Some sections suspected to carry coccidia were pressed betwesen
two clean slides. These slides were left to dry for 24 howrs.
The following day the air-dried slides were fixed in absolute
alcohol for 30 minutes and stained for 20 minutes with a freshly
prepared dilution of 3.5 ml of Giemsa solution in 10,8 ml of

distilled water with phosphate buffer pH &.8.

Giemsa Stain Freparation:
Azqre Il eosin 2.0 g
Azuwre 11 2.8 g
Glycerol 250 ml
Fure methanol 250 ml

In this work, imprmv;d Hiemsa Réd.solution was used (BURR

1979). The slides were then rinsed carefully with distilled
water which was slightly acidified with 1% acetic acid. The
slides were then air-dried vertically and observed under a light
microscope.

)

2.4.1.7 Mounting

Specimens for microscopic examination were placed on a
microscope slide, surrounded by a suitable mounting medium DFX
and covered by a cover slip. This excluded air and dust,
provided the appropriate opticel conditions for axaminations ang
protected the objective lens. A drop of DPFX mountant was placec
on the slide in the centre. The drop was of such a size as to
fill the space between the cover slip. The =dge of the cover

slip was placed on the side of the mounting mediwm uEing a

mounting needle or forceps. The cover—-slip was left bto ssttls.
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The required objective lens was brought into the line ot focus

and the iris diaphragm was adjusted accordingly.

Pes
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The figures on the right helped in setting the Aperturs iris

diaphragm ring in position to control the amount of light
-

reaching the camera. The shutter was released by pressing the

exposure button on the control box and the film automatically

advanced to the next frame. The f4lm end light showed when the

+ilm was finished.

2.5 HAEMATOLOGY

Vacutainer tubes containing EDTA as an anticoagulant were wsed
to collect 5.0 ml of blood from the geoats. The blood was uwsed
to analyse the Packed Cell Volume (FCVY, hasmoglobin
concentration (Hb), numbers of White Blood Cells (WEC)Y and Red
Elood Cells (RERC). The analysis could only be done acowately
on fresh blood. On retwning from the fisld, the blood was put

on a Denley Spiromix (Cat No. AZED) to mix the blood thoroughly

betore measuwement of the above parameters.
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This is a thick rectangular glass slide with two raised cross
bars on which the coverslips reste. In the central area between
the crossbars are two platforms, each of which is completely

surrounded by a moat. Each platform is ruled into primary
y

squares of 1 mm each. Each of the fouw corner primary
squares is subdivided into 16 secondeary squares used for WRC.
The centre primary sguare is divided into 2% secondary squares
and- each secondary square is divided inteo 146 tertiary squares
(i.e. 400 tertiary sguares) to be used for tge RBC count.

-
A clean, dry slide and coverslip were prepared. The cover slip
was carefully placed on the slide making suwure that it adhered
well showing Newtmn; rENgS. (This was done by pressing it along
the crossbars to its position). Using an REBC diluting pipette
and fraesh anticoagulated blood, blood was drawn by gentle
sucking to the 8.5 marw. Care was taken to ensuwre that no air

bubbles were trapped in the column of blood.

Using the mouth, the red cell diluting fluid (Formal Citrate)
was drawn into the pipette to the 101 mark. Beth ends of the
pipette were closed by the help of the plastic tube and fingers.
The blood and diluting fluid were mixed by moving the pipette
back and forth at right angles to its long avis for 2 minutes.
Half the contents of the pipette were expelled to remove the
cell free fluid from the stem. By touching the tip of the
pipette to the edge of the platform of the counting chamber, the

fluid was allowed to flow under the coverslips by cepillary
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action. Sometimes refilling the slide was necessary if air
bubbles were trapped under the coverslip or if there was
spillage. The pipette was cleaned immediately with distilled

water for further use.

The haemocytometer was placed on the microscope and was left for
2T minutes to allow the cells to settle on the surface of the
platform. The microscopse was adiusted to focus on the sguares
on the platform. Cells were counted in five of the secondary

«

squares using the four corner and centre primary sguare. The

cells lying in the square or cutting the upper and left lines of
the squares were counted. Those lying on the lower and right

lines were not counted (Archenhold et _al 1978).

-

2.5.2 The Electronic Cell Counter
The Raker Instruments Haemotology series 130 (Cat No. S00 Q0@4

%) was used to count the RBC, WBC and Hb. This was the

pr oceduwres

2.5.2.1 Preparation_of the Instrument

The waste container had to be properly stouppered before turning

the unit on. The power was switched on and the unit left to

warm for 5 minutes. The STRY/Flush button was pushed twice to

clean the system with Haem-clean 100. The machine was §1lushed
ey

again twice with Haem-line &, the diluent and Haem-Lyse 160 (73

drops/1@3.@0 mli. The seld test was run by wsing 18.0 ml of
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HMagma-line 2 and 2 drops of Haema-lyse 100@. After switching on
the selt test button the RBC background counts were then
displayed.

2.5.2.2 Running_the_ Samples

6 vacutainer taken from the spiral mixer containing blood and

EDTA was opened. The tip of the dilutor dispenser was inserted
into the blood specimen and the red button was pressed noting

that the tube was not removed until the delivery light came on.
The amount of blood collected was 2.@ ml. The tuﬁe was removed
and dilutor tip was carefully wiped in a downward motion using

-
the lint free tissues (Kimwipes). On an angle the Haema-vial
was held under the dilutor tip and the red button on the
digpenser was pressed. fmnw ml of the.fluid was collected. The
tip of the dilutor remained above the fluid level as the sample
was being dispensed down the side of the Haema-vial., The last
drop from dilutor tip was obtained by touching the tip ot the

dilutor to the side of the Hasma-vial, the Hasma-vial was cappod

and mixed by inversion two times. This was WHC (1:2050)
gdilution. For the RBC cell count a further dilution from the
WRC sample was made using the dilutor dispenser. The mixtwre

was collected 40ml and 13.90 ml of dilusnt, mixed by inversion

two times giving the RBC dilution (1:62,500).

To the WEC dilution, 3 drops of Heaema-lyse were added and left

to stand for 2 minutes before analysing. All the Haema-vials

were clearly labelled according to the goat number and type of
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sample. The RBC dilution was put under the snorkel and the REO

&

button switched on and the results were printed on the AGGAY

sheet . Then the WBEC/Hb dilution of the

ame goat was also put
under the snorkel and the WRC/Hb button switched on. The
i

results were printed on the assay shest.

After taking all the readings the Hasma-clean 100 was put under
the snorkel and the STBY/Flush button puah@d two times. The
vial of Haema—standby was placed under thekﬁnmrkal and the
system was flushed two times. SHND/CLEAN button was pushed and
the display read OF2 after shutdown was complete. gThe waste
container was emptied and the power was switched off. The wvial
-
full of Haema-standby was left under the snorkel and the stopper
on the waste container was reset.

-

2.9.7% The Blood Cell Count

2.5.%010 Red Blood Cell Count

To count the cells haemocybomster

later the electronic cell counter.

e ELE Jhite Blood Cell Count

when using

The procedure was the same as that for

hasmocytometer exceplt that this time a white diluting

.

Fic acid in Turlk "s

o~
poy
B
&

and the WEC diluting fluid

-

was used to lyse the RREC.

The pipette was filled with blood te the @.% mark and with

diluting fFluid to the 11 mark. The cells were counted in ths

Folr corner (a1 imar OO

. In later sampl

counter was used.
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2.9.4 Haemoglobin Determination

The amount of haemoglobin in the blood was measured by using the

Erma Optical Haemoglobinometer (Model No. I0%-n.) This measwres
the intensity of the colouwr of the fluid by a colorimetric
method.

The haemoglobinometer was switched on and left for 5 minutes to
warm, @.3 ml of Haemoglobin reagent was placed in a test tube
uwsed as a blank. It was placed into the %amplewhmlder of the
machine and the neter was adiusted Lo zero with the zere
adjustment knob. Ry pressing the "cheok" knob the reading
showed a known standard value. Acuglobin was used as a
haemoglobin standard and its value was 14.2 g/dl. If the value
given was not the same as the known’value, the meter was
adjusted using the scale adjustment knob. The test sample was
placed in the sample holder and the Hb value was read in g/dl

and the percentage noted.

.y g
v g

Two capillary tubes 75 mm % 1 mm were filled with blood to 2/3
by capillary action. Using a tissue papér the capillary tube
was wiped off and sealed with paraplast. The tubes were placed
in a slot of Kubota Microhasmatocrit centrifuge (Model No. KEH
120@35)Y . It was fitted with a head for carrying up to 24
capillary tubes and was auwtomatically set to run at 10 000 rpm
for 9 minutes. The sealed end of the capillary tube pointed

outwards.
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Two capillary tubee were filled from one sample to improve
ACCUWmACY . The FCV was determined using a Miocrohasmatoorit

Reader.

2.6 BIOCHEMICAL FARAMETERS

2.6.1 EBlood Sampling

Blood samples were collected weekly from the confined
goat—-kids. Vacutainer needles size 216 x one and half (0,88 =
28 mm) were used with-135 ml plain vacutainer tubes. The
vacutainer tubes were used to collect 10.68 ml of blood for
serum, total protein and albumin measurement.

-

The blood was collected from the jugular vein in the neck of the
animal. The neck was slitghtly twisted to create pressure on the
Jugul ar vein for it to be superficial. Seventy per cent alocohol

was rubbed onto the skin and the vacutainer needle was slowly

pushed into the vein at an angle of Z8%4. Buwfficient pre

below the needle was applied to GHEU;@ easy flow of the blood.
The vacutainer needle was withheld a short distance from the
tube until blood appeared at the nozzle of the nesdle. AL this
point a vacutainer was inserted until the reguired volune was

collected., The needle was removed by releasing the pressure on

it and pressing on the in at the point of insertion (Kelly
1984) . Adeguate mixing was ensured by inverting the tube

several times. The used needles were incinerated.




For serum, 10 ml of blood was collected in plain vacutainer

tubes, This was left to stand at room temperature for two and

half hours wuntil the blood had clotted. The tubes were then

centrifuged on a bench Hitachi Centrifuge, (Model number Sp-21)
for five minutes at 2500 " The serum was then separated fraom
o

the clot and put into labelled test tubes and kept at ~20 C

for storage.

2ebul Estimation of Serum_Total Froteins

The frozen serum was left to thaw at room temperature and the

following reagents were prepared: -

D.28 M of sodium hydrovdide was prmparéﬁ by weighing 8 g of
pelletes and made up to a litre with distilled water. Sodium
potassium tartrate (45.09) was dissolved in 400.0ml of 2. 20M

sodium hydroxide solution 15.8 g of copper sulphate was added
k] por

to the mixture and the whole solution made up to a litre by

adding @.20M sodium hydroxide (Flummer, 19785,

©.6.3.2 PBiuret Test Reagent
12.2 ml Stock Biuret reagent was diluted to 52.0 ml with @.20 M
sodium hyderoxide containing 0.5% (W/W) potassium iodine

(Flummer, 1978),

2.6.%.3% Standard Frotein Solution

£
@.1 g Bovine serum albumin (0. 1208g) kept at 4 C (Sigma No.

AG7RY was dissolved in 120.8 ml of isotonie sodium chlorida

(1.8 g sodium chloeride in L200.0m1 of distilled wateor).



2.6.3.4  METHOD

To I3 test tubes the following reagents were added:

SOLUTION TEST BL.ANE STANDARD
tml) {ml) {ml?
Saline 2.95 .00 -
Serum @.05 - -
Albumin . - 52.00
Biuret Sol. .00 E.00 .00
0
All the above tubes were placed in a water bath at 37 C for 10

minutes. They were later «emoved and allowed to cool. The
values were read on a Hitachi Spectophotometer (Model No.

180-20) at wavelength 550 nm.

2.6.4 ALBUMIN_DETERMINATION_AND_ FREFARATION OF REQGENTQ

1.0 M Sodium citrate (Ma C H 0O 2H ) 29.4% (w/v)
Boo& 05 7 2

was prepared by dissolving 29.4 g of sodium citrate in 100.8 ml
of distilled water. 1.8 M citric acid (C H O H O 21%

o8 7 2
w/v) was also prepared by disesolving 21.0 ¢ in 1800.0 ml
distilled water. RBromocresol glemn was budfered by adding 17.73
ml of 1.0 M sodium citrate, Z2.7 ml of 1.0 M citric acid and &.0
ml of @.01 M bromocresol grean to 08.8 ml of distilled water.

The pH of solution was adjusted to 3.8 by adding 1.2 M citric

acid and the voalume made up to a litre.
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Z2.6.4.1 Standard Albumin_ Solution
Standard albumin solution was prepared by dissolving 0.500g of

bovine serum albumin in isotonic saline which was made up to

12.8 ml. Three test tubes were set up as follows:

REAGENT TEST ELANE STANDARD
(ml) {(ml? (ml)
Bromocresol Green 4.00 4.®®’ 4.00
Serum 2.00 - -
Distilled Water - .20 -
Standard - - @.2a

The contents in each test tube were mixed and left to stand at
room temperatuwre for § minutes. The absorbance was read on the

Hitachi Spectrophotometer (Model No. 100-20) at &40 nm.

SoTan Soe4 sevte S et Pt Smmee Lased Seian S64%0 GHeRe s 084 ke Aeeen 20408 Waems v mieb Soome Searm Sie 10000 S Seont S0044 e Liss Svar Siesh Peece brare Svibe bt Seok Soumk Sram S b

The globulin concentration was obtained by subtracting the

albumin from the total protein concentration.

L.6.6 A6 _RATIO
It is the ratio of the albumin over globulin concentrations.

This gives an overall evaluation of protein status and a basis

for some tentative and additional studies of the animale.




The means and standard error of the mean (SEM) of values
obtained for each week for the tirst five goat kids were
calculated. Data were analysed on a Hewlett Packard Compubter
(Model No. 2816) and BRasic Statistics 2.0 software at F20.0%
using Duncan’s multiple range test for multiple comparison
between the means and Bartlett’ ' s test of homogeneity of

Variance. Foints that have a smimilar lastter are not

gignificantly different.







CHAFTER III

RESULTS

The experiment was carried oult in two groups. The first group of
five kids preinfected from their mothers appeared clinically

normal up to 6-8 weeks after isolation, except for goat 1 where

symptoms appeared only after 14 weeks.

The following results show the progress of the disease

asuWrement of various parametsrs.  The graphs

(coccidiosis) and me
-

show the last B weeks of the experiment for goats 1-3, and all the

weeks for goats &-10.

Z.1.1 Temperature

)

The general body temperature of goats varies from I8.6 teo 40.2 C©

(kelly, 1984). The average temperature of the first group was
)

9.4 L though as the disease progressed it went up to
o ()

40.0 C~-47%7.8 C and suwddenly dropped when dise: symptoms werea

severe and before the animal was sacrificed. This increase could
he noted during the last 1-2 weeks, when the animals were
developing a high fever and were lethargic. In goat 4 the highest
temperatuwre recorded was during the é4th and th weeks of the

experiment and it dropped in the 8th week.

Fel.d Weight

Y

The bhody weight decreased in the last & weeksi; though in most

animals weight was constant for the previous I weeks. This lack

apetite. oz Can

of weight increase may have been due to loss of
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-r - emEm g

be seen in Figs 3.5; 301537 503853 ZLA%, all the animals had al
. b L ]

noticeable decrease in weight during the last 1-2 weeks betore the
animals were sacrificed. This could have been due also to the

loss of water when the animals had diarrhoesa.

Between the 3th-7th week clinical symptoms began to show in all

= [

five goate 1 and 5 after 7 weeks; goats 2 and I after 5 weeks;

goat 4 after 6 weeks. .The first symptoms noticed wers nasal

discharge, lethargy =2nd inappetance.

-

In goats 2, 3, 4 and 9 diarrhoea started between the Ith and 7th

week, when other clinical symptoms began (zee Tables

Diarrhoea lasted for three*weeks in ¢goat 3 For a week in goats
3 pe

4 and 3 and only twe days in goat 1 bsfore the animals wers

a on the

sacrificed. Gernerally there were signs of disrrhos
and around the anus (see Fig J.1.35.1). For the first fow daz
appearance of the faeces were semi-solid and greyish in colowr.

fAs the disease progres

c@d they became watery with or without ble

and the colouwr would changs from grey to gresn and finally to
vellow., At this time the animal would be emaciated, anorexic and

of the disease had a

very weal. Goat 2 duwring the last @

swollen face and erected haiv on the skin.

o104 Docysts Count

This part of the experiment was carried out to determine whether
mothers were infected and to compare the number of ooocysts of bids

to that of their mothers., These three mobthers all had diarehoos



Fig 3.1.3.1 Signs of diarrhoea on the tail and
around the anus of a goat kid.
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after the kide were weaned on 25th October, 1987 but they were

treated with Dimetol 5@ ml kg weight.

Table 3.1
Date of Fascal Mother No of id Ay 3
Sampling Oocysts/ g Age in Weebs

?/10/87 HE 1775 1 13 >18

31 1929 & 14 SReds
S8 SE2 = 13 =1

1&71@/787 & i 1 1@ 188 434
) 51 . 1256 z 19 7E DR
a8 &7 3 1@ . 14 @1E

2518787 b 16448 1 11 & eE
- &Y

A

I.1.4.0b Experiment

All the five kids used Eorathe experisnent were already infected
with cocecidia, and goat 1 and 3 had a very high level at the
beginning of the experiment. (see Table Z.3; and 5.0, The numbeae
of oocyste per g fasces varied during the course of the gxperiment
,y

(swe Fig 3.6y 3.1b6: I.267 .36 and 3.446). In goats 1 2y% and 4
P b 1 3 ! k] Y

had one peak duwing the Zrd week.

In goats 3 and 4, the peak was not pronounced, and the level

increased just before death when clinical symptoms worsened. A

slight increase was observed in goats 1 and = oaleo before death.



~
i

The main species of coccidia identified during the ooncyvst counts

were k., arloingi, see Fig Z.1.4.a which was about 69%, and

ninakohylakimovae, which was 207%. The other species could not be
clearly identified from those described by Morton (12e6), see Fig
Zela4dab It was during the decline of oocyst number that clinical
symptoms of coccidiosis worsensd.

ey

.2 Clinical Progress of the Diseases. Second Set of Kids
The second set of kids were isclated a week after the 4th animal
had been sacrificed. Goat 1 was isolated together with the second
set of kids, since it still looked healthy and active. It was a

-
carrier at this stage and served as a source of coccidial
oocysts.  Otherwise it had no appearance of disease. These

animals showed signs of clinical symptoms within 1-2 weeks after

isolation.

Gl Temperature

o
The average temperature was 39.3 C but®*there was a drop a day

before each animal was sacrificed. (see Fig 3.54; 3,643 3,74y
S84y and 3.94).  During the first weelk of the experiment they all

had high temperatures and they were all treated with Al amycin

(Ouytetracycling) 50 mg/ml 1@ kg body weight to remove any
extraneous infection. Diarrhoea stopped after two days of

treatment.
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L FIG. 3.1.4a

EINERIA SPECIES FROW_THE GONE . |
QCYST
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E. arloingi E. christenseni E. jolchijevi

3opm

E. hirci E. ninakolyakimovae E. alijevi

E.apsheronica E. caprina E. caprovina
With courtesy of Norton {1986) ‘




F.2.2 Weight
Their weight was increasing gradually before the animals were

’

isolated for the superiment. From the time they were isolated
there was no.incr@aﬁa in weight, (see Figs 3.85; 3.73; .85
3.951) except for goats & and 7 where there was a slight increase
during the second weelk, (see Fig Z.605). Gome of the goats,
particularly 2 and 18 were weaned early, and this would have put
nutritional %tFéEE on the animals.

R

Z.2.7 Other Clinical Symptoms

—

During the first and second weeks of the experiment, goats & and 7
had nasal discharge. Goat & had diarrhoea before it was weaned
but after 3 days of treatment with alamycin it became well.

Whether the diarrhoesa was due to coccidia or other infection was

not determined.

In all the goats, diarrhosa was noted 4-14 days after the
experiment had started. Just as in the first set, the stools were
at first grey and semi-solid and as the disease progressed became
watery with or without blood. The colow also changed from grey

to green then to yellow, sometimes with mucus. During the last

two days the animals were emaciated, very weak and anorexic. The

Ll

T.2.4 Qocyst Count

The species of Eimeria identified from the oocysts in this set of
Eids were the same as those in the firet set. Goats 6 and 9 bhad aj
gradual increase, then a peak and a decline in the number of
pocyasts, (see Figes 3.56r and 3.86). For eszample, in goat % tha

Y

increased feoom TR

numbeer of oocys Aty AR O e e e )
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gram faecal sample in the first week. Duwing the second week on
the day the animal died the number decreased to 140 400 oocysts
per gram, {(see Fig 3.88). In goat 8 the number decreased from 202
Vo0 to 88 BB in the first week and later increased in the second

week to 146 @80, (see Fig Z.76).

T.2.5 Amprolium _Treatment

i

Goats 3, I, &, 7 and 1@ were all treated with amprolium (355 mg/kg)

just a day before the animals were sacrificed.

2.3 Haematology

3.1 Red_Blood Cell Count — (Figs 3.7; %.17, 2.273 ZL37 E.47)

The normal value of numbers of erythrocytes of a healthy goat is
é
reported as being between 919 x 10 {Pl with the average being
&
13,7 »x 1@ /pl (Felly, 1984). The values of the first set of

goats were considerably higher than the average normal value
gquoted for Ewopean goats (see Table F.2). EBefore the goats gob
&

clinically sick, values up to 38.2 « 40 /Hl were observed (see

Fig 2.7) though this decreassd as the disease progressed.

With the second set of goats it was difficult to give a critical
account since only two o three readings were obtained befors the
animals were sacrificed. The average RBEC count on five goats &3
7 B3 P3 103 is given on tablelﬁ.ﬁn The last twe values 13,48

b &
1@ CHI and 12.909 » 10 UAl in goats 9 and 10 respectively were

ran

similar to those given by Helly (1984) and Lovelace et_al (1988).
In general the RBC values on all the goats were quite variable

from week to week.




ZLEL2 whité Blood Cell Count — (Figs 3.8; 3.18:3; 3.28B; 3.38; 3.48§

3T.58; 3.68; 3.78; 3.88; I.98)

The mean WRE values obtained during the pericd of the study ranged

from 8.47-20.3%4 » 10 ﬁpl for the first set of goats (1, 2, 5, 4
and ®). The average values for the szecond set ranged from

8.90-1&6.13 x 1@ /Hl' These results obtained from the

of 9.800 1@¢(H1 quoted by Eelly (1984). Castro et al (1927)
gave. a mean valus of kid? of less than 1 year as 11.8 1w¢§u1
for the Pygmy Goats studied at Oregon (USA). Some "goats showed an
increase of WHEC and this may have been due to the body reaction

against coccidia. The histopathological studies showed many WEC

around giant schizonts, (Fig 3.8.1) or even ococupying the whole

infected villus, (Fig 2.3.1.1). Ooat E;which was about % months
old had the highest mean value of 20.734 x 10 041 and goat 5 had

the lowest mean value of 8.47 x 10 /ul. Vaidya et _al (1978 in

a study on Indian goats of the mirxed Gujarat bhreed reflected mean

values as 14.80 + .60 x 10 /Hl‘ The FPygmy Goats studied by

Castro et al (1977) showed that older geats had a higher averages

value of WRBC (1&6.7 2 10 Cpl) than kids of 1-2 vears old.

[

%.3.7% Haemoglobin_Concentration — (Figs 3.10; 3.7

rJ
8

T.E@s 3.403

i

.50 3,603 I.70; I.80; I.90; 4.00)

The average concentration of hasmoglobin of thes ten goat kids
\

|
studied was 12.02 g/dl, the highest figure recorded was 14,78 g/dl

of goat 1 which was the oldest of all the goats. The lowest |

figure of goat 9 had a concentration of 8.50 g/l
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Fig 3.3.1.1 WBC

occupying the infected villus.

(x 100 mg)
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These values fall within the range given by Kelly (1784), the
normal values being 8.80-15.50 g/dl and the mean value being 11.0@
g/dil. The goats from Luangwa District had a lower value 11.20
g/dl, lovelace et_al 1988). Young kids normally have lower
values compared to the adults., This was indicated by Castro et _al
(1977) during their study on Fygmy goats in Oregon and Lovelace el
al (1988) on Luangwa goate. The mean valus of goats less than a
vaar was given as 18.90 g/dl and that of an adult goat as 11.230
g/dl. Hasmoglobin levels staved around the same levels in most
goats, only goat 1, which was older, showing a &ark@d drop, and
goats 4 and 5 showing a slight decline (see Figs 3.16; Z.485 and
T.E@) . This could be due to iron d@fic;éncy and loss of RBC due
to diarrhoea.

.4 Packed Cell Volume (FCV)Z — (Figs 3.9 3.193 3.293 3.39;

T.4%; 3.593 T.6%; I.79; 3.89; 3.99)

It was reported by Schalm et _al (1975) that the goat has the
lowest FOV of common domestic animals. These goats studied showed
FCV range of between 22.00-38.00%. Mukherjee and Bhattocharya
(1952) of India followed eight male goats sach month for a year
and the PCV varied from 27.71-37.74%. The European goats values
given by KEelly (1284) were from 21.00-39.00% with 2Z0.20% as the
mean value. The ten geat kids stuwdied here showed a range of
between 22.259-35.05%4. This cm&parwﬁ with the results given by

a g

Lovelace glb_al (1988) of a mean of I2%.
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Boats 1 and 2 of the first set showed an increase in FCV during
the lst weelk but then, all showed a decrease. Goat 1 had an
increase just before death. In the second set of goats, in goat &
there was a gradual increase during the 1st wesk then a drop in
the 2nd week while in goats 8 and % FCV continued to rise until

-

the animal was sacrificed; goats 7 and 18 had a continuous

decrease of FOV.

The lowest reading of 14% was recorded in goat 4 during the last

weelk and halt before sacrifice, (see Fig 3.19).

Z.4 Serum Biochemical Farameters
Blood serum samples of the ten goat kids were analysed to

establish how some biochemigal reference values were influenced by

coccidia as the disease progressed.
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3.4.1 Total Serum Frotein -
The average values for total serum protein varied between
5.94-7.18 g/120 ml for the ten kids. Comparing these results with
Fygmy goats studied by Castro (1977), these gave a mean valusn for
1 year old goats as 6.70 /7190 ml and older goats as 7.2508 g/190
ml. The range varied from 5.598-8.64 /100 ml. Davies and Sims
(1983) carried out a study in Wales on blood biochemistry and
haematalogy in domestic goats and gave mean values of serum total
protein as 7.3%2 g/1080 ml and that of a young goat as 6.90 /100

ml. FKelly (1984) gave 6.6@-7.580 /108 m)l as ths normal values




e

with a mean value of 7.10 g/100 ml for Furopsan goats. These
values correlate well with the resultes of the first five goalts
obtained from ouw experiment. Goats 2, 3 and 5 had peaks during
the 4th, Trd and lst weeks respectively (see Figs HL2l, ALEL and
7.51). During the é&th week there was a drop in goats 2, 5, 4 and
5 when the symptoms of the disease were diagnosed, and the level
rose again slightly a weebk before the animals were sacrificed.
For goat 1 there was increase in the level of total protein from
the Pnd-4th weeks and it then levaelled off, until the animal was

sacrificed, this pattern could have been dus to its age since it

was the oldest goat of the ten.

With the second group there was a decrease of total protein in
goats 7, 8 and 9 over the two weeks bubt goat & had a peak during
the lst week of the experiment and then a decline during the last

weelk. In goat 18 there was an inorease of the protein during the

last week before the animal was macrificed.

%, 4.2 Albumin — (Figs 3.123 T.22; E.32; 3.42; 3.525 T.62; T.T72%

From the results the albumin readings varied from one animal to

another. The mean values of the ten goat kids ranged from

T.21-5.00 g/108 ml. The first group had mean value ranging from
4.04-4.%0 g/188 ml. The Eecmnﬁ group ranged from ZLEL-%.08 g/s1o0
ml. The values between the lst group and the 2nd group were not
very different. The results are high, when compared with results
given by FEelly (1984) where albumin concentration was betwasn

2,60-3.90 /1R ml, and those given by Davi and Bims (1980




TLl9-4.97% g/l@@ ml and Castro e

(1977) 2,60 g/188 ml for goats
which were one yvear old and 2.90 g/188 ml for geats 4-6 years

old. However, other studies on Zambian goats (Lovelace gt _al
1988) give a mean ranging from 4.6 - $5.2 ¢g/100 ml for a yvear long
study, which is similar to ours. The graphs show an increase of
albumin especially during the last week in goats 1, 3, 4 and 3

il

with goat 2 staying constant. In the second group the decres

started during the second week of the experiment in goats 6, 7 and

8 ountil the animals we

e sacrificed. In goats 9 and 18 there was
a continuous decrease until the animals were sacrificed. The
general trend between the graphs of serum total protein and serum
-

albumin were similar with several goats showing a general decrease

as the disease progressed.

F.4.7% Serum Globulins — (Figs 3.133; 3.23; 3.33;

l-
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I.73Ty EZ.BE; Z.93: 30103
The mean values of serum globulins of the lst group of goat kids
ranged from 1.31-2.46 g/1080 ml. These results are lowsr compared

AL
Eae)

to the values of the second group which ranged from 1.49-3
g/1@@ ml. EBoth sets of values are lower than those obtained from
Fygmy goats studied by Castro et_al (1977 with a mean of 4.30
g/180@ ml. Davies and Sims (19285) results reflected an average
range from Welsh goats as 4.67 ¢g/100ml, a young goat having a

value of 2.20 g/108ml and adult goat .40 g/l0@ml while Kelly

(1984) gives the values ranging from 2.70-4.18 g/180@m]




and in Lovelace et_al (1988) the values of 2.3-%.6 g/100 ml were

more similar to the kids on experiment.

LA AL47%: and 3.5% of the lst group of goats
: ; ] )

The graphs on fig
indicated a higher concentration of serum globulin at the
beginning of the experiment for goats 2, 3, 4 and %, while goat 1
started with a low level of serum globulins but later increased
gradually during the experiment. During the &th week of the
experiment the level of serum globulins began to rise in all
goats. This is the pericod when the early signs of coccidinsis
began to show. It can be seen that the values of serum albumin

declined in goat 1, 3, and 4 during the &éth week whereas the

values of serum globulins rise during the same period.

ki H
In the second group of goat kids, in two goats (Fig Z.63 and
T.103) there was @ gradual increase in the concentration of serun
globulins. Goats 7 and 8 had a drop in the lst week but later the
concentration was on an increase untile the animal was sacrificed.
In goats &, 7, 8 and 10, as the globulin values increased, the
albumin values decreased after the lst week of the experiment.

With goat 9 there was a decline in both albumin and globulin.
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The mean values of the A/G ratio of the ten kids ranged from
1.28-6.80. The first group had higher values than the second
group. The mean values of the second group varied betwesn

1.28-6.80 and in the first group the mean values ranged hetwesn

1.31-6.@%. The lower results could be due to the rapid decline in
the second group with the development of the disease, leading to |
increased production of serum immuno-globulins and the decline of
serum albumin and total protein due to the loss of proteins and

poor appetite. The second group were under nutritiornal stress dus

to early weaning.

The appearance of different .stages of the life cveole was studied
using sections from the 1@ goats (and earlier samples) and
representative microphotographs are shown.

In Fig 3.59.1 a microgamete can be seen actually inside a

macrogametocyte, with about six microgametes around the edge. One

could suggest that fertilization is taking place. Many
microganetes have been released from the adjacent microgametocytes
and microgametes are seen scattered around. Zygotes are easily
identified in Fig 3.5.2 with a prominent nucleus in the centre and

plastic granules forming a wall around it. The size of zygotes is

not uniform and the shape varies from oval to spherical.

The mature oocyst is seen in Fig 3.9%.2 in the lumen of the

intestine ready to be passed out together with fasces. Once

outside, sporulation begins, and one ig able to count
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four sporocysts and in Fig 3.5.4 a sporozoite is clearly seen.
Sporulation time varies from 4-48 hours depending on the ssason
when the oocysts were deposited. On a hot day after an how or
two in sucrose during the floatation method, it was observed when
counting that some of the oocysts had already gporul ated. The
walls were quite distinct. Unfortunately since we were using a
light microscope, we were unable to locate the next stage of a
sporozoite infecting an egpithelial cell.

The size and location of the giant schizent which develops from
the sporozoite was not always the same. ¢Smme ocoupied the serosa
(Fig 3.5.%), others the lumen of the villi (Fig Z.5.6). In Fig
Z.5.7 some mature merozgite% can be seen inside the schizont
bundled together like sticks, the wall though faint is still
intact. This was observed at 40x magnification. Fig 3.5.8 shows

mature merozoites and the wall is not visible at the 100

magnification. The nuclel in merozoites can bhe seen as desp

purple spots centrally positionsd. Due to lack of an slectron

microscope, we were unable to see the subsequent astage of a first

generation merozoite penetrating the epithelial celle. Though one
could suggest that a merozoite can be seen in Fig 4,.5.3a (ii)

which may be about to ernter an epithelial cell.

The secondary schizonts (Fig Z.95.%a) are smaller and there is a
space between the merozoites and the wall. The mearozoites in Fig
T.5.9 b and ¢ are larger and fewer compared to those in the giant
schizont in Fig 3.5.8. It ie possible to count the number of

merozoites in Fig 5.5.%9c and the nuclei are quite vimibhle. Fi ¢



328018 indicates a second generation merozoite inside an
epithelial cell which will form a progamont. Frogamonts can he

seen clearly in Fig J.59.11a.

In Fig Z2.9.11b, some of the progamonts have started to
differentiate into macro— and microgametocytes. Figs 2.5.12 a and
b show different developing stages of macrogametocytes, zygote
with a nucleus and immature cocyst with a distinct wall arcound

- o

it. Figs Z.5.127 a and b show an unusual section from the small
X . .
intestine with only microgametocytes present in the «illi. Figs

2.9.14 a and b show different developing stages of
-

microgametocytes.

Figs Z.5.15 a and b show a cocéidial polyph with cryvpt—-like
epithelium showing synchronised division of coccidia progamonts
and their host cells. This was similar to that reported by

Gregory (1987).

.6 Effects of Amprolium on Oocysts
The histological results from goats treated with amprolium one day
before sacrifice showed no difference from the untreated goats
except in wet smears showng ovocysts. Wet smears made from
intestine of amprolium treated goats showed oocysts
disintegrating. In Figs Z.é6a and J.é6b the oocysts have no walls.
Fig 3.é6a shows two different sets of oocysts some without the
wall, and in others the contents are still seen but the wall has
been disrupted in variouws places and the micropyle cap is

disioined.
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Fig

>

3541

Microgamete darkly stained inside a

macrogamele. This may indicate fertilisation.

Six microgametocytes are seen on the peripheral of
the macrogametocvte. (x 40 mg)

Fig

3.5.2.

Zygotes with purple stained nuclei in the
centre. The walls are forming around the
zygotes, with pink stained plastic granules.
(x 40 mg)
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Fig 3.5.3 Mature oocyst with four sporocysts. (x 40 mg)

Fig 3.5.4 Mature oocyst showing a sporocyst with
two sporozoites. (x 100 mg)




Giant schizont seen in the serosa. (x L0 mg)

Fig 3.5.5.

Fig 3.5.6 Giant schizont in the lumen of a villus. (x 40 mg)




Fig 3.5.7 Mature giant schizont with merozoites
arranged like bundles of sticks. (x 40 mg)

&) a

Fig 3.5.8 Mature schizont showing merozoites with
black stained nuclei. (% 100 mg)




a Small schizonts with mature merozoites

note the size o
number of merozoites. (x 20 mg)

Fig 3.5.9
f the schizonts and the fewer

Fig  3.5+90 Small schizonts. (x 40 mg)
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Fig 3.5.9c Four merozoites seen in a smakl schizont.
(x 100 mg)

rozoite infecting an
(x 20 mg)

Fig 3.5.10 Arrow indicating a me
epithelial cell.




Fig

126

3.5.1la Progamonts seen in the epithelial cells
and cysts in the lumen of the villi.

(x 40 mg)

" @ 1
: ~ el i

Fig 3.5.11lb Differentiation of progamonts taking place
(x 40 mg)



127

Fig 3.5.12a Developing stages of macrogametocytes to
zygotes with walls forming from plastic
granules. (x 20 mg)

Fig 3.5.12b Developing stages of macrogametocytes to
zygote and immature oocysts with distinct
walls around them. (x 20 mg)
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Fig 3.5.13a Villus showing microgametocytes osnl)7
in different stages of development.

(x 20 mg)

Fig 3.5.13b Villi showing microgametocytes only.
(x 10 mg)




Fig

Fig 3.5.14b Microgametocytes with mature microgametes.
(x 40 mg)

3.5.14a Developing stages of microgametocyites
darkly stained with a purple nuclei.
(x 40 mg)

129
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-

Fig 3.5.15a Synchronised division of coccidia with
their host cells. (x 20 mg)

d division of coccidia with

Fig 3.5.15b Synchronise
their host cells. (x 40 mg)
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Fig 3.6a Oocysts without visible wall. (x 40 mg)

Fig 3.6b Disruption of oocysts walls, microphyle
cap disjoined and oocyst contents seen
without a wall around them. (x 40 mg)




ol

[

A stereo microscope was used dwing the preliminary investigations

and the intestinal lesions observed were divided into five

categories. The shape and state of the villi was also recorded.

The general appearance of the villi were that they were smooth and

flat due to the damaged epithelial tissue, or rough and

protruding., Some were tinted with blood, others appeared white or

cream coloured.

Different types of Lesiohs.

Category Az Haemorrhagic Lesions ~ Thess were lesions with a lot
of blood on the surface of the epithelial tissue.
During post-mortem, a hand lens was used to identify
them. However, duwring histopathological
gxaminations these did not show significant
infection, except a few gametocytes, with a stream
of red blood cells and a few white blood cells, see
Fig 3.7.1.

Category B2 Foldings - These appeared as contour ridges on tha
surface, Fig Z.7.32a.

Category C: Fosettes —~ The villi protruded from the swface in
the form of a rose, Fig T.7.2 b.

Category D: Modules —~ A small round swelling on the intected
tissue which appearns white or stained with blood,
Fig E.7.73.

Category E White Spots -~ These were visible as small oclear

am

a on the outside of the

white dots through the serc

intestine. The maiority of the contained the

amall schizonts and were found mainly in the dejunum

and ileum.
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In most of the lesiones except for haemorrhagic lesion, it was
ohserved that coccidia of different species was praesent, as

identified from ococysts present on the tissue studied.

3.8 Degenerating Schizonts

Cellular response was very significant in all the goats especially

in reaction to the giant schizonts. There were different forms of

degeneration as seen in Figs 3.8.13 TLELEr E.8.7%; .4,

Sometimes the contents were seen clumped together as in Fig

7.8.1. Fed or white patches appeared inside the gi;nt schizont,

Fig 3.8.2 and 3.8.3 respectively. Cilia-like structuwres could be
-

seen on the peripheral edge of the giant schizont (see Fig

T.8.2. In other cases a mass of red spots could be seen, (Fig

=.8.4). White blood cells sdrrounded almost all of the

degenerating schizonts. Some of the WBC were seen inside the

schizonts as in Fig 5.8.5%a, and a degenerating schizont with no

wall but with many WEC inside it is shown in Figs Z.8.5 b and o.

There was no degeneration observed in any of the small schizonts,

or in the gamonts.

After analysing the faecal samples from the two commercial farms
and from a village, it was observed that all of the goats studied
were infected with coccidia. The levels were higher during the

rainy season than in the dry season (Tables TL.9.1 EZL9.2y and

.9, . Fig 3.%9.4 shows the mean oocyst count on the three £ @i
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Fig 3.7.1 Haemorrhagic lesions showing many RBC and few WBC,
surround the lesions are both macro and microgametocytes.

(x 20 mg)

b »

Fig 3.7.2a Folding type of lesions and a few immature
rosettes
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Fig 3.7.2b Arrow showing the small intestinal lesion
(rosettes)

Fig 3.7.3 Nodule type of lesion
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Fig 3.8.1a Degenerating giant schizont with
contents clumped together.

b WBC surround the giant schizont. (x 40 mg)

#

Fig 3.8.2a Red patches inside a degenerating giant
schizont.

b Cilia like structures on the peripheral edge
of the giant schizont. (x 100 mg)
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Fig 3.8.3 White patches on the degenerating giant schizont.
(x 40 mg)

Fig 3.8.4 Red spots on the edge of the degenerating giant
schizont. (x 20 mg)
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Fig 3.8.5a WBC inside and around degenerating giant schizont
(x 100 mg)

-

Fig 3.8.5b WBC inside the degenerating giant schizont and the
wall of the schizont is not distinct. (x 40 mg)
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Fig 3.8.5c WBC inside and around degenerating giant schizont.
(x 40 nig)

. 2
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On the two commercial farms goats were béing treated with

Amprolium, at Grasmere the treatment was done regularly and at
Dan’s Farm, as need arose, that is when the animals showed any
signs of the disease. From ouw results the treatment appeared

however not to eradicate the infection. In the village samples

il

the oocyst levels were higher than the other two farms. This

could be due to the fact that these animals were not troated at
all. NMNormally in the village when an animal fell sick it is

'Slaught@red.

-
In Fig 2.124 there was no significant difference in the means of

temperature during weeks 9,1,2,7%,4,%,8 and that of &,7: 4 5.0 and
ki 3 3 ¥ Y k) 9 H ¥ 2

-

that of weslk

@

b and 7. There Was a signi™icant difference betwoen

-

weeks 1,2,7%3,8 and weeks 6 and 7.

There were no significant differences on the means of FCV (Fig
S.118), between weeks 1-73 2~&; 1,2,73,4 and 73 @,1 and 7. The

difference was evident bebwe

o means of week B, and of wesks B and

& (FCV B.85). There was a decline during the B8th week.

The means of haemoglobin indicated significant statistical
differences during weeks 1 and 73 @}E,4 and that of 73 1 and that
of 2,3,4,5,6 and B. The highest haemoglobin concentration was
during week 1 and lowest dwring week 7. There were no significant
differences in the rest of hasmoglobin means. Serum albumin (fig
S112) results showed a significant difference between means of
weeks @ and that of 1,%2,4,5: ® and that of 23 7 and that of

1,3,4,3; F2 2.05, The highest concentration peak is evident
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during week 3. There were no significant differences in the res

af the serum albumin means

In Fig Z.113 indicates the means of serum gloebulin. There was no
gignificant differences in the means duwring weeks 1-63 1,8,4,5,8,7
and B8: @,7 and 8 F» 8.0, Globulin was significantly different
during the zero and third week. Globulin concentration was higher
during rero week and lower during the third wesk.
In Fig Z.114 there were no significant differ@nce% in the meansz of
A/G ratio during weeks ©2,1,2,4,5,7 and that of 8; 3,46 and that of
-

1,2,4,5,7 and 8. There was significant differences during weeks @
Y 9 k] 3 v

and that of 3 and 6.

ey

The AMOVA did not show any significant variations on the means

i

3
weight, oocysts, WBC, RBC, and Total Frotein Fr 2.850. (Figs
TLo1eE, ELAes, 0107, I.010e8, I.113) . The date for the second group

were too few for meaningful statistically analysis.

The statistical analysis carried out was useful for confirmation
of owr obhservations. The temperatw e measurement indicated
statistical significant differences between weeks 6,7 and weeks
1,2,2 and 8. It was during week six that symptoms of coccidiosis
Were SEeen. In the last wesk all the animals had a drop in
temperature just before death, hence the means were significantly

declined during the Bth weelk. Al thouwgh the differences ware not

gstatistically significant in oo B it is interssting to note
that the mean during the last wsek of the study was numerically

higher than any other period daring the cowse of the studv.
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Also from the statistical analysis, one can suggest that other
probable symptoms include an increase in FCVY, Hb, tetal protein
and albumin and a A/G Ratio and globulin especially dwing the
last wo weeks before the animals were sacrificed. This could be
due to the loss of water when the animals had diarrboga and hence

creating haemo-concentration.
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Table 3,3
GOAT 1
Date of Sex  Date of Date of  Age Date of Plotted Weight Temperature Oocyst Count  Clinical Observations
3
Birth Weaning [Isolation Weeks Examination Days Kg 00/g x 10
« b
12/07/87 K 25/10/87 17/10/87 12 09/10/87 8.50  39.40 010 Healthy, active and eating well
)
13 16/10/87 9.0 39.4 00>10 " " "
14 26/10787 9,50 39.5 20008 Same as above
15 06/11/87 10.00 39,9 9938 "
16 13/11/87 12200 39.6 8601 '
17 20/11/87 11,00 39.0 20794 '
18 25/11/817 11,00 38.4 80808 '
20 02/12/87 10,00 37.8 30910 "
21 09/12/87 11,00 39.4 27509 '
22 16/12/87 0 11,42 38.2 13305 "
23 23/12/87 7 HHme 39,7 1466 "
24 03/01/88 15 11,60 39,5 326486 Nasal discharge, active and eating well,
25 08/01/88 23 10,50 39,3 62466 Active, healthy and eating well.
- 11/01/88 26  11.00 39.3 136232 '
28 01/02/88 471 12.00 39.6 14118 Looked weak and ill.
29 08/02/88 54 11,00 43.8 12741 Bloody water stool.
09/02/88 55 10,00 39.6 11212 Not eating, dysentry, mucus and bloody stool.
Sacrificed 10/02/88 56 10,00 _ 37.5 39512

POST MORTEM_OBSERVATIONS
Duodenun:  Foldings and white spots through the entire length, few rosettes tinted with blood.
Jejunum: Kany white spots and haemorrhagic lesions, few foldings.
[leun: ¥ainly foldings tinted with blood and white spots.

HISTOPATHOLOGICAL OBSERVATIONS
Foldings {B): The entire tissue was covered with white blood cells, few degenerating giant schizonts, no gamonts or small schizonts.
Rosettes {C): FPew progamonts and developing gamonts but many white blood cells. Lots of red blood cells in haemorrhagic lesions,
Nodules (D): Few giant schizonts and developing gamonts. In some areas only microgametocytes, Many white blood cells.
White Spots {E): Villi full of white bleod cells, degenerating giant schizonts surrounded by the white blood cells. Very few developing gamonts.
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Table 3.4
GOAT 2
Date of Sex  Weaned Date of  Age Date of Plotted Weight Temperature Oocyst Count  Clinical Observations
3

Birth Isolation Weeks Examination Days K¢ ' 00/¢g x 10
05/07/87 M 25/10/87 27710787 13 09/10/87 6.90 39.0 4168 Active, healthy, eating well.

14 16/10/81, 7.00 39.3 70000 Same as above

15 23/10/87 1.30 39.5 1018 "

16 30/10/87 8.00 8.8 1134

1T 05/11/87 180 391 8069 "

18 13/11/87 0 9,00 38.8 84626 "

19 24/11/87 18 9,00 39.0 11150 "

20 01/12/87 25 9.50 39.2 45404 Active, eating well,.nasal discharge,

21 08/12/87 32 9.00 39.1 22073 "

22 15/12/87 39 .00 40.2 24791 Looked weak though eating well.

23 23/12/87 47 9,00 40.8 18701 Had diarrhoea, running nose.

26/12/87 - - - Got worse, not eating well, diarrhoea.
) 28/12/87 52 8,70 39.4 17816 Bloody greyish-yellow diarrhoea with lots of aucus,
failing to walk or eat.
Died o 31/12/87 55 8.50 38,00 16931 Pound dead.

POST MORTEM OBSERVATIONS

The tissue had degenerated so much that it was not possible to obtain information from it.
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Date of Sex  Date of  Datz 3T tze  Date of Distted Weight Temgperature  Nocyst Tount fihgervations
2irth deaning  Iszsiaticn Weeis PEVE 3 ' 110
. i
2 .a umf oA un 5 1
S
. Crrininn : LD -
i3 DR :
LR e
i 09,2 153845 i
3 9.7 379 i
7 § R AEE '
13 7.00 38,6 5148 "
. i3 §.50° 135 11698 '
i 6,00 40.2 15128 "
3 §.20 399 2913
2 23012787 &L §,50 39,2 7983
U 31/12/81 48 .00 40.5 9310 nose,
5701788 B3 5.50 38,70 6786 Vellowish diarrhoea, weak, pilo-erection on the
entire body, encrusted nose, nct eating well,
, 6/01/88 - - - Pilo-erection, swollen face, yellowigh bloady
, . diarrhoea, very weak, rarely eating.
Died 25 7/01/88 55 5.00 39.40 316168 Treated with Amproliua.

~ POST MORTRM OBSERVATIONS
Ducdenus: FPoldings, rosettes and nodules scattered on the entire. wounnv aa the. tissue. .
Taionua® - -All the different types of lesions .were found Hana . Thege vere 50 onoau%m t

R A
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Table 3.§
GOAT 7
Date of Sex  Date of Date of  Age Date of Plotted Weight Temperature Oocyst Count  Clinical Observations
3
Birth Weaning Isolation Weeks Examination Days Kg ' 00/g x 10
5/11/87 ¥ 11/1/88 18/1/88 11 22/1/88 - 39.3 - Active, eating well, treated with alanycin as a
prophylaxis against bacteria since it had high
. temperature.
25/1/88 0 8.30 39.9 948 Diarrhoea abated-active and eating well
12 27/1/88 - - -5 Active, eating well, serious nasal discharge
12.5 1/2/88 1 7,56 39.2 26468 Active, eating well, nasal discharge
3 8/2/88 U 7.50 39,7 131040 Active, eating well, nasal discharge.
10/2/88 6 7,80 39,5 189543 Active, eating well, pilo-erection, bloody stool
not very watery. Treated with Amproliunm.
Sacrificed 11/2/88 117 7,20 39.30 1002240 Weak, eating well, nasal discharge. Bloody watery
stool.
@
POST MORTEK OBSERVATIONS
Duodenun:  Many nodules throughout the entire length, the diameter fanged between 1-2 nma. E
Jejunum: Nodules with a tint of blood, at the distal end were few white spots and scattered rosettes. Size of nodules ranged between I-4 mm,
[leun: Nodules with a diameter ranging between 1-4 mm. Few foldings and white spots.
HISTOPATHOLOGICAL OBSERVATIONS
Foldings (B): Very few giant schizonts but lots of white blood cells. 1In many villi there were no other cells to be distinguished except for white blood
cells. Did not see any gametocytes or small schizonts.
Rosettes (C): Many white blood cells all over the tissue but not as many as those of above. Very few degenerating giant schizonts.

Nodules (D}:

White Spots

Complete life cycle showing all the developing and mature stages. Mature giant schizonts in the loop of villi, Many progamonts with
two or three in one cell. Some degenerating giant schizonts.
(E): Many mature small schizonts, progamonts, developing and mature giant schizonts. Developing and mature gametocytes, some oocysts in the
lumen.
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Table 3.10
GOAT 8
Date of Sex  Date of Date of  Age Date of Plotted Weight Temperature Oocyst Count  Clinical Observations
3

Birth Weaning Isolation Weeks Examination Days kg 'C 00/g x 10
11/11/87  F 11/01/88 18/01/88 10,5 22/01/88 - - - Active, healthy, treated with Alamycin

11 25/01/88 0 4,10 39.9 201312 Active, eating well

12 01/02/88 o 17 4.00 39.5 88020 Active, eating well,

12.5 05/02/88 11 - - - Signs of diarrhoea on the tail and anus. Active,

. a eating well and nasal discharge.
06/02/88 12 - - - Very weak, not eating well, greenish-grey diarrhoea
with no blood, emaciated.
Sacrificed 13 08/02/88 14 3.50 38.0 146808 Very weak, unable to walk or feed, greenish
diarrhoea no blood. .
POST MORTEM OBSERVATIONS
Duodenun:  PRoldings and nodules of diameter ranging between 2-3 mm. *
Jejunum:  Rosettes with diameter ranging between 2-5 mm, 2 few nodules tinted with blood. Towards the distal end nodules crowded together.
Ileum: Very few nodules scattered. . ’ i
HISTOPATHOLOGICAL OBSERVATIONS

Foldings (B): FPew developing giant schizonts

Rosettes (C)

Nodules (D):

White Spots

: Many degenerating giant schizonts, macro and micro-gametocytes developing and mature ones were found in many villi crypts. Progamonts and
oocyst patches were many.
Possible fertilisation, giant schizonts seen in serosa. Both macro and micro-gametocytes developing and mature ones were found in many villi
crypts, also progamonts and oocyst patches. Degenerating giant schizonts and very clear snall schizonts with released merozeites, Could
identify life cycle of the parasite

(B): Degenerating giant schizonts (red patches inside) few progamonts and macro and micro-gametocytes.
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Table 3.11
GOAT §
wmmm-mm Sex  Date of Date of  Age Date of Plotted Weight Temperature Oocyst Count  Clinical Observations
3
Birth Weaning Isolation Weeks Examination Days K¢ 'C 00/g x 10
7/12/817 ¥ 11/01/88 18/01/88 6.5  22/01/88 4,30 39.9 - Active, eating well, treated with alamycin.
7 25/01/88 0 4,40 39.9 17136 Active, eating well
a7/01/88 - - - Active, pale mucus membranes, enlarged lymph nodes.
29/01/88 - - - Weak, eating and diarrhoea.
8 01/02/88 1 4,00 39,1 400840 - Weak, not eating well, greenish-grey diarrhoea no
¢ blood, nasal discharge.
02/02/88 8 - - - Very weak, not eating well, greenish-grey
diarrhoea, nasal discharge.
Sacrificed 03/02/88 9 4,00 38.0 140408 Extremely weak, failing to eat, greenish-grey
diarrhoea, nasal discharge.
POST MORTEM OBSERVATIONS
Kany white spots on the duodenum and ileun. Spot size about 0.5 mm in diameter.
[leun: Large fat deposits, few nodules about 3 mm diameter, few scuttered rosettes 3 mm in diameter and foldings at ‘the posterior end of ileum.

Jejunum: Nany nodules with diameter ranging between 1-2 mm,

HISTOPATHOLOGICAL OBSERVATIONS
Foldings (B): Gametocytes, degenerating giant schizonts, second gemeration schizonts, bacteria, In certain sections of the villi there were only
nicrogametocytes, lots of progamonts. Could identify life cycle of the parasite.
Rosettes (C): Mainly microgametocytes with a few areas showing both macro and micro-gametocytes. Hany filamentous bacteria on edge of tissue.
Nodules (D): Different types of degenerating giant schizonts observed, gametocytes both micro and macro with oocysts in the lumen.
White Spots (E): Mainly microgametocytes. Nature giant Schizonts and some degenerating schizonts with white patches inside them. Lots of filamentous
bacteria,




Table 3.12

GOAT 10

Date of Sex  Date of Date of  Age Date of Plotted Weight Temperature Qocyst Count  Clinical Observations

3
Birth Weaning isolation Weeks Bxamination Days Kg ' 00/g x 10
16/12/87 ¥ 11/01/88 18/01/88 5.5 22/01/88 - 39.9 - Active, eating well and treated with alamycin.
6 25/01/88 0 3.98 39.5 4038 Active, healthy and eating well.
7 01/02/88 1 3.30 39.3 16978 Active, healthy eating well though looking weak.
02/02/88 8 2.80 39.7 - Active, eating well, nasal discharge, signs of
. # diarrhoea on tail and anus.
03/02/88 - - - Weak, eating slowly, nasal discharge, greenish-grey
diarrhoea.
04/02/88 10 2.80 38.4 - Very weak, not eating much, nasal discharge,
enaciated, watery stool. -Treated with Amprolium,
Sacrificed 7.5 05/02/88 11 2.80 38,0 141040 Watery stool with lots of mucus, very weak, not

eating, emaciated.
»

POST MORTEM OBSERVATIONS

The gut had undigested green natter, .
Duodenum:  Lots of foldings and isolated nodules.
Jejunum: Lots of white spots, tiny nodules between 1.5 - 2 mm in diameter with a tint of blood on then.
[leun: Foldings
HISTOPATHOLOGICAL OBSERVATIONS
Foldings (B): Lots of gametocytes, degenerating giant schizonts, second generation schizonts, bacteria. In certain sections of the villi there were only
microgametocytes, lots of progamonts. Could identify life cycle of the parasite.
Rosettes (C): Mainly microgametocytes with a few areas showing hoth macro and micro gametocytes. Many filamentous bacteria on edge of tissue,
Nodules (D): Different types of degenerating giant schizonts observed, gametocytes both micro and macro with cocysts in the lumen.
White Spots (E): Mainly microgametocytes. Mature giant schizonts and some degenerating ones (with white patches inside them) Lots of filamentous
bacteria.
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Date of Bxamination Plotted Days ib g/dl pcy % WRC x 10wl RBC x 10ul Total Protein Albumin Globulin 4/6 Ratio

. * ¢/100 nl ¢/100.a1  ¢/100 nl

23/01/88 0 04 200 8.66 19.88 5.9 RV AL 665
D/0e/8 7 9.2 2.5 14,80 12.30 7.85 1.8 2.97 1,64




Table 3.9.1

RASHMERE _FARM — (HIGH MANAGEMENT)

POz THE 1886
005 2 954
o6 . soc: N 550
oY 184 17 608
@11 59 14 526
@iz 127 199
o173 1 2774

@15 2 ' 1462

el 207 12 118
021 277 1594
22 56 1169
@24 1890 =454
108 ’ jelel 252
109 =754 1 90
110 25 14 526
117 658 A58

118 17329 4247

Mean Values EREG 491
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FIG.3.9.4: MEAN OOCYST COUNT o/g ON THREE
DIFFERENT FARMS

D COMMERCIAL FARM 1 (MEDIUM MANAGEMENT }

E COMMERCIAL FARM II (HIGH MANAGEMENT )

UI[[D VILLAGE III (LOW MANAGEMENT)
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CHAFTER IV

The clinical symptoms observed were concluded to be the results
of a natuwral infection of coccidia. ALl the animals looked very

weak and unable to feed well. Soma goats had febrile periods

Al

during the course of study, for example goat Z and all those in
the second group. The fever observed could have been associated
-

with other infectious agents like bacteria and virus besides

coccidia.

Fellet formation of stool was lost as the disease progressed,
resulting in diarrhosa. The colour of the faeces during the
first few days was grey to greyish-green. This is similar to
that observed by Gregory et _al (19872  who described it as due to
mucofibrious exudate. As the animal ‘s condition worsened the
colow of the diarrhoea changed to vellow and was wabtery,

sometimes with blood. This was & common symptom associated with

coccidiosis.

as the diseass worsened.

The weight of all the kids decrease
This occurred during the last 1-2 weeks of the experiment in the

first group, and after a weesk in the second group. This could

have been due to diarrhoea and undernowrishment as the animal:s




1&%
ware not feeding well during the later stages of coccidiosis.
Fanvari (1%88) reported that the Anglonubian goats he studiled
suffered greater retardation in growth post-infection by

coccidia.

The temperature of the goats was fairly constant except in the

later stages of the disesasze when the animale became feveri

E.\

This was followed by a drop in teoperature as the di
progressed, just prioc to the animal "s death . The average

temperature of a healthy goat is aboult 39,4 C (Llovd 1981).

-y

Goat 2 on the day it developed diarrhoea had a temperatuwre of

o}
4.8 C and seven dayes later it was found dead. In goat 1 when

w} *

the temperature was at its pesak 4732.8 O, the level of WBC and
globulins was also rising. Eelly (1284) suggested that antibody
production i=s increased whin the body temperature is elevated.
Animals in & state of dehydration are prons to hyperthermia
because of the reduction of heat loss by evaporation of tissue

Fluids. In the case of the kids studied the mean temperatuwe

was not very high.

The ¢

cond group of goats had very high temperatoies after they

were weaned and isolated from their mothers. Goat & had
diarrhosa but they were all immediately treated with Alamycin
Since the goats were all less than 1@ kg body weight the
recommendead dose was 1 ml/dose orally once. The riss in

temserature and diarrhoesa could have been due to swudden weaning

ana isolation into an area previowsly infected with large dos

of oncysts. The early age of weaning of goats 8 (9.5 wks), @

on

(5,5 wksr and 10 (4.5 whks) may have put a nutritional stres

cieldomd e,

rasas of the diseass of oo

these kides to add to the s
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The drop in temperature prior to death, noted in all

sociated with emaciation due to malnubrition

animalscould be as

and circulatory collapse (Raell

14 one compares the numbers of ooocyst

s shed by the mothers to
those shed by kids, it indicates that the kids shed more onoyahs

than did their mothers. Both groups showed mixed infections.

These results are similar to those studied by Valenzuela
(1988) and Fout (1973 who ctudied natwally infected sheep i
Gouthern Chile and England respectively and whw‘mbﬁmrvad that
sheep older than one year passad fewer oocyvats than the lambs.
-
The lambs showed a rapid incraase in oocyet count at an @ar 1y
age and then a declin@waftmr the animals were % months old.
Dur-ing the ey periment, the room in @hich the animals were
confined was cleaned only once & weel and primary infection was

from the does but the successlve infection came Toom the kids

1l mince all

themsel ves. This latt

2 infection proved to be fa

goats fell critically i1l and were sacrificed. The high

mortality could have been due to the animals ingesting more

pathogenic species which eurvived better in the prevailing
environment as the temperature of the room was net too high and

was well ventilated., Bince 1t was during the rainy Seas0M,

fairly high humidity oecurred on certain days.  These factors

were very conducive to aporulation.

fis the number of OOCYSTS declined, clinical symptoms of the

il e

hecans apparant. o large output of oocvsts is nob

necessarily correlated to evitent of visible coccidios




Gregory and Norton (1988) repaorted that healthy animals mavy pass
out a million cocysts per gram of faecess whereas in a kid dying
of coccidiogis the count may be less than 18,000 oo/g. Then
further explain that the high counts are dus to non-pathogenic

species which could mask the significant number of E. _arloingi

and E._ which are pathogenic in goats, (Giavi

and Todd 1977). One could suggest that infection mav bhe

determined by two factors, the age at which ingestion took placs

and the size of infective dose. It is not clear whether a

-

clinical case of cococidiosis arises dus to the numbesr ingested

or to the number of pathogenic species 1nuqmted“ HMammond el

(1967) described thalt different coccidia species had different

prepatent periods e.qg. ohlvakimovas had a prepatent

period of 11 days and Foul (1969 réported that of E

~Arloingi
may be as long as 26 days. Ajayi and Todd (1977) reported that

v

the prepatent period varied from 13 to 18 dayvs for E. a

g and E, ninakohlyakimavaeg.

E. crandalli

>

Different species of Eimeria were observed during this study and

identification was attempted. E. arloingi constituted about

0%, E._ninakeohlyakimovas about 20% and the remaining 20% was

comprised of other spedies. Alonge (1977) after oocyst counts

in Nigerian dwarf goats reported that arloingi constituted

e

I2% and ie believed to be the most pathogenic species in

followsed by E. ninak L& and

bl yakime

Gregory and NMorton (1986&) observed that vingl was the

conmonest species of coccidia and it cauwsed recognisable

papillomatous lesions in the small intestine. They furtbher

mentionaed that Driria Were more
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Fig 4.5.2.1 Two giant schizonts occupying the lumen of a
villus. (x 40 mg)

»

Fig 4.5.2.2 Three progamonts occupying one epithelial cell.
(x 20 mg)
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12

e they could cause widespread denudation ot

bl

destructive bhecau

the mucosa in the upper and lower large intestine. Opoku-Fare
and Chineme (1979) reported that E. arloingi seemed to be the
most common species in a mixed infection, i.e. SG8%4 in a group o
55 Sokoto Red and Fano Brown oross goats. Next prevalent was k.

ninakohlvakimovae and E. intricata. Since E._intricata is

I.J

generally considered non-pathogenic, the legions observed in ouwr

study could have been caused by E._ar

'__

leingi and

4. 2. Haematologx

-

The knowledge of haesmatological values 18 important in the
diagnosis of many diseases in domestic animals. Work on the

various haesmatological constit wents in,the blood of goats i

scarce. In ouwr study, the loss of bhlood during the period when

some of the animals had diarrhoea had little affect on the total

erythrooyte count values. It has been noted by Helly (1984

that very young animals have 1oawer valugs of POV, REC and Hb
than adolescent and young adult animale of the same species. He
also reported that animals that have been accustomad to being
handled for hlood sampling bhave lower values of the above
parameters than animals not so regularly sampled. Dietary iron
requirement needed for haemoglobin formation is small hecause

the body of the animal is able to conserve the iron resulting

from haemoglobin destruction.

Leukooytes are less numarous than ervthrooytes in circul atory

Bhlood. Swenson (1977) reported that there are approximately
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1,308 eryvthrocytes to everyv leukocyte in the blood stream of

goats. The increase WEL towards the end of the experiment in
some of the goats was due probably to the body defence mechanism
triggered by the presence of coccidia and bacteria. Validva abt
al (197 repbrted that on the averags, young goats have a
higher count than older geoats. Theare were a number of

neutrophils and eosinophils at the site of infection especially

around the giant schizonts. (see Fig 2.8.1b).

4.% Biochemistry Farametersg

Biochemical analysis of serum helps in confirming diagnosis,

-

prognosis and response to treatment in many diseases.

-

4.3.1 Total Serum Frotein bt

There was a general decrease of total serum protein when
clinical symptoms began to show, i.e. around the &th week in lst
group, and the Znd week in 2nd group. These results may have

s of protein, decreased protein

been due to an excessive 1o

Hi

synthesis by the liver, or starvation, since most animals had
loss of appetite as the disease worsened. With the second group
there was a sharp decline in total protein except in goat 10

where there was a slight increase. Gohalm el 1975 reported

that heavy infestation of parasites can affect the animal by
reducing the water and food consumption which results in

emaciation. They further stressed thalt excessive walter loss in

can also reduce the amount of protein resorbed from the
gut since the animal is unable to resorb either water or

protein.
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4.53.2 Berum_Albumin
The level of albumin, being the most abundant of the plasma
proteing, atfects the total protein concentration. From the

graphs given the decrease in albumin also paralled a decrease of

T~

total protein in most of the animals.

Hypoalbuminaemia occurs in starved animals and in
gastrointestinal diseases causing malabsorption (Kelly, 1984).
The general trend in all the goats studied was a decline of

albumin as the disease progressed and during the development of

diarrhoea.

4.5.7% Serum Globulins

Globulin concentration rarely shows a decrease becauss a
&3 *®

reduction of one globulin is compensated by an increase in

anaother (Kelly, 1984). Most of the serum globulins are
imounoglobulins which the body synthesises whanever there is an
infection. There was a higher concentration of globulins at the

beginning of the experiment nossibly bhbecause all goats had been
e b 2 ! pes

of their mothers. The

exposett to coccidia from the faec
second group of animals had a very high temperatuwre and fever,
and goat &6 had diarrboea, which could have contributed to a high

concentration of globuling.

The immunological response to coccidia in goats is not well

understood, however, Rose (1984) reports that infection of

chickens with E. tene

lla results in an increase in the
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Fig 4.5.3a (i) Arrow showing filamentous bacteria. On the
left a villus with microgametocytes only.
(x 40 mg)

(ii) A merozoite penetrating an epithelial cell.

Fig 4.5.3b Filamentous bacteria on the villi and on the right
of the villi. (x 40 mg)
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concentration of IgA in caecal contents and in the numbers of

IgA containing cells in the mucosza.

4.3.4 A/G_Ratio

Many disease patterns are reflected by an alteration in the
relative proportions of the two main groups of plasma proteing.
Im conditions of severe loss of albumin thers will be a marled
increase in globuling and the A/G ratio becomes less and is
referred to as the inversion of A/ ratio (Kelly, 1984). From
the results we may suagest that the A/G ratio ranged betwsen
1,28 ~ 6.80 which is higher than the ‘nmﬁpal’ ranges given by

Eelly (1984) 0,63 ~ Z.90. However, as the albumin decreased the

notead

globulins increased in several cases. This change

-

weelk in the

. . _ ®
during the é6th week in the first group and
second group, which was the period when the animals showed

symptoms of coccidiosis.

The statistical analysis carried out was useful for contirmation
of the observations. The temperature measurements indicated
statistical significant differences between weelk 6 and weesk &,
It was during week & that symptoms of coccidiosis were HEEN ,

hence one can suggest that high temperatuwre is one of the

symptoms. In the last weelk all the animals had a slight drop in

temperatuwre just before death. Olso from this statistical

on

i doache

st

analysis, one can confirm that other probahbl e

drops in POV, decrease in Lo pProtein, albumin and globulin.




178

There were no clear differences in the biochemistry, hasmatology

or histology of goats treated with amprolium and those
treated except for the oocvsts observed on wet smears (see Figs
Iuba and I.éb). The results do not give a clear indication
whether the degeneration is due only to Amprolium. The 1ack of
difference could be dus to the short period between when the
animals were treated and when sacrificed 24 houwrs). The
animals were too 111 for any significant change to be seen in
the animals in a short time. Thus this experiment did not
clearly demonstrate at what stage of the life cvole Amprolium
-

haed its inhibitory etfect. Rutt and Reid (1977) reconmanded 3-5
days of treatment with Amprolium are necessary and Roberson

(1988 recommends 14 days for treatment of moderate or severe

outhreaks of coccidiosis.

Amprolium is a thiamine antagonist and Roberson
that it acts chiefly on the first generation schizonts,
preventing differentiation of the merozoites. He further

suggested that it also suppresses to some degree the sexual

stages and sporozoites. Jeffers (1989 reported that the

principal activity of most anticoccidial drugs is directed

against the asexrual haploid stages and can therefore very
efficiently eliminate the more sensitive individuals in the
population.y The results obtained in this study could not

caontirm these observations, since degeneration of schizonts

pcouwrraed in all amnimals both treated and not treated.
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The mode of action of many anticoccidial druge depends on the

product, and the Eimerian species. in chickens is

resistant to sulfaquinoxaline and sulfamethazine, (Ruff and

Reid, 1977).

and E. mivati in chickens (Roberson, 1988). Some drugs act on

different stages of the same species of

There is still a lot to be studied on the biochemistry of
coccidia to understand the exact mode of actimngmf the
anticoccidial drugs. In the case of Amprolium future work
should examine at which stage of the lifg cycle of coccidia it

+

intervenes most effectivelv.

-

The life cycle observed in the 10 goat kids was similar to that
described by Gregory and Morton (19867, Lima (19681) and Anon

(1988) in goats. Various authors have described similar life

cycles for coccidia in other animale. FPout (1974) describes the

life cycle of coccidia in sheep and mentions that all species of
coccidia have a similar life cycle with minor differences.

Gregory et _al (1987) also describes a similar life cyvole in

Eritish sheep. FReid (1977) describes the life cyole of

E«_ tenella in chickens, and Vetterling (1984) the endogenowus

cycle of the swine coccidiuvm E. det
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One difference which may be noted in these life cveles is in the
y )

number of schizont generations. In Zambien goat kids, two

generations were observed and this is consistent with many other

obssrvations. Fufd and Reid (1977) reported that the numher of

aserual generations of cogoidian parasites ie usually a genetis
property of the parasite, though the host may play a role in
determining the number of schizogonic generations. Infection

was natwral hence there were miced infections of cooccidian

parasites in this experiment. This made it difficullt to

a

successful ly identify the species from the oooys collected or

from the histological results.  The two main species identified

-

were E. arloingli which was in abundance and
ninakohlvakimovae. Alonge (19277 and Lima (1981) observed that
past workers had not mentlunﬁd which species of Eimeria were
present in their naturally infected animals and these

obhservations may have involved mixed infections. Opoku-Fare and

Chineme (1279 mentioned that the variation in the location of

the plagues in the intestinal mucosa midht be due to the
different coccidian species involved. This was not apparent in

ow results, as lesions involved containegd more than one

species.,

It was also noted that some oooysts, especially those small in

size, sporulated between 2

houwrs atter collection and floating
in suorose. This could have been duse to the hot wet ssason in
which the experiment was carried out. One would have assumed

sucrose reduced the oxygen tension hence delaving sporulation.
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alonge (19277) reported that the majority of coccidial species In

g o AL L noku-Fare and Chineme
goats sporulate hetwean 1848 hours. Opoku-Fare

inakohlyakimoys

(1979) also reported that E. arloingi and E

. e e eet i vel v The bhigger the
sporul ate at =4 and 48 hows respectively. The bigg
ey

to sporulate. E,_ intricata took 74

oocyst the longer it tak
howrs to sporulate. Favourable conditions like adequate
temperature, moistuwre, oxygen tension are excellent conditions
for gocysts to sporulate to infective stages. It ie also known
that oocysts never sporylate inside the intestine of the host
hecause of the prevailing anaerobic conditions, (éarr and

Fallerdy 1269).

4.5.2 Endogenous _Cycle of Coccidia

ar e

host specific and site-specific. It was not possible to coms to

this conclusion since we were unable to isolate one species in

one infected area. Two or three species of Fimeriae could be

found in one lecality which may mean that coccidia species may
co-exist. Thig made it difficult Lo identity species from btheir

schizonts or gamonts or merozoites.

There were, however, different sires of giant schizonts, and

even their location was not the same. Giant schizonts can be
identified as pin-point white spots on the intestine (Gregory ot

al 19287), (Michael and Frobert 197@). The giant schizont found

within the lacteals of the villi resembled tho

Michael and Probert (1970) and Sing and FPande (147 a, by all

these waere attributed to E. _arloingi. Ziant schizonts could
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also be seen in the serosa. Whether one should look at this
phenomenon as a protective mesasure taken by the parasite since
the immune system (Cellular Imnune Response) was mainly in and

around the villi is not Lnown. The other

ideal site for further development of coccidia. Fig 4.5.2.1
shows two giant schizonte ococupyving the lumen of a villus.

The small schizonts were observed to be adiacent to the
gametocytic stages of the Eimerian species. The size, number of

merozoites which ranged between 68 and location agreed with the

report of Levine et (1962 .

Frogamonts as first described by Gregory et

-

(15987), were

similar to those we found In the goat® studied. Two or three
could be found occupying one epithelial cell (Fig 4.5.2.2).
These could later develop inteo either all macrogametocytes or
microgametocytes or some of each kind. Vetterling (194&&)
reported that as many as 9 parasites @;Pe found in a single
epithelial cell. Lima (1981) also reported that gamonts were in
the epithelial cells of the villi and crypts of the jejunum and
ileum.  The gamonts lay below the host cell nuclei and
infections ocouwrred with two or more in the same host cell.

Fernando (1983, Michael and Frobert (1970) Yvore

(1ees),

Gregory et al (1987) all suggested that gamstco

svtic stages are
the most pathogenic. This could be mainly dus to their large

number .




Fram ow study it was noted that in almost all the animals there
was a section of villus showing microgametocvtes only, (Fig
%,5.1%) . This could be due to immune response of the animal as
the disease progressed. It could be suggested that the body
produced some defensive mechanism which destroyed the
macrogametocyte progamonts only lamaving microgametooytes to
develop into maturity. This may explain the phenomenon of why
fewer oocysts are shed when the animal is critically sich.
Since this is only a gpeculation more research work is nesded to

.

look into this.

-

Microgamgtes were released in large numbers and stained deeply

with Maver s Hasmot sylin. Some of them were found sureounding

20500

the macrogametocytes. On one of the photographs (Fig

there is a microgamete inside the macrogamstocyte, whather one

should suggest that fartilisation is taking place 13 &

gpaculation. Vetterling (19466) reported tha microgamates

seen in the clear vacuols sureounding the macrogamete s

that fertilisation had occurred earlier in the development of

insids

the macrogamete. The nucleus of the microgamate WASs

the cytoplasm of the macroganete.

In general the development of both asexual and sexual stages
within the villus epithelia cells of the small intestine 16

often accompanied by villus atrophy. This change in the wvillus

structure to blunt Lnva

was reported by many other workers, Michasl

Gregory at al (1987) Fout (1967 and 1874 Fernando (1983
i b L] k]




There were no other parasites observed during the erpariment
neither during the clinical observabions nor during the
histopathological edaminations. Goats are generally more
susceptible to infection with nematodes than pther of the

198 and Llovd

qa%kro"lntntttnaj parasites, d.ovaelaces
1987).
The presence of filamentous bacteria was worth noting, Fig
4.%5,%a (i) and (ii). These organisms were present as secondary
infection since the tissue of the villus was badly damaged.
Fernando (1983) reported that the environment within the
-

intestine affects the pathogenicity of coccidial parasites, for
wample, the bacterial flora and nutritional status of the

©

is able to cause

hoast. BShe was able to con¢lude that E, L

&
disease in both free and confined chicks and that the bacterial
flora tends to increase the pathogenic effects of the parasite.
This was also indicated from the work done by Visco and Burns

(1972a). Dykstra and Reid (1978) r@pﬁ?t@d that E. tenella

ir

stimul ated an eight-fold increase in the numbers of the

in the casca of monoflora

bacterium Clostridiumn perfringe

chickens. This increased the patholegical effects of this

bhacteria in sick birds.

arakawa et_al (1981), who were studyving the simulitaneous

LU 1L anl

1g

infections of coccidia and anella @.g.

E. tenalla, discovered that if the two above specios were given

1 mc

at the same time there was no effect on the number of B

in the caeca. When Salmonella were given for five consecutlve
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days after inoculation with coccidia the number of Salmonella

recovered seven, ten or fourteen davs later increased in the

caeca and liver, (Lafont elb_al « Eim gt _al (19283)

confirmed that the damage to the cascal mucosa was greater in

chickens with simul taneous infections. Babha et _al ((1985)
suggestad that the increased number of Salmonella in the caesca
is associated with decreased concentrations of volatile fatty

acids. Dur studies also showed goats with simultaneous

infections of coccidia and bacteria,

Lantier et _al (1981) however observed that, parasitism by
-

E. _falciformis increases the resistance of the mouse to a

subcutaneous inoculation with artus _ovis, though

-

this effect is only observed are administered

before or along with Sal

la inoculation. This therefore

suggests that parasitic (coccidia) contamination can reduce

bacterial development but in most cases favours it. Thi=s

be due to pH, intestinal motility, local lesions or hasmorehe

(Yvore, 198%9).

Interactions between helminths and cocoidia were not obhserved in

the goats which we studied, though this ie common in

farms or in stables

where contamination by helminths

through litter, pastoure or mobthers millk (Yvore and Es

the of

in the rat

mimultaneously 9 davs after iocculation by o

ghservation WA @ eglimination of the worm

)

el el by

ralb bthis eliomin

O




inflammatory phenomena produced bry the coccidia that make the
intestinal micro-environment unfavowrable for the helminth,
This could be also due to changss in the marphology of the villi

and crypts caused by the development of coccidia. Catchpole and

Harris (1989) observed that a single doze of

e @yineoidalis with 20,000 infective larvae of Mamatodir

battus given to -9 week old lambs caused only transient
diarrhoga and had no effect on growth., Then the lambs woere

infected first with coccidia and two weelks later with

Mo _b . The lambs sufferesd severse diarrhoma, weight loss and

some oied.

Luangwa goats (Zambia) studied by Lovelace =t al (1989) showed a

-

variety of nematode eggs. 180% of the B goats tested had

80 and 95% had fle

T
I"'

agnonchus and § ophagostum and

gyl

Trighostrongylus respectively. It is likely that these would be

occurring alongside a low level of chronic coceidial infection

under village conditions.

4.6 Immune Response
Histopathological findings suggested that Dell-Mediated Tmmanity
(CMI) was very Eignificantvin all the goats especially in

reaction to giant schizonts. Britten and Hughes (1986 reviewsd

that Cell-~Mediated Immunity has shown to be an important

mechanism of protective host FEsnonsas

many intracellular

infections. Macrophages and granul ooyt can express natural

cytotoxicity (Herberman et _al 1986) . (1986 =uggs

immunity to reinfection in chickens by coccidia is dependent
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wpon cell mediated immunity. Jewrissen et_al (1989) reported
that a single infection confersz immunity to reinfection with the
same species. Both humoral and cellular imoune responses are

(1979)

involved in this protective imounity. Rose
reported on the reaction of non-lymphoid cell populations such

as macrophages and granulocytes. Bekhti et _al (1989) suggested

that the relative contribution of the different effectors of the

immune response may vary according to the invading species and

according to the previous status of the host. LLillehoi (19
studied local T-Cell-FMediated responses and reported that, after
the initial infection with cocoidia a lmpgwlaating
species-specific immunity develops, characterised by strong
antigen—-zpecific lymphocyte responsiveness in_vitro. This

-

the host protective immune response.

From ow results, (Figs 2.3.2.1 and %.8.% CHMI was likely to

have been occurring in the villi, around and inside the g1 ant

schizonts.  Many of the leucocytes were eosinophiles and other
granulocytes which could not easily be identified. Augustine
and Danforth (198%9) reported that the specific antigens that
produce immunity have not been quite identified. They suggested
that the specific antigens are associated with the schirogonic
stages of the parasites’ life cvole. Rose (19723 also noted the
same response. Lima (1981) reported that there was a focal

infiltration of lymphocyt and plasma cells around the gamonts

and oocysts. The cellular reaction in the lamina propria and

sub-mucosa consisted of lymphocytes, macropha s, plasma cells,
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Components of the humoral immune response fTOM SEFUD @ )
intestinal fluwid have been studied (Juerissen et al 198%).
Angustine and Dam%ortﬁ'(ﬂ@a@) obmerved that Monoolonal
antibodies that veacted with antig (—:a\: w3 located on the sw face ancd
imeria sporozoelites, showesd to

in refractile bodies of avian £

have significantly reduced cellular invasion and intracellul ar

arne

development of these parasites. O al (1984) reported

that spororoites were lysed during am 0 incubation with

antibodies and complement. Davis and Forter (1979) ascribed the

mechanism of the immunity to sporozoite-specific secrstory Igh

in the lumen of the caesca in chickens.

There were different forms of schizont degeneration observed in
the goats studied, but whether this was only due to cellular

immuanity or to both humoral and cellular immunity still remains

to be proved. In some cé one found the contents clumped

together, or patches inside the schizonts appeared whitish or

reddi sh., Filamentous structures could boe aean on the poriphery



polyvmorphonuclear leukocytes, and eosinophiles. Michaesl and
Frobert (1970) observed that the schizonts were surrounded by a
layer of cells which were mainly eosinophils. At a later stage,

Ll in

when such schizonts were about to ruptwre, mono-nuclear ¢
addition to eosinophils were found., Bekhti and Pery (1989
observed thalt newtrophils playved a central role in host
detences. In our study cellular infiltration was mainly around
giant schizonts. There was no clear cellular response to the

small schizonts ar gametocyvbes

Components of the humoral immune response from serum and

intestinal fluid have been studied (Juerissen et al 1989,
Augustine and Danforth (198%) observed that Monoclonal
antibodies that reacted ;ith antigens docated on the suwface and
in refractile bodies of avian Eimeria sporozeites, showed to

ion and intracellul ar

T

have significantly reduced cellular inva

development of these parasites. Crane (198246) reported

that gsporozoites were lysed during an in_vitro incubation with

antibodies and complement. Davis and FPorter (1979 ascribed the

mechanism of the immunity to sporozoite-specific secretory Iga

in the lumen of the caesca in chickens.

the goats studied, but whether this was only due to cellular

immunity or to both humoral and cellular immunity still re
to be proved. In some cases one found the contents olumped
together, or patches inside the schizonts appeared whitish or

reddi sh. Filamentouws structur could bhe =

an on the periphery
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of the giant schizonts. There was no degeneration nbserved in
gamonts in goats studied. Degenerating cocysts were onlty found

free in the intestine of animals treated with Amprolium.

sponsible for protective immunity against

The mechanismnsg 1mE

T

coccidiosis are still not wnderstood esspecially in goats wher e
both humoral and cellular imnune response have not been stodied

in detail.

Since goalts are more resistant to trypanosomiasis and are ahle

o swrvive in areas which cannot support cattle, they are

increasingly becoming an alternative source of protein in many
5

®
third world countries. Natural disasters like drought, bush

fires, diseases and parasitism in the animals has brought

L &

constraints on the production of domestic animals espe 11y

cattle and small ruminants. Fevaluation of overvalued exohangs

rates which previously encowraged importes and disomuaged

axperts means that internal production is hrecoming 1nored

irgly
important.
ie one of the major diseas

Coccidiosis found in young goats in

commercial farms. This is due-to intensive management
practices. In rural areas cocclidiosis also oCours and poor
hygiene conditions could ba the cause. Gregory (1989) and Faver

(1989) also r

aported that crowding arcoungd water and feeding
areas might concentrate onocvysts, and also climatic stress may

render the animal to be more susceptible to infection.
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Healthy adult animals serve as carriers for coccidiosis and will
shed oocysts bubt rarely develop clinical signs of infection

urless severely stressed (Faver 1989)., Continemant can ha

recomnanded only if areas are cleaned daily and bedding changed
regularly, since the number of infectious ococvets in the
environment is a result of the number shed per host. Feed
troughs should be raised and fitted with an elevated step to
reduce infection on the food from the faeces and the animal can

adopt a browsing position. Treatment of goats against helminths

and coccidia is recommended to those farmers who can afford it.

®

There is now a greater emphasis on prevention of illne which

can affect feed efficiency and growth (Fayver, 1989) and thuos
production. To ensure better retuwng from goats, education

about this disease is reguirsd for both commsroial

farmers. It is desirable to control parasitic dis
preventing reinfection. In the case of coccidia the animal ig
susceptible to infection throughout their lives, though

resistance develops with ags,

The following are measures which might improve animal

production: education of farmers in gra conservaltion,

flexible veterinary =

arvices bto reduce mortality, improvement of

g in Lnvestmoeant

the efficiency of the B, lnore
in livestock research and improvement of the marketing

prooe cduires .
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The peasant farmer, in addition to the above, can be encouraged
to improve husbandry practices by providing better nubtrition
during the dry ssason, by presecrving the abundant fodder

available during wet season for use during dry s

LM W

In—-breeding and early conception shouwld be avoided by separs

slected for

the sexes and early castration of males not s

reproduction could be carried oub.

Covcidiosis is clearly a serious dises Zambian goats and

raesearch is still wunderway. Considering ow resulits obtainec
-

from the two Zambian Commercial Farms and a village, cocoidia

are still a very important problem in goat managemsant. Thes

-

gconeomic impact of Eimerits

spp is ndt fully understood as the

parasite was often found to ocvcuwr with other parasitic species

in goats, The effect of each may be cumulabtive.,
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