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ABSTRACT

In an experiment desipgned to study the effect of

Ascaridia galli on the performance of egg-type pullets, 90

Harco chickens, divided into 3 groups of 30 each were used.
Groups I and II were given a total of 10,000 and 50,000
infective Ascaridia eggs respectively in 10 instalmental doses

sad group III1 served as uninfected control.

Chickens in group I started shedding Ascaridia eggs
in their faeces on day 91 while those in group 1II started

shedding cggs on day 85 after initial infection,

Within the first 2 weeks, slight depression in feed
intake was observed among thce infected chickens but during
the growing and laying phases, the infected chickens consumed

more feed than the control chickens.

During the growing phase, feed conversion was significantly
higher in the control group than the group which received
50,000 infective eggs,

Similarly, feed efficiency was significantly higher in
the control group than the infected chickens between the third
and fourth week in lay. Thereafter, the differences were not

significant.
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The control chickens initially gained more weight than
the infected birds especially within the first 2 wecks after
initial infection but the gein was only significant between
the coutrol and the group that received 50,000 infective eggs.
During the growing and laying phases, differences in body

weight gain bctween the 3 groups were not significant.

The control chickens started laying ecgs 10 days ahead
of the infected chickens and their rate of egg production was
significantly higher between the third and fourth weeks in lay.
Thereafter differences between groups were not significant.
The control chickens attained 50% level of egg production

ahead of the infected chickens.

Chicken mortality due to infection was insignificant

and the numbers of worms recovered at necropsy were very low.
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INTRODUCTION

In commercial poultry farming, birds are usually
managed under artificial confitions involving large numbers.
The main objective of every poultry farmer is to achieve
maximum production efficiency. That objective can only be
achieved when broiler birds reach slaughter weight with the
least amount of feed consumed and maximumn egg production in
the laying period obtained from pullets with high feed
efficiency. If a bird requires a longer period to reach
slaughter weight, that bird consumes more feed and that may
reduce or eliminate the farmer's profit. Such reduction in
profit may also be encountered by a farmer if the feed

efficiency of laying pullets is low,

The effect of intestinal worm infections in poultry
flocks have often been underestimated, The significance of
intestinal worms infection tc overall flock health and
profits have not been highly regarded by many poultrymen.
Intestinal parasites of domestic fowls bring about losses
directly and indirectly (Dearstyne et al., 1929). The
direct loss takes place through mortality, retarded growth
and drop in egg production, The indirect loss is incurred
by the fact that mechanical injury brought about by the

parasites predisposes the fowls to other diseases.



This present study involves the large roundworm of

chickens, Ascaridia zalli, waich is normally parasitic in

the small intestine of the host. It belongs to the Phylum
Nemathelminthes, Clasg !lematoda, Order Ascaridida and Family

Ascarididae.

The purpose of thc study was to determine the effect
of experimental infection on feed consumption, feed conversion,
feed efficiency, pgrowth rates, age at onset of egg production,
rate of egg producticn, egg weight and mortality in chickens
infected orally with repeated doses of infective eggs of
Ascaridia galli. The prepatency of the infection and

intestinal worm load in the chicken were also determined.

Justification for the rcsearch

In Nigeria more and better quality food is one of the
urgent needs of the people. Arimal protein is one of the
nutrients currently lacking in many Nizerian diets and the
poultry industry has the ;;recatest potential to bridge the
protein deficiency ap in the shortest possible time
(David-West, 1979).

It is becoming more apparent that the expansion of cattle
population cannot progress at a satisfactory rate to cope
with the increasing demand for meat. As such many MNigerians

are taking to poultry production because it yields quick and



adequate returns. Many Nigerians keep poultry (Chickens) for

one or more of the following reasons:

- to supply eggs and meat for family use;

- as an important enterprise on the farm to supplement
the annual income;

- as a commercial enterprise providing the bulk of the
family income;

- as a hobby.

In Migeria the commonly practised systems of poultry
maintenance are the free range, semi-intensive, deep litter,
and the cage systems. Most commercial poultry flocks in
Nigeria are still managed under the deep litter system.
Some of these systems despite their advantagzes predispose

chickens to infection from Ascaridia galli and many other

intestinal worms. Unfortunately, Ascaridia galli is not
given the same degree of attention as is given to other causes
of ill health in poultry flock, so losses duc to ascaridiasis

is not well documented.

The infection due to Ascaridia galli could be insidious

or obvious. It is highly essential to draw the attention of
our farmers to the loss which could be incurred in monetary
tern:s as well as efforts as a result of Ascaridia gg&li

infection, This is the principal air of this study.



LITERATURE REVIEW

Life cycle of Ascaridia galli

The Preparasitic Phase

Ascaridia galli eggs are passed out in the faeces of

chicken and devclop in the outside environment. The
preparasitic stages are known to be fairly resistant to
adverse weather conditions with the embryonated eggs being
more resistant than the earlier stages of development., The
rate of development of the eggs to the second stage infective
larvae is influenced by the temperature, sunlight and moisture

content of the environment.

Effect of temperature on egg development.

Itagaki {1927), observed in an experimental study that
eggs of A, galli survived five minutes exposure between
50°C and 53°C but not at 54°C. Ackert (1931), reported that
at 30°C, eggs of A. galli became infective in 16 days but
at 33°C in 10 days. Twelve hours exposure at &3°C was lethal
for cggs in all stages of development, He also observed that
10°C was the lowest temperature at which development could

take place.



Roberts (1936a), in an experimental study reported
that the infective stage {Lzl could be reached in nine days
at 30°C and seven days at 33°C. He also observed that the
optimum temperature range for development of eggs was 30°C to
33°C. Hich temperature as shown by the results from exposure
to 45°C to 46.5°C was fatal to all the eggs within 24 hours.
Prolonged exposure to low temperatures was fatal., At —7.5°C

to -3°C, the eggs could not survive beyond 16 days.

In another experiment, Reid (1958) reported that the
minimum period required for 2ggs toc reach infective stage
after being voided by the bird was six days at 30°C and five
days at 34°C and above, normal development ceased,
Development, according to him, continued at a slower rate as
the temperature was reduced until the minimum of 19°C was reached,

below which development was arrested,

Effect of sunlight on egg development

Hartman (1924), reported that eggs of A. galli on the
surface and down to a depth of six inches in unshaded soil
were killed in the hot s=ason while eggs in shady spots
maintained their viability for 100 days. Roberts (1936a),
observed that cggs in droppings exposed to sunlight and in
the presence of moisture maintained their viability for about
28 days while e¢ggs in droppings under dry conditiona survived
only 14 days. Since the two experiments were carried out
concurrently, Roberts concluded that the condition of

dessication was responsiblc for the decreased survival period,



Effect of oxygen on exg development

The amount of oxygen in the environment also influence
the rate of development of the cggs. Itagaki (1927),
reported that fresh Ascaridia egas kept in culture mediun
free from oxygen failed to develop and died within a few
days. Fairbairn (1970}, reported that Ascaris epgs are
obligate acrobes, as such embryonation should be carried out

where there is adequate amount of oxygen.

Effect of dessication on egg development

The influence of dryness on the egg has been
investigated by Itagaki (1927), who noted that fresh cggs
of A. galli maintained in a dessicator for four days did
not develop completely and subsequently died. On the other
hand, embryonated eggs containing the infective larvae werc

still alive up to 60 days.

Mc-Rae (1935), demonstrated that at 22°C a minimum
relative humidity of 82% to 86% was necessary for complete
development of A. galli eggs. With relative humidity of
40% to 50% all the eggs died after cight days. Eggs kept in
an atmosphere saturated with water, at 30°%C developed exactly

as did those in water at thc same temperature.

Roberts (1936a), observed that both fresh and embryonated
eggs of A. galli which were dried ocut on glass slides,

survived twenty-five but not thirty days. He also observed



that embryonated eggs appeared more registant to dessication

than eggs in the earlier stagcs of development,

The Parasitic Phase

The life cycle of A. galli is direct. Infection takes
place by ingestion of the ¢pgs with food or water,
Earthworms may ingest the eggs and may, when they are
ingested, transmit infection mechanically (Scott, 1913).
Other mechanical transmitters include grasshoppers (Jacob gt al.,
1970), housefly (Schwartz, 1975). The infective eggs when
picked up by chicken hatch mainly in the ducdenum (Roberts,
1936b). A few eggs may hatch either in the crop or gizzard

(Itagaki, 1927).

It was previously thought that the tissue phase in the
life cycle of A. galli, which is the phase in which the
young worms bury their anterior ends in the mucosa of the
small intestine, began from the seventh to the scventeenth
day after infection (Ackert, 1931), from the tenth to the
seventeenth day after infection (Roberts, 1936b) and from
the sixth to the fourteenth day after infection (Khouri and
Pande, 1970). Tugwell and Ackert (1952), and Horton-Smith
et al. (1968) however reported that the tissue phase began on
the first day of parasitism by a few Aacaridiallarvae.
Tugwell and Ackert (1952) stated that this continued at
least to the twenty sixth day but that the great majority of

the larvae made their entry into the intestinal mucosa from



about the seventeenth day after hatching. During this period
a few Ascaridia may also occur freely in the intestinal lumen.
They noted that the growth retec of the tissue and lumen
larvae were about the same urtil the seventeenth day of
parasitism, after which the lumen worms made normal growth

but the tissue larvae little growth. The failure of the
tissue larvae to make growth comparable with that of the

lumen larvae, according to Tugwell and Ackert (1952) ,explained
the occasional presence of diminutive larvae in the lumen
flushings. Migration of the larvae outside the intestinal
tissue is very rare (Moran and Mizelle,1956). Of the four
moults characteristic of A. galli, the first occurs in the

egg within eight days of development (Roberts, 1936b). The
second, third and fourth moults occur between six to eight
days, fourteen to fifteen days and eighteen to twenty two days
after infection respectively (Tugwell and Ackert ,1952)., The
young adults emerge from the mucosa twenty two days after
infection and remain in the lumen till they reach sexual
maturity. However, Tugwell and Ackert (1952), stated that

the third and the fourth moults may be delayed if the larvae

spend too long a time in the mucosa,

Prepatent Period of Ascaridia galli

Itagaki (1927), reported that the worms reached maturity
from 27 days after infection but the number of eggs fed to the

chicken and age of the chicken were not mentioned., Ackert



(1930), infected one month old white Leghorn chickens with a
single dose of 50 A. galli ezgs and obscrved that the worms
did not mature earlier than 50 days. Roberts (1936b), working
with four week old birds observed that when a single dose of
100 eggs of A. galli were fed to chickens, the minimum period

of maturity was 27 days.

In another experiment, Kerr (1955) reported that when
chickens up to and including 32 days of age were infected
with eggs of A. galli, viable eggs were consistently found
in faeces 30 to 33 days after infection. Chickens, 62 days
of age, passed out eggs consistently from 35 days after
infection. In chickens infected at 90 days of age, no mature

eggs were found until after 50 days of infection.

Soulsby (1968), reported that the infective larvae of
A. galli may reach sexual maturity between six and eight
weeks while chickens over three mor.ths or more are more

resistant to infection and prepatent pericds may be prolonged.

Ikeme (1971a), infected three groups of chickens with
10 (group 1), 100 (group 2) and 1,000 (group 3) eggs of
A. galli, daily for six wee«s. Birds in each of the groups
were divided into two subgroups. Sub-group A received 10%
protein diet with vitamin supplement and mineral salts while
sub-group B received 10% protein diet without vitamin

supplement but with mineral salts, The chickens were infected



10

at 17 days of age. He observed that the prepatent period

for birds in the group that received 10 eggs daily was 36
days irrespective of dietary deficiency. The prepatent
period for birds in subgroups 3A and 4B was 42 days. Birds
in subgroup 4 passed no €888 throughout the 11 week period
of the experiment. From the results obtained, he stated that
at low dose level, a substanlial proportion of worms reached
adult stage quickly. At high dose levels development to the
adult stage was significantly delayced and larval populations

persisted in high proportions.

Macchoini et al. (1971), infected three groups 1, 2, 3,
of guinea fowls with 350, 1,000 and 3,000 eggs of Ascaridia
numidae respectively. The birds were infected at 20 days of
age. They observed that the prepatent period in the three

groups was 27 days.

Effect of Ascaridia gaill infection on feed comsumption and
feed efficiency

One of the ways in which helminths affect animals is
through depression of feed intake and this is thought to be

the major reason for weight loss in helminth infections.

Ackert (1930), summarising the results of his investigation
showed that chicks 2 to 7 weeks cld to which doses of 1,000

to 2,000 eggs of A. galll were giver lost their appetite within
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ten days. By the twelfth day they were visibly affected
with depressed humped-up appearance, The appetite of the
birds that survived after the seventeenth day became voracious

and recovery was rapid.

Costa (1970), in the bid to determine the effect of
A. galli infections on feed e¢fficiency of egg-type pullets
used three groups of 60 chickens e¢ach. Chickens in group A
were each inoculated with 120 infective eggs of A. galli at
30 days of age and those in group B were given the same
number of cgg at 60 days of zge. Chickens in group C were
used as uninfected controls, At 150 days of age, he observed

that feed efficiency in groups A and B were lower than in

group C.

In another experiment, Dimitrov (1971), studied the
effect of A. galli infection on broiler production and
conciuded that feed intake of the infected birds was 4 to
6% more than that of the control chickens 54 days after
infection. But increase in body weight of infected chickens
was 6 ~ 17% less than that of the control chickens. The
feed effeciency of chickens dosed with 100, 500 and 1,000
infective eggs was 4.34, 4.44, 4,47 respectively as compared

with 4,20 for the uninfected control chickens.

Another member of the superfamily Ascariodea which

brings about loss of appetite in infected animals is Ascaris
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suum, Chubis (1964), reported loss of appetite in pigs

infected with Ascaris suum.

Effect of Ascaridia M infection on body weight

Several studies have shown tha® an important aspect
of pathogenicity in A. galli infection is the effect on
weight of infected birds. Herricic (1924), reported
significant differences in tne weight gain between infected
and control chickens, especially during the first two weeks
of infection. Infected chicks he said may eventually throw

off their worms and recover to a great extent if not entirely.

Stunted growth, and, or loss of weight have been
reported in chickens naturally and experimentally infected
with A, galli (Ackert and Herrick, 1928; Ackert, 1930;
Brewer and Edgar, 1971; Dimitrov, 1971; Pavlicek and Dykova,
1975; Amer et al., 1976; Katara and Rai, 1980; Matta and

Ahluwalia, 1980).

Ackert and Herrick (1928) attributed loss of weight
to injury caused to the intestinal mucosa by the parasite,
with the resultant loss of blood and probable secondary
bacterial infection. Ackert and Wisseman (1946), infected
chickens 23 days of age with 200 infective eggs of Ascaridia
galli and discovered that the differences between the mean

weight gains made by the control chickens as compared with
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the parasitized chickens were negligible two and four weeks

after infection.

Other parasitic helminths which can bring about loss
of weight or stunted growth in chickens include Capillaria
caudiflata (Greevaerts, 1962; Willoni tzer and Lebduska

1963), Heterakis gallinarum (Stoimenov, 1972). Kulkarni and

Bradley (1972) recorded weight losses in chickens infected

with mixed infections of Ascaridia galli and Eimeria tenella;

Heterakis gallinarum and Eimeria tenella; Ascaridia galli

and Heterakis gallinarum. They noted that the combinations

of Eimeria tenella and Heterakis gallinarum were the most

pathogenic.

Weight loss or stunted growth due to ascaridiasis has
been reported in hosts other than chickens. Macchioni et al.
(1971), infected three groups of guinea fowls, 20 days of age
with a gingle dose of 350, ",000 and 3,000 infective eggs of
Ascaridia numidae respectively. The reduction in growth
rates began 21 days after infection and those infected with
3,000 eggs lost weight between 31 and 37 days after

inflection Wwight loss due to Ascaridia numidae infection

has also been reported by Macchioni et al. (1978).

These experiments fron which information on weight
of infected chickens were obtained are mostly short
experiments based on single infections. There are relatively
few reports on loss of weight with infections when repeated

doses are used to observe a long term effect on weight of
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chickens., Roberts (1936¢c), in one of such studies used three
groups of five chickens each. Chickens in the first group

were dosed with 100 eggs of Ascaridia galli from 30 days

of age. The doses were increased to 300 cggs daily when

the chickens were 85 days old. Chickens in the second group
were dosed with 300 eggs daily from 58 days of age. The doses
were increased to 1,000 eggs when the chickens were 118 days
old. Chickens in the third group were infected with 500

eggs from 79 days of age and the doses increased to 1,000

eggs per day when the chickens were 119 days of age.

Stunted growth was observed in all the groups.

In another experiment, Sadun (1948) used seven
chickens which at five days of age were dosed with 7,000 eggs

of Ascaridia galli. Twenty three days after the first dose,

each chicken received 40,000 eggs and twenty two days after
the second dose, they received 1,250 eggs. Eighteen days
after the third dose each chicken received another dose of
8,000 epggs. Veight loss was noted, though the experiment

was designed to study resistance to infection with A, galli.

Ikeme (1971b), studied the comparative growth rates of
three groups of chickens dosed daily with 10, 100 and 1,000

infective eggs respectively of Ascaridia galli under different

nutritional levels. The experiment was commenced when the
chickens were 17 days old and daily doses at the appropriate

levels continued for six weeks. From the results obtained he
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stated that when chickens received repeated doses of eggs,

there was a significant depression in growth rates.

Depression in growth rates or loss of weight is also
influenced by the size of the infecting dose. Ikeme (1971b),
in the same experiment reported that the most severely
affected chickens were those that received 1,000 eggs daily
and the least affected were those that received 10 eggs daily
for six weeks. llacchioni et al. (1971, 1978), also observed
that ascaridiasis adversely affected the growth rates of
guinea fowls only in heavily infected birds (1,000 and 3,000
eggs). In another experiment, Matta and Ahluwalia (1980),
reported that chicks infected with single doses of 500 and
1,000 infectiveeggs of A. galli showed an average depression
of 17% and 34% respectively in weight gains compared to the

uninfected coiitrol chickens.

It is on record that there is a correlation between
adult worm burden in the host and depression in weight gain.
Todd and Hansen (1951), in a series of experiments with
566 two-week old chicks each infected with 50 eggs of A. galli,
found out that chickens with fewer worms gained less weight
than chickens with many worms, three weeks after infection.
From the results obtained, they developed a hypothesis that
birds which expended energy in throwing off infections

gained less weight than those which tolerated the infection.
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These experimental results are, however, contrary to the
generally accepted view of parasitism, that worm damage is in

part directly dependent upon worm number.

In another experiment involving 338 three-week old
chicks exposed to 300 infective eggs of A. galli,Reid and Carmon
(1958), found that the chickens had significant

decreases in body weight as the number of adult worms increased.

Effect of Ascaridia galli infection oh egg production

Though a number of investigators have reported the
effect of A, galll infection on growth rates of chickens,
only a few reports of the effect of infection on egg

production are available.

It is generally conceeded that Ascaridia infection has
a marked effect on egg production. But Ackert and Herrick
(1928), did not find any marked difference in egg production
of hens suffering from ascaridiasis and uninfected flock.
They reported that chicks given several doses of infective
eggs sufficiently high to produce marked symptons, may
eventually recover and that no effect of the infection on
egg production may be visible several months later when birda
become mature.
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Costa (1970), inoculated two groups of 60 chickens
each with 150 infective eggs of A. galli. Chickens in group
A were infected at the age of 30 days while chickens in group
B were infected at 60 days of age.
There were 60 controls. He cbserved that the first eggs
were dropped at 135 days of &age by the uninfected control
chickens and the infected birds started laying at 146 days
of age. Fifty percent production was attained by the control
chickens at 170 days of age znd by chickens in group B and A
at 172 and 183 days of age respectively. The rate of egg
production was lower in the parasitized as compared with control
chickens.,

Sadzikova (1975), obagrved that in a natural A. galli
infection, egg laying was delayed and reduced. It was also
obscrved that the ezgs were fewer and smaller (49,9 grams)
compared with egge of uninfected flock which had an average
weight of 54.3 grans.

In another experiuent, !fatta (1981), used 22 white
Leghorn pullets ot three rmonths of age., He divided them into
two groups such that there were 16 chickens in group A and
6 chickenc in group B. Chickens in group A were each infected
with 1,00C eggs of A. galli and chickens in group B served as
controls, The average production of eggs per infected hen
for a period of 12 weeks was 36.5 while average egg
production of the uninfected control chickens for the same

period was 50,2 eggs.
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Greevaerts (1962), reported that heavy infection of
chickens with species of Capillaria resulted in decreased
egg production. In their report, Belonosov and Kravtsov
(1976), stated that mixed infection of laying pullets with

A. galli and Heterakis gallinarum resulted in lowered egg

production and that proteins were less well digested in

infected chickens.

Mortality due to Ascaridia galli infection

Guberlet (1924), found that a single dose of 750
infective eggs of A. galli given to chickens one month of
age caused droopiness and death on the ninth and tenth day
after infection. Heavy infection were noted to be fatal as
early as the eighth day. The effects were considered by

Guberlet to be due to intestinal irritation and toxemia.

Ackert and Herrick (1328), reported increased mortality
when chicks four to eleven weeks of age were infected with
500 te 2,000 infective eggs of A. galli. They found out that
the most deleterous period in the life cycle of the worms
was about the fourteenth day after infection. The symptoms
of weakness, droopiness, lcss of appetite exhibited by heavily
infected chicks were most marked between the tenth and the
seventeenth day after infection, thus, suggesting that the

majority of the worms were in the mucosa during that period.
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In another experiment, Roberts (1936c), infected three
chickens 43 days of age with a single dose of 10,000, 10,000
and 15,00C eggs respectively. As early as three days after
infection the birds were depressed, humped up, with ruffled
feathers and drooping wings. By the eleventh day the birds
were extremely cmaciated and were voiding blood streaked
faeces. One of the birds that received 10,000 ova died on
the twelfth day and the bird that received 15,000 ova died
on the thirteenth day. The second bird that received 10,000

ova was still alive on the sixteenth day when it was killed.

Horton-Snith et al (1968), reported that when large

numbers of Ascaridia dissimilis eggs were given to 2 one-week

old turkey poults, death occurred on the tenth and the
eleventh day respectively. Large numbers of larvae were
recovered from the small intestine. This, they said, indicated

that Ascaridia dissimilis like Ascaridia galli was capable

of killing poults by massivzs invasion of the tissue by the

larvae.

Tkeme (1971b), infected three groups of chickens with
10 (group I), 100 {(group II) and 1,000 (group III), eggs
of A. galli daily for six weeks. Each of the groups was
subdivided into two. Chickens in the first subgroup received
10% protein diet with vitamin supplement and mineral salts. The
second subsgroup received 10% protein and only mineral salts.
Mortalities were recorded in all the subgroups. The highest



mortalities occurred in the subgroups that had 10% protein
diet with no vitamin supplemert. In all subgroups, mortality
was directly related Lo cgg cdusage size; the highest deaths

occurred in the 1,000 egg per day dosage group.

Hamsley (1971), recorded mortalities ranging from
8% to 20% in flocks of trukey naturally infected with
Ascaridia species. Pavlicek and Dykova (1375), fed five
groups of cockercls aged 5 to 48 days with varying doses of
between 1,500 and 3,000 infective eggs of A. galli. The
effect was greatest in birds five to six days old in which
mortality was between 46% tc 100%. In another experiment,
Belonosov and Kravtsov (1976), recorded a lower survival
rate in laying hens infected concurrently with A. galli, and

Heterakis gallinarum as compared with control chickens.

Ascaridia galli burden in the intestine Of the host

It is on record that ia certain helminth infections
the proportion o7 large doses of eggs which became established
is often smaller than in small doses. Among these are the

observations cof Clapham (1934), with Heterakis gg.llinae and

Norton and Joyner (1965), with Capillaria obsignata in chickens.

Several studies have shown that in Ascaridia infection,
a good number of larvae do not develop to maturity, Reid

and Carmon (1958), infected 388 three-wecek old chicks cach
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with 300 infective eggs and three weclks after infection they
recovered a total of 1,957 worms. Of the 388 infected birds,

58 birds contained no worms, and the majority contained less
than 10 worms. Macchioni et al.(1971), infected three groups

of guinea fowls, 20 days of age with a single dose of 350,

1,000 and 3,000 infective eggs of Ascaridia numidae respectively.
They observed that larval development to the adult stage

varied between 24 and 34 percent.

In another experiment, Dimitrov (1971), infected three
groups of 120 chicks with 100 (group I), 500 {group II) and

1,000 {group III) eggs of Ascaridia galli. At 15, 30, and 54

days after infection, the mean number of worms per bird were
12, 11, 6 respectively for group I; 16, 10, 7 in group II and
21, 15, 9 in group III. The proportion of larvae recovered

at the different periods became less with increasing dose.

Ikeme (1971a), tried to find out the difference in

developnent of inflection acquired at the rates of 10 eggs

and 1,000 eggs per day for six weeks. In the low dose

group, out of 60 birds, 46 carried infcction and contained

a total of 370 adult worms at necropey. The high dose group
according te him, did not produce adult worms until the tenth
week and ocly nine out of the whole group had adult worms

(20 worms). From the results obtained, he stated that

substantial numbers of worms reach maturity in the birds with
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small infections whereas only a very small number of worms

i: heavy infections reach the adult stage. The results
prompted him to study changes that might take place in larval
population with a single dosz of 1,000 eggs. The chickens were
given a single dose of 1,000 eggs of A. galli, and

slaughtered weekly for worm counts. The average weekly worm
populaticns were as follows: 867 larvae in the first week,

500 larvac in the second week and 133 larvae in the third

week. In the fourth week there was an average of 33.3 larvae

and 5.2 adult worms per chicken.

Matta and Ahluwalia (1980), recovered a maximum of 82
adult worms per bird, 20 weeks after infecting 2-week old
chicks with a single dose of 1,000 eggs of A. galli. In
another experiment,Matta (1681) recovered an average of 20
worns per bird, 20 weeks after infecting three month old

pullets with 1,000 eggs of f. galli.

Pathological chonses due to Ascaridia galli infection

Itagaki (1927), reported in Tokyo, Japan that the larvae

of Ascaridia palli caused formation of nodules in the intestinal

walls but he made no other comments on the pathogenicity of

Asceridia galli. Nodule formation due to A. galli infection

have been reported by Deorarni (1968) and Matta and Ahluwalia
(1979). Deorani (1968), suggested that the nodule formation
was indicative of irritation due to the larvae and their
metabolic producta, The lesions were aggravated by

occasional entry of adult worms.
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Backer et al, (1929),reported that in experimentally
produced ascaridiasis, there was a noticeable enlargement
of the liver. He also reported that there was increased
tendency to the formation of neoplasm in chickens that
survived acute infections., Similar nodules have been
reported in the gizzard of chickens due to Acuaria infection

(Boch, 1955; Nath and Pande, 1963).

In another experiment Ackert (1930), infected 2 to
7 week old chicks with doses of 1,000 and 2,000 Ascaridia
galli eggs. He observed that the invasion of the intestinal
wall by the larvae caused conspicuous haemorrhages and the
larvae destroyed the intestinal glands. The thymus gland was
greatly reduced in size and the blood lost a significant
portion of its sugar. There was marked retardation of
muscular and bone development and this was accompanied by
excessive deposition of urates in the ureters, He attributed
these effects to injury to intestinal mucosa by the larvae,
loss of blood from intestinal haemorrhage, bacterial infection,
partial starvation through loss of appetite and absorption

of metabolic waste of the worms.

Roberts (1936¢c), observed that in the early stages of worm
development, there were minute haemorrhagic spots, areas of
congestion and thickened walls in those portigns where larvae
were present. Larval attack according to him resulted in

superficial erosion of the mucous membrane. The epithelial
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lining of the intestine became entirely destroyed permitting
leakage of blood into the lumen, The heart was enlarged

and flabby, with the presence of fluid in the pericardial

and peritoneal cavity. The liver was paler in colour and
enlarged. The kidney was enlarged with distended ureters.

There were local aggragatiorn of histiocytes in the intestine,
liver and kidney. He concluded that such a condition was the
result of toxemia caused by the absorption of waste products

of worms and their distribution throughout the body, through the

blood streanm,

Sadun (1950), reported that when young chickens were

infected with 14,000 eggs of Ascaridia galli, they developed

mild anaemia and jincreased number of leukocytes in the blood
10 days after infection. Irntestinal and renal damage were
observed. Twenty days after infection, the intestinal mucosa
had undergone almost complete regeneration but renal
condition was still present. The liver and spleen were

enlarged.

Nath and Pande (1963), observed extensive damage of the
intestinal mucosa in chickens naturally infected with A. galli,
They attributed the damage to the tissue phase larvae, In
cases where A, galli coexisted with Raillietina echinobothrida,
sections of the intestine showed nodules with Ascaridia

larvae encapsulated by fibrous tissues in the mesenteric wall.
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In some other cases where the larvas co-existed with

Amoebotaenia sphenocides and Hymenolepis contaniana, the

sections revealed Ascaridia larvae surrounded by fibrous

tissues in the surface of the duodenum.

Leutskaya (1963), observed that there was a reduction
in vitamin A content of the liver of chickens infected with

Ascaridia galli as compared with control chickens. He

suggested that the cause of the reduction in vitamin A was
its participation in biochemical processes related to the
development of immunity. It was observed that the higher

the antibody titre of infected chickens the lower the vitamin
A content of the liver and vice versa. Reduction in vitamin
A content of the liver due to Ascaridia infection has also

been reported by Sadzikova (1975).

Hamsley (1971), reported 3 outbreaks of enteritis in
turkeys 8-16 weeks of age which were associated with Ascaridia
epp. The lesions in the intestine were fibrinous clots
3«5mm in diameter. He reported that when these clots were
torn from the mucosa, bleeding areas were left. Kozlowicz
(1971), reported chronic enteritis in pigs infected naturally

with Ascaris suum. The mucosa was damaged and this condition

he said facilitated perforation of the intestine and caused

poor absorption of nutrients.
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Ikeme (1971¢c), infected three groups of chickens with

repeated doses of infective Ascaridia galli eggs. He

observed that the albumin-globulin ratioc, packed cell volume
and haemoglobin concentration in the blood of infected
chickens did not vary significantly from those of uninfected
control chickens, But on histological examination of the
intestine, he observed macroscopic lesions which were visible
to the naked eyes as haemorrnagic patches intermixed with
mucus and larvae. These wer2 prominent in chickens killed
three weeks after infection, In chronic cases, the intestinal
walls assumed a flabby appearance when viewed in situ.
Examination of the epithelium revealed extensive destruction
and erosion of the glandular epithelium by migrating larvae.
There was proliferation of mucus secreting cells and this
resulted in adhesion of the villi. Adults when in great
numbers caused obstruction., The most severely affected
chickens were those on the least nutritive diet and

sustaining the highest level of continuing challenge.

Litvishko and Pilipenke (1972), reported a reduction
from normal, in the size of the thymus glands of 16 white
L 2ghorn chickens naturally infected with A. ggll£ compared with
uninfected chickens. Sadzikova (1975), observed that the
weight of the liver, stomach and ovary and the length of the
intestine was reduced in chicken infected with A. galli as

compared with the control chickens. The kidney, liver and
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spleen were partially atrophied and the area of the intestine

occupied by the larvae werc thickened.

Dubinsky et al.(1976), reported that when chickens
were experimentally infected with A. galli and placed on a
cereal diet, there was a decrease in serum protein, lipid and
glucose level and a reduced albumin-globulin ratio of the
blood as compared with uninfected chickens. In another
experiment, Dubinsky and Rybos (1977), reported that due to
A, galli infection, the level of free amino acid and the
activity of aspartate and alanine amino transferase (enzyme)
in the serum was lowered. But they said that at low worm
burden and when chickens were kept on a full diet in hygienic
conditions, the chickens were able to compensate for decreases

and were better able to maintain their body weight.

Resistance to infection with Ascaridia zalli

A review of the observations recorded by previous
investigators on the develcpment of resistance by chickens

to infection with Ascaridia galli show that resistance has

been demonstrated under cornditions involving age, pre-infection

(Acquired resistance), diet, blood picture and breed of host.



Age resistance

Though chickens of all ages can be affected by worms,
young chickens are generally more susceptible to infection
and suffer more severely frcm heavy worm burden than older

chickens. This has been recorded for cestodes and nematodes,

Chickens develop a marked resistance to infection with
Ascaridia galli with increasing age. Herrick (1926),
demonstrated that the growth and chances of survival of
Ascaridia was inversely proportional to the age of the host.
He infected chickens 5 to 240 days of age with equal number

of infective eggs of Ascaridia galli and ten days after

infection observed that the average length of larvae in chicks
5 days of age was 5.3mm; in chickens 60 days old, 2.6mm; 90
days old, .4mm; 103 days of age, .1mm respectively. He
concluded from the results obtained that birds 240 days old
were no more resistant to worms than did 103 day old

chickens. The number of birds containing worms decreased
from 87% among chicks five days old to 29% in chicks 147 days

old and over,

Ackert (1930), reportced experiments in which chickens
of various ages were infected with 1,000 eggs of A, galli,
Using two months old chickens, he observed that uninfected
birds (controls) made greater weight gains than the infected
birds and at autopsy all the infected chickens except one

had worms. With chickens 10 to 12 weeks old, there was no



such difference in weight and in each group only one chicken
contained worms, In another experiment 24 chickens were
reared in a worm free condition till three months old and
were placed with infected birds in contaminated soil. At
the end of six weeks all the 24 birds were thrifty in
appearance and on examination only four had worms, The
maximum number of worms was eight, Ackert concluded that if
chickens were kept worm free for the first three months of
life, they may then be reared on infested ground with little

danger of subsequent ill-effect.,

Roberts (1936d), from a series of experimental studies
with Ascaridia galli in chickens observed that as the age
of chickens increased, fewer chickens became infected, fewer
worms became established and the growth and survival rate
of these worms became significantly reduced, He also observed
that when chickens were maintained in worm free conditions
for four months, the age resistance which was responsible
for the decreasing percentage of larval survival and the
increasing influence of growth inhibitory factor, became
developed to such an extent that very few larvae could succeed
in establishing themselves. He alsc observed a gradual
decrease in the number of larvac during the first nine days
after infection., He attributed the gradual elimination to

natural resistance existing in the host,



Deo and Srivastava (1962), reported that the first

sign of resistance to Ascaridia galli infection in chickens

was at 90 days of age. At 121 days of age there was complete
resistance to infection. Soulsby (1968), also stated that
chickens over three months of age arc more resistant tc
infection than younger chickens and that this may be
associated with a marked increase, in goblet cells in the

gut mucosa at about this time,

Acquired resistance

Active acquired resistance is developed by a host as
a result of infection and its influence tends to become more

marked under the stimulus of repeated infection.

Sadun (1948), working with Ascaridia Eplli, tried to

find out the effect that primary infections with egg doses

of different sizes would have on thc number of worms that
developed from a second infection., He used five groups of
six day old chickens. Chic«ens in groups I to IV were
infected with 100 (group I), 500 (group I1), 1,000 (group III)
and 2,000 (group IV) eggs of A. galli respectively. Chickens
in group five acted as uninfected controls. Twenty two days
after the initial infection, all the chickens in the five
groups were infected with 3,000 eggs of A. galli. The
chickens werc slaughtered 25 days after the second infection.

Chicks in group V had 0 to 74 worms with an average of
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30.2 worms. Chickens in groups I and III contained no worms,
One chicken each in group 1I and IV had worms and all were
from the second infection., The stricking reduction in
number of worms from the first and second infection compared
with the control chickens made him to conclude that a
secondary heavy infection given 22 days after first infection,
brought a host reaction with the consequent elimination of
some or all of the worms of the primary infection. In
another experiment, he demonstrated that when chickens were
given repeated heavy doses of eggs, they were able to
eliminate practically all the worms of the test infection

within eight days.

Ikeme (1970), worked with two groups of 60 chickens each.
At 14 days of age he dosed one group with 10 eggs and the

other 1,000 infective Ascaridia galli eggs daily for six

weeks., In the low challenge group, adults were present from
the third week after infection while in the high challenge
group there was retarded development of larvae and this resulted
in the persistence of the third stage larvae up till the
tenth week. This, he said, was as a result of inhibition
due to host resistance. There was occasional appearance of
adult worms in the high chellenge group after the tenth week
and he said it was probably due to a decline in resistance
or retardation of the immune mechanism of the host, He -
infected a third group of chickens with 1,000 eggs and
observed that at the fourth week while some worms had

reached maturity, some werc still at third larval stage (LJJ.



He concluded that inhibitiorn of larval development depended
mainly on the size of the dousage, irrespective of whether it
is given as a single or continuing challenge. But the

duration of inhibition was longer with repeated doses.

It has been demonstrated by several authors that
extracts from larvae and adult Ascaridia and serum from
previously infected chickens can confer passive immunity on

chickens infected with Ascaridia 53111. Rebrassier and

McCrory (1931), tried to establish if extracts obtained from

larvae and adult Ascaridia ;zalli could confer passive

immunity in chickens. They used three groups of chickens,
which were infected at 46, 97 and 131 days of age respectively.
Each group was then divided into three subgroups. Subgroup

I was given 500 infective eggs only; subgroup II, 500 eggs,
plus injections of Ascaridia extract, whilst subgroup III

was retained as uninfected controls, In the 46 day old group,
the subgroup that received e¢gzps plus extract made a greater
gain in weight than that given egzgs only, Similar results
were obtained with the 97 day old group. It was also observed
that in younger birds, the addition of the extracts protected
them against the enteritis that accompanied infection. In
another experiment, Brewer and Edgar (1971) reported that the
injection of whole worm and cmbryornated egg proteins
intraperitoneally made chicicens significantly immuned to a

challenge of 500 eggs of Ascaridiz galli. This immunity

partially protected the chicks against the developing adults
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and the effect of worms on weight zains. They reported that
circulating antibodies began meven days after the injection
of serum and lasted two months with peak production between

the eighth and seventeenth days. |
I
|

Sadun (1949), inh a series of experiment using sera

fron chickens infected with Ascaridia galli, demonstrated

antibody reaction in vitro with metabolic products of

living larvae. Precipitates were observed at the oral and
excretory pores. Eggs and adult worms incubated in immune
gera showed no visible reaction. He stated that the formation
of precipitates was due to antigen-antibody reaction. 1In
another experiment, passive transfer of serum from resistant
to susceptible chickens conferred considerable degree of
resistance to the development and growth of worms. He
therefore, concluded that this type of protection indicated
that antibodies played a role in the mechanism of immunity

in chickens.

Effect of diet on resistance

Vitaming and Minerals _
Zinmerman et al. (1926}, reviewed by Sadun et al, (1950},
first demonstrated that natural resistance of chickens to
infections of Ascaridia galli could be lowered by nutritional
deficiencies in the diet of the host. It was shown that

chickens on vitamin B deficient diet contained more worms,
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which were significantly longer than worms recovered from
chickens on an adegquate diet, Since then, other

investigators have shown that a deficiency of vitamin B
complex (Ackert and Nolf 1931, vitamin 812 and pteroylglutamic
acid (Sadun ¢t al., 1950; Broody, 1954) ; pyridoxine (Broody,
1954} ; vitamin A (Ackert and Molf 1931; Pande and Krishnamurty,
1959; Babos, 1962; Leutskaya, 1963 and Aruo, 1978); vitamin

D (Ackert and Spindler, 1929), likewise lowered resistance

to Ascaridia galli infection. Deo and Srivastava (1963},

reported lowercd resistance in chickens infected with

Hetarakis gallinae when fed on vitamin A deficient diet.

In all cases more worms were able to survive and also grew
rapidly in infected chickens on deficient diet than in those

chickens receiving adequate diets,
|

Several attempts have been made by some of the authors
mentioned above to explain the causes of lowered resistance
in infected chickens on deficient diet, Sadun et al, (1950},
observed a3 degeneration of the thymus gland, anaemia and
reduction in the white blood cells of chickens on pteroylzlutamic
acid deficient diet, They suggested that this condition was
partially responsible for reduced degree of resistance through
their adverse effects on antibody forming mechanism, Ackert
and Nolf (1931), suggested that the effect of vitamin A
deficiency probably resulted from lower rate of peristalsis
of the intestine., Dec and Srivastava (1963), alsc made similar

auggestion from results obtained in chickens infected with
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Heterakis gallinae, Pande and Krishnamurty {1959),

suggested the existence of & vicious circle in the
relationship between vitamin 4 deficiency and A. galli.
Hypovitaninosis 4 according Yo them favoured infection with

Ascaridia zalli and dscaridia galll in its turn by damaging

the intestinal sucosa set a condition of wvitamin A deficiency.
They further stated that if rations containing the recommended
lavcl of vitamin A as contained in 56.7 grams of greens were
fed to each bird daily, all year round, it would be possible
to keep birds in gooud health and production on grounds

contaminated with eggs of Ascaridia galli. Babos (1962},

reported that deficiency of vitamin A promoted invasion of
the intestine by Ascaridiz and that enteritis caused by the
| .

infection impaired utilization of vitamin A. |
|

- It is on record that the absence of certain minerals

in the diet of chickens infected with 4. galll can result

in significantly fewer and shorter worms compared with

control chickens on normal diet., One of such studies is that

of Gaafer and Ackert (19%0), with phosphorous and calcium.

They attributed the fewer and smaller worms in the group of

¢chickens fed calciuvm and phosphorous Jefigient diet to the

woring requirement for thesce ninerals, sinee according to them

phosphorous and calcium are among the most important mineral

constituents of ascarid parasites. Manganese appeared to have

a little or no effect in ascaridiasis of fowl.
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The chickens thrived normally without addition of manganese
to their ration. The lack of effect of mangancse on the

development of Ascaridia galli was attributed to the lack of

manganese in the ascarid body. Deo and Srivastava (1963),
also reported decrease in length of worms when calcium
deficlent diet was fed to chickens infected with Heterakis

gallinae,

l
|
|
Protein and Amino acid }

Ackert and Beach (1933}, investigating the effect of
dietary supplement upon resistance of chickens te Ascaridia
galli, reported that the type of amino acid could influence
the course of infection. They reported that infectaed

chickens placed on a diet deficient in proteins of animal

origin were less rosistant to infection by Ascaridia galli

than birds fed a vegetable diet supplemented with either
skimmed milk or meat. Heidel and Ackert (19580}, made similar
observations. They were of the opinion that the beneficial
effect of skimmed milk might be due to the ease of
digestibility of milk caseirn or to the high concentration of
lysine and tryptophane present in the skimmed miilk, However,
Reidel {1950}, could not demonstrate that high levels of
lysine in the diet, increased resistance of chickens %o

Ascaridia galli, | o

In another experiment, Reidel (1954}, reported that

a diet inadequate in glycine retarded growth of Hew Hampshire
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chickens but the resistance of chickens te infection of

Ascaridia galli was not increased when glycine suppledented

diet was fed to chickens, Reidel (7955}, alsc showed that
the guantity of leucine in the dict <id not alter resistance

of the chicken host to Ascaridia «nili, The criteria used

in all the exporiments wore grouth and gencral appearatice
of the host, aumber aand lenpth of worms harboured, Chickens
fed both the leucine and glycine det’icient diets harboured
the aane number of worms with those fed diets adequate in
leucine and glycine content, i
|
|

Reidel and ¥Vest (1956}, reported that chickens fed
rations containing supplemerited phenylalanine had a total
mean weight gain slightly higher than birds fod low
phenylalanine ration, but the welght increase was not
gignificant. He sugpested that the phenvlalanine supplemented
diet did not protect the hest from tho effect of parasitism

to the extent that significant increased prowth could result,

Gibson (1963), reported that the presence Sf
paragitcs in an animal host affects nutpition of the host
by decrcasing appetite and reducing the digestibility and
utilization of food., Pretelns, he said, are particularly
important singe adequate amount of proteins in the diet
increases resistance ta bota infection and the effects of

infection, Howevar, he stated that well fed snimals

|
|
|
-



harbouring many parasites withoul ill effects could be of

importance in the spread of the discase,

Effect of tlood loss on resistance

|
|
|
|
i

The effect of bleeding on growth and survival of

Ascaridia galli has been investigated by Ackert and Porter

(1931). They used 300 two=w2sek old chickens. The chickens
were divided into two groups of 150 ¢ach, Group A& was bled
weekly and the amount taken was gradually increased from
0.5ml at week 1 to 5ml at wezk 9. CGroup B was not bled at
all. At gix weeks of age ths aroups were subdivided into
two., Each subgroup was given a single dose of worm eggs
varying from 25 to 500 in number. Those birds given 3C0 or
500 eggs and bled contained larger worms three weeks after
infection than these given a similar dose and not bled. The
interpretation of the results was that bleeding affected
growth inhibitory mechanism, lowcring the resistance of the

chickens tv the worms,

i

| .

|
Resistance dus to breed of the host |

The degree of resistance to infection of Ascaridia galll

is influenced by the breed of chickens exposed to infection.
Ackert et al. (1935}, used a total of 1,351 chickens composed
of six different breeds, namzly, White Leghorns, Buff
Orpingtons, White Plymouth Rocks, Barred Plymouth Rocks,

Rhode Island Reds and White Minorcas. Two varieties of White



HMinorcas were used. Groups of birds belonging to each of

the breeds were infected with single doses of S0 eggs at

the age of 12, 21, 33 and 44 days respectively. The number
and average length of worms present in each group 21 days
after infection were used for interpreting the results. They
observed that the heavier breeds {i.¢, Rhode Island Reds,
.White Plymouth Rocks and Barred Plymouth Rocks) were
significantly more resistant to infection than the lighter
breeds {White Leghorns, Buff Urpingtons, and White Minorcas).
Of the two strains of White Minorcas, the heavy strain was
more resistant than the lighter strainas. The greater
suscepbibility of the lighter breeds was considered to be
due to the fact that these breeds were markedly more active
and nervous than the heavier hreeds, and as such utilized
more energy. They supgested that this utilization of energy
might be unfavourable to the development of inhibitory fagtors.
Management systems and the predisposition of chickens to

helmintin infections

There are twoc main types of poultry management systems - the
extensive system and the intensive syatem. The extensive system
permits fullest exposure of chickens to sunlight and pasture while
the intensive or total confinement system practically
minimises or precludes this exposure, The semi-intensive system is

intermediate between the two and provides sume degree of expoaure...

|
[!



The most eommonly practised systems in Nigeriu are the. free
range (extensive), semie-intensive or restricted free range,
deep littir, and the cage systems.
i
| I

In the free range system, the chickens are roferred to
as the village flock in Migerin. They are not confined but
wander about in towns and viliages. Their diets include
green fead (growing plants}, white ants and other insects,
slugs and earthworms. The chickens are able to feed on waste
' graing in the field {Ayivor and Hellins 17956), and also have
access to refuse dumps. Suitable shelters are lacking for
such birds and supplemented f'eeding is minimal., The flogk
size is up to 25 chickens., Cwners get cggs at minimal cost,
though many of the eggs are usually destroyved before they
are discovered. i

_ }

The somi-intensive system involves making rﬁns, which
are areas of land enclosed by fences of wire-netting on
wooden posts. The birds are free to wander about the runs
during the day and at night they are kept in the poultry
houses which gre simple fixed buildings. The level of
managenent is intermediate. Feed is supplemented and there
is better health care, Mozt backyard poultry farmers in
Nigeria practise this system of housing and the flock size
iz about 30-150 birds. It was almost the only Form of
intensive husbandry practised for the laying hens in Nigeria
before the evolution cf the deep litter and cage systems

!

{Ogundipe, 1976). '
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The deep litter system was developed during the second
world war in America due to shortage of labour for regular
removal of litter (Feltwell, 1958; Oluyemi and Roberts 1979),
s0 that Iresh litter was added on the old whenever necessary.
The buildings are usually rec¢tangular in plan and open sided
though in Northern Wigsria some are of round design, Litter
materials include saw dust, rice husks, wood shavings.
Hanging feeders are used and drinkers placed on raised platforms .
It has been reported (Faltwell, 1958; Oluyemi and Raoberts,
1979), that droppings are broken down by bacterial and microblal
activities and the final resulb is usually dry, friable, litter
with high absorptive power, i
i

In the cage syatem, chickens spend thé.whole of their
productive life on wire floored cages with food and water
in front of the cages. Eggs rall down the slopping floors to the
front of the cages, The droppings are collected on either
individual removable trays, mechanically cleared with
scrappers or belts running benezath the wire floors. The cages
are made up in blocks called batteries., There might be colony
cages that take up to 10-20 chickena. There are however,
many modifications of the cage system.

Risk of infection in the different management systems

fipart from exposure to extreme weather conditions, the
free range and the semi-intensive systems predisposc

chickens to infection from parasitic worms. Since they feed
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ag scavengers, they can either pick up the infective eggs
of the worms, their intermediate or transport hosts,

Ascaridia galli has a direct life cycle, so chickens may

pick up infective eggslfroﬁhthe 20il while feeding. In the process
of scratching the soil for food, chickens may pick up earthworms
{Soulsby, 1968), grasahOppers (Jaéob‘gg_gi., 1970), which act

as mechanical transmitters. Other parasiiic nematodes which

may be picked up by range chickens include members of the

foliowing genera: Heterakis, Syngamus, Capillaria and Acuaria,

Though direct transmission through embryonated eggsa are
possible, infective stages of Capillaria {Wehr, 1952), Syngamus
{Soulsby, 1968), can be transported by carthworms. Acuaria
gpecies can be transported by beetleé, and grasshoppers
(Logliger, 1656). Lund (1960), reported that sclls a few
centimeters from the surface could act as source for

.- Heterakis eggs and that these eggs are probably gﬁought to

the surface by earthworms and insect larvae. All the tapeworms
of chickens need intermediate host which are eithr insects _W;
or molluacs and chickens acquire infection by inéesting the
intermediate hosts in the runs. ]

One aspect of confinement is the attendant ﬁigh stocking
density, This means that there is greater contact among the
birds and hence a greater risk of the spread of disease. But
if well managed infection by parasitic worms can be brought

to a minimal level. !
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In the deep litter system, the eggs of Ascaridia galli

and other parasitic worms may develop on wet spets. This is
utsually near the entrance to the house and around water
troughs. Reid (1958}, reported that near optimum temperatures
fcer development of g, gglli epgs prevall in poultry housas

wt ere confinement rearing is practised, This ac¢cording to

him is due to body heat from the birds when hovering or
resting on the litter which produces sufficlent heat to

induce rapid larval development within the eggs. Chickens

can also acquire idscaridia galli infection by ingesting flies

which act as mechanical vectors or by drinking egg-contaminated
water, In such a confinement, a large number of chickens
can come down with infection if the litter is highly
contaminated by infective egps of worms. l

|

In the cage system, layeré may not have accéss to

manure or their droppings where the infective eggs of Ascaridia
galli may be present but it has been reported (Schwartz, 1975),
that flies while laying their eggs in the manure may pick up

the infective eggs ir their feet and contaminate feed or

water for hens. An outbreak of Choanctaenia infundibulum

(tapeworm) infection was attributed by Abrams (1976), to

heavy ingestion of large numter of housefly,Musca domestica

by the chickens.
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HMATERIALS AND METHODS :

One hundred and thirty one Harco pullet chicks were
purchased from Mitchel farma, Lagos and brooded on concrete
floor using a wooden brooder box. Each bird was allowed a
.038 sq. m, brooder space., Heal was supplied into the
brooding chamber using electric bulbs while hurricane lanterns
were used in cases of power failure, Light was provided for
24 hours daily until chicks were six woeks of age.

!

Two feeding trays each measuring 18 cin in . diameter_and
two metal feeding troughs each measuring 50 cm long were used
to supply feed until the chickens were 38 days of age. Four

plastic chick drinkers were used for providing water,

|
A poultry réaring house measuring 13.4 sq.ﬁ. was
constructed for nousing the chickens after brooding (plate 1).
Colony cages comprising of 15 cage cells were constructed
and fixed to the walls of the houae. The cages were raised

61 em from the floor, Each cage cell measured 90 cm long

by 63 cm wide by 59 cm high. : .

Selection of experimental chickens : !

The chickens were raised helminth free, on wood
shavings litter until they attained the age of 38 days. The
begt 90 of the chicks bascd on body weight were selected

and alloted into six 50 gram weight groups. Chicks from each
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weight group were randomly selected and distributed into
each of the 15 cage cells, each cage cell taking six chickens.
The 15 cage cells were arranged in four rows and four columns
and were divided into 3 treatment groups (I, II & III).
Arrangements were such that each row contailned representatives
of each of the three treatment groups {fig 1). This
arrangement provided as uniform an environment as possible for
birds in the three treatment groups, in order to distribute
the effect of environmental factors equally'bn'all the

treatment groups. Common feeders and drinkers were provided

for chicks in each cage cell (plate II}.

x

The chickens were vaccinated against New Castle diseage
at six weeks and at 17 weeks of age with the Lasota and

R TV |

Komarov strains of the New Castle disease vaccinas respectively.
They were also vaccinated against Cumboro disease at three . -
weeks of age and fowl pox at six weeks of age. The New Castle
diseaée and fowl pox vaccines were admiﬁiéﬁ;féd intramuacularly‘
while the Gumboro vaccine was administered in drinking water.
Al}uthe chlckens were debeaked at thc age of 223 days when
pecking became a problem in some cape cells. _
";'Pﬁ7 

Drlnkers were washed daily and feeder? were washed

weakly. The floor of the poultry houéelﬁﬁs cléaLed and

waghed daily. Any sick chickens were removed from

the cages and isolated separately and all the ?5h“-'

fir .

st ’
i O R N . .
L e R & .kl N B L C L.
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paraneters monitored for the chickens in the cages were also
recorded for the isolated sick chickens. Chickens in all the
treatment groups accidentally contracted coccidiosis at

the age of 194 days and were promptly treated with Amprolium.
A chicken in group 11 sustained injury on the head and was

placed on penicillin injection for four days.

Feeding

Pfizer® poultry feed was used throughout the duration
of the experiment. The amouat of feed given to chickens in
each cage cell was weighed daily and the left-over at the
end of a fortnight was collected and weipghed in order to
determine the total amount of feed consuned per chicken per
fortnight, Water was provided freely., From onec day old up
to 54 days of age, chicks were fed with chick mash. Growers
mash was fed from 55 to 140 days of age and layers from 141
to 252 days of age. The percentage composition of the 3 types
of feed used as indicated by the manufacturers are shown in
table 1. Feed samplcs were taken froo each of the three feed
types used in the oxperinent and onalysed for calciur:, phosphorus,
amiro acids, fibra, fat and Vitrogen. The amino acid analysis

was carried out with the lechnicon Sequential Multiple anino

#Livestock feeds Linited, {aduna.
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acid analyser (TSU-1), while the anelysis for Nitrogen, fibre
and fat were carried out as described in "Official Methods of
analysis of the Assoclation of Analytical Chemists, (AOAC,
1975)%. The crude protrein was determined by multiplying the
Nitrogen contonit by the factor 6.25.

Preparation of infective Ascaridia galli epgs

Adult Ascaridia galli werc obtained trom freshly

slauphtered chickens in the Sabon Gari slaughter slab, Zaria
and placed in 0.9% saline sclution. In the laboratory, female
worms ware sclected and rinsed in distilled water. They were
cut into two horizontally and their intermal organs pressed
out into a petri dish, The uterl were collected and agitated
in 0.5M sodiun hydroxide solution for 30 minutes in order to
dissolve the sticky albuminous layer of the eggs and allow
for uniform sampling {Fairbairm, 1¢70). The eggs liberated
were concentrated using the Gellenkamp laboratory coentrifuge
Model CFD-400, at 1,500 r.p.m. for three minutes. The egus
were washed thrice in distilled water and further washed
thrice in an embryonating fluid -~ 0.1¥ sulphuric acid (Ikene,
1971a). Finally, cqual aliquots of the fluid containing the
eges were digtributed into petri dishes measuring 90 om in
diameter by 14 cm deep to a lovel of about 3 mm from the
bottom of the dishca. The dishes were covered and Incubated
at temperaturcs between 30 - 31°C for 21 days. Plate III

shows a fresh Ascaridia egg vefore culturing. |
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The eggs were aerated daily by removing the cover of
the petri dishes and gently rotating the dishes (Elliot, 1954}.
Ege culturaes were replenished with embryonating fluid whenever
evaporation took place. The cultures were examiped periodically
for embryonation and larval movement, P
|

Infective eggs were obtained Irom the cultures after
21 days. These were pooled together and stored at a
temperature of about 2900. Platc IV shows infective cggs
obtained from a 21 day old culture,
Infection of chickens - }

The embryonated eggs were washed in distilled water and
suspended in 1.2% molar solution of sucrose (Hansen et al.,
1954), to prevent the rapid settling of 2ggs and to produce
a uniformly dispersed egg suspension. The amount of fAscaridia
galli eggs at the time of infection was obtained by adopting
the proceedure of ELliot (1354). After thorough agitation of
the ¢gg suspension, drops from the syringe were placed on glass
slides and counted using a light microscope. The mcan count
of 6 drops was calculated., From this, the amount of suspension
to be given to the sxperimental chickens in order to obtain

the desired infection level was determined. ;
i

At 39 days of age, the chickens were given the first
infective dose using the crop intubation method (Macy et al.,
1971). This was carried out by gently squirting the desired
volume of ege suspension into the ¢rop through a needle 3.5¢nm

long with a catheter 8 cm long fitted onto it.



L9

Chickens in treatment groups I and II were given daily
dose of 1,000 and 5,000 infective eggs respectively for 10

days. OGroup III served as uninfected control.

Data Collection

All the chickens in cach cage cell were weighed fortnightly.
There was an initial difficulty in obtaining a single suitable
scale for all the weighings as 2 result of which the following
three scale types with different sensitivities were used.
Frcm 39 days to 98 days of age, 2 Salter scale, model number
115 was used, This was calibrated in 5 grams. Hansen utility
scale, model 2060 was used from 112 to 125 days of age and
was calibrated in 57 grams. Gallenkamp rotating balance,
model 7 was used from 126 to 252 days of age. This was calibrated

in 0.5 grams.

From 24 days after initial infection, daily faecal
analysis of the chickens was conducted using zinc sulphate
solution with specific gravity of 1.2, to verify the establishment
of infection through ey elimination. The faecal examinations
were discontinued as soon as helwminth eggs were detected in
faccal sawples of the chickens in groups I and II daily for

one week,

The age at which the chickens started laying eggs in each
cage cell was recorded. Eggs from each cage cell were collected

daily and weighed. Bi-weeklynean cgg weights were determined
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for cach cage cell from the weights of all the egys collected
for that particular cage. The age al which 50% level of egg
production was attained was recorded for all the cage cells.
The rate of egg production wasz expressed as hen-day and
henwhoused ezg production, The calculations were done from
the third week {period 2} of the laying phase because during
period 1 epgs were not recovered from many of the cages. The

formulae for hen-day and hen-housed egg production are shown below:-

Total number of epgs
produced per period 100
Hen-day egg production = X

number of birds alive 1

“otal number of eggs produced

per period 100
Hen-housed egg production = X

number of birds at the 1

beginning ¢f the laying phase

|
|
Mortality was recorded as they occurred., The intestines
of dead chickens were removed, cut open and worms in them
recovered and counted. 1In all, 4 chickens died during the

experiment., One from group I and the other 3 from group 1I.

Worm racovery

|
At the termination of the experiment, all ths chickens in
the three treatment groups were slaughtered, The group

which receivea a total of 10,000 infective eggs first, followed by

~ the group which received 50,000 egzs and then the control group,
' i
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|
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Bach intestine was slit open longitudinzlly in a tray and the
intestinal contents were removed and preserved in normal

saline with 10% formalin. .

!
|

The unwashed inteatines were cut into amall pieces and
immersed in 150 ml of digoesting filuid in 25C¢ ml Beataon glass
beakera., The digesting fluid was made up of 5g of pepain
powder, 7 ml of concentrated hydrochloric acid and 993 ml
of distilled water. Each digest was incubated for thres
hours at 37°C with periodic shaking of the beaker. The digest
process was stopped after 2 hours and the materials were
preserved by adding a few drops of 10% formalin. Adult
and macroscopic worms were removed and the resat of the inté;tinal
content was examined in 3 ml aliquots. The search for worms
was madc in petri dishes using a dissecting microscope - ;j:
Spencer, Model HIT dnerican Optical Company Instruments
Division, N.Y,), at a magnification of 25. Adult and larval
worms recovered were preserved in 5% formalin. The total
number of woms recovered from birds in each cage cell was

counted and recorded.

Statistical Analysias

All data werc subjected tc statistical analysis using
a computer ~ CDC Machine, Cyber 72. The analysis of the
rasults obtained was carried cut in phases. Phase 1 covered
the period between 1~16 days after administration of the
firast infective dose, when the chicks.ﬁébe still on chick maéh.
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Phase 2 coveréd the ﬁeriod when the birds were fed grovers
mash (17~100 days after initial infection) and phase 3 covered
the ﬁeriod when the chickens were on lavers mash (101-212 days
after initial infection). Different parameters were measured
during the 3 different phases. In phase 1, cage averages were
used for analysing the changes in body weight and feed
consumption, In phase 2, cage averages were used for analysing
feed consunption, cumulative feed conversion and change in

!
body weight. 5

Cumulative feed conversion was calculated using the

- following formula: . | i

Cumulative feed consumed (g)

Cumulative feed conversion =
Cumulative weight gain (g)

.During phase.3, cage averages were usea tor analyéing feed
consumption, feed efficiency, change in body weight, Hen-day
egg production, hen-housed egg production, egg weight and
the age at which 50% level of egg production was attained,
Feed efficiency was calculated from periods 2 to 8 using the
following formula: i

Feed consumzd (kg)
Feed efficiency =

i
Dozens of eggs produced !
i

Feed efficiency for period 1 was not determined. Results
obtained in each of the 3 phases are computed in

periods, each period representing a 14 days duration.
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The analysis which was common to all the parametcrs
was the analysis of variance (ANOVA) using the Genstat
Packapge (Genstat Reference Manual, Vols. I and II; developed
in the Rothampted Experimertal Station, Harpenden). The
analysie of variance for all the phases employed a facterial
desipn. The sources of variaticn or factors for phase 1
were Treatment and cage. The sources of variation for phases

2 and 3 were:

Period (Per)
Group (Gp)
Cage {Cage)

Period x Group (PerxCp)
Period x Cage (PerxCagc)

Group x Cage (GpxCage)

The proup means and corresponding standard crrors were

computaed.

Further analysic beyond ANOVA for all the phases
cmployed the least simificant difference test (LSD) as
described by Clarke (1262), in order to determmine the specific
differences between means for significant factors. All the
factors were tested at the .05, .01 and .001 levels of

probability,



5k

Fig, 1:

Sketch of the poultry house showing the

arrangement of chicken groups in the

cage cells.

GP = Group

GP 1 = Received 1,000 eggs daily for 10 days
GP 2 = Received 5,000 eggs daily for 10 days

GP 3

Uninfected control
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Table 1: rercentape compositico of poultry feed used in

the axpuriuent s indicated by Ffizer Livestock

Feads,

———

s e

Faed Tvpe Pprotein Fat Fihre
Chiclt Mash 20,9, nin 3.5% min 5.0% way
Growers

ash 15.0% min 3.5% min 7.5% max
Layers

Mash 16.5% win

2.7% nmin

6.5% nex
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Plate I: 'The poultry rearing house used for
housing the experiuental chickens

after broodinzg.

Plate II: Cage cells with comon feeders and

drinkers for cxporimental chickens.
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Plate III: Fresh iscaridia egg
x 400
FPlate IV: Infective Ascaridia eggs as

obtained from a 21 day ¢ld culture

x 200






RESULTS

The results cbtained ir this experinent are presented
in table 2 and firures 2 to 10. The periodic (bi-weekly) mean
vulues four each treatment group of chickenc for feed corsumption
feed conversion, feed efficiency, changes in body weight,
har.~day <irg production, hen-housed egg production and egg
weight are presented in Apperdix 1. Analysis of variance
(ANOVA) tables for all the parameters listed above are

presented in ippendix 2.

Prepatency

Eggs of Ascaridia galli were detected in the faeces

of the group of chickeus which received a total of 10,000
infective caps (proup I) 91 days after initial infection. In
the grouc which recaoived 50,000 infective eggs, (group II)
prepatency was 15 days. Ascaridia eggs werc detected in most
of the cages after the chickens had started laying eggs. The

control group (group ITI) did not shed Ascaridia eggs.

Feed Conswaption

The amount of feed consumed were recorded separately

for the 3 phases in the experiment.



59

During phase 1 calculations were based only.on 14 out
of the 16 days which constitute the phase. This was because
accurate wmeasurenent of feed consumed during the first 2 days
after initial infection was not determined., The mean
weight of feed conswied per bird in groups I, IT and III was
733,70 prams, 773.00 grams and 795.50 grams respectively. The
differences between the 3 groups in this phase were not

statistically significant.

i

.In phase 2, which covered a duration of 12 weeks brokéﬁ
inte 6 bi-weekly pericds, the total mean welght of feed
conaumed per bird was 1363.40 prams, 1353.00 grams and 1317.60
grams for groups I, 11 and III respectively. The amount of
feed conpsumed by chickens in groups I and II were significantly
higher (P<0.001) than that of group III. Pattern of the
periodic mean is proscnted in figure 2. The birds in group II
consuited more feed than those in group I within the first 2
periods, Thereafter the birds in group I consumed less.
The differences between groups within the individual periods

were not statistically significant.

Phase 3 consisted of 16 weeks which was broﬁen inte 8
bi-weekly periods. Chickens in groups I, IT and ITT consumed
a total mear of 1229.20 grams, 1823.40 grams and 1767.10 grams
regpectively., The birds in groups I and I1 consumed

significantly more feed (P.<.01) than group III. The periodic
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mean of feed conswiption of the 3 groups of chickens during
the phasc is presented in figure 3. Differences between
groups within the individual periods were nct statisticaliy
significant. Chickens in group I consumed slightly more
feed than thoge in group II within the first threc periods.
There was a drop in the amount of feed conaumed by the threa

|
groups during periods 6 and 7.

" Feed Conversion and Feed Efficlency

These parameters were not determined for phase 1. The
results obtained on cumulative feed conversion, for the
bi-weekly periods in phase 2 are presented in figure 4,

During perioda 1 and 2 the birds in group III had better

feed conversion than those in groups I and II. However
differences between the 3 groups over individual periods were
not sipgnificant. The mean values for cumnlative feed conversicn
during phase 2 werc 6.057, 6,225 and 6.06% for the birds in
groups I, IT and IIT respectively. Feed conversion was
gignificantly better {P<.01) for groups I and III than for

group II, : . _?

During phase 3 differerces were observed ihimean feed
efficiency between groups during the individual periods
{figure &) but it was only it pericd I that differences were
gignificant (P<.01). The mezn feed efficiency for egg
production was £.675, 2.494 and 2.413 for groups I, IT and III

respectively. The values for groups II and III were significantly
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higher (P~.0%) than for group I. Some drop in efficiency

waa observed during the last 2 periods.

Changes in Body Weight

In phase 1, the mean body weight gains were 181.%0 grams
for group 1, 1759.30 grzms for group IT and 194,50 grams for |
group ITI, A statistically sigmificant differcnce (P<.05)
occurred between pgroups I1 and III. The difference betwean

groups [ and III was not significant.

During phase 2, chickens in group I gained 178.00 grams,
these in group IT gained 165.60 grams and those in group III
gained 168.90 grams., TFigure 6 represents the periodic weight
chanpgas during the phase. Differsnces betweon grouns were not

sipgnificant. Some drop in body weight was observed in periocd 5.

In phase 3. the nean weipght gained during the § perdiods
by groups I, I{ and IJI are presented in figure 7. Sone
differences were raecorded between the groups but these
differences were not sipnificant. The mean body weight gain
for group I was 32.6 grams. Group II gained 35.70 grans and
group 111 mained 32.90 grams. Weight loss was recorded in the

3 groups during pericds 3, 4 ard 6.



Egg production

Chiclkens in group III (controls) started dropping eggs
at the age of 132 days while those in groups I and II dropped
their first eggs at 142 and 143 days respectively, Mean values
for hed-day egg production for the laying phase were 61.69,
65.36 and 64.49 percent for groups I, II and IIL respectively.
Differences between groups were not significant, Periodic
differences between the groups were significant {Pyg.01}).
During periods 2 and 3, chickens in group III laid more eggs
than those in groups I and II, significant differences being
observed in periocd 2 (figure 3). But during the remaining 5
pericds, the differences were not statistically significant.

A drop was observed between pericds 5 and 7. Results of the
analysis on hen<housed egg production followed similar pattern

(figure 9) as those for hen-day egg production.

Group 111 chickens attained 950% level of wegg production
at 151 days of age. Groups II and I attained that percentage
at 155 and 150 days of age respectively. The difference

between groups I and III was significant {P«.05).

Fgg weight

There were slight variations in the mean egg weight of
the 3 groups ol chickens over the periods (figure 10} but the

differences were not statistically significant. The mean egg
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welght for chickens i group I was 54.18 grams, it was 53,96

grams for group I and it was 53.51 grams for those in group III.

Worm Rerovery

Eichteen larvac of A. galli werc recovered from the
chicken which died on the forty-ninth day of initial infection
in group I. Awong the 3 deaths in grovp II, 41 larvae were
recovered from the intestine of thc first ouc which died 25
days after initial infection; % larvac from the sccond one
which dicd of oviduct prolapse 171 days after iritial infection
and 13 larvae from the third one which died 214 days after

initial infectiocn.

One ciricken in grovn I passed out 2 adult A. galli worms
on day 207 after initial infection anc one chicken from zroup

IT passed out 11 adult worms on day 201 after initial infection.

At the teraination of the experiment, a total of 268 worns
which included 4 larvae were recovered fron the chickeas in
group I. One chicken from the group contained no worms at all
and 13 chickens contained less than 10 worms., The range of
worms reccvered was O to 32 with a chicken average of 2.80 worms,
In group II, a total of 53% worms were recovered. This number
included 87 larvac, Onc chicken contained no worms and 11
contained less than 10 worms. The range of recovery was 0
to 66 worms with a chicken avcrage of 17.20 worms. Plate V shows
worns at a cut end of an intestine. There were no worms

recovered from group 111 chickens,
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Fead Analysis

Results of the feed analysis of the 3 types of mash
used in the experiment are summarized in table 2. The
percentages of crude protein were 20,69, 18,73 and 17.76 in the
chick mash, growers mash and layers mash reapectively. The
fat contents were a little above 2% in chick and growers mash
while it was less than 3% in layers mash. Crude fibre was
highest in growers mash in which it was found to be 8,97% whereas
in the chick and layers mash, the percentage of crude fibre
was 6.57 and 5.52 respectively. The amino acid components were

as presented in table 2.
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Table 2: Chemical analysis cf the 3 feed types used for the experiment
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Fig. 2:

Mean feed consumption of cxperimental chickens

per fortnight during the growing phase.

A g A = Group I 10,000 eggs

0 C e 0 = Group II 50,000 eges

/7 == = ..~ /7= Group III control
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Fig. 3: Mean feed consumption of experimental chickené

per fortnight during the laying phase.
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Fig. 4: Cumulative fced converszion for experimental

chickens per fortnight during the growing

phase.
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Fig. 5: Feed efficiency of cxperimental chickens

per fortnicht during the laying phase.
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Fig. 6: Changes in body welght of cxperimental chickens

per fortnight during the growing phase.
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I
-

Fir. 7: Changes in body weight of experimental chicken

per fortnight during the laying phase.
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Fig. 8: Hen-day egg production of experimental chickens

per fortnicht during the laying phase.
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Fig. 9: Hen~-housed egz production of experimental

chickens per fortiieht during the laying phase.
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Fig. 10: Mean opp weirht of cxperimental chickens
per fortnight durin: the laying phase.
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Plate V:

Worms at a cut cad of an intestine

from onec of the infected chickens.
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DISCUSSION

Some differences exist in the reaglts obtained from the
present investigation and results of previéus investigators on feed
consumption, feed efficiency, changes in body weight, mortality and
egg production of chickens and prepatency of worms. ‘nder the
conditions of this study one or more of severzl reasons may

be respornsible for these differences.

The breed of chickens used by most of the previous
investigators were Leghorn chickensz which according to
Ackert et al. (193%) are about the most susceptible breeds

of chickens to Ascaridia galli infection, whereas Harco

pullets which are 2 heavier breed {Oluyemi and Roberts, 1979}
were uged for the present study. This probably affected the

results obtained from the present study.

Another possible reason may be the age of the chickena
used, Young chickens are generally more susceptibls to
infection than older ones. Apart from a few cases, chickens
used for the present study were of moure advanced age (39 days
0ld) than those used by previous investigators. It appcars
however that the breed of chickens 1s a more probable reason .
for the results obtained. Ackert (1930), observed that the
weight of chickens infected at 7 weeks of age were adversely

affected, Matta {1981), reported a drop in egg production
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after infecting 12 week-old birds with Abcaridia galli eggs.

Ackert énd Matta used white Loeghorns in their experiment.

The size of the infective dose may be ancther possible
reason. It is on record that the proportion of largo doses
and repeated doses of eggs which get established are often
swaller than that of small domses. The total number cf eggs
used by scine of the previous Investigators were smaller than
the number used in the present. study and were mostly single
doses, Tkemc (1971b,c) using repeated doses observed that
chickens were adversely affected, but he utilized Leghorn
chicks which are lighter breeds and the chickens were only 17

days old at the tine of infection.

Another probable reason for the results obtained may be
the systen of management, With the cage system of houvsing,
there was practically no conbact between the chickens and
their droppings. The chances of reinfection with A. galli
eges or possible infection with ¢ggs of other helminths were
eliminated. The floor of the house was cleanzd and
disinfected daily to prevent developrment of ¢ggs within the
poultry house. The results would probably have been different
il the chickens were ralsed on deep lLitter. The presence of
litter and faccal droppings with their moisture content
usually provide suitable enviromment for rapid development

of A, galli eggs and thereby iincreasing the chances of
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reinfection and exposes the chickens to other parasitic
helminths which in conjunction with A, galli would have
produced nore marked effects on the paramcters monitored in

the present study.

The ocutbreak of coccidiosis among the chickens might
have been due to contiunination of their feed or water by _
oocysts. The oocysts were detected at period 4
of the laying phase, It is not very clear whether the infection
did affect production, but a drop in body weight was observed
between periods 3 and 4 of the laying phase in all the three

treatnent groups.

R I TR L R

o It is evident from th;.;;;ﬁifé Sﬁfained in the preaent
ﬁtudy that there was a delay in the development to adult astage
of established larvas, This waz seen in the prolonged prepatent
periods, Similar observaticns were made by lkeme (1970, 1971a)
in chickens infected daily for six weeks with 1,000 eggs of

Ascaridia galli. He attributed this to inhibition due to host

resistance, stating that emergence of adult worms 10 weeks
after the last dose must have been due to a decline in
resistance or a relaxation ¢f the immune mechanism of the host.
This probably would cxplain why in the present atudy, worm eggs
were detected from most of the cage cells only after the
chickens had started laying eggs. Since egg laying brings
stress on the hdét. In the present study, the repeated doses
and adequate nutritior might have contributed to the prolonged

prepatency of the worws. . - .. .. F

Lot
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Apart fron prolonged prepatent periods, the size of
worns recovered from chicikens that died before the termination
of the cxpoeriment also indicated that there was delayed
develepuent of the larvae. Forty nine days after initial
infection, the chicken which died from group I cuntaiucd 18
larval worng, while the two from group II which died at 171 and
214 dayzs had 5 and 13 larvae respectively. Roberts (1936a),
obtained prepaismicy of 27 days for Ascaridia while Kerr
{1955) obtained propatency of 30 to 33 days. Based on these
findings, the recovery of larvaz froa cnickoens in this
experinent al 41, 171 and 214 days after initial infection
must have been due to delayed development especially as

the chickenc weire not cxposed to any other zource of infection.

Within 16 days of initial infection control chickens

consumed wore feed than those in groups I and IT thougsh

ffercnces were not significant. Ikeme (1971b) observed
uarked inappetounce in chickens infected with A. galli
between 2 to U weeks of infection. But he used 17 day old
Leghorn chickens whereas in the present study 39 day old
Harco pullets werc used. The age and breed of chickens
uight have modified the effects of the worms on feed consumption.
Group (I chicliens which had a heavier worm load consurmed less

feed than those iu group I.
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Throughout the growlng and laying phases, it was
cbserved that mecan feed intake of birds in groups I and II
were significantly higher than those of group III. It is
rather difficult to explain why uninfected control chickens
were consuming less feed. Ackert (1930}, reported that the
appetite of chickens that survived after the seventeenth day
of Infection became voracious. This might serve to explain
the discrepancy in feed intake. It was also observed that
during the growing phase chickens in group II with a heavier

wornm burden consumed less feed than those in group I,

- buring the growing phase, feed conversion of groupa
I and III werc better than that of group II. This agrces
with the results of Dimitrov (1971) who observed poorer: feed
conversion by infected chickens. Feed convefsion Was poorer
in group II which sustained the heavier worm load than group
I which had a lighter worm load. Sﬁmilgr_observations wera

made by Dimltrov (1971).

Feed afficiency was better for control chickens within the
first two periocd of the laying phase than those of groups
I and II. Poorer fecd efficiency has been reported by Costa
(1970) in chickens infected with A. galll, compared with
control chickens. Throughout the laying phase feed |
efficiency waa better for group II than I. It is difficult

to explain why this should be so.
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Control chickens gained moré weight than those in groups
I and II within 16 daya of infiection, This conforms with
the results of Herricl: (1924) who reported that infected birds
loat woeight within 2 weeks of infection. The significant
differences between group IX and LIT must have been due to
the henvy wor load. Chickens in group 1T with a heavier
woryt load, gaincd lesc weight than those in group I.  Ackert
and Herrick (1920) using single doses observed that this ia
the period when most of the larvae are in the intestinal

mucoga causing the disturbances observed.

During the growing and laying phases no significant
differences were obscrved in tody weipht gained by the 3
groupa. Thic might be due to the fact that infected chickens
consuned more feod than contrel chickens during the two phases
and were able to tolerate infection to such an cxtent that
their performances wore net affected, It is also posaible
that ctickens at this time were recovering from the effect of
the wormia after the re-entry of worms into the intestinal
lupen, The drop in weight gained in the 3 groups during
period S of the growing phase was probably due to the change in
the scale previously uvsped for weiphling Lo ancther one with nore

sensitive calibration.

The drop in weight gain at periods & of the laying phase
coincided with the tirme when chickens were debesked dus to

pecking in soe cage cells,
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Chickens in group III startaed laying eggs much earlier
than the infected ones in groups I and II. Similar observations

have becn made by Sadzikova (1975).

The ratc of egs production was only significantly
higher for group II1 than groups I and II at the first perlod.
This wmight bec due to the fact that groups I and II chickens
started laying epgs late or due to the effe;t of maturing

vorms at that period.

The drop in production between periods 4 and 6 was

probably due to the offect of debeaking a2round that time..

Control chickens attained 50% level of egz production
earlier than infected chickens. The significant delay
between groups I and ITT might have been due to the effect

of the worma.

During the laying phase differences in mean cgg weight
of the 3 groups were not significant. This is in contrast
to the results obtained by Sadzikova (1975} who reported that
egrs laid by infected chickens weighed less compared with
those from uninfected chickens. Some of the factors which
deteriine egs size include the breed, age of chickens,
composition of the fcad and total amount of feed consumed.
Since the chickens used in the present study were of the same

age, breed and were fed on the same diet, it is probable that
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the insignificant difference in egg weight was due to the
fact that infected chickens consumed more fced at this phase
than control chickens and were able to compensate for the

effects of the worns.

Mortality due to infection was very low. This is in
contrast to the results obtained by Ackert and Herrick (1928)
and Hamsley (1971) whe obscrved high mortality in infected
chickens, vt of 4 deathza only two could be attributed to
ascaridiasis. These were thc chickens that dicd 25 and 49 days
after initial infection, Haemorrhagic spots were observed
along the intestinal wall. Similar observaticns were made by
Ikeme (197/1¢). Guberlet (1924) attributed early death to

intestinal irritation and toxemia.

The nunber of worms rccovered from chickens at necropsy
was very low. This might be dve to climination as had been
observed by Roberts (1936b). He discovered a gradual
decrease in the number of woras during the first 9 days of
infection and sug;csted that elimination of larvae was due to

natural resistonce that existed in the host.

Elimination of adult worms by infected chickens is
indicative of sclf-cure due to host resistance. Self-cure has
been described by Macchioni €L al. (1978) when guinea fowls

were subjected to heavy doses of Ascaridia numidae.




a4

Tne presonce of larvae in chickens up to the tine of
slaughter wight be duc to delayed development. Ikeme (1971a)
infected 17 day old chickens with 1,000 egps of A. galli daily
for 6 wecks. Larvac were still recovered 13 wecks after the
last dose, He attributed this to a gignificant delay in the

moult from the third {le to the fourthn (LA) stape laryae.

.The écmposition.of the feed utilized in the present
atudy might bave contributed to the results obtaiaed on
prepatency of worms and mortality of chickong., Hatural
resistance of chicluns to A. galli infection could be lowcred
by nutritional deficiencies especially proteins and vitamins.
Ikeme (1971n) reported that prepatent period was wore
prolonged in the group that received 159% protein diet than those
Lhat rceceivod 10 or 12.5% protein diet. In another cxperiment,
Ikene {1971k} reported highest wortality ir the proup that
raceivea the poorust diet. The high level of protein in the
feed utilized in the prescnt study night have contributed
to the prolonged prepatent period and low mortality observed.
The proportions of protein in the diet fed to chickens in the
present study were within the range reconmended by the
National Research Council (NFC 1971). The NRC figures were
20%, 16% and 15% protein for chick,growers and layers mash,
while the percentage of proteins in the feed used for the
present study were 20,69%, 16.73% and 17.76% for chick, growers

and layers mash respectively.
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Gibson (163), is of the opinion that adequate amount
of proteins in the diet increesed resistance to both

infection and the cffccts of infection.
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CONCLUSION AND RECOMMENDATIONS

Given the conditions in which the present study was
carried out, the ollowing concluaicons can be drawn based on
the results:

- Feed intake of chickens infected with A. galli is
depressed within 16 days of infection, althsugh the
difference between infecled and control chickens is not
stabtistically significani, The infected chickens
therealfter consumed more eed than uninfected control
chickens,

- Ascaridia infection lowers feed converaion of heavily
infected chickens during the growing phase.

- Feed officiency of infected chickens is significantly
lower than that of the controls between 3 to 4 weeks
in lay.

- Uninfected chickens gained significantly more weight
than infected chickens within 16 days of infection.
Thereafter infected chickens recover and no differences
in body weirsht gain may be observed between control
and infected chickens.

- Age at onset of epe laying 1s more prolongad in infected
than vninfected chickens,

- Ascaridia infection lowers significantly the rate of egg
production of infected chickens between 3 to 4 weeks in

lay.
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- There is delay in the attainment of 50% level of egg
production in infected flocks,
- The weight of egzs laid by infected chickens is comparable

to those produced by uninfected chickens,

- Mortality is low even when birds are heavily infected,
- Worm recovery at necropsy in Ascaridia infection is low.

Ascaridia infection can have adverse effects on the
body weight gain and rate of egg production of chickens,
Sanitary measures should be inaugurated to provent infections

as far as possible rather than spend money on worming drugs.

With the deep litter system, it is advisable to feed
chickens from raised or hanging hoppers to prevent contamination
of feed with droppings., Water troughs should alsc be raised
from the floor to prevent contaminatlon and water spillage must
be avoided 30 that the surrounding scil will not constantly
be in a state of dampness. Specinl attenticn ahould be given

to drinkers and feedersa in the cage gystem.

It is necessary to remove the droppings at regular
intervals of 5 days in the cage system, This is not practicable
with the deep litter system. But daily turning of litter with

rake can be of help in maintaining dry litter.
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APPENDIX I

The periodic (bi-yeekly) mean values and
stindard errors for feed consumption,
cunmlative feed conversion, feed

efficiency, changes in body weight, hen-day
arg production, hen--housed egg production
and egg weight per group of the experimental

chickens.
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Table 3: Mean feed in grams, conaswmed by each chicken per
14 -« day period durihg the growing phase (phase 2)
GROU?P
PERIOD I Iz II

1 1075,9 = 7.34 1092.1 + 16.72 041.3 + 29,99
2 1353.5 + 19.14 1298.8 + 41.4 1359.7 » 15.35
3 i317.€ % 206,19 1309.G9 + 32.59 1202.2 + 8.44
& 157104 2 43,42 1338.2 4 V.07 1313.2 + 10.76
5 1412,5 = 45,20 1402.8 + 34.33 1354.0 + 10.60Q
6 1649.3 2 45.51 1602.2 + 39.12 1565.4 » 20.38
x 1363.4 = 75.07 1358.0 = 67445

bt

1317.6 + 56.68

i = Mean of means,



Table 4:
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Moan foed in grams consymed by each chicken per

14 -~ day period during the laying phase (phase 3)

PP,

GRCUP

1T

111

®i

1756.2 =+ 33.08
1872.0 4 19.48
1852.1 + 22.05
1337.1 3 54.81
1965, & 65,29
1817.1  38.35
15876 - 53.65
1942.5 + 43,02

e

820,72 o 41,96

1717.1 + 27.74
1853.5 + 27.20
1841.4 + 29.95
1867.7 + 45.88
1926.4 + 39.77
1814.4 + 20,92
1625.1 + 49.98
1981.3 & 52,71

1328.4 + 39,92

1693.8 + 31.16
1751.8 + 53.46
1772.7 + 45.97
1810.6 + 33.19
1859.6 + 40.:20
1734.6 + 32.45
1568.2 + 60.79

1945.8 + 13,49

1767.1 + 39,78

¥ = Mean of aeans.
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Table §: Cumulutive feed conversion of emch chicken per

14 . day period during the growing phase {phaze 2}

GROUP
PERIOD I I Iil
1 4,990 x .06 5.092 + .06 4,738 + .16
2 5,084 + .06 5,212 + +13 4.976 » .08
3 5.302 = .06 5.228 + .12 5.220 + .05
4 5,964 + .11 6,048 » .08 6,034 - .04
5 7344 = 13 7.688 + .07 7.612 x .08
x £.057 + .48 6.225 + .53 6.065 + .55

X = mean of means
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Table 6: Mean feed efficlency of cach chicken per 14 - day

period during the laying phaseo {phase 3)

GROUP
PERTOD T 11 111
1 3.848 - .35 3.222 + .44 2.490 + .13
2 2.682 = .2 2.436 + .19 2,148 + .14
3 2.270 . .07 2.188 + .05 2,252 + .12
4 2,285 + 06 2,172 + .05 2,320 + .12
5 8.276 3 .13 2,420 + .17 2.242 + .12
6 2,014 & .34 2.362 » .19 2.764 + .22
7 2.648 + .12 2.658 & .23 2.718 4 .10
X 2.675 + .21 2.494 & 14 2,419 + .09

% = Mean of means, +



Tablc 7: Changes in grams, in body .welght of
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each chicken per 14 - day pericd during the

Qr'OhEiEl_g_ phase (Ehaso 2)

GROUP
PERIOD I II III
1 215.8 + 2.33 214.8 + 3.79 219.5 - 3.1
2 262.2 + 2.03 265.6 + 5.58 263.0 + 4.63
-3 229.0 + 3.24 200.1 + 24.95 223.1 + 5.55
4 152.3 x 17.24 141.4 +  4.48 122.4 + 4,37
5 11.5 + 20.17 1.1 + 10.96 6.3 + 5.30
6 197,71 & 12,41 170.5 + 7.72 179.0 + 16,55

|

(8.0 4 3€.45

165.6 + 37.09

168.9 + 37.9

X = Mecan of means.
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Table 8: Changes in grams in body weight of cach chicken
per 14-day period during the laying phase (phage 3)
GROUOP
PERICD X 1T I11
1 175.3 + 32.38 171.0 + 7.865 161.7 + 36.56
2 41.0 x 37.75 52.1 + 9.5 -4.3 + 35.88
3 «35.0 + 22,29 ~15.3 + 20.59 ~34.1 + 29.66
4 ~0.4 - 20.28 ~32.4 + 21.37 =€.7 + 10.92
5 67.2 + 10.26 91.3 + 4.1 112.3 + 14,10
6 ~120.8 = 5,64 -114.5 + 22.91 =137 £ 11.93
7 93.7 3 12.07 100.1 + 11.02 149.4 + 20,25
8 35.5 = 8,44 33.0 » 15,76 22.2 + 27.67
53 32.6 - 20.27 35.7 = 31,52

32.9 + 36.06

¥ = Mean of meaus.
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Table 9: Mean hen-day egg production of euch chicken per
T4day period during the laying phase (phase 3)
GROUP

PERIOD I 11 it
1 43.43 1+ 4.39 50.38 + 6.31 64.05 1 2.54
2 60.67 = 4,51 66.24 + 4.87 71.67 + 3.80
3 68.05 : 3.33 73.43 1 2.82 69.53 - 3.28
4 74,05 = 3.64 76.44 + 1.54 69.29 + 2,78
5 65.10 + 3.32 65.43 + 4.20 66.91 + 2.65
6 52,51 = 5.79 60.29 + 4.58 48.10 1 4.63
7 63.71 + 4,12 65.31 + 4.47 61.90 = 4.00
X 51,69 + 3,58 £5.36 + 3.23 64,49 + 3.01

X = Mean of means.
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ks

Table 10: ‘tiean hon=housed egg production ol each chicken

per 1h4-day period during the laying phase {(phase 3)

GROUP

pertop 1 11 111

1 43,48+ 5,39 52,38 + 6.31 64,05 + 2.54
2 50,67 » 4.61 66.24 + 4,87 71.67 + 3.68
3 68.05 « 3.33 73.43 + 2.82 69.53 + 3.25 |
4 T4.05 ;i 3.64 75.67 & 1.42 69.29 + 2.78
5 69.10 + 3.32 63.05 + 4.02 66.91 & 2.65
6 52.81 % 5.79 58,33 + 5.15 48.10 + 4.63
T 63.71 + 4.12 62.62 + 3.54 61.90 & 4.00
X 61.62 + 3,98 64.25 + 3.27 64.42 + 3.01

o sl

X = Mean of means.
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Table 11: Mean eggo veight in grans of each chicken per

14-day period during the laying phase {phase 3)

GROUP

PizRIOD I II 11X
1 47.81 = .58 43.09 + .56 48.46 + .73
2 52,15 - .60 51.02 + .30 51.04 + .67
3 534?8 s 038 53!?3 i 038 52-11 i 064
4 55.44 & .61 55.32 + .34 54,39 + .62
5 55.54 + .55 54.89 £ .25 55.26 + .55
6 55.65 + .83 55,51 + .66 55.05 + .58
7 58,80 .40 50.14 + .48 58.24 + .55
X 54,13 + 1.31 53.96 + 1.34 53.51 + 1.22

¥ = Mean of moans.



APPENDTY. II

Analysis of variance (ANOVA) for feed
consurption, cunulative feed conversion,
foed officiency, changes in body weight,
wed-day cgg production, hen-housed egg
production, fifty percent egg production
and cgz weight in the 3 groups of

experimental chickens.
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_Teble 12: Analys

is of variance for feed consumption by

experinental chickens during the pericd they were

on chick mash {phase 1}

i

Source of Degrees of Sum of Mean F
variation freedom squares square statistics
( roup P 1278.0 £39.30 2.291
Cage 4 794.0 198.5 0.712
Fesidual 8 2231.4 278.9

Total 14 4£303.4 307.4
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Tablc 13: Analysis of variance for feed consumption by cxperimental chickens

during the prowing phase (phase 2)

s

Scurce of Degrees of Sum of Mean F
variation freedon squares square statistics
Greup 2 37536 18769 10.8594%%
Cage - 62077 15519 5.079%9%
Period 2 2193707 438741 253.832% %%
Group z Cage 4 151452 18981 10,9828 4%
Grotp x Period 10 19724 1972 1.141
Cage "x Period 20 28879 1444 0.835
Residual 40 69139 1728

Totel 29 2562514 23797

——

##i cimificant at .007 level of probability.
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Table 14: Analysis of variaace for fced consumption by experimental chickens

during the laying phase (phase 3)

Source of Degreea of Sum of Mean F
variztion freedon squares sguare statistics
Groug 2 101307 50653 11.576%#
fage - 40090 10022 2.291
Pericd 7 1332910 191416 43, THERuE
Group x Cage 3 479054 50882 13,A05%%E
(irour x Period 14 42507 3036 0.6%4
Jage x Period 2f 165444 5909 1.350
Residual 56 245036 4376

Jdotal 116 2413347 20230

— e —

#% Significant at .C1 level of probability.

®B% Sipnificant at .001 level of probability
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Table 15: Analysis of variance for cusulative feed conversion by experimental

chickens during the growing phase (phase 2)

Source of

Degrees of Sum of Mean F
variation freedon squares square statistics
Creus 2 0.53787 0.26893 7.648%¢
Cage 4 0.,23842 0.05950 1.695
Periol 5 121.14162 24.22832 688 .99g8%a%
Groap x Cage 8 1,15250 0. 14406 4,09783
Group x Period 15 0.5749¢ 0.05750 1.635
Cee x Pericd 20 0.41786 0.02089 0.5%%
Regidual 40 1.40658 0.03516
Total &8 125.46983 1. 40977

#% Significant at .01 level of probability

w88 Simificant at .001 level of probability.
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Table 16:

inalysis of variance for feed efficiency of experimental chickens

during the laying phase (phase 3)

Source of Degrees of Sun of Mean F
variation freedon squares square statistics
Grour 2 1.2126 0.6064 4,935%
Cage 4 1.4614 0.3653 3.003%
Period 5 10,1539 1.6923 13.913%%
Group x Cago 3 1.8417 0.2302 1,893
Group x Period 12 4,7942 0.3987 3.2788%
Cagc x Period 24 7.7084 0.3212 2.640%%
Residual 48 5.8387 0.1216

Total 104 33.0010 0.3173

@ Significant at .05 level of probability.

M gipnificant at .01 level of probability.

*8# Sigrificant at .001 level of probability.
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Table 17: Analysis of variance for body weight changes in erxperimental

chickens during the period they were on chicx mash {(phaze 1}

Sovrce of Degrees of Suxn of HMean i
varlation freadon aquares square statistics
Grouf 2 C49.73 474,756 5.521%
Cage 4 223.7 57.13 0.665
Reooidual 3 688,10 86.71

Total 4 1366.55 133,32

J—— =

& Sigmificent at .05 level of probability
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Tablc 18: Analysis of variance for body weight changes in experimental chickens

during the zrowing phase (phase 2)

Source of Doprees of Sum of Mean F
variation freedon sguares square statistics
Group 2 2459.6 1229.8 2.055
Cage 4 3586.4 896.6 1.408
Period £ 617059.2 123411.9 206 . 2567%%
Jrovp % Coge 8 3820.6 478.,7 0.200
Grouvp x Period s 436%.9 437.0 0.730
cage x Period 20 12299.9 615.0 1.028
Residual 40 23¢33.7 598.3

Total &9 661538.5 7500, 4

6% Significant at .001 level of probability
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Table 20: Analysis of variance for hen-day egg preoduction of experimental

chickens

durir.z the laying phcse (phase 3)

Source of Degrees of Su of Mear F
variation freadom squares square statistics
Period ) 5633.64 938.G4 19,6658%%
Group 2 256,37 128,18 2.685
Came 4 f42.,21 160.55 3.363
Perios x (roup 12 178%.96 148.83 3.117%%
Pericc x Cage 24 2453,08 102.21 2. 1418
Greap x Cege 8 1514,53 189.32 3.965%%
Rezidual 43 2291.79 47.75

Total 104 TA5T7.58 140,17

I Significant at .05 level of probability.

&% Sigmificant at .01 level of probability

E#} Significant at .001 level of probability.
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Table 21: Analysis of variance for hen-housed mmM|mw0n:na»os of experimental

.mmmoxmnm guring the laying phase (phase 3)

— — —

source of Degrees of Sun of Mean F
yariation freedon squares square statistics
.olllll.-l..l-lllll.llllilllll.l_..ll.ll
Perdod 6 5692.59 948.76 20,379%%%
Group 2 167.83 83.91 1.802
Cage - 934.55 233.64 5.018%%
Period x Group 12 1782.35 148.53 a,190%8
Period x Cage 24 2057.78 85.74 1.8642%
aproup * Cage 5 1598 .47 129.81 4,292%u%
Residual 48 2234.67 46,56
Total 104 14468.23 139.12

# Sigpificant ad .05 level of probability.
#% significant at .01 level of probability.

x2s Significant £t .001 level of probability.
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Table 22: mmmwuupw of variance for 50% level owtmmmrmwoacnwwos of experinental

chickens during the laying phase (phase 3)

—— i e S

A ——— — - — ——— i — i —

Source of Degrees of Sun of Mean F
yariwiion freedon sgquares square statistics
llll._lllllll._llo C— l.l.lll......ll.lllllul pto=r}
Croup 2 3,2748 1.63T4 8.203%
Cage 4 2,5768 0.6442 3.259
Rasidual & 1.5514 0.1977
Total 14 7.4330 0.5309

. —

s sigrificant at .05 level of probability.
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experimental chickens

Table 23: Analysis of variance for egz weights of

Source of Degrees of Sum of Mean F
variation fresdon . .. sgquares sguare statistiecs
Group o2 __ 8.204 4,102 2.613
Period m_.. 8 . 1034.716 - 172.453 110053988
Cage A 4539 1.135 0.724
Group ¥ Period - 3 12 o 13.855 1.138 ¢.726
Grour x Cage 8 - 31.319 3.519 2.499%
Pericc x Cige 24 20,346 0.848 0.541
Residral A3 | 75.1392 7.566 |
Total 104 1187.970 11.423

% Sigaificant at .05 level of probability.

#% Simificant at .01 level of probability.

%% Sipnificant at .001 level of probability,



