolidation
of the lungs (Plrte VIT) 2nd enlsrgement of the
bronchiszl and mediestinal lymph nodes., There was
distension of the interlobular septae with sedematous
fluid giving the surface ~f the lung & "marbling"
appeorance (Plate VIII). The trachca ws. highly
congested =2nd it conteined 2 lot »f frothy exudate
(Plzte IX). The seme lesions were observed for all

animels inoculsted with mycoplosma cultures in



i of the

CCn.‘i’.'li"j:;“;t;\! 1,_}..'
217

. I. (Animal Exp.



Platc VIIa: Thoracic viscera from infected
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Animel Experiment IT,

&t the terminati-n of the experimen: 17 weeks
later (4nimsl FExperiment I), the post-msrtem lcsions
of scme T the innculated animels (numbars P. 3604,
P, 3605.and P, 3%07) were typical of chr-nic CCPP,
These lesions included athesions of the lung pleure
to the thoracic cage (Pleste X), Only one -f the
in-contact goets (P. 3611) shewed consulidnted points

on the right lung.

Histopathologicel findings

The lesions ~bserved in the lungs in the zcute
diseasc included congestinn of blyd vessels,
dilation of the lymphatic vessels in the interlobular

septs, neutrcophilic infilteration of inter-zlvenlar

septae, bronchiosles and the alveoli, IMew lymphocytes .

and plssma cells were seen, There was cedema fluid
and fibrin osccumulatisn in the interalvenlar septac,

alvel i and bronchiolar lumen (Plates IX and XII).

The portizns of the lungs that showed chronic
lesions had mononuclear (lymphocyte and macrphoge)
infilteration, =2nd ~bliterati~n of some alvesli and

bronchinles with fibrous connective tissues,
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Mycoplasma re-iscleticn and identification

& mycoplasma confirmed as M, mveoides subsp,
capri (Plates XIII ond XIV) by gr-wth inhibition
test was re«isolated from the frachaa and lungs nf
goet numbers P, 3502, P, B614 end P, 3618 thet died
acutely in snimal Experiment I, snd in =211 animals
inoculated with myc plasma culture in Animal

Experiment II,

4t the terminati-n of experiment, M. myc-ides
subsp. ggpgi was also recovered from the trochea of
geets numbers P, 3504, F, 3605, P. 3607 =nd the
in-contact gnet P, 3511, The orgenism wes not

recovered from the Iungs at this stage,

None of the control gosts had lesisns in the
respiratery tract a2t poestemortem so no mycoplasna

was recovered from the trachea <r lungs.

gggr gel diffusion EE§§

A pesitive reaction to this test is indicated
by a precipitin line formation between the serum

well and the antigen well.

A1) the pre-innculetion and week 1 prst~incculation
serz samples of 211 the goats were negative t- the

test. However, some positive reescticons were ~btained
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with serum samples obtained 2 weeks (14 days) end

3 weeks (21 days) after inoculation in 211 the

infected go=ts (P. 3604, P, 3605, P. 3606, P, 360M™ P. 36G9
P. 3610). The precipitin'lines where mere distinct at

48 hours ~f incubation as the wells were re=filled

at 24 hours. At week 4 (28 deys P.I.), only sere

from ghats P, 3506 ~nd P, 3616 were positive. As

frem week 5 (35 days) up to 17 weeks none f the

animals showed pnsitive reactions,
Haematologicsl Parameters

Packed Cell Volume,.PCV (%)

The date obtained in Animal Experiments I and
ITI are summzrized in Figures 24 and 2B respectively,
anc the detsiled data are presented in Tables 5A and
5B respectively. The student t-test that was utilized
to test the difference in means (P>0.05). This
shows that the PCV is not signifieantly affected
by CCPP.

Haem-globin concentratisn (gram/decilitre)

The data for the hremoglobin in Animal Experiments I
and II ore summerized in figures 24 and 2B respectively,

and the details ~f the data 2re shown in Tables 6A and



6B respectively. There is no significant difference
between the means of the control and infected goats
(P>0.05) 2nd this shows that the haemoglobin concene

tration is not significantly =ffected by CCFF.

Red Blood Cell Counts (106/microlitre)

The datz obtzined for the RBC counts in Animal
Experiments I and II are summerized in Figures 2A
and 2B respectively; and the details in Table 7A and
7B respectively. There was no significant (P>0.05)
changes in the REC with CCPP.

Total White Blaod Cell Counts (103/microlitre)

The mesn total white blood cell counts for
Animal Experiments I and II are summarized in
Figures 3A and 3B respectively; the detailed results
are presented in Tables 8A and 8B respectively.
There was a2 significant increase (F€0.001) in the
total WBC counts within 3 days P.I., and this rise

reached a peak at about day 7 P.I. (Znimal Experiment I)

In the repeat experiment (Animsl %xperiment II),
there was a significent rise in WEC counts (P¢0.001)
within 3 days of inoculation, This persisted until

all the animals inoculated with mycoplasma culture
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died. Thus, the disease is accompanied by
leucocytosis during the first week, after which
the WBC gradually decreased to the pre-inoculation

value,

Neutrophil Counts (103/micr01itre)

The data obtained for Animal Experiments I &
IT are summerized in Figures 3A and 3B respectively,
2nd the details in tables 9A and 9B respectively,
There was a significant rise (PL0.001) in the
neutrophil counts within 3 to 7 days P.I., znd a
decline thereafterin both experiments, Thus the
inoculation with M, mycojdes susbsp., capri caused
a neutrophilia, which might be responsible for the

leucocytosis.

Band Counts (102/microlitre)

The data obtained for the two experiments
I 2nd II are as summarized in figures 3A end 3B,
and the aetails in Tables 9A and 9B respectively.
There was a significant increase (P{0.05) in the
first week of inoculation. This rise in band count
indicates a regenerative left shift with CCPFP, It
might also be contributing to the leucocytosis in

both experiments.
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Monocyte Counts per microlitre

The data for Animal Experiments I and II are
represented in Figures 4A and *“AB respectively, and,
the detailed results are presented in Tables t4A and
T4B., The results show a significant incresase
(PLD,05) at the terminetion of the experiment only,
This might be attributed to those animals that
showed chronic lesions (Animal Experiment I), There
was no significant increase (P}0.05) in Animal

Experiment II, since the infection was highly acute,

Total Protein (gram/decilitre)

The data obtained for the total protein in
Animal Experiments I and II are presented in
Figure 5, and the detailed results in Tables 14A
and 14B. There is no significant (P>0.05)
alteration in the values of total protein in

CCPP,



FIG 1

ANIMAL EXPERIMENT I: Rectal temperature chart of Savannah fiown goat:
which were each inoculated infranasally with cuthures
containinc approximately 26x10 cfu of Myroplasma
mycoides subsp capri  (Smiths strain) ana confrol
goats . moculited with  sterile  brofn,
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ANIMAL EXPERMENT I: Recal temperature chart of Savannah Brown goats
which were each noculated intranasally with culfures
containing approximately 10x10° cfu of

mycoides subsp | Smiths strain  and control
go;cqrfs inoculated with sterile  broth.
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