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ABSTRACT

The effects of varying |evels of Haenonchus spp
on haenmat ol ogi cal and sone serum paraneters of sheep
were investigated, Forty-seven experinental aninmals
with ages ranging from6 - 18 nonths, which had
previously been exposed to infection were used. They
were divided into four groups, I, Il, Il and IV
each consisting of 12 aninmals with the exception of
group IVwth 11 animals. Goups I, Il and Il were
i nnocul ated with 35,000, 14,000 and 2,8000 Haenonchus
infective larvae respectively while Goup IV served
as uninfected controls. Each aninmal was dosed in
seven instal nents spreading over seven days. The
results of the experinment were eval uated on
haemat ol ogi cal, serum protein and serum el ectrol yte
changes, faecal egg output and worm recovery over

a 21 - week period.

The sheep showed sone resistance to experinenta
infections of up to 35,000 |arvae - as was shown
by their faecal helmnth egg output and worm recovery
data. Al animals reacted in a simlar pattern
irrespective of dose given. Average nenatode egg
counts of each group did not reflect the |evel of
initial larvae given and was bel ow 4,000 eggs per
gramin all infected animals. Animals with the
lightest infections had the highest egg counts,
cunmul ati ve nean val ues being 626, 982 and 1173

for Goups I, Il and Ill respectively.
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Packed cell volunme, haenoglobin concentrations
erythrocyte and | eucocyte counts as well as serum
iron values did not show marked changes as a result
of infection but the controls had higher nean
haenogl obi n concentrations and total nmean serum iron
val ues significantly higher than those of the infected
groups. Differential white cell counts did not show
significant changes but there was slight

eosirohilia in infected ani nals.

No abnormal changes in the total serum protein
and serum protein fractions were detected as a result
of the infection. However, values for the controls
were higher than those of the infected but these
differences were not statistically significant.

Al bum n values for Goup | were significantly
(P<0.05) lower than all other groups, values being
46. 9+6.6, 49.1+4.9, 49.9+6.0 and 49.5+5.2 percent
for Goups I, 11, Ill and IV respectively. G oup
IV had significantly |ower globulin values than any
of the infected groups.

Serum sodi um and Pot assi um val ues did not show
any discernable patterns but Goup IV had | ower sodium
val ues than any of the infected groups while Potassium
did not differ significantly between the groups.

At necropsy, the worm burdens did not reflect
the doses given and less than two percent of hel m nths
given to each aninmal was recovered. Mean nunbers
of wornms recovered in Goups I, Il and IIl were 357,
175 and 48 respectively. No arrested |arvae were

recovered in all the infected groups.
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ii INTRODUCTION

Sheep; like all domestiec animals, harbour helminth
parasites in varying numbers within a few days of birth, The
extent of the infection and the species of helminth involved -
determine their genersal state of health and productivity.

K ;Shéep in Nigeria are not only a source of protein, but
constitute an important ecconomic commodity for a large
percentage of rural households particularly during religious
and traditional festivals. Despite this importance,
intensive production of sheep as has been done with poultry
has been limited. This was attributed to poor husbandary
methods employed as well ag heavy internal parasitic burdens

particularly Haemonchus contortus {Food and Agrdcultural

Organisation report 1966),

H. contortus causes a debilitating disease in sheep  %
characterised by progressive anaewmia, unthriftiness, poor
weight gain, submandibular oedema, severe hemorragic
gastritis and death in acute and severe cases (Soulsby 1965).
Once infection occurs, clinical manifestations develop
rapidly and mortalities may occur within a few weeks striking
even the healthiest sheep regardless of age and plane of
nutrition, This is particularly true during the early rainy
season when climatic conditions favour the development of
worms eges and larvae, and animals are still debilitated

from malnutrition and enviroumental stress from the previous

dry season,



This classical form of haemonchosis presents little
problem in diagnosis as the symptoms are easily recognised.
Allonby and Urquhart (1975) peinted out that one of the
significant features of haemoncheosis was not necessarily the
acute syndrome characteristically associated with the disease,
but the fact that a few hundred worms persisting over a long
period could produce chronic anaemia and ultimately loss of
condition and death in sheep, especially if they are grazing
low quality pasture. This insidious effect of chronic
haemonchosis has important implications for the attainment
of maximum productivity by adult sheep. 1Its diagnosis also
presents problems since morbidity may be high and flock lose
weight and general condition without showing obvious signs
of the disease., Even when sheep die, diagnosis is often
complicated by the fact that moribund animals often lose
their worm burdens shortly before death eand may also show a

terminal haemoconcentration,

' It is frequently advocated that adult sheep which have
had a previous helminth exposure be used to graze fields that
have been contaminated by other stock in order to reduce the
level of helminth infection available to lambs with no
experience of infection (Michel 1963). This assumes that these
older sheep have acquired some degree of resistance to all
helminths, from the previous infection, and so have a large

threshold of tolerance or resistance to reinfection.

This study was therefore designed to study the effects

which graded doses of Haemonchus species would have on

¥



haematological and certain biochemical "parameters of sheep
that had previously been exposed to & natural infection, as
vell as follow the course of the infection by faecsl egg

c~nounts and evaluation of worm burden on termination of the

experiment.

Btudies of Haemonchus infections in sheep in Nigeris have

been mostly &s outbreaks or as mixed infections with other
parasites (Kuil 1972, Pabiyi 1973, Schilhorn 1973, Ancsa 1977,
Schilhorn 1978, Ogunsusi 1978), There is need however to
separate the parasitic gastroenteritis complex into specifie
disease entities based on observations of pure infestations

of the different causstive nematode gpecies. This will
provide some information on the roles played by each member

in producing the disease complex. The outcome may lead to

improvement in our control strategies.



LITERATURE REVIEW.

Historical Background

Haemonchus contortus was described by Rudolphi (1803)

but was included in the genus Strongylus. It was only towards

the end of that century that Cobd (1898) removed Strongylus

contortus and established it as an independent genus Haemonchus.,

The life history of the parasite was first worked out
experimentally by Ransom (1906). Nine years later Veglia
{1915) made a classiecal study of the pathogenesis of the
parasite and Fourie (1931)uade, the first detailed study of

*he pathology and haemotology of H. contortus'infection in

sheep.

The parasite has long been recognised as s major problem
in small ruminants in Nigeria. Henderson {1928) reported on

gastro~intestinal helminthiasis in sheep caused by Haemonchus.

Other early reports of the parasite in ruminants include those

of Beaton {(1937), Lee (1955) and Lindquist (1958).

Biology of Haemonchus Spp

" Life eycele

H. contortus is a parasite of the abomasum of ruminants,
They are sleunder worms of which the males are 10 - 20 mm
and females 18 - 30 mm in length {(Soulsby 1965). The
morophology of the parasite has been adequately described by
Veglia (1915). It has a direct life e¢yecle. Fecundity is

very high, females producing between 5,000 and 10,000 eggs per

day. Haemonchus egg is ovoid with a thin transparent shell and

it is excreted with the faeces of the host. At about 2600



the first stage larvae hatch out of the eggs in about 24
hours. The hatched larvae moult twice, developing into
second and third stage larvae respectively. Under optimal
conditions, the third stage cor infective larvae stage is
reached within four to five days after the eggs are passed
out of the host. The infective larvae can only continue ,

their development inside a suitable host, Infections of

the host occur when the infective larvee are ingested during

grazing. Inside the host, infective larvase moult twice
before they grow into mature male and female worms on the
mucosa of the abomasum of the host; this process takes

about nineteen days in susceptible animals.,

Effect of Temperature on Egg Development

According to Shorb (1943, 194h) no development of

Haemonchus eggs takes place below 13°C while constant
temperatures of about 36.6° are deleterious to the eggs.

Dinaburg (1944) reported that eggs of Haemonchus did not

develop to infeetive stage at constant maximum temperaturés

of even 18.3°C regardless of rainfall. However, Gordon

(1948) produced evidence that development of Haemonchus

could take place below 18.300, suggesting that Dinaburg's
maximum temperature was to0o high for universal application,
in Kenya, Dinnik and Dinnik {1958) found that larvae of

Haemonchus reached the infective stage in eight to twelve

days, only when the diurnal fluctuation of air temperature

was between a mean maximum of 24°¢C ana 12.3°%C.

Silverman and Campbell (1959) studied the relationship

between temperature and development of the pre-parasitic
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larvae of Haemonchus. They found that the first infective

larvae appeared in five days at a constant temperature of
21,7°C, in nine days at 14.5°C and in at least fifteen days
‘at 119C, At temperatures lower than T.2°C, development was
inhibited and the pre-hatch stage of the eggs were the most
resistant to low temperatures. They concluded that
development of H. contortus egg require about two weeks in

summer and considerably longer during cooler seasons.

Effect of Moisture on Egg Development

Eggs and larvee of Haemonchus also need moist condit-

ions for development, as dessication kills the eggs rapidly
especially in the pre-hatch stage. Dinnik and Dinnik
{(1958) observed that in the Kenyan highlands, a monthly
rainfall of over two inches was essential for H. contortus
larvae to develop to infective stage in large numbers.
Similarly, Okon and Enyenihi (1977) working in Nigeria
found that for eggs to develop to infective stage, there

must be a mean daily rainfall of 3 mm or more.

1

Dinnik and Dinnik (1961} further observed that 10%
of larvae in a shade which were protected from drying
out survived for ten to thirty days depending on the

- thickness of the grass cover.

It has also been observed by Veglia (1915} and Monnig
(1930) that development of H. contortus eggs and larvae

failed to take place in wet or immersed faeces, as the
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eggs were killed unless water was removed in less than

seven days,

Effect of Oxygen on Egg Development

When free circulation of air is prevented in cultures
by sealing of culture jars, development of H. contortus
eggs does not take place; normal development and
metabolic process only take place in the presence of
oxygen (Blood and Henderson 1963, Soulsby 1965). Oxygen
however, would not be a limiting factor to developing
eggs and larvae on pasture, but may be to those in faeces

dropped into ponds or bodies of water,

Clinico-Pathologic Aspects of Haemonchosis

Clinical symptoms

The most general features of haemonchosis are:
progressive loss of condition, unthriftiness, loss of weight.
and anaemia. In more advanced cases, there may be a i
"pot~belly" sppearance and a swelling underneath the jaw
(bottle jaw). 1In severely infected animals, the loss of
condition may reach emaciation, the fleece is broken and
lacks lustre, the animal becomes extremely weak, then

recumbent and later dies (Soulsby 1965),

Dargie and Allonby (1975) gave the three main features
of haemonchosis as anaemia, hypoproteinaemia and poor weight
gain. They attributed these features directly to the blood
sucking activities of the parasite and on host factors such

as age, nutritional status and the rate and size of larval

......
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chalienge."Thié,.théy Eéi&, pro&uéea a complete;apactrum of
clinical effects which could be categorised as hyperacute,
acute and chronic. The hyperacute type is uncommon, lasts
from zero to seven days with a severe haemorrhagic gastritis
and rapidly fatal severe anaemia and sudden death in _
previously healthy sheep with no diasrrhoea. The acute type

is more conmmon and lasts from one to six weeks and is due to

a prevailing burden of adult parasites with continued re-
infection. The outcome is often agalactia leading to death

of lambs or weakness and loss of condition. The third type

of hacemonchosis accofding to Dargie and Allomby, is the

chronic type which is more widespread and lasts fof up to six
months and is caused by a relatively low burden of adult worms.
It is characterised by chronic gastritis with chronie blood
loss and abopasal dysfujiction leading to progressive weight loss
and stunting of growth. The outcome of this depends largely

on nutritional status of the host and death only occurs in

extended spells of dry weather with concomitant poor pasture

conditions,

Morbidity and mortelity

There is considerable variationm in the pathomenicity
of H. contortus infections reported by different authors,
Fourie (1931) artificially infected 38 worm~free sheep with
varying doses of H. contortus larvae given as single or
nultiple doses. One animal developed a fatal progressive
anaemia after it had received.20,600 larvae in multiple doses,

while six developed anaemia after receiving doses of either
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3,000, 10,000 or 20,000 but later recovered. The rest of

the animals did not show any vigible sings of haemonchosis.

Andrews (19h2) administered doses ranging from 2,000
to 181,000 infective latvae of H. cofitortus to lambs
in single and multiple doges. Thirty five thousand larvae
given as a single dose to a three-month old lamb proved fatal,
as th animel died b5 days later. Another three-month olad
lamb which received 100,000 larvae died in 23 days while an
eight month o0ld lamb given & dose of 45,000 survived the
infection. Some animals which received up to 70,000 larvae
~in multiple doses survived, and Andrews attributed this to '

development of immunity in these animals,

Stewart (1953) found that in single and multiple infections
of lambs with 3,000 H. contortus larvae, followed by a
challenge dose of 5,000 (after 29 weeks), the animals which
received multiple doses were more resistant to the infection

than those which received the infection in a single dose.

Charleston (1964} using four and a half month-old lambs,
gave four of them 10,000 H. contortus larvae daily for up
to 53 days. Of the four, one died on the 27th day and
another on the 29th day after the start of the dosing, having
received 270,000 and 290,000 larvee respectively. At pest
mortem, totals of 8,960 and 42,860 worms respectively were
recovered. Two other lambs survived a total of 530,000

iarvae given in this way and then killed 56 days later:; 100
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and 4,080 helmipths were recovered from thew respectively.

Brambel, Charleston and Tothill {(196Lk) gave six worm-free
sheep 100,000 infective H., contortus larvae in two doses of
50,000 each at three hourly intervals, The animals showed
age resistance in that the infection became patent in only
one of the infected animals. Number of worms recovered at

post-mortem were 400, 10, 360, 0, 640 and 8,550 respectively.

Christie, Brambel and Charleston (196L4) studied worm
population in seven-month old sheep dosed daily with 10,000
larvae of H. contortus. They started slaughter of these
animalg as from the fifth day of infection amd on till day
twenty-six. They found that some of the animals were ansemic
at ‘slanghter and some were resistant to the infection. The
nunber of worms recovered was proportional to the degree of
anaemia. In the sheep that were resistant, not only were
there few adult worms but there were propor£ionally fewer
adolescent worms of sizes corresponding to nine to thirteen
days growth-~ Christie et al (196L4) eoncluded that Reveloping
wvorms encounter some particular hazard about the eight day
of its l1life in sheep that had récently become resigtant to

Haemonchus.

-

Silverman, Mansfield and Scott (1910).found that two-month
old lambs on a high pfotein diet survived exposure to as many
as 10,000 H. contortus larvae. Administration of 25,000
larvee caused death of two out of five lambs and a dose of
50,000 larvae caused death of 4 out of five lambs, On

treatment and subsequent challenge with 10,000 j;arvae, the
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animals which survived the 25,000 primary innoculation proved
to be the most resistant to re-infection. They concluded that
the 50,000 larvae used 238 a primary dose may have paraljsed

the immune mechanisms in the animals that ' received it.

Christie {1970) investigated the fate of very large doses

of Haemonchus iarvae in sheep and reported that & dose of

three million infective larvae produced only two cases of
relatively milk haemonchosis out of five adult sheep of wvaried
worm history. A dose of one million infective larvae induced
self-cure of an established population of adult worms,
supporting Christie's hypothesis that very large doses of

Haemonchus produce changes in the sbomasum unfavourable to

development and persistence of the worms.

Misra and Ruprah (1972) followed the course of H. contortus
infection in ten week old lambs. Arfter experimental
" dinrection with five doses of 500 larvae given every alternate
day, half of the lambs developed diarrhoea ten days after the
first dose and eleven of these died within three weeks,
Ho blood in the faeces or rise in body temperature were
noticed but there was a decrease in body weight in infected

animals,

Haematology
H. contortus has been shown to produce disease

primarily by extraction of the host's blood,.
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Fourie (1931) reported that in fatal cases, there was
progressive decrease in red blood cell count, percentage
haemoglobin and percentage wolume of red cells, The red cells
remained normal until the count fell from 11.4 to 5.9 million/
‘cumm., Thereafter, anisceytosis, poikilocystosis, polychromasia
punctuate basophilia were noticed. The white cell count
started at 4200 thousand/cumm. and dropped- to 1,600 thousand/
cumm. and thereafter rose., Neutrophilia was seem towsrds the
end of the disease, eosinophilia was only apparent in the
early stages. In less severe eaeses, the progressive decrease
in the number of red blood cells was not always reflected in
the value of the haemoglobin and packed gell volume curves,

This was probably due to an increase in the size of the cells.

Andrews (1942) faund that in fatal cases of experimental
pure H. contortus infection in sheep (when death sometimes
oceurred before the end of the prepatent period), there was
e fairly sharp and steady downward trend in the packed cell
volume, red cell count and percentage haemoglobin., There was
a corresponding steady increase in the amount of blood elements
recovered from the faeces, Andrews (1942) also found
reticulocytes in the blood, with a higher number in the more
heavily infected animals, He took this as evidence that

haematopoiesis was not interfered with in bhasemonchosis,

Delaune and Maylew (19%43) gave a description of the blood

picture of calves dosed with Haemonchus. The erythrocyte

and haemoglobin values began to decrease five to seven days
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after the infection and continued to the end of the
prepatent period. The total leucocyte count however, showed
an initial inerease at this period. After the infection
became patent, the red cell counts, heemvglobip concentya-
tion and leucocyte counts gradually increased and in some
cases exceeded the pre-infection levels., They therefore
emphasised the importance of the prepatent periocd in

Haemonchus infections.

Silverman and Patterson (1960) reported that there wes
no response of gheep to the third and fifth histotrophie
phases of larvae in either resistant or susceptible hosts
until the ninth day fnllowing infnctinn, when the young adults

burrowed imto the mucosa to suck blocd,

Charleston {(1964) compared the haematology and bone
marrow cytology of sheep experimentally infected with H.
contortus with those of worm~free sheep bled to simulate

the blood loss of Haemonchus infection. He found the decline

in packed cell volume to be comparable in both groups.

However, in haemonchosis, the anisccytosis was less marked

and there was a smaller over-all increase in mean cell

volume and a higher proportion of immature cells which were
deficient in haemoglobin. In heavy parasitic burdens,
normoblasts with abnormal morphology were produced. Charleston
.(196h) also found that total leucocyte counts failed to follow
any trend that could be related to the experimental procedures

while the number of neutrophils showed a decline in all groups.
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An eosinophilia of recovery was seen in parasitised sheep

which survived the infection.

Prom his studies on haemonchosis in goats, Fabiyi {1968)
concluded that a population of less than 250 adult worms had
no effect con the packed cell volume gpd haemoglobin concentra-—
tion of goats. With ipereased number of helminths however,

packed cell volume and haemoglobin values became lower,

Harness, FPitzsimmons and Sellwood {1970) infected three

groups of calves with cither 50,000, 125,000 or 500,000

Haemonchus placei larvae and the blood pictures compared with

- those of a econbrol group. Thure was little deviation from
normal in the calves infected with 50,000 larvee. Calves
infected with 125,000 or 500,000 showed transient oligocy-~
thaemia which generally did not vary greatly in it’'s aeverity,
but recovery was more protracted in the calves with the heavier
infection, In the calves with a higher level of infection,
there was a reduction in lymphocytes and neutrophils and also a
fluctuation in the number of monocytes, though the number never

exceeded ten percent of total leucocyte count.

Kuil (1972) carried out studies of géstrointestinal
nematodes of shelp in Nerthevrn Nigeria and found that values
of haemoglobin concentration, packed cell volupe wand zerum
protein concentration always depreciated according to the
level of infection., The depreciations were especially o

significant in animals with worm burdens over 5,000, l
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Misra and Ruprah (1972) found a decrease in all blood

values in lambe with experimental Haemonchus infection., There

wvas however an increase in the percentage of monocytes,

" nmeutrophils and to a lesser extent eosinophils.

Pradhan and Johnstone (1972) subjected one group of-
lembs to 3,500 H. contortus larvae at weekly intervalg.ang
another group to 500 larvae each day. The dosage was
decreased to 1,h00 and 200 larvae respectively after eight
weeks, They observed that the daily infection with a small
nunber of larvae induced a severe anaemic condition with the
pieture falling to 7% packed cell volume, 2% haemogldbin

3 red cell count in 78 days.

concentration and 1.6 x 106/mm
The anaemis with the weekly dosed group was less severe with
values of 10 - 20% packed cell volume, 4% haemoglobin

3 red cell count. They suggested

concentration and 3.6 x 106/mm
that haematological values of sheep seven to fifteen days
after infection might be indicative of their genetic ability

to resist Haemonchus infection,

Allonby and Urguhart (1975) studied the epizootiology
of H. controtus infection in ewes and lambs in an endemic
area of haemonchosis in East Africa. They observed that
mean packed cell volume and haemoglobin values dropped
. progressively with increase in adult worm burden. They
also noted that there was & uniformity of faecal egg counts
in both ewes and lambs over long periods, though necropsies

revealed that their worm burdens were markedly different.
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They pointed out that one of the most significant features
of haemonchosis was not npecessarily the acute syndrome
characteristically associated with the disease, but the fact

that a moderate infection of a few hundred worms persisting

over a long period could produce chronic anaemia and ultimately'_

loss of condition and death in ewes and lambs grazing low

quality pasture.

In two to four momth—-old sheep given a single infection
of H. contortus larvae, Coadwell and Ward (1975) observed
two types of reaction to the infection. In one group, the
pecked cell volume fell sharply from ten days after infection
and thé sheep eventually died. In the second group, the fall

in packed cell volume was less marked and returned to normal

after about 40 days. They also compared the rate of increase

of.paraéite body length and dry weight in both groups. These -

results showed that the first group of sheep had a heavier
infection but the parasites were small in size probably due
to a greater interaction chemically and physically between -

parasgsites. This would have led to a more severe blood

leakage and alteration in abomasal PH and osmotic concentration,

creating a less favourable environment for the growth of the
perasites, The second group of sheep on the other hand, had
& .smwaller parasitic burden and the parasites were larger due

to a more stable environment,

Other reports of dépreciation of blood values in sheep

with chronic nematodiasis of which Haemonchus wes the dominant
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specie include those éf Oduye (1976) Baror and Schilhorn _ f
{(1977) and Ogunsusi (1978). Ogunsusi {1978) showed that with -
increase in egg output, there was a rapid decline in values

of packed cell volume, haemoglobin concentration and red cell
count., The white blood cell count did not show any descernable
pattern but there was a progressive increase in neutrophils 5
-and fall in number of lymphocytes. In those animals with a i
chronic infection, helminth egg output was unsteady for a long”

time and there was & more gradusl decline in the values of

packed cell volume and haemoglobin concentration.

Anaenia _ _ _ |

The diséovéry bylFourie (1931) th;t la;fal and adult ‘ 5
stages of H. condortus could suck blood, led various groups
of workers to study the amount of blood lost and its relation
to the anaemia of haemonchosis. Evidence that the anaemia

of haemonchosis was due primarily to blood ingestion by

the parasite has been given by many authors., o

Martin and Ross (1934) estimated the amount of blood

lost daily in Haemonchus infections. They calculated the

quantities of phosphorus in the eggs laid by the parasite z .
and on the assumption that this phosphorue came wholly from
the blood of the host, estimated that about 0.05 ml of blood
per worm per day is removed by the parasite, This finding
vas confirmed by Baker et al (1959) using chromium labelled

erythrocytes to study the irom reserves in Haemonchusg-

infected lanbs,
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Boughton and Hardy (1935) were ablé to ébserve the
behaviour of H. contortus through fistulas made in the
abomasunm of infected sheep. They found that the parasite
#ttached themselves by a peculiar striking motion of the head
and neck; that they remained attached for about 12 minutes and
sucked blood, which could be followed through the intestines
of the nematcde almost to the anus. Minute haemorrhages
which continued for about seven minutes occurred as soon as
the worms detached themselves from the stomach wall. Andrews
{1942) was also able to show that the anaemia associated with
H. contortus infection in sheep was due to gastric hemorrhage
alone, by a study of the icteric index, reticulocytes in ;
the blood of anaemic lambs and the gross pathology and
histology of affected lambs. Clark, Keisel and Goby (1962},
Brambel, et al (196k) also studied blood log* in'f:~-§-
haemonchosis using chromium-labelled erykhrocytes. Both
groups of investigetora showed that the anaemia was due to
blvod letting and ingestion by the immature as well as

mature stages of the parasite.

There are other reports which indicate that anaemi; in
relation to haemonchosis may not be due to blood loss alone.
Neklyudor, Bolkhovitinov and Sominski {1956} infected three
to ten month-old lambs with single or repeated doses of
larvae ranging from 4,000 to 106,000, They reported that.
the progressive anasemisa which developed was aplastic and not
hemolytic., They therefore suggested that the anaemia may have
resulted from =2 disturbance of the neuro-humoral regulastion

of the haemotopoietic system,
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Oshio {1952, 1953) believed that the anaemia of |
haemonchosis was due to an anaemia-groducing substance
eliminated by the parasite., He was able to produce severe
anaemia in rabbits by injecting serum from infected sheep
and goats iﬁto rabbits. Serum from non-infected animals
did not produce anaemia. The weakness of this hypothesis

however is the lack of direct experimentation on the hosts,.

Charleston (196L) also studied the type of anaemia in

Haemonchus infection and reported a normochromic macrocytic

anaemia in both bled and parasitised sheep. He however,
presented evidence of interference with normoblastic
maturation and haemoglobination in the latter, and
thereforee concluded that the anaemia of haemonchosis

differed from that of phlebotony.

From a2 measurement of mean cell wvolume and mean cell
haemoglobin of infected lambs, Misra and Ruprah {1972)
concluded that the anaemia of haemonchosis was microcytic
and hyprochromic. Holmes and Dargie (1975) observed a

hypochromic but macrocytic ansemis in heavy Haemonchusg

infections, Higher infections initially resulted in a
normocytic normochromic type which later also developed

into a macrocytic hypochromic anaemia.

Most of these data concerning the anaemia produced by
H. contortus have been derived from studies on peripherial
blood with little attention paid to the concurrent serum iron

Pt

ﬁﬁ Jﬁ§
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alterations. Allonby and Dargie {1974} observed thati sheep
infected with only 8,000 H. contortus would be losing
about one billion red cell containing 15 gm of haemoglobin
and 50 mg iron into itss abomasum every day. An infected
animal therefore has to become 'hyperkinetic' in order to
replece this daily loss as well as maintain normal haem-
atological indices, and so is under constant strain. ‘If
not treated, this will develop to the stage where exhaustion

of it's synthetic machinery sets in.

Scott, Silverman, Mansfield and Levine (1971} studied
active and passive immunity in sheep given oral iron
supplement. They found that unvaccinated and otherwise
untreated lambs fed iron ad libitum survived oral
innoculation of 50,000 H. contortus larvae that killed
8 -~ 100% of lambs not fed oral iron. Lambs fed oral iron
until their growth was attained were resistant to innocul~-
ations of 70,000 larvae. They concluded that resistance of
young rapidly growing lambs to initial innoculation of H,
contortus larvae depended on the capacity of the haemopo-
poietic system of the host to compensate for the loss of

blood.

Dargie and Allonby (1975) studied iron metabolism
in single and cheallenge infections with H, contortus.
During the initial period, there was some depletion in
the level of serum ironm (from 131*23 ug® to 100%30 ugh).
With the challenge infection, animals varied in individual

response. Animals with the "self-cure and protection”
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reséonse,_had improved serunm iron.iévels which diad ﬁot

return to pre-infection values. On the other handgd, sheép
which succumbed to the challenge infection had very low levels
of serum iron. These sheep they said, were already depleted
of iron as a result of the blood loss incurred from initial
infection and so, were unable to meet the level of red cell
production required to keep pace with haemorrhage resulting

from subsequent infection.

Serum Proteins

Following helminth infection, major changes in the
serum protein concentrations can occur. These changes depend
on the host and parasite considered and may be manifegted
singly or in various combinations in all of the major serunm
protein components (Leland 1961). Where serum protein changes
have occurred as a result of experimentsl helminth infection,
the general picture has been a reduction in albumin accdmpained

by an increase in one or more of the globulins,

Shumard and Eveleth (1955) as well as Shumard, Bolin
and Eveleth (1957) observed a depression in the total protein
and the albumin: globulin ratio in lambs experimentally

infected with equal numbers of H. contortus, Nematodirus

spathiger and Trichostrongylus colubriformis larvae.

Ross, Lee and Armour {(1959) desecribed a genetic line
of zebu cattle that exhibited resistance to haemonchosis.
The resistant cattle tended to show an increase in the faster-

‘moving gamma-1 globulin#hile’the low resistance cattle showed
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the increase in the slower moving gamma-2 globulin. The

_ resistant animals also showed a higher immunological responsé
and Ross et al (1959) suggested that complement-fixing
antibody may be present in the gamma~1 fraction of the serum
proteins. Ross and Armour (1960C) further suggested that
serum albumin levels and packed cell volume could be useful
measures of pathogenicity when considered in conjuction with

& series of differential worm counts.

Ross, Armour and Hart (1962) made daily seruﬁ
collections from calves infected with 40,000 larvae of
H. placei and noticed the maxipum fell in serup alhumin
levels 19 days after infection and nine days before ﬁatency,
In addition, a sharp transient drop occurred in serum albumin
levéls 96 hours after infection., Anderson et al {(1960) on
the hand, did not observe any marked changes in serum protein
in ¢slves experimentally infected with 12,000 and 165,000

H. placei larvae of an antelope strain.

Kutler and Marble (1960) recorded the serum protein
changes in lambs with naturally acquired cliinical, moderate

and light infections of mixed nematodes. In addition, the

serum proteins of lightly parasitised animals with anaemia which

had been induced by periodic bleeding was measured, to ascertain

that the anaemia often assoeciated with c¢linical parasitisms
was actually responsible for the serum protein changes,
Significant changes in the serum proteins occurred with

moderate to clinical parasitism. In these lambs, the total
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serun protein and albumin fraction were decreased, while the

alpha-1, alpha-2, bete and gamma globulin fractions were

inecreased. This confirmed earlier observations by Leland i
.

et al (1958) who reported extensive and prolonged hypoprotenamia
with hypoalbunaemia and an increase in the alpha~2 globulin

in calves experimentally infected with Trichostrongylus axei.

They suggested that liver function and hence synthesis of

plasma proteins, might be altered by malnutrition or by toxins

from the parasites.

Cornelius gt al {1962) found thet hypoalbuminsemis
in cattle heavily parasitised by trichostrongylids was caused
by reduced synthesis of albumin; only in terminal cases was
increased catabolism observed. Wilson and Turner (1965)
observed high albumin: globulin ratios and lower gamms
globulin percentages in lambs reised parasite free in
comparison to those moderately or heavily parasitised., They
postulated that increase in gamma globulin in parasitic

infections may be one of the factors in the increase in

resistance to the infection.,

Leland, Drudge and Dillard (1966) were able to show
that even with a 16% crude protein supplement, s superimposed
nematode infection was still able to produce hypoproteinaemia

and serisl sequence of changes in the serum proteins of

infected calves. Serum protein changes consisted of an

increase in alpha-2 globulin that lasted for several weeks

and then declined. With this decrease, the beta-globulin

increased moderately, the gamma globulin increased markedly
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while the albumin decreascd markedly. These changes wére more
significant in those animals that had succumbed to parasitism,
and this was interpreted as a reaction of the host to injufy
or stress caused directly or indirectly by the helminth
parasites, Akerejola (1976) on the other hand did not observe
any gignificant serum protein changes in a mixed breed of

cattle fed varying protein diets and given a mixed nematode

infection of Haemonchus, Trichostrongylus and Oesoggagostimuﬁ
species., Decrease in albumin and an increase in serum
globulin was only observed during the last week of the study

when faecal egg count was highest.

Serum minerals

Little attention has been paid to the effects produced
by helminth infection on the blood or serum mineral elements
of ruminants., Most studies have been on effects of mineral
supplenents on the course of artificial and pasture infestation
(Weir et al, 1948, Richard et al, 1954, Shumard_et al, 1956),
These investigations = showed that although additional mineral
might in some instances enable the host to withstand parasitic
attack better, such supplements might also have the effect of
inereasing the fecundity and anaemia~producing properties
of the parasites. | |

Ross and Gordon (1933) found difficulty in establishiﬁg.
H. contortus infections in sheep on a diet poor in
proteip, calcium and phosphorus, When the protein was reduced
further tut calcium and phosphorus increased, heavy infestation
resplted. Shearer and Steward (1933) observed interference

with calcium and phosphorus metabolism but no change in the
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metabolism of sodium and potassiup in landbs heavily infected

with & mixture of intestinal nemeatodes, Similar results were

obtained by Fraenklin et al (1946) who experimentally infected

lambs with T. colubriformis and found a lower rate of live

weight increase, lower protein digestion and poor utilization
of calcium and phosphorus in the infected animals. Blood

. analysis revesled low calcium and phosphorus levels,

Shumard and Herrick (1954) showed that H. contortus
larvae cultured from eggs excreted by cobalt-supplemented
lambs were of greater length than those cultured from eggs

excreted by non-supplemented lambs. Threlkeld, Price and

;_Lincous {1956) produced further evidence of the susceptibility -

of H. contortus to the host's cobalt status.

Evans, Blunt ana Sﬁuthcott (1963) described an
anaemia of different haemoglobin types caused by H. comtortus,
characterised by a marked rise in the concentration of
Potassium (K') in the erythrocytes and e fall in the
concentration of sodium (Na+), The total (Na & + K+)
remained comnstant, Increased potassium and decreased sodium
levels were associated with a fall in haemoglobin and packed
cell - volume as well as a reduced appetite and slow growth
rate. They explained the rise in potassium as being a result
of an influx  into the circulation of young cells containing

higher concentrations of potassium, Cells of this type have

been demonstrated in blood loss anaemias produced experimentally

(Blunt and Evans 1963).
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Pradhan and Johnstone (1972} in their studies of . -
haematological changes in lambs during prolonged expoanié to
~infective larvae of H, contortus alsc found alterations
in blood electrolyte values, At first, the potassium
concentration increased and the sodium decreased but both
subsequently began to increase, They also attributed these

changes to influx of young erythrocytes into the cireulation.

These findings on helminth and host mineral relationships
indicate that the heiminths reguire and/or'interferé with
metabolism of some host minerals in order that their {the
- helminths') development and reproduction may attain maximum

potential,

Resistance to.Haemonchus infection

Factors that have been fﬁund toc influence the resistance
of the host to H. contortus infeetion include: genetic
congtitution, host diet, age of host, intercurrent-inractign

and debility from other causes (Culbertson, 19hi).

Genetic Resistance

The difference in natural resistanéeuagainst a given
parasite manifested by two different races or breeds within
a single species of host is best explained through genetic
constitution of individuals, - |

Chevibt sheep have been fbund to be more tolerant to
infection with H. contortus than lowland breeds of sheep

(Cameron, 1939),
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Ross, Lee and Armour (1959) during an investigation into
poor post-weaning performanee in zebu cattle in Nigeria, found

evidence of a genetically controlled resistance to heemonchosis,

Blunt and Evans (1963) showed that sheep with haemoglobin
type HbA were more resistant.to H. contortus infection than
those with type HbAB. Sheep with both haemoglobin types
were infected, and the trend in faecal worm egg counts and
worm burdens at necropsy suggested that the HbA sheep were more
resistant ¢o the establishment of the infection although there
were no significant differences in haematological indices of
the twvo haemoglobin types. Later, Evens and Whitlock (196%)

. demonstrated a significant association between the seasonal ?
maximum haematocrit of grazing sheep and haemoglobin type.,
They suggested that this might be related to a varying degree

~ of resistance to natural infection with H. contortus.

Jilek and Bradley (1969) as well as Radhaskrishmnan, Bradley
and Hoggins (1972) in & study of the relationship of haemoglobin
type in Floride Native %heeﬁfto naturally acquired and | 3
experimental H. contortﬁs infections, concluded that there
vas no definitive dala to support the theory that hsemoglobin
types in Plorida sheep were indicators of resistance to - '!.
haemonchosis, or that HbtA sheep generally had higher pscked
cell volume values and underwent self-cure more readily. ?
However, Allonby and Urgquhart (1976) produced evidence that
merino sheep with HbA type showed self-cure more frequently

and effectively than those with HbB . and HbAB types.
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Exﬁmination of the packed cell volume values and total body
weights of merino ewes showed that the HbA types had the
highest haematological parameters and the heaviest body

weights while the HbB types were consitently lower.

Altif and Dargie {(1978) examined strain and breed
differences in the response of Scottish Blasckface and Finn
Dorest sheep %o primery infection with H. contortus.

They found that both types of sheep withiﬁbAA type had lover

worm burdens and faecal egg outputs, and suffered less

- severe clinical and pathophysioclogical disturbances than

those with haemoglobin type HbBB, In addition, Scottish
Blackface sheep displayed similar advantagés over Finn
{ﬁbrsets with the same type, and v#riationa in the severity
of the disease as judged by'a variety of pathophysiological

indices correlated with parasite numbers, They therefore

 concluded that genetic resistance operated primarily against

worm establishment and that baring the unlikely invalvement
of non-gpecific physiological factors, this was controslled

by the immune response elucidated.

In Northern Nigeria, Schilhorﬁ.and Folaranmi (1976)
investigated the importance of haemonchosis in the natural
selection of haemoglobin type in the ares. They found that
almost all sheep were of the homozygotic HLBB type which had
been reported to be less resistant to haemonchosis, They‘
coneluded that with sheep under the dry conditions of the

North, the selection pressure for HDEB type which is more
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adaﬁted to & dry eanvironment is stronger than that for HbBA.

type which is more resistant to haemonchosis.

Effect of diet on resistance |
The nutritional status of the host animal can exert a :.

profound influence on it's natural and acquired immunities to

" nematode parasites (Chandler 1953).

. Several observations oﬁ bontrolled experimental
infections have shown that sheep which receivéiidiets o i
inadequsate in ename form tv Bupport theiy full growth potential
invariably harbour more worms than adequately fed animals. i
Fragser and Robertson (1933) determined the influemce of |
nutritional levels (pasture and grain supplement versus
pasture) on infections of H. contortus in lambs. Although
infections acquired were very low, well fed animals acquired
fewer worms than poorly fed lambs, Ross and Gordon (1§§3i
reported that arquired resistance of sheep could be broken
down by feeding & diet markedly deficient in protein and
minerals. Taylor (1934) found heavier mixed infections
including Haeﬁonchus in sheep given straw only or hey only,
than in sheép given hay and concentrate, In further
experimental work, Taylor {1943) divided his lambs into three
groups and exposed them to the same infection of Trichostrong-
¥les, Group 1 which received hay and concentrate showed an
average egg count of 3,000, group II on hay alone showed

9,000 while group III on straw alone showed 14,000 eggs per

gram of faeces, He subsequently divided group III into two

groups. Those receiving hay and concentrate showed a



30

reduction in their egg counts to one ninth in seven monthsa

while those on hay alone showed an increase up to five times

the original, despite the absence of continued re-infection,

The effect of alfa-alfs hay'and grain wag compared by

Lucker and Neumayer {1947) with that of a diet of timothy hay

alone on Bumostomum trignocephalum. The timothy hay diet was

poor in protein, iron, calcium and some vitaminsg compared

with the good diet. There were more worms and a grester worm

egg output from lambs on the poor diet. Gordon (1948) reported

the effect q¥.two levels of nutritien on naturally infected

sheep brought- into two pens, and om their resistance to
ig%;nfection with H. contortus. Those on the better ratioﬁ

lost their worms more rapidly and resisted development of

& challenge dose more successfully than those on the poor

ration.

.An apparent exception to the above reports that sheep
on good feed have fewer H. contortus than sheep similarly |
exposed to infection, but on & poorer quality feed, is the
report of Whitlock (19h9).H§.5reported that supplement-fed

lambs on pasture had more H. contortus thsn pasture fed

lambs -~ and that dietary differences were responsible for.

larger numbers of this parasite in the group on the better
feed. BEarlier however, Whitlock et al (1943) had reported
thet an improved diet consisting of alfé-alf& hay and corn
was responsible for lessening egg counts and markedly

redﬁcing the number of Hsemonchus present in sheep that hed
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been on pasture. This has been supported by the work of

1at§r "authors.,

Laurence et 8l {1951) found that naturally infected |
Merino lambs succunmbed to infections of H. contortus and !

Oesophagostomum venulosum when fed on a stgndard sheep %

ration with an maize supplement. Amocther group of the same

lambs showed a drop in worm egg count and improvement in

condition when given lucerne hay and maize in generous amounts

. Further experiments then led them to conclude that lambs kept

on a high plane of nutrition with liberal amountslof lucerne
hay and yellow maize in addition to veld hay, had fewer
pgfasites than lanbs kept on a low plane with less lucerne
hay and maize. Vegors et al (1955) found that calves on ) :{
fescue pasture with low nutritive value had more gastro-
intestinal nematodes at autopsy than similar cslves on ' 3
temporary winter or crimson clover pasture. They also noted
that calves on each type of pasture which received éorn
supplement generelly had fewer worms than calves on the same
type of pasture which did not receive corn supplement,
Bilkovich (1962) similarly cobserved a decreased egg production
when corn was substituted for other grain in the ration of
calves harbouring established infections of H. placei, Only
half ea many worms were recovered at necropsy from the corn-
fed apimalg, although those that survived were longer, He
coneluded that corn per 8¢ had produced a degree of parasite
expulsion as compared with the other group of infected calves

thaet received a good guality mixed grain retion without corn.
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"In another experiment by the same author, (Bilkovich, 1967)
the effect of an all- corn supplement on established

Haemonchus infections was again evaluated. Once again, the

faecal egg count level decreased markedly as soon as corn
- was added to the diet. Egg production by parasites infecting

calves on the mixed grain diet was unchanged., Agsain :

significantly fewer worms were recevered at necropsy from calves
fed corn., Although he was unable to explain, Bilkovich o
speculated that the effect of corn on the parasites may be ]

due to & nutritional deficiency or~simply due to the mechanical’

effect of corn on the parasite. i

Goldberg (1965) studied the relation of diet to
gastrointestinal parasitism in cattle and reported that animals
on the goqér guality feeding level harboured 10% more worms
end passed out 11% more eggs than those on the higher feeding
level, Kates and Wilson {(1962) also compared the effects of
two diets, namely: chopped lucerﬁe hay and a pelleted feed I
containing lucerne meal, paize and moilases on experimental |
haemonchosia in lambs. They obéerved that lambs given the
well balanced pelleted feed were more resistant to single

experimental infections of Haemonchus snd to the c¢linical

effects thereof, than lambs fed chopped lucerne hay. The
number of worms recovered from the lucerne-fed animals also
averaged about twice the number recovered from three pelleted
feed lambs. They deduced that a high carbohydrate diet in
the form of a2 grain supplement was beneficial in reducing the
severity of anaemia and other ill effects associasted with

worm parasitism in sheep, -~ . RN T L
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Age Resistance

Helminth infections are generally more severe in young

\

animals than in older ones. According to Gibson (1965) a

distinction should be drawn between resistance to infection

and resistance to the effects of infection. He is of the
opinion that under field conditions, it is not possible to

separate the effects of age from the effects of previous

infections.

In the case of Haemonch®s, age resistance has been
reported by some authors. Manton et al (1962) using the
Dorset Horn and Dorset Down breeds of sheep were able to
demonstrate that lambs aged two to four months which had been
given a preliminary infection of 3,000 H. contortus larvae,
did not resist a later challenge (after 64 days) of 5,000
larvae as well as did another group of sheep aged 10 - 12
months which were challenged with 15,000 larvae. They
concluded that this was good evidence that age was an
important factor in the acquisition of resistance to
haemonchosis. Similarly, Brambell, Charleston and Tothill
(196k4) encountered age resistance in five of six nine-
month old sheep infected with 100,000 H. contortus larvae

in one day. The infection became patent only in one animal.

The greater susceptibility of young animals to

parasites is thought to be a reflection of their poor capacity
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to manifest a specific immune response after infection,
Tﬁé capacity of the specific antibody-~forming mechagisas of
‘§oung animgls is known to be poor compared to that of adults.
In such young animals, the parasite will be able to
establish itself and csuse an intense infection whereas in
animals  able to respond with specific antagonistic anti-
bodies, the infection may largely be inhibited and quecikly

eliminated.

Acgquired resistance and the self-cure phenomenon

Acquired resistance refers to immunity acquirxed hy
the host when it is naturally infected by a parasite or
artifically acquired when the host is given an infection by
man, According to Soulsby (1958) acquired immunity
expresses itself by resistance to further infection by the
parasite, by elimination of the parasite, by the inhibition
of the growth of larval stages of the parasite or by the
inhibition of the reproductive capacity of the adult’
parasites.

Resistance to further infection by Haemonchus is

stimulated by previous infection and has been shown by &
number of experiments using experimental innoculation of
sheep with patent or attenuated larvae. Stoll {(1958)
reported a high degree of immunity to re-infection when
sheep were immunized by subcutaneous or intraperitoneal
injection of large numbers of living exsheathed third stage
H. contortus larvae., Jarret et al (1959, 1961) published
results obtalned from the experimental vaccination of sheep
using & single dose of x~-irradiated larvae, They suggested
that the adult stage is not needed for the production

of immunity. This was confirmed by Holman and Patterson
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(1960) who showed that it was the fourth and early fifth

stages which were the most antigenic and therefore the most
susceptible to entibodies, They claimed that the injection
of several thousand fresh or formaline treated fourth and
early fifth stage larvae could give 70% protection against
re-infection. They observed that in resistant sheep, the
majority of worms failed to develop beyond the fourth and
fifth stages and that these were thrown off ten to fifteen

days after infection.

According to Mulligan, Gordon, Stewart and Wagland
(1961) two doses of irradiated larvae given at an interval
of one month reduced the infection which resulted from a
challenge with 10,000 larvae by 98%., However, Jarret et al
{1961) were unable to produce such an immunity in younger
sheep similarly vaccinated at two to three months of age.
They suggested that immunological immaturity*interference
from colostrally derived antibodies or immunological
unresponsiveness produced by excessive amounts of antigen

were responsible for their results.

Dineen and Wagland (1966a) suggested that immature
stages of H. contortus were more immunogenic than the adults,
They produced evidence (Dinnen and Wagland, 1966b) which
showed that persistent administration of sensitizing infections
were capable of producing a state of immunological exhaustion
in sheep. Later, Wagland and Dinnen (1967) demonstrated

that in sheep experimentally infected with H. contortus and
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then treated with an anthelminthie, there was an
immunologically latent period. After this pericd, there
wvas a rise and then a fall of immune response. The maximum
regeneration of immune response occurred four to eight

weeks after removal of the sensitizing infections.

Christie et é; (196h) attempted to confer immunity to
seven month-0ld sheep by giving them ten daily doses of
10,000 H. contortus larvae followed by Thiabendazole E
treatment on the eleventh day., There was evidence of
resistance to a challenge infection given on the twenty
second day and must have .been produced by larval stages
removed by the drug. Adams and Beh (1981) assessed the
immunity acquired by sheep from & primary infection with
H. contortus not terminated by anthelminthic treatment, I
After challienge, they concluded that primary infection
confered significant immunity but in some cases this was
not sufficiently protective to prevent the development of
c¢linical haemonchosis, They suggested that an adeptation
in the host-parasite relationship which promotes the
longevity of primary infection with H. contortus may be

operational in the induction of acquired immunity,

These experiments show that sheep, acquire some

resistance to Haemonchus infection but the immunity involved

appears to be a variable and unreliable phenomenon., The

best known phenomencon of acquired immunity to haemonchosis

is the 'self-cure' response. The term was first used by

Stoll (1928) and describes an abrupt rejection of established
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adult worms when an intake of infective larvae triggers a !
hypersensitivity reaction (Stewart 1953, 1955). This
response is associated with antigenic substances liberated
by living larvae during third ecdysis (Soulsby and.

Stewart, B 60) and occurs independent of agé or experience

of infection (Lopez and Urquhsart, 1968). The self-cure i
reaction is not solely any experimental phenomenon and has .
been found to be an important mechanism for terminating

natursal gastro-intestinal parasites in sheep.

Other aspects of acquired resistance have been demons-
trated more vividly in other helminth infections., Michel
(1953) showed that rabbits become resistant to establjghment

of Trichostrongylus raetortifirmis after prolonged expeosure

to infection. Foster (1935) as well as Otto and Kerr (1939)

gave repeated dose of Ancylostoma caninum to dogs and found

that dogs immunized in this way, when given a large dose of .
larvae and were killed 12-35 days later, harboured fewers
worms than 4id susceptible control dogs. Similarly, Sheldon

{(1937) showed that fewer Strongyloides ratti became established

in rats which had had previous experience of infection.
Culbertson (*94i) showed that in rats which had been prev-

iously infected with Trichinella spiralis, fewer worms became

-

established in the intestine when they were re-infected,

Chandler (1935) demonstrated that fewer Nippostrongylus muris
were established in rats if these had previously experienced
infection and Sarles and Taliaferro ({9363 showed that this

resistance acted largely against the worms during their
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migration, a few being destroyed in the skin and many more
in the lungs., A similar phenomenon was described by Kerr
(1938) whos showed thet when guinea pigs which had been

infected with Agcaris lumbricoides were re-infected

many larvee were destroyed in the liver and lungs.

It has also been demonstrated that worms which
establish and develop in resistant hosts, do not become as
prolific as those in susceptible hosts, This has been
shown in infections with many species among which are T.

colubriformis in sheep (Stewart and Gordon, 1958), H.

placei in calves (Roberts, 1957) Ostertagia ostertagi

in calves (Michel, 1963) T, spiralis in rats (Semrad and
Coors, 1951) and N. Muris in raets (Schwartz, Alicata and
Lucker 1931). 1In each case, the phenomencn appears %o be
a failure of worms which develop late in an infection, to
become as fertile as those which developed earlier,
rather than the suppression of ovulation in worms which

have once been fertile.

Experiments on the experience of infection which is
required to produce resistance suggests that it is not
only the total number of larvae, the number of occasions
in which they are administered or the time over which the
infections are administered that determine whether
resistance to the establishment of infection or inhibition
of ovulation will result, The pattern of dosing schedule

is also important, increasing doses being more effective

than equally spaced doses and doses increasing at increasing

rates being still more effective,
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MATERIALS AND METHODS

Experimental Animals

Forty-seven Yankasa sheep aged between six and
eighteen months, purchased locally were used for the
experiment. The animals were maintained on conerete
floor pens under conditions designed to prevent accidental
helminth infections. They were not allowed to graze
throughout the period of the experiment and were fed hay
ad libitum and a ration consisting of maize, wheat offal,
groundnut cake, bone meal, salt and a vitamin mineral
premix {(Table 1}. They alsc had access to water and
trace mineralised salt blocks,

On acquisition of the animals their helminth status
was checked and this showed that all animals were infected
with different combinations of Strongyle spp, Coccidia
and Moniezia spp. Bgg counts ranged between 200 to 8,000
eggs per gram of faeces. They were treated with Panacur
(Fenbendazole, Hoechst AG) 75 mg per 15kg body weight,
Amprol (Amprolium. Meck Sharp and Dohme) 35 mg/kg as well
as Terramycin Long acting {(Oxtetracycline. Pfizer) 200
mg per 10 kg body weight. All animals showed zero
Strongyle egg count at the beginning of the experiment.

Culture of Haemonchus infTective larvae

For the initial cultures, worms were collected from

sheep with natural Haemonchus infection slaughtered at a

local abattoir. The adult female worms were collected fronm

freshly killed sheep and c¢leaned of mucus and debris. The

eggs were removed from the worms by gently crushing of the
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vorms in a porcelain mortar. The eggs were cultured in
helminthologically sterile faeces using 500 ml wide-mouthed
jars as described by Roberts and O'Sullivan (1950)., The
larvae recovered from the cultures were cleaned and given
orally to three donor enimals. When these began to pass

eggs of Haemonchus, the faeces were cultured and the

harvested larvae cleaned and suspended in isotonic saline

solution.

Eiperiﬁental Plén

The forty-seven animals were alloted into four groups
of twelve animals each, with the control group consisting
of eleven snimals, Allocation of animals was based on
liveweight., Each group was balanced as much as possible
with the different weight ranges of animals, Liveweight
of the animals ranged from 9-30 kg. Each animal ia the
groups was t0 receive the following dose of infective
third stage larvae ,Group I sheep, 5,000 larvae daily for
séven days, a total of 35,000 larvae per animal. Group
IT sheep, 2,000 larvae daily for seven days to give & total
of 14,000 larvee per animal. Group III sheep received
400 larvae dsily for seven days, making & totsl of
2,800 larvae per animal, Group IV was to serve as the
uninfected controls.
Infection of experimental animals _

The number of vigorously active lggvae per ul was
estimated by standard dilution counts, The larvae-water
suspension was diluted to 200 ml in a graduated ecylinder,

After proper mixing, 0.1 ml of the suspension was spread
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evenly on a microscope slide., All the active larvae on the
slide were counted and the process repeated several times after
which the total number of larvae was summed, and divided by
the number of counts made, to find the average, The average
number obtained was then multiplied by %en to obtain the number
of larvae per ml. From this, the quantity of fiuid that woulad

contain the desired number of larvae in each case was caleuwlated,

The larval suspension was administered orally using
plastic disposable syringes. The suspension was expelled as
far down the oesophagus as possible. This was followed by
two washings of distilled water through the syringe to flush

down the larvae.

Helminth egg counts : o h . o
Faecal samples were collected from each animal weekly

beginning one week after the last larval innoculation. This

was done for five weeks post infection and thereafter every

two weeks until the end of the experiment, Faecsal helminth

egg counts per gram (e.p.g.) were determined using the modified

Mcmaster technique (Whitloek, 1948), -

Haematological_and serological analysis

Blood samples were collected from the i juguliar vein of
each animal weekly, for five weeks and thereafter every two
weeks until the end of the experiment., Coagulation was
prevented by the addition of disodium salt of ethylene
diamine tetracetic acid (EDTA) to each collection bottle

before the blood was taken.
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Blood smears were prepared immediately from whole hblood for
vhite cell differential count. Packed cell volume (PCV) was

(1)

'estiﬁated using ¢ Hawksley microhaematocrit centrifuge.
Haemoglobin concentration (Hb conc.) was estimated as
cyanmethaemoglobin in a coulter haemoglobinometer(a). _ :
Red blood cell counts (RBC) and white blood cell count {WBC)

were made using a Coulter blood cell counter model ZB1,-

Differential WBC count was based on an evaluation of 200 cells,

- To obtain serum, blood samples were collected in plastic
tubes to minimise glass contamination with iron. The blood
was allovwed to clot at room temperature, centrifuged at
2,500 g for 15 minutes, the serum aspirated and stored a2t -20%¢

untill analysed.

Sodium and Potassium concentration in serum were

estimated in a Flame photometer(S).

Serum iron

Serum iron was estimated colorimetrically according to
the method recommended by the Iron Panel of the International

Committee for Standardization in Haematology (Bothwell et al

1979).

(1)

Microhasematocrit centrifuge. Hawksley, England., .-

(2)Coulter Electronics Ltd. Harpendon, Englsand.

(3)

Evans Electroselenium Ltd. Halstead, England,
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Precazutions were taken to prevent glass éontaminationnof
samples for serum iron analysis by collecting the serum in
plastic tubes. To make glassware used iron free, they
vere first washed in detergent, soaked overnight in 50%
nitric acid and then rinsed in iron free water. The
grocedure for iron determination was as fellows: one ml of
serum was pipetted into an iron-free test tube and one ml
of protein precipitant (10% Trichloroacetic acid, one ml
hydrochloric acid and 3% thioglycolic acid) solution added,
This was then mixed thoroughly in a vortex mixer and allowed
to stand for five minutes. It was then centrifuged at
1500g for 20 minutes. One ml of the optically clear
supernatant was transfered to a separate iron-free test : .
tube. One ml of a chromogen solution (Ferrozine) was -
added mixed well, and allowed to stand for five minutes,
The optical density of the solution was then measured in
a spectrophotometer at 562 nm wavelength. The same - |
procedure was carried out for the working iron standard

solution and a reagent blank solution. Serum iron C

concentration {u/m1) was calculated as follows:

Optical Density (0.D) unknwon serum - 0.D. blank x 35.8

0.D. Iron standard - 0.D., blank
Serum protein determination | ' : SR
Serum total protein was determined by the Biuret method

(Coles, 1968). Electrophoresis of all serum samples was
carried out according to the procedure outlined for a micro-
zone electrophoresis system (Anon,1975). The Albumin, Alpha-1

Alpha~-2,Brta and Gamma globulin fractions were run on cellulose
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acetate stripe nsing Beckman B-2 buffer at PEH 8.6 and u = 0.075.
Theleiehtrspﬁdretic strips were fed into a Beckman RI 10 '
densitometer and estimates of each protein fractiop obteined

based on” the total serum protein obtained.

Worm recovery ’

A1l animals that died were;nécfopsheq; and the worms
present in them recovered and counted, The rest of the Znimals
were slaughtered at the end of the experiment to recover the
helminths in the abomasum. The abomasum was ligatured at
both ends and removed. It was then slit along the greater
curvature over a 0.42 nm sieve and the contents washed in a
fine spray of water. The mucosa was scrubbed thoroughly to
remove any adhering worms, after which it waaaﬁérapeqh:with an
object slide and digested overnight in 1% Pepsin-hydrochloric
acid solution, The digesting process was stopped and the

samples fixed in 10% formalin.

Inmmature stages were searched for under the dissecting

microscope while adult Haemonchus were counted using a PRicker

x-ray lamp. In each case, the abomasal contents or digest
was made up to three liters with water., This was agitated
vigorously and three samples of 30 ml were withdrawn. Small
- quantities of this were then placed in a glass petri dish
having parallel lines marked on it and the number of worms
Present counted. The total number of wofms counted in the
30 ml samples was multiplied by 100 to give the total number
of worms present. Where worm burdens were less than 100,

all were counted individually.
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Statistical Analysis

Data were analysed using a statistical package
(5pSS*) comprising an analysis of variance (ANOVA), and
Duncan's multiple range test. A simple correlation analysis
(Steel and Torrie, 1960) was done to check the relationship

between different parameters,

* As developed by Vogelback Computing Centre, North Western
University. April, 1976.
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___Table 1: Percentage composition of ¢oncentrate fed to the

animals which were used in the experiment

INGREDIENTS %
Maize | 63.4
Wheat offal 25
Groundnut cake ) S 5
ﬁf}.brewers grain . P
2i Lﬁ;é Bone meal 1.5
Vitamin mineral Premix 0.1
Total : 100
Crude Protein 12.7

Total Digestible Nitrogen T1.7




S
RESULTS .- ‘ *
Resulia obtained are presénted in - Figures I
to 18 and Table 2, Raw data on the different groups

are presented in appendices I to IV.

Mortality

Mortality in the experimental animals was
eccmplicated by an undiagnoded cause which set in
2uring the first week of infection. In Group I,
(35,00d larvae) seven animals died within the first
two weeks of the infeetion. In Group II, {1h,000
larvae) five animals died before the end of the
experiment and four of these deaths were within the
first four weeke of the infection. Group III had the
highest mortality with eight animals dead., Six of
these deaths occured between the third and eleventh
veeks of infection, In Croup IV, six animals died
before the end of the experiment but only one of these
aneured within the first two weeks of the experiment,
while the rest died during the last six weeks of

the experiment.

Animals that died within the first four weeks of
the experiment were mostly young animals between 6 - 10
months of age which had body weights of 10 - 15kg at the
beginning of the experiment. HNumber of worms recovered
from these animals (Tables 22 - 24) ranged from 19 to
1225, Ulder animals among all the groups responded to

rowpt antibiotic treatment and no other deaths took

- "
Tenoe

4T

xcept at th - last six weeks of the experiment
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when control animals also suffered some mortalities,
Helminth Egg Production
Group mean helminth egg counts are summarized in
Figure I. Prepatency as used in this experiment, is the
time between initial innoculation to initial
detection of parasite eggs in the faecces of the
animals, Prepatent periods fanged from 14 days in
G;ode*II and III animals to 22 days in Group I. One
animal each from Groups II and III had positive egg
counts by day 14 and by day 22 all animals in these

two groups were positive for Haemonchus eggs. On the

other hand, no animal in Group I was positive until
day 22. Uptill the fifth week of infection, two
animals in Group I had no helminth eggs in their
faeces bhut all animals were positive by the seventh

week,

There was no significant difference between the
total mean egg counts of all infected groups dut Group
III animals had the highest mean egg count {e.p.g.)
(1172 e.p.g.) as compared with 626 and 982 e.p.g. for
Group I and II respectively. It is important to note
that Group I had the highest egg count by the second
week of the experiment but this dropped by 92% by the
third week, and did not pick up again till the seventh
week, Group III recorded the highest mean egg count
of all the infected groups and this was on the seventh
week of infection. Groups I and III reached peak egg
outputs by week seven while Group II had its peak

egg output on week nine.
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Haematological Values

Figures 2 to 9 summarize data obtained for haemetological

values of the experimental animals. The different levels

of infective Haemonchus larvae did not have distinctive
effects on the hemogram of infected animals. The changes’ .

that occured had virtually the same pattern in all animals

irrespective of amount of larvae given.

 Packed Cell Volume o - | | o o ]
Packed cell volume {PCV) values are shown.in Figure 2.
Groups I and IV had total mean PCV wvelues significantly
higher (P<0.05) than that of Group II but not from the other
infected groups. There was a significant drop of PCV
values in Group II animals on the third week of infection
_dnd a decrease in all groups on the seventh and fifteenth
- weeks of infection. By week 21, PCV values for Group I had
dropped by 29%, Group II by 32%, Group III dby 31% and Group
IV by 18%. There was a negative correlation between PCV
and egg count {(r = -,29) and this was very significant.
Héemdgioﬁiﬁ
Haemoglobin values are shown ip Figure 3, Group IV
had total mean haeemoglobin values significantly higher
(P<0.05) than those of all the infected groups. There were
fluctuations in haemoglobin values of all groups but by week
21, values for Group IV had declined by 17%, while Groups I, II
and III Qeclined by 31, 33 and 34% of pre-infection levels
rggpecf;vely; There was a negative correlation between
haemoglobin concentration and gamma globuiin ;ﬁd this wes

very significant (P<0.01)



,50 |
Erytﬁrocyte counts _ o : - _i
Figure 4 shows the changes in erythrocyte count (RBC)

in the experimental animals. Group II showed s significant
decrease in erythrocyte countes by the fourth week of infection
but marked changes were not observed in all other groups

until week seven, Erythrocyte counts also showed marked

fluctuations between the eleventh and seventeenth weeks of fl.sl

. infection but this occurred in all groups. By the end of the

experiment, total mean values (* standard deviation) for

the respective groups were 6.7 * 0.8, 5.6 = 0,9, 6,3 * 0.7

and T.1 z 0,2 RBC x 106/u1 for Groups I, II, III and 1V
and these represented decreases of 30, 33, 30 and 17%

respectively from original values. .,

Leucocytes

Infection with Haemonchus spp did not markedly affect

”

fhe total leucocyte values (WBC) of the infected groups as

far as was indicated by the averages of their counts when
compared with the controls. Total leucocyte counts of all |
groups fluctuated irregularly showing a significant difference
petween the groups only on the seventeenth week of infection,

Differential counts indicated that Group II had total mean

eosinophil counts significantly higher (P<0.05) (5.6 = k.%)

than Groups I, II, and IV which had values of 4.3 = 2.4,

hoh + 4,5 and 3.9 * 2.4 percent respectively. Groups

I and II had significantly higher eosinophil counts than

Groups II and IV, on the third and fifteenth weeks of infection

and all the infected groups showed significantly higheyp

L A
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eosinophil counts thap . the controls by the nineteenth
week of infection. Eosinophil counts showed different
patterns in the various groups (Figure 7). In Group I, it
increased by the third week of infection, showed the highest
value by week thirteen and thereafter decreased., In Group
II, eosinophil c¢ounts increased by the second week of

infection, reached & peek by week nine and never returned

to pre-infection levels, In Group II eosinophil counts did

not increase until the fourth week of inection and remained
high until the fifteenth week of the experiment; when it
feel abruptly from 8.3 to 1.0%. Group IV animals did not
show any significant changes all through and the highest
value recorded for the group represented only a two fold .

increase over pre-infection values.

Groups II and III had total mean lymphocyte values
' significantly lower (P<0.05) than that of Group I but not
gignificantly different from Group IV; values being
33.8 + 11,0, 33.6 ¢ 10.7, 37.7 ¢ 11.8 and 36.2 ¢ 11.5
percent respectively in the order the groups are mentioned.
Lymphocyte values of all infected groups dropped on the
first week of infection but all recovered by the fifth week,
Lymphocyte values of all groups decreased on the seventh
week of infection and in Groups II, IXY and IV this decrease

was followed by incresse to normal levels by the end of the

experiment while Group 1 showed progressive increases which

preceeded pre-infection levels by the seventeenth week of

infection, There was significant difference in lymphocyte

values between groups only on the eleventh week of infection.

»
e :
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There was a negative correlation between lymphocytes and

total leucocytes and this was significant (P<0.05).

Neutrophil wvalues are shown in Figuré 6. Group III had
Neutrophil values sigpificantly higher (P<0.05) (59.7 ¢ 9.7)
then values for the control 56.4 % 12.9 percent, but not
significantly different from values of the other infected
groups, Neutrophil values of 8ll infected animals rose on
the first week of infection and &t week 21, values for Groups
I and III exceeded pre-infection levels. There was a very

significant negative correlation (r = -.82, P<.001) between

Neutrophils and lymphocytes.,

There was no significant diffgrences between Monocyte
values of infected and control groups. All groups fluctuated
irregularly with no discernible pattern and showed marked
decreases at weeks 17 to 21 with Group II haviang no monocyte

counts by week 21, Monoecyte counts were highly correlated

with total leucocyte counts,

Serum Analysis
Serum iron

Serum iron values for Group IV were significently
higher (P<0.05) than those af the infected groups, but there
was no significant difference between any of the infected
groups. Values were 21.7 & 2.9, 21.3 ¢ 3.6, 22,1 + 3.8 and

23.0 £ 2.9 for Groups I, II, IIT and IV respectively, .

Serum iron values showed a decline in all groups on week seven
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but this was not significant in any group, Values for

Group II d&ropped significently lower than that of the control
on weeks fouf and 21 while those of Group III decreased |
significantly below those of the controls on weeks 11 and 17.
By the end of the experiment, serum iron values for Group I
had decressed by 24% of pre-infection levels and Groups II

to IV had decreased by 31, 29 and 13% respectively.

Serum protein

Totsl serum protein did not show marked changes in

~ both infected Bhd control animdls but the controls had

éignificantly higher overall mean Total Protein values than E

the infected groups. There ﬁere significant differences
between the groups on weeks b, 11, 17 and 21 but this was not

consistent for any group. (Figure II)

Fractionated serum protein values showed that Albumin

wes significantly lower (P<0,05) in Group I than in all . ther

groups. Percentage Albumin values showed wide fluctuations
in all groups with Group I showing the widest fluctuations.
Albumin values in Group I decreased significantly to values
lower than the controls on week five and lower than eny
other group by week 21, Group I also showed a progressive
decrease as from the second to fifth weeks of infection

but picked up thereafter until week fifteen when values of
&ll other groups also showed signifieant decreases, There
was a very significant negative correlation between Albumin.

and all the globulins and a significant but positive
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correlation between Albumin and haematological values.

There was also a pegative correlation between Aldbumin and

egg counts but this was not significant.

Alpha I globulin

Alpha I globulin values sare shoﬁn in Figure 13. Group
IIT had total mean alpha-? globulin values significantly
higher (P<2.05) than those of all other groups, values
being 4.3 * 1.9, 4.3 * 1,9, 4.8 + 2.0 and 4,1 % 1,2 percent
for Groups I to IV respectively. 8Significant differences
vere seen between the groups only on weeks three and nine,
Values for Group I and IV were significantly lower than thoée-
of Groups II and III on week three, Values for the control
were also significantly lower than those of all infected

groups on the ninth week of infection.

Alpha=-2 globulin

. Total mean percentage values of 12.1 % 3,2, 11.6 ¢ 2,5,
and 11.3 £ 2.0 werc recorded for Groups I to IV respectively.
Values for Groups I and III were significantly higher than those
of Groups IT and IV. There was a drop in alpha-2 globulin
values for all groups on the second week of the experiment but
this was followed by immediate recovery by the follewing
week., Thereafter, only the infected groups showed marked
increases on the ninth and fifteenth weeks of infection
followed by a decrease which in Group I was significant

from all other groups.
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Beta globulin

| Groups I and III had Beta globulin valﬁes significantlﬁ
higher (P<0.05) than those of Groups II and IV. {Figure 5).
Total mean percentage values were 7.8 £ 2,3 for group I and
6.9 t 2,2, 7.7 + 2.6 and 7.8 ¢ 2.3 for Groups II, II and IV
respectively. The infected groups showed marked changes from
the controls only on the first and third weeks of infection
when values for Groups I and III were significantly higher

than that of the controls.

Gamma glogulin

Gamma globulin percentages are shown in Figure 16,
Groups I and II had total mean Gamma globulin values higher
than Groups III and IV, these values being 28.0 * 7.2,
27.1 ¢ h .k, 25,1 = 4.7 and 25.6 * 4,7 percent respectively.
In Group I, Gamma globulin values increased markedly on
the seccnd week of infection and remained high until the end

of the experiment, the highest values being recorded in this

group on the fifth and fifteenth weeks of infection. For Group

II, significant increases in Gamma globulin occured on
weeks 15 and 21 while for Group III the increases were on
the fifth and twenty first weeks of infection. Group IV
did not show any significant increases but showed decreases
from their initiasl velues. Highest increases in gamma

globulin values of infected group I, II, III represented a



* than those of the infected groups during the first seven
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b1, 27 and 24% change from the pre-infection values
regspectively. Gamma globulin showed a negative correlation

with all other parameters except Egg count, Total Protein and

Sodium.

Serum electroljtes
Serum sodium values are shown in Figure 17. The

controls had significantly lower sodium levels than Groups

I and III but not from Group II. Total mean values obtained
were 136.9 ¢ 15.2, 130.9 % 14,4, 142.8 = 10,1 and 128.0 ¢ 17.8
um/1 for Groups I, II, IIY and IV respectively. Serum -
sodiup values Tor the infected groups were copsistently

higher than those of the control at the various sawmpling

periods.

‘Serum Potassium values are shown in Figure 18. The

control group had lower total mean Potasgium values than
any of the infected groups. Overall serum Potassium values
vere k.5 ¢ 0,6, 4.6 + 0.5, 4,8 + 0.6 and L.k + 0.8 um/1

for groups I to IV respectively. The control group also

showed serum Potassium values that were consistently lower

weeks of infection, therecafter the changes were not
significant. There was a significant (P<0.01) negative _

correlation (r = ~.21) between Potassium and Egg count.
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Worm Recovery
Sunmary of worms recovered at 5'necropsy is presented
in Table 2. A total of 4,285 Haemonchus adults were recovered.
from Group I animals with a mean worm burden of 357 per
~animal and a range of 22 to 1205 worms., Patent infection

established was 1%. For Group II, & total of 2103 adult

' worms were recovered, with a mean worm burden of 175, range

of 30 -~ 750 and a patent infection of 1.3%. For Group
III, a total of 535 worms were recovered, with a mean worm
burden of 48 per animal and a patent infection of 1.7%.

No parasite was re@overed from one animal in Group III.

No parasite was recovered from Group IV and no larvae was

found in any group.
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TABLE 2: Mean worm recovery from the Four experimental

groups of sheep infected with wvarying levels

of Haemonchus larvae

GROUP MEAN NO OF MEAN WORM PATEXNT INFECTION

L3 GIVEN BURDEN { PERCENT)
I 35,000 357 1.01
II 14,000 175 1.25
111 2,800 hy 1.70

IV ¢ 0 0
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DISCUSSICN

Low helminth egg production in all infected groups
and prolonged prepatent period in Group I animals suggested
that helminth establishment and fecundity were affected.
- Further evidence of this was obtained by correlating mean
egg counts with mean number of females present,
Considering Gordon's (1950) estimate that one female

Haemonchus produced about 5 to 10 enp of faeces in adult

sheep, and a 1:7 male: female ratio, the number of eggs

| produc~d per female (EPF) can be calculated. By taking

- mean EPG counts for the sheep on the dey of slaughter and
correlating it with the estimated number of females
present on slaughter (EPF can be calculated. For Group I
EPF was 3.5 (620 epg/178 females); for Group II EPF was
5.6 (490 epg/B7.5 females) while for Group III EPF was
8.2 (180 epg/2Z females). On this basis, EFF of Group
IIT best agrees with Gordon's (1950) estimate and values
of EPF for groups I and II represented a reduction of $7%
and 32% when compared to EPF for Group II. Gordon (1950)
also observed that in resistant sheep, the length of the
prepatent period may be extended and the rate of egg
production depressed after administration of infective
larvae; the larger the worm burden, the lower the rate of
egg production by the individusl worms. The observations

in Groups I and II animals agree with this report.

That establishment or fecundity of worms in this
éxperiment may have been affected is further shoun by the

fact that larvee administered by the seventh instaidnentsl
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infection were expected to reach patencf by the 4third week
of infection and cause an abrupt and marked rise in egg
counts in all infected animals. No such rise was observed.
This suggests that these late helminths had very low
fecundity or were not established at all, Evidence for
reduced fecundity in resistant animals has been presented
by Michel (1963). He cobserved that worms which develop and
establish late in resistant animals do not become as |

fertile as those that develop early in the infection,

Results obtained in this study also show that animals
with the least infection had higher maximal egg counts than
those that received heavier infections. This is in line
with the observation of Ross and Armour (1960), Gibson
{1965) and Levine (1968) that egg counts are often a poor
measure of the number of worms infecting a host. This 1is
explained by the finding that individual worms within the
parasite popuiation of sheep with low worm burdens are not
only heavier (Le Jambre et al 1977, Alleonby 1974%) but also

suck more blood than those from animals with large burdens.

The low number of Haemonchus spp that established in each

group could have been affected by three major factors, Firstly,
the repeated dosing of the animals could have led to the loss
of a large proportion of the worms. Evidence for this loss

in experimental infections has been given by Fourie (1931),
Brambel et al (1964) and Christie (1970). According to Michel

(1963} the experience of infection which is required to produce
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resistance is not only dependent on the total number of
larvae but also on the number of occasions over which they

are administered and on the dosing schedule,

Animals used for this experiment had experienced
previous primary helminth infections of varying severities
and so the effects of mequired resistance are to be
considered. That resistance to H. contortus is ztimulated
by previous infection has been demonstrated by Stewart
(1950}, Stoll {1958}, Jarret et al (1959) as well as
Lopez and Urquhart (1968). Bawden (1969) stated that the
number of nematodes recovered from an infected animal
reflects the degree of success firstly of the initial
establishment and secondly subseguent survival of the
parasites. These phenomena are in turn indirect manifest-
ations of the innate natural and acgquired immune mechanisnms
of the host. The capacity to manifest this resistance
depends on age, nutritional statug and the rate and
duretion of the primary infection. Of these only
nutritional status can be considered since animals of

different .ages and worm histopries were used.

According to Chandler (1953) the nutritional status of
the host animal can exert a profound influence on ity . natural
and acquired immunities to nematode parasites. The reports

of different investigators on the effects of a high carbohy-

. drate diet in the form of maize supplement on the establishment

and fecundity of helminth parasites could be relevant in this

study since maize was used as & major constituent (63%) of the
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concentrate fed. Vegors et al (1955) observed that celves
which recwivwl curm mupplement generally had fewer worms than
those on the same type of pasture without corn supplement.
Amos (1968) observed a marked decline in egg counts and worm
populations in feedlot cattle fed on & high level of corn
supplement. Two experiments reported by Bilkovich {1962,
1967) determined that calves fed corn had up to 50% fewer
stomach worms than similarly exposed controls that did not
receive corn, Bilkovich (1962) credited corn with causing
expulsion of the worms. Goldberg (1965) determined that
rations containing 30% to L2.5% corn did not affect the

establishment of Ostertagis and Cooperia infections in calves

as measured 42 days post exposure. Todd (1963) reported a
marked decline in egg counts in calves infected with H. placei
when corn was substituted for a grain mixture in their diet,
Although these investigators were unable to explain the
phenomenon, some stated that corn lacked a substance necegsary
for egg production while others speculated that the effects

of corn on the parasites may simply be mechanical., The former
hypothesis may be more valid since corn is low in calcium and
phosphorus which are essential in egg production and probably

are esgentiael for survival of the parasite as well,

Failuré of the different dose of Haemonchus larvae to

significantly alter haematological values up till thirteen
weeks of infection may be linked to the low patent infectione
established with all the doses given. This is similar to

results obtained by Allonby and Urgubart (1975) in a chranie



81

Heemonchus infections in Merino sheep.

In infected animals,
apart from eclight fluctuations in PCV, Hb and RBC counts,

considerable alterations aid not cccur in these parameters

until the thirteenth week of infection when these became

consistently low. This obsgervation is important since s

casual examination of the blood befeore the thirteenth week

may not reveal any alarming chapnges. This insidious chronic
syndrome however, occurs widely under field conditions and

is an important stage in the development of sudden anaemis

and unthrifitiness in previously healthy-looking sheep.

Serum iron values did not show any marked changes, This
finding is similar to those of Baker et al (1959), Dargie
and Allonby (1975) who observed that infected sheep have some

ability to reabsord iron lost into the intestinal tract as

a result of haemorrhage, This, coupled with the fact that

reserve iron stored in the liver, spleen and bone marrow as
ferritin is released to replace iron lost during haemorrhagic

conditions, makes serum iron alterations minimal., According

to Dargie and Allonby {(1975) significant serum iron alterations

do not take place until hepatic iron reserves have fallen to

values between 60 to 80 ug%. Young animals however, have

an immature haematopoietic system, and so do not have
substantial iron reserves to withstand the demands of

infection as well as met up normal demands of growth and

metabolic processes,
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The absence of marked effects of the infection on
either total leucocyte or differential counts suggest that
toxemia may not be associated with haemonchosis. Reports
by Holman and Pattison (1960) as well as Silverman et al
(1970) show a decrease in total leucocytes accompsined by a
relagtive decrease in lymphocytes and an equally consisten#

relative increase in polymorphonuclear leucocytes in a

challenge infection of Haemonchus in sheep: In this study
there were no marked differences between infected and un-~
infected groups but the negative correlation between total
leuwcocytes and lymphocytes suggests that increases in
leucocyte numbers in haemonchus infection is not associated
with increase in lymphocyte numbers. This is supported by
studies by Adams and Beh (1981) who reported that H.
contortus infection produces a depletion in lymphocytes

leading to a mild lymphopenia,

The slight eosinophilia in infected groups is similar
to the findings of Charleston (1964) and Silverman et al
(1970) but was not necessarily an eosinophilia of recovery
as reported by Fourie (1931) and Andrews(1942). Slight
"eosinophilia in haemonchosis is probably due to the fact
that the parasite is not a tissue invader although the fourth
larval stage burrows into the submucosa of the abomasum and
may not be secreting any soluble substances which attract

large numbers of eosiniphil s into the circulating blood.

Results obtained show that there were no significant
changes in total protein and serum protein fractions. Most

authors who investigated blood protein levels in parasitized
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animals (Kutler and Marble 1960, Cornelius et al 1962,
Herlich 1962, Leland et al 1959, Ross 1963) reported a
hypoproteinaemnia produced by a reduction in- circulating
albumin uwsually accompanied by a rise in one or more of the
globulin frections., Failure of the innoculating levels of

Haemonchus to significantly alter serum protein in this study

may be attributed to the low levels of infection esteblished.
Anderson et al (1960) did not observe any marked changes in
serum protein values in calves experimentally infected with
13,000 and 165,000 H. placei larvae. Kutler and Marble (1960)
also were not able to obtain significant chenges in serunm
proteins in lambs with a 'moderate' (4,647 epg) infection dut
got changes in clinically parasitized lambs. Allonby (1973)
has shown that even in the face of exessive drain of body

protein in Haemonchus infected animals, serum protein

concentration were still maintained, This is because the
paresite sucks blcod and passes the constituents into the
abomasum where they are broken down by proteolytic enzymes

and the protein reabsorbed. Secondly, infected snimals have
an incressed catebolic rate as well as increased albunmin
synthesis., 1In one year o0ld sheep infected with 10,000 larvae
and challenged with a further 10,000 larvae seven weeks later,
Allonby (1973) observed a 0.5 gm% change in it's serum
albumin conecentration. The results of serum protein values in
this study sgrees with that of Allondby (1973) who observed
that changes in sevum protein are closely related to immune

status of the animal. Increased gamma globulin levels in

groups with heavy infections is in egreement with observations
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by Turner and Wilson (1960} and Kutler and Marble (1960) and
may be one of the factors in the increase in resistance, but
its precise role in resistance to parasitic infections has
not been resolved. The negative correlation of Albumin and
egg counts and its significant correlation with PCV, RBC_and
Hb obtemined in this study lends further support to findings
by Ross and Armour (1960) that serum albumin levels and ' }
packed cell volume percentages may be useful measures of - }

pathogenicity when used in conjuction with faecal egg counts,

The differences in the concentration of sodium in iﬁfecﬁed
and uninfected animals were significant but potassium !
concentrations did not show significant Qifferences. Pradhan
and Johnstone (1972) observed a rise in serum sodium and a
fall in potassium concentrations after infection with i
H. contortus. They concluded that this was a reverse trend
to what was happening to erythrocyte concentrations of these
electrolytes, The plasma changes in serum sodium and
potassium could not be sufficiently related by them to the
changes in the erythroeyte. In this study serum potassium
concentrations increased in infected groups between the fifth
and seventh weeks of the infection but this fell to normal
levels thereafter, Serum sodium concentrations on the other
hand, showed a marked increase in infected groups especially
during the third and eleventh weeks of infection. Since no
similar changes took place in the controls, the electrolyte
changes may be a respomse to haematological alterstions during

infection. Changes in serum concentrations of sodium and
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- potassium in Haemonchus infections have been attributed to
influx of young erythrocytes into the ¢ireulation. Evans
et al (1963) drew attention to the possible association
between sodium and potassium content of the erythrocyyes
and susceptibility to infections of H. contortus.

Probably such changes are not sufficiently reflected in

the serum,



86
SUMMARY AND CONCLUSION
Three groups of sheep were infected with a high

(35,000) moderate (14,000) and low (2,800) Haemonchus third

stn~2 la-vae .espectively while one group served as uninfected
controls. The infected groups showed some resistance to

the infection as was reflected in their low worm burdens and
low egg counts., This resistance was manifected more in

the animols that received high and moderate infections end

also in older animals.

The loss of & high proportion of infective larvae and
death in young animals reflects conditions operational in
the field, It gives an insight as to why grazing animals are
not overwhelmed by large numbers of infective larvae which
they ingest on pasture, nnd that young aaiﬂa;; xepain most

susceptible to Haemonchus infection even after they have

had a previous exposure. This may be due to the fact that
capability to manifest resistance depends on such factors as
breed and age, previous experience as well as nutritionsal
status of the host. Diet supplements may prevent the
establishment of Haemonchus or reduce them or they may cure
the disease by the helminth. More experimental data are
needed to evaluate properly the effects of dietary variables

in hsemonchosis in ruminants.

*

This study also shows the contribution of subeclinical
levels of infection to unthriftiness and eswsceptibility of
sheep to other diseasc or stiress factors thet may normally

be encoumtered in the intensive rearing of sheep. These
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insidious effects while not as dramatic as acute infections,
play important roles in the attainment of maximal productivity
and weight gains in sheep, especially if they are infected

at an early age.

In farm practice, it is not necessary to remove all
parasites from the hosts because animals unaccustomed to
parasiteg are more liable to disease than those accustomed
to a moderate worm burden. The aim of control, then in a

prolific helminth like Haemonchus should be to restrain 2

the biotic potential of the parassite to a level at which it
is compatible with the biological requirements of economic
husbandry. Further research into all aspects of host-
parasite interactions leading to resistance is required so
as to elucidate methods of stimulating protective immunity

in animals and substantially limit helminth infection,
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APPENDIX I

Means and standard deviations of helminth egg
counts, PCV, Hb, RBC, WBC, Sodium and Potassium,
serum iron and serum Protein values of Sheep

infected with varying levels of Hasemonchus

larvae.
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TABLE 3: Means for faecal egg counts (EPG) of sheep

infected with varying levels of Haemonchus larvae
-

WEEKS AFTER

INFECTION GROUP I GROUP II GROUP III
1 o 8.3 86.0
r 1160.0 9L8.9 580.0
3 93.3 1190.4 1740.0
4 28.0 2957.8 1608.9
5 200.0 972.5 2084 .4
7 1706.7 1390.,0 3282.5
9 1273.3 1370,0 2468.17

11 1230.0 1147.5 917.1
13 573.3 T8T.5 490.0
15 790.0 772.5 373.3
17 £33.3 sh2,5 246.7
19 566.7 450,0 345.0
21 620.0 k90,0 180.0
X ‘ 626.0 982.2 1172.8

X = mean of means
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TABLE 4: Means and standard deviations for Packed cell
volume(%) of sheep infected with varying levels of

Haemonchus larvae

i

WEEKS AFTER | _
INFECTION ~ GROUP I - GROUP II  GROUP IIT  GROUP IV
0 316425 2811433 2009+ 3.0% 288 + 3.8°
1 32,049 201434 30.2+3.8 28,6 + 4.7
2 278 65.0 26,1+ 4.1 286+ 2.5 285 + 4.3
3 31+ 304% 5.6+ 4.3° 27,6 + 4670 28,3 + 3,80
4 28845 24459 26.2+4.9 281432
5  20.944.0 28.633.6 21.2%6.3 27.8 % 4.6
7 24,9+ 1.0 25,5+ 3.1 28.6+4.5 25,5+ 3.3
9 280427 20631 28,2%hb 213 % 1,9
1 318+ 1.8 313248 29,646,3 31,625
13 20.3+3.3 23.4+4.9 22,3+ 3.4 26,2 £ 3,4
15 21,0 4 3.0 21,8+ 4.6 21.3+2.9 23.2% 3.4
1T 26,8 5.47° 2401+ 4,2 2313 + 4.6° 29.0 » 3.0°
19 21,6+ 3.1 20,2+3.9 22.04+3.8 231444 -
21 223 x2.77 19,1+ 3.3° 20.6 + 2,62 23,6 + 0,97

Y 278 x5 25,55.1° 26,6 + 5.1%° 27,4 » 4,0°

X = Mean of means

&b Means with different supémcript(si

within each row differ (P .,05),
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Means and standard deviations for Haemoglobin values

TABLE 5t
_ (gm/dl) of sheep infected with varying levels of
Haemonchus larvae - - _{%*g
WEEKS AFTER \ |

. INFECTION GROUP .1 GROUP II GROUP III GROUP IV
¢ 1072050 9.6+ 1.1° 10.3 2 1.0%° 10,0 £ 1.3%
1 10,2405 9.9+ 1.1 103+ 1.1 102+ 1.5

2 z_a'., 1.4 9.2+1.0 9.9+0.8 9.9+ 1.4

3 100£0.8 BErhA 4213 9.9 1.3
4 9.3+ 1.4 8.2+ 1:8° 9.1+ 1.6 0.7 & 1.7

B 95x0.9 9dxl2  9.4%2.0  97+15

7 8,14+0.3 B8.7+1.0 8.2+ 1.5 '90+1 1

9 91208 B.9+09 O.7+14 95406

M. 9T+07 9T+h2  GTx20  10.8 % 0.9
B3 8210 1718 e g2 pta®
15 70409 T x15  TAx09 8.2+ 1.3
7 7.0+00° £.24+1.6° 7.54+1.5° 0.840.0°

190 7.250,9 67%12 Tt 8.4s 12
21 . T4 108" 642 1.4° 6.8109° 83403

X i.; 8.9+ 1.4 864145 01+ LT° 9.5 4 1.3
b4 Mean of means E? -

abc

with different superscript(s) within each row

différ {P
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-
!

Means and standard deviations for erythrocyte

each row differ (P

05}

~ TABLE 63
"~ counts (RBC. x 10%/u1) of sheep infected with
. varying levels of Haemonchus larvae
INFECTED ~ GROUP I GROUP II . GROUP III  GROUP IV
0 9.520.8% 8i620.9° 894080 864 1.0
1 95413 F 8.5+ 0,9 8.9 %09 8.8+ 1.3
2 83+15 TT£1.2 86108 BT+, 1.2
3 032 10® Tex 1 8124 1,30 g5 4 1.0
6 86+ 1.3 6.9+ 1.8° 7.9+ 1.4%° 854 0.7
5 8.9+1.2 811 8.4+1.8 8.3 1.4
T T5£04 (TS5 xh3 T2ald T+ 1.0
9, B.4+0.8 180809 8.4+ 1.3 8.3+ 0.6
M, 9405 91112 89318  9.440.6
130 T2#1.0 6.9 %14 T.240.9 8.0+ 0.9
15 63408 Gh+lh 6530, T.0s 1.0
7 7.9+1.5%° 7.0+1.2° 7.0+ 1.4° 8.7+ 0.6
19 . 68209 591l 67xh2 70110
21 6.7 + 0.8% 5.6+ 0.9 6.3 % 0.7° 7.1 4 0,22
T 83215 7.5:1.5 8.0+ 1.4° 831128
Y = Mean of means,
ab Means with different. superscript(s) wlthin -
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TABLE 7: Means and standard deviations' for total Leucocyte

counts (WBC x 10°/ul) of sheep infected with varying

levels of I_-_igemonchus Jdarvae

WEEKS AFTER

INFECTION GROUP I GROUP II GROUP III GROUP IV
0 1.3 £ 0.7 10.6 £ 10 10.7 £0.9 10,6 + 1.3
1 Mab + 15 1055+ 10 108 + 1.1 10,7 + 1.5
2 104+ 1.6 Gub g Nk 1004 209 10,4 + 1.5
3 M3+ 11 95+ 40 9 s 15 dib % 3.2
4 105+ 1.6  8.7+21 9.6+ 1.8 1044 + 1.2
5 10,6 + 0.9 10,1+ 1.3 9.7+ 2.1 10,2 + 1.6
7 9.3+ 0,6 10,0 +0.9 8.7+ 1.7 Qb+ 1,2
g . 10,2+ 1.0 10.1% 1.0 10,4+ 1.6 10.1 % 0.7
11 1.5+ 0.7 1.6+ 1.9 10721 11,4 £ 0.7
13 Gl 4 1.2  88+1.7 8.8+ 1.1 10,0+ 1.0
15 81+0.8 83+1.6 8.0+11 89+1.3
17 9.4 + 1.7 9.3+ 1.7 85+ 1.58° 10,7 » 1.0°
15 79+ 1.0 T5+1.3 8.2+ 1.4 8.7+ 1.1
21 83+0.9 T.3+1.6 T.3+1.3 8.6+ 0.4
T 101+ 1.8 95+1.6° 9.7+ 1.7 10,0 + 1.6

¥ = Mean of means.

ab

.05).

Means with different superscript{s) within each
row differ (P _
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TABLE 8: Means and standard deviations for Eosinophil counts

Haemonchua larvae

dar

(%) of sheep infected with varying levels of

.o

WEEKS AFTER g
TIFECTION GROUP I GROUP 11 GROUP IIL GROUP IV
0 2.4+25 27+17 21+1.6 26+ 11
1 2.94+3.3 4babl 1722 37+2.7 0
2 319 4bh6 33231 h2s 1T
3 50238 57+3.9% 23:3.2° 393250
b 3930 6,0£55 6.0%£46 WIr18
5 5.6+3.8 49426 46+l 52+27
7 6.2+ 4,9  T.0%5,2 6.4 5.6 4.7 +2.3
9 69 2 3.7 85+5.1 9.2+4.9 4.7+2.7
11 53+ 3.9 T.5+4.8 8.1+5.9 4.9+2.2
13 83+2.6 6.9+63 83+7.3 50«24
15 43229 5.4+ 4,45 1.0+ 1:2° 3,3 4 2:9%
17 30429 6.0+3.7 2.8xh2 1.7£2.9
19 5.0 4 1.6 5.6 + 4,57 7,54+ 2,17 2.2+ 1.7°
21 26 ¥ 1.9 4,9+3.9 52+3.2 23+1.3
T w3224’ 564442 bbshs® 39e2.4°
¥ = Mean of means.
ab

Means with different.superscript{sj within

each row differ (P

205},
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TABLE 9: Mcans and standard deviations for lymphocyte counts (%)

of sheep infected with varying levels of Haemonchus

larvae
WEEKS AFTER
INFECTION GROUP 1 GROUP 1I GROUP III GROUP 1V
0 A0.6 £ 11.2 36,9+ 8.7 Al.h 5,7 37,3 + 8.7
1 2774129 3.0+ 106 27.5+9.3  35.7 + 10.2
2 39,0 £ 11,0 31,6 & 13,7 28.3 + 11,7 34.2 + 9.3
3 20.0+5.9  25.8+8.4 3.9 8.6 3.2+ 11,0
4 37.5+9.5 33+73 3T+7.2  37.8 + 10.9
§ 35,2+ 13.5 32.0+9.9 3h2x5.1 34.2+8,6
7 312454  25.8+9.9 26.8+96 26,4+ 9.9
9 27.8 £ 5.3 25.3+9.1 25.9+82 312+ 114
1M 40,8+ 7.3%% 32,9+ 9.7° 32,0 + 7.3% 4224 + 8.6%
13 41,0 + 1.0 36,9 + 8.1 42,4 +2.9 36,9 % 19.1
15 42,6+ 6.5 423+ 9.2 452+ 6.3 40,5 + 11,6
17 53.0 £ 9.0 43.0 £ 2.9 38,7 £ 12,1 41,3 & 14,4
19 51.0 + 10,4 37,8 + 13,8 38,8 + 5.7  30.7 + 6.9
21 40,8 + 11,6 41,1+ 11.6  36.5 + 6.9 42,4 + 17,6
¥ 37,7+ 11.8° 33,8+ 11.0° 33,6 £ 10.7° 36,2 + 11,50
X = Yean of means.
ab

.05},

Means with different superscript(s) within each
row differ (P
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. . ) .
TABLE 10: Means and standard deviations for Neutrophil counts (%)

of shecep infected with varying levels of Haemonchus

larvae
WEEKS AFTER
INFECTION GROUP I GROUP II GROUP III GROUP IV
0 49,8 + 12,7 58,3+ 10,1 54,8 +5.6 55,7 + 11,0
1 63,3 + 15,9 59,2 + 13.9  66.9 + 10.4 55,0 + 11.0
2 53.1 + 11,0 50.2 + 14,3 648 + 14,0  59.9 + 9.3
3 54,3482 64.8+8.2 63.8+83 56.8 + 15,1
4 55.6 + 10,7 55.4 + 9.1 57.8 + 6,9 50.5 + 20.7
5 54,8+ 15,3 58.6+9.6  60.3+ 6.1 56,3 + 11.2
7 58.0+9.9 63.9+12.6 628+ 7.8 64,9 + 14.3
9 62,5 + 6.3 62,6 + 13,0 686 + 1.2 59,4 + 11,3
11 50.5 + 9.2 52,7 + 9.6  53.0 £ 7.9  49.2 + 9.7
13 52.0 + 11.3  55.4 + 5.8  53.0 + 12,0 58.2 + 15.7
15 57.2+9.9 50.1+8.,6  53.0+3.3 51.1+ 12.1
17 43.8 + 8.9 48,3 +6,7  55.3 % 12,9 57.4 + 13.9
19 44,3 + 10,7 52.3 + 134 51.0 # 3.7 57.7 + 6.6
21 54,3 + 11,0 49.6 + 11,9  61.6 + 4,0 54,3 + 13.4
T 54,9 + 12.7° 56,9 + 11.5%° 50.7 + 9.7 56.4 + 12.9°

¥ = Means of means.

ab

005) L

Means with different superscript(si within each row
differ (P
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TABLE 11: Means and standard deviations for monocyte counts (%)
of sheep infected with varying levels of

Haemonchus larvae .'.,.

WEEKS AFTER |
INFECTTION GROUP I GROUP II GROUP III GROUP 1V
0 26+ 1.3 254+ 1.9%° 1.5+08° 2.3 +0.97°
i 55 s24 591533 Ab+23 554 2.2
2 4422 38227 36xb4a 1712
3 1L7+1.0 27+26 1.8+1.7 3.4+ 1.9
4 17408 0.9+1.2 ti+1.2 2.14+1.6
5 48 x 1.8 4.6+23 3.9+3.7 334241
7. 63+£3.6 34222 25229 24125
9 28218 2426 1.9+1.6 2.9 +2.6
Y 35421 56427 3424 3.5+ 1.8
13 12427 07404 0.6+1.0 0.5+ 1.3
1B 1.2+1.8 1.9+20 0.8+1.8 1.3+1.4
1. 6.2+0.4 14+3.1 106+T.4 2.3+1.5
19 0.5+0.5 1.3+1.5 0,3+0.5 0.54+0.8
21 0.7+05 0,0+0°  0.5+0.6 0.4+ 0,5
¥ 27225 27+27 2.2+2.6 2.54+2.2

¥ = Mean of means;

ab

+05).

Means with diffferent superscript(sj within each row
differ (P o
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TABLE 12: Means and standard deviations for serum iron valuss
(un/1) of shecp infected with varying levels of
Haemonchus larvae

WEEKS AFTER

INFECTION  GROUP I GROUP TI  GROUP III GROUP IV
0 26,7+ 1.1  23.8+2.9 248424 2324 2.3
1 24.243.6  26,1%2.6 26,9 +3.1 245 + 3.7
2 22033 219428 24,1+ 1.9 26,0 £ 3,1
3 23,2+ 1.8 21.1+£3.3  22.7+3.6  23.6 + 3.1
b 2,243,650 19,24 4.8 21,7 + 4.0°° 234 + 2,62
5 22.2%2,2 22,6+2.8 21.7+4h4 23,1 +3.5
T 194+ 1.0 20.7+23 19.8+3.8 218+ 2.8
9 20.9+1.2 22.3+20 22.6+28 23.1+15
1 23.2 + 0.9%° 26,2 + 1.9%° 22,9 + 4,1° 25,7 + 1.4°
13 203+ 1.2 20.5+3.7 20.7+3.2 23.0 %25
15 184+ 1.9 19,0 + 3.6 18,7 +2.9  19.8 * 3.1
7 2122 2106 + 3.2 19,0 £ 3.7 239 4+ 1.8
19 199 £23 17,8428 183 +3.1 20,2 + 2,2
21 18.9 + 2,777 6.4+ 2.7° 17,5 + 2.0%° 20,2 & 0,87
¥ 217x2.0° 21.3+3.6° 2201 +3.8° 2.0 & 209°
T = ‘Mean of means.
ab

Means with different super*script(si within each row

differ (P

.05) L



112

TABLE 13: Means and standard deviations for Total Protein

values (pgn/dl) of sheep infected with varying levels

of Haemonchus larvae

WEEKS AFTER
INFECTION ~ GROUP I  GROUP II  GROUP III  GROUP IV
0 5.6 + 0.7 5.6 + 0.4 5.9 + 0.6 5.9 + 0.4
1 5.4+ 0.9 5.5+0.6 5.0+08 5.7 +0.8
2 5.8+ 1.5 5.6+ 0.6 5.4+0.6 5.8+0,6
3 5.7+1.0 55406 5.3+0.6 5.9 +0.6
4  5.5+0.9% 50+0.8° 5.2+0.7° 5.8+0.6
5. 5.9+ 1.0 5.9+#0.6 55408 6,0+0.5
7 5.9+ 0.8 5.5+0.8 5.5+0,8 5.9+ 0.4
9 5.6+ 0.5 5.2+0.6 5.5+0.8 5.5+ 0,2
1 6.4 + 0.9° 5.9 + 0.7%° 5.6 + 0.5° 5.4 + 0,6
13 6.2+0.2 6.0+0.5 5.9+0.7 6.1+0.5
15 5.3+ 0,9 5.7 %04 5.6+ 1.0 6.0+ 0.4
17 6.2 + 0.8° 5.8 + 0.4%° 5.5+ 1,3° 6.4 + 0,4
19 5.2+ 0.9 5.2+0.5 5.6+0.4 5.6+ 0.2
21 5.9 + 0.6™ 6.0 + 0,52 5.9 + 0.4%° 5.5+ 0.1°
T 5.7+0.9% 5.6+0.6% 5.54+0.7° 5.8+ 0.6°
¥ = Mean of means,
abc

'05) L]

Means with different superscript( sj within
each row differ (P
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TABLE 14: Means and standard deviations for Albumin values (%)

of sheep infected with varying levels of Haemonchus

larvae
WEEKS AFTER
INFECTION GROUP ‘I GROUP II GROUP III GROUP IV
0 50,6 + 5.8 48,7 + 3.3 52,1 + 4.1 49.2 + 6,8
1 4T.4 + 9.6 47,7 + 5.3 50,0 + T.b  47.6 + 6.7
2 7.8 +T,0 52,7 + 3.6 49.8 + 6.9  49.5 + 5.4
3 45.9 + 5.5  48.9 + 4.1 4T.4 + 5.4 4T.2 + 5.4
4 44,6 + 3.3 49.3 +3.9 502+ 7.0 50,1+ 5.2
5 43,3 % 6.9° 48,1 + 3.9%° 48,3 4 6,470 51,1 4 4.3°
7 46,9 + 4.2 50,9 + 3.7 519 + 7.8 47.5 + bk
5 45.9 % b4t 50,5+ 3.1 48,8 + 3.1 49.2.+ 4.6
11 50.6 + 2.4 49.9 + 4.5  50.8 + 6.7  51.8 + 3.6
13 52.2 + 3.1 48,4 + 5.1 50,1 + 7.3 50.3 + 4.3
15  43.3+9.0 433474 46,9 +5.5 47.8 + 1.5
17 45,0 + 10,2 47,6 + 5.3 49.9 + 6.7 52,0 + 4.0
19 46,2 + 6,2 517 + 5.6  51.4 + 2.8 49,7 + 3,2
21 42,9 +3.3° 50,1+ 5.4% 52,8+ 1.7° 51.6 + 4,2°
T 46,9 % 6.6° 49:1 + 4.9 49,9 + 6.0°  49.5 + 5.2°
¥ = Mean of means.
ab

Means with different superscript(s)
within each row differ (P

.05)
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TABLE 15: Means and standard deviations for alpha-1 globulin

values (%) of sheep infected with varying levels of

Haemonchus larvae

WEEKS AFTER
INFECTION GROUP I GROUP II GROUP III GROUP IV
0 4,0 + 0.7 4.5+ 1.0 45+ 0.9  hib + 0.9
1 5.9 + 3.2 5.9 +2.9 5835 4.9+ 1.6
2 42 +2.3 3.5+ 1.7 5.4+29 4+ 1.
3 4T 14° 5.6 5 170 6.5+ 147 4.5 + 1,67
4 h3+1.6 A3 +1d 5.2+ 1.0 b+ 1.2
: 4,2+1.9 35+1.9 3.9+1.9 3.8+0.9
7 50 +2.1 45+2.3  hb+1.5 4.2+ 1.1
9 6.5+0.8 5.9+ 1,42 6,2+ 1.2 4,9+0.°
11 3.5+ 1.0 4417 46+1.3 3.8+ 1.5
13 3.8+0.9 3.1+1.2 33+1.7 3.44+1.2
15 3.5+ 1.5 3.4+1.8 3.2+1.2 3.6+1.3
17 3.6+ 1.6 3.8+1.3 3.7+1.4 43411
19 2.8+ 1.2 3.9+20 3.94+0.7 4.1+10
21 3.2+ 1.0 3.9+1.9 4.2+1.4 3.54+0,7
T 43219 43+1.9° 4.842.0° 414120

X
ab

= Mean of meana;

Means with different super'acript(a?

within each row differ. (P

.05)
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TABLE 16: Means and standard deviations for Alpha-2 glubulin

values (%) of sheep infected with varying levels of

Haemonchus larvae

WEEKS AFTER
INFECTION  GROUP I ~ GROUP II  GROUP III  GROUP IV
0 12,8 + 2.4 12,9 + 2.4 12,5+ 2.2 12.2 + 0,8

1 13,6 + 4,8 11,9 +2,5 12,1+ 2,6 10,9 + 2.5

2 10,2+ 2.7 9.2+1.3  11.1+27 8.9+ 2.1

3 129 # 2.1 123+ 1.2 128 +2.0 12.3 + 1.0

4 12,2 # 3.2 10,9 + 2.1 12,4 + 2.5 10.9 + 1.5

5 10,6 + 3.2 10,7 +2.9 1.7+ 1.8 12,5 + 2.4

7 M7 £33 122826 TIETT 109222

9 133+ 2.0 135+ 1.9 12.9+22 122+ 1.8

1 108+ 15 12415 12.2+2.1 105+ 1.9

13 11,8 + 1.8 10,8 % 2.5 12,9 + 2.7 10.5 + 1.7

15 13,6 + 4.5 12,8 + 2,7 144 + 6,0 11,8 + 1,2

17 13.6 + 3.8 13.3+3.4 132+ 1.5 11,8 + 1.6
19 9.4 + 2,8° 10,0 + 1.4 12.1 + 0.6 11.8 + 0.7%

21 10,9 + 2,1 9.6 +2.8 1M1+ 1.7 8.7 + 1.7

T 124 +3.28 152250 123125 11.3+2.0°

X

ab

= Mean of means;

Means with different superscript(s)

within each row differ (P

.05)
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TABLE 17: Means and standard deviations for Beta globulin values
_(%5 of sheep infected with varying levels of
Haemonchus larvae

INFECTION GROUP I  GROUP II  GROUP III  GROUP IV .
0 BA+1.2 TT+19 69+15 7.0+ 1.1
1 9.8+ 3.9 7.343.2% 8.94+3.2% 6,64 2.0
2 T4l 6.0+1.3 Thr23 6+ L6
3 89+2.82 59413 8.122.9% 6.5+ 1.4°
4 70212 75223 63222 63410
5 T+ 1.9 6.0+2.0 74521 5935 1,0
T 0.0+13 68413 T.I£1.8 8.0+ 2.
9 91+ 1.9 T.3213 8.4+29 8.6+ 2.
1 6.0£0.9 64216 T2x42 6,321,7
13 B6xi6 80227 Bihr32 9,032
15 76412 T.0+27 10,3820 8,243.0
W TTE24 TALN9 TALLT 6740,
19 61407 6.9+24 T,3£08 59+ 1.2
21 53312 4Bx21 62206 4.9 + 13
Y  7.8s+232 6.9+2.2° 7.7+426% 71,0420
- — '
Y = Mean of means.
. . ,

Means with different mp_erracript(si
within each row differ (P ,05),.



t

o

17

TABLE 18:  Means and standard deviations for Gamma globulin walues

Haemonchus larvae * . - ..

(%) of sheep infected with varying levels of

_WEEKS AFTER |
INFECTION GROUP I GROUP II = GROUP IiI° GROUP IV
0 2+ 670 26,2435 23.045.2° 279 4 488
1 23,7+ 7.3  21.94+3.8 2607 +3.8 26,7 5.7
2 BT LM 28xh3 BI2AT 26,6452
3 2706 + T.1 . 21,2+ 3.5 25,2 + 4.9 27,9 + 4.0
4 30,2488 28,04 27 26,15 66 21,7 + ba1
5 3415+ 7.4% 286+ 4.9 28,4 5 5.0 26,8 + 4,47
T 2. +6.0 6.7+ 4.1 23.9 + 5.8 26,7 + 4.3
9 26 xhf 20,050 202457  23.9 % 31
11 215159 228:25 243160 23715
13 27.046,0 25.9+2.8 26,8447 26,8 + 2.9
15 30.6 + 9.8 33.3+6.4% 23,7+24° 23.84+8,3°
7 20,9459 27.5+3.0 253+ 4.1 26,8 + 3.8
19 32,0 £5.52 27,0+ 3.5 25.3%2.7° 26,4 £ 0.7°
21 30.8 + 5.7° 30,1 + 3.6%  25.7 + 3,13 22,6 + 2.2°
T 280+ 7. 21164 BT 256+ 470

¥ = Mean of means.

ab

Moans with different superscript(s)

within each row differ, (P .05).
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TABLE 19: IMeans and standard deviations for Sodium values {um/1} of

sheep infected with varying levels of Haemonchus larvae

WEEKS AFTER -
INFECTION GROUP I GROUP II GROUP III GROUP IV
0 13001+ 17.6  133.2 % 16,6 1425 + 0.4 140.3 + 18.2
112901 + 9,57 128,9 + 19.5° 46,4 + 11.3% 138,9 & 11,6%°
2 1394 £ 11.6%° 120.6 £ 13.1%° 1443 & 10,97 127.3 x 24,90
3 157.1 + 16,6 133.4 + 17,97 148.7 + 9.6°  126.3 + 19,5
4 146.3 + 13.3° 120.3 + 11.9%° 139.4 + 7.6%° 1221 + 19.2°
5 131.1 + 7.2%° 19,8 + 14.2° 138.8 & 13017 118.9 + 15.9°
T 128,9 + 20,4 126.8 4 14,3  162.6 & 15,46  120.5 + 8.7
9 140.6 + 16,3 136.5 + 12,9 145.9 + 6.1  137.9 + 9.0
1. W9+ 7.9 161,95+ 13,1 142,6 + 6.5  126.7 + 32.5
13 1327 +8.0 137.8 + 10,4 139.1 + 8.9  129.2 + 10.1
5 1345 % 10.7° 132,90 + 922 11,8 & 11,7° 19,6 + 14.3°
11 LT+ 103 1308 £ 6,70 142,68 + 8.4%  124.0 + 11,9
19 1318 + 153 126,9 + 19,3 140,90 + 6.5  124,8 + 8.6
21 136.2 + 14.9% 126,1 + 5,47 136,4 + 12.2* 117.5 + 8.,2°
X 136.9 % 15.2° 130.9 & 14.4° 142.8 x 10,18 128.0 4+ 17.6°

Y = Mean of means

abc Means with different mpermript(s)

within each row differ (P

.05}
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TABLE 20 Means and standard deviations for Potassium values (um/li

of sheep infected with varying levels of Haemonchus

larvae
WEEKS AFTER
INFECTION ~ GROUP I  GROUP II  GROUP IIT  GROUP IV
0 BT £ 0,46 6,8+0.4  5.1+02 4.7 + 0.9
1 42208 464070 4,940 3.8+ 1.4°
2 bt + 1.1 4.8 +£0.6 48+ 0.5 4.2 £ 0,6
3 44+1,0 46403 45406  4,2+0.6
¥ &5+03 47207 46404 42+ 1.0
5 5.0%05° 49+05 47205 3,841,
7 52+04% 4.920.6% 48207 4 s 0,
9 48206  4.9+0.7 49 +0.6  4.640,8
11 45%0.3 44403 4.8+04 4.64+05
13 47303 hb+0.2 45405 47 0.6
15 4,3 % 0.4 b+ 0,2 4.4+ 0.6 4,5 % 0.5
T 43503 44107 46208 47 %0.6
19 46405 6,7+0.6 53408 4.5+ 0.5
21 6,5+ 04 43+0.2 4.8+0.4 4+ 0,8
YT 4654+0.6% 4.64+05 4,84+0.6° 4.4 40,8

¥ = Mean of means

abe

«05) .

Meanswith different superscript(a)
within each row differ (P
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APPENDIX 17T

Summary of computations for analysis of
variance data of egg counts, PCV, RBC,
WBC, sBerum iron, serum protein, sodium
and Potassium values of sheep infected

with warying levels of Haemonchus larvae.
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TABLE 21: Summary of analysis of variance for egg counts, PCV, RBC, WBC, serum iron, serum protein

sodium and potassium values of sheep infected with vmwwwsm Hm¢mpm of Haemonchus larvae

SOURCE OF PCV | HB REC WEC EGG COUNT
VARIATION o o F MS F MS F M F  DFMS F
Between . : . _

Groups 3 11616 7.49%% 18,60 12,95%%% 16,55 12,94#% 10,62 5.39%* 2 63571685 1.48
Between B ‘ :

woeks 13 205.06 19.35%8% 33,38 23,.18%% 24,16 18.80M 3131 15.92%%% 12 8927707.2 2.08
Group x - __ : .. .

week 39 13.19  0.87 .30 0.90 0.99 0.78 1.99 1,01 . 24 27458447 0.64
Error 397 15.25 - 144 - 128 - 1,97 = - 243 4299094.0 -

Total 452 23.82 - 2.48 = 2,02 = 2.87 - 281 4391681.3 -

#  Significant at .05 level of probability.
##%  Significant at .001 level of probability.
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TABLE 21 continued

SOURCE OF TOTAL PROTEIN SODIUM POTASSIUM
VARLATIOM DF g o DF S . uS .
Between Groups 3 2.49  5.4u¥ 3 4633.51 27.76%%% 3,42 8.64%M
Between weeks 13 1.55 3.388% 13 431.55 2.12 0.86 2.18%4

Group x week 39 0.45 0.99 39 250,68  1.23 0.49 1.26
Error 397 0.46 - 377 203.58 - 0.39 -
Total 452 0.51 - 432 246.06 - 044 . -

#% Significant at 0.01 level of probability.
5%

Significant at 0.001 level of probability.
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TABLE 21 continued

SOURCE OF EOSTNOPHIL LYMPHOCYTE NEUTROPHIL MONOCYTE -SERUM IRON

VARTATION  DF .o 5 g e s - v o us o
Between Groups 3 7T4.79 6.03%#% 439.95 4.33%% 371.14 2.9 1517 3.66% 45,27 - 5,588

Between weeks 13 70.95 5.724#% 762.00 7.50%® 530.36 4,16%%# 63,57 15.32%%k 113.39 13.974%

Group x week 39 13.26 1,07  93.95 0.93  106.48 0.84  3.41 0.82  7.02 0.87
Error /O 12.40 - 270.88 - 127,48 - 4.1 - g.12 -
Total 405 1477 - 101.59 -  140.63 - 6.0 - 1.7 -

*  Significant at 0.05 level of probability.
#%  Significant at 0.01 level of probability.
% Significant at 0.001 level of probability.



TABLE 21 continued

.q
[4Y]
- SOURCE OF ALBUMIN ALPHA-1 ALPHA-2 'BETA GAMMA
VARIATION  DF MS F MS F MS F MS  MS F
Between Groups 3 271.47 7.94%%% .83  1.93 16,76 2.36  20.31 5.34%  27h.44 11.15%%%
Botween weeks 13 58.43 1.71  20.81 5.88%% 26,02 3,70%E% 17,95 13,2748 53,76 2,18%#
Group x week 39 25.64 0.75  2.37 0.67 3.61 0.51 4,50 0.82 36.18  1.47
Error 75 3421 - 3.54 - 11,67 = 5.47 - 24.61 -
Total 431 36,26 - 4.23 - 7.0 - 6.13 « 28.33 =
*  Significant at 0.05 level of probability.
" %% Significant at 0.01 level of probability.
-~

Significant at 0.0Q1 level of probability.
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APPENDIX III

Sunmary of Worm Mew data of Groups
I, II and III sheep infected with
varying levels of Haemonchus larvag.
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TABLE-22: Surmary of vfom reowepy&at a of Group I sheep
.+ - infetted with 35,000 Hacmonchus larvae

VIR 2 Secovem bt

o s ., 059
s o hwT T o
e oy Wor o 054
138 TR |2 L 0.2
. 2001% o 34 1205 SHIRN .,5:3-# |

2807% e 1109 - S 3
B ER— D
-2814* 288 | . 0.83
2800 I T Y
2621 R S
w2 . 08
Total ' | - .

Group mean 387 %01

® Died before end of experiment.
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TABLE 23: Summary of worm recovery data of Group II1

sheep infected with 14,000 Haemonchus larvae

ANTMAL NUMBER NO OF PARASITES % INNOCULUM
~ RECOVERED RECOVERED
YR 56 0.4
122 0 0.21
132 m 0.56
136% | | 134 0.96
141 . 182 .3
145 | 138 0.98
we . o 200 1.43
150 | 129 0.92°
2806 om0 5.4
o w 1.0
2812¢ 137 0.98
2813% | 126 0.9
Total . 2103 -.
Group mean 175 1.25

* Died before the end of experiment.
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TABLE 24: Summary of worm recovery data of Group III sheep
| infected with 2,800 Haemonchus larvae.

ANIMAL NUMBER NO OF PARASITES % INNOCULIM

~ RECOVERED RECOVERED
108 R 0.92
116 3 - . 0.68
127 ] - R
o 33 5 1.2
2805# 19 . 0.68
2808+ 50 “ 1.8
28169 22 0.78
2817 53 1.89
2818 | 59 2.1
2819% s 120 a3
agooe 61 2.2
2824* | 62 2.2
Total 5% -
Group.mean _ L4 1.70

¥ Died before the end of experiment.
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APPENDIX IV

Summary of computations of correlation
matrix data of egg counts, haematological
and serum parameters of sheep infected

with varying levels of Haemopchus larvae,
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sheep infectd with varying levels of Haemonchus ngmm_.

_.;mrw 25: Sumary of computations of correlation matrix data of egg counts, haematological and serum parameters of ~

Egg PCV Hb RBC WBC Neut. Eosin. Monocyte Lympho- Scrum Total Alb.  Alpha-1 Alpha-2 Beta Gamma Sodium
count : cyte iron protein
Egz count ) -
PCV - 20%%
Hb Y T ;
RBC - 20%%  QR¥E  qgeEk .
WBC l.m@** omw** .0._** .Qw**
Neutrophil  -.14* .03 .04 .03 .03
Eosinophil = -.09 =.03 =.05 -.03 .00  -,20%%
Monocyte ~.00  L30WE 328F 3¥% j0k% .07 08
Lymphocyte  —.08 =10 «.11% __.00% -, 11% . 8o¥% _ 14%%  _ 17 ’
Serum iron  -.32% .92  .Q4%¥% _3¥% gg¥¥ 02 .03 28%  _ 08
Total Protein —.28%% 28  .2G¥% Dg&E 0S¥k _ 108k 10 .05 JATEE oG8R
Albumin ~.08 L 16%% 21%% _j6%% qg#% . 0% |, 00% .08% .05  .22%% g% o
Alpha-1 09 .02 .03 .01 .01 .22%% 05 LOB% o 2488 _.02 - 31%% _ Dpew
Alpha-2 ~.03  .08% .04  L08% 06 .15 __16W&  _01  -.00% 04 -—.26%% _ 15%% _1ge#
Bota 01 .07 .04 07 0T .11 =01 =.01 O -.09% .03 -.11% .32 238 o6k
Ganena 06 322 -.26%% - 21WH_23¥%._03 .01 | -.06 03 .26 LI8% _57 .07 ~.268 _.09
Sodium LT 04 .02 .05 .05 .03 -.01 00 03,01 .09% -.05  .09%  .00%  .12%* .03
Potassium  -.27%% .08% .06 .06 .08 .07  .10% .01 . -.11 .06 .07  .1TH% _11 =05 .02 -.07T .05
* Significant gt 5%.
: ~



