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INTRODUCTION

Inadequate nutrition and diseases of cattle are
major constraints limiting the availability of animal
protein for the increasing population of Nigeria.

Trypanosomiasis has long been recognized as a major
disease and vast areas of the country have been rendered
unsuitable for economic livestock production because of
its prevalence.

Trypanosomiasis in Nigerian cattle is caused by two

principal trypanosomes: Trypanosomq congolense and

Trypanosoma vivax. These trypanosomes alone or in
combination with other protozoal parasites produce a
chronic debilitating and often fatal disease that is
characterised by anaemia.

The mechanism responsible for the anaemia in try-
panosomiasis has been the subject of numerous investi-
gations. Several factors including bone marrow hypo-
plasia hydraemia, haemolysis and dyshaematopoiesis have
been suggested as mechanisms responsible for the anaemia.
There has been no concensus of opinion on the pathogenesis
of the anaemia but there is general agreement that there
is erythrocyte destruction. Factors mediating the
process and the nature of the erythrocyte destruction

remain obscure.



Control and treatment of trypanosomiasis is
dependent upon a more complete understanding of the
pathogenesis of the disease. The primary objective of
this study was to evaluate the clinico-pathologic
aspects of trypanosomiasis with emphasis on mechanisms
involved in the development of anaemia,

In order to study the clinico-pathologic alterations
in trypanosomiasis it was essential to first establish
normal values in local and exotic breeds of cattle under
several management and environmental conditions. Base~
line haematologic parameters of apparently healthy
Fulani, Friesian, and Fulani/Friesian (crossbred) cattle
maintained under improved management and with local
husbandry practices, were established. The extent and
nature of serum iron and iron~binding capacity in native
cattle was also determined as were daily variations and
the influence of age on these parameters.

Using normal values as a baseline the alterations
in haematology and iron metabolism were studied in

native cattle experimentally infected with Trypanosome

vivax and Trypanosomea congolense.

In addition, the reticulo-endothelial organs were
examined histologically to evaluate haematopoietic

response and the role of these organs in the development

of anaemia.



I: REVIEW OF LITERATURE



Basic Concepts of Iron Metabolism

Iron performs its most essential and most critical
functions in the animal body by combining with proto-
porphyrin to form heme. Heme combines with various
protein moieties to form heme enzymes such as cytochromes,
catalase and peroxidase which make oxygen available for
intracellular oxidation. The subject of iron metabolism
in man and domestic animals has been the topic of
several reviews (Kolb, 1963; Brown, 1966; Pollycove, 1966;
Kaneko, 1970). Body iron stores may be divided into two
main categories: (a) an essential functiocnal component of
haemoglobin, myoglobin, enzyme and co-factor iron and
plasma transport iron and (b) a non essential storage
component made up of ferritin, haemosiderin and other
storage compoments, which provide a reserve of iron
readily mobilizable into an essential functional
component (Brown, 1966).

Intestinal absorption of iron is of importance in
iron metabolism as iron balance is regulated by controlled
absorption rather than excretion, The subject of iron
absorption in man and domestic animals has been reviewed
by Kolb (1963) and Conrad (1970). The simplest model of

iron absorption has been viewed as consisting of two stages:



(1) the mucosal uptake of dietary iron, and (2) the
transfer of iron from intestinal cells into the body.
This model provides three anatomic locations for studying
regulatory factors. (a) intraluminal, (b) mucosal
absorptive cells, and (c) corporeal (Cenrad and Crosby,
1963; Conrad et al., 1964; Wheby et al., 1964).

Intraluminal factors affecting iron absorption
include: quantity of ingested iron, physical and
chemical form of iron, presence of chelating and pre-
cipitating substances, and gastro-intestinal secretions
such as hydrochloric acid, ascorbic acid, glutathione,
bicarbonates and other pancreatic secretions (Conrad and
Schade, 1968; Schade et al., 1968).

Mucosal factors known to influence iron absorption
in man and animals have been listed by Conrad (1970).
Experimental evidence indicates that: (a) enhanced
absorption occurs with iron deficiency, and decreased
absorption with iron overloading (Bothwell et al., 1958);
(b) factors which stimulate erythropoiesis enhance iron
absorption whereas diminished absorptian occurs with
decreased erythrocyte production (Bothwell et al.,
1058); (c) the amount of iron absorbed is usually a
small percentage of ingested iron (Smith and Pannacciulli,

1958); (d) the duodenum is the most efficient site of



absorption and it remains attuned to body iron
requirements (Wheby et al., 1964); (e) small intestinal
mucosal cells act to regulate the entry of iron into the
cell (Conrad and Crosby, 1963; Conrad et al., 1964;
Conrad et al., 1965); (f) duodenal absorption of iron
involves an active transport mechanism consisting of
mucosal uptake of iron from the intestinal lumen and
the mucosal transfer of iron into the body. Both steps
are affected inversely by the state of body iron stores
(Conrad, 1970); (g) iron deficiency increases intestinal
absorption of non-ferrous metals such as cobalt and
manganese (Pollack et al., 1965; Schade, et al., 1970).
It has been postulated (Conrad et al., 1964) that
iron is absorbed from the lumen of the gut into duodenal
mucosal cells and transferred from these cells into the
body. The quantity of iron in mucosal cells remains in
equilibrium with labile body iron stores: the quantity
absorbed depends upon the current body requirements. The
regulation of iron absorption is believed to be mediated
through the iron-ferritin complex. As iron enters the
intestinal mucosal cells, it unites with the protein
apoferritin to form ferritin. It is in this form that
iron is subsequently transferred to the body.

Two corporeal factors are usually cited as important
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stimuli to iron absorption. These are the rate of
erythropoiesis and the tissue iron stores (Beutler et al.,
1963). Accelerated erythropoiesis is related to enhanced
iron absorption whether the stimulus is blood loss,
haemolysis or hypoxia. Conversely, diminished erythro-
poiesis decreases iron absorption (Bothwell et al.,

1958; Weintraub et al., 1965; Chirasiri and Izak, 1966;
Conrad et al., 1967). Corporeal factors are believed to
be the most important regulators of iron absorption,
However, the mechanism by which they inform the duodenum
to transfer appropriate amounts of iron into the plasma
is unknown (Conrad, 1970).

Humoral factors which enhance or inhibit iron
absorption have been sought but have not been
consistently demonstrated (Krantz et al., 1959; Beutler
and Buttenwelser, 1960; Conrad, 1969; Conrad, 1970).

Kassirsky and Alexeev (1972) summarized the process
of ionization, absorption and storage of alimentary

iron schematically as follows:
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ritin ferritin +B-globulin haemosiderin
ifon~-trans-
ferrin
compound



Once iron is absorbed into the bloodstream, it
immediately combines with a specific protein
"transferrin" (also called plasma iron-binding protein
and siderophilin). Transferrin is a globular protein
with a molecular weight of about 88,000. It functions
in the transport of iron from the intestinal sites of

besc- r e
h.aleglddin—hxoakdawn to the bone marrow, to other
tissues requiring iron and to various storage sites.
Each molecule of transferrin binds two atoms of ferrous
iron. In normal plasma, there are more transferrin iron-
binding sites than atoms of iron (Laurell, 1951; Pollycove,
1966; Brown, 1966; Fletcher and Huehns, 1968). Trans-
portation of iron from the intestine to the liver and from
the liver to other storage organs such as the spleen and
bone marrow is limited by the availability of plasma
transferrin.,

Plasma iron is one of the iron-transport systems of
the body (Beutler; 1957) but is not an iron storage pool
as plasma iron is continuously being renewed. Kaneko
(1963) estimated that in the cow, plasma iron is "turned"
over" approximately every three hours. The concentration
of iron in the plasma at any moment is a function of the
iron entering the plasma (from erythrocyte destruction,

iron absorbed from the gastro-intestinal tract, and iron
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released from stores) and in the iron leaving the plasma
to the storage sites or for haemoglobin synthesis
(Beutler, 1957).

Numerous procedures are available for the
measurement of serum iron (SI) concentration. Colourxi-
metric techniques are most commonly used. These depend
on the formation of coloured complexes of serum iron and
compounds such as orthophenanthroline (Barkan and Walker,
1940) and 2, 4, 6 ~ tripyridyl - s-triazine (Collins
et al., 1959),

Measurements of transferrin in clinical practice are
indirect and depend upon measuring its iron-binding
capacity. The capacity of plasma to bind added iron is
referred to as the unsaturated iron-binding capacity
(UIBC) (Cartwright and Wintrobe, 1949).

Iron-deficiency anaemias are associated with low SI
(Beutler, 1957; Blaxter et al., 1967; Furugouri, 1972).
The iron-binding capacity of plasma generally increases
in acute or chronic infections and haemolytic anaemia.
The behaviour of iron in various disease states has been
recently summarized by Kaneko (1970) and is presented in
Table 1.
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Serum Iron Metabolism in Calves

There is considerable variation in SI in normal
calves. Mean normals from 60 ug/dl to 240 ug/dl have
been reported (Matrone et al., 1957; Lanz, 1956; Baker
and Douglas, 1957; Hansard et al., 1959; Kolb, 1963;
Hibbs et al., 1963).

Matrone et al., (1957) reported that SI did not vary
significantly with age in cattle from 4 months to 7
years of age. Lanz (1956) found that new-born calves had
high SI that decreased after a few days. However, SI rose
quickly as calves began to ingest vegetable feeds. Kolb
(1959) investigated the SI and total iron-binding capacity
(TIBC) in calves and cows brought to slaughter. His
results showed that serum iron and iron~binding capacity
of calf serum was higher than in mature cattle.

Gurtler and Schutzler (1971) studied the iron and
copper status of new-born calves. The calves were
sampled shortly after birth and at 2, 24, 48, 96 and 240
hours after the first intake of colostrum. They found
that SI was high after birth (mean 159 ug/dl) but fell to
69 ug/dl 96 hours later. The TIBC fell on the first day
but rose from 37 ug/dl at 24 hours to 605 ug/dl on the
19th day. Iron saturation of transferrin was lowest on

the 4th d—ay.
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Knoop et al., (1935) found that calves developed a
nutritional anaemia when fed exclusively on milk.
Blaxter et al., (1957) also reported iron deficiency
anaemia in calves on a milk diet. Iron-deficiency
anaemia was also observed in calves raised under farm
conditions, The anaemia was microcytic and normochromic
and associated with poikilocytosis; there were many
metarubricytes in the bone marrow.

There are few ferrokinetic studies in calves and
results are inconclusive. Hansard and Foote (1959)
carried out ferrokinetic studies of plasma iron (PI) in
calves and reported that it was "turned over" every
3 hours on the average. Baker and Douglas (1957)
reported that calf serum iron was '"turned over" about
9.1 times in 24 hours or every 2,64 hours.

Bremner and Ronalds (1965) studied the effect of
acute haemorrhage on SI and TIBC in calves. When 900,
1780 and 2780 ml of blood was removed from calves during
a 24 hour interval, the SI rose after a week and reached
a maximum between 11 and 15 days after haemorrhage. The
mean TIBC values declined ba:i by day 54 had returned to
pre-bleeding levels.

Results of this experiment showed that the TIBC of

calf plasma increased following haemorrhage. Similar
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findings have been reported in man, rat and rabbit
(Laurell, 1947). The increased SI concentration observed
in calves after experimental haemorrhage was attributed
to increased mobilization of labile iron reserves.

When 260, 520, 730 ml of blood were removed daily
for 14 days from 3 sets of calves respectively, the
SI in calves that lost 260 and 520 ml daily rose
gradually, reaching a peak 10 days later. The elevated
S1 was maintained until phlebotomy was discontinued, The
SI decreased to normal on the twenty-fourth day of the
experiment. However, in the group that lost 730 ml of
blood daily for 14 days, SI decreased markedly, reaching
a minimum mean value of 32 ug/dl after 14 days of
phlebotomy. This probably occurred as iron stores
were depleted. When phlebotomy was discontinued, the
SI rose sharply reaching a high peak of 310 ug/dl on
the seventh day. The SI subsequently decreased reaching
normal values 3 weeks later. The sharp increases in
SI following 14 days of haemorrhage were believed to be
due to increased absorption of iron from the
gastro-intestinal tract.

Bremner (1966) investigated the variation of SI and
TIBC in dairy calves from birth to 15 months of age.

In most calves, SI increased considerably between one and
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3 weeks after birth, then declined within the next
few days to levels similar to those found in adult
cattle. The TIBC of serum increased sharply after
birth and reached maximum values between one and 5
weeks later. Thereafter, TIBC declined up to 3 months
of age. In calves 3 to 15 months of age, the SI of
female calves decreased with age and by 15 months was
significantly lower than in male calves of the same
age. The TIBC of all calves increased with age from
3 to 15 months but no sex differences were observed.
Although no conclusions were made concerning
mechanisms controlling iron metabolism in very young
calves, the data suggested that marked changes in iron
transport and turnover may have occurred in early life.
An investigation into the effect of age on SI and
TIBC in Zebu cattle was recently completed (Tartour,
1973). Serum iron levels did not vary significantly
among calves, heifers and young adult cows 4 to 7 years
of age. The highest SI was recorded in heifers and the
lowest in calves. Cows 8 years and older had
progressively lower SI with advancing age. Only slight
differences in TIBC were found between calves and

heifers. The highest TIBC values were recorded in cows
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4 and 7 years of age. Successively lower values were
recorded in older cows. The saturation concentration
(SC) did not vary with age. Values for heifers, however,
were relatively higher than for calves or adult cows.

The author concluded that in Zebu cattle, both SI
and TIBC progressively fell with advancing age while

the SC remained fairly constant throughout life.

Serum Iron Metabolism in Adult Cattle

A number of workers have reported on SI, UIBC, TIBC
and SC in adult cattle. The walues are presented in
table 2., Serum iron in adult cattle was generally lower
than in calves (Keolb, 1963; Tartour, 1973). An increase
in SI was recorded in pregnant cows close towards the
end of gestation. The biological or statistical
significance of the increase was not determined. Kolb
(1963) observed that adult cattle had lower SI and TIBC
than calves. Similar findings have been reported by
Tartour (1973) in Zebu cattle. Bartko (1960) observed
that among sexually mature cattle, females had somewhat
lower average SI than males. Planas (1963) investigated
SI in normal and castrated bulls and found no significant
difference. However, TIBC was lower in castrated than in
intact males. Planas and De Castro (1960) investigated

SI and TIBC in various mammals., Serum iron did not show
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any significant intersexual or interspecies differences.
There were marked differences between species in TIBC,
particularly in cows and man. Matrone et al., (1947)
investigated SI in dairy cattle but found no evidence
that SI changed with age. No significant differences
in SI were found among the Holstein, Ayrshire, Guernsey
and Jersey breeds of cattle. However, SI varied from

period to period.

Disturbances in Iron Metabolism
in Cattle with Parasitic Diseases

Many parasitic diseases are accompanied by disorders
of iron metabolism associated with anaemia (Jennings
et al., 1956, Hansard et al., 1959; Campbell and
Campbell-Gardiner, 1960; Tartour and Idris, 1973).
These disorders occurred as a consequence of blood loss,
an increased rate of destruction of erythrocytes, or
because of suppression of haematopoiesis as a consequence
of the direct or indirect action of parasitic infections.
Alterations of iron metabolism in cattle with
parasitic infections have not been extensively investi-
gated. Baker and Douglas (1957) carried out ferrokinetic
studies in calves suffering from trichostrongylosis.

Calves, 3 months of age, required 0.81 mg per kg of iron
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per day, of which 68% was utilized for haemoglobin
synthesis. The SI was 170 ug/dl and the TIBC was 90
ug/dl with 65 per cent transferrin saturation. Thus the
UIBC and TIBC were below normal while the SI level was
normal, Mean erythrocyte survival time was 11 days.

The T3 for plasma iron clearance was 1.04 hours,
representing a complete turn-over of SI every one and
one-half hours. It was concluded that anaemia in
chronic trichostrongylosis was due primarily to five-
fold shortening of erythrocyte survival time and to some
inhibition in ability of the marrow to increase
haemoglobin production. It was postulated that the
anaemia may have been due to a specific nutrient
deficiency or to a multiple deficiency that resulted
from parasitic activity. No experimental evidence to
support this conclusion was given.

Hansard and Foote (1959) investigated the
disturbances in iron metabolism during anaplasmosis in
calves using ferrokinetic and erythrokinetic procedures.
Three to 7 days prior to peak appearance of
Anaplasma bodies in erythrocytes, there was a marked
reduction in the utilization of iron for haematopoiesis
as evidenced by a markedly decreased SI clearance and an

increased SI. During the recovery phase, SI clearanage
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was accelerated and SI decreased which suggested an
accelerated increase in erythropoiesis during the
recovery phase. Erythrokinetic data revealed a
markedly decreased erythrocyte life span during the
course of the disease. While the exact mechanism of
the anaemia was not determined, it was felt to have
arisen as a result of:
(a) an increased rate of erythrocyte destruction or
(b) the intensified efforts to compensate for the
prevailing anaemia resulting in the release of
immature and/or malformed red blood cells into

the circulation, or
(¢) a combination of these factors.

The apparent absence of haemoglobinuria and haemo~
globinaemia during anaplasmosis suggested that the
anaemia was not due to massive intravascular destruction
of erythrocytes.

Tartour and Idris (1973) investigated the behaviour
of SI and serum UIBC in Zebu cattle with experimentally

induced Trypanosoma congolense infection. During the

first week of infection, both SI and UIBC decreased. By
the third week of infection there was a slight increase
in SI, accompanied by a reduction of UIBC. As the

disease advanced into its chronic phase, there was an
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irregular pattern of increased and decreased SI and
UIBC. The periodic increases in SI were attributed to
an accelerated rate of erythrocyte destruction during
haemolytic episodes. The sharp fall in UIBC exhibited
by most calves was believed to be due to excessive
saturation of transferrin by iron liberated from
destroyed erythrocytes. Full saturation of transfer:iin
appeared to be a constant feature of collapse before

death both in acute and chroniec T. congolense infections.




Clinico-Pathologic Aspects of hovine

Trypanosomiasis

Trypanosomiasis is the most important blood
parasitic disease of livestock in Nigeria. Practically
all mammals are susceptible to one or more trypanosome
species. Trypanosomes are widely distributed through-
out tropical Africa, being transmitted by tsetse flies
of the genus Glossina. Consequently, vast areas of
tropical Africa have been rendered unsuitable for
economic livestock production.

The characteristics of pathogenicity, transmission,
distribution and epidemiology of trypancsomiasis in man
and animals has been a most challenging study in
medical and veterinary science since the turn of the
century (Duggan, 1970). The pathology of trypanosomiasis
has been the subject of several recent reviews (Hoare,
1970a, 1970b; Losos and Ikede, 1972). The role of
trypanosomes and trypanosomiasis in African ecology was
the subject of a recent review (Ford, 1971).

Trypanosomiasis is caused by a flagellated protozoan
belonging to the genus ITrypanosoma. Trypanosomes are
uniform in type but vary in morphological details which

are of taxonomic significance (Hoare, 1970b). Many
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species of mammalian trypanosomes are recognized but not
all are pathogenic. Pathogenic species vary widely in
their degree of pathogenicity in a given host and
strains within a species may vary in virulence.

Trypanosoma vivax (I. vivax) and Irypanosoma congo-

lense (I.ccongolense) are the chief causes of bovine

trypanosomiasis in Africa (Leeflang, 1974). There is
considerable variation in virulence and pathogenicity of
the different strains of T. vivax and T. congolense.

West African T. vivax is more pathogenic to Zebu cattle
than East African strains (Fairbairn, 1953). Differences

in the course of infection by T. congolense have also

been described and it is generally believed that in
Nigeria, compared with East Africa, the organism is
characterized by lower infectivity, pathogenicity and

parasitaemia. The dimorphon type of T. congolense,

however, is very virulent in Nigerian livestock (Godfrey,
1961). The relative prevalence of T. vivax and T.

congolense infections in Nigerian cattle appeared variable,

not only during successive years but also for different
parts of the country,
In table 3, the relative prevalence in the former

Zaria Province is summarized. The higher prevalence of
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T. congolense in more recent years has been explained by

various reasons:

1.

2.

3.

the fact that Fulani cattle owners were forced
to enter and exist in previously avoided
tsetse-infested arecas due to overgrazing and
water shortage in tsetse free areas (Wilson,
1958).

the possibility that T. congolense might be

inherently less drug-sensitive than T. vivax
(Williamson and Stephen, 1960) and
the wldespread use of Homidium to which T,

congolense became easily resistant whereas

T. vivax remained generally susceptible to
this drug (Jones-Davies and Folkers, 1966;

Folkers et al., 1968).

The preponderance of either T. vivax or T.

congolense in different parts of the country was

illustrated by Ilemobade (1971) who, in the former

Katsina I'rovince, identified 20% of the trypanosome

infections as T. congolense and 80% as T. vivax while in

the former Zaria Province these figures were 58.5% and

37.8% respectively (mixed infections not included).
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Folkers and Davies-Jones (1966) demonstrated that,
following removal of Zebu cattle infected with
trypanosomes from areas where cyclical transmission was
occurring, T. vivax progressively became the predominant

infection. The ratio beween I. vivax and T. congolense

infections was not affected when cattle remained in a
tsetse infested area. Also when susceptible cattle were
freshly exposed to the risk of contracting trypanosomiasis,
T. vivax was the predominant species (Maclennan, 1970;
Leeflang, 1974). Ecological factors that may account for

the predominance of T. vivax er T. congolense infections

in certain parts of Nigeria have been described (Folkers
and Jones-Davies, 1966; Ford, 1971; Leeflang, 1975).

The three main breeds of cattle in Nigeria viz
Zebu, Muturu and N'Dama, and their cross-breds have
varying degrees of susceptibility to trypanosomiasis.
The Muturu and N'Dama breeds are fairly resistant
(Chandler, 1952; Desowitz, 19s9; MacLennan, 1970; Weitz,
1970 and Roverts and Gray, 1973). Zebu cattle are highly
susceptible to trypanosomes while crosses between N'Dama
or Muturu and Zebu occupy an intermediate position. These
variations in susceptibility among other factors have
profound influence on cattle husbandry and breed

distribution patterns in Nigeria and contribute to the
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nomadic way of life adopted by the majority of the Zebu
cattle owners (Leeflang, 1974).

Clinical Manifestations of Bovine Trypanosomiasis:

The pathogenicity of T. vivax and T. congolense
varies within wide limits even in the same host species.
The clinical manifestations and course of trypanosomiasis
in cattle may be influenced by many factors including
resistance, standards of husbandry and nutrition, presence
of concurrent infections, stress due to vaccinations,
trekking and pregnancy (Stephen, 1970).

In West Africa, infection by T. congolense is
generally regarded as relatively mild and chronic.
Clinical signs include periodic increases in temperature
coinciding with increasing parasitaemia. Appe*ite
generally remains good. As the disease progresses,
there is a marked anaemia and loss of weight. There may
be loss of libido in chronic cases. Terminally, the
infected individual may be unable to rise, have difficulty
with respiration and have a pronounced jugular pulse.
Death may occur in a few weeks but usually takes several
ponths (Stephen, 1970).

West African T. vivax is highly pathogenic in
susceptible cattle, often producing an acute, fatal disease

(MacLennan, 1970, Stephen, 1970), Parasitemia is usually
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massive and sustained. Affected cattle may die before
any loss of condition is evident. Cattle with chronic
infections develop anaemia, have a dull hair coat, loss
of weight, a jugular pulse and enlarged superficial lymph
nodes., In terminal stages, the animal may be unable to
rise and die in a state of exhaustion.

Haematology :

Hornby (1929, 1952) and Hornby and Bailey (1931,
1933) showed that T. congolense in cattle was strictly a
plasma parasite which was localized in the small blood
vessels., These authors regarded the anaemia which
accompanied the infection to be primarily responsible
for the disease process. This view was challenged by
Fiennes (1952) who demonstrated cryptic loci of the
parasites in various tissues and organs. Filennes (1954)
investigated the haematological changes found in cattle
with T. vivax infections. He recognized four courses
of the disease process viz the hyperacute course, the
acute course, the chronic course and the recovery
course, He attributed the causes of the anaemia to
haemolysis, haemodilution, removal and destruction
of erythrocytes by the spleen and failure of the bone
marrow to replenish red blood cells into the

circulation. Fiennes (1954) observed that a severe
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anaemia which developed during the acute course was primaily
due to removal and destruction of red cells by the
spleen and other reticulo-endothelial organs. The
anaemia, he claimed, was intensified by haemolysis,
produced by haemolysin that emanated from damaged try=-
panosomes. In acute course, the anaemia was mgcrocytic.
A microcytic.anaemia accoﬁpaniéd by low red cell counts
and haemoglobin was observed in the chronic course of
the disease. The wasting and debilitating condition
observed in chronic stages of the disease was attributed
to "physiological starvation."

Naylor (1971,a,b,c) maintained that the disease

process in T. congolense infection in cattle was

essentially chronic and characterized by anaemia,
leukopenia, intermittent pyrexia and emaciation. The
anaemia was normochromic and macrocytic. The cause of
the anaemia was attributed to haemodilution, extra-
vascular haemolysis and dyshaemopoiesis. His data
indicated that one week following infection by T. congo-
lense, there was a precipitous drop in circulating
erythrocytes, haemoglobin and packed cell volume, These
reached a low point in two to three weeks and remained
low until the animal died in anaemic crises, a few weeks

later. In cattle that survived, there was a gradual
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increase in erythrocytes, haemoglobin and PCV. A normo-

chromic, macrocytic anaemia was observed early in

infection. Reticulocytosis was not observed. Aniso-

cytosis was the most common morphologic change observed,
Losos et al., (1973) in their studies of the

pathology of T. congolense infection in cattle observed

that the anaemia was normocytic and normochromic with a
conspicuous absence of reticulocytes in the peripheral
circulation. The anaemia was accompanied by a
persistent leukopenia due to a decrease in neutrophils
and lymphocytes with immature neutrophils.being present,
The cause of the anaemia was attributed to extravascular
haemolysis without accompanying adequate compensatory
stimulation of the erythopoietic tissue. Wellde et al.,

(1974) observed in experimental T. congolense infection

in cattle that the PCV began to decrease with the onset
of patency. The anaemia was progressive and accompanied
by changes in the composition and morphology of the
peripheral erythrocytes. Anisocytosis and polychro-
matophilia were the earliest changes noted. Basophilic
stippled cells and normoblasts were found later in some
animals. The erythropoietic response was especially
prominent during the period between 6th and 9th week.
After the 13th week, the erythrocytes were normocytic

normochrcric,
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A leukopenia persisted for the duration of the
disease. Especially low leukocyte counts were recorded
during high levels of parasitaemia. Segmented
neutrophils decreased while a relative increase in
mononuclear cells occurred, Holmes and Mamo (1975)
demonstrated excessive loss of 51Cr-labelled erythrocytes
from the circulation indicating a reduction in

erythrocyte survival time in T. congolense infected

calves, These workers observed that as the anaemia
developed, there was an absolute fall in circulating
erythrocyte mass and an over-compensatory increase in
plasma volume. They concluded that haemodilution was of
secondary importance in bringing about the anaemia.
There was no evidence that dyshaematopoiesis played any
part in the aetiology of the anaemia.

Hawkins et al., (1975) have suggested that the early

anaemia in I. congolense infected calves was due to a

direct toxic action of the trypanosomes upon the blood
and that in the initial phase at any rate, it was not
due to immune processes or to a depression of erythro=~
poiesis.

Bone marrow cytology:

There have been few systematic studies on bone

marrow changes in cattle with trypancsome infection.
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Fiennes (1954) observed that the red marrow of the long
bones became degenerated and was replaced by yellow
marrow and gelatinous material. The marrow of the
sternum, ribs and vertebrae appeared to be unaffected.
Naylor (1971b,c) observed mild degenerative charges in
infected bone marrow. These changes included vacuolation
of the cytoplasm and nuclei of young cells in the
granulocytic series, and a greater tendency for these
cells to disintegrate. Megaloblastoid changes were
observed in a small proportion of early cells in the
erythrocytic series. Losos et al., (1973) observed
hyperplasia of the erythropoietic tissue in the femoral
bone marrow, Well defined nests of immature erythro-
cytes were found throughout the active marrow and
megakaryocytes were numerous. Wellde et al., (1974)
observed large numbers of metarubricytes in the rib

marrow of some animals with T. congolense infection.

Leukocytic precursors and megakaryocytes were abundant
in all smears. Plasma cells were present in bone
Marrow smears.

The spleen and lvmph nodes:

Microscopic changes in the spleen of cattle with
trypanosome infections have been reported. Fiennes

(1954) observed that during the pre-critical and critical
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states, the spleen was greatly enlarged. The red pulp
was most affected, the sinuses being packed with
erythrocytes and leukocytes particularly neutrophils and
macrophages. Extensive haemosiderin deposits were
present either in the macrophages or lying free. He
concluded that the spleen was involved in the removal and
destruction of erythrocytes from the circulation. This
phenomenon, he felt, contributed significantly to the
development of anaemia. Erythrophagocytosis and
haemosiderin deposits were commonly observed in the

lymph nodes. Losos et al., (1973) observed haemosiderosis
in the spleen and lymph nodes as well as in the lung,
heart, brain and kidney. Splenomegaly was attributed to
cellular hyperplasia and erythrocyte pooling in the
sinuses. Naylor (1971a) observed a reticular hyperplasia
of the spleen and lymph nodes. Haemosiderin deposits
were also observed in these organs. Bone marrow of
infected cows was hyperplastic with increased haemo-
siderosis., Kaliner (1974) observed haemosiderosis but no

hyperplasia of the spleen in T. congolense infected

cattle. Moderate lymph node fibrosis and atrophy were
observed. Wellde et al., (1974) found phagocytized and
degenerating forms of trypanosomes in the brain, heart

and lung smears and many plasma cells were present in the
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spleen and lymph node smears. Macrophages from these
sites contained large amounts of yellowish brown pigment.
Erythrophagocytosis and increased haemosiderin
deposition in the reticuloendothelial system have also
been observed in rabbits with T. brucei infections
(Boycott and Jones-Price, 1913) in rats with T. brucei
(Jennings et al., 1974, Murray et al., 1974), in sheep

with T. vivax (Isoun and Anosa, 1975) and T. congolense

infections (MacKenzie and Cruickshank, 1974) and in pigs

with T. simiae infections (Musser=et=elryy—bid).
Blood Chemistry:

The search by many early researchers to determine
the mechanism by which trypanosomes causes injury and
death to the host centred around disturbances in carbo-
hydrate metabolism. Early investigators held that death
in trypanosomiasis was due to hypoglycemia (French, 1938b;
Fiennes, 1954). It has now been shown that hypoglycemnia
is not a primary cause of death in bovine trypanosomiasis
as Fiennes (1970) and Wellde et al., (1974) reported
relatively constant serum glucose. A hypoglycemic state
may develop just prior to death or at the peak of an
anaemic crisis.,

Studies of other blood chemical parameters are in-

conclusive (French, 1938a-f). There may be no significant
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change in blood urea nitrogen although serum non-protein
nitrogen may be elevated terminally or concomitantly with
anaemic crises (French, 1938 d, e; Fiennes et al., 1946).
Recently, Wellde et al., (1974) observed that soon after
infection, blood urea nitrogen rose to a small or
moderate degree over those of pre-infection values.

Lower values were recorded in animals surviving for longer
periods., Fiennes (1946) reported positive indirect Van
den Bergh reaction at times of crises and in moribund
animals. Wellde et al., (1974) recorded an elevated total
bilirubin early in infection. In chronically infected
cows bilirubin was normal. No positive direct Van den
Bergh reaction has been reported in bovine trypanosomiasis.
Increased blood lactic acid levels have been recorded at
premortal stages or near crises (French, 1938a). Blood
cholesterol followed erythrocyte levels (Fiennes, 1946).
Creatinine was normal early in infection but tended to be
slightly lower in chronically infected animals (Wellde

et al., 1974).

There have been limited studies of blood electrolyte
changes in cattle with trypanosomiasis. French (1938 b,f)
reported elevated serum sodium and chloride at the time
of anaemic crises. The increase in serum sodium and

chloride was believed to be due to the increased proportion
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of plasma in infected animals, French (1938) concluded
from his studies that the "effect on sodium and chloride
metabolism appears to depend upon the level of intake:
an adequate consumption is followed by retention but a
negative balance results from a low intake". Serum
potassium was decreased. Calcium levels tended to be
low at times of relapse. Serum inorganic phosphate fell
gradually in adult cattle but remained within the normal
range in calves (Fiennes, 1970)., Serum magnesium was
unaffected by the discase except in crisis when levels
tended to be low (French, 1938 b). The results of
metabolism studies by French suggested that trypanos
somiasis was attended by acidosis.

Changes in total plasma proteins in bovine trypano-
some” infections are inconstant. Low plasma protein values
have been reported by several workers (Fiennes, 1954;
Godfrey et al., 1968; Naylor, 1971 b; Wellde et al., 1974).
Although total plasma proteins may remain unchanged,
albumin decreased and there was a corresponding increase
in gamma globulins. No significant changes have been
observed in plasma fibrinogen values.

Very little information has been published on urine
or serum enzyme findings in trypanosomiasis. Urobilin

has been found in the urine on rare occasions when the



34

animal was in extremis (Fiennes, 1954). Wellde et al.,
(1974) observed an early downward trend in serum glutamic
oxaloacetic transaminase (SGOTI) followed by stable
concentrations. Gray (1963) investigated serum transa-
minase levels in cattle and sheep with T. vivax infection.
Serum glutamic pyruvate transaminase (SGPT) increased and
varied with the number of trypanosomes in peripheral
blood, Only small increases of SGOT activity occurred.
It was concluded that the abnormal serum transaminase
activity probably resulted from the destruction of try=-
panosomes and not from pathological effects of the
parasites on the tissue of the host. Reynolds et al.,
(1973) observed that both sorbitol dehydrogenase (SDH)
and glutamate dehydrogenase (GLDH) decreased in T. vivax
infected cattle. The decrease was related to the
parasitaemia in the peripheral blood. No evidence was
found for changes in activity of liver-specific enzymes
in serum during non-lethal infection of T. vivax in

cattle.
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Table 1: Iron Metabolism In Various Disease States*
Disease Serum Unbound B.M. Iron | Transfer |R,B.C. Iron
Iron Iron~-binding| Stores rate Incorporation

capacity

ngnon%ewn hypochromic

Anaemias

Iron deficiency Decrease Increase Decrease Increase | Increase

Chronic Inflammation Decrease Decrease Normal Decrease | Decrease

Pyridoxine Responsive Increase | Normal Increase | Decrease | Decrease

Macrocytic Anaemia

Nutritional, Malabsorptive | Increase Normal Increase Decrease | Decrease

Haemolytic Anaemia Increase Decrease Increase Increase | Increase

Refractory Anaemia Increase Decrease Increase Decrease | Decrease

Iron overload Increase Decrease Increase Decrease | Decrease

Acute liver disease Increase Decrease Increase Increase | Increase

Hypoproteimia Decrease Decrease

Late pregnancy Decrease Increase Decrease Normal Normal

Endocrinopathy (hypothy-

roidism) Decrease Decrease | Decrease

* From Kaneko (1970)
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Table 2: Comparison of means and standard deviations of SI, UIBC, TIBC
and percentage saturation in adult cattle.
No. of Sex SI UIBC TIBC SC Reference
Animals ug/dl ug/dl ug/dl
L Males 142.4 235.2% 377.6 38,3 Planas and de
+ 22,1 . + 34.9 * 3.9 Castro, 1960
8 Females 177.0 189.7% 366,.7 JLi2 "
+ 4.7 ’ * 34,0 F 4.2
- - 97.0 £35.0 288.0
20 - 102.0 368,0
+ 6.8 266,0% + 13.0 27.7" Planas, 1963
+ 17.2 256 L% + 31,7 + 5.4 Tartour, 1973

Calculated from

availablhe data.
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Table 3: The relative prevalence of T. vivax and

T. congolenae in the former Zaria Province

(mixed infections are excluded).

11955-56%) |1964-65"%) | 1967-71%%)
Total no of thick smears
examined 1836 806 712
Total no. of '"positive"
smears 17 .5% 26% 23%
T. vivax 49 .5% 35% 37 .8%
T. congolense | 47.8% 65% 58 .5%

L

x) Glover (1965)

xXx) Folkers and Jones-Davies (1966)

XXX ) Ilemocbade (1971)
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THE BLOOD PICTURE OF WHITE FULANI (ZERU) AND

WHITE FULANI/FRIESIAN (CROSS-FRIESIAN) CATTLE
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INTRODUCTION

The blood picture of Nigerian White Fulani (Zebu)
and Wwhite Fulani/Friesian crossbred (Cross~Friesian)
cattle is of interest for intrinsic and comparative
reasons. Haematologic parameters of many breeds of
cattle in many countries have been evaluated. Many of
these parameters are known to be affected by such
factors as age, breed, sex, seasonal variation, lactation
and pregnancy (Schalm, 1965).

Little information is available on the blood picture
of Nigerian breeds of cattle. Where such information is
available, it usually deals with few of the more commonly
measured blood parameters of clinical significance. The
blood picture of Zebu and N'Dama breeds of cattle in
Nigeria has been evaluated and breed and sex differences
have been established (Oduye and Ckunaiya, 1971). This
study was undertaken to establish within broad limits,
some of the normal blood values in Zebu and Cross-

Friesian cattle.

MATERIALS AND METHODS

Cattle utilized in the study were Zebus and Cross-

Friesians at Shika Research Station as well as native-owned
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Zebu cattle. Because of marked differences in feeding,
management and husbandry practices between native-owned
Zebu cattle and those at Shika Research Station, these
two groups have been treated separately. All animals
were examined for the presence of blood parasites by the
staff of the Department of Veterinary Parasitology at
Ahmadu Bello University. Blood samples were harvested
during the wet and dry seasons. Dry season sampling was
done in March, April and May while wet season samples
were taken in August and September 1971. The Shika
animals examined included calves, young bulls, suckling
cows, pregnant cows and milk cows.

There were few young native Zebu cattle sampled
because of the unwillingness of Fulani herdsmen to permit
handling of their young animals,

Animals at Shika Research Station were grazed on
sown pasture and supplemented with concentrates such as
guinea corn, linted cotton seed and groundmut cake during
the wet season. During the dry season, hay,maize,
elephant grass and gamba grass silage were fed, Salt,
caleium, phosphorus, and trace minerals were provided
free choice (I.A.R. Guide to Shika Research Station,
1968~1969). The native-owned Zebu cattle were managed

under traditional husbandry practices.






